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Preface

Systemic fungal infections (systemic mycoses) have pro-
gressively emerged over the past 50 years as causes of
human disease in normal hosts and, more importantly,
in the ever expanding population of immunocompro-
mised hosts. Over this same period of time, much has
been learned about the causative fungal organisms, in-
cluding their molecular biology and ecologic niches.
Moreover, we now have a clearer understanding of the
epidemiology, pathogenesis, and the broad array of
clinical syndromes associated with the various systemic
mycoses. Most importantly for our patients, major ad-
vances have been achieved in the area of antifungal
therapy, namely, development of new classes of drugs
with unique fungal targets, (e.g., echinocandins), and
modifications of existing classes of drugs to enhance
spectrum of activity and improve the therapeutic: toxic
ratio (e.g., azoles and polyenes). In addition to the
availability of several new drugs, many Phase III and
Phase IV clinical trials over the past 25 years have
taught us how to use these drugs appropriately to 
provide more creative and effective management ap-
proaches for prophylaxis, empirical therapy, induction
and consolidation therapy, and chronic suppressive
(maintenance) therapy of systemic fungal diseases. The
editors feel there is a need for a comprehensive and up-
to-date textbook that not only addresses the many ad-
vances alluded to above, but also provides detailed in-
formation about the current status of diagnosis and
treatment. We believe our book fills this need.

The 32 chapters are written by many of the leading
authorities in the field of clinical mycology. These au-
thors, who are distinguished clinicians as well as inves-
tigators, both basic and translational, have performed
many of the key studies that have transformed our un-
derstanding and management of fungal diseases. The
book also contains numerous color and black-and-white
photos and illustrations, plus tables and algorithms,
which help to convey essential information quickly and
easily. In addition, the references cited in each chapter
represent the latest and most significant publications on
each disease, drug, or management strategy.

To facilitate its use, the book is organized into eight

distinctive sections. The Introduction (Section I) provides
an overview of laboratory aspects of medical mycology,
which are pertinent to all fungi. Similarly, an overview
of the epidemiology of systemic fungal diseases addresses
the complex interactions of the many host and environ-
mental factors that predispose to systemic mycoses.

Systemic Antifungal Drugs (II), which is the largest
section in the book and contains 8 chapters, addresses
both classes of drugs and specific old and new agents
in each class. Drug structure, mechanisms of action,
pharmacologic features, drug–drug interactions, ad-
verse events, clinical indications, and major clinical tri-
als are discussed in detail. In addition, two special 
chapters provide extensive and valuable reviews of im-
portant and rapidly evolving areas, namely, resistance
to antifungal drugs and adjunctive therapy.

The five sections that follow are organized into the
mycotic diseases caused by various type of fungi:
Yeasts(III), Moulds(IV), Dimorphic Fungi(V), Skin and
Subcutaneous Pathogens(VI), and other mycoses (VII).
Within these sections, each chapter on a specific fungal
disease consists of comprehensive discussions of perti-
nent topics including organism, epidemiology, patho-
genesis, clinical syndromes, diagnosis and management.
The final section—Special Patient Populations (VIII)—
addresses those groups at high risk for opportunistic fun-
gal diseases including neutropenic patients, hematopoi-
etic stem cell and bone marrow as well as solid organ
transplant recipients, and patients with HIV/AIDS.

The editors express their deep gratitude to the many
authors for their scholarly contributions to this book,
to Lee Hoke and Windell Ross, our assistants, as well
as the staff at Oxford University Press for their in-
valuable support in the preparation of this work, and
to our wives, Pidgie, Alexis, and Audrey, for their con-
tinued encouragement and enduring patience. Without
these individuals, the existence and timely completion
of this book would not have been possible.

Birmingham, Alabama W.E.D.
Birmingham, Alabama P.G.P.
Detroit, Michigan J.D.S.
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1

Laboratory aspects of medical mycology
MARY E. BRANDT AND DAVID W. WARNOCK

Over the course of time, more than 100,000 species of
fungi have been recognized and described. However,
fewer than 500 of these species have been associated
with human disease, and no more than 100 are capa-
ble of causing infection in otherwise normal individu-
als. The remainder are only able to produce disease in
hosts that are debilitated or immunocompromised.

WHAT ARE FUNGI?

Fungi are not plants. Fungi form a separate group of
higher organisms, distinct from both plants and ani-
mals, which differ from other groups of organisms in
several major respects. First, fungal cells are encased
within a rigid cell wall, mostly composed of chitin and
glucan. These features contrast with animals, which
have no cell walls, and plants, which have cellulose as
the major cell wall component.

Second, fungi are heterotrophic. This means that they
are lacking in chlorophyll and cannot make their or-
ganic food as plants can, through photosynthesis. Fungi
live embedded in a food source or medium, and obtain
their nourishment by secreting enzymes for external di-
gestion and by absorbing the nutrients that are released
from the medium. The recognition that fungi possess a
fundamentally different form of nutrition was one of
the characteristics that led to their being placed in a
separate kingdom.

Third, fungi are simpler in structure than plants or
animals. There is no division of cells into organs or tis-
sues. The basic structural unit of fungi is either a chain
of tubular, filament-like cells, termed a hypha or hy-
phae (plural) or an independent single cell. Fungal cell
differentiation is no less sophisticated than is found in
plants or animals, but it is different. Many fungal
pathogens of humans and animals change their growth
form during the process of tissue invasion. These di-
morphic pathogens usually change from a multicellu-
lar hyphal form in the natural environment to a bud-
ding, single-celled form in tissue.

In most multicellular fungi the vegetative stage con-
sists of a mass of branching hyphae, termed a
mycelium. Each individual hypha has a rigid cell wall

and increases in length as a result of apical growth. In
the more primitive fungi, the hyphae remain aseptate
(without cross-walls). In the more advanced groups,
however, the hyphae are septate, with more or less fre-
quent cross-walls. Fungi that exist in the form of mi-
croscopic multicellular mycelium are often called
moulds.

Many fungi that exist in the form of independent sin-
gle cells propagate by budding out similar cells from
their surface. The bud may become detached from the
parent cell, or it may remain attached and itself pro-
duce another bud. In this way, a chain of cells may be
produced. Fungi that do not produce hyphae, but just
consist of a loose arrangement of budding cells are
called yeasts. Under certain conditions, continued elon-
gation of the parent cell before it buds results in a chain
of elongated cells, termed a pseudohypha.

Fourth, fungi reproduce by means of microscopic
propagules called spores. Many fungi produce spores
that result from an asexual process. Except for the oc-
casional mutation, these spores are identical to the par-
ent. Asexual spores are generally short-lived propag-
ules that are produced in enormous numbers to ensure
dispersion to new habitats. Many fungi are also ca-
pable of sexual reproduction. Some species are ho-
mothallic and able to form sexual structures within in-
dividual colonies. Most, however, are heterothallic and
do not form their sexual structures unless two differ-
ent mating strains come into contact. Meiosis then leads
to the production of the sexual spores. In some species
the sexual spores are borne singly on specialized gen-
erative cells and the whole structure is microscopic in
size. In other cases, however, the spores are produced
in millions in “fruiting bodies” such as mushrooms and
puffballs. In current mycological parlance, the sexual
stage of a fungus is known as the teleomorph, and the
asexual stage as the anamorph.

CLASSIFICATION OF FUNGI

Mycologists are interested in the structure of the re-
productive bodies of fungi and the manner in which
these are produced because these features form the ba-

3



4 INTRODUCTION

sis for the classification and naming of fungi. Most re-
cently the kingdom Fungi has been divided into four
lesser groups, termed divisions, based on differences in
their reproductive structures, as follows.

Chytridiomycota
This division consists of a single class with approxi-
mately 100 genera and 1000 species, none of which are
pathogenic to humans. Most species live in an aqueous
environment. Sexual reproduction, if it occurs, consists
of fusion of compatible nuclei. Meiosis then occurs and
motile (swimming) spores, termed zoospores, are pro-
duced.

Zygomycota
This division consists of about 175 genera and 1000
species. The thallus (vegetative body of a fungus) is
aseptate. The asexual spores, or sporangiospores, are
nonmotile and are produced inside a closed sac, termed
a sporangium, the wall of which ruptures to release
them. Sexual reproduction consists of fusion of nuclei
from compatible colonies, followed by the formation
of a single large zygospore with a thickened wall. Meio-
sis occurs on germination and haploid mycelium then
develops.

This division contains two orders of medical impor-
tance, the Entomophthorales and the Mucorales. The
former includes the genera Basidiobolus and Conid-
iobolus, and the latter includes the genera Absidia, Mu-
cor, Rhizomucor, and Rhizopus.

Ascomycota
This division contains at least 3200 genera and ap-
proximately 32,000 species. The thallus is septate.
Asexual reproduction consists of the production of
spores, termed conidia, from a generative or conidio-
genous cell. In some species the conidiogenous cell is
not different from the rest of the mycelium. In others,
the conidiogenous cell is contained in a specialized hy-
phal structure, termed a conidiophore. Sexual repro-
duction results from fusion of nuclei from compatible
colonies. After meiosis, haploid spores, termed as-
cospores, are produced in a sac-like structure, termed
an ascus. The Ascomycota show a gradual transition
from primitive forms that produce single asci to species
that produce large structures, termed ascocarps, con-
taining numerous asci.

This division includes the genus Ajellomyces, the
main teleomorph genus of dimorphic systemic fungal
pathogens. Anamorph genera are Blastomyces, Em-
monsia, and Histoplasma. The Ascomycota also in-
clude the genus Pseudallescheria, the teleomorph of the
anamorph genus Scedosporium. This division also in-
cludes the ascomycetous yeasts, many of which have
an anamorph stage belonging to the genus Candida.

Basidiomycota
This division contains approximately 22,000 species.
The thallus is septate. Asexual reproduction is variable,
with some species producing conidia like those of the
Ascomycota, but many others are not known to pro-
duce conidia at all. Sexual reproduction is by fusion of
nuclei from compatible colonies, followed by meiosis
and production of basidiospores on the outside of a
generative cell, termed a basidium. The basidia are of-
ten produced in macroscopic structures, termed basid-
iocarps, and the spores are often forcibly discharged.

Only a few members of this large division are of 
medical importance. The most prominent are the ba-
sidiomycetous yeasts of the genera Cryptococcus,
Malassezia, and Trichosporon. Filamentous basid-
iomycetes of clinical importance include the genus
Schizophyllum.

CLASSIFICATION OF ANAMORPHIC FUNGI

In many fungi asexual reproduction has proved so suc-
cessful that the sexual stage (the teleomorph) has dis-
appeared, or at least, has not been discovered. Most of
these anamorphic fungi are presumed to have (or to have
had) a teleomorph that belonged to the division As-
comycota; some are presumed to belong to the division
Basidiomycota. Even in the absence of the teleomorph
it is now often possible to assign these fungi to one or
other of these divisions on the basis of ultrastructural or
molecular genetic characteristics. In the past, however,
these anamorphic fungi were termed the Fungi Imper-
fecti and were divided into three artificial classes ac-
cording to their form of growth and production of asex-
ual reproductive structures. Many current mycological
texts still employ this system of classification.

Hyphomycetes
The mycelium is septate. The conidia are produced di-
rectly on the hyphae or on special hyphal branches
termed conidiophores. This class contains a large num-
ber of anamorphic fungi of medical importance, in-
cluding the genera Aspergillus, Cladophialophora,
Fusarium, Microsporum, Phialophora, Scedosporium,
and Trichophyton.

Coelomycetes
The mycelium is septate. The conidia are produced in
structures that are either spherical with an apical open-
ing (termed pycnidia), or flat and cup-shaped (termed
acervuli). Only a few members of this class are of med-
ical importance. These include the genera Lasiodiplo-
dia, and Pyrenochaeta.

Blastomycetes
The thallus consists of loose budding single cells or a
pseudomycelium. These organisms are identified on the
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basis of their physiologic rather than their morphologic
characteristics. This class contains the yeasts of the
anamorphic genus Candida. Most of the so-called black
yeasts are able to produce true mycelium and are there-
fore classified under the Hyphomycetes.

NOMENCLATURE OF FUNGI 
AND FUNGAL DISEASES

As Odds has commented, there are few things more
frustrating to the clinician than changes in the names
of diseases or disease agents, particularly when the dis-
eases concerned are not very common ones (Odds,
1996). The scientific names of fungi are subject to the
International Botanical Code of Nomenclature. In gen-
eral the correct name for any organism is the earliest
(first) name published in line with the requirements of
the Code of Nomenclature. To avoid confusion, how-
ever, the Code allows for certain exceptions. The most
significant of these is when an earlier generic name has
been overlooked, a later name is in general use, and 
a reversion to the earlier name would cause much 
confusion.

There are two main reasons for renaming. The first
is reclassification of a fungus in the light of more de-
tailed investigation of its characteristics. The second is
the discovery of the teleomorph (sexual stage) of a pre-
viously anamorphic fungus. Many fungi bear two
names, one designating their sexual stage and the other
their asexual stage. Often there are two names because
the anamorphic and teleomorphic stages were described
and named at different times without the connection
between them being recognized. Both names are valid
under the Code of Nomenclature, but that of the teleo-
morph should take precedence. In practice, however, it
is more common (and correct) to refer to a fungus by
its asexual designation because this is the stage that is
usually obtained in culture.

Unlike the names of fungi, disease names are not sub-
ject to strict international control. Their usage tends to
reflect local practice. One popular method has been to
derive disease names from the generic names of the
causal organisms: for example, aspergillosis, candidia-
sis, sporotrichosis, etc. However, if the fungus changes
its name, then the disease name has to be changed as
well. For example, moniliasis has become candidi-
asis or candidosis, and pseudallescheriasis has been 
variously designated monosporiosis, petriellidiosis,
allescheriasis and now scedosporiosis to match the
changing name of the pathogen. In 1992 a subcom-
mittee of the International Society for Human and An-
imal Mycology recommended that the practice of form-
ing disease names from the names of their causes should
be avoided, and that, whenever possible individual dis-
eases should be named in the form “pathology A due

to (or caused by) fungus B” (Odds et al, 1992). This
recommendation was not intended to apply to long-
established disease names, such as aspergillosis; rather
it was intended to offer a more flexible approach to
nomenclature.

There is also much to be said for the practice of
grouping together mycotic diseases of similar origins
under single headings. One of the broadest and most
useful of these collective names is the term phaeohy-
phomycosis, which is used to refer to a range of sub-
cutaneous and deep-seated infections caused by brown-
pigmented moulds that adopt a septate hyphal form in
tissue (Ajello, 1975). The number of organisms impli-
cated as etiologic agents of phaeohyphomycosis has in-
creased from 16 in 1975 to more than 100 at the pres-
ent time (Matsumoto and Ajello, 1998). Often these
fungi have been given different names at different times
and the use of the collective disease name has helped
to reduce the confusion in the literature.

The term hyalohyphomycosis is another collective
name that is increasing in usage. This term is used to
refer to infections caused by colorless (hyaline) moulds
that adopt a septate hyphal form in tissue (Ajello,
1986). To date, more than 70 different organisms have
been implicated. The disease name is reserved as a gen-
eral name for those infections that are caused by less
common moulds, such as species of Fusarium, that are
not the cause of otherwise-named infections, such as
aspergillosis.

LABORATORY PROCEDURES FOR THE 
DIAGNOSIS OF FUNGAL INFECTION

As with other microbial infections, the diagnosis of fun-
gal infection relies upon a combination of clinical ob-
servation and laboratory investigation. Superficial and
subcutaneous fungal infections often produce charac-
teristic lesions that suggest the diagnosis, but labora-
tory input can aid the diagnostic process where this is
not the case, either because several microorganisms
and/or noninfectious processes produce similar clinical
pictures, or because the appearance of the lesions has
been rendered atypical by previous treatment. In many
situations where systemic fungal infection is entertained
as a diagnosis, the clinical presentation is nonspecific
and can be caused by a wide range of infections, un-
derlying illnesses, or complications of treatment. The
definitive diagnosis of these infections is based almost
entirely on the results of laboratory investigation.

The successful laboratory diagnosis of fungal infec-
tion depends in major part on the collection of ade-
quate clinical specimens for investigation. Inappropri-
ate collection or storage of specimens can result in a
missed diagnosis. Moreover, to ensure that the most
appropriate laboratory tests are performed, it is essen-
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tial for the clinician to indicate that a fungal infection
is suspected and to provide sufficient background in-
formation. In addition to specifying the source of the
specimen, the clinician should provide information on
any underlying illness, recent travel or previous resi-
dence abroad, and the patient’s occupation. This in-
formation will help the laboratory to anticipate which
pathogens are most likely to be involved and permit
the selection of the most appropriate test procedures.
These differ from one mycotic disease to another, and
depend on the site of infection as well as the present-
ing symptoms and clinical signs. Interpretation of the
results of laboratory investigations can sometimes be
made with confidence, but at times the findings may
be helpful or even misleading.

Laboratory methods for the diagnosis of fungal in-
fections remain based on three broad approaches: 
the microscopical detection of the etiologic agent in
clinical material; isolation and identification of the
pathogen in culture; and the detection of a serologic
response to the pathogen or some other marker of its
presence, such as a fungal cell constituent or metabolic
product. New diagnostic procedures, based on the de-
tection of fungal DNA in clinical material, are presently
being developed, but have not yet had a significant im-
pact in clinical laboratories. In the sections that follow,
the value and limitations of current diagnostic proce-
dures for fungal infections are reviewed.

Direct Microscopic Examination 
of Clinical Specimens

In many instances, the tentative or definitive diagnosis
of fungal infection can be made by the direct micro-
scopic detection of fungal elements in clinical material.
Microscopic examination of skin scrapings or other su-
perficial material can reveal a fungal organism in a mat-
ter of minutes. This examination is very helpful to guide
treatment decisions, to determine whether an organism
recovered later in culture is a contaminant or a
pathogen, and to assist the laboratory in selecting the
most appropriate culture conditions to recover organ-
isms visualized on direct smear. Because direct micro-
scopic examination is less sensitive than culture, the lat-
ter procedure should generally always be performed on
clinical materials.

Keratinized tissues require pretreatment to dissolve
the material and more readily reveal fungal elements.
Skin scrapings and other dermatological specimens,
sputum and other lower respiratory tract specimens,
and minced tissue samples can be examined after treat-
ment with warm 10%–20% potassium hydroxide
(KOH). These samples can then be examined directly,
without stain, as a wet preparation (See Color Figs. 1–1
and 1–2 in separate color insert). Alternatively, a drop
of lactophenol cotton blue, methylene blue, or other

fungal stain can be mixed with the sample on the mi-
croscope slide. Another useful tool is the chemical
brightener, calcofluor white, a compound that stains
the fungal cell wall. The preparation is stained with cal-
cofluor white, with or without KOH, and then read
with a fluorescence microscope. The fungal elements
appear brightly staining against a dark background.

India ink is useful for negative staining of cere-
brospinal fluid (CSF) sediment to reveal encapsulated
Cryptococcus neoformans cells. Gram staining can be
helpful in revealing yeasts in various fluids and secre-
tions. Both Giemsa stain and Wright’s stain can be used
to detect Histoplasma capsulatum in bone marrow
preparations or blood smears. The Papanicolaou stain
can be used on sputum or other respiratory tract sam-
ples to detect fungal elements.

It is necessary to appreciate that both false-positive
and false-negative results do occur with direct micro-
scopic examination. The results may vary with the qual-
ity and age of the specimen, the extent of the disease
process, the nature of the tissue being examined, and
the experience of the microscopist.

Histopathologic Studies
Histopathologic examination of tissue sections is one
of the most reliable methods of establishing the diag-
nosis of subcutaneous and systemic fungal infections.
However, the ease with which a fungal pathogen can
be recognized in tissue is dependent not only on its
abundance, but also on the distinctiveness of its ap-
pearance. Many fungi stain poorly with hematoxylin
and eosin and this method alone may be insufficient to
reveal fungal elements in tissue. There are a number of
special stains for detecting and highlighting fungal or-
ganisms and the clinician should request these if a my-
cotic disease is suspected. Methenamine-silver (Grocott
or Gomori) and periodic acid-Schiff staining are among
the most widely used procedures for specific staining
of the fungal cell wall. Mucicarmine can be used to
stain the capsule of C. neoformans.

It should be appreciated that these staining methods,
although useful at revealing the presence of fungal el-
ements in tissue, seldom permit the precise fungal genus
involved to be identified. For example, the detection of
nonpigmented branching, septate hyphae is typical of
Aspergillus infection, but it is also characteristic of a
large number of less common organisms, including
species of Fusarium and Scedosporium. Likewise, the
detection of small, budding fungal cells seldom permits
a specific diagnosis. Tissue-form cells of H. capsulatum
and Blastomyces dermatitidis, for instance, can appear
similar, and can be confused with nonencapsulated cells
of C. neoformans. To overcome this problem, a num-
ber of methods have been developed on a research ba-
sis for identifying various fungal organisms specifically
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in tissue. Immunoperoxidase and immunofluorescent
staining reagents, both monoclonal and polyclonal, are
available for some fungal agents (Arrese-Estrada et al,
1990; Kaufman et al, 1997). Immunochemical staining
can facilitate the identification of atypical fungal ele-
ments and the detection of small numbers of organ-
isms. For example, an IgG1 monoclonal antibody 3H8
has been described that specifically recognizes Candida
albicans in tissue sections using either immunofluores-
cent or immunohistochemical staining formats (Mar-
cilla et al, 1999). Currently under investigation are a
number of techniques that involve specific binding of
DNA probes to the nucleic acid of the fungal agent ei-
ther directly on the slide (in situ hybridization) or in a
test tube (Lischewski et al, 1997; Zimmerman et al,
2000).

Culture
Isolation in culture will permit most pathogenic fungi
to be identified. Most of these organisms are not fas-
tidious in their nutritional requirements and will grow
on the media used for bacterial isolation from clinical
material. However, growth on these media can be slow
and development of the spores and other structures
used in fungal identification can be poor. For these rea-
sons, most laboratories use several different culture me-
dia and incubation conditions for recovery of fungal
agents. However, a variety of additional incubation
conditions and media may be required for growth of
particular organisms in culture. The laboratory should
be made aware of the particular fungal agent(s) that
are suspected in a given sample so that the most ap-
propriate media can be included.

Most laboratories use a medium, such as the Em-
mons modification of Sabouraud’s dextrose agar or
malt agar that will recover most common fungi. How-
ever, many fastidious organisms such as yeast-phase H.
capsulatum will not grow on these substrates, and re-
quire the use of richer media, such as brain heart in-
fusion agar. CHROMagar Candida medium (CHRO-
Magar Co., Paris, France) is a chromogenic agar that
incorporates multiple chemical dyes in a solid medium.
The medically important Candida species appear as dif-
ferent colored colonies due to differential uptake of
these chromogenic compounds. After incubation for
48–72 hours C. albicans produces green colonies, while
C. tropicalis produces blue colonies, C. glabrata pro-
duces dark pink colonies, and C. parapsilosis produces
cream to pale pink colonies. CHROMagar can be help-
ful in detecting the presence of mixed cultures, as well
as providing a preliminary species identification.

Many clinical specimens submitted for fungal culture
are contaminated with bacteria and it is essential to add
antibacterial antibiotics to fungal culture media. Me-
dia containing chloramphenicol are commercially avail-

able. However, gentamicin, vancomycin, and other 
antimicrobial agents are increasingly being used to sup-
press growth of bacteria resistant to older agents. If
dermatophytes or dimorphic fungi are being isolated,
cycloheximide (actidione) should be added to the
medium, to prevent overgrowth by faster-growing
fungi.

The optimum growth temperature for most patho-
genic fungi is around 30°C. Material from patients with
a suspected superficial infection should be incubated at
25°C–30°C, because most dermatophytes will not grow
at higher temperatures. Material from subcutaneous or
deep sites should be incubated at two temperatures,
25°C–30°C and 37°C, because a number of important
pathogens, including H. capsulatum, B. dermatitidis
and Sporothrix schenckii, are dimorphic and the change
in their growth form, depending on the incubation con-
ditions, is useful in identification. At 25°C–30°C these
organisms develop as moulds on Sabouraud’s dextrose
agar, but at higher temperatures on an enriched
medium, such as brain–heart infusion agar, these or-
ganisms grow as budding yeasts. Many pathogenic
fungi grow slowly in culture and require plates to be
held for up to 4 weeks, before being discarded as neg-
ative. However, some common pathogenic fungi, such
as Aspergillus fumigatus and C. albicans, will produce
identifiable colonies within 1 to 3 days. Cultures should
be examined at frequent intervals (at least three times
weekly) and appropriate subcultures made, particularly
from blood-enriched media on which fungi often fail
to sporulate.

It is important to appreciate that growth of an or-
ganism in culture does not necessarily establish its role
as a pathogen. When organisms such as H. capsulatum
or Trichophyton rubrum are isolated, the diagnosis can
be established unequivocally. If, however, an oppor-
tunistic organism such as A. fumigatus or C. albicans
is recovered, its isolation may have no clinical relevance
unless there is additional evidence of its involvement in
a pathogenic process. In these cases, culture results
should be compared with those of microscopic exami-
nation. Isolation of opportunistic fungal pathogens
from sterile sites, such as blood or cerebrospinal fluid,
often provides reliable evidence of deep-seated infec-
tion, but their isolation from material such as pus, spu-
tum or urine must be interpreted with care. Attention
should be paid to the amount of fungus isolated and
further investigations undertaken.

Many unfamiliar moulds have been reported as oc-
casional causes of lethal systemic infection in im-
munocompromised patients. No isolate should be dis-
missed as a contaminant without careful consideration
of the clinical condition of the patient, the site of iso-
lation, the method of specimen collection, and the like-
lihood of contamination. It is, however, notable that,
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in a recent study only 24% of 135 unusual moulds iso-
lated from sterile body sites were shown to be respon-
sible for significant clinical disease (Rees et al, 1998).
In another recent report, only 245 of 1209 isolates of
Aspergillus species collected from hospitalized patients
represented cases of clinical aspergillosis (Perfect et al,
2001). In addition to demonstrating that not every fun-
gal isolate represents a pathogen, these studies also
make a case that laboratories should investigate the
clinical significance of fungal isolates before indiscrim-
inately identifying to species level every isolate that is
recovered from a patient sample.

Although culture often permits the definitive diag-
nosis of a fungal infection, it has some important lim-
itations. In particular, the failure to recover an organ-
ism does not rule out the diagnosis, as a negative culture
may be due to inadequate specimen collection or im-
proper or delayed transport of specimens. Incorrect iso-
lation procedures and inadequate periods of incubation
are other important factors.

Blood Culture
In general, Candida species are more readily recovered
from blood than are dimorphic fungi and moulds. Iso-
lation rates are higher when the medium is vented and
aerated, and biphasic media incorporating both agar
and broth phases are more effective than broth. The
chances of successful isolation are increased if multiple
samples of blood are collected, and larger volumes are
cultured. The lysis-centrifugation method (Isolator,
Wampole Laboratories, Cranbury, NJ) is currently the
most reliable procedure for isolation of fungi from
blood, but it is more labor-intensive than other meth-
ods, precluding its routine use in some laboratories.
With this procedure, 10 milliliters of blood are collected
into a tube that contains chemicals that lyse blood cells
and inactivate antimicrobial substances present in
blood. The tube is centrifuged and the sediment is then
inoculated onto appropriate culture media. With this
method, fungi are recovered at a higher rate and much
faster than with other blood culture methods (Elder and
Roberts, 1986). Recent improvements in the formula-
tion of blood culture media, together with the devel-
opment of improved automated blood culture systems,
have made the recovery of Candida species from blood
culture bottles almost as effective as that from lysis cen-
trifugation tubes (Wilson et al, 1993). However, lysis
centrifugation remains superior to other systems for re-
covery of C. neoformans, dimorphic fungi and moulds
(Reimer et al, 1997).

Fungal Identification
Most fungi can be identified after growth in culture.
Classical phenotypic identification methods for moulds
are based on a combination of macroscopic and mi-

croscopic morphologic characteristics. Macroscopic
characteristics, such as colonial form, surface color and
pigmentation, are often helpful in mould identification,
but it is essential to examine slide preparations of the
culture under a microscope. If well prepared these will
often give sufficient information on the form and
arrangement of the spores and spore-bearing structures
to allow identification of the fungus. Because identifi-
cation is usually dependent on visualization of the par-
ticular structures an organism produces when it is
sporulating, identification is usually dependent on the
ability of the organism to sporulate (See Color Figs.
1–3 and 1–4 in separate color insert). For “difficult”
organisms, much laboratory time is spent attempting
to induce sporulation on various media so that these
structures can be studied. Moulds often grow best on
rich media, such as Sabouraud’s dextrose agar, but
overproduction of mycelium often results in loss of
sporulation. If a mould isolate fails to produce spores
or other recognizable structures after two weeks, it
should be subcultured to a less-rich medium to en-
courage sporulation. Media such as cornmeal, oatmeal,
and potato-sucrose agars can be used for this purpose.
The use of DNA-based identification methods may
eliminate this requirement in future.

With some moulds, such as species of Aspergillus,
the characteristic spore-bearing structures can be eas-
ily identified after a small portion of the growth is re-
moved from the culture plate, mounted in a suitable
stain (such as lactofuchsin) on a microscope slide and
examined. However, it is sometimes essential to pre-
pare a slide culture in order to identify an isolate. In
this technique, a thin square block of a suitable agar is
placed on a sterile microscope slide, inoculated with a
small amount of the fungal culture, covered with a ster-
ile cover slip, and incubated for up to 2 weeks. The
cover slip and agar block are then removed, mounting
fluid is added, and a clean cover slip applied to the slide.
The fungal growth on the slide is then examined for the
presence of spores and other characteristic structures.

Historically, dimorphic fungi such as Coccidioides
immitis, H. capsulatum, and B. dermatitidis were iden-
tified by observing the conversion of mycelial growth
at 25°C to yeast-like growth at 37°C. However, devel-
opment of DNA probe-based tests (Accuprobe, Gen-
Probe Inc., San Diego, CA) has enabled these pathogens
to be identified using only a small amount of mycelial
material.

Yeasts are usually identified on the basis of their 
morphologic and biochemical characteristics. Useful
morphologic characteristics include the color of the
colonies, the size and shape of the cells, the presence
of a capsule around the cells, the production of hyphae
or pseudohyphae, and the production of chlamy-
dospores. Useful biochemical tests include the assimi-
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lation and fermentation of sugars, and the assimilation
of nitrate and urea. Most yeasts associated with human
infections can be identified using one of the numerous
commercial identification systems, such as API 20C
AUX (bioMerieux-Vitek Inc., Hazelwood, MO), that
are based on the differential assimilation of various car-
bon compounds. However, it is important to remem-
ber that morphologic examination of Dalmau plate cul-
tures on cornmeal agar is essential to avoid confusion
between organisms with identical biochemical profiles.
A number of simple rapid tests have been devised for
the presumptive identification of some of the most im-
portant human pathogens. Foremost among these is the
serum germ tube test for C. albicans, which can be per-
formed in less than 3 hours, and the urease test for C.
neoformans. In recent years a number of rapid com-
mercial tests have been developed. These include the
RapID Yeast Plus system (Innovative Diagnostic Sys-
tems, Norcross, GA) that contains conventional and
chromogenic substrates and requires 4 hours to per-
form. Most of these rapid test systems are more accu-
rate in the identification of the common rather than
unusual yeast pathogens (Espinel-Ingroff et al, 1998).

Molecular Methods for Identification of Fungi
The use of molecular methods to identify organisms re-
lies on the assumption that strains belonging to the
same species will demonstrate less genetic variation
than organisms that are less closely related. Identifica-
tion of unknown fungal isolates can be made by com-
paring a partial DNA sequence of that organism with
sequences in a central database such as GenBank, 
operated by the National Library of Medicine
[www.ncbi.nlm.nih.gov/BLAST], or European Molec-
ular Biology Laboratory (EMBL). The preparation of
high molecular weight DNA and determination of the
sequence of a DNA fragment have become much eas-
ier in recent years with the advent of commercial kits
and the utilization of the polymerase chain reaction
(PCR) in sequencing. Refinements in the GenBank In-
ternet website interface have also made it faster and
easier for users to conduct searches and to deposit novel
DNA sequences.

Two of the regions of DNA more commonly used in
fungal identification are portions of ribosomal DNA,
such as the intervening transcribed spacers (ITS) region
located between the small and large ribosomal subunits,
and the D1/D2 region of the large (26S) ribosomal sub-
unit. These regions contain sufficient sequence hetero-
geneity to provide differences at the species level. In
general, strains of the same species have fewer than 
1% nucleotide substitutions in the region of interest,
whereas strains that are separate species have more
than this number of substitutions (Kurtzman, 1994; Va-
lente et al, 1999). DNA sequencing offers a method for

identifying organisms that fail to sporulate or are oth-
erwise refractory to conventional identification meth-
ods. The reliability of the molecular identification is,
of course, related to the reliability of the database with
which comparisons are made. An extensive GenBank
database of large ribosomal subunit sequences exists
for ascomycetous and basidiomycetous yeasts, as well
as for black yeasts (Kurtzman and Robnett, 1998; Fell
et al, 2000). Many ITS sequencing studies are also con-
tributing to an expansion of the GenBank database
(Chen et al, 2000; Chen et al, 2001).

The last decade has seen a massive expansion of 
research into the phylogenetics of pathogenic fungi
(Guarro et al, 1999). Analysis of aligned ribosomal, mi-
tochondrial, and other nuclear DNA sequences has
been used to determine degrees of genetic relatedness
among many groups of fungi. One outcome of this
work has been the demonstration of close genetic re-
lationships between several anamorphic (asexual) fungi
and organisms with teleomorphs (sexual stages) that
belong to the Ascomycota or Basidiomycota (Gené et
al, 1996). Phylogenetics research has led to the depo-
sition in international databases of large numbers of
DNA sequences for many groups of fungi, both path-
ogenic and saprophytic. The availability of this se-
quence information and increased understanding of
phylogenetic relatedness have proven enormously help-
ful in the development of DNA-based diagnostics for
fungal infections.

At this time the GenProbe system is the only com-
mercial nucleic acid-based test for fungal identification
approved for diagnostic use in the United States. How-
ever, many new systems are being developed and vali-
dated for rapid DNA-based identification of pathogenic
fungi. One of the earliest methods was the restriction
fragment length polymorphism (RFLP) procedure. In
RFLP, fungal DNA is digested with a restriction en-
zyme, which cuts the DNA at prescribed regions to gen-
erate a family of fragments. These fragments are sepa-
rated on an agarose gel and stained with ethidium
bromide to reveal their relative sizes. Identification of
various Candida species has been reported based on the
analysis of RFLPs within the ribosomal DNA repeat
(genes encoding rRNA) of these species (Scherer and
Stevens, 1987). Members of the same species shared
common fragments, or common RFLP patterns, where
members of different species showed fragments of dif-
ferent sizes. The sensitivity of this method has been im-
proved by reacting the DNA fragments with specific
isotopically or chemically labeled DNA probes in
Southern blots that reveal patterns, or DNA finger-
prints, for that organism (Riggsby, 1989).

Newer and more commonly used methods of species
identification have exploited the enormous resolving
power of PCR. With PCR, as little as a few picograms
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of input DNA can be amplified so that, after 30–40 cy-
cles, the resulting product can be easily visualized on
an agarose gel. Furthermore, amplification occurs in a
specific manner that is determined by the temperature
selected for the primer annealing step and by the se-
quence of the complementary primers. These are short
DNA segments that initiate the PCR elongation step
upon binding (annealing) to the input DNA. Current
methods utilize the PCR primed with short oligonu-
cleotides that will amplify only DNA of a particular
genus or species, generating a species-specific DNA
product or family of products. These assays have been
shown to distinguish between related species of fila-
mentous fungi and yeasts (Niesters et al, 1993; Sandhu
et al, 1995; Thanos et al, 1996; Mannarelli and Kurtz-
mann, 1998).

The sensitivity and specificity of these assays has been
improved by performing nested PCR. In this technique
a DNA product of broad specificity (for example, the
ITS region) is amplified in the first round, and then this
product is reacted with species-specific internal primers
in a second round of PCR (Zhao et al, 2001). The prod-
uct that is generated after the second round is specific
for the intended target from the species of interest only.
In another method, PCR with arbitrary primers has
proven useful for species identification of fungal iso-
lates. This technique of randomly amplified polymor-
phic DNA (RAPD) analysis was developed in 1990
(Williams et al, 1990; Welsh and McClelland, 1991).
This procedure uses random ten-mer oligonucleotide
primers to amplify DNA. The advantage of this method
is that no prior knowledge of the genome or DNA se-
quences of interest is required. Species-specific patterns
and/or fragments can be demonstrated using appropri-
ate primer sets (Berg et al, 1994). Microsatellite primers
have also been used to generate species-specific finger-
prints for 26 species of Candida and eight other fun-
gal species (Thanos et al, 1996). Oligonucleotide
primers that are complementary to intron splice sites
have been used to show polymorphisms between iso-
lates of different species (de Barros Lopes et al, 1998).
More recently, fluorescence capillary electrophoresis
has been used to speciate pathogenic yeasts by meas-
uring size differences (length polymorphisms) within
amplified ITS 1 and ITS 2 regions. A PCR is used to
amplify products from these regions, where two species
can differ by only 1–2 nucleotides in the length of the
sequence. These length differences can be distinguished
with great precision using capillary electrophoresis,
thus using the length of the ITS regions to discriminate
among isolates of different species (Chen et al, 2000;
Chen et al, 2001).

Differences in the electrophoretic karyotype, the pat-
tern of migration shown by chromosomes placed in an

electric field, have also been used to some extent to dis-
tinguish different species of yeasts (Magee and Magee,
1987). However, this technique requires considerable
technical expertise and has not been widely used as a
primary means of fungal speciation.

Other systems have utilized binding of a specific
DNA probe to a complementary sequence within the
DNA or RNA of the organism of interest. In these ap-
proaches differences in the DNA sequence of different
species (sequence polymorphisms) are exploited, rather
than differences in sizes or patterns of DNA fragments.
A universal DNA target, such as the ITS region, is am-
plified and then that target molecule is reacted with a
number of species-specific probes until specific binding
is achieved. Specific binding of a particular probe en-
ables an unknown DNA sample to be identified as that
species. Earlier generations of probes were labeled with
peroxidase or phosphatase, and specific binding was
demonstrated by a color change that could be observed
visually [PCR-EIA] (Fujita et al, 1995; Elie et al, 1998).
Other studies have used slot blot hybridization, line-
probe assays, or single-strand conformational poly-
morphism (SSCP) gels to detect specific binding of
probes to DNA targets (Hui et al, 2000; Loeffler et al,
2000a; Martin et al, 2000). Newer generations of
probes use fluorescent labels, where complementary
binding leads to a release of energy that can be detected
by laser-containing instruments such as TaqMan
(Perkin-Elmer Applied Biosystems Inc., Foster City,
CA) (Brandt et al, 1998; Guiver et al, 2001) or Light
Cycler (Roche Molecular Biochemicals Inc., Indi-
anapolis, IN) (Loeffler et al, 2000b). At this time, the
newest tools are microarrays, where many thousands
of probe-to-target sequence binding reactions can be
performed on the surface of a microchip and then be
rapidly detected and analyzed by computer (Lucchini
et al, 2001).

Many techniques have been described in the litera-
ture for the DNA-based identification of fungal cul-
tures. In general, these procedures have not been vali-
dated using large representative populations of the
species of interest. Furthermore, most of these methods
are not commercially available and require expertise
usually found only in research laboratories. Their 
interlaboratory reproducibility is also generally un-
known. With continued use of these tools will come
more knowledge about them and better understanding
of their role in the mycology laboratory. However, it
is important to note that, as has been stated earlier,
many fungal isolates recovered from clinical samples
do not represent significant disease. Hence, it is waste-
ful to devote resources to the molecular identification
of fungal isolates without a corresponding under-
standing of their clinical relevance. The identification
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of fungal pathogens requires input from both the cli-
nician and the laboratorian for the diagnostic process
to be successful and productive.

Molecular Subtyping of Fungi
Molecular subtyping is the process of assessing the ge-
netic relatedness of a group of isolates of the same
species. Molecular subtyping may be performed in the
context of an epidemiologic investigation where par-
ticular isolates are being assessed as the potential source
of an outbreak. In a broader sense, molecular subtyp-
ing data can also be used to determine the relationship
between colonization and infection, to trace the emer-
gence of drug-resistant strains in a population, or to
address questions regarding the role of relapse versus
reinfection in recurrent disease. In a global sense, mo-
lecular subtyping data can be used to trace the spread
of virulent clones throughout a particular geographic
region, or around the world.

Various methods can be used for subtyping of fungi.
In general, phenotype-based methods have proved ir-
reproducible and are no longer used for this purpose.
Furthermore, C. albicans and related species have been
shown to undergo high-frequency switching among a
number of phenotypes, thus altering a number of phe-
notypic traits with each activation-deactivation of the
switch phenotype (Soll, 1992).

Strain typing methods for pathogenic fungi are now
based on procedures that measure genetic relatedness.
To be successful, DNA fingerprinting methods should
meet several criteria: they should not be affected by
changes in the environment, and they should provide,
insofar as this is possible, an effective measure of ge-
netic distance between any two isolates in the popula-
tion. In addition, typing methods should assess DNA
sequences that are fairly stable over time, i.e., do not
undergo recombination, gene exchange, or genomic
switching events at high frequencies. The ability to store
data electronically and to retrieve data rapidly is also
helpful as it enables results of different studies to be
compared over time (Soll, 2000).

In interpreting subtyping data, it is important to un-
derstand that every genome contains segments that
evolve at different rates. Thus, it is important to assess
the resolution of the subtyping probe, i.e., which
“speed” of the molecular clock is being measured by
the chosen probe. It is also important to decide the epi-
demiologic question being asked prior to choosing mo-
lecular subtyping probes, important because different
probes may be more or less useful for different cir-
cumstances. For example, a study examining serial pa-
tient isolates collected over a period of years may re-
quire a distinction to be made between bands that
change as a result of microevolution (undergo recom-

bination at extremely high frequency) and bands that
change less rapidly. Thus when any two isolates are ex-
amined, it can be determined whether band changes are
due to microevolution within a single isolate, or due to
the appearance of a second unrelated fungal strain. The
ideal subtyping probe for this type of study may be dif-
ferent from that chosen for an analysis of a hospital
outbreak, where isolates collected at one point in time
are to be studied.

Multilocus enzyme electrophoresis (MEE) has been
used to assess cellular isoenzymes or allozymes. A cell
extract is electrophoresed through a nondenaturing gel
and then replicate gel slices are stained with specific
substrates to detect enzyme activity. The enzyme ac-
tivities are directly related to the alleles of the genes
coding for these enzymes, so that by comparing allelic
differences within a series of isolates their genetic re-
latedness can be directly assessed. Multilocus enzyme
electrophoresis detects enzymes in both haploid (one
band of enzymatic activity) and diploid (one or two
bands) organisms. If enough enzymes are assessed,
MEE is extremely useful in developing genetic similar-
ity data for a group of organisms. However, MEE is
time-consuming and requires a high level of technical
expertise.

Restriction fragment length polymorphism analysis,
as described earlier, was one of the earliest methods
used to assess genetic relatedness among fungal isolates.
For DNA fingerprinting, the classical RFLP method suf-
fers from a lack of sensitivity. Generally, only bands of
high staining intensity can be resolved, and these bands
do not provide sufficient information to resolve a se-
ries of isolates. Sensitivity may be improved by trans-
ferring the DNA to a membrane and hybridizing with
a labeled DNA probe. The resolution of single-copy
probes, which generate one or two bands per sample,
is usually not sufficient for most epidemiologic studies.
When mitochondrial or ribosomal DNA probes are
used, the pattern can vary sufficiently to distinguish
among unrelated strains of fungi. However, these meth-
ods have not been used in broad epidemiologic studies
of pathogenic fungi.

One of the most commonly used probes has been the
repetitive element or complex probe, which is a DNA
fragment containing sequences that are dispersed
throughout the genome of the organism. Repetitive el-
ement probes, which have been described for A. fumi-
gatus, C. albicans, C. glabrata, C. parapsilosis, C.
tropicalis, and C. dubliniensis (Soll, 2000), are useful
because they provide fingerprints of sufficient com-
plexity so that genetic variability can be analyzed at
multiple levels. These fingerprint patterns contain
bands that arise as a result of microevolution (most
variable), as well as bands of moderate variability, and
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low or no variability. Repeat sequences have also been
used to develop probes for C. neoformans (Spitzer and
Spitzer, 1992) and A. flavus (Monod et al, 1990).

Microsatellite regions of the genome have been used
as fingerprinting probes. In this approach, Southern
blots are probed with poly (G-T), (CT)8, or other re-
peat sequences (Meyer et al, 1993; Metzgar et al, 1998).
Molecular subtyping has also been performed by analy-
sis of minisatellite, microsatellite, and nuclear gene
polymorphic markers determined by direct sequencing
of amplified target sequences (Lott and Effat, 2001).

Another popular method for DNA fingerprinting is
RAPD analysis, also described earlier. Randomly am-
plified polymorphic DNA has been used in DNA fin-
gerprinting of many organisms including C. albicans,
C. glabrata, C. parapsilosis, C. tropicalis, C. lusitaniae,
A. fumigatus, A. flavus, C. neoformans, B. dermati-
tidis, and H. capsulatum (Soll, 2000). One reason for
the popularity of the RAPD is that no prior informa-
tion about the genome of the organism is required.
However, a number of problems have been identified
in obtaining intra- and interlaboratory reproducibility
of this method (Meunier and Grimont, 1993).

Electrophoretic karyotyping has also been used for
DNA fingerprinting analysis. Karyotyping has been
used to fingerprint a number of Candida species, as
well as C. neoformans, A. nidulans, H. capsulatum, and
C. immitis (Soll, 2000). Karyotyping appears to be able
to discriminate among unrelated strains. However, the
phenomenon of high-frequency switching in C. albicans
may make karyotyping unsuitable for studying moder-
ately related isolates.

Serologic Testing
Serologic testing often provides the most rapid means
of diagnosing a fungal infection. The majority of tests
are based on the detection of antibodies to specific fun-
gal pathogens, although tests for fungal antigens are
now becoming more widely available. At their best, in-
dividual serologic tests can be diagnostic, e.g., tests for
antigenemia in cryptococcosis and histoplasmosis. In
general, however, the results of serologic testing are sel-
dom more than suggestive or supportive of a fungal di-
agnosis. These tests must be interpreted with caution
and considered alongside the results of other clinical
and laboratory investigations.

Tests for antibodies have proved useful in diagnos-
ing endemic fungal diseases, such as histoplasmosis and
coccidioidomycosis, in immunocompetent persons. In
these individuals, the interval between exposure and the
development of symptoms (2–6 weeks) is usually suf-
ficient for a humoral response to develop. Tests for fun-
gal antibodies are most helpful when paired serum spec-
imens (acute and convalescent) are obtained, so that it
can be determined whether titers are rising or falling.

Tests for detection of antibodies are much less useful
in immunocompromised persons, many of whom are
incapable of mounting a detectable humoral response
to infection.

In this situation, tests for detecting fungal antigens
can be helpful. Antigen detection is an established pro-
cedure for the diagnosis of cryptococcosis and histo-
plasmosis, and similar tests are currently being evalu-
ated for aspergillosis and candidiasis. Antigen detection
methods are complicated by several important factors.
First, antigen is often released in minute amounts from
fungal cells necessitating the use of highly sensitive test
procedures to detect low amounts of circulating anti-
gen in serum. Second, fungal antigen is often cleared
very rapidly from the circulation necessitating frequent
collection of samples (Jones, 1980). Third, antigen is
often bound to circulating IgG, even in immunocom-
promised individuals, and therefore steps must be taken
to dissociate these complexes before antigen can be de-
tected (Reiss et al, 1982).

Numerous methods are available for the detection of
antibodies in persons with fungal diseases. Immuno-
diffusion (ID) is a simple, specific and inexpensive
method, but is insensitive, thereby reducing its useful-
ness as a screening test. Complement fixation (CF) is
more sensitive, but more difficult to perform and in-
terpret than ID. However, CF remains an important
test for a number of fungal diseases, including histo-
plasmosis and coccidioidomycosis. Latex agglutination
(LA) is a simple, but insensitive method that can be
used for detection of antibodies or antigens, and has
proved most useful for detection of the polysaccharide
capsular antigens of C. neoformans that are released in
large amounts in most patients with cryptococcosis.
More sensitive procedures, such as radioimmunoassay
(RIA) and enzyme-linked immunosorbent assay (ELISA)
have also been developed and evaluated for the diag-
nosis of a number of fungal diseases.

Serologic testing is a valuable adjunct to the diag-
nosis of histoplasmosis. At this time the CF and ID tests
are the principal methods used to detect antibodies in
individuals with this disease (Wheat, 2001; Reiss et al,
2002). The CF test is more sensitive, but less specific
than ID. Approximately 95% of patients with histo-
plasmosis are positive by CF, but 25% of these are pos-
itive only at titers of 1:8 or 1:16. CF titers of at least
1:32 or rising titers in serial samples are considered to
be strong presumptive evidence of infection. Because
low titers of CF antibodies can persist for years 
following acute histoplasmosis, and because cross-
reactions can occur in patients with other fungal in-
fections, care must be taken to exclude these diseases
if the clinical signs and symptoms are not typical of
histoplasmosis. The ID test is more specific, but less
sensitive than CF and can be used to assess the signif-
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icance of weakly positive CF results. Using histoplas-
min as antigen, two major precipitin bands can be de-
tected with the ID test. The M band can be detected in
up to 75% of patients with acute histoplasmosis, but
may also be found in nearly all individuals with a past
infection, as well as in those who have undergone a re-
cent skin test with histoplasmin. The H band is specific
for active disease, but only occurs in 10%–20% of
proven cases. Attempts to improve the serologic diag-
nosis of histoplasmosis by replacing the CF test with
more sensitive procedures, such as RIA or ELISA, have
largely proved unsuccessful, due to the presence of
cross-reactive moieties associated with the H and M
antigens.

Antigen detection has proved a useful method for the
rapid diagnosis of histoplasmosis in patients presenting
with acute disease, as well as in those with dissemi-
nated infection. In acute disease, antigen can be de-
tected within the first month after exposure before 
antibodies appear. Several test formats have been de-
veloped including a solid-phase RIA (Wheat et al, 1986)
and a sandwich ELISA (Durkin et al, 1997). Histo-
plasma polysaccharide antigen has been detected in
serum, urine, CSF, and bronchoalveolar lavage fluid.
The test has proved particularly successful in detecting
antigen in urine from HIV-infected individuals with dis-
seminated histoplasmosis. Antigen usually disappears
with effective treatment, and its reappearance can be
used to diagnose relapse (Wheat, 2001).

Serologic testing is also invaluable in the diagnosis
and management of patients with coccidioidomycosis.
The immunodiffusion tube precipitin (IDTP) test, us-
ing heated coccidioidin as antigen, detects IgM anti-
bodies to C. immitis and is most useful for diagnosing
recent infection. These antibodies can be found within
1–3 weeks after the onset of symptoms, but disappear
within a few months of self-limited disease (Pappagia-
nis and Zimmer, 1990). The sensitivity of the IDTP test
is improved by concentration of serum prior to per-
forming the test. A LA test is also available for the de-
tection of IgM antibodies. This test is faster to perform
and more sensitive than the IDTP test. However, LA
has a false-positive rate of at least 5% (Huppert et al,
1968) and the results should be confirmed using the ID
method.

The CF test measures IgG antibodies against C. im-
mitis (Pappagiannis and Zimmer, 1990). These anti-
bodies do not appear until 4–12 weeks after infection,
but may persist for long periods in patients with chronic
pulmonary or disseminated disease, thus providing use-
ful diagnostic information. Low CF titers of 1:2 to 1:8
are commonly found in individuals without coccid-
ioidomycosis, but high or rising titers of CF antibod-
ies are consistent with spread of disease beyond the 
respiratory tract. More than 60% of patients with dis-

seminated coccidioidomycosis have CF titers of �1:32.
However, titer alone should not be used as the basis
for diagnosis of dissemination, but should be consid-
ered alongside the results of other clinical and labora-
tory investigations.

A commercial ELISA test is available for measure-
ment of IgM and IgG antibodies to C. immitis (Premier
EIA, Meridian Diagnostics, Cincinnati, OH). Published
evaluations suggest this test has acceptable sensitivity
and specificity (Kaufman et al, 1995; Martins et al,
1995).

Tests for Aspergillus antibodies have been extensively
evaluated for the rapid diagnosis of invasive as-
pergillosis, but their role remains uncertain. Tests for
detection of antibodies include ID, indirect hemagglu-
tination, and ELISA. The ID test is simple to perform
and has proved valuable for the diagnosis of asper-
gilloma and allergic bronchopulmonary aspergillosis in
immunocompetent individuals (Reiss et al, 2002). Tests
for Aspergillus antibodies have, however, seldom been
helpful in diagnosis of invasive or disseminated infec-
tion in immunocompromised patients.

Tests for the detection of Aspergillus antigens in
blood and other body fluids offer a rapid means of di-
agnosing aspergillosis in these individuals. Low con-
centrations of galactomannan, a major cell wall com-
ponent of Aspergillus species, have been detected in
serum, urine and bronchoalveolar lavage fluid from in-
fected patients. However, galactomannan is rapidly
cleared from the blood and tests for its detection are
helpful in management only if performed on a regular
basis.

Two tests to detect circulating Aspergillus galac-
tomannan antigen are commercially available in a num-
ber of countries. Both utilize the same monoclonal, EB-
A2, in either an LA or sandwich ELISA format. The
LA test was the first to be developed (Pastorex As-
pergillus, Sanofi Diagnostics Pasteur, Paris, France) 
but, despite its ease of use, it is relatively insensitive
(Verweij et al, 1995a). The sandwich ELISA (Platelia
Aspergillus, Sanofi Diagnostics Pasteur) is more sensi-
tive than the LA test and can detect galactomannan in
serum at an earlier stage of infection (Verweij et al,
1995b; Sulahian et al, 1996; Maertens et al, 1999).

Tests for Candida antibodies have been extensively
evaluated but remain of limited usefulness in the diag-
nosis of invasive forms of candidiasis. These tests are
complicated by false-positive results in patients with
mucosal colonization or superficial infection, and by
false-negative results in immunocompromised individ-
uals (Buckley et al, 1992; De Repentigny et al, 1994).
In an attempt to reduce false-positive results, efforts
have been made to identify antigens of Candida species
which are associated with invasive infection rather than
colonization (Ponton et al, 2002). However, despite the
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numerous methods and reagents which have been de-
vised for Candida antibody detection, none of them has
found widespread clinical use.

Antigen detection tests have also been extensively
evaluated for the rapid diagnosis of invasive forms of
candidiasis. Numerous circulating antigens have been
studied as potential targets, including mannan (a heat-
stable cell wall component), enolase, proteinase, and
other immunodominant cytoplasmic antigens (Ponton
et al, 2002). Test formats that have been investigated
include LA, ELISA, and dot immunoassay. Several LA
tests are commercially available for detection of man-
nan (LA-Candida Antigen Detection System, Immuno-
Mycologics, Norman, OK; Pastorex Candida, Sanofi
Diagnostics Pasteur), but these have been found to be
relatively insensitive (Herent et al, 1992; Mitsutake et
al, 1996).

The CAND-TEC test (Ramco Laboratories Inc.,
Houston, TX) is based on the work of Gentry et al
(1983) who developed a LA test using serum from rab-
bits immunized with whole, heat-killed C. albicans cells
to detect an uncharacterized heat-sensitive antigen of
C. albicans. The antigen does not contain mannan and
it has been suggested that the test may detect a neo-
antigen derived from C. albicans after host processing,
or it may be a host component that is cross-reactive
with an antigen of C. albicans (Jones, 1990). Although
there is an extensive literature on the CAND-TEC test
(Ponton et al, 2002), there is no consensus about its
value in the diagnosis of invasive candidiasis because
of the highly variable results reported in different stud-
ies. In general, recent evaluations have concluded that,
despite its ease of performance, the test is not accept-
able for diagnostic use.

The LA test for C. neoformans polysaccharide anti-
gen in serum and CSF is invaluable in the diagnosis of
meningeal and disseminated forms of cryptococcosis
(Reiss et al, 2002). The test is sensitive and specific,
giving positive results with CSF specimens from well
over 90% of infected patients. In general, CSF and
serum antigen titers are higher in persons with acquired
immunodeficiency syndrome (AIDS) than in other im-
munocompromised individuals. In the CSF, high or ris-
ing titers in general indicate progression of infection,
while falling titers indicate regression of disease and re-
sponse to treatment. Changes in serum titers are less
indicative of disease activity and response to therapy.
Occasional false-positive results have been caused by
infection with other organisms, such as Trichosporon
asahii (T. beigelii), that share cross-reacting antigens
with C. neoformans (McManus and Jones, 1985), or
by nonspecific interference from rheumatoid factor,
which can be eliminated by prior treatment of the sam-
ple with pronase (Stockman and Roberts, 1983). False-

negative results can occur if the organism load is low,
or if the organisms are not well encapsulated. False-
negative results have also been reported with the LA
test owing to a prozone effect, but this can be corrected
by dilution of the sample (Stamm and Polt, 1980).

In general, tests for antibodies to C. neoformans are
of little diagnostic usefulness. Antibodies may be de-
tected during the early stages of cryptococcosis or in
patients with localized infection, but they are rapidly
eliminated by the large amounts of capsular antigen re-
leased during evolution of the infection. Antibodies
may subsequently reappear after successful treatment.

Molecular Diagnostics
At this time, no DNA-based tests are commercially
available for the detection of fungal agents in clinical
samples. Many assays have been developed and are cur-
rently being evaluated in individual research laborato-
ries. Methods have been described for the detection of
fungal DNA in blood, CSF, respiratory tract fluids, oc-
ular materials, and dermatologic samples. Most mo-
lecular diagnostic assays are PCR-based, to take ad-
vantage of the increase in sensitivity offered by the
many-fold amplification of PCR targets as well as the
specificity offered by appropriate primer/probe design.
Either nested or panfungal PCR formats have generally
been used. Nested PCR has been described earlier. 
In panfungal PCR, amplification with generic fungal
primers (usually targeting ribosomal DNA) generates a
product that is then hybridized with various short
species-specific DNA probes until a positive reaction is
achieved. Quantitative real-time PCR with the TaqMan
system has also been used in the diagnosis of invasive
pulmonary aspergillosis (Kami et al, 2001).

One of the most active areas of current research is
in the development of assays to detect and identify As-
pergillus and Candida species in blood. In general, these
tests are designed to facilitate prospective monitoring
of immunosuppressed patients at risk for difficult-
to-diagnose fungal diseases, particularly invasive pul-
monary or disseminated aspergillosis and hepatosplenic
(chronic disseminated) candidiasis. Investigators de-
scribed a PCR designed to amplify a fungal-specific 18S
ribosomal sequence and then to identify the fungal
pathogen using species-specific hybridization (Einsele
et al, 1997). In a later report, these same investigators
showed that, in neutropenic patients, a panfungal PCR,
performed prospectively once weekly on a blood sam-
ple, enabled identification of patients at high risk for
invasive fungal infections (Hebart et al, 2000). More
recently, the same group described a nucleic acid se-
quence-based amplification (NASBA) assay for the de-
tection and identification of Aspergillus species in blood
(Loeffler et al, 2001). In this protocol, Aspergillus
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genus-specific RNA sequences are specifically amplified
by using T7 RNA polymerase. Results could be ob-
tained within 6 hours with a detection limit of 1 colony
forming unit (CFU). Other authors have described the
detection of Fusarium species DNA in spiked human
blood samples (Hue et al, 1999).

A two-step PCR has been used to detect Aspergillus
species DNA in bronchoalveolar lavage samples
(Skladny et al, 1999; Buchheidt et al, 2002). Aspergillus
DNA was detected 4 days prior to culture in a patient
with A. fumigatus meningitis (Verweij et al, 1999). A
panfungal PCR was used to diagnose disseminated zy-
gomycosis using a blood sample from a patient infected
with Cunninghamella bertholletiae (Rickerts et al,
2001). In this case the causative agent was identified
by a positive hybridization of the amplicon with a
probe detecting several different Cunninghamella
species.

Several reports have described the use of PCR to de-
tect fungal agents in corneal tissue, vitreous fluids, and
other ocular samples (Okhravi et al, 2000). In one rep-
resentative study, nested PCR was used for detection
and identification of A. fumigatus, C. albicans, and
Fusarium solani (Jaeger et al, 2000). The authors noted
that one patient sample was PCR-positive but culture-
negative, suggesting that molecular testing may permit
a diagnosis to be made even when organisms cannot
be grown from the sample.

Using a panfungal PCR that was designed for the de-
tection and identification of fungal DNA in deep tissue
specimens, DNA from any of eight organisms (A.
flavus, A. fumigatus, C. albicans, C. krusei, C. glabrata,
C. parapsilosis, C. tropicalis, and C. neoformans) could
be detected in 20 tissue samples (Hendolin et al, 2000).
In addition, a nested PCR has been described that de-
tects DNA from Trichophyton and Microsporum
species in dermatologic samples (Turin et al, 2000).
DNA could be detected even in the presence of bacte-
rial contamination. DNA from various Malassezia
species has been detected in dressings applied to skin
lesions of affected patients (Sugita et al, 2001).

Molecular diagnostics offer great hope for the rapid
detection and identification of difficult-to-culture or-
ganisms, for detection of antifungal drug resistance,
and for rapid diagnosis directly from host tissues and
fluids. At this time, many research laboratories offer
in-house procedures for molecular identification of fun-
gal isolates from culture plates, from tissue, or from
body fluids. Their sensitivity, specificity, predictive
value, and clinical relevance have not always been rig-
orously investigated. Hopefully, in the future the rele-
vance of these assays will be demonstrated and these
assays will become available to a much broader group
of clinical microbiology laboratories.

Antifungal Drug Susceptibility Testing
As with antibacterial compounds, tests designed to as-
certain the minimum amount of drug needed to inhibit
the growth of fungal isolates in culture (minimum in-
hibitory concentration or MIC) are often assumed to
be the most dependable means of determining the rel-
ative effectiveness of different antifungal agents, and of
detecting the development of drug-resistant strains. In
addition, it is often assumed that the clinical outcome
of treatment can be predicted from the results of in
vitro testing of a patient’s isolate against a panel of po-
tentially useful agents. Such an approach to the selec-
tion of antifungal agents has become more reasonable
with the development of a reliable and reproducible ref-
erence procedure for in vitro testing of Candida species
against azole antifungal agents (particularly flucona-
zole) and the demonstration of correlations with clini-
cal outcome for some forms of candidiasis. However,
the pitfalls of assuming a correlation between the re-
sults of susceptibility testing of other antifungal drugs
and organisms in vitro and outcome in vivo should not
be underestimated. Nevertheless, with drug resistance
demonstrated among such diverse fungi as A. fumiga-
tus, A. terreus, C. neoformans, H. capsulatum, and S.
apiospermum (Walsh et al, 1995; Denning et al, 1997b;
Wheat et al, 1997; Perfect and Cox, 1999; Sutton et
al, 1999; Walsh et al, 1995; Wheat et al, 1997), clearly
the need for meaningful methods of in vitro testing of
both new and established agents is increasing.

In 1997, the National Committee for Clinical Labo-
ratory Standards (NCCLS) published an approved ref-
erence method (document M27-A) for the in vitro 
testing of five antifungal agents (amphotericin B, flucy-
tosine, fluconazole, itraconazole, and ketoconazole)
against Candida species and C. neoformans (National
Committee for Clinical Laboratory Standards, 1997).
Although imperfect, the method is a reproducible pro-
cedure that has facilitated the establishment of inter-
pretive breakpoints for Candida species and flucona-
zole and itraconazole. The M27-A document describes
a broth macrodilution method and its microdilution
modifications. The latter has become the method of
choice because of its less cumbersome nature. The
M27-A document specifies a defined test medium
(RPMI-1640 broth buffered to pH 7.0 with MOPS), as
well as an inoculum standardized by spectrophotomet-
ric reading to approximately 1000 cells per ml, and vi-
sual determination of the MIC endpoint after incuba-
tion at 35°C for 48 hours (Candida species) or 72 hours
(C. neoformans).

The M27-A method continues to be augmented and
a second edition of the document (M27-A2) has been
published (National Committee for Clinical Laboratory
Standards, 2002a). The original document provides
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quality control (QC) limits at 48 hours for ampho-
tericin B, flucytosine, fluconazole, itraconazole and ke-
toconazole. These QC data have now been expanded
to include 24-hour QC limits for these agents (Barry et
al, 2000). In addition, QC limits at 24 and 48 hours
have been provided for anidulafungin, caspofungin,
posaconazole, ravuconazole, and voriconazole (Barry
et al, 2000). However, and as subsequently discussed,
interpretive breakpoints have been established for flu-
conazole, itraconazole, and flucytosine against Candida
species only after 48 hours of incubation.

Although the M27-A reference method has permit-
ted much greater standardization of the in vitro testing
of antifungal agents, several problems remain unre-
solved. These include the poor performance of the rec-
ommended culture medium in tests with some organ-
isms and with amphotericin B, the method of endpoint
determination, and the proper interpretation of trailing
growth in tests with azole agents.

The defined culture medium described in the NCCLS
reference procedure (RPMI-1640 broth buffered to pH
7.0 with MOPS) has proved less than ideal for the test-
ing of some Candida species and C. neoformans; thus,
it is not surprising that papers documenting potentially
useful modifications have appeared. Increasing the glu-
cose concentration of the medium from 0.2% to 2%
results in better growth of most isolates of Candida
species, making the visual determination of endpoints
easier without significantly altering the observed MICs
of amphotericin B, flucytosine, fluconazole, or keto-
conazole (Cuenca-Estrella et al, 2001; Rodriguez-
Tudela and Martinez-Suarez, 1995). Another modifi-
cation that appears to be helpful is the use of yeast
nitrogen base medium in tests with C. neoformans
(Sanati et al, 1996).

It has become evident that the use of the M27-A
method to test Candida spp. against amphotericin B re-
sults in a restricted range of MICs. Given these results,
there has been concern that the reference procedure
might not detect resistance to amphotericin B. The dif-
ference in amphotericin B MICs between susceptible
and resistant strains is more pronounced when anti-
biotic medium 3 (AM3) is used instead of standard
RPMI-1640 medium (Rex et al, 1995). However, com-
plete separation of resistant from susceptible isolates
has not been achieved by using AM3 medium. In ad-
dition, AM3 is a nonstandardized medium and lot-to-
lot variation is a limiting factor to its use (Lozano-Chiu
et al, 1997). It is recommended that laboratories that
use this alternative medium introduce susceptible and
resistant strains of Candida species with known am-
photericin B MICs as controls.

The M27-A procedure relies upon the visual deter-
mination of MIC endpoints. However, the recom-
mended endpoints differ for different antifungal agents.

For amphotericin B, the endpoint is defined as the low-
est concentration at which there is complete inhibition
of growth. The end point for azoles for both macro-
and microdilution testing has been defined as the point
at which there is a prominent reduction in growth. For
macrodilution testing, prominent reduction in growth
has been shown to correspond to an 80% reduction in
growth relative to that observed in the growth control.
However, when the microdilution format is utilized and
read with a spectrophotometer, the specified prominent
visual reduction in growth best corresponds to a 50%
spectrophotometric growth inhibition endpoint (Odds
et al, 1995; Pfaller et al, 1995).

The M27-A document recommends an endpoint
reading at 48 hours for tests with Candida species.
However, recent work has begun to include 24-hour
readings because MICs can often be determined at this
time, and because readings taken at 24 hours may be
more relevant for some isolates. Isolates for which the
earlier reading is important show a dramatic rise in
drug MIC between 24 hours and 48 hours due to “trail-
ing” growth. The term “trailing” has been used to de-
scribe the reduced but persistent growth which some
isolates of Candida species exhibit over an extended
range of azole drug concentrations, making interpreta-
tion of the MIC endpoint difficult (Revankar et al,
1998; Rex et al, 1998). Estimated as occurring in about
5% of isolates (Arthington-Skaggs et al, 2000), this
trailing growth can be so great as to make an isolate
that appears to be susceptible after 24 hours appear
completely resistant at 48 hours. Two independent in
vivo investigations of this phenomenon that employed
murine models of disseminated candidiasis (Rex et al,
1998; Arthington-Skaggs et al, 2000) have shown that
trailing isolates should be classed as susceptible rather
than resistant. This concept has been corroborated by
the clinical demonstration that most episodes of
oropharyngeal candidiasis due to trailing Candida iso-
lates respond to low doses of fluconazole, the same
doses used to treat susceptible isolates (Revankar et al,
1998).

The inclusion of a colorimetric indicator into the cul-
ture medium has been found to produce much clearer
visual endpoints in tests with azole antifungal agents,
and to generate MICs that are in close agreement with
those obtained using the standard broth dilution pro-
cedures (Pfaller et al, 1994; To et al, 1995). Commer-
cial colorimetric microdilution plate panels for the in
vitro testing of antifungal agents are now available for
diagnostic use in the United States. Comparisons of the
Sensititre Yeast One Colorimetric Antifungal Panel
(Trek Diagnostics Systems Inc., Westlake, OH), which
incorporates alamar blue as the colorimetric indicator
with the M27-A reference procedure have demon-
strated good agreement between the methods (Pfaller
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et al, 1998; Davey et al, 1998; Espinel-Ingroff et al,
1999). In addition to clearer endpoints, other benefits
include reduced incubation times.

Following the principles established for testing Can-
dida species and C. neoformans, the NCCLS subcom-
mittee on antifungal susceptibility testing has developed
an approved reference procedure (document M38-A)
for broth microdilution susceptibility testing of conid-
ium-forming filamentous fungi (National Committee
for Clinical Laboratory Standards, 2002b). The essen-
tial features of this method include the use of a broth
microdilution format, a defined test medium (RPMI-
1640 broth buffered to pH 7.0 with MOPS), as well
as an inoculum standardized by spectrophotometric
reading to around 10,000 colony forming units per ml,
and visual determination of the MIC endpoint after in-
cubation at 35°C for 24–72 hours. This procedure was
developed using isolates of Aspergillus species, Fusar-
ium species, S. apiospermum, and Sporothrix schenckii.
The methods of inoculum preparation, choice of in-
oculum size, time of reading, and endpoint selection
have all been evaluated in a series of multicenter in-
vestigations (Espinel-Ingroff et al, 1995; Espinel-Ingroff
et al, 1997). Nongerminated conidia are used because,
at least with Aspergillus species, similar results have
been obtained for germinated and nongerminated coni-
dia (Manavathu et al, 1999; Espinel-Ingroff, 2001a).

Although the M27-A reference procedure served as
the starting point for the M38 document, there are sev-
eral significant differences between the two methods.
The inoculum is about 10 times higher than for yeasts
and requires a different method of preparation. Because
of the differences in the size and light-scattering prop-
erties of the spores produced by these fungi, the M38-
A document specifies different optical densities for each
genus. Careful preparation of the inoculum is essential,
since a concentration outside the specified range will
result in an altered MIC to most antifungal agents
(Gehrt et al, 1995).

The endpoint definition is another point of differ-
ence between the M38 and M27 procedures. In M27,
azoles are read at a partial inhibition endpoint (defined
as the lowest drug concentration producing a promi-
nent reduction in growth). While this wording was used
in the M38-P document for the azoles (National Com-
mittee for Clinical Laboratory Standards, 1998), more
recent work suggests that reading the endpoint at 100%
inhibition (no growth) better detects resistance of As-
pergillus species to itraconazole and the newer triazoles
(Denning et al, 1997a; Espinel Ingroff et al, 2001b).
This modification has been incorporated into the 
M38-A document.

The development of the M27 and M38 reference pro-
cedures for in vitro testing has provided an essential
standard against which possible alternative methods

can be evaluated. Microdilution procedures are time-
consuming and labor-intensive, and there is a need for
simpler and more economical methods of antifungal
susceptibility testing for routine clinical use. Among the
simpler methods that are now being evaluated are the
Etest and agar disc diffusion tests.

The Etest (AB Biodisk, Solna, Sweden), a patented
commercial method for the quantitative determination
of MICs, is set up in a manner similar to a disc diffu-
sion test, but the disc is replaced with a calibrated plas-
tic strip impregnated with a continuous concentration
gradient of the antimicrobial agent. Following incuba-
tion, the MIC is determined from the point of inter-
section of the growth inhibition zone with the cali-
brated strip. Both nonuniform growth of the fungal
lawn and the presence of a trailing growth edge can
make endpoint determination difficult. However, with
experience and standardized procedures, the correla-
tion between the Etest and the M27-A reference pro-
cedure has been acceptable for most Candida species
and the azole antifungal agents (Colombo et al, 1995;
Pfaller et al, 1996; Warnock et al, 1998). For many
moulds, including Aspergillus species, good correla-
tions with amphotericin B and itraconazole Etest and
MICs by the M38 method have been reported (Szek-
ely et al, 1999; Pfaller et al, 2000). The Etest has proved
useful for the determination of amphotericin B MICs
and represents one of the more reliable ways to detect
resistant isolates (Wanger et al, 1995; Clancy and
Nguyen, 1999; Peyron et al, 2001). Quality control
Etest limits for the two M27 QC isolates against am-
photericin B, flucytosine, fluconazole, itraconazole, and
ketoconazole have been proposed (Pfaller et al, 1996).

Although agar disc diffusion has seen widespread use
for antibacterial drug testing, this method has had lim-
ited application in antifungal drug susceptibility test-
ing. It has proved useful for in vitro testing of flucyto-
sine, but early attempts to develop a standardized
method for fluconazole were complicated by the lack
of a reference method with which the results of the disc
diffusion test could be compared (Pfaller et al, 1992).
More recently, several investigations have demon-
strated good correlations between agar disc diffusion
results for fluconazole and MICs by the M27-A method
(Barry and Brown, 1996; Meis et al, 2000). Clearly,
disc diffusion has the potential to provide a simpler
means of performing in vitro tests with fluconazole and
other antifungal agents, but more work is needed.

As Rex and coworkers have commented, the ability
to generate an MIC is of little value without the cor-
responding ability to interpret its clinical meaning (Rex
et al, 2001). However, this process is far from straight-
forward for a number of reasons. First, MICs are not
a physical measurement. Second, host factors play a
critical role in determining clinical outcome. Third, sus-
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ceptibility in vitro does not uniformly predict thera-
peutic success in vivo. Fourth, resistance in vitro will
often, but not always, correlate with treatment failure
(Rex et al, 1997).

The original M27-A document (National Committee
for Clinical Laboratory Standards, 1997) included in-
terpretive breakpoints for Candida species when tested
against fluconazole, itraconazole, and flucytosine. The
data for each drug had different strengths and weak-
nesses for determining these breakpoints, but one weak-
ness that applied to all the data sets was the small
amount of information that was available on isolates
for which the MICs were elevated. A second limitation
was that all (itraconazole) or most (fluconazole) of the
MIC-clinical outcome correlation data were derived
from studies of mucosal candidiasis. There are fewer
data for invasive forms of candidiasis. Despite these
limitations, the general level of clinical correlation
achieved to date has been similar to that seen with an-
tibacterial agents (Rex et al, 2001).

The incidence of invasive mould infections is too low
to permit large-scale prospective comparisons of anti-
fungal drug MICs with the clinical outcome of treat-
ment. For this reason, several groups of investigators
have sought to confirm the relevance of in vitro test re-
sults in animal models of infection. One group tested
nine mould isolates (two Aspergillus species, three
Fusarium species, two S. apiospermum isolates, and
two Rhizopus arrhizus isolates), but found that am-
photericin B and itraconazole MICs determined by the
M38-P reference method provided few clues to the like-
lihood of in vivo response (Odds et al, 1998). A sec-
ond group conducted in vitro and in vivo tests with six
A. fumigatus isolates, two of which were collected from
patients who did not respond to itraconazole treatment
(Denning et al, 1997a). These isolates were resistant to
itraconazole in a murine model of invasive aspergillo-
sis and had elevated itraconazole MICs. However, the
choice of in vitro test conditions was critical in the de-
tection of these elevated MICs. In further work, this
group conducted in vitro and in vivo tests with an iso-
late of A. fumigatus from a patient who responded in-
completely to amphotericin B and an isolate of the in-
trinsically amphotericin B-resistant species A. terreus
(Johnson et al, 2000). Both isolates were unresponsive
to amphotericin B in a murine model of invasive as-
pergillosis, but only the A. terreus isolate tested resist-
ant in vitro. A wide range of media and test conditions
failed to distinguish the resistant A. fumigatus isolate
from two isolates that were susceptible in vivo. In con-
trast, using a straightforward adaptation of the M27
procedure, Lass-Florl and coworkers demonstrated a
good correlation between amphotericin B MICs of � 2
�g/ml and an increased likelihood of clinical failure in
patients with aspergillosis (Lass-Florl et al, 1998).

These reports of an association between MICs and clin-
ical outcome are encouraging, but further studies with
animals and patients will be required for a more de-
finitive evaluation. At present, it would appear that
testing of A. fumigatus isolates against azole antifun-
gal agents has significant potential value. Testing of am-
photericin B is, however, more problematic.

In summary, antifungal drug susceptibility testing has
become a useful clinical tool, but its original applica-
tion remains uncertain in many circumstances. It is not
an infallible guide to the treatment of fungal infections.
Testing is most helpful for isolates of Candida species
(especially for species other than C. albicans) from deep
sites. Testing of oropharyngeal isolates of Candida
species from patients who have failed to respond to
standard azole treatment can help to distinguish fail-
ures due to drug resistance from other causes. Suscep-
tibility testing for other fungi or settings is of unclear
value. At present, testing of mould isolates should not
be done on a routine basis. However, clinically impor-
tant mould isolates should be identified to the species
level as speciation can potentially provide useful ther-
apeutic information.
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Epidemiology of systemic 
fungal diseases: overview

RANA A. HAJJEH AND DAVID W. WARNOCK

The last 2 decades have seen unprecedented changes in
the pattern of systemic fungal diseases in humans.
These infections have assumed a much greater impor-
tance, largely as a result of major advances in health
care that have made possible the improved support of
transplant recipients, critical-care patients, and other
immunosuppressed individuals for longer periods of
time. In developed countries, changing demographic
patterns, in particular an aging population with a
higher incidence of chronic illness and debilitation,
have also resulted in an increase in the size of the pop-
ulation at risk for fungal infections. In addition to in-
fections acquired in hospitals and other health-care set-
tings, another significant development has been an
increase in the occurrence of several of the endemic my-
coses, in particular histoplasmosis and coccidioidomy-
cosis, among previously healthy persons (Ampel et al,
1998; Cano and Hajjeh, 2001). Urban development,
migration of populations, and natural disasters are
among the factors that have contributed to this trend.

The AIDS epidemic is one of the most important fac-
tors that have contributed to the rising incidence of
fungal diseases. Prior to the widespread usage of highly
active antiretroviral therapy (HAART) in developed
countries, up to 80% of human immunodeficiency virus
(HIV)-infected persons developed mucosal candidiasis,
while others developed cryptococcosis, histoplasmosis,
or coccidioidomycosis during the course of their dis-
ease. In this population, these infections are frequently
disseminated and often life threatening. In many de-
veloping countries, the HIV epidemic is continuing to
escalate, and has led to dramatic increases in the inci-
dence of diseases previously considered rare, such as
cryptococcosis and disseminated histoplasmosis. In
many parts of Africa, the prevalence of cryptococcosis
has risen to more than 30% of persons living with
AIDS. In Southeast Asia, cryptococcosis and Penicil-
lium marneffei infection are now among the most com-
mon opportunistic infections in these individuals.

Analysis of U.S. National Center for Heath Statistics
(NCHS) death records showed that fungal infections
were the seventh most common cause of infectious dis-
ease-related mortality in 1992, and that mycotic 

disease-related fatalities had increased more than three-
fold since 1980 (Pinner et al, 1996). Additional analy-
sis revealed that candidiasis and aspergillosis were the
two specific diseases that accounted for most of these
deaths (McNeil et al, 2001). The NCHS data also
showed that, in 1994, fungal diseases resulted in 30,000
hospitalizations, and accounted for the fourth highest
annual percentage increase (10%) since 1980 (Simon-
sen et al, 1998).

As invasive fungal infections have become more com-
mon among the growing number of immunocompro-
mised and other susceptible individuals in the popula-
tion, physicians are now faced with managing more of
these infections, whether they are health-care–related,
or acquired in the community. A better understanding
of the epidemiologic features of these diseases will en-
able physicians to implement better management strate-
gies and prevention measures.

SURVEILLANCE

Fungal infections are under diagnosed and underre-
ported. Surveillance is important to measure the true
magnitude and health-care costs of fungal diseases, to
detect new pathogens, and to evaluate quality of care
in hospitals. Surveillance is also essential to measure
the effectiveness of interventions, such as prevention
guidelines. Epidemiologic surveillance (which should be
distinguished from microbiologic surveillance) consists
of the systematic collection, analysis and interpretation
of outcome-specific data for use in public health prac-
tice. Various surveillance systems have been used to in-
vestigate fungal diseases.

Sentinel systems, such as the SENTRY antimicrobial
surveillance program (Pfaller et al, 1998a, 2002),
SCOPE (Surveillance and Control of Pathogens of Epi-
demiologic Importance) (Pfaller et al, 1998b) and 
NEMIS (National Epidemiology of Mycoses Study)
programs (Pfaller et al, 1998c; Rangel-Frausto et al,
1999), that focus on particular infections or hospitals,
have proved very useful to monitor the emergence of
non-albicans Candida species as causes of nosocomial
bloodstream infection, and to follow trends in azole an-
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tifungal drug resistance among bloodstream isolates.
Data from the National Nosocomial Infections Sur-
veillance (NNIS) system, a sentinel surveillance system
of U.S. hospitals established by the Centers for Disease
Control and Prevention (CDC) in 1970 (http://www.
cdc.gov/ncidod/hip/NNIS), demonstrated that the rate
of hospital-acquired Candida bloodstream infections
increased by almost 500% in large teaching hospitals
during the 1980s, and by 219% to 370% in small
teaching hospitals and large nonteaching hospitals re-
spectively (Banerjee et al, 1991). This trend continued
into the early 1990s, at which time Candida spp. were
the sixth most common hospital-acquired pathogen over-
all (Emori and Gaynes, 1993). Candida spp. were the
fourth most common bloodstream pathogens in NNIS
hospitals during 1990–1992, accounting for 8%–10% of
all hospital-acquired bloodstream infections.

Although C. albicans remained the most common
cause of Candida bloodstream infections and dissemi-
nated candidiasis throughout the 1980s, 30%–50% of
these infections were due to other Candida spp. (Baner-
jee et al, 1991; Beck-Sague and Jarvis, 1993). However,
a recent analysis of NNIS data for Candida blood-
stream infections in intensive care units found a sig-
nificant decrease in the incidence of these infections
overall among intensive care unit patients between
1989 and 1999 (Trick et al, 2002). Furthermore, the
same analysis revealed a significant increase in the in-
cidence of C. glabrata bloodstream infections.

Many U.S. hospitals have participated, or currently
participate, in NNIS, or maintain their own surveil-
lance system. Physicians need to consult with their in-
fection control personnel at regular intervals to be
aware of the baseline incidence rates of different fun-
gal infections in their individual hospitals, as well as
the incidence of antifungal resistance among organisms
such as Candida spp., whenever these data are avail-
able. Although national sentinel surveillance systems
provide extremely valuable data, the published infor-
mation may not always be representative of the gen-
eral population, especially when the institutions in-
volved are mostly large academic or tertiary care
referral centers.

Passive surveillance systems are not ideal for fungal
infections. Because these diseases are not notifiable and
not usually transmissible, there is minimal incentive to
report cases. In the United States, some endemic my-
coses are reportable, in particular histoplasmosis and
coccidioidomycosis, but usually only in states where
they are endemic. Coccidioidomycosis is the only fun-
gal disease reportable nationally (Centers for Disease
Control and Prevention, 1997a). Efficient reporting of
these diseases to local and state health departments
helps public health personnel to detect outbreaks at an
earlier stage, and serves to alert physicians. In addition,

better surveillance and adequate reporting allow physi-
cians to identify which diseases are common in their
areas and assist in developing a differential diagnosis.

Active surveillance for fungal diseases is expensive
and often difficult to conduct, but it has enabled ac-
curate population-based incidence rates to be deter-
mined for the first time for several invasive fungal in-
fections, including Candida bloodstream infections and
cryptococcosis, (Rees et al, 1998; Kao et al, 1999; 
Hajjeh et al, 1999; Hajjeh et al, 2001). It has also per-
mitted a more representative description of the epi-
demiology of these diseases. As an example, popula-
tion-based active surveillance for Candida bloodstream
infections, conducted at different sites in the United
States during 1992–1994 (Kao et al, 1999), and again
during 1998–2000 (Hajjeh et al, 2001), showed that
the incidence of these infections is approximately 8–10
per 100,000 population. These data provide a clear in-
dication of the public health importance of this com-
mon mycotic infection, when compared to many other
infectious diseases. In addition, these surveillance stud-
ies revealed that the incidence of fluconazole resistance
among C. albicans isolates, a problem that many cli-
nicians feared might significantly affect treatment of
Candida bloodstream infections, remains very low
(about 1%) and has not changed over time.

The various surveillance systems mentioned above
have also been crucial in documenting epidemiologic
trends. For example, the proportion of infections
caused by non-albicans Candida spp. has increased dur-
ing the 1990s and these organisms now account for
more than 50% of all Candida bloodstream infections
(Pfaller et al, 2000; Hajjeh et al, 2001). This trend has
obvious clinical implications, because many non-albi-
cans Candida spp. (except for C. parapsilosis) are usu-
ally less susceptible to azole drugs than C. albicans, and
may require different management.

Whatever surveillance system is chosen, the quality
of the data generated is heavily dependent on several
key components: a defined population, a clear case def-
inition, a mechanism for reporting, and a sufficient in-
centive for all participants to conduct the surveillance.
The collaboration of physicians with their hospital in-
fection control personnel, as well as with their local
public health personnel, is crucial to ensure the collec-
tion of adequate and reliable surveillance data.

UNDERSTANDING EXPOSURE 
AND TRANSMISSION

Many fungal diseases are usually acquired by inhala-
tion of airborne spores from an environmental reser-
voir, e.g., aspergillosis and the endemic mycoses. In
contrast, some fungi, such as Candida and Malassezia
spp., are normal commensal residents of humans, and
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infection is endogenous in origin or transmitted from
person to person. These yeast infections can also be
spread via medical devices and fomites, particularly in
health-care settings. An adequate understanding of the
mechanisms of transmission of these infections has im-
portant implications for decisions on prevention meas-
ures, ranging from the need for specific containment
and environmental measures to the consideration of an-
tifungal drug prophylaxis. In addition, host factors play
an important role in predisposing persons to invasive
fungal infections.

Aspergillosis
Invasive aspergillosis usually occurs in patients who are
neutropenic following treatment for hematologic and
other malignancies, in hematopoietic stem cell transplant
(HSCT) and solid organ transplant recipients, and in pa-
tients with neutrophil deficiencies (such as acquired mar-
row failure or congenital neutropenia) or dysfunction,
e.g., chronic granulomatous disease (Warnock et al,
2001). Invasive aspergillosis can be acquired following
a wide range of exposures inside or outside the hospi-
tal environment. Because the majority of cases of in-
vasive aspergillosis either start in, or are confined to,
the lungs and because Aspergillus spores are commonly
found in the indoor and outdoor air, inhalation is
thought to be the usual route of infection. Possible en-
vironmental sources of these spores include the soil, de-
composing plant matter, household dust, building ma-
terials, ornamental plants, flower arrangements, items
of food, and water. The relative importance of these
various sources is very difficult to determine, particu-
larly for sporadic cases of Aspergillus infection (Hajjeh
and Warnock, 2001). Furthermore, the mechanisms of
transmission during outbreaks of aspergillosis may be
very different from those involved in sporadic disease.

The best evidence for the role of contaminated air as
a source of Aspergillus infection comes from the tem-
poral association between some hospital-based out-
breaks of invasive aspergillosis and periods of con-
struction or renovation in or near the wards in which
infected patients were housed (Arnow et al, 1978;
Krasinski et al, 1985; Weems et al, 1987b; Barnes and
Rogers, 1989). Further support for this hypothesis
comes from reports of reduced rates of infection in hos-
pitals following the opening of new facilities with im-
proved air handling systems. In addition, housing high-
risk patients in rooms supplied with HEPA-filtered air
has helped to prevent the acquisition of Aspergillus in-
fection within the hospital (Sherertz et al, 1987; Barnes
and Rogers, 1989; Rhame et al, 1991; Cornet et al,
1999).

Hospital water has been suggested as another possi-
ble source of Aspergillus infection in hospitals (Anaissie
and Costa, 2001; Anaissie et al, 2002). Although As-

pergillus spp. have been recovered from hospital and
municipal water in several countries (Arvanitidou et al,
1999; Anaissie and Costa, 2001; Warris et al, 2002),
there is currently no definitive proof that water is an
important source of human infection. To date, the
clearest published evidence to support this hypothesis
is a single case report of a patient who died of as-
pergillosis. An isolate of A. fumigatus from this patient
had an identical RAPD profile to those of isolates ob-
tained from the patient’s hospital room water, but dif-
fered from those of other environmental isolates ob-
tained during the same period from other locations
(Anaissie et al, 2002). Although hospital water is a fea-
sible environmental reservoir for Aspergillus infection,
and has a precedent in nosocomial legionellosis, fur-
ther epidemiologic studies are needed to confirm trans-
mission from water, and the proportion of cases it ac-
counts for. In addition to hospital-based investigations,
it will clearly be essential to conduct epidemiologic
studies, with molecular typing of Aspergillus isolates,
to look for potential sources of water-borne infection
in the home environment.

Regardless of the environmental reservoir of As-
pergillus, most cases of aspergillosis in hospitalized pa-
tients are not outbreak-related. It seems probable that
some individuals are colonized before their admission
to the hospital and develop invasive disease when ren-
dered neutropenic. Indeed, estimates are that up to
70% of cases of aspergillosis diagnosed over a 3-year
period of surveillance during construction in one North
American hospital were community-acquired (Patter-
son et al, 1997). Although the major risk period for as-
pergillosis is during the profound neutropenia, which
follows conditioning for transplantation, HSCT recip-
ients who develop graft-versus-host disease often de-
velop aspergillosis some time after transplantation, fol-
lowing their discharge from hospital. In several recent
series, such patients have formed the majority of HSCT
recipients with aspergillosis. Clearly, it is important to
ascertain whether this disease is predominantly a hos-
pital- or community-acquired infection, because hospi-
tal infection control measures will not prevent com-
munity-acquired cases. Other control and prevention
measures should be considered in these patients, such
as home environmental control for at-risk patients and
prophylactic treatment with antifungal agents.

Candida Bloodstream Infections
Candida spp. are normal commensals of humans, be-
ing commonly found on the skin, in the gastrointesti-
nal (GI) tract, and in the female genital tract (Odds,
1988). Most cases of Candida bloodstream infections
occur sporadically, and are usually due to endogenous
transmission, i.e., the strain causing bloodstream in-
fection was derived from the individual’s normal flora.
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However, many outbreaks of Candida bloodstream in-
fections have been reported in the literature, and these
have significantly increased our understanding of the
epidemiology of the disease. Outbreaks are usually due
to transmission within the hospital environment, either
from health-care personnel or as a consequence of var-
ious procedures that facilitate entry of the organisms
intravascularly.

The GI tract has long been known to be a source of
entry of Candida organisms into the bloodstream
(Krause et al, 1969). Recently, as part of the NEMIS
study, a large collection of isolates was subtyped, us-
ing a variety of molecular typing methods (pulse field
gel electrophoresis, restriction enzyme analysis, and
electrokaryotyping) (Pfaller et al, 1998c). Most isolates
had a unique DNA type, supporting the concept of en-
dogenous infection. While the role of catheters in trans-
mission of candidemia has been a subject of contro-
versy (Nucci and Anaissie, 2001; Nucci and Anaissie
2002), clearly, catheters serve as an important route of
entry for the organisms intravascularly. Recent litera-
ture also suggests that local thrombophlebitis at the
skin site of catheter entry may be the cause of Candida
bloodstream infection in some cases (Benoit et al,
1998).

Various factors have been associated with increased
risk of Candida bloodstream infections. These can be
divided into host factors, such as immunosuppression
due to various underlying conditions, and hospitaliza-
tion-related factors, such as central venous catheters,
excessive antibiotic use, and surgical procedures. The
widespread use of antibiotics, leading to overgrowth of
Candida organisms in the GI tract, and intravascular
devices, including catheters and presssure monitoring
devices, are major predisposing factors. Other risk fac-
tors include cytotoxic therapy leading to neutropenia,
other immunosuppressive conditions, loss of integrity
of the GI tract, and abdominal surgery. Previous colo-
nization with Candida spp. has been found to be in-
dependently associated with increased risk of Candida
bloodstream infection in many studies (Wey et al, 1988;
Pittet et al, 1994b; Marr et al, 2000). The intensity of
colonization, when expressed as the number of sites
colonized, has been helpful in predicting invasive Can-
dida infections in critically ill surgical patients (Pittet
et al, 1994a).

Risk factors for Candida bloodstream infections may
also differ by species. For example, although central ve-
nous catheters and hyperalimentation have been asso-
ciated with increased risk for Candida bloodstream in-
fections in general, they are particularly important for
infections with C. parapsilosis (Solomon et al, 1984,
1986; Weems et al, 1987a). This association may be
due to the propensity of this species to proliferate in
high concentrations of glucose and lipids and to adhere

to prosthetic devices (Weems, 1992). Risk factors also
differ by patient population. A recent subanalysis of
data from the NEMIS study examined risk factors for
Candida bloodstream infections among infants in
neonatal intensive care units (Saiman et al, 2000), and
found that, in addition to some common risk factors
(such as central venous catheters, parenteral nutrition
and shock), other factors, including low gestational age,
H2 blockers, and low Apgar scores were also associ-
ated with increased risk of infection.

OUTBREAK INVESTIGATIONS

Outbreak investigations are an important and chal-
lenging component of public health practice. Careful
investigation of outbreaks has increased our under-
standing of fungal diseases, their sources and modes of
transmission, and risk factors for infection, and in so
doing has assisted in the design of improved control
measures for these infections. Investigations of hospi-
tal-based outbreaks of aspergillosis and candidiasis
have led to the development of more effective strate-
gies for prevention and control of these infections in
hospitals. Investigations of outbreaks have also pro-
vided much useful information about the transmission
and risk factors for the endemic fungal infections, such
as histoplasmosis, blastomycosis, and coccidioidomy-
cosis, thus helping to reduce the overall burden of these
diseases.

Outbreak investigations are usually necessary in or-
der to prevent others from being infected (if the out-
break is ongoing) or to prevent similar outbreaks in the
future. Investigating an outbreak consists of multiple
steps, including first confirming that the outbreak is
real, deciding on a case definition, defining the size of
the outbreak, generating and testing hypotheses for the
reasons and source (s) behind the outbreak, conduct-
ing an environmental investigation, and implementing
control measures (Reingold, 1998).

Investigations of outbreaks of fungal diseases can
present major challenges. These include limited sample
size, difficulties with the case definition, exposures that
are ubiquitous or too restricted, and the fact that mo-
lecular subtyping methodologies for fungi are often un-
available or less than ideal. In many outbreaks, the
number of cases is limited and, therefore, the statisti-
cal power of the investigation is limited, making it dif-
ficult to identify the source of the infection (by detect-
ing significant differences in exposure between cases
and controls). If, as is often the case with outbreaks of
fungal infection, detection of the outbreak is delayed,
important clinical and environmental samples may be
difficult to obtain.

Once it is clear that a suspected outbreak is not the
result of laboratory error (e.g., due to specimen con-
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tamination) (Laurel et al, 1999), the next step is to es-
tablish whether the observed number of cases is in ex-
cess of the usual number (i.e., that an outbreak has oc-
curred), and to find all the cases in a given population
over a certain period. A knowledge of the background
rate of a disease either in the hospital or in the com-
munity is essential. For fungal diseases, establishing the
background rate in a hospital can be done by review-
ing the preexisting surveillance data if available, or by
reviewing other records, such as laboratory summaries,
pathology results, or hospital discharge records. In the
community, baseline rates of disease can sometimes be
determined by consulting with local health depart-
ments. This approach may be more difficult for dis-
eases like the endemic mycoses since reporting is often
incomplete. Among other factors, changes in the pop-
ulation at risk can affect the background rate of a dis-
ease. For example, an increase in the number of pa-
tients undergoing HSCT, or a change in the proportion
undergoing bronchoscopy for diagnosis, may result in
an increase in the number of cases of aspergillosis in a
particular hospital unit. Therefore, it is always impor-
tant to calculate rates of disease when an outbreak is
suspected, rather than relying only on the number of
cases.

In some outbreaks, formulating the case definition
and exclusion criteria is straightforward; in others, the
case definition and exclusion criteria are complex, par-
ticularly if the disease is new or if the range of clinical
manifestations is very broad. In many investigations of
outbreaks of fungal infection (e.g., aspergillosis), mul-
tiple case definitions are needed (e.g., laboratory-
confirmed case, clinical case, proven case, probable
case, possible case) and the resulting data are analyzed
by using different case definitions.

By collecting detailed patient data, case-finding pro-
vides important information about the descriptive epi-
demiologic features of an outbreak. By reviewing the
times of onset of the cases, and by examining the char-
acteristics (e.g., age, sex, residence, occupation, recent
travel) of those affected, epidemiologists can often gen-
erate hypotheses about the cause and source of the out-
break. For example, careful investigation of a large
outbreak of blastomycosis in Wisconsin during 1984
enabled the incubation period for the infection to be
determined, and the risk factors for human disease to
be identified, as well as leading to a much clearer un-
derstanding of the natural habitat of the fungus and
the sources of human infection (Klein et al, 1986). Like-
wise, bird roosts and bat guano have been clearly im-
plicated in outbreaks of histoplasmosis (Sarosi et al,
1971), and archaeological digs and construction work
in endemic regions are among the factors that have been
implicated in outbreaks of coccidioidomycosis (Werner
et al, 1972; Cairns et al, 2000). It is notable that, for

those fungal infections that have never been associated
with outbreaks (e.g., cryptococcosis), information about
the precise source(s) of human infection and the incu-
bation period remains very limited. Once hypotheses ex-
plaining the occurrence of an outbreak are generated,
an analytic epidemiologic study to test these hypothe-
ses is usually the next step. In many instances, a case-
control study is used, but in others a retrospective co-
hort or cross-sectional study may be more appropriate.

Environmental specimens can support epidemiologic
findings. However, these need to be collected as soon
as possible, either before they are no longer available,
as in the case of contaminated parenteral nutrition flu-
ids, etc., or before environmental interventions are im-
plemented, as in the case of repairing a malfunctioning
air-filtration unit. Finding or not finding the causative
organism in environmental samples is often perceived
as powerful evidence implicating or exonerating an en-
vironmental source; however, both positive and nega-
tive findings can be misleading. For example, finding a
ubiquitous organism such as Aspergillus fumigatus in
an item of hospital food does not prove that the food
(rather than some other source) is responsible for an
outbreak of aspergillosis. Likewise, not finding the
causative organism in an environmental sample does
not conclusively rule out a source as the cause of the
problem. This is especially true for difficult-to-culture
organisms, such as Blastomyces dermatitidis.

Central to any outbreak investigation is the imple-
mentation of appropriate control measures to minimize
further illness and death. For example, although most
cases of Candida bloodstream infections are endoge-
nous in origin, investigation of outbreaks in neonatal
and surgical intensive care units has demonstrated that
carriage of organisms on the hands of health-care
providers is a common cause of transmission in hospi-
tals (Burnie et al, 1985; Finkelstein et al, 1993). In turn,
this finding has facilitated the development of rational
preventive measures, such as rigorous hand washing be-
fore and between all patient contacts in units dealing
with high-risk patients. Investigation of hospital-based
outbreaks of Aspergillus infection has also contributed
to the development of measures for the control and pre-
vention of this devastating disease.

Finally, outbreak investigations have provided much
useful information that has enabled prevention guide-
lines to be formulated (see PREVENTION). In addi-
tion, outbreak investigations have offered excellent 
opportunities to develop new molecular sub-typing
methods, and to evaluate and validate existing ones.

PREVENTION

Developing effective prevention measures for fungal in-
fections is the ultimate goal of all epidemiologic stud-
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ies. However, unlike other diseases of public health im-
portance, prevention of fungal diseases has proved to
be difficult for many reasons. These include the nature
of the population at risk (many of whom are hospital-
ized immunocompromised patients) because only a few
risk factors are preventable or potentially modifiable.
In addition, the ubiquitous occurrence of many oppor-
tunistic molds in the environment, and the ecology of
others, such as the endemic pathogens Histoplasma cap-
sulatum and Coccidioides immitis, makes it difficult to
prevent exposure. Prevention of fungal diseases to date
has focused on two areas: environmental control meas-
ures, either in the community or in the health-care en-
vironment, and antifungal drug chemoprophylaxis.

With the continuing increase in the number of im-
munocompromised patients, the prevention of oppor-
tunistic fungal infections, such as aspergillosis, has be-
come an issue of major importance in the management
of all at-risk groups. Environmental control measures,
designed to protect high-risk patients from exposure to
mold spores at home or in the hospital, are difficult.
Housing these individuals in rooms supplied with
HEPA-filtered air has helped to prevent the acquisition
of Aspergillus infection within the hospital (Sherertz et
al, 1987; Barnes and Rogers, 1989). The CDC, in col-
laboration with the Hospital Infection Control Prac-
tices Advisory Committee (HICPAC), has published
guidelines for prevention of aspergillosis in the hospi-
tal environment (Centers for Disease Control and Pre-
vention, 1997b), describing all these environmental
measures. These guidelines are currently being updated
and can be obtained from the following Web site:
http://www.cdc.gov/ncidod/hip/pneumonia/pneu_
mmw.htm.

In the case of Candida bloodstream infections, evi-
dence from outbreak investigations has implicated 
carriage of organisms on the hands of health-care
providers as a major cause of transmission in hospitals.
As a result, guidelines have been developed by the CDC
and the Association for Professionals in Infection Control
and Epidemiology (APIC) (http://www.cdc.gov/ncidod/
hip/guide/handwash_pre.htm) to enforce rigorous hand
washing before and between all patient contacts, espe-
cially when dealing with high-risk patients.

Guidelines have also been developed for protection
against some community-acquired infections in special
risk groups. Examples include prevention of histoplas-
mosis among workers (Lenhart et al, 1997; http://www.
cdc.gov/niosh/tc97146.html), and prevention of oppor-
tunistic fungal infections in persons with AIDS, developed
in collaboration with the Infectious Diseases Society of
America (Centers for Disease Control, 2002; http://www.
cdc.gov/mmwr/preview/mmwrhtml/rr5108a1.htm).

Currently, prophylactic regimens with fluconazole
are only recommended for use among selected leukemia

or bone marrow transplant patients (Goodman et al,
1992; Rex et al, 2000). However, fluconazole chemo-
prophylaxis also appears to be effective in some criti-
cally ill, nonneutropenic patients. A recent study found
prophylaxis with fluconazole (400 mg/d) to be effec-
tive in selected patients, such as those with recurrent
gastrointestinal perforations or anastomotic leakages
(Eggiman et al, 1999). Another study found that a sim-
ilar regimen of fluconazole prophylaxis decreased the
incidence of fungal infections in high-risk patients in
surgical intensive care units (Pelz et al, 2001). These
patients, however, tended to be older and had a higher
incidence of recent surgeries and chronic conditions,
such as diabetes and liver dysfunction.

Chemoprophylaxis has been employed to prevent in-
vasive aspergillosis, but few large comparative trials
have been conducted and its usefulness remains con-
troversial (Warnock et al, 2001). The results of three
large randomized, controlled trials of itraconazole as
prophylaxis in patients receiving chemotherapy or
HSCT for hematologic malignancies have recently been
published (Menichetti et al, 1999; Morgenstern et al,
1999; Harousseau et al, 2000). Because the efficacy of
prophylaxis against invasive aspergillosis has not been
clearly established, chemoprophylaxis of all immuno-
compromised patients does not appear to be justified.
The high incidence of infection, coupled with a high
mortality rate, supports the use of prophylaxis against
invasive aspergillosis in allogeneic HSCT recipients, as
well as in liver and lung transplant recipients (Singh,
2000). Given the much lower incidence of the disease
in autologous HSCT recipients and other solid organ
transplant recipients, routine antifungal prophylaxis
may not be indicated. Other promising therapeutic ap-
proaches that deserve further evaluation include spe-
cific strategies designed to boost the immunological re-
sponse of the host.

Since chemoprophylaxis may be associated with de-
velopment of antifungal drug resistance, as well as
with side effects related to drug toxicity, clinicians
should be careful about extending such measures to
other critically ill patients in intensive care units, un-
less further studies identify additional risk factors that
better define patients who might benefit from such an
approach.
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Amphotericin B
STANLEY W. CHAPMAN, JOHN D. CLEARY, AND P. DAVID ROGERS

Amphotericin B has been the cornerstone of antifungal
therapy for almost 50 years. Discovered in the late
1950s, it was approved for human use as an antimy-
cotic in 1960. Initial formulations of amphotericin B
were plagued with impurities. Allergic responses, pre-
sumably secondary to these impurities, and endotoxin-
like infusion-related reactions were common. Although
improvements in purification and fermentation over the
last 30 years have enhanced tolerability, infusion- 
related reactions and renal dysfunction are still com-
monplace with the use of the deoxycholate solubilized
formulation. Formulations using a lipid carrier have
significantly improved tolerability. Safety aside, am-
photericin B remains the most effective, broad-spec-
trum, fungicidal agent with the greatest experience for
the treatment of systemic mycoses. Both intrinsic and
acquired resistance are limited. The treatment failures
seen with amphotericin B are multifaceted. These can
be attributed to delays in diagnosis of invasive mycoses,
the immune compromised state of the patient being
treated, the unique pharmacokinetic/pharmacodynamic
properties of the different formulations, and dose lim-
itations related to toxicity. In an effort to enhance an-
tifungal efficacy and reduce toxicity, amphotericin B
has been combined with other agents (e.g., flucytosine,
azoles, and terbinafine) with promising results. It is the
authors’ opinion that combination therapy will be used
increasingly for the treatment of systemic mycoses.

This chapter discusses amphotericin B deoxycholate
and the lipid preparations of amphotericin separately.
Where appropriate we compare and contrast these dif-
ferent formulations with an emphasis on unique phar-
macologic properties or clinically relevant differences
in toxicity or outcome that favor one preparation over
another. Table 3–1 presents a summary of the indica-
tions, chemistry, pharmacology, efficacy, and toxicities
of each of these formulations.

AMPHOTERICIN B DEOXYCHOLATE

Chemistry
Amphotericin B is a polyene antifungal that, along with
amphotericin A, is produced by the soil actinomycete

Streptomyces nodosus. The amphotericin B molecule is
a heptaene macrolide consisting of seven conjugated
double bonds within the main ring, a connecting my-
cosamine through a glycoside side chain, and a con-
necting free carboxyl group (Fig. 3–1). Amphotericin B
is relatively insoluble in water and derives its name
from its amphoteric property to form methanol solu-
ble salts under both basic and acidic conditions (Gal-
lis et al, 1990; Lyman and Walsh, 1992).

Amphotericin B is available as an intravenous prepa-
ration formulated by combination with sodium deoxy-
cholate, which results in formation of a micellar dis-
persion upon reconstitution in 5% dextrose or water
(Gallis et al, 1990; Patel, 1998). Alternative formula-
tions of amphotericin B have been devised in an effort
to improve the therapeutic index of this agent. A wa-
ter-soluble methyl ester preparation showed promise
initially as higher doses of the drug could be adminis-
tered without associated nephrotoxicity. Unfortunately
several patients developed leukoencephalopathy in clin-
ical trials and the product was abandoned (Schmitt,
1993).

Recently three lipid-based preparations of ampho-
tericin B have been developed. Despite their significant
cost, many institutions preferentially utilize these for-
mulations owing to reduced adverse reactions. These
amphotericin B lipid preparations are discussed in de-
tail later in this chapter under LIPID PREPARATIONS
OF AMPHOTERICIN B.

Mechanisms of Action
The primary antifungal activity of amphotericin B is
mediated by its preferential binding to ergosterol in the
fungal cell membrane. This interaction results in the
formation of pores consisting of eight amphotericin B
molecules in the membrane, allowing leakage of potas-
sium and other cellular components that ultimately
leads to cell death (Brajtburg et al, 1990). Although
amphotericin B has a greater affinity for the fungal er-
gosterol, it still has some affinity for binding to the cho-
lesterol of mammalian cell membranes. The latter prob-
ably plays an important role in its associated toxicity
(Abu-Salah, 1996).

33
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There is also evidence to suggest that amphotericin
B-mediated cell killing may be due in part to the oxi-
dizing properties of the drug that results in the pro-
duction of reactive oxygen species and lipid peroxida-
tion of fungal cell membrane (Brajtburg et al, 1990).
In support of oxidative cell injury, Sokol-Anderson and
colleagues have shown that amphotericin B-mediated
lysis of C. albicans protoplasts and whole cells is re-
duced, independent of potassium leakage, in the ab-
sence of oxygen and in the presence of exogenous cata-
lase and superoxide dismutase (Sokol-Anderson et al,
1986). The presence of seven conjugated double bonds
in the chemical structure of amphotericin B renders it
prone to auto-oxidation (Sokol-Anderson et al, 1986;
Osaka et al, 1997), leading some investigators to spec-
ulate that amphotericin B may also act as an antioxi-
dant, although clinical data to support this hypothesis
are lacking. Finally, amphotericin B also has been
shown to inhibit the respiration of actively metaboliz-
ing Aspergillus fumigatus (Sandhu, 1979).

Amphotericin B may indirectly modulate antifungal
efficacy by its ability to alter immune function. The im-
munomodulatory effects of amphotericin B have been
found to be diverse and contradictory. The reported
differences in amphotericin B-induced immunomodu-
lation may be the result of a number of factors including
the concentration of drug, the in vitro conditions, or
the animal model used. Amphotericin B has been shown
to act as an immunoadjuvant by stimulating cell pro-
liferation and cell mediated immunity in murine mod-
els (Bistoni et al, 1985). Amphotericin B has also been
shown to enhance the phagocytic and antibacterial ac-
tivity of macrophages and to increase colony-stimulat-
ing factor concentrations in mice (Lin et al, 1977).
Chapman and coworkers found that amphotericin B
enhances macrophage tumoricidal activity that was in-
dependent of its ionophoretic properties (Chapman and
Hibbs, 1978). Amphotericin B induces production of
IL-1�, TNF-�, and IL-1R� in murine and human
monocytes and macrophages (Gelfand et al, 1988; Chia

and Pollack, 1989; Cleary et al, 1992; Rogers et al,
1998), and increases nitric oxide synthesis in human
monocytes (Mozaffarian et al, 1997). It has also been
shown to increase both IL-12 and IFN-gamma levels in
mice with gastrointestinal or systemic Candida infec-
tion (Cenci et al, 1997).

In contrast, amphotericin B has been shown to in-
hibit the chemotactic responsiveness, phagocytic ca-
pacity, and killing by human neutrophils (Bjorksten et
al, 1976; Marmer et al, 1981). Inhibition of both spon-
taneous and antigen-induced transformation, as well as
antibody-dependent cellular toxicity of human lym-
phocytes has been reported with amphotericin B
(Roselle and Kauffman, 1978; Nair and Schwartz,
1982). It has also been reported to diminish hPBMC
and T-cell responses to phytohemagglutinin (Stewart et
al, 1981) and to impair NK cell activity (Nair and
Schwartz, 1982; Hauser and Remington, 1983).

Taken collectively, these data suggest that ampho-
tericin B exerts its direct antifungal activity through
three mechanisms of action: pore formation, oxidative
damage, and inhibition of metabolic activity. While the
direct antifungal activity of amphotericin B has been
extensively validated, the in vivo role of its im-
munomodulatory properties has not been sufficiently
defined.

Spectrum of Activity
Amphotericin B is active against most of the common
yeasts, moulds, and dimorphic fungi causing human 
infection including: Candida species, Cryptococcus
neoformans, Blastomyces dermatitidis, Histoplasma
capsulatum, Coccidioides immitis, Paracoccidioides
brasiliensis, Sporothrix schenckii, Aspergillus species,
and the agents of mucormycosis. This polyene also has
some degree of activity against the protozoa Leishma-
nia brasiliensis, and Naegleria fowleri (Gallis et al,
1990; Patel, 1998).

Relatively few organisms manifest intrinsic resistance
to amphotericin B. Scedosporium apiospermum

O

O

OH

OH
OH

OH

OH

O

O

O

H

OH

OH NH2

OH OH OHO

H3C

H3C

CH3

OH

H3C

FIGURE 3–1. Amphotericin B polyene structure. The molecular formula of the drug is C47H73NO17; its
molecular weight is 924.10.
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(Pseudallescheria boydii), Candida lusitaniae, Candida
guilliermondii, Scopulariopsis species, and Fusarium
species generally are considered intrinsically resistant
to amphotericin B (Speeleveld et al, 1996; Patel, 1998).
Acquired resistance to amphotericin B, whether through
selective laboratory techniques or after clinical usage, ap-
pears to be uncommon. Recently, however, resistant iso-
lates of C. albicans, C. glabrata, C. tropicalis, and Cryp-
toccocus neoformans have been isolated from patients
with AIDS (Powderly et al, 1992; Le et al, 1996; Kelly
et al, 1997).

Studies of resistant clinical isolates of C. albicans and
C. neoformans suggest that resistance occurs through
alterations of the genes encoding �8,7-isomerase or �5,6-
desaturase within the sterol biosynthesis pathway.
These isolates accumulate alternative sterols, allowing
the organism to evade the activity of amphotericin B
(Georgopapadakou and Walsh, 1996; Le et al, 1996;
Kelly et al, 1997). Others have suggested that resist-
ance to amphotericin B in yeasts may occur through
increased catalase activity, impairing amphotericin 
B-induced oxidative damage (Georgopapadakou and
Walsh, 1996).

Susceptibility Testing
Routine susceptibility testing for amphotericin B is
problematic. Interpretive break points that correlate in
vitro activity with clinical outcomes are limited (Van-
den Bossche et al, 1998; White et al, 1998a; Ghannoum
and Rice, 1999). The use of in vitro susceptibility stud-
ies is further complicated owing to the variable results
seen for many different technical reasons (i.e., media,
temperature, pH, cation content etc). The recent efforts
of the National Committee of Clinical Laboratory Stan-
dards (NCCLS) have been instrumental in the devel-
opment of standardized methodology for antifungal
susceptibility testing. Despite these improvements, the
routine use of susceptibility testing of clinical isolates
to amphotericin B is not recommended. Susceptibility
testing of clinical isolates may be helpful for patients
who are failing amphotericin B. For example, clinical
failure using amphotericin B to treat serious candidal
and cryptococcal infections has been associated with
MICs of � 1.0 ug/ml (Powderly et al, 1988; Powderly
et al, 1992). It should be noted, however, that clinical
failure in amphotericin-treated patients is not neces-
sarily indicative of fungal resistance, but is often re-
lated to the underlying immunodeficiency of the pa-
tient. Susceptibility testing may also be clinically useful
in guiding treatment of rare pathogens where resistance
is likely or unpredictable. When patient samples can be
processed in a clinically relevant time frame and
stronger clinical correlations are developed, routine sus-
ceptibility testing will need to be reevaluated. For a
more complete discussion, see Chapter 1.

Pharmacology and Pharmacokinetics (Table 3–1)
Amphotericin B is poorly absorbed after oral adminis-
tration (less than 5%), hence the requirement of an in-
travenous formulation for the treatment of systemic
mycoses. Following an intravenous infusion, ampho-
tericin B is bound primarily to lipoproteins, cholesterol,
and erythrocytes. Peak serum concentrations of ap-
proximately 1–3 ug/mL are achieved during the first
hour following a 4 to 6–hour amphotericin B infusion
at a dose of 0.6 mg/kg. Serum concentrations rapidly
fall to a prolonged plateau phase with measured am-
photericin B concentrations of 0.2–0.5 ug/mL. Fol-
lowing an initial half-life of 24–48 hours, there is a ter-
minal elimination half-life of approximately 15 days.
This terminal elimination phase most likely represents
the slow release of amphotericin B from the tissues
(Table 3–1).

Amphotericin B is distributed to many tissues in-
cluding the lungs, spleen, liver, and kidneys (Collette
et al, 1989). The volume of distribution is 4 liters/kg
and appears to follow a three-compartment model of
distribution. Amphotericin B, however, does not dis-
tribute into adipose tissue, supporting the premise that
dosage should be based on lean body mass. Unfortu-
nately, the measurement of lean body mass is not al-
ways practical. Hence dosing of amphotericin B in
obese patients should be based on calculated ideal body
weight. Amphotericin B is bound extensively in tissues
and can be detected in the liver, spleen, and kidney for
months after treatment has been terminated (Chris-
tiansen et al, 1985). Despite this extensive and pro-
longed tissue binding, the relationship of serum vs. tis-
sue concentration and clinical efficacy or toxicity has
not been clearly established.

Amphotericin B concentrations in peritoneal, pleural,
and synovial fluids are less than half of the simultane-
ous serum concentrations. Although clinical efficacy of
amphotericin B has been repeatedly documented for the
treatment of central nervous system fungal infections
(e.g., cryptococcal meningitis), cerebrospinal fluid lev-
els are low, usually less than 5% even in the presence
of inflamed meninges. This enhanced clinical efficacy
may reflect higher levels of amphotericin B in the
meninges as compared to the cerebrospinal fluid that
has been documented in animal models of meningitis
(Gallis et al, 1990).

Despite almost 50 years of clinical experience, little
is known about the metabolism of amphotericin B. No
metabolites have yet been identified. Less than 5% of
the administered dose is excreted in the urine and bile.
Serum concentrations, as such, are not changed and 
accumulation of amphotericin B does not occur in 
patients with hepatic or renal failure. Likewise, he-
modialysis or peritoneal dialysis does not influence
serum levels (Bindschlader and Bennett, 1969; Atkin-



TABLE 3–1. Amphotericin B Characteristics
Amphotericin B 

Amphotericin B Amphotericin B Lipid Colloidal Dispersion Liposomal Amphotericin B Amphotericin B in Lipid
[AmB; Fungizone®] Complex [ABLC™; [ABCD; Amphotec®] [LAmB; AmBisome®] Emulsion [ABLE]

Category Apothecon Abelcet] Enzon Inc. InterMune Inc. Fujisawa Healthcare Inc. No Manufacturer

Primary Reference Janknegt et al, 1992 Package Insert Package Insert Package Insert Ayestaran et al, 1996
Christiansen et al, 1985 Villani et al, 1996

FDA Approved Life-threatening fungal Refractory/ intolerant Invasive aspergillosis Empirical therapy in NA
Indication infections to AmB in patients refractory/ neutropenic FUO

Visceral leishmaniasis intolerant to AmB Refractory/ intolerant 
to AmB

Visceral leishmaniasis

Formulation MICELLE RIBBONS/SHEETS LIPID DISK UNILAMELLAR VESICLES Safflower and Soybean Oils
Sterol None None Cholesteryl Sulfate Cholesterol Sulfate (5)* 10–20 g/100 mL
Phospholipid None DMPC & DMPG (7:3)* None EPC & DSPG (10:4)* EPC � 2.21 g/100 mL

Glycerin � 258 g/100 mL

Size (nm) � 10 1600–11,000 122 (� 48) 80–120 333–500

Stability 1 week at 2°C–8°C or 15 hours at 2°C–8°C or 24 hours at 2°C–8°C 24 hours at 2°C–8°C Unstable
24 hours at 27°C 6 hours at 27°C

FDA Approved 0.3–1.0 mg/kg/day 5.0 mg/kg/day at 3.0–6.0 mg/kg/day 3.0–5.0 mg/kg/day Investigational:
Dosage & Rate over 1–6 hours 2.5 mg/kg/hour over 2 hours over 2 hours 1.0 mg/kg/day over 1–8 hours

Lethal Dose 50% 3.3 mg/kg 10–25 mg/kg 68 mg/kg 175 mg/kg Unknown

Pharmacokinetic
Dose Administered 0.5 mg/kg 5.0 mg/kg � 7 days 5.0 mg/kg � 7 days 5 mg/kg � 7 days 0.8 mg/kg/day � 13 days

Serum Concentrations
Peak 1.2 �g/mL 1.7 �g/mL 3.1 �g/mL 83.0 �g/mL 2.13–2.83 �g/mL
Trough 0.5 �g/mL 0.7 �g/mL 4.0 �g/mL 0.42 �g/mL

Half-life (Beta) 91.1 hours 173.4 hours 28.5 hours 6.8 hours 7.75–15.23 hours

Area Under the Curve (0–24) 14 �g/mL � hour 17 �g/mL � hour 43.0 �g/mL � hour 555 �g/mL � hour 26.37–37 �g/mL � hour

Volume of Distribution 3–5.0 L/kg 131.0 L/kg 4.3 L/kg 0.10 L/kg 0.45–0.56 L/kg
Protein Binding (%) � 10% ND ND ND ND
Adipose** 0.12 (ND) ND ND ND ND
Brain** 1.02 (0.3) 1.6 (ND) ND 0.56 (0.1) ND

CSF/Serum (%) 2–4 (40–90 in neonates) 9.7 ND ND ND
Heart** 1.73 (0.4) 5 (ND) ND 4.3 (0.1) ND
Kidney** 10.4–18.9 (0.8–1.5) 6.9 (ND) ND 22.8 (0.3) ND
Liver** 45.9–93.2 (26.2–27.5) 196 (ND) ND 175.7 (18.3) ND
Lung** 5.29–12.9 (3.1–3.2) 222 (ND) ND 16.8 (0.6) ND
Pancreas** 7.6 (0.2) ND ND ND ND
Spleen** 28.7–59.3 (1–5.2) 290 (ND) ND 201.5 ND

Clearance 38.0 mL/hour/kg 436.0 mL/hour/kg 0.117 mL/hour/kg 11.0 mL/hour/kg 37.0 ml/hour/kg
Urine (%) 2%–5% in 24 hours
Feces (%) ND

EPC, Egg phosphatidylcholine; DSPG, Distearolyphosphatidylglycerol; DMPC, Dimyristoyl phosphatidylcholine; DMPG, Dimyristoylphosphatidyl glycerol, ND, not done.
*Molar ratio of each component, respectively.
**Amount in tissue (ug/g) then in parenthesis (%) of total dose.
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son and Bennett, 1978; Daneshmend and Warnock,
1983; Gallis et al, 1990; Patel, 1998; Gussak et al,
2001).

Several pharmacokinetic parameters of amphotericin
B are different in children as compared to adults (Starke
et al, 1987; Benson and Nahata, 1989). For instance,
children have a smaller volume of distribution and a
larger clearance compared to adults. When equivalent
weight-based doses of amphotericin B are administered,
peak serum concentrations in children are approxi-
mately one-half of those obtained in adults. The in-
creased clearance of amphotericin B in children may,
in part, explain the clinical finding that higher doses
are better tolerated in children as compared to adults.
Despite the lower serum concentrations seen in chil-
dren, cerebrospinal fluid concentrations of ampho-
tericin B treated neonates are higher than those noted
in adults.

Pharmacodynamics
Pharmacodynamics involves the integration of several
pharmacologic measurements made in vitro (e.g., sus-
ceptibility studies, time-kill studies, dynamic models,
viability, postantibiotic effect [PAE], etc.) and in vivo
(drug concentrations, toxicity, efficacy, etc.). In bacte-
riology, several variables have been assigned quantita-
tive limits that are predictive of therapeutic success and
include the time that the serum drug concentration ex-
ceeds MIC [T � MIC]; the ratio of maximum serum
drug concentration to MIC [Cmax:MIC]; and the ratio
of the area under the concentration–time curve during
a 24-hour dosing period to MIC [AUC0–24:MIC] (Gun-
derson et al, 2001). These parameters have proven use-
ful in classifying antibiotics as either concentration-
dependent or time-dependent in their bactericidal ac-
tivity. These parameters have also been instrumental in
selecting the optimal anti-infective treatment regimens
for bacterial infections.

Pharmacodynamic parameters are less clearly defined
for the antimycotic drugs. Amphotericin B has tradi-
tionally been portrayed as a concentration-dependent
antifungal agent. Concentration-dependence is charac-
terized by a long PAE and therapeutic success when the
Cmax:MIC ratio is high. Determination of Cmax:MIC
ratios of amphotericin B and their relationship to clin-
ical outcome in human infections is incomplete. The
lack of standardized antifungal susceptibility testing has
also hindered studies exploring amphotericin B phar-
macodynamics. The recent efforts of the NCCLS to
standardize antifungal testing should facilitate future
studies dealing with amphotericin B and other anti-
fungals. Additional studies are required to evaluate the
predictive value and clinical usefulness of these phar-
macodynamic parameters in optimizing therapy of hu-
man infections.

Initial studies evaluating amphotericin B pharmaco-
dynamic models in vitro and in vivo have been con-
tradictory. For example the PAE of amphotericin B for
Candida species was prolonged when studied in vivo.
In a study of neutropenic mice infected with Candida,
the antimycotic effects of amphotericin B were observed
for 23–30 hours (Andes, 1999). In contrast, several in
vitro studies have shown a shorter duration of an-
timycotic effect (0–10.6 hours) dependent on the MIC
of the organism and the length of drug exposure
(Carver, 1993; Turnidge et al, 1994; Ernst et al, 2000).
The longer PAE noted in vivo might be due to the im-
munomodulatory properties of amphotericin B and/or
the slow release of amphotericin from tissue. Also con-
founding pharmacodynamic studies is the issue dealing
with determination of the PAE, which is the compos-
ite result of drug concentration at the site of infection,
the MIC of the organism, and the density of organisms
at the site of infection. Data on these important pa-
rameters affecting antimycotic pharmacodynamics and
clinical outcome have not been adequately defined.

Despite the limitations discussed above, some stud-
ies have begun to define clinically relevant pharmaco-
dynamic parameters of antifungals that affect clinical
outcome. Drutz and colleagues reported improved clin-
ical outcomes when amphotericin B serum concentra-
tions are maintained at a level greater than twice the
MIC of the fungus (Drutz et al, 1968). Animal models
of infection have further demonstrated that high peaks
relative to the MIC are correlated with improved sur-
vival and decreased fungal burden, as defined by CFU
per gram of tissue in a variety of organs (Andes, 1999;
Lewis et al, 1999; Groll et al, 2000). When studied in
a neutropenic mouse model of infection, a serum Cmax:
MIC ratio �10:1 was associated with the greatest 
decrease in kidney fungal burden. Additionally, using
non-linear regression, a strong relationship was also
found for the length of time the serum concentration
remained above the MIC. This latter pharmacodynamic
property is characteristic of a nonconcentration-
dependent (i.e., time-dependent) antimycotic drug such
as an azole (Andes, 1999; Groll et al, 2000). A rea-
sonable hypothesis in reconciling these results involves
the enhanced tissue binding of amphotericin B. Specif-
ically, the enhanced tissue storage and long elimination
rates of amphotericin B confound traditional dynamic
estimates and the release of free drug from tissue sites
is difficult to discriminate from the residual effects of
inhibitory antifungal concentrations.

Adverse Effects
The utility of amphotericin B is hindered by significant
toxicity. Although amphotericin B has a greater affin-
ity for ergosterol, its affinity for cholesterol in the mam-
malian cell membrane likely plays a role in its toxicity
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(Abu-Salah, 1996). The resulting, nonselective disrup-
tion of mammalian cells is believed to be the underly-
ing cause of most of the adverse effects associated with
this drug (Andreoli, 1973; Hsuchen and Feingold,
1973). Reversible renal impairment occurs within 2
weeks of therapy in more than 80% of amphotericin
B treated patients (Butler et al, 1964). Infusion-related
fever and chills are observed in over half of the patients
receiving amphotericin B. The clinical consequences can
be significant in certain patient populations such as the
elderly and critically ill. Other adverse effects include
thrombophlebitis, nausea, vomiting, headaches, myal-
gias, and arthralgias. Less frequently, cardiac arrhyth-
mias and pulmonary toxicities have been reported.

It is clinically useful to classify these reactions as in-
fusion-related, dose-related, or idiosyncratic reactions.
Infusion-related reactions include a symptom complex
of fever, chills, nausea, vomiting, headache, and hy-
potension. Cardiac arrhythmias may occur when high
concentrations are rapidly infused, especially in patients
with heart disease, patients with renal failure and those
receiving an accidental drug overdosage (Cleary et al,
1993). Caution is also recommended for patients re-
ceiving the drug by a central venous catheter. Dose-
related reactions occur with longer courses of treatment
and are related to total dose. Examples include renal
dysfunction with secondary electrolyte imbalances and
anemia. Idiosyncratic reactions are unpredictable and
include anaphylaxis, liver failure, hypertension, and res-
piratory failure.

Infusion-related fever and chills are observed in over
half the patients receiving amphotericin B. Our clinical
experience is that patients having severe infusion reac-
tions often have undiagnosed adrenal insufficiency (es-
pecially those with disseminated histoplasmosis); con-
sequently, adrenal function should be evaluated in these
individuals. These infusion-related effects are believed
to be due to the production of proinflammatory medi-
ators by monocytes and macrophages in response to
amphotericin B (Gigliotti et al, 1987; Chia and Pollack,
1989; Cleary et al, 1992). Amphotericin B has been
shown to up-regulate a number of genes encoding pro-
inflammatory molecules such as IL-1�, IL-1�, TNF�,
IL-8, MIP-1�, MIP-1�, and MCP-1 (Rogers et al, 1998;
Rogers et al, 2000, Rogers et al, 2002). Production of
these respective gene products, along with release of
PGE2 from endothelial cells, likely mediates the infu-
sion-related toxicity of amphotericin B. The patient to
patient variability of amphotericin B infusion-related
toxicity may correlate with quantitative differences in
cytokine production in vivo (Gelfand et al, 1988).

The clinical manifestations of amphotericin B-
induced nephrotoxicity include decreased glomerular fil-
tration, decreased renal blood flow, and renal tubular
acidosis. Secondary consequences such as hypokalemia

and hypomagnesemia are common. Additionally, nor-
mochromic, normocytic anemia is frequently observed,
likely in response to decreased erythropoietin produc-
tion (Lin et al, 1990). Calcium deposits have been
found in the renal tubule lumen, tubule cells, and in-
terstitium upon histopathologic examination of renal
tissue specimens obtained from patients treated with
amphotericin B (Sabra and Branch, 1990; Carlson and
Condon, 1994).

Onset of nephrotoxicity often occurs before labora-
tory or clinical signs and symptoms are evident. Many
clinicians accept an endpoint at which some interven-
tion is required as a rise in serum creatinine of greater
than 0.5 mg/dL for patients with baseline values less than
3.0 mg/dL. For patients with a serum creatinine above 
3.0 mg/dL, a rise of greater than 1.0 mg/dL is consid-
ered an appropriate endpoint. The action taken is vari-
able and ranges from amphotericin B discontinuation
or dosage reduction, stopping concurrent nephrotoxic
drugs, changing to an alternate day infusion schedule
and pretreating patients with normal saline. There are
no clinical trials that identify the optimal therapeutic
option.

The mechanism of amphotericin B-induced nephro-
toxicity is multifaceted. Animal studies have demon-
strated the vasoconstrictive properties of amphotericin
B, particularly with regard to the afferent arteriole
(Sawaya et al, 1991). Increased tubule permeability has
also been demonstrated (Cheng et al, 1982). Other
studies suggest that amphotericin B inhibits sodium-
potassium ATPases and affects proton exchange, which
could contribute to renal tubular acidosis. Conversely,
damage to the medullary thick ascending limb by am-
photericin B was ameliorated by ouabain in a rat kid-
ney model, suggesting an alternative role for this pump
in amphotericin B-induced nephrotoxicity. Others have
suggested a role for amphotericin B-induced release of
prostaglandins and leukotrienes as well as oxidative in-
jury in this process (Carlson and Condon, 1994).

The tubuloglomerular feedback mechanism normally
involved in renal homeostasis also plays a prominent
role in the pathogenesis of amphotericin B-induced
nephrotoxicity (Branch et al, 1987). This feedback
process is believed to be activated by transport of
sodium chloride across the macula densa cells into the
distal nephron, resulting in constriction of the afferent
arteriole, possibly mediated by adenosine, and subse-
quent impairment of glomerular filtration (Sabra and
Branch, 1990). Dehydration and sodium depletion ac-
centuate this response and exacerbate amphotericin-
induced renal failure. Sodium loading with intravenous
administration of 500 mL to 1000 mL of normal saline
prior to initiation of amphotericin B, when tolerated
by the patient, is recommended in order to decrease the
likelihood of renal toxicity (Branch, 1988).
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Drug Interactions
Drugs that interact with amphotericin B are best cate-
gorized by the effect they have on a clinical outcome
of amphotericin treatment. It is useful to classify these
agents as (1) those that alter therapeutic outcome, (2)
those that alter toxicity, and (3) those that have mis-
cellaneous outcomes. Agents that alter therapeutic out-
come include those that exert a direct synergistic or 
antagonistic effect on the microbiologic activity of am-
photericin B and those that improve therapeutic out-
come indirectly by enhancing the patient’s immunity.
Agents that are synergistic with amphotericin (e.g.,
flucytosine) and cytokines that enhance antifungal im-
munity (e.g., colony stimulating factors) are discussed
in more detail in a separate section of this chapter—
see under Combination Therapy.

Corticosteroids and nonsteroidal antiinflammatory
drugs (NSAIDs) are the agents most frequently used 
to prevent infusion-related toxicities (Goodwin et al,
1995). Controversy exists concerning the risk:benefit
ratio of corticosteroids for prevention of infusion-
related reactions. Clinical experience overwhelmingly
supports the therapeutic benefit of administering hy-
drocortisone to patients suffering infusion-related re-
actions. However, circumstantial evidence suggests that
administration of this immunosuppressant could be
detrimental to the therapeutic success of amphotericin
B (North 1971; Snyder and Unanue, 1982; Tatro,
1998). Although further investigation of this therapeu-
tic issue is required, it seems prudent to limit the dose
and duration of corticosteroids by a therapeutic taper
once infusion-related reactions are ameliorated. Like-
wise, routine use of NSAIDs for premedication should
be avoided owing to their potential to enhance am-
photericin-induced renal insufficiency. Intravenous
meperidine has proven useful in abrogating infusion-
related rigors (Burks et al, 1980).

Enhanced nephrotoxicity associated with ampho-
tericin B administration has been observed with cyclo-
sporine or tacrolimus (Tatro, 1998), diuretics, NSAIDs,
pentamidine (Antoniskis and Larsen, 1990) and other
nephrotoxic agents such as aminoglycosides or radio-
opaque dyes (Tatro, 1998). Diligent monitoring of re-
nal function is warranted in patients treated concur-
rently with these nephrotoxic agents.

A variety of other therapeutic agents may result in
amphotericin B-associated adverse events that require
diligent monitoring. Pulmonary leukostasis and respi-
ratory failure associated with concomitant leukocyte
transfusions or indium-labeled leukocyte scanning can
be life-threatening (Wright et al, 1981; Dutcher et al,
1989). However, the incidence of this reaction has
markedly decreased with less frequent use of autoinfu-
sion of leukocytes. Skeletal muscle relaxants and neu-
romuscular blocking agents have been reported to en-

hance curariform effects related to the hypokalemia
(Tatro, 1998). Amphotericin B-induced hypokalemia
can also enhance the cardiac effects of digitalis glyco-
sides (Tatro, 1998). In these cases, patients suffered car-
diac dysfunction that would be difficult to differenti-
ate from the direct effects of amphotericin B on the
myocardial tissue (Cleary et al, 1993). Amiloride has
been suggested for concomitant administration to de-
crease the hypokalemia in patients receiving digitalis
glycosides. However, the effect is difficult to predict
and requires further study. Cyclophosphamide and
doxorubicin appear to penetrate cells more effectively
when administered with amphotericin B and this re-
sults in enhanced toxicity (Present et al, 1977).

Drug interactions also encompass incompatibilities
of pharmaceuticals in solution. Amphotericin B de-
oxycholate and the amphotericin B lipid formulations
are incompatible in solutions with high saline content,
including lactated Ringer’s or sodium chloride. In 
addition, the infusion of amphotericin B formulations
concomitantly with other antiinfectives (amikacin,
ampicillin, aztreonam, carbenicillin, clindamycin, co-
trimoxazole, fluconazole, gentamicin, linezolid, nitrofu-
rantoin, penicillin G, and pipercillin) may induce pre-
cipitation of either agent.

Combination Therapy
One potentially exciting approach to improving the ac-
tivity and/or toxicity profile of amphotericin B is its ad-
ministration in combination with another antifungal or
pharmacologic agent. Animal data and anecdotal ex-
perience suggest that colony stimulating factors, ri-
fampin or macrolides may be effective adjuvants. Anti-
tumor necrosis factor or interleukin-1 beta antibodies
appear to have a detrimental effect. A more traditional
approach would be to use another antimycotic in com-
bination with amphotericin B. While many in vitro
studies of antifungal combinations with amphotericin
B have been performed, the results of these have not
been consistent. For example, pretreatment with an im-
idazole prior to the administration of amphotericin B
has been reported to be antagonistic (Sugar, 1995).
Other studies, however, have documented additive or
synergistic activity when triazoles were combined with
amphotericin B (Peacock et al., 1993). Owing to these
differing results, the routine use of an azole with am-
photericin B has not been recommended. This caveat
may be reexamined in light of the completion of a re-
cent trial comparing amphotericin B in combination
with fluconazole to amphotericin alone for the initial
treatment of candidemia (Rex et al, 2003). In contrast
to studies with the azoles, the clinical benefit of using
amphotericin B in combination with flucytosine for the
treatment of cryptococcal meningitis has been clearly
documented in both AIDS and non-AIDS patients (Ben-
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nett et al, 1979; Dismukes et al, 1987; van der Horst
et al, 1997). In addition, smaller cohorts of patients
with candidemia and other serious candidal infections
have been treated successfully with amphotericin B
combined with flucytosine. Unfortunately, clinical stud-
ies evaluating the efficacy of other antifungal combi-
nations are relatively few (Lewis and Kontoyiannis,
2001).

In a seminal study of the treatment of cryptococcal
meningitis in non-AIDS patients, amphotericin B de-
oxycholate (0.3 mg/kg/day) combined with flucytosine
(150 mg/kg/day) given for 6 weeks was superior to 10
weeks of amphotericin B alone (0.4 mg/kg/day). Pa-
tients who received the amphotericin B-flucytosine
combination had fewer failures and relapses, and ex-
perienced a shorter time to sterilization of the cere-
brospinal fluid (Bennett et al, 1979). A subsequent
study evaluated the same combination given for either
4 weeks or 6 weeks. The shorter course of treatment
had similar efficacy in nonimmunocompromised pa-
tients and good prognostic findings (Dismukes et al,
1987).

Several studies have also evaluated the treatment of
cryptococcal meningitis in AIDS patients. A recent large
multicenter study compared amphotericin (0.7 mg/kg/
day) with or without flucytosine (100 mg/kg/day) for
the first 2 weeks of therapy (van der Horst et al, 1997).
Those patients who received combination therapy had
a lower mortality and more rapid sterilization of the
CSF during the first 2 weeks of treatment. Based on
these findings, combination therapy of cryptococcal
meningitis is recommended for the initial 2 weeks, or
until the patient’s clinical status improves or stabi-
lizes (van der Horst et al, 1997). Following this in-
duction therapy, patients can be changed to flucona-
zole for another 8 to 10 weeks. For more information
about the treatment of cryptococcal meningitis, see
Chapter 12.

Amphotericin B has also been combined with flu-
conazole in the treatment of candidemia. A large, mul-
ticenter, randomized trial was recently completed that
compared fluconazole (12 mg/kg/day) to fluconazole
plus amphotericin B deoxycholate (0.7 mg/kg/day) for
the initial therapy of candidemia in nonneutropenic
adults (Rex et al, 2003). Despite randomization, the
treatment groups were not equivalent for disease sever-
ity based on APACHE score. The group of patients who
received only fluconazole were more severely ill than
those who received combination therapy. Although the
interpretation of this study was limited by this ran-
domization bias, the trial did demonstrate that, in non-
neutropenic patients, the combination of fluconazole
plus amphotericin B was not antagonistic and treat-
ment outcomes trended towards improved success even
though statistical significance was not achieved. As in

previous studies, vascular catheter removal reduced the
time to clearance of Candida from the bloodstream
(Rex et al, 2001).

Administration
There are no well-controlled trials that delineate the
optimal dosing regimen for amphotericin B. The daily
dose has traditionally ranged from 0.3 mg/kg up to 
1.5 mg/kg depending on the specific mycosis and sever-
ity of disease. The duration of therapy for most sys-
temic fungal infections has varied from 4 to 12 weeks,
although courses of many months have been reported.
The availability of the triazoles, however, has resulted
in amphotericin B being used for shorter treatment
courses, usually until clinical improvement is evident,
before step-down therapy is initiated with a less toxic
azole.

Specific administration and dosing recommendations
are as variable as the number of institutions that uti-
lize this antifungal polyene. Selection of dosing regi-
mens, including premedications, is often based on cli-
nicians’ fears of toxicity rather than achievement of
efficacy. Dosing recommendations that have been ap-
proved by the Food and Drug Administration are out-
lined in Table 3–1. Specific recommendations for the
administration of amphotericin B deoxycholate (based
on the authors’ clinical experience) are outlined in
Table 3–2. Clinical trials supporting these recommen-
dations are needed but most likely will never be 
performed.

The practice of administering a 1 mg test dose of am-
photericin B prior to the initial dose, while recom-
mended by the manufacturer, is controversial among
clinicians (Griswold et al, 1998). The dose is adminis-
tered as 1 mg amphotericin B in 50 mL of D5W ad-
ministered over 30 to 60 minutes. Alternatively, the test
dose may be given as part of the initial dose, which in
turn is then given in full if no adverse effects are ob-
served. The test dose is designed to identify patients
who will experience immediate type hypersensitivity 
reactions or pronounced infusion-related reactions.
While evidence supporting this practice is sparse, many
experienced clinicians continue to use this approach.
Others argue that immediate type hypersensitivity
would be observed with the test dose, whereas the am-
photericin B concentration provided by a test dose
would be insufficient to produce the proinflammatory
response responsible for fever and chills. Also of con-
cern is the potential delay in therapy that may occur
with the use of an initial test dose (Griswold et al,
1998). The authors do not recommend a test dose
(Table 3–2).

A second controversy centers around the length of
infusions, e.g., short vs. long. Several studies have ex-
plored toxicity and tolerability of standard infusion
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times (4 to 6 hours) vs. more rapid infusions of 2 to 
4 hours and even less than an hour (Cleary et al, 1988).
The results of these studies indicate that rapid infusion
times are equally well tolerated and have similar rates
of adverse events as compared to infusions given over
4 to 6 hours. Due to the risk of cardiac arrhythmias,
rapid infusions should not be used in patients with re-
nal failure, heart disease, history of cardiac arrhyth-
mias and in those receiving amphotericin B through a
central venous catheter (Craven and Gremillion, 1985;
Bowler et al, 1992). A recent study reported less toxi-
city, including nephrotoxicity, in febrile neutropenic
patients treated with continuous infusion amphotericin
B when compared to patients treated with 4-hour in-
fusions (Eriksson et al, 2001). However, clinical expe-
rience with continuous infusion of amphotericin B is
limited and, until safety and efficacy are better docu-
mented, continuous infusion cannot be recommended
at this time.

Other routes of administration for amphotericin B
are used when therapeutic goals are not or cannot be
achieved with intravenous dosing (Gallis et al, 1990;
Peacock et al, 1993; Patel, 1998). Topical preparations
(3% lotion, creams or ointments, 10 mg lozenges or

oral suspension, 100 mg/mL) may be compounded as
needed for the treatment of superficial or cutaneous
yeast infections. Intrathecal or intraventricular routes
have been used in refractory cases of fungal meningi-
tis, most frequently coccidioidal meningitis (Gallis et
al, 1990; Wen et al, 1992; Peacock et al, 1993). In-
trathecal administration is problematic due to the poor
distribution and the development of arachnoiditis at the
injection site. Intraventricular administration is pre-
ferred. Long-term administration should be performed
using a subcutaneous Ommaya reservoir. The ampho-
tericin B dose should be mixed with the patient’s cere-
brospinal fluid or sterile water to a final concentration
of 250 �g/mL. Initial dosing (25–50 �g) is then esca-
lated up to dose of 250 �g/day or 500 �g to 1000 �g
every other day depending on the mycosis being treated
and patient tolerance. This route of administration is
often limited by local reactions (radicular pain, head-
ache, vomiting, and arachnoiditis). More severe neu-
rological complications include ventricular hemorrhage
and bacterial superinfection (Wen et al, 1992).

Ocular administration of amphotericin B is frequently
used for the treatment of fungal eye infections (Lesar
and Fiscella, 1985; Gallis et al, 1990). Topical oph-

TABLE 3–2. Amphotericin B Infusion Protocol
Administration and Dosing

Dilute amphotericin B in D5W, the final concentration not exceeding 0.1 mg/mL. Initial dosing (0.25 mg/kg based on lean body mass)
should not exceed 30 mg. Infuse the dose over 0.75–4 hours immediately after a meal. Record temperature, pulse rate and blood pressure
every 30 min for 4 hours. If patient develops significant chills, fever, respiratory distress and hypotension, administer adjunctive medication
prior to next infusion. If initial dose is tolerated, advance to maximum dose by the third to the fifth day. Consult an INFECTIOUS DIS-
EASES CLINICIAN for any questions concerning maximum daily dose, total dose, and duration of therapy.

Adjunctive Medications

1. Heparin 1000 units may diminish thrombophlebitis for peripheral lines. Observe the contraindications to the use of heparin, such as
thrombocytopenia, increased risk of hemorrhage, and concomitant anticoagulation.

2. Administration of 500–1000 mL of normal saline, as tolerated, prior to amphotericin B may help decrease renal dysfunction.
3. Acetaminophen administered 30 minutes prior to amphotericin B infusion may ameliorate the fever.
4. Hydrocortisone 0.7 mg/kg (Solu-Cortef) can be added to the amphotericin B infusion. Hydrocortisone is given to decrease the infusion-

related reactions. This should only be used for significant fever (� 2.0°F elevation from baseline) and chills with infusions and should
be discontinued as soon as possible (3–5 days). It is not necessary to add hydrocortisone if the patient is receiving supraphysiologic
doses of adrenal corticosteroids.

5. Meperidine hydrochloride 25–50 mg parenterally in adults may be utilized to prevent or ameliorate chills.

Monitoring

1. At least twice weekly for the first 4 weeks, then weekly: hematocrit, reticulocyte count, magnesium, potassium, BUN, creatinine, bicar-
bonate, urinalysis. The GFR may fall 40% before stabilizing in these patients. DISCONTINUE FOR 2–5 DAYS IF RENAL FUNC-
TION CONTINUES TO DETERIORATE AND REINSTATE AFTER IMPROVEMENT. Hematocrit frequently falls 22%–35% of the
starting level.

2. Monitor closely for hypokalemia and hypomagnesemia.

Caveats and Patients Requiring Closer Monitoring

1. Electrolytes: Addition of an electrolyte to the amphotericin B solution causes the colloid to aggregate and probably gives a suboptimal
therapeutic effect. This includes IV piggyback medications containing electrolytes.

2. Filtering: The colloidal solution is partially retained by 0.22 micron pore membrane filter; do not use filters routinely.
3. The infusion bottle need not be light-shielded.
4. Patients with adrenal insufficiency tolerate infusion poorly. Treatment with corticosteroids improves patient tolerance.
5. Patients should not receive granulocyte transfusion (including Indium scanning).
6. Patients with anuria or previous cardiac history may have an increased risk of arrhythmias and slower infusions are recommended.
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thalmic application (0.25%–1.5% solution) or sub-
conjunctival injection (0.1–0.2 mg/0.5 mL) is appro-
priate for most superficial infections; however, little
medication penetrates into the vitreous fluid. Intravit-
real injection (0.005 mg/0.1 mL) or an approximate
concentration added to vitrectomy solutions during the
procedure is often used (Lesar and Fiscella, 1985).

The therapeutic benefit and optimal dose of other
routes of administration are not well established and
local inflammatory responses specific to the sites of ad-
ministration are common and are frequently dose 
limiting (Gallis et al, 1990; Peacock et al, 1993). 
Intraperitoneal administration for the prevention or
treatment of peritoneal dialysis-associated Candida in-
fections can be achieved by administering amphotericin
B within the dialysate (1–4 ug/mL dialysate) or in-
traperitoneally (25 mg every 48 hours). Intraarticular
doses (5–15 mg) administered for fungal arthritis or
joint infection and irrigation of a body cavity has been
common practice. Bladder instillation/irrigation with
an amphotericin B solution (50 ug/mL) by continuous
infusion through a triple lumen catheter for 5 days has
been used for candidal cystitis and candiduria (Fan-
Havard et al, 1995). Amphotericin B (2 mg/mL; 10 mg
twice a day [bid]) has been administered via nebuliza-
tion for prevention of pulmonary aspergillosis in neu-
tropenic patients (O’Riordan and Faris, 1999; Diot et
al, 2001). Specific adverse reactions with aerosolized
amphotericin B include dyguesia, gastrointestinal dis-
tress, and respiratory distress (dyspnea, cough). Less
frequently, intracavitary irrigation (50 mg/day; 500–
800 mg total dose) is used for treatment of pulmonary
aspergilloma.

Use in Pregnancy
Amphotericin B is the antifungal agent with which there
has been the most experience in pregnancy (King et al,
1998; Sobel, 2000). Both the deoxycholate and lipid-
based formulations are assigned to risk category B by
their manufacturers. While the pharmacokinetics of
amphotericin B in pregnancy have not been studied, the
drug appears to cross the placenta and enter the fetal
circulation (King et al, 1998). Among case reports of
amphotericin B use in pregnancy, azotemia was the
most common maternal adverse drug reaction reported,
followed by anemia, hypokalemia, acute nephrotoxicity,
fever, chills, headache, nausea, and vomiting. Individual
cases of possible fetal toxicity include transient acidosis
with azotemia, anemia, transient maculopapular rash,
and respiratory failure requiring mechanical ventila-
tion. Only a single case of congenital malformation (mi-
crocephaly with a pilonidal dimple) has been associ-
ated with amphotericin B. To date there have been no
reports of animal teratogenesis attributed to ampho-
tericin B (King et al, 1998; Sobel, 2000).

LIPID PREPARATIONS OF AMPHOTERICIN B

Three lipid-based products are currently available in
the United States: amphotericin B colloidal dispersion
(ABCD), liposomal amphotericin B (L-AmB), and am-
photericin B lipid complex (ABLC) (Color Fig. 3–2 in
separate color insert). In addition to these commercial
formulations, lipid-based preparations have been ad-
mixed by individual institutions by combining ampho-
tericin B deoxycholate and 20% lipid emulsion (Caillot
et al, 1993; Ayestaran et al, 1996). While amphotericin
B lipid emulsion is attractive from the standpoint of
cost, several concerns have been raised, encompassing
the stability of the emulsion, the need for filtration, and
the possibility of fat overload syndrome. One pharma-
ceutical company pursued development of this formu-
lation for several years, but a stable suspension was not
achieved. Administration of this formulation is, there-
fore, not recommended (Cleary, 1996).

Chemistry (Table 3–1)
The commercial lipid formulations are distinct as regards
their phospholipid content, particle size and shape, elec-
trostatic charge, and bilayer rigidity (Slain, 1999). These
biochemical/biophysical properties have a profound ef-
fect on the pharmacology of these lipid formulations
(Table 3–1). For example, the smaller liposomes (L-
AmB) are not as readily taken up by the macrophages.
As such, L-AmB achieves higher serum concentrations
and a greater area under the curve (AUC) in blood com-
pared to conventional amphotericin B or the other lipid
preparations. On the other hand, the larger lipid for-
mulation, ABLC, is more readily taken up by the tissues
and has the greatest volume of distribution. For a more
detailed discussion, see section on Pharmacology and
Pharmacokinetics.

Liposomal amphotericin B is formulated as a uni-
lamellar spherical vesicle with a single lipid bilayer
comprised of hydrogenated phosphatidylcholine, cho-
lesterol, and distearoyl phosphatidylglycerol in a
2:1:0.8 ratio. Amphotericin is located on the inside and
outside of the vesicle. Liposomal amphotericin B has
the smallest particle size. Amphotericin B colloidal dis-
persion was developed by complexing amphotericin B
with cholesteryl sulfate in a 1:1 molar ratio. These com-
plexes form tetramers that have a hydrophobic and a
hydrophilic portion. The tetramers aggregate to form
disk-like structures that are larger in size than L-AmB.
Amphotericin B lipid complex consists of nonliposo-
mal amphotericin B-complexed ribbon structures and
was originally derived from multilaminar liposomes
prepared by mixing two phospholipids, dimyristoyl
phosphatidylcholine (DMPC) and dimyristoyl phos-
phatidylglycerol (DMPG) in a 7:3 molar ratio. Am-
photericin B lipid complex is much larger in size than
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the other two formulations (Janknergt et al, 1992;
Slain, 1999; Robinson and Nahata, 1999) (Table 3–1;
See Color Fig. 3–2 in separate color insert).

Proposed Mechanisms for 
Enhanced Therapeutic Index

Although the lipid formulations have been shown to
have an improved therapeutic index as compared to
amphotericin B deoxycholate, the mechanism(s) by
which this occurs has not been adequately defined. Sev-
eral mechanisms have been proposed. The unifying
concept in all of these proposals involves the ability of
lipid formulations to prevent binding to the kidney and
the selective distribution of lipid-bound amphotericin
to other tissues (Slain, 1999).

The first mechanism involves the rapid endocytic up-
take of lipid-associated amphotericin by macrophages
in tissues, often at the sites of infection. Following this
targeted delivery, amphotericin B is then slowly re-
leased into the tissues and the circulation. In addition
to this selective tissue targeting, macrophage uptake of
amphotericin B also limits the amount of free drug (and
presumably also LDL-bound drug) in the circulation
capable of binding to human cells. The second mecha-
nism involves the selective transfer of amphotericin
from the lipid carrier to the fungal cell membrane. In
this instance, the amphotericin B has a stronger affin-
ity for the lipid carrier than for the cholesterol in mam-
malian cells. On the other hand, the affinity of am-
photericin B for ergosterol in the fungal cell is stronger
than its affinity for either the lipid carrier or the cho-
lesterol. A third mechanism proposes that the lipid-
based formulations are less nephrotoxic by limiting the
amount of free drug in the blood and by preventing
amphotericin B binding to circulating LDL. Free am-
photericin and LDL-bound amphotericin B are consid-
ered more nephrotoxic than either HDL or lipid-bound
amphotericin B. The fourth mechanism proposes that
the lipid-based formulations elicit a reduced cytokine
(i.e., TNF-alpha, IL-1, etc.) response from human cells
as compared to amphotericin B deoxycholate. These
proinflammatory cytokines are putative mediators 
for infusion-related reactions and nephrotoxicity. This
fourth hypothesis is supported primarily by in vitro
data. The last purported mechanism involves the ac-
tion of extracellular phospholipases produced by yeasts
and moulds in releasing the lipid-bound amphotericin
B at the site of infection. As such, more amphotericin
B is released in the infected tissues. The phospholipid
carrier of ABLC is especially susceptible to these fun-
gal phospholipases.

Therapeutic Indications
In general, all three lipid formulations are indicated for
the treatment of systemic fungal infection in patients

refractory to or intolerant to therapy with amphotericin B
deoxycholate (Table 3–1; Robinson and Nahata, 1999;
Slain, 1999). Liposomal amphotericin B has also been
approved for the empiric therapy of presumed fungal
infection in febrile neutropenic patients (Walsh et al,
1999). In routine clinical practice, however, lipid for-
mulations are frequently used as primary therapy for
patients with baseline renal insufficiency and in patients
at high risk for renal failure (e.g., transplant recipients
and patients receiving concurrent treatment with 
other nephrotoxic agents). Lipid preparations, how-
ever, should not be used as primary therapy for dialy-
sis-dependent patients unless they fail conventional
amphotericin B. Some authors consider the lipid for-
mulations, due to their high concentrations in the liver
and spleen, to be ideal for the treatment of patients
with chronic disseminated candidiasis (Walsh et al,
1997). Finally, many infectious disease physicians ex-
perienced in treating fungal infections consider lipid
formulations of amphotericin B to be superior to am-
photericin B deoxycholate for the treatment of patients
with aggressive mould diseases such as invasive as-
pergillosis and zygomycosis. The data supporting this
use are anecdotal and comparative trials documenting
the superiority of lipid formulations for these infections
are lacking at present.

Pharmacology and Pharmacokinetics 
(See Table 3–1)

Comparative data on the pharmacokinetic parameters
of the lipid formulations, either compared to each other
or to amphotericin B deoxycholate, are limited. How-
ever, profound differences in some of the parameters
have been documented and have led to unique thera-
peutic options (Table 3–1; Janknergt et al, 1992; Vil-
lani et al, 1996). For example, peak serum concentra-
tions and AUC are much greater for L-AmB as
compared to amphotericin B deoxycholate and the
other two lipid preparations. The increases in peak
serum concentrations of L-AmB are most likely sec-
ondary to decreases in the volume of distribution and
clearance from the blood. In contrast, the tissue distri-
bution and the volume of distribution are significantly
greater for ABLC than for either of the other prepara-
tions. This tissue saturation also results in increased
drug clearance from the serum (Caillot et al, 1993).
Whether any of these pharmacologic differences sig-
nificantly affect clinical outcome or toxicity has not ad-
equately been studied.

Pharmacodynamics
Owing to a variety of confounding variables, the phar-
macodynamic information obtained with amphotericin
B deoxycholate cannot be directly extrapolated to the
lipid formulations. In general, studies utilizing ampho-
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tericin B lipid formulations have revealed a poor cor-
relation between pharmacodynamic parameters and
outcome (Groll et al, 2000). Measurement of free am-
photericin B has been hypothesized to potentially re-
solve these discrepancies. However, the ability to ac-
curately measure or predict free amphotericin B is
difficult (Walsh et al, 1997).

As mentioned earlier, L-AmB achieves serum con-
centrations many fold higher than the other lipid for-
mulations of amphotericin B, leading to a tremendously
increased area under the serum concentration versus
time curve that in turn impacts all pharmacodynamic
calculations. Using traditional calculations, L-AmB
would not be predicted to be an effective therapy 
for central nervous system infections. To the contrary,
L-AmB proved effective in animal studies (Groll et al,
2000) and in 2 clinical trials of patients with AIDS-
associated cryptococcal meningitis (Leenders et al,
1997; Hamill et al, 1999). Although cerebrospinal fluid
levels were low or undetectable, brain tissue concen-
trations exceeded expectations and, in the animal stud-
ies, were higher than either conventional amphotericin
B or the other lipid formulations. Brain tissue concen-
trations (mean amount � 0.56 �g/g) in patients re-
ceiving L-AmB were not as high as those documented
in the animal studies (Leenders et al, 1997; Groll et al,
2000).

Disproportionate distribution into the reticuloen-
dothelial system has been observed for two lipid for-
mulations, ABLC and L-AmB. As a result, very high
tissue concentrations of these agents are detected in the
liver and spleen relative to serum. These high tissue lev-
els have been hypothesized to be a therapeutic advan-
tage for these agents in treating patients with chronic
disseminated candidiasis (Walsh et al, 1997). In 
support of this theory, clearance of C. albicans from
the liver was superior in mice treated with L-AmB 
(1.5 mg/kg) compared to mice treated with conven-
tional amphotericin B at equal doses (Kretschmar et al,
1996). In contrast, clearance of yeasts from lung was
not enhanced in LAmB treated mice. High concentra-
tions of ABLC were detected in lung tissue, suggesting
that this fomulation may be optimal for the treatment
of pulmonary mycoses.

Adverse Events
All three lipid-based preparations currently available in
the United States exhibit less nephrotoxicity than am-
photericin B deoxycholate (Slain, 1999; Wingard et al,
2000). However, infusion-related toxicities similar to
amphotericin B deoxycholate are still seen with ABLC
and ABCD (White et al, 1997; White et al, 1998a;
Wingard et al, 2000), whereas other studies demon-
strated significantly fewer infusion-related adverse
events associated with L-AmB compared to ampho-

tericin B deoxycholate (Slain, 1999; Walsh et al, 1999).
Although uncommon, acute respiratory events have
been associated with administration of amphotericin B
and are typically characterized by tachypnea, dyspnea,
and wheezing. Recently, there have also been reports
of chest discomfort and altered pulmonary function as-
sociated with the lipid-based preparations of ampho-
tericin B (Johnson et al, 1998; Collazos et al, 2001).
The mechanisms causing these reactions are unclear,
but may be related to the ability of amphotericin B to
elicit chemokine production from monocytes (Rogers
et al, 1998; Rogers et al, 2000). The ability of IL-8 to
recruit neutrophils could then mediate the pulmonary
toxicity occasionally observed during administration of
this agent. The lipid formulations of amphotericin B
deliver higher amounts of drug to the pulmonary tis-
sue (Johnson et al, 1998). Thus, it is conceivable that
enhanced pulmonary neutrophil recruitment in re-
sponse to elevated local concentrations of IL-8 could
lead to pulmonary leukostasis, and thereby explain in
part the pulmonary toxicity associated with ampho-
tericin B preparations. Indeed, studies in animal mod-
els have demonstrated that amphotericin B pulmonary
toxicity involves neutrophil recruitment to the lungs
(McDonnell et al, 1988; Hardie et al, 1992). Another
possibility is that the lipid component of these prepa-
rations may itself contribute to these physiologic ef-
fects. Irrespective of the cause of the pulmonary toxi-
city, it seems prudent to administer the initial dose of
any of the amphotericin B lipid formulations under
close observation and to reduce the rate of infusion in
instances where these effects are observed (Johnson et
al, 1998; Collazos et al, 2001).

Other adverse events reported with the lipid prepa-
rations include headache, hypotension, hypertension,
diarrhea, nausea, vomiting, and rashes. Laboratory ab-
normalities reported include hypokalemia, hypomag-
nesemia, hypocalcemia, elevated liver function tests,
and thrombocytopenia (Slain, 1999). Regarding fre-
quency of infusion-related adverse events of available
amphotericin B preparations, data suggest the follow-
ing rank order by greatest to least frequency: ampho-
tericin B deoxycholate � ABCD � ABLC � L-AmB.

Comparative Trials
Comparative trials between the lipid amphotericin B
preparations and the deoxycholate formulation are en-
lightening. Empiric therapy for febrile neutropenic pa-
tients has received the most attention. In two different
studies, ABCD (4 mg/kg/day) and L-AmB (3 mg/kg/day)
were each compared to standard therapy with ampho-
tericin deoxycholate (0.6–0.8 mg/kg/day) (White et al,
1998b; Walsh et al, 1999). In both studies, patients
treated with the lipid preparations had a more rapid
defervescence and lower death rate; although in neither
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study were these clinical differences statistically signif-
icant. In contrast, patients receiving either of the lipid
preparations had statistically superior outcomes com-
pared to patients treated with conventional ampho-
tericin B for (1) the time to onset and rates of renal
dysfunction; (2) rates of infusion-related reactions; and
(3) prevention of breakthrough invasive fungal infec-
tions (White et al, 1998b; Walsh et al, 1999). Another
study of therapy for febrile neutropenic patients com-
pared two different doses of L-AmB (3 mg/kg/day and
5 mg/kg/day) to ABLC (5 mg/kg/day). Clinical out-
comes were equivalent for all patient groups, except
that the rates of renal dysfunction were significantly
less for either dose of L-AmB compared to the ABLC
formulation (Wingard et al, 2000).

Comparative studies of the different amphotericin B
formulations in the treatment of documented infections
have been primarily nonblinded and limited in num-
ber. Amphotericin B colloidal dispersion (0.5–8 mg/kg/
day), L-AmB (4 mg/kg/day) and ABLC (1.2–5 mg/kg/day)
have been compared to amphotericin B deoxycholate
(0.1–1.5 mg/kg/day) for the treatment of invasive as-
pergillosis (White et al, 1997; Bowden et al, 2002) and
cryptococcal meningitis (Sharkey et al, 1996; Leenders
et al, 1997). Patients with proven or probable as-
pergillosis who received ABCD experienced higher re-
sponse rates (�50%) compared to a historical control
group treated with conventional amphotericin B (White
et al, 1997). However, in the only prospective, double-
blind trial reported to date, ABCD showed equal but
no better efficacy than conventional amphotericin B as
therapy for invasive aspergillosis (52% vs. 51%) (Bow-
den et al, 2002). In two open label, randomized trials
comparing a lipid formulation for the treatment of
AIDS-associated cryptococcal meningitis, the clinical
and microbiologic responses rates favored the lipid
preparations (Sharkey et al, 1996; Leenders et al,
1997). In a third trial, a randomized comparison of L-
AmB vs. amphotericin B deoxycholate, the clinical and
microbiologic responses were equivalent (Hamill et al,
1999). Of note, in these studies, significantly lower
rates of nephrotoxicity were observed in patients
treated with the lipid formulations.

Administration and Dosage
The approved daily dose and rate of administration for
each lipid formulation are somewhat different. Other
than for ABCD, the maximal daily dose that can be
safely administered in humans has not been adequately
defined. More interestingly, the equivalent dose of the
individual lipid formulations that compares to the rec-
ommended dose of amphotericin B deoxycholate for a
particular fungal infection has not been established.

The recommended initial dose of L-AmB is 3 mg/
kg/day for empiric therapy and 3 to 5 mg/kg/day for

documented systemic fungal infections. The drug is usu-
ally infused over 2 hours but may be increased to 1
hour if tolerated. The currently approved daily dose of
ABLC is 5 mg/kg and this is infused at a rate of 2.5
mg/kg/hour. Daily doses of L-AmB and ABLC have been
titrated considerably higher than the recommended
daily doses and well tolerated in selected patients with
treatment-refractory diseases. Treatment with ABCD
should be initiated with a daily dose of 3 to 4 mg/kg.
The dose can then be escalated to 6 mg/kg/day based
on patient tolerance and clinical response. The recom-
mended maximal daily dose is 7.5 mg/kg. Infusion re-
lated toxicities with ABCD become clinically significant
with doses of 8 mg/kg or greater.

Costs
A major consideration about the lipid-based formula-
tions of amphotericin B is their high cost in compari-
son to conventional amphotericin B deoxycholate. Data
indicate that the lipid formulations range from 10- to
50-fold higher in acquisition cost per dose (Rex and
Walsh, 1999). Although these agents are less nephro-
toxic than conventional amphotericin B and their over-
all therapeutic:toxic ratio is clearly improved over that
of the parent drug, superiority in clinical efficacy has
not been definitively established in head-to-head com-
parative trials. Consequently, well-done pharmacoeco-
nomic studies are needed to justify the higher cost of
the lipid formulations.
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Liposomal nystatin
RICHARD J. HAMILL

Nystatin, the first successful antifungal agent, was iso-
lated and subsequently developed through the collabo-
rative efforts of Rachel Fuller Brown, a biochemist em-
ployed by the New York State Department of Health
in Albany, and Elizabeth Lee Hazen, a microbiologist
working in New York City. In a soil sample obtained
from a dairy farm in Virginia, Hazen isolated a Strep-
tomyces species, later identified as Streptomyces nour-
sei. This organism produced two antifungal substances;
one was later found to be too toxic for subsequent de-
velopment. A second compound was present in the al-
cohol extracts from surface growth in liquid media of
5–7 day-old cultures. This material had a broad spec-
trum of antifungal activity and prolonged the life of mice
infected with Cryptococcus neoformans and Histo-
plasma capsulatum (Hazen and Brown, 1950). Hazen
and Brown originally called this agent fungicidin (Hazen
and Brown, 1951), but later changed the name to nys-
tatin after the New York State Department of Health
Laboratories. They presented their discovery at the
1950 meeting of the National Academy of Sciences
(Hazen and Brown, 1951), and were subsequently
awarded a patent on June 25, 1957. E.R. Squibb &
Sons received the license for the patent and began mar-
keting the drug as Mycostatin® in 1954.

Because of its hydrophobic nature, parenteral prepa-
rations of nystatin were difficult to prepare. Further-
more, initial human studies with intravenous nystatin
preparations were complicated by substantial adverse
reactions including phlebitis, fevers, chills, and nausea
(Lehan et al, 1957). Although nystatin demonstrated
clinical activity and toxicities similar to amphotericin
B in these early human studies, further development of
intravenous nystatin did not occur.

Despite its toxicity when administered parenterally,
nystatin possesses several properties that make it an at-
tractive antifungal agent, including a broad spectrum
of antifungal activity, even against some amphotericin B
resistant isolates and proven antifungal activity in ani-
mals and humans (Campbell et al, 1955). Consequently,
in the 1980s, based on their previous successful experi-
ences with liposomal formulations of amphotericin B,
Lopez-Berestein and colleagues at the University of

Texas MD Anderson Cancer Center developed a lipo-
somal formulation of nystatin (Mehta et al, 1987a). In
vitro, liposomal nystatin was as active or more active
than free nystatin (Mehta et al, 1987a). Liposomal en-
capsulation substantially reduced the toxicity of nys-
tatin and demonstrated therapeutic activity in experi-
mental models of systemic candidiasis (Mehta et al,
1987b).

CHEMISTRY OF NYSTATIN

Nystatin is a tetraene diene macrolide polyene with the
molecular formula of C47H75NO17 and a molecular
weight of 926.13. Because, in all of its properties except
UV absorption, nystatin behaves as a heptaene, like am-
photericin B, nystatin is sometimes referred to as a de-
generate heptaene (Hammond, 1977). The macrolide ring
contains 37 carbons with a series of double bonds and
has an attached hexosamine sugar, mycosamine, which
imparts amphoteric properties on the molecule due to
the presence of both basic (hexosamine) and acidic (car-
boxyl) residues (Fig. 4–1).

The relative insolubility of nystatin is determined by
the unsaturated chromophore, and is limited in water
or nonpolar organic solvents like most alcohols. Com-
mercial preparations of nystatin contain a single, highly
pure chromatographic peak (A1) when suspended in
organic solvents (Ostrosky-Zeichner et al, 2001). How-
ever, in biologic fluids such as human plasma or cul-
ture medium, chromatographic analysis reveals a sec-
ond peak (A2); formation of the second peak is
accelerated at pH values � 7.0. Peaks A1 and A2 are
quite similar by mass spectrometry and nuclear mag-
netic resonance analysis, and are probably structural
isomers of each other. Nystatin A1 is considerably more
stable and predominates. Antifungal activity of the
compound probably resides wholly within nystatin A1
(Ostrosky-Zeichner et al, 2001).

Recently, the complete set of genes in S. noursei re-
sponsible for biosynthesis of nystatin have been cloned
and analyzed (Brautaset et al, 2000). The DNA sequence
contains 6 genes encoding a modular polyketide syn-
thase, genes for thioesterase, deoxysugar biosynthesis,
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modification, transport, and regulatory proteins. The
polyketide synthases are responsible, in a manner sim-
ilar to fatty acid biosynthesis, for producing an ex-
tended polyketide chain beginning with acetyl-CoA,
proceeding through a condensation step using 3 methyl-
malonyl-CoAs and 15 malonyl CoA extender units.
Thioesterase is responsible for release of this polyke-
tide chain from the polyketide synthase and probably
also for cyclization and modification of the macrolac-
tone ring. The coding of the genes of S. noursei and
subsequent studies represent the first example of the
complete DNA sequence analysis of a polyene antibi-
otic and may facilitate future development of other
polyenes (Brautaset et al, 2002).

LIPOSOMAL NYSTATIN

Liposomal nystatin is very similar to liposomal am-
photericin B in composition and consists of multi-
lamellar spherical liposomes 0.1–3 �m in diameter that
contain dimyristoylphosphatidylcholine and dimyris-
toylphosphatidyglycerol in a 7:3 molar ratio (Mehta et
al, 1987a). The nystatin component makes up 7 mol%.
Antigenics, Inc. currently holds the license for devel-
opment of liposomal nystatin.

MECHANISM OF ACTION

Although the exact mechanism of action of the poly-
ene antibiotics is somewhat controversial, several lines
of evidence support the hypothesis that an irreversible
interaction with sterols, particularly ergosterol, in the
plasma membrane is important (Lampen et al, 1962):

(1) organisms that lack sterols in the plasma membrane
are not susceptible to nystatin; (2) the antifungal ac-
tivity of nystatin is inhibited by the exogenous addition
of sterols, particularly those with a 3�-hydroxyl group,
a planar sterol nucleus and a long C17 side chain; (3)
membranes that are extracted with organic solvents to
remove sterols fail to bind nystatin; (4) sterol com-
plexing agents (e.g., digitonin) interfere with nystatin
activity and can release a significant portion of bound
nystatin; and (5) limited spectroscopic evidence sug-
gests a direct interaction of sterols with polyenes.

The structure of nystatin is very closely related to
that of amphotericin B, except that in the nystatin mol-
ecule the double bond system is interrupted by satura-
tion of the bond separating the tetraene and diene chro-
mophores (Fig. 4–1). Presumably, this allows for
greater flexibility of an otherwise rigid structure. The
structural similarities of amphotericin B and nystatin
suggest that a similar mechanism of activity should ex-
ist for the 2 drugs. Microarray measurements of dif-
ferential gene expression in Saccharomyces cerevisiae
exposed to amphotericin B or nystatin supports this
supposition (Zhang et al, 2002). A similar configura-
tion to that of amphotericin B-sterol pores has been
proposed for nystatin in artificial sterol-lecithin bilay-
ers (Kleinberg and Finkelstein, 1984). The permeabil-
ity characteristics of nystatin pores closely resemble
those of amphotericin B pores, and in artificial mem-
branes, mixed pores containing both drugs can be pro-
duced. In order to assemble functioning pores, certain
requirements are necessary: (1) intact polyene molecules
are necessary; (2) permeability changes are dependent on
the antibiotic concentration; for amphotericin B, be-

FIGURE 4–1. Comparison of the structures of amphotericin B and nys-
tatin. Note the absence of the double bond between the tetraene and

diene chromophores within the macrolide ring of nystatin.
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tween 5 and 10 molecules/pore of amphotericin B are
required and, presumably, a similar number for nystatin;
(3) the polyene-sterol interaction is hydrophobic and
the interaction occurs in such a way that the membrane
sterols are pulled away from interactions with other
membrane lipids. All of this results in dynamic aque-
ous pores that coalesce and reform in a continuous
fashion. Amphotericin B pores have a Stokes-Einstein
radius of 7–10 Å, while those of nystatin are somewhat
smaller at 4–7 Å (Finkelstein and Holz, 1973). The wa-
ter and nonelectrolyte permeability induced in thin lipid
membranes by the polyene antibiotics, as well as space-
filling molecular models of amphotericin B, suggest that
the channel that is formed consists of 2 “barrels” hy-
drogen-bonded end-to-end, with each barrel consisting
of 8–10 polyene monomers arranged circumferentially
as staves of this barrel. All of this results in selective
intracellular K	 leakage, which occurs within 2 min-
utes of antibiotic application and a subsequent change
in intracellular ADP/ATP ratios, due to the dependence
of the intracellular glycolytic pathway on K	. Potas-
sium loss is followed at a later time by loss of Mg		,
acidification of the fungal cell and precipitation of cy-
toplasmic components (Hammond, 1977). However,
K	 release in and of itself does not completely account
for killing activity of nystatin; potassium leakage is
greater with nystatin, but fungal death is faster with
amphotericin B (Chen et al, 1978).

Presumably, liposomal encapsulation of nystatin re-
sults in localization of the drug within cells of the retic-
uloendothelial system, such as macrophages, and possi-
ble concentration in inflammatory foci. The mechanism
by which nystatin is transferred to fungal cells from li-
posomes has not been elucidated.

Pharmacokinetics
When liposomal nystatin is incubated in human
plasma, disruption of the liposomal structure ensues
within 5 minutes (Wasan et al, 1997). Most of the nys-
tatin, however, remains lipid associated, suggesting that
lipid-drug complexes form. These then fuse rapidly

with lipoproteins with approximately 13% associated
with the LDL fraction, 44% in the HDL fraction and
42% in the lipoprotein-deficient plasma, principally as-
sociated with albumin and �-1-glycoprotein (Wasan et
al, 1997). The association of liposomal nystatin with
the HDL portion probably results from the attraction
of the dimyristoylphosphatidylglycerol component to
apoproteins AI and AII. As the protein content of the
HDL increases, so does the amount of nystatin found
associated with the HDL fraction (Cassidy et al, 1998).
It has been hypothesized that the reduced association
of liposomal nystatin with the LDL fraction may ac-
count for its decreased frequency of nephrotoxicity, as
renal tubular uptake of polyene antibiotics appears to
be dependent on the presence of LDL receptors on the
renal tubular cell surface (Wasan et al, 1994).

Single-dose pharmacokinetics of liposomal nystatin
were evaluated in 17 patients with HIV infection (Rios
et al, 1993). Four patient groups were studied, each at
doses of 0.25, 0.5, 0.75, and 1 mg/kg (Table 4–1). Af-
ter intravenous administration, initial clearance is rapid
with a terminal half-life of approximately 5 hours. The
drug approximately distributes into the whole blood
volume. At doses of 0.25 to 0.75 mg/kg, the area un-
der the concentration-time curve appeared to increase
in direct proportion to the administered dose; at higher
doses, the AUC did not increase, suggesting saturation
of drug clearance mechanisms. Saturation of these clear-
ance mechanisms was also supported by the observation
that the terminal half-life continued to increase as the
dose was increased. These results suggest that there is
increasing tissue exposure of the drug with higher
doses, most likely resulting in increased intracellular
concentrations.

Multiple dose pharmacokinetics were also evaluated
in patients with HIV infection (Cossum et al, 1996) at
doses of 2, 3, 4, 5, and 7 mg/kg given every other day.
Therapeutic blood levels were achieved, and main-
tained for several hours, even at the lowest dose ad-
ministered. The concentration at the end of the infu-
sion and AUC continued to increase with increasing

TABLE 4–1. Single-Dose Pharmacokinetic Parameters of Liposomal Nystatin
Liposomal Nystatin Dose (mg/kg)

Parameter 0.25 0.5 0.75 1.0

Initial clearance (min) 9.1 � 1 12 � 4.8 10.2 � 4.2 7.3 � 3
Secondary half-life (min) — — — 42.6 � 16
Terminal-phase half-life (min) 155 � 62 207 � 79 255 � 55 331 � 113
Initial blood concentration (�g/mL) 3.7 � 6.3 5.9 � 0.8 6.5 � 0.5 9 � 0.6
Area under concentration-time curve 452 � 86 732 � 172 1274 � 483 1263 � 301

(�g/mL/min)
Volume of distribution (L) 5.2 � 0.7 7.6 � 1.5 10 � 0.8 9.1 � 1.6
Clearance rate from blood (mL/kg/min) 0.6 � 0.1 0.8 � 0.2 0.9 � 0.2 1.0 � 0.4

Source: Table modified, with permission, from Rios et al, 1993.
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doses, with maximal blood concentrations increasing
from 4.8 to 24.1 �g/mL for doses of 2 and 5 mg/kg,
respectively. The volume of distribution and terminal
half-life did not increase with increasing doses.

Plasma pharmacokinetics for liposomal nystatin af-
ter intravenous infusions in rabbits are comparable to
those in the blood for humans, supporting the use of
rabbits as an experimental model (Groll et al, 2000b).
The drug exhibits nonlinear, dose dependent pharma-
cokinetics over a dosage range of 2 to 6 mg/kg/day.
Peak plasma levels that are several fold higher than the
MICs of susceptible fungi can be achieved. The drug is
rapidly distributed after infusion and eliminated rela-
tively slowly with an elimination half-life of 1 to 
2 hours. After administration of multiple doses for 
15 days, the highest concentrations of nystatin were
found in the lungs, liver, and spleen, followed by the
kidney. Levels in the cerebrospinal fluid at 2, 4, or 
6 mg/kg/day were too low to quantitate.

The urinary pharmacokinetics and disposition of li-
posomal nystatin have not been studied in humans, but
have been investigated in rabbits, whose serum phar-
macokinetics qualitatively approximate those of hu-
mans (Groll et al, 2000a). After administration of sin-
gle intravenous doses of 2, 4, or 6 mg/kg, maximal
urinary concentrations of nystatin were obtained that
were at least 10-fold higher and AUC values at least 
4-fold higher than those obtained with amphotericin B
deoxycholate given at a dose of 1 mg/kg. At the 2 mg/kg
dose of liposomal nystatin, the Cmax in the urine was
16.83 �g/mL, suggesting a potential role for liposomal
nystatin for treatment of urinary tract infections due to
susceptible fungi.

Unlike amphotericin B, murine pharmacokinetics for
liposomal nystatin do not reflect those of the human.
Mice exhibit lower peak concentration values and area
under the curve than those found in humans, suggest-
ing that nystatin may be less efficacious in mice than
in humans (Arikan et al, 1998).

ADVERSE EFFECTS

Although nystatin binds to fungal membrane ergosterol
with greater affinity, binding to human cell membranes
containing cholesterol also occurs and is likely respon-
sible for many of the adverse effects of the drug through
the production of pores in human cells (Zager, 2000).
Sodium influx is a dominant consequence. As a result,
the human cells compensate by utilizing Na	, K	-
adenosine triphosphatase-driven sodium extrusion that
causes increased ATP utilization. To maintain the in-
tracellular levels of ATP, dose-dependent increases in
mitochondrial respiration, and consequently, oxygen
consumption result. As the energy demand outstrips

ATP production, energy depletion occurs along with
free radical generation and overload of intracellular
calcium. The ultimate consequence is cellular death.
Nystatin appears to be less toxic to renal tubular cells
than amphotericin B as evidenced by substantially less
impairment of cellular energetics. Liposomal nystatin
also produces decreases in the ATP/ADP ratio; how-
ever, at about 1/16th the toxicity of free nystatin. Based
on in vitro data, liposomal nystatin has similar cellu-
lar toxicity as liposomal amphotericin B and ampho-
tericin B lipid complex.

In addition to effects on cellular energetics, the poly-
enes also demonstrate hemolytic activity. Nystatin has
been previously demonstrated to be markedly less toxic
to mammalian cells in vitro than amphotericin B (Kin-
sky, 1963; Thomas, 1986); the capacity of nystatin to
induce K	 leakage from yeast cells surpasses its ability
to induce K	 leakage from human RBCs by almost 300-
fold (Kotler-Brajtburg et al, 1979). Furthermore, lipo-
somal encapsulation of nystatin protected erythrocytes
from the hemolytic toxicity of free nystatin (Mehta et
al, 1987a).

Liposomal incorporation of nystatin substantially de-
creases the toxicity of free nystatin in vivo. In a murine
model of systemic candidiasis, the maximal tolerated
dose of free nystatin was 4 mg/kg of body weight; at
that dose, there was no beneficial microbiological ef-
fect of the drug. On the other hand, the maximal tol-
erated dose of liposomal nystatin was 16 mg/kg of body
weight, a dose that was associated with a significant
improvement in the survival of the animals (Mehta et
al, 1987b).

The predominant toxicity seen upon the intravenous
administration of liposomal nystatin is nephrotoxicity,
as demonstrated in rats and dogs by elevations in blood
urea nitrogen and creatinine, and histopathologic changes
in the kidneys. Liposomal nystatin appears to be much
more toxic in rats and dogs than in humans. In dogs,
large increases in serum blood urea nitrogen and crea-
tinine occur after single intravenous doses of 1 mg//kg.
However, tolerance appears to develop with repeated
doses.

The most frequent adverse events reported in patients
receiving multiple doses of liposomal nystatin in hu-
man trials included chills (17%), hypokalemia (16%),
elevated creatinine (16%), fever (14%), headache
(14%), pain (13%), nausea (13%), dyspnea (13%),
rash (13%), abdominal pain (10%), and asthenia (10%).

A phase I study performed in refractory febrile neu-
tropenic patients with hematological malignancies to
determine the maximum tolerated dose of liposomal
nystatin could not demonstrate a clear association be-
tween dose and drug-related toxicity (Boutati et al,
1995) Patients that developed nephrotoxicity had re-
ceived the higher doses of liposomal nystatin (6 and 
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8 mg/kg), suggesting that nephrotoxicity may be the
dose-limiting toxicity.

IN VITRO ACTIVITY

Nystatin has broad antifungal activity and is effective
in vitro against most clinically important yeast and
mould isolates. Unlike the situation that exists with am-
photericin B, where the lipid formulations tend to pro-
duce higher MIC values, liposomal nystatin generally
exhibits somewhat better activity in vitro than free nys-
tatin (Mehta et al, 1987a; Johnson et al, 1998; Oakley
et al, 1999; Quindós et al, 2000b; Arikan et al, 2002).
However, the optimum testing methods and conditions,
and the relevance of in vitro tests using liposomal nys-
tatin remain unknown. Composition of test media and
incubation time have been shown to substantially in-
fluence the determination of MIC values for both nys-
tatin and liposomal nystatin for several Candida species
(Arikan et al, 2002).

Typical minimal inhibitory concentrations for nys-
tatin, liposomal nystatin and amphotericin B are shown
in Table 4–2 for various clinically relevant fungi. At
the therapeutic doses of 2–4 mg/kg of liposomal nys-
tatin used in clinical trials to date, serum levels of 
nystatin that can be achieved are in excess of the MIC
values for the majority of species that have been studied.

In an in vitro study comparing the relative activities
of free nystatin, liposomal nystatin, amphotericin B de-
oxycholate, liposomal amphotericin B, amphotericin B

colloidal dispersion and amphotericin B lipid complex
against clinical isolates of Aspergillus, Candida and C.
neoformans, liposomal nystatin was as active as free
nystatin with MICs and MLCs that were similar to or
lower than, those of free nystatin (Johnson et al, 1998).
Neither formulation was as active as amphotericin B
deoxycholate or amphotericin B lipid complex, with the
MIC90 and MLC90 values for the latter drugs being
2–8-fold lower. The activities of both free and liposo-
mal nystatin were similar to amphotericin B colloidal
dispersion, but more effective in vitro than liposomal
amphotericin B. Another study that examined the in
vitro activity of conventional nystatin, liposomal nys-
tatin, amphotericin B, liposomal amphotericin B, am-
photericin B lipid complex, amphotericin B colloidal
dispersion and itraconazole against 60 clinical As-
pergillus isolates demonstrated that liposomal nystatin
had acceptable MICs and MLCs for all strains tested
(Oakley et al, 1999). Liposomal nystatin MICs were
significantly higher, however, for strains of A. terreus
compared to other Aspergillus species.

The effect of different test media and incubation pe-
riods on susceptibilities of several Candida species was
evaluated and demonstrated that antibiotic medium 3
supplemented with 2% glucose produced MIC results
for liposomal nystatin that were lower than those
achieved with conventional medium (Arikan et al,
2002). Liposomal nystatin was active against the ma-
jority of strains in this study, even most amphotericin
B resistant isolates. A few strains with dissociation be-
tween MIC values for nystatin and liposomal nystatin

TABLE 4–2. Comparative In Vitro Susceptibility of Selected Fungi to Nystatin, Liposomal Nystatin, 
and Amphotericin B.

Minimal Inhibitory Concentration Ranges (�g/mL)

Organism Nystatin Liposomal Nystatin Amphotericin B

Candida albicans 0.78–10 0.31–2.5 0.04–2.5
Candida dubliniensis — 0.25–1.0 0.5–1.0
Candida glabrata 0.15–2.5 0.62–5.0 0.15–2.0
Candida guilliermondii 2.0 1.0–2.0 0.25–1.0
Candida kefyr 2–8 1.0–4.0 1.0
Candida krusei 0.15–� 16 0.05–4.0 0.31–2.0
Candida lipolytica 1.0 2.0 —
Candida lusitaniae 0.03–2.0 0.5–2.0 0.06–1.0
Candida parapsilosis 0.15–4.0 0.62–4.0 0.31–2.0
Candida tropicalis 0.56–4.0 0.01–2.0 0.08–2.0
Cryptococcus neoformans 0.02–8.0 0.12–4.0 0.04–0.62
Trichosporon beigelii 0.5–1.0 0.5–1.0 0.12–1.0
Coccidioides immitis 2.0–8.0 2.0–4.0 0.25–0.5
Sporothrix schenckii 2.0 1.0 0.5–16
Fusarium sp. 4.0 2.0 1–2
Aspergillus flavus 2.0–8.0 1.0–4.0 0.5–4.0
Aspergillus fumigatus 2–� 8 1.0–4.0 0.5–2.0
Aspergillus niger 2.0–4.0 1.0–4.0 0.25–1.0
Scedosporium apiospermum 2.0–� 16 2.0–� 16 2.0–16
Scedosporium prolificans 8.0–� 16 4.0–� 16 1.0–� 16

Source: Data compiled from Johnson et al, 1998; Carillo-Muñoz et al, 1999; Oakley et al, 1999; Jessup et al, 2000; Quinidós et al, 2000a;
Quindós et al, 2000b; Arikan et al, 2002; Meletiadis et al, 2002.
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were identified; liposomal nystatin MICs were lower
for these strains. For isolates of C. krusei with high am-
photericin B MICs, liposomal nystatin had relatively
low MICs and may offer an alternative for treatment
of clinically significant infections due to this organism.

Clinical strains of C. dubliniensis, some of which
were resistant to the various azole agents, were uni-
formly susceptible to liposomal nystatin, as well as to
the other polyene agents (Quindós et al, 2000a). Lipo-
somal nystatin was shown to have activity against Coc-
cidioides immitis, regardless of what saprobic stage was
tested in vitro (González et al, 2002). In vitro activity
of liposomal nystatin was poor against 55 clinical iso-
lates of Scedosporium prolificans and 13 isolates of S.
apiospermum, but approximately paralleled the activ-
ity of amphotericin B (Meletiadis et al, 2002).

Only one study has evaluated the in vitro interaction
of liposomal nystatin with other antifungal agents (Jes-
sup et al, 2000). In combination with amphotericin B,
liposomal nystatin was synergistic against 2 of 3 strains
of C. glabrata tested and additive against the remain-
ing isolate. In combination with itraconazole or flucy-
tosine, liposomal nystatin was additive against 3 C.
krusei isolates and was also additive in combination
with amphotericin B against 2 of 3 Aspergillus fumi-
gatus isolates tested. Several other fungi demonstrated
additive activity; no combinations, however, exhibited
antagonism. These results suggest that in the appro-
priate clinical situation, combination therapy that in-
cludes liposomal nystatin may be feasible.

RESISTANCE

Clinically significant resistance to nystatin, like am-
photericin B, is very unusual. In vitro, it is possible to
select for resistance by serial transfer of isolates on me-
dia containing increasing concentrations of nystatin
(Athar and Winner, 1971). Emergence of resistance to
nystatin in vivo has been described in individuals who
have received amphotericin B therapy (Drutz and
Lehrer, 1978; Merz and Sandford, 1979; Dick et al,
1980) and oral nystatin (Safe et al, 1977), but has not
yet been described in patients who have received lipo-
somal nystatin. Resistance to nystatin does not confer
resistance to nonpolyene antifungal agents; however,
there is considerable, but not invariable, cross-resist-
ance between nystatin and amphotericin B (Athar and
Winner, 1971; Broughton et al, 1991; Arikan et al,
2002). Multiple potential mechanisms of resistance to
nystatin have been described (Wallace and Lopez-
Berestein, 1999), although most cases have been asso-
ciated with qualitative or quantitative changes in the
sterol component of the fungal cell membrane (Ham-
mond, 1977). In those situations where sterol analyses
have been performed, the abnormalities tend to fall into
3 groups, which are not necessarily exclusive: (1) either

a decrease in ergosterol content compared to the wild
type strain or complete absence of ergosterol; (2) re-
placement of ergosterol by another sterol, with the re-
placement sterol having a lower affinity for nystatin
than ergosterol; and (3) an absolute increase in the
amount of ergosterol in the membrane.

In vitro isolates resistant to nystatin have been se-
lected by plating on increasing concentrations of the
agent (Athar and Winner, 1971; Bard, 1972; Molzahn
and Woods, 1971). Compared with their polyene-
susceptible parent isolates, some of these mutants
demonstrated decreased growth rate, reduced produc-
tion of germ tubes, slower production of chlamy-
dospores and reduced pathogenicity (Athar and Win-
ner, 1971). In vivo emergence of resistance to nystatin
due to a decrease or the absence of cell membrane er-
gosterol has been described in patients receiving oral
nystatin (Safe et al, 1977) and amphotericin B (Woods
et al, 1974; Drutz and Lehrer, 1978; Merz and Sand-
ford, 1979; Dick et al, 1980). Several different species
of Candida were affected, including C. krusei, C. para-
psilosis, C. tropicalis, C. albicans and C. glabrata. In a
study that demonstrated that 7.4% of 747 isolates from
oncology patients were resistant, the rate of resistance
among the different Candida species roughly paralleled
the frequency of isolation of these species from the pop-
ulation (Dick et al, 1980). Factors predisposing to col-
onization or infection by a resistant strain included ex-
tended lengths of hospitalization, receipt of cytotoxic
chemotherapy, periods of granulocytopenia and receipt
of prolonged courses of antibiotics, including ampho-
tericin B and oral nonabsorbable nystatin.

The second mechanism of resistance relates to re-
placement of ergosterol by another sterol, with the re-
placement sterol having a lower affinity for nystatin
than ergosterol. The replacement sterol may be novel,
and not normally found in the synthetic ergosterol
pathway, e.g., 
8,22-ergostadien-3�-ol found in nys-
tatin-resistant strains of S. cerevisiae isolated in vitro
(Molzahn and Woods; 1972). Even in isolates that con-
tain some ergosterol, the presence of a new sterol with
low affinity for nystatin may result in resistance
(Woods, 1971). The third mechanism of resistance is
related to an absolute increase in the amount of er-
gosterol in the membrane. This situation has been de-
scribed in vitro by production of C. albicans mutants
resistant to nystatin after exposure to the mutagenic
agent, N�-methyl-N�-nitrosoguanidine (Hamilton-Miller,
1972). Presumably, the ergosterol is masked or reori-
ented in such a manner that it is not available for bind-
ing with the polyene.

POSTANTIFUNGAL EFFECT

The postantifungal effect (PAFE) of nystatin has been
investigated for different species of Candida. Signifi-
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cant intraspecies variations in the duration of the
postantifungal effect have been obtained; therefore, the
results from a single isolate should not be extrapolated
to define the postantifungal effect for an individual
species of Candida. In addition, substantial interspecies
variations also occur. For C. albicans, the mean PAFE
has varied from 5.9 to 12.3 hours (Ellepola and Sama-
ranayake, 1999; Egusa et al, 2000; Gunderson et al,
2000; Anil et al, 2001); for C. tropicalis from 5 to 14.8
hours (Ellepola and Samaranayake, 1999; Gunderson
et al, 2000; Anil et al, 2001); for C. glabrata from 5
to 8.5 hours (Ellepola and Samaranayake, 1999; Gun-
derson et al, 2000); for C. krusei from 6.5 to 11.5 hours
(Ellepola and Samaranayake, 1999; Gunderson et al,
2000); and for C. parapsilosis approximately 15.1
hours (Ellepola and Samaranayake, 1999). One study
found a highly positive significant correlation between
the MIC and PAFE for individual isolates of Candida
(Gunderson et al, 2000). Despite the inconsistencies in
the absolute length of the postantifungal effect, the rel-
atively extended duration of the PAFE for Candida sug-
gests that prolonged dosing intervals with liposomal
nystatin are feasible.

AMIMAL MODELS OF INFECTION

In a neutropenic mouse model of disseminated A. fu-
migatus infection, doses of liposomal nystatin as low
as 2 mg/kg/day protected mice against Aspergillus-
induced death in a statistically significant manner. Li-
posomal nystatin was effective in clearing multiple or-
gans, including the lungs, spleen, pancreas, kidney, and
liver, although amphotericin B was significantly better
(Wallace et al, 1997).

The activity of liposomal nystatin was investigated
in persistently neutropenic rabbits with invasive pul-
monary aspergillosis (Groll et al, 1999a). Liposomal
nystatin was administered at doses of 1, 2, and 4 mg/kg
daily and compared to amphotericin B 1.0 mg/kg/day
given along with saline loading. At a dose of 1 mg/kg,
liposomal nystatin was effective in reducing fungal 
tissue burden. Liposomal nystatin at 2 mg/kg/day or 
4 mg/kg/day prolonged survival and reduced fungus-
mediated tissue injury as well as excess lung weight sim-
ilar to the results obtained with amphotericin B. Am-
photericin B was more effective at clearing infected
pulmonary tissues. Resolution of pulmonary lesions
was demonstrated by ultrafast computed tomography
in both the liposomal nystatin and amphotericin 
B-treated animals to a similar degree. Liposomal nys-
tatin was well tolerated by the animals; mild elevations
of blood urea nitrogen and creatinine values occurred
to a degree similar to that in animals that received am-
photericin B with saline loading. Survival was some-
what better in the liposomal nystatin-treated animals
and potassium loss was less.

In a neutropenic guinea pig model of disseminated
candidiasis, liposomal nystatin 3 mg/kg/day was com-
pared to amphotericin B deoxycholate at 0.75 mg/kg/
day (Reyes et al, 2000). Liposomal nystatin signifi-
cantly reduced death and resulted in a significant re-
duction of fungal burden in the kidneys. Furthermore,
liposomal nystatin was significantly better than am-
photericin B in clearing the kidneys of C. albicans.

In a model of persistently neutropenic rabbits with
subacute disseminated candidiasis, liposomal nystatin
at doses or 2 mg/kg/day or 4 mg/kg/day were compared
to amphotericin B deoxycholate 1 mg/kg/day and flu-
conazole 10 mg/kg/day with regards to the ability of
the drugs to clear organisms from blood and tissues
(Groll et al, 1999b). A significant dose dependent re-
sponse to treatment was seen with liposomal nystatin.
Activity of liposomal nystatin was similar to ampho-
tericin B and fluconazole in terms of clearance of resid-
ual burden of C. albicans from kidney, liver, spleen,
lung, and brain. Mean serum blood urea nitrogen and
creatinine levels were significantly lower in animals that
received either dose of liposomal nystatin compared to
amphotericin B.

The CNS antifungal activity of liposomal nystatin
was evaluated in a nonimmunocompromised rabbit
model of disseminated candidiasis (Groll et al, 2001).
Liposomal nystatin was given as either 2.5 mg/kg twice
daily or 5.0 mg/kg once daily in rabbits with systemic
candidiasis and compared to amphotericin B deoxy-
cholate at 1 mg/kg daily or liposomal amphotericin B
5.0 mg/kg daily. Both liposomal nystatin regimens had
similar efficacy to the two amphotericin B regimens in
clearing extracerebral tissues. However, both doses of
liposomal nystatin were significantly less active in the
central nervous system. Furthermore, animals that had
received the 5 mg/kg once daily dose had a significantly
reduced survival due to CNS candidiasis. The reduced
activity in the CNS correlated with cerebral tissue con-
centrations below the MIC of the infecting Candida
isolate.

In a neutropenic mouse model that compared the ac-
tivity of liposomal nystatin to amphotericin B deoxy-
cholate, liposomal amphotericin B, and amphotericin
B lipid complex in the treatment of systemic infection
due to an isolate of A. fumigatus with reduced suscep-
tibility to amphotericin B, liposomal nystatin at 
5 mg/kg was significantly better in clearing tissues of
the organism (Denning and Warn, 1999). Doses of li-
posomal nystatin as high as 10 mg/kg were toxic to an-
imals and resulted in fits and respiratory arrest.

As a result of these animal studies, several conclu-
sions regarding liposomal nystatin appear warranted:
(1) there is a dose-dependent response to therapy that
exists for Candida and Aspergillus species; doses in the
range of 2–5 mg/kg prolong survival and result in clear-
ance of the fungal burden from most tissues. However,
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at least in mice, the maximal tolerated dose is approx-
imately 10 mg/kg; (2) the drug does not appear to be
effective for treatment of central nervous system infec-
tions at the doses tested, probably because insufficient
nystatin levels are achieved in cerebral tissues; and (3)
renal toxicity and urinary potassium loss are less se-
vere with liposomal nystatin than with amphotericin B.

HUMAN CLINICAL STUDIES

Data are available from only a few human clinical tri-
als that have utilized liposomal nystatin. In a histori-
cal comparison of 43 nonneutropenic patients with can-
didemia that received liposomal nystatin 2 mg/kg/day
and 109 patients reported earlier that had been treated
with amphotericin B 0.5 mg/kg/day (Rex et al, 1994),
the success rate with both regimens was 67%; 23% of
patients that received liposomal nystatin died compared
to 40% that received amphotericin B (Gordon et al,
1997). Renal toxicity, as defined by a doubling of
serum creatinine, occurred in 14% of liposomal nys-
tatin recipients and 37% of amphotericin B recipients,
a difference that was not statistically significant.

In a multicenter study designed to evaluate two doses
of liposomal nystatin in 109 nonneutropenic patients
with candidemia, subjects received either 2 mg/kg/day
or 4 mg/kg/day of liposomal nystatin (Williams and
Moore, 1999). The response rate was 82.8% in the low
dose group and 85.7% in the higher dose group.
Twenty-five patients died, 2 possibly related to liposo-
mal nystatin. Eighty-six adverse events were reported
in 57 patients, but only 6 of the events were thought
to be related to the study drug, although 29.4% of the
patients developed hypokalemia.

In a multicenter trial of empiric antifungal therapy
in 538 patients with neutropenic fever and presumed
fungal infection, liposomal nystatin 2 mg/kg/day was
compared to amphotericin 0.6–0.8 mg/kg/day (Powles
et al, 1999). In the modified intent to treat population,
36% (65/180) of the evaluable patients who received
liposomal nystatin were successfully treated compared
to 39% (66/168) of the evaluable patients who received
amphotericin B; these differences were not significant.
Patients who received amphotericin B had significantly
more renal adverse events, including BUN elevation
(p � 0.0009), creatinine elevation (p � 0.0001), and
hypokalemia (p � 0.0007), compared to those who re-
ceived liposomal nystatin.

In 75 nonneutropenic patients with candidemia re-
fractory to conventional agents, clinical success with li-
posomal nystatin at 2 mg/kg/day or 4 mg/kg/day was
achieved in 60% of treated patients and mycological
success was achieved in 55% (Rolston et al, 1999). No
patient required discontinuation of nystatin therapy
due to adverse events.

The efficacy of liposomal nystatin in 24 patients with
invasive aspergillus who were refractory to (21 pa-
tients) or intolerant of (3 patients) amphotericin B 
was evaluated in a phase II trial (Offner et al, 2000).
Objective responses were seen in 6 of these patients.
Liposomal nystatin was discontinued in 2 patients be-
cause of severe rigors, chills, and hypotension. Liposo-
mal nystatin also was evaluated in another small group
of oncology patients with invasive aspergillosis who
were unresponsive to or intolerant of conventional
agents (Krupova et al, 2001). Five patients were given
4 mg/kg/day; 4 of the 5 obtained a cure of their infec-
tion and 1 patient died due to progression of invasive
aspergillosis. All patients had developed creatinine ele-
vations when treated previously with amphotericin B;
these elevations resolved while receiving liposomal nys-
tatin. One patient required pretreatment with cortico-
steroids due to clinically significant infusion-related 
reactions.

CONCLUSIONS

Liposomal encapsulation of nystatin results in a for-
mulation that has some potential advantages over con-
ventional antifungal agents like amphotericin B. Lim-
ited animal and human studies suggest that liposomal
nystatin has substantially less renal toxicity than am-
photericin B, and appears to have activity in vitro
against some amphotericin B resistant fungi. In addi-
tion, it may be possible to successfully combine lipo-
somal nystatin with other antifungal drugs with addi-
tive or synergistic effects. However, at the present time,
the plan for further development of liposomal nystatin
remains somewhat uncertain, making the future of li-
posomal nystatin unclear.
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Flucytosine (5-fluorocytosine; 5-flucytosine; 5-FC) is
one of the oldest antifungal agents in use (Utz, 1972).
It was initially synthesized in 1957, but was not dis-
covered to possess significant antifungal properties un-
til 1964, when activity against Cryptococcus neofor-
mans and Candida species was shown (Grunmberg et
al, 1964). Human clinical trials were initiated in the
late 1960s for both cryptococcal meningitis and dis-
seminated candidiasis (Tassel and Madoff, 1968; Utz
et al, 1968). The rapid emergence of flucytosine resist-
ance was observed, particularly among C. neoformans
isolates, limiting its utility as single agent therapy (Nor-
mark and Schönebeck, 1972; Block et al, 1973; Hos-
penthal and Bennett, 1998). Presently, flucytosine is uti-
lized as single agent therapy in only a limited number of
settings including urinary candidiasis and chromo-
blastomycosis (Graybill and Craven, 1983). The seminal
studies of combination therapy of flucytosine with am-
photericin B for patients with cryptococcal meningitis
were the first to firmly establish a role for combination
antifungal therapy in a well defined invasive fungal in-
fection (Bennett et al, 1979; Dismukes et al, 1987).

MECHANISM OF ACTION

Flucytosine is taken up by fungal cells by a unique fun-
gal-specific cytosine permease. Two important and in-
dependent pathways for fungal cell injury occur: one
leading to protein synthesis inhibition, and the other
resulting in DNA synthesis inhibition. Flucytosine is
converted by intracellular deamination to 5-fluorouracil
and ultimately processed into 5-fluorourindine triphos-
phate, which is incorporated into fungal RNA. This re-
sults in miscoding during translation from RNA into
amino acid sequencing, causing structural abnormali-
ties during protein synthesis (Bennett, 1977; Diasio 
et al, 1978). The second mechanism of action is 
characterized by the conversion of 5-fluorouracil to 5-
fluorodeoxyuridine monophosphate, which inhibits
thymidylate synthetase and subsequently DNA biosyn-
thesis (Polak and Scholer, 1980; Waldorf and Polak,
1983). Resistance to flucytosine may arise from muta-
tions that affect the production of three key enzymes,

uridine monophosphate pyrophosphorylase, cytosine
permease, and cytosine deaminase, or through increased
production of pyrimidines (Francis and Walsh, 1992).

PHARMACOLOGY

Both intravenous and oral formulations of flucytosine
have been developed and are in clinical use. However,
in the United States, only the oral formulation of flucy-
tosine is available and comes in 250 mg and 500 mg
capsules. Following oral administration, 78%–89% of
the drug is absorbed with peak concentrations achieved
in approximately 2 hours (Cutler et al, 1978). Food,
antacids, and renal insufficiency can impair absorption.
Over 90% of the drug is eliminated by urinary excre-
tion unchanged (Schönebeck et al, 1973). As such, im-
paired renal function leads to drug accumulation and
dramatically alters the serum half-life from approxi-
mately 4 hours in those with normal renal function
(range 2.4 to 4.8 hours) to over 85 hours in those with
severe renal impairment (Daneshmend and Warnock,
1983). Consequently, the daily dose must be adjusted
for patients with renal dysfunction (Stamm et al, 1987).
Hemodialysis, hemofiltration, and peritoneal dialysis
reduce plasma flucytosine levels (Lau and Kronfol,
1995). Flucytosine demonstrates only limited protein
binding (approximately 3%–4%). The penetration of
flucytosine into cerebrospinal, peritoneal, and synovial
fluids is approximately 75% of simultaneous plasma
concentrations (Bennett et al, 1979).

Following oral administration of 2.0 grams of flucy-
tosine in subjects with normal renal function, peak
serum levels reach 30–40 mcg/mL. Repeated dos-
ing every 6 hours results in peak concentrations of
70–80 mcg/mL. Serum concentrations of greater than
100 mcg/mL are associated with increased toxicity and
can rapidly be achieved in the setting of renal failure,
particularly that caused by concomitant amphotericin
B administration (Stamm et al, 1987). For these rea-
sons, it is important to monitor renal function closely
among all patients receiving flucytosine. Additionally,
many experts recommend serial measurement of serum
flucytosine levels. Alternatively, these levels can be ac-
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curately predicted based upon known population phar-
macokinetic studies (Vermes et al, 2000a). In addition,
a nomogram for flucytosine dosing in the setting of im-
paired renal function is available (Stamm et al, 1987).

DOSAGE AND ADMINISTRATION

The current standard daily dose of flucytosine is 100 mg/kg
daily given in four divided doses in persons with nor-
mal renal function. Doses ranging between 50 and 150
mg/kg daily have been utilized successfully among pa-
tients with established fungal infection.

Early studies among patients with cryptococcal
meningitis used flucytosine doses of 150 mg/kg daily,
but in these studies, serum levels were monitored care-
fully and adjustments in dosing were made based on
these determinations. Recent studies have employed
lower dose regimens of flucytosine (100 mg/kg daily)
for shorter periods (2 weeks) and have relied much less
on monitoring serum levels (van der Horst, 1997).

Serum flucytosine levels are not universally available,
and delays in obtaining test results often render these
data less useful. When available, flucytosine levels can
be a helpful adjunct to monitoring therapy and pre-
venting hematologic toxicities. Some have advocated fre-
quent monitoring of total leukocyte and platelet counts
as a means of monitoring toxicity without measuring
flucytosine levels. Gastrointestinal complaints are proba-
bly not related to serum levels. When monitored, serum
levels should be maintained between 50–100 mcg/mL, al-
though lower levels may be effective (Francis and Walsh,
1992; Walsh and Lyman, 1995).

CLINICAL INDICATIONS

Flucytosine is indicated for patients with cryptococco-
sis, various forms of candidiasis, and chromoblasto-
mycosis. Development of drug resistance is more com-
mon in patients treated with flucytosine alone. The
most common use of flucytosine is in the management
of serious infections caused by Cryptococcus neofor-
mans (Bennett et al, 1979; Graybill and Craven, 1983;
Dismukes et al, 1987; Larsen et al, 1990; de Gans et
al, 1992; Larsen et al, 1994; Mayanja-Kizza et al, 1998;
Saag et al, 2000; Pappas et al, 2001). In this setting,
flucytosine is usually combined with amphotericin B 
or fluconazole, and occasionally with itraconazole. A
number of recent studies in Thailand have demon-
strated successful initial therapy for AIDS-associated
cryptococcal meningitis with the combination of flucy-
tosine and itraconazole (Chotmongkol and Jitpimol-
mard, 1994; Chotmongkol and Jitpimolmard, 1995;
Riantawan and Ponglertnapakorn, 1996; Chotmongkol
et al, 1997). However, the combination of flucytosine
with either amphotericin B or fluconazole has been
most intensively investigated. Such combinations have

been shown to result in more rapid culture conversion
of the cerebrospinal fluid from positive to negative and
to improved clinical outcomes when compared to sin-
gle agent therapy. For a detailed discussion of combi-
nation therapy utilizing flucytosine as therapy for cryp-
tococcal meningitis, see Chapter 12.

Flucytosine can be employed as a single agent or in
combination with amphotericin B against organisms 
responsible for chromoblastomycosis, e.g., Fonsecaea
and Cladosporium species, with moderate success
(Lopes et al, 1978; Silber et al, 1983; Restrepo, 1994).
A recent large evaluation of in vitro activity of flucy-
tosine (using National Committee for Clinical Labora-
tory Standards methodology) against over 8500 clini-
cal isolates of Candida species showed that primary
resistance to flucytosine was very uncommon among
all species with the exception of C. krusei (only 5%
susceptible) (Pfaller et al, 2002). Even though most
Candida species are susceptible to flucytosine, most 
invasive Candida infections are not treated with flucy-
tosine alone. Given the availability of effective alter-
native agents, such as the azoles (fluconazole, itra-
conazole, and voriconazole) and the echinocandins
(caspofungin), flucytosine alone or as part of combi-
nation therapy with amphotericin B is an increasingly
uncommon approach to serious Candida infections.
However, some authorities still recommend flucytosine
in combination with amphotericin B for selected pa-
tients with central nervous system candidiasis, Candida
endocarditis, hepatosplenic (multiorgan) candidiasis,
and other seriously ill patients with life-threatening can-
didiasis (Record et al, 1971; Smego et al, 1984; Fran-
cis and Walsh, 1992; Kujath et al, 1993; Walsh and
Lyman, 1995; Abele-Horn et al, 1996). In addition,
flucytosine alone is sometimes used to treat urinary can-
didiasis (Wise et al, 1980), although less toxic agents
are available.

Aspergillus species may respond to the combination
of amphotericin B and flucytosine, but the benefit of
adding flucytosine is not well established by limited
clinical trials (Denning et al, 1998; Pogliani and Clini,
1994; Denning and Stevens, 1990; Yu et al, 1980).
Histoplasma capsulatum, Coccidioides immitis, Blas-
tomyces dermatitidis, Sporothrix schenckii, and Sce-
dosporium apiospermum are not susceptible to flucy-
tosine and therefore this drug has no role in these fungal
infections. Although Penicillium marneffei is inhibited
in vitro by flucytosine (Supparatpinyo et al, 1993), the
therapeutic utility of flucytosine for penicilliosis is not
established.

ADVERSE EFFECTS

The most common adverse effects associated with flucy-
tosine use are gastrointestinal complaints of nausea, vom-
iting, and diarrhea (Benson and Nahata, 1988). These
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events are rarely serious, and can often be ameliorated
by taking the medication over 15–30 minutes. Hepatic
toxicities, including elevated transaminase and alkaline
phosphatase levels, have been reported in 0%–25% of
subjects taking flucytosine. Rarely, hyperbilirubinemia
occurs with flucytosine administration, but bilirubin
levels usually decline once the drug is stopped (Scholer,
1980). Clinically significant hepatitis is rare, but deaths
have been attributed to flucytosine-induced hepatic dis-
ease. None of the gastrointestinal or hepatic side effects
have been demonstrated to be dose dependent (Vermes
et al, 2000b). Although the mechanism of gastroin-
testinal toxicity is not well established, it is postulated
to result from 5-fluorouracil accumulation from intes-
tinal microflora metabolism of flucytosine (Harris et al,
1986; Malet-Marino et al, 1991).

Serious adverse effects usually arise from bone mar-
row injury (Kauffman and Diasio, 1977; Stamm et al,
1987). Thrombocytopenia, granulocytopenia and ane-
mia (least common) may arise at any time during the
course of therapy, particularly if flucytosine drug lev-
els accumulate because of decreased renal clearance as-
sociated with concomitant amphotericin B administra-
tion. Bone marrow toxicity has been observed in 60%
of subjects with flucytosine serum levels greater than
100 mcg/mL, whereas only 12% developed bone 
marrow toxicity when serum levels were less than 
100 mcg/mL (Kauffman and Diasio, 1977). Although
flucytosine-induced blood dyscrasias are usually re-
versible on discontinuation of drug, fatal bone marrow
suppression has been reported. Prior radiation therapy
appears to exacerbate the potential for bone marrow
toxicity.

Therapeutic monitoring of serum flucytosine levels,
where timely reporting is available, followed by adjust-
ment of flucytosine dose may reduce the frequency of
severe bone marrow toxicity. A complete blood and
platelet count provides a good indication of flucytosine
toxicity when serum levels are unavailable. Gastroin-
testinal and hepatic toxicity are not easily predicted
based on serum flucytosine levels. Thus, flucytosine
may be safely employed in settings with limited ability
to monitor drug levels. Careful observation of renal
function is critical, as drug levels may change rapidly
if renal function changes.

Drug Interactions
Cytosine arabinoside has been reported to inactivate
flucytosine (Holt, 1978). No other significant drug–
drug interactions are known.

PRECAUTIONS

Flucytosine should be used with care during pregnancy.
Teratogenic effects have been observed in rats and rab-
bits (spinal fusion, cleft lip and palate, and microg-

nathia); thus, this agent is assigned pregnancy category
C by the U.S. Food and Drug Administration. How-
ever, flucytosine has been employed during pregnancy
with success (Ely et al, 1998; Chen and Wong, 1996).
Flucytosine has not been approved for use in children,
but there has been considerable experience in this age
group, particularly for treatment of central nervous sys-
tem and urinary infections due to Candida species
(Stamos and Rowley, 1995; Rowen and Tate, 1998).
Nursing mothers should avoid flucytosine as it may be
excreted in breast milk.

SUMMARY

Flucytosine, a fluorine analogue of cytosine, a normal
body constituent, remains a useful antifungal drug,
primarily in combination with amphotericin B or flu-
conazole for primary therapy of cryptococcal meningi-
tis. Flucytosine is also used in combination with am-
photericin B for therapy of complicated Candida
syndromes (e.g., endocarditis and meningitis), and is
occasionally given as single drug therapy for chro-
moblastomycosis. Limitations of the drug include its
potential to cause serious adverse events including gas-
trointestinal, hepatic, and bone marrow toxicities and
its association with emergence of primary or second-
ary drug resistance. Moreover, the availability of newer
broad spectrum antifungal agents, such as the azoles,
has narrowed the therapeutic indications for flucyto-
sine. Importantly, this drug is not generally available
in the developing world.
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Azole antifungal drugs
JACKSON COMO AND WILLIAM E. DISMUKES

The introduction of the azole class of antifungal drugs
with the licensing of miconazole in 1979 marked the
beginning of a new era in therapy for systemic fungal
diseases. Although miconazole, an intravenous formu-
lation associated with significant toxicity, is no longer
commercially available, it set the stage for the devel-
opment and subsequent licensing of three oral azole
drugs, ketoconazole, fluconazole, and itraconazole. For
many systemic mycoses, these drugs have been effec-
tive and safe alternatives to the older antifungal drugs,
amphotericin B, a member of the polyene class and for
years the so-called “gold standard” of therapy, and
flucytosine, a fluorinated pyrimidine. Ketoconazole in-
troduced in 1981, fluconazole (1990), and itraconazole
(1992) have been attractive agents because of their ex-
cellent spectrum of activity against Candida species and
the endemic fungi (e.g., Histoplasma capsulatum and
Coccidioides immitis), overall efficacy, safety, and ease
of oral administration. However, these drugs for 
the most part lack significant activity against mould
pathogens, the important group of emerging oppor-
tunistic fungi. Consequently, the past several years have
witnessed the development of an exciting group of sec-
ond generation triazole drugs (see under CHEMISTRY),
which possess an expanded spectrum of activity, espe-
cially against various moulds and resistant Candida
species. Voriconazole, approved in 2002, is the first of
these to become commercially available; posaconazole
(SCH 56592) and ravuconazole (BMS 207147) are the
two other triazoles that are far along in development
but not yet licensed. Our purpose in this chapter is to
compare and contrast the pharmacologic properties of
the older oral azoles and the newer triazoles and to
provide perspective on the clinical indications for these
agents.

CHEMISTRY

Chemical structures for the commercially available (ke-
toconazole, fluconazole, itraconazole, and voricona-
zole) and selected investigational (posaconazole and
ravuconazole) azole drugs are shown in the Figure 6–1.
The antifungal azoles are classified chemically as imi-

dazoles or triazoles based on the number of nitrogen
atoms (two or three, respectively) in the azole ring (Saag
and Dismukes, 1988). Among the azoles shown in Fig-
ure 6–1, the only imidazole compound is ketoconazole;
miconazole, also an imidazole, is no longer commer-
cially available. These azole drugs can also be distin-
guished by their relative molecular size and aqueous
solubility. Ketoconazole, itraconazole, posaconazole
and ravuconazole are poorly soluble or insoluble in 
water at physiologic pH, thereby reducing their oral
bioavailability and complicating the development of a
suitable parenteral dosage form. Different approaches
have been taken to assure efficient and safe delivery of
these lipophilic compounds into the systemic circula-
tion. As one example, the recently introduced oral so-
lution and parenteral formulations of itraconazole have
incorporated the azole in a carrier complex of hy-
droxypropyl-�-cyclodextrin, a large ring of substituted
glucose molecules with a hydrophilic outer surface and
a cylindrical hydrophobic inner core (DeBeule and 
Van Gestel, 2001). In contrast, the manufacturers of
posaconazole and ravuconazole are conducting inves-
tigations with water-soluble prodrugs, SCH-59884 
and BMS-379224, respectively (Nomier et al, 1999;
Loebenberg et al, 1999; Ueda et al, 2002). Experiments
in animals given SCH-59884 intravenously indicate this
compound is dephosphorylated in vivo to an ester in-
termediate, which is subsequently hydrolyzed to
posaconazole.

Fluconazole is unique among the antifungal azoles
owing to its relatively small molecular size and high
aqueous solubility. Voriconazole, a second-generation
triazole, was developed via systematic chemical ma-
nipulation of fluconazole to produce a compound with
enhanced potency and spectrum of activity. Specific
changes include the addition of a methyl group to the
three-member carbon backbone and replacement of one
of the triazole rings with a fluoropyrimidine moiety.
These modifications increase voriconazole’s affinity for
the target enzyme in Aspergillus fumigatus by 10-fold
over that of fluconazole (Sabo and Abdel-Rahman,
2000). The primary physicochemical consequence of
these changes was a decrease in aqueous solubility. As
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a result, the parenteral formulation of voriconazole
contains a cyclodextrin-based solubilizing agent simi-
lar to the compound used with itraconazole (Voricona-
zole package insert, 2002). Ravuconazole, another 
second-generation triazole with marked structural sim-
ilarity to fluconazole, is in early stages of clinical de-
velopment as a broad-spectrum antifungal agent (Hoff-
man et al, 2000). Little published information is
available regarding the physicochemical properties of
ravuconazole.

MECHANISM OF ACTION

The primary antifungal effect of the azoles occurs via
inhibition of a fungal cytochrome P-450 enzyme in-
volved in the synthesis of ergosterol, the major sterol
in the fungal cell membrane (Como and Dismukes,
1994; Sanati et al, 1997). On a molecular level, bind-
ing of the free azole nitrogen with the heme moiety of
fungal C-14� demethylase inhibits demethylation of
lanosterol, thereby depriving the cell of ergosterol and

allowing accumulation of various 14� methylsterols.
The net result is a disruption of normal structure and
function of the cell membrane and ultimately, the in-
hibition of cell growth and morphogenesis. Earlier stud-
ies with imidazole compounds suggested several addi-
tional antifungal effects including the inhibition of
endogenous respiration, a toxic interaction with mem-
brane phospholipids and a disruption in chitin synthe-
sis (Sud et al, 1979; De Brabander et al, 1980; Van den
Bossche et al, 1983). More recent experiments with
newer azoles have concluded the antifungal activities
of the triazole derivatives are due to the inhibition of
14� demethylase exclusively (Sanati et al, 1997; Hitch-
cock and Whittle, 1993).

Azoles are generally recognized as fungistatic agents
at clinically achievable concentrations. However, recent
in vitro studies with itraconazole and voriconazole
demonstrated fungicidal activity against conidial sus-
pensions of Aspergillus fumigatus and several other As-
pergillus spp. at concentrations below those attained
with recommended dosages (Manavathu et al, 1998).

FIGURE 6–1. Chemical structures of antifungal azoles.
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Other interesting experimental observations that merit
further study are the existence of a postantifungal ef-
fect after exposure of yeasts to therapeutic concentra-
tions of second-generation triazoles (Garcia et al, 1999)
and enhanced killing of Candida spp. by immune ef-
fector cells after exposure to combinations of azoles
and colony-stimulating factors or gamma-interferon
(Vora et al, 1998; Baltch et al, 2001).

PHARMACOKINETICS

The major pharmacokinetic parameters of the antifun-
gal azoles are presented in Table 6–1. With the excep-
tion of itraconazole capsules, the azoles are sufficiently
absorbed after oral administration to permit oral use
in most medically stable patients. Fluconazole is unique
among current agents in that food does not apprecia-

bly influence its absorption. In contrast, the presence
of food, especially a high-fat meal, significantly in-
creases absorption of posaconazole and the capsule for-
mulation of itraconazole (Barone et al, 1993; DeBeule
and Van Gestel, 2001; Courtney et al, 2002a). Con-
versely, when given with meals, the bioavailability of
itraconazole (cyclodextrin-based oral solution) and
voriconazole is decreased by 40% and 24%, respec-
tively (Barone et al, 1998; Voriconazole package insert,
2002). No data are currently available regarding the
influence of food or other factors on the absorption of
ravuconazole.

Peak plasma concentrations of azoles are typically
reached within 2–3 hours after administration. With
fluconazole, ravuconazole, and posaconazole (up to
800 mg/day), peak concentrations are proportional to
the dose administered (Como and Dismukes, 1994;

TABLE 6–1. Pharmacokinetic Parameters of Antifungal Azoles
Parameter Ketoconazole Fluconazole Itraconazole Voriconazole Posaconazole Ravuconazole

Bioavailability (%) 75* � 90 55–� 90** � 90 8–47*** 48–74***
Fasting

Effect of Food on Variable No effect See text Decreases Increases NA
Bioavailability

Time to Peak 1–4 1–2 4–5 [6–9]† 1–3 3 NA
Concentration (hours)

Peak Concentration (mcg/ml)
at Steady State:
IV (Dosage) NA 3.86–4.96 2.9 [1.9]† 3.0 NA NA

(100 mg (200 mg bid � 2, 3 mg/kg bid)
daily) then 200 mg

daily �5)
Oral (Dosage) 1–4 2.0–2.3 1.9 1.1 3.9

(400 mg 4.1–8.1 [2.1–2.6] (200 mg bid) (200 mg bid) (200 mg bid)
daily) (400 mg � 1) (200 mg bid)

Volume of Distribution 0.87*** 0.7–1 10.7 4.6 7–15 NA
(L/kg)

Tissue Penetration
(% simultaneous serum)

CSF � 10 50–94 � 1 42–67 NA NA
Lung — 100 100 NA NA � 100***

Protein Binding (%) 99 11–12 99.8 [99.5]† 58 NA NA

Elimination Half-life (hours) 7–10†† 22–31 38–64†† [27–56]† 6†† 24 103–115

% Unchanged Drug in Urine 2–4 80 � 1 � 5 Minimal NA

References: Como and Grant and Como and Sabo and Abdel- Hoffman et al, Hoffman et al,
Dismukes, Clissold, Dismukes, 1994; Rahman, 2000; 2000; Ernst, 2000; Grasela
1994. 1990 Haria et al, Voriconazole 2001; Ezzet et al, 2000;

1996; Barone package insert, et al, 2001 Ernst, 2001
et al, 1998; 2002; Hoffman
Stevens, 1999 et al 2000;

Schwartz et al,
1997; Johnson 
and Kauffman, 
2003

CSF, cerebrospinal fluid. NA, Data not available.
*Absolute oral bioavailability is not known due to absence of parenteral dosage form. Value represents bioavailability relative to oral so-

lution.
**Oral bioavailability is dependent on dosage form. Higher values represent data from commercially available oral solution when given to

healthy volunteers.
***Human data not currently available. Values represent data from animal studies.
†Values in brackets are parameters for hydroxyitraconazole.
††Dose dependent elimination has been reported. Values may be higher or lower depending on dosage.
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Grasela et al, 2000; Ernst, 2001; Ezzet et al, 2001). In
contrast, peak serum levels of voriconazole and itra-
conazole increase disproportionately with larger doses,
suggesting the presence of saturable first-pass metabo-
lism (Haria et al, 1996; DeBeule and Van Gestel, 2001;
Voriconazole package insert, 2002). Plasma concen-
trations of itraconazole and voriconazole at steady state
(typically 7–14 days) are two- to several-fold higher
than after single doses. Initiation of therapy with the
parenteral formulation and/or the administration of a
loading regimen is necessary to assure rapid attainment
of therapeutic concentrations (Como and Dismukes,
1994; Poirier and Cheymol, 1998; Grasela et al, 2000;
DeBeule and Van Gestel, 2001; Voriconazole package
insert, 2002; Johnson and Kauffman, 2003).

Once absorbed into the systemic circulation, the por-
tion of an azole drug not bound to plasma proteins dis-
tributes readily to body tissues and fluids. Due to its
high aqueous solubility and low protein binding, flu-
conazole attains relatively high concentrations in CSF,
sputum, saliva, and other body fluids (Grant and Clis-
sold, 1990; Thaler et al, 1995). Limited experience with
voriconazole suggests it also distributes extensively to
extravascular tissues. Cerebrospinal fluid concentra-
tions of voriconazole in a patient with central nervous
system (CNS) aspergillosis were 42%–67% of simul-
taneous serum concentrations (Schwartz et al, 1997).
Continuous administration of highly lipophilic azoles,
such as itraconazole, effects relatively high concentra-
tions of the drug in many tissues including bone, adi-
pose tissue, and lung (Haria et al, 1996). Similarly, con-
centrations of itraconazole in brain tissue are high;
however, the CSF concentration of itraconazole is very
low, compared with that of fluconazole and voricona-
zole. In addition, concentrations of itraconazole in ker-
atinous tissues are exceptionally high (up to 19-fold
higher than plasma), thereby allowing intermittent or
pulse therapy for infections localized to the skin and
nails (Haria et al, 1996; DeBeule and Van Gestel,
2001). Although data on the newer agents are limited,
fluconazole appears to be the only azole that reliably
attains therapeutic concentrations in urine (Grant and
Clissold, 1990).

With the exception of fluconazole, which is elimi-
nated largely as unchanged drug in urine, the azoles
undergo extensive hepatic metabolism via cytochrome
P-450 enzymes and are eliminated in urine or bile as
inactive metabolites (Grant and Clissold, 1990; Como
and Dismukes, 1994; Haria et al, 1996; Hoffman et al,
2000; Sabo and Abdel-Rahman, 2000; DeBeule and
Gestel, 2001; Ernst, 2001; Voriconazole package in-
sert, 2002). Itraconazole is unique because its major
metabolite, hydroxyitraconazole, possesses antifungal
activity that approaches that of the parent compound
(Haria et al, 1996; Ernst, 2001). Studies in rodents in-

dicate that posaconazole undergoes significant entero-
hepatic circulation and is eliminated almost entirely in
bile and feces (Hoffman et al, 2000). Metabolism of
voriconazole and itraconazole is saturable within the
range of clinically effective dosages and plasma clearance
of these agents is significantly reduced (elimination half-
life is prolonged) as doses approach 400 mg. Pharma-
cokinetic data for ravuconazole and posaconazole in spe-
cial patient populations are not yet published.

An earlier study with itraconazole (Haria, et al,
1996) and recent investigations with voriconazole (Tan
et al, 2001) indicate clearance of these agents may be
reduced significantly in patients with impaired hepatic
function; therefore, dosage reduction is warranted in
patients with mild to moderate cirrhosis of the liver
(Child-Pugh Classes A and B). Clearance of flucona-
zole declines with increasing degrees of renal impair-
ment and dosages of this agent should be reduced ac-
cordingly. Standard hemodialysis and some forms of
continuous hemofiltration remove significant amounts
of fluconazole from plasma (Grant and Clissold, 1990;
Valtonen et al, 1997; Muhl et al, 2000). Supplemental
dosing and/or administration of higher dosages may be
necessary to maintain therapeutic concentrations in pa-
tients undergoing these interventions. The solubilizing
agent (hydroxypropyl-�-cyclodextrin) used in the par-
enteral formulation of itraconazole is cleared almost
exclusively via the kidneys (Stevens, 1999). Intravenous
itraconazole should not be used in patients with a cre-
atinine clearance less than 30 ml/minute due to accu-
mulation of hydroxypropyl-�-cyclodextrin (Itracona-
zole package insert, 2001). Similar cautions are
warranted with voriconazole in patients with moder-
ate to severe renal impairment due to accumulation of
the carrier compound (Voriconazole package insert,
2002).

DRUG INTERACTIONS

Clinical use of the antifungal azoles is problematic in
some patients because of the potential for significant
interactions with coadministered drugs (Grant and Clis-
sold, 1990; Como and Dismukes, 1994; Lomaestro and
Piatek, 1998; Venkatakrishnon et al, 2000; Piscitelli
and Gallicano, 2001; Voriconazole package insert,
2002; Johnson and Kauffman, 2003). These interactions
can be broadly categorized in two major types: those
that result in decreased serum concentrations of the
azoles, and those interactions in which the azoles pro-
duce increased plasma concentrations and/or clinical ef-
fect of another agent. Specific interactions reported with
individual azoles are provided in Table 6–2.

Due to the possibility of serious adverse cardiovas-
cular events with concomitant use, all systemic azoles
are contraindicated in patients receiving cisapride. In
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addition, the following combinations are contraindi-
cated on the basis of serious drug–drug interactions:
voriconazole with pimozide, quinidine, ergot alkaloids,
sirolimus, rifabutin, rifampin, carbamazepine, or long-
acting barbiturates; itraconazole with pimozide, quini-
dine, dofetilide, oral midazolam or triazolam, lovas-
tatin or simvastatin; and ketoconazole with oral
triazolam (Ketoconazole package insert, 1998; Flu-
conazole package insert, 1998; Itraconazole package in-
sert, 2001; Voriconazole package insert, 2002; John-
son and Kauffman, 2003).

Drug interactions that result in decreased concentra-
tions of the azole occur via two primary mechanisms.
In the first type, solubilization and subsequent absorp-

tion of weakly basic, highly lipophilic azoles is impaired
by agents that decrease gastric acidity. The agents most
affected are ketoconazole and itraconazole, although 
a preliminary study with a tablet formulation of
posaconazole found a 40% reduction in oral bioavail-
ability of this azole when it was coadministered with
cimetidine (Courtney et al, 2002b). Since posaconazole
is being developed for oral use as a suspension, the con-
dition of a low gastric pH for optimal absorption will
no longer be necessary. Similarly, administration of
itraconazole as an oral solution assures adequate ab-
sorption, irrespective of gastric pH (Terrell, 1999). In
situations where the oral solid-dosage form of keto-
conazole or itraconazole is used in patients receiving

TABLE 6–2. Drug Interactions Involving Antifungal Azoles
Posaconazole

Effect of Interaction Ketoconazole Fluconazole Itraconazole Voriconazole (SCH 56592)

Decreased Absorption Antacids Antacids* H2 receptor 
of Azoles H2 receptor H2 receptor antagonists

antagonists antagonists* Proton pump 
Proton pump Proton pump inhibitors

inhibitors inhibitors*
Didanosine Didanosine*
Sucralfate

Decreased Plasma Rifampin Rifampin Rifampin Rifampin Rifampin ?
Concentration Rifabutin Rifabutin Rifabutin Rifabutin
of Azole Due to Phentyoin Phenytoin Phenytoin Phenytoin
metabolism Isoniazid ? Isoniazid

Carbamazepine Carbamazepine Carbamazepine
Nevirapine
Phenobarbital Phenobarbital

Increased Plasma Warfarin ? Warfarin Warfarin ? Warfarin
Concentration of Sulfonylureas Sulfonylureas ? Sulfonylureas Sulfonylureas
Coadministered Cyclosporine Cyclosporine Cyclosporine Cyclosporine Cyclosporine
Drug Tacrolimus Tacrolimus Tacrolimus Tacrolimus

Phenytoin Phenytoin Phenytoin
Midazolam Midazolam Midazolam Midazolam
Triazolam Triazolam Triazolam Triazolam
Alprazolam Alprazolam Alprazolam
Corticosteroids ? Corticosteroids ?
Digoxin ? Digoxin

Rifabutin Rifabutin Rifabutin Rifabutin ?
Ritonavir Ritonavir Ritonavir
Calcium channel Calcium channel Calcium channel

antagonists*** antagonists*** antagonists***
Quinidine Quinidine Quinidine
Vinca alkaloids ? Vinca alkaloids
Indinavir ? Indinavir ?
Saquinavir Diazepam Saquinavir Omeprazole
Chlordiazepoxide Theophylline ? Verapamil Sirolimus
Carbamazepine Zidovudine Pimozide Pimozide
Amprenavir Amitriptyline Statins** Ergotamine
Nelfinavir ? Nortriptyline Bupivacaine ? Dihydroergotamine
Zolpidem Losartan Buspirone Statins***

Irbesartan Busulfan NNRTI****
Sulfamethoxazole Sildenafil
Methadone Dofetilide
Cyclophosphamide

*Applies only to itraconazole capsule formulation.
**Includes lovastatin, simvastatin, and atorvastatin.
***Includes felodipine, nifedipine, isradipine and nisoldipine.
****Non nucleoside reverse transcriptase inhibitors.
?, Interaction of questionable clinical significance and/or more likely only with higher dosages of the interacting agents.
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antisecretory therapy, administration of the azole with
an acidic beverage, e.g., Classic Coca-Cola® or Pepsi®,
is recommended (Gepta et al, 1999).

The second mechanism by which serum concentra-
tions of the azole are reduced is via induction of azole
metabolism by agents that increase hepatic cytochrome
P-450 activity (Venkatakrishnon et al, 2000). All azoles
are affected, although the clinical significance of these
interactions with fluconazole is typically minimal since
hepatic metabolism plays only a minor role in clear-
ance of this drug. In contrast, the impact on other
agents, especially itraconazole, is substantial and ther-
apeutic failures are possible in patients receiving itra-
conazole with enzyme-inducing agents (Haria et al,
1996; Venkatakrishnon et al, 2000). Whenever possi-
ble, concomitant therapy with azoles and these induc-
ing agents should be avoided.

The drug interactions involving azoles that have re-
ceived the most attention are those in which the azole
inhibits the metabolism of the coadministered drug.
The ability to predict these interactions has increased
in parallel with an expanded understanding of the var-
ious CYP450 isoforms involved in the biotransforma-
tion of different drugs and the interaction of the azoles
with specific CYP450 isoenzymes (Venkatakrishnon et
al, 2000). Current experimental and clinical evidence
indicates that the extent of the interaction is depend-
ent on several factors, including the relative affinity of
the azole and the object drug for a specific isoenzyme,
the concentration of the agents in hepatic cells, and the
extent to which the coadministered drug depends on
CYP450 enzymes for total body clearance (Albengres
et al, 1998). The interaction of these factors can vary
substantially among patients, thus making the clinical
impact in any given patient difficult to predict. Care-
ful monitoring of patient response and determination
of serum concentrations, when available, should guide
dosages of the coadministered drug.

Of the antifungal azoles, ketoconazole has the most
broad ranging and potent inhibitory effects on CYP450
enzymes. Specific CYP450 isoenzymes inhibited include
CYP1A1, CPY1A2, CYP2A6, CYP2C9/2C19, CYP2D6,
and CYP3A4 (Venkatakrishnon et al, 2000). Of these,
the CYP3A4 isoenzyme is most susceptible to ketocona-
zole inhibition. Itraconazole and posaconazole share the
inhibitory effects of ketoconazole on CYP3A4, although
the affinity of the triazoles for this enzyme is manyfold
lower than that of imidazoles (Venkatakrishnon et al,
2000; Wexler et al, 2002). Even so, clinically important
interactions with itraconazole (and possibly posacona-
zole) and CYP3A4 substrates are possible due to higher
concentrations of these lipophilic triazoles in hepatic 
tissues.

Fluconazole and voriconazole are potent inhibitors
of the closely related CYP2C9/2C19 isoenzyme fami-

lies (Venkatakrishnon et al, 2000; Voriconazole pack-
age insert, 2002). Significant interactions reported with
fluconazole and warfarin, phenytoin, or oral hypo-
glycemic agents (tolbutamide) occur via inhibition of
these enzymes. Preliminary data from interaction stud-
ies with voriconazole indicate that a similar spectrum
of interaction is possible with this fluconazole deriva-
tive (Ghahramani et al, 2000; Wood et al, 2001;
Voriconazole package insert, 2002). Although flu-
conazole exhibits only weak inhibitory effects on
CYP3A4 isoenzymes, significant interactions with some
agents (e.g., cyclosporine) have been reported, espe-
cially when fluconazole was given in higher daily
dosages (� 400 mg) (Como and Dismukes, 1994; Ter-
rell, 1999; Venkatakrishnon et al, 2000). The inhibitory
profile of voriconazole and ravuconazole on CYP3A4
enzymes remains to be fully explored.

Another mechanism, via which antifungal azoles may
increase plasma concentrations and/or the effect of
coadministered agents, involves inhibition of P-glyco-
protein, an ATP-dependent plasma membrane trans-
porter involved in intestinal absorption, brain penetra-
tion, and renal secretion of a number of chemically
diverse agents (Venkatakrishnon et al, 2000). Of the
available azoles, itraconazole and ketoconazole have
the highest potential to interact with P-glycoprotein. In-
hibition of this transporter is thought to be the primary
mechanism by which itraconazole enhances the neuro-
toxicity of vincristine (Böhme et al, 1995) and decreases
renal clearance (increases serum concentration) of
digoxin (Ito and Koren, 1997). Further investigation is
necessary to determine the extent to which the newer
triazole derivatives interact with P-glycoprotein.

SPECTRUM OF ACTIVITY

As a class, the azoles possess a broad spectrum of ac-
tivity that includes most of the fungal pathogens asso-
ciated with systemic infections (Table 6–3) (Grant and
Clissold, 1990; Como and Dismukes, 1994; Haria et
al, 1996; Espinel-Ingroff, 1998; Fung-Tomc et al, 1998;
Nguyen and Yu, 1998; Pfaller et al, 1998; Saag and
Dismukes, 1988; Cuenca-Estrella et al, 1999a; Pfaller
et al, 1999; Terrell, 1999; Cuenca-Estrella et al, 1999b;
Abraham et al, 1999; Sutton et al, 1999; Cacciapuoti
et al, 2000; Hoffman et al, 2000; Li et al, 2000; Man-
avathu et al, 2000; Yamazumi et al, 2000; Carrillo and
Guarro, 2001; Espinel-Ingroff, 2001a; Espinel-Ingroff,
2001b; Huczko et al, 2001; Pfaller et al, 2001; Uchida
et al, 2001; Pfaller et al, 2002; Sun et al, 2002a;
Voriconazole package insert, 2002; Cuenca-Estrella et
al, 2002; Espinel-Ingroff et al, 2002; Sutton et al, 2002;
Paphitou et al, 2002).

Against the dimorphic fungi, the older azoles, keto-
conazole and itraconazole have better activity than flu-
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conazole. Voriconazole and posaconazole, the new tri-
azoles, are also quite active against this group of or-
ganisms. Similarly, all of the azole drugs exhibit mod-
erate to excellent activity against Cryptococcus
neoformans. Fluconazole possesses the narrowest in
vitro spectrum in that it exhibits relatively poor activ-
ity against the common moulds or filamentous organ-
isms and only moderate activity against dimorphic
fungi. Candida krusei and many strains of C. glabrata
are also resistant in vitro to fluconazole in clinically
achievable concentrations (Saag and Dismukes, 1988;
Grant and Clissold, 1990; Como and Dismukes, 1994).
Many Candida spp. resistant to first generation tria-
zoles are susceptible to the newer second generation
agents, although MICs are typically several-fold higher
than for fluconazole- or itraconazole-susceptible iso-
lates (Espinel-Ingroff, 1998; Fung-Tomc et al, 1998;
Marco et al, 1998; Nguyen and Yu, 1998; Pfaller et al,
1998; Chavez et al, 1999; Cuenca-Estrella et al, 1999a;
Ernst, 2001). In addition, when compared with flu-
conazole, the second generation triazoles exhibit sig-
nificantly enhanced in vitro activity against Aspergillus

spp and variable activity against Scedosporium species,
Fusarium species and the dematiaceous fungi (Clancy
and Nguyen, 1998; Fung-Tomc et al, 1998; Arikan et
al, 1999; Cuenca-Estrella et al, 1999b; Espinel-Ingroff,
2001a; Espinel-Ingroff, 2001b; Pfaller et al, 2002).
Voriconazole is not active in vitro against Zygomycetes
(Gomez-Lopez et al, 2001; Pfaller et al, 2002; Sun et
al, 2002a), whereas posaconazole and ravuconazole do
show promising activity against some Zygomycetes, es-
pecially Rhizopus species (Pfaller et al, 2002; Sun et al,
2002a). Limited in vitro data suggest that posacona-
zole may also possess clinically useful activity against
voriconazole-resistant strains of Aspergillus fumigatus
(Manavathu et al, 2000; Manavathu et al, 2001).

Clinical activity in humans for the newer triazoles,
especially posaconazole and ravuconazole, against
many organisms remains to be confirmed. However,
studies with voriconazole and posaconazole in animal
models of invasive aspergillosis have demonstrated ac-
tivity comparable, or superior, to that of itraconazole
(Martin et al, 1997; Murphy et al, 1997; Graybill et
al, 1998; Cacciapuoti et al, 2000; Kirkpatrick et al,

TABLE 6–3. Spectrum of Activity of Antifungal Azoles Against Selected Pathogenic Fungi
Posaconazole Ravuconazole

Organism Ketoconazole Fluconazole Itraconazole Voriconazole (SCH 56592) (BMS 207147)

Yeasts

C. albicans 	 		 		 		 		 		
Flu/Itra resistant —/	 — —/	 	 	 	

C. glabrata 	 —/	 —/	 	 	 	
C. krusei 		 — —/	 		 		 		
C. tropicalis 	/		 	 		 		 		 		
C. parapsilosis 	/		 		 		 		 		 		
C. lusitaniae 	/		 		 		 		 		 	

Cryptococcus neoformans 	/		 		 	/		 		 		 		
Trichosporon ashaii NA 	/		 		 		 		 		

Dimorphic fungi

Blastomyces dermatitidis 	/		 	 		 	/		 		 		
Histoplasma capsulatum 	 	 		 		 		 		
Coccidiodes immitis 	 	 	 	 	 	
Sporothrix schenckii 	 	 		 	 		 	
Paracoccidiodes brasiliensis 		 	 		 NA 		 NA

Moulds

Aspergillus fumigatus —/	 — 	 		 		 		
Aspergillus flavus —/	 — 		 		 		 		
Aspergillus terreus —/	 — 		 	 		 		

Fusarium solani NA — — —/	 —/	 —/	

Rhizopus sp. — — —/	 — 	 	
Mucor sp. — — —/	 — — —

Scedosporium apiospermum — 	 	 	/		 	/		 —/	
Scedosporium prolificans — — — —/	 — —

Dematiaceous fungi NA — 	/		 	/		 	/		 	

	Moderate activity in vitro and/or in animal models.
		Excellent activity in vitro and/or in animal models.
—, No clinically useful activity.
NA, not available.
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2000; Petraitiene et al, 2001). In addition, promising
activity has been shown for voriconazole in a variety
of other experimental animal in vivo models including
hematogenous Candida krusei infections (Ghannoum
et al, 1999), fusariosis (Reyes et al, 2001), and pul-
monary blastomycosis (Sugar and Liu, 2001); for
posaconazole, animal in vivo infections with Fusarium
spp (Lozano-Chiu et al, 1999), Scedosporium apiosper-
mum (Gonzalez et al, 2001), Histoplasma capsulatum
(Connolly et al, 2000), and Zygomycetes (Sun et al,
2002b); and for ravuconazole, in vivo infections with
H. capsulatum (Clemons et al, 2002) and Zygomycetes
(Dannaoui et al, 2002).

IN VITRO SUSCEPTIBILITY TESTING

Until recently, in vitro antifungal susceptibility testing
has been considered to be of limited clinical value due
to the poor correlation between in vitro test results and
outcomes of infection (Como and Dismukes, 1994; Ter-
rell, 1999). In 1997, the National Committee for Clin-
ical Laboratory Standards (NCCLS) published refer-
ence guidelines (M27-A Method) for conducting in
vitro susceptibility testing of Candida spp. and Cryp-
tococcus neoformans. These guidelines have recently
been updated to the essentially identical M27-A2
methodology (National Committee for Clinical Labo-
ratory Standards, 2002a). In addition to specifying con-
ditions for performing the tests, the guidelines also 
provide antifungal concentration breakpoints for in-
terpreting results of tests with fluconazole and itra-
conazole. Based on the NCCLS data, isolates of Can-
dida spp. with a MIC � 8 mcg/ml are considered
susceptible to fluconazole and isolates with a MIC �
32 mcg/ml are considered resistant. Fluconazole MICs
of 16–32 mcg/ml are reported as susceptible-dose de-
pendent (S-DD), implying that positive outcomes are
more likely with higher dosages. Itraconazole break-
points for categories of susceptible, S-DD, and resist-
ant correspond to MICs of � 0.125 mcg/ml, 0.25–0.5
mcg/ml, and � 0.5 mcg/ml respectively. Standards for
performing susceptibility tests with filamentous fungi
have also been approved (NCCLS document M38-P),
but studies to determine the correlation with clinical
outcomes are ongoing (National Committee for Clini-
cal Laboratory Standards, 2002b; Espinel-Ingroff et al,
2001c).

Optimal use of in vitro susceptibility tests with azoles
requires an understanding of their origin and potential
limitations in clinical application (Rex et al, 2000). At
present, clinical confirmation of the breakpoints for 
fluconazole has been obtained only in patients with
mucosal (oropharyngeal and esophageal) or systemic
(invasive) candidiasis, the latter group of infections con-
sisting primarily of catheter-related candidemia in non-

neutropenic patients (Rex et al, 1995; Rex et al, 1997).
Breakpoints for itraconazole were derived in smaller
numbers of patients with oropharyngeal candidiasis
(Rex et al, 1997). Extrapolation of these breakpoints
to patients with deep-seated Candida infections or mu-
cosal infections in nonimmunocompromised patients
should be done with caution, if at all. Similarly, ex-
trapolation of MICs determined by methods other than
those delineated in the reference method (broth
macrodilution or microdilution) should be avoided,
since even small variations in methodology can pro-
duce significantly different test results (Rex et al, 2000).
Several more convenient and/or less time consuming
methods for performing antifungal susceptibility tests
have shown reasonably good interlaboratory and in-
tralaboratory reproducibility, and if high correlation
with the reference method is confirmed, may provide
more economical alternatives for use in the clinical lab-
oratory (Hoffman and Pfaller, 2001). For a more de-
tailed discussion of in vitro susceptibility testing of
fungi, see Chapter 1.

IN VITRO RESISTANCE

Two types of in vitro resistance to azoles have been de-
scribed. Primary or “intrinsic” resistance results from
the natural interaction between an organism and the
antifungal agent and is independent of previous drug
exposure (Vazquez and Sobel, 1997; Klepser, 2001).
The most notable example of intrinsic resistance in-
volving azoles is the universal resistance to fluconazole
among isolates of C. krusei. Since primary resistance is
usually predictable, it rarely presents a problem in pa-
tient management if clinicians are aware of the differ-
ences in susceptibility to the azoles for the organism(s)
causing the infection. The more problematic clinical is-
sue related to primary resistance is the selection of re-
sistant organisms during azole therapy for a more sus-
ceptible pathogen. For example, the emergence of C.
krusei or C. glabrata during fluconazole prophylaxis or
therapy for C. albicans is now a well-recognized phe-
nomenon in HIV-infected patients (Sangeorzan et al,
1994; Sobel et al, 2001) and other immunosuppressed
patients after organ transplantation or chemotherapy
(Wingard et al, 1991; Wingard et al, 1993; Nguyen et
al, 1996; Abi-Said et al, 1997). Increases in the fre-
quency of isolation of resistant Candida spp. have also
been attributed to extensive use of triazoles in a specific
institution or local geographic region (Sangeorzan et al,
1994; Nguyen et al, 1996; Safdar et al, 2001). Clini-
cians should be aware of location-specific resistant fre-
quencies when selecting empiric antifungal therapy.

Secondary or “acquired” resistance to the azoles re-
mains uncommon except in immunocompromised pa-
tients (primarily those with HIV infection) who are re-
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ceiving prolonged and/or frequent courses of therapy
(Redding et al, 1994; Espinel-Ingroff et al, 1996; Quart
et al, 1996; Vazquez and Sobel, 1997; Goldman et al,
2000; Klepser, 2001; Marr et al, 2001). Extensive lab-
oratory investigation with Candida spp. has revealed
several potential mechanisms via which these organ-
isms express resistance after exposure to the azoles
(Vazquez and Sobel, 1997; Graybill et al, 1998a;
Klepser, 2001). The most common mechanisms include
alteration or overexpression of the fungal target en-
zyme (C-14� demethylase) of azole drugs, exclusion of
drug from fungal cells, and reduction or loss of func-
tion of 
5,6 desaturase, thereby preventing intracellu-
lar accumulation of toxic 14-methoxysterols (Sanglard
et al, 1997; Graybill et al, 1998a; Marr et al, 1998;
Miyazaki et al, 1998; Abraham et al, 2001; Klepser,
2001; Sanglard et al, 2001). Of these mechanisms, pre-
vention of drug entry or extrusion of the azole via 
activation of energy-dependent drug-efflux pumps is
thought to be the most common (Graybill et al, 1998a).

Two families of multidrug efflux pumps have been
identified in clinical isolates: the major facilitators,
which are encoded by the MDR1 (BEN�) gene, and the
ATP-binding cassette transporters (ABCT), which are
expressed by CDR1 and CDR2 genes in Candida spp.
All azoles, including ketoconazole, are substrates for
ABCT efflux pumps, but current data suggest that only
fluconazole and ravuconazole are substrates for the ma-
jor facilitator transport system (Klepser, 2001; Sanglard
et al, 2002). Reports of cross resistance to itraconazole
and other azoles in isolates of Candida spp. with ac-
quired resistance to fluconazole are at least partially
explained by the upregulation of CDR1 genes (Sanglard
et al, 1997; Abraham et al, 2001). The extent to which
acquired resistance and/or cross-resistance will com-
promise the therapeutic utility of the second-generation

triazoles remains to be determined. However, flucona-
zole- and itraconazole-resistant isolates of C. albicans
that exhibit cross-resistance to voriconazole have al-
ready been recovered in HIV-infected children (Muller
et al, 2000). For a detailed discussion of resistance to
azoles, see Chapter 9.

ADVERSE EFFECTS

The clinical attractiveness of the antifungal azoles is
due in part to their low potential for serious adverse
effects (Table 6–4), especially compared with polyene
agents (nystatin and amphotericin B). The most com-
mon patient complaints about azole drugs are directed
at the GI tract and consist primarily of anorexia, nau-
sea, vomiting, diarrhea, and abdominal pain. Fortu-
nately, rates of discontinuation due to GI side effects
range from only 1%–6% when daily dosages are 
400 mg or lower (Terrell, 1999; Voriconazole package
insert, 2002). Another shared adverse effect is the po-
tential of antifungal azoles to cause disturbances in he-
patic function. All available azoles may transiently in-
crease transaminase levels; therefore, baseline and
periodic monitoring of hepatic enzymes is warranted in
any patient receiving an azole for more than a few days
(Como and Dismukes, 1994; Terrell, 1999; Voricona-
zole package insert, 2002). Rare instances of severe,
and sometimes fatal, hepatic failure associated with ke-
toconazole, fluconazole, itraconazole, and voriconazole
indicate practitioners should be more vigilant in mon-
itoring hepatic function in patients receiving these
agents (Como and Dismukes, 1994; Itraconazole pack-
age insert, 2001; Voriconazole package insert, 2002).
A third common side effect of the azoles is develop-
ment of a generalized erythematous rash, with or with-
out pruritus (Como and Dismukes, 1994; Terrell, 1999;

TABLE 6–4. Adverse Effects of Currently Available Antifungal Azoles
Ketoconazole Fluconazole Itraconazole Voriconazole

Gastrointestinal Abdominal pain, anorexia, Anorexia, nausea, vomiting Anorexia, nausea, vomiting Anorexia, nausea,
tract nausea, vomiting vomiting

Skin Pruritus � rash Rash Rash Rash, photosensitivity

Liver Hepatitis* Hepatitis* Hepatitis, liver failure Hepatitis*

Endocrine Decreased libido, impotence,
oligospermia, gynecomastia,
menstrual irregularities

Other Photophobia, somnolence, Alopecia, teratogenicity Hypokalemia, pedal edema, Visual disturbances,
headache hypertension, heart e.g., blurred vision

failure, teratogenicity

References: Como and Dismukes, 1994; Como and Dismukes, 1994; Como and Dismukes, 1994; Hoffman and
Terrell, 1999 Terrell, 1999 Terrell, 1999; Itraconazole Rathburn, 2002;

package insert, 2001 Herbrecht et al,
2002; Voriconazole
package insert,
2002; Johnson and
Kauffman, 2003

*Usually asymptomatic elevations of transaminases.
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Hoffman and Rathburn, 2002). More severe cutaneous
reactions, such as Stevens-Johnson syndrome and toxic
epidermal necrolysis, have been associated with
voriconazole and fluconazole, typically in patients with
serious underlying disease who are also receiving other
medications (Como and Dismukes, 1994; Hoffman and
Rathburn, 2002; Voriconazole package insert, 2002).
The appearance of an erythematous rash in patients re-
ceiving these agents warrants a reevaluation of therapy.
Voriconazole has also been associated with photo-
sensitivity-induced erythema/desquamation of exposed
skin and blistering of lips. Therefore, patients should
be instructed to avoid strong, direct sunlight while re-
ceiving voriconazole (Voriconazole package insert,
2002).

In addition to these common, shared adverse effects,
each of the commercially available azoles is associated
with unique reactions that merit physician awareness.
Most notable among these are: endocrine disturbances
secondary to ketoconazole, reversible alopecia with flu-
conazole, and negative inotropic effects leading rarely
to congestive heart failure associated with itraconazole
(Como and Dismukes, 1994; Terrell, 1999; Itracona-
zole package insert, 2001; Hoffman and Rathburn,
2002). All of these effects are dose-related and are usu-
ally reversible after discontinuation of the azole.

For most practitioners, the most likely unique azole-
specific side effect that will be encountered in clinical
practice is visual disturbance with voriconazole
(Voriconazole package insert, 2002; Herbrecht et al,
2002). Approximately 30% of subjects receiving this
azole experience altered visual perception, blurred vi-
sion, and/or photophobia. Fortunately, these effects are
mild, transient and appear to be fully reversible after
discontinuation of therapy. Onset is commonly within
30 minutes after administration, and duration is typi-
cally 30 minutes or less (Hoffman and Rathburn, 2002).
Patients receiving voriconazole should be warned about
these visual effects and the potential hazards of driv-
ing or operating equipment. The mechanism of this
voriconazole-associated visual disturbance is unknown;
no permanent sequelae have been reported.

CLINICAL INDICATIONS

Candidiasis
For an in-depth discussion of the treatment approaches,
including use of azole drugs, for the various Candida
syndromes, see Chapter 11. In addition, in this chap-
ter, are provided two separate tables accompanied by
key references. Table 6–5 addresses azole therapy of se-
lected mucocutaneous Candida syndromes, including
oropharyngeal candidiasis (thrush), esophageal can-
didiasis, Candida vaginitis, Candida cystitis, and Can-
dida onychomycosis. Note that every mucocutaneous

Candida syndrome, e.g., Candida intertrigo and chronic
mucocutaneous candidiasis, is not addressed here.

The advent of the AIDS epidemic in the early 1980s
brought new focus to the management of oropharyn-
geal candidiasis (OPC). Physicians quickly recognized
that many patients with OPC failed therapy with top-
ical agents including nystatin swish and swallow, clotri-
mazole troches, and oral amphotericin B (Schectman et
al, 1984; Koletar et al, 1990; Pons et al, 1993). Con-
sequently, much attention shifted to evaluation of the

TABLE 6–5. Azole Therapy of Selected 
Mucocutaneous Candida Syndromes
Syndrome and Recommended 
Azole Drugs References

Oropharyngeal candidiasis (OPC)

• Clotrimazole troche 10 mg 5� per day Schectman et al, 1984
• Koletar et al, 1990

Pons et al, 1993
• Fluconazole tablet or oral suspension Koletar et al, 1990
• 100 mg/day for 7–14 days. Higher De Wit et al, 1989
• doses (200–800 mg/day) may be Hay, 1990
• required in AIDS patients with 
• recurrent or fluconazole-resistant OPC
• Itraconazole oral solution Graybill et al, 1996
• 200 mg (200 mg/day) for 7–14 days. Phillips et al, 1998
• Especially useful in patients with Saag et al, 1999a
• fluconazole-refractory OPC

Esophageal candidiasis

• Fluconazole tablet or oral suspension Wilcox et al, 1996
• 100–400 mg/day (depending on Laine et al, 1992
• severity of disease) for 14–21 days Barbaro et al, 1996
• Itraconazole oral solution 200 mg/ Eichel et al, 1996
• day for 14–21 days Wilcox et al, 1997

Candida vaginitis

• Topical azole, e.g., clotrimazole, Reef et al, 1995
• miconazole, butoconazole, Sobel et al, 1998
• tioconazole, terconazole
• Fluconazole tablet 150 mg/day Brammer and Feczko, 
• � 1 dose 1988

Reef et al, 1995
Sobel et al, 1998

• Itraconazole capsule 200 mg Stein and Mummaw, 
• bid � 1 day or 200 mg qd � 3 days 1993

Reef et al, 1995
• Recurrent or complicated vaginitis Sobel, 1992
• requires � 7 days of therapy

Candida cystitis

• Fluconazole 200 mg/day � 7–14 day Jacobs et al, 1996
Sobel et al, 2000

Candida onychomycosis

• Itraconazole 200 mg bid for one de Doncker et al, 
• week/month or 200 mg q day–3 1995
• months for toenails and 2 months for Scher, 1999
• fingernails
• Fluconazole 150–450 mg once weekly Scher et al, 1998
• for 6 months for toenails and 3 months
• for fingernails
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efficacy and safety of oral azoles, especially fluconazole
and itraconazole, for treatment of OPC. Multiple stud-
ies showed that the clinical responses of OPC are ex-
cellent to both fluconazole (DeWit et al, 1989; Hay,
1990; Koletar et al, 1990) and itraconazole (Graybill
et al, 1998b; Phillips et al, 1998) and both drugs are
well tolerated (Table 6–5). Itraconazole oral solution
is more effective than itraconazole capsule. Ketocona-
zole, the original oral azole, is less effective for OPC
than fluconazole and itraconazole and less well toler-
ated. In the mid 1990s, concerns developed about emer-
gence of resistance of Candida species, particularly C.
albicans, to the azole drugs, especially fluconazole, in
patients with low CD4 cell counts (� 50–100/mm3),
and those receiving prolonged courses of azoles
(Maenza et al, 1996; Revanker et al, 1996). In such pa-
tients with recurrent or fluconazole-resistant OPC, al-
ternative treatment strategies have evolved, including
high-dose fluconazole (400–800 mg daily), switch to
another azole, e.g., itraconazole oral solution (Saag et
al, 1999a), or voriconazole (Hegener et al, 1998), or
switch to another class of drug, e.g., a polyene such as
amphotericin B or an echinocandin such as caspofun-
gin. To date, the incidence of fluconazole-resistant Can-
dida species causing OPC appears to have leveled off
in the 5% range.

Esophageal candidiasis (EC), regardless of the host,
usually cannot be successfully treated with a topical
agent such as nystatin or clotrimazole. Consequently,
fluconazole or itraconazole is the initial drug of choice
for EC (Table 6–5). Both oral azoles are effective in
most patients, providing the infecting Candida species
is susceptible to the azole and the patient does not have
advanced AIDS. The recommended doses are flucona-
zole tablet or suspension, 100–400 mg/day for 14–21
days (Barbaro et al, 1996; Laine et al, 1992; Wilcox et
al, 1996) and itraconazole oral solution, 200 mg/day
for 14–21 days (Eichel et al, 1996; Wilcox et al, 1997).
A recent blinded trial compared voriconazole and flu-
conazole as therapy of EC in immunocompromised pa-
tients (Ally et al, 2001). Both treatment arms showed
similar high success rates (� 95%) and patient tolera-
bility. In those few EC patients who fail azole therapy,
treatment with intravenous amphotericin B or caspo-
fungin is warranted.

Topical azole drugs, such as clotrimazole or mi-
conazole, or nonazole topical agents, such as nystatin
or tolnaftate, as therapy of Candida vaginitis have long
been associated with high rates of success, especially in
immunocompetent patients with infrequent episodes.
However, these topical agents are messy, inconvenient
to use, and not always effective. Increasingly, women
are utilizing short course, oral azole therapy for treat-
ment of Candida vaginitis (Table 6–5). Oral flucona-
zole and itraconazole are both highly effective in

women without complicated disease or advanced im-
munosuppression (Brammer and Feczko, 1988; Stein
and Mummaw, 1993; Reef et al, 1995; Sobel et al,
1998). Therapy of recurrent or complicated Candida
vaginitis requires at least 7 days of oral azole therapy
(Sobel et al, 1992).

Asymptomatic colonization of the bladder by Can-
dida species in a patient with an indwelling Foley
catheter rarely requires treatment (Kauffman et al,
2000a). In such a patient, treatment will not eradicate
Candida from the bladder as long as the catheter re-
mains in place. Within a few days after stopping ther-
apy, the urine will again become colonized with 
Candida. For those occasional patients who have symp-
tomatic Candida cystitis and no indwelling catheter,
fluconazole is the azole of choice and an effective ther-
apy, owing to the high concentration of active drug
(� 80%) in the urine (Jacobs et al, 1996; Sobel et al,
2000) (Table 6–5).

Candida onychomycosis, a less frequent occurrence
than dermatophyte onychomycosis and frequently as-
sociated with Candida paronychia, is most effectively
treated with an oral azole, either itraconazole or flu-
conazole (Table 6–5). Most patients are treated with
itraconazole, utilizing a so-called “pulse regimen,” 
1 week per month for 3 months or a daily regimen for
3 months (de Doncker et al, 1995; Scher, 1999). Flu-
conazole is also administered in a variant of the itra-
conazole pulse regimen (Scher, 1999; Scher et al, 1998).
Both drugs are associated with remission rates in the
60% range and both are well tolerated. Griseofulvin,
frequently used in the past to treat dermatophyte ony-
chomycosis, is not active in vitro against Candida
species.

Among the various forms of systemic or invasive can-
didiasis, the syndrome of candidemia is the most com-
mon and lends itself best to comparative clinical trials
for evaluation of management strategies. Table 6–6
provides data on the five large clinical trials reported
to date dealing with azole treatment of candidemia. In
these trials, amphotericin B and fluconazole were the
two comparators. Three of the trials were randomized
multicenter studies in nonneutropenic patients; among
these, two were nonblinded (Rex et al, 1994; Phillips
et al, 1997) and one was blinded (Rex et al, in press,
2003). The fourth study was a prospective observa-
tional trial in nonneutropenic patients (Nguyen et al,
1995) and the fifth study was a matched cohort trial
in cancer patients (including a few patients with neu-
tropenia)(Anaissie et al, 1996). For detailed outcomes
data, see Table 6–6.

Several important findings emerged from these trials.
One, in all trials, fluconazole was associated with less
toxicity than amphotericin B, irrespective of the dif-
ferent doses of study drugs. Two, the success rates were
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comparable in the two randomized trials that used 
similar doses of fluconazole, 400 mg/day, and ampho-
tericin B, 0.5–0.6 mg/day (Rex et al 1994; Phillips et
al, 1997) and the matched cohort study (Anaissie et al,
1996). Third, significant differences were observed in
two measures of outcome only in the blinded trial,
which compared combination amphotericin B and
high-dose fluconazole, 800 mg/day, to high-dose flu-
conazole alone, with success rates of 69% and 56%,
respectively, and persistent candidemia rates of 6% and
17%, respectively (Rex et al, in press, 2003). The 6%
rate of persistent candidemia for the combination treat-
ment arm was lower than the rates of persistent can-
didemia for all treatment arms in the prior studies. Also
of note in this study, the baseline APACHE II scores
were higher in the fluconazole treatment group. While
the mortality rates in both treatment groups were sim-
ilar, the toxicity rate was significantly higher in the
combination treatment arm. Fourth, in this same study,
the combination of amphotericin B and fluconazole was
not microbiologically antagonistic compared to flu-
conazole alone (Rex et al, in press, 2003). Fifth, in all
studies, removal of vascular catheters reduced time to
clearance of the candidemia. The collective results of
these five trials establish that fluconazole and ampho-

tericin B are equally effective therapies for candidemia,
especially in nonneutropenic patients; and fluconazole
is better tolerated and less toxic than amphotericin B.
Combination fluconazole and amphotericin B may have
a role in selected patients with candidemia, e.g., criti-
cally ill and neutropenic patients. A metaanalysis of
published results of all candidemia trials arrives at sim-
ilar conclusions (Kontoyiannis et al, 2001).

Although data are not shown here, fluconazole has
been used successfully for other forms of systemic or
invasive candidiasis including endophthalmitis, peri-
tonitis, bone/joint disease, hepatosplenic disease, renal
parenchymal disease, and endocarditis (Rex et al,
2000). While itraconazole is active in the laboratory
against most Candida species, the clinical efficacy of
itraconazole therapy for candidemia and other forms
of systemic candidiasis has not been adequately stud-
ied. Finally, a large multicenter study to compare the
efficacy and safety of voriconazole versus amphotericin
B as therapy of candidemia is currently ongoing.

Cryptococcosis
Azole drugs have greatly impacted the management of
cryptococcosis over the past several years. While am-
photericin B and flucytosine remain key drugs for this

TABLE 6–6. Azole Therapy of Candidemia
Persisten

Type of Study Efficacy Mortality Candidemia
(Reference) Treatment Regimen** % Success Rate*** Rate

Randomized, nonblinded FLU 400 mg/day � 18 days 70% (72/103) 33% 15%
nonneutropenic patients. vs. vs. vs. p � 0.20 vs.
(Rex et al, 1994) AMB 0.5–0.6 mg/kg/day 79% (81/103) 40% 12%

� 17 days p � 0.27

Randomized, nonblinded, FLU 400 mg/day � 4 weeks 57% (24/42) 38% 16%
nonneutropenic patients. vs. vs. vs. p � 0.82 vs.
(Phillips et al, 1997) AMB 0.6 mg/kg/day 62% (26/42) 34% 10%

� 4 weeks p � 0.66

Observational, FLU median daily NA �40% 10%
prospective* dose 200 mg
(Nguyen et al, 1995) vs. vs. p � N.S. vs.

AMB “low dose” � NA
total dose � 500 mg
and �35% 14%

AMB “high dose” � NA
total dose � 500 mg

Randomized, blinded FLU 800 mg/day 	 placebo 56% (60/107) 39% 17%
nonneutropenic patients for median, 13 days
(Rex et al, in press, 2003) vs. vs. vs. p � NS vs. p � 0.02

FLU 800 mg/day 	 AMB 0.7 69% (77/112) 40% 6%
mg/kg/day for median,13 days p � 0.043

Matched cohort study, FLU 200–600 mg/day 73% (33/45) 13% 29%
nonrandomized, cancer median duration, 13 days
patients* vs. vs. vs. p � NS vs. p � NS
(Anaissie et al, 1996) AMB 0.3–1.2 mg/kg/day 71% (32/45) 22% 26%

median duration, 10 days p � 0.55

FLU � fluconazole; AMB � amphotericin B; NA � nonavailable; NS � nonsignificant
*Only a small percent of patients in this study were neutropenic at time of episode of candidemia.
**In all five studies, FLU was less toxic than AMB.
***Duration of follow-up varies by study: Rex et al, 1994 (�60 days); Phillips et al, 1997 (60 days); Nguyen et al, 1995 (30 days); Rex

et al, in press, 2003 (90 days); Anaissie et al, 1966 (end of therapy).
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disease, fluconazole and, to a lesser extent, itraconazole,
have a definite role, especially in the management of
AIDS-associated cryptococcosis. Cryptococcal meningi-
tis is the most common form of fungal meningitis in both
normal and immunocompromised hosts. Moreover,
fluconazole is the most attractive of the available azoles
for therapy of fungal meningitis because of its excel-
lent penetration into the CSF (Table 6–1). Although the
measurable concentrations in CSF of itraconazole are
low, this drug does show moderate efficacy in treat-
ment of cryptococcal meningitis, owing in part to its
high lipophilicity.

Fluconazole and itraconazole have been used as treat-
ment approaches for different clinical manifestations 
of cryptococcosis; however, most of the experience has
been in therapy of cryptococcal meningitis. Many au-
thorities agree that optimal primary therapy consists of
two parts, an induction regimen for 2–3 weeks with
amphotericin B and flucytosine, followed by a consol-
idation regimen for 8–10 weeks with an azole, prefer-
ably fluconazole (Saag et al, 2000). The definitive study
in AIDS patients of this treatment approach showed
the following: (1) after 2 weeks of induction therapy,
CSF cultures were negative in 60% of patients who re-
ceived the combination regimen vs. 51% of patients
who received amphotericin B alone (p � 0.06); (2) at
the conclusion of the 10-week induction/consolidation
treatment regimen, clinical responses were similar, 68%
in the fluconazole-treated patients and 70% in the itra-
conazole-treated patients; (3) CSF cultures were nega-
tive in 72% of patients in the fluconazole group, and
60% of the itraconazole group (Van der Horst et al,
1997). Although this important study was performed
in AIDS patients, the results have been extrapolated to
the management of cryptococcal meningitis in non-
AIDS patients.

Another important indication for fluconazole relates
to maintenance therapy in AIDS patients with crypto-
coccal meningitis. Once primary therapy is completed
and successful, maintenance therapy is required to pre-
vent relapse, which occurs in approximately 15% of
patients (Bozzette et al, 1991). Two large randomized
trials demonstrated the efficacy of fluconazole in this
setting. An initial trial compared oral fluconazole, 
200 mg daily, to intravenous amphotericin B, 1 mg/kg/
week. The relapse rate in the fluconazole-treated group
was only 2% vs. 18% in the amphotericin B-treated
group (Powderly et al, 1992). A subsequent trial com-
pared two azoles, fluconazole, 200 mg daily, vs. itra-
conazole, 200 mg daily. Again fluconazole was supe-
rior, showing a 4% relapse rate compared with a 23%
relapse rate in the itraconazole group (Saag et al,
1999b). Accordingly, fluconazole is the recommended
maintenance therapy in AIDS patients who have suc-
cessfully completed primary therapy for cryptococcal

meningitis (Saag et al, 2000). Recent evidence supports
discontinuation of maintenance therapy in patients who
have no symptoms of cryptococcosis and have achieved
immune reconstitution with HAART therapy (Masur
et al, 2002).

Azole therapy, especially fluconazole, has also been
utilized for nonmeningeal forms of cryptococcosis in
AIDS and non-AIDS patients including pulmonary dis-
ease, bone disease, skin disease, and isolated crypto-
coccemia (Dromer et al, 1996; Yamaguchi et al, 1996;
Denning et al, 1989; Pappas et al, 2001). For a more
detailed discussion about azole therapy of cryptococ-
cosis, the reader is referred to the Infectious Diseases
Society of America (IDSA) consensus guidelines (Saag
et al, 2000).

Endemic Mycoses (Blastomycosis, 
Coccidioidomycosis, Histoplasmosis, 
Penicilliosis, Paracoccidioidomycosis, 

and Sporotrichosis)
These endemic mycoses, as a rule, tend to be chronic,
indolent illnesses. Exceptions are coccidioidomycosis,
which often causes potentially devastating fungal
meningitis, and histoplasmosis and penicilliosis, which
may cause other forms of life-threatening disseminated
disease. In addition, these same endemic, mycoses,
namely, coccidioidomycosis, histoplasmosis and peni-
cillosis, are opportunistic in nature and associated with
more serious disease in immunocompromised hosts,
such as HIV/AIDS patients, transplant recipients and
those receiving corticosteroid therapy. Since the intro-
duction of ketoconazole in 1981, the older oral anti-
fungal azoles have played an important role in the ther-
apy of the endemic mycoses (Table 6–7). For those
patients with serious life-threatening endemic fungal
diseases, amphotericin B is usually given as an initial
therapy; after the patient is stabilized, an azole drug is
usually employed. Here, data on azole treatment of each
mycosis are summarized briefly. More detailed infor-
mation on the key treatment studies for each endemic
mycosis, except penicilliosis, is provided in Table 6–7.

Both ketoconazole and itraconazole are highly effec-
tive in the majority of patients with blastomycosis.
Early on, several studies established the efficacy
(70%–100%) and relative safety of ketoconazole (Dis-
mukes et al, 1983; NIAID-Mycoses Study Group, 1985;
Bradsher et al, 1985). Subsequently, a large open-label
study demonstrated similar efficacy (90%–95% of pa-
tients) with itraconazole and fewer adverse events com-
pared with ketoconazole (Dismukes et al, 1992). The
dose of itraconazole is lower, 200–400 mg daily, com-
pared to ketoconazole, 400–800 mg daily. Fluconazole
is less active in vitro against Blastomyces dermatitidis;
consequently, high daily doses are required (Pappas et
al, 1995; Pappas et al, 1997). Voriconazole, the newest
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triazole, is active in vitro (Li et al, 2000) and in ani-
mals (Sugar and Liu, 2001) but this drug has not been
used to treat blastomycosis in humans. Consensus
guidelines by the IDSA indicate that itraconazole is cur-
rently the antifungal azole of choice for the majority of
patients with blastomycosis, especially since it is better
tolerated than ketoconazole (Chapman et al, 2000).

Over the years, coccidioidomycosis has been consid-
ered one of the most difficult to treat systemic mycoses.
Formerly, intravenous amphotericin B and miconazole,
to a lesser extent, were the mainstays of therapy. Nowa-

days, itraconazole and fluconazole are the principal an-
tifungal drugs for this disease, owing in large part to
their efficacy, ease of administration by either the oral
or intravenous routes, and relatively low toxicity pro-
files (Graybill et al, 1990; Tucker et al, 1990; Diaz et
al, 1992; Galgiani et al, 1993; Catanzaro et al, 1995;
Dewsnup et al, 1996) when compared to amphotericin
B and miconazole. A recent large, comparative trial of
itraconazole and fluconazole in patients with progres-
sive, nonmeningeal coccidioidomycosis confirmed the
efficacy of these drugs (Galgiani et al, 2000a). Cure or

TABLE 6–7. Azole Therapy of Endemic Mycoses
Disease Ketoconazole Itraconazole Fluconazole

Blastomycosis Highly effective. Azole of choice. Efficacy similar to ketoconazole.
Dose: 400–800 mg/day for Dose: 200–400 mg/day for

3–6 months. 3–6 months. 200 mg/day usually Dose: 400–800 mg/day for 6–9 
sufficient. months.

References Dismukes et al, 1983 Dismukes et al, 1992 Pappas et al, 1995
NIAID-MSG, 1985 Chapman et al, 2000 Pappas et al, 1997
Bradsher et al, 1985 Chapman et al, 2000
Chapman et al, 2000

Histoplasmosis Moderately effective, 70–85%, Azole of choice in both non-HIV Less effective than itraconazole 
but high relapse rates. and AIDS patients. or ketoconazole.

Dose: 400–800 mg/day for Dose: 200–400 mg/day for 6–24 Dose: 400–800 mg/day for
6–24 months. months. 12–24 months.

In patients with AIDS, chronic 
suppressive therapy, 200 mg/day
is recommended.

References Negroni et al, 1980 Negroni et al, 1987 Diaz et al, 1992
Dismukes et al, 1983 Dismukes et al, 1992 McKinsey et al, 1996
Slama, 1983 Wheat et al, 1993 Wheat et al, 1997
NIAID-MSG, 1985 Wheat et al, 1995 Wheat et al, 2000
Wheat, 2000 Wheat et al, 2000

Sporotrichosis Only modest efficacy; Azole of choice with 90%–100% Moderate efficacy.
consequently, not efficacy. Reserve for patients who do not 
recommended. Dose: 100–200 mg/day for 3–6 tolerate itraconazole.

months. Dose: 400–800 mg/day for
3–9 months.

References Dismukes et al, 1983 Restrepo et al, 1986 Diaz et al, 1992
Calhoun et al, 1991 Sharkey-Mathis et al, 1993 Kauffman et al, 1996
Kauffman et al, 2000b Winn et al, 1993 Kauffman et al, 2000b

Kauffman et al, 2000b

Coccidioidomycosis Second-line drug. High relapse Moderate efficacy, 63%–75%. Moderate efficacy, 50%–67%. 
rate in initial responders. Preferred azole drug for patients Preferred azole for patients
Not recommended for with coccidioidal skeletal disease. with coccidioidal meningitis.
patients with coccidioidal Dose: 400 mg/day for prolonged Dose: 400 mg/day for 
meningitis. duration. prolonged duration.

Dose: 400–800 mg/day for 
prolonged duration.

References Defelice et al, 1982 Graybill et al, 1990 Diaz et al, 1992
Catanzaro et al, 1982 Tucker et al, 1990 Galgiani et al, 1993
Galgiani et al, 1988 Galgiani et al, 2000a Catanzaro et al, 1995
Galgiani et al, 2000b Galgiani et al, 2000b Dewsnup et al, 1996

Galgiani et al, 2000a
Galgiani et al, 2000b

Paracoccidioidomycosis Highly effective, 85%–95%. Azole of choice, 90–95% efficacy. Effective, but limited clinical
Less expensive than Dose: 50–100 mg/day for �6 experience.
itraconazole. months. Dose: 200 mg/day for �6

Dose: 200–400 mg/day for months. Most expensive azole.
6–18 months.

References Negroni et al, 1980 Negroni et al, 1987 Diaz et al, 1992
Restrepo et al, 1983 Naranjo et al, 1990
Restrepo et al, 1994 Restrepo, 1994
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improvement was achieved in 63% (61/97) of itra-
conazole recipients and in 50% (47/94) of fluconazole
recipients (absolute difference, 13%, 95% CI, �2 to
28). In addition, itraconazole tended to be more effec-
tive in patients with coccidioidal skeletal disease. Both
drugs were well tolerated. Serious adverse events oc-
curred in 6% of itraconazole patients and 8% of flu-
conazole patients. While initial studies with oral keto-
conazole demonstrated moderate efficacy, the high
daily doses (400–800 mg) to achieve efficacy were
poorly tolerated (Defelice et al, 1982; Catanzaro et al,
1982; Galgiani et al, 1988). In addition, ketoconazole,
because of its poor penetration into CSF, is not rec-
ommended for coccidioidal meningitis (Graybill et al,
1988). Voriconazole has good in vitro activity against
C. immitis (Li et al, 2000) and good penetration into
CSF, but no clinical experience with this new drug in
coccidioidomycosis has been reported. IDSA consensus
guidelines emphasize the important role of the anti-
fungal azoles in the management of coccidioidomyco-
sis and indicate that both itraconazole and fluconazole
provide attractive options as initial therapy for most
patients with this disease (Galgiani et al, 2000b). Flu-
conazole is the treatment of choice for patients with
coccidioidal meningitis and must be continued for life
in most patients (Galgiani et al, 1993; Dewsnup et al,
1996).

Azole drugs have also significantly altered the ap-
proach to therapy of histoplamosis. Formerly, ampho-
tericin B was the treatment of choice for this disease,
with clinical response rates ranging from 57% to 100%
in patients with chronic pulmonary disease and
71%–88% in patients with disseminated disease, but
amphotericin B was poorly tolerated (NIAID-MSG,
1985). Ketoconazole was the first azole drug to prove
effective in patients with both forms of histoplasmosis,
but relapse rates were high and drug associated toxic-
ity was problematic (Negroni et al, 1980; Dismukes et
al, 1983; Slama, 1983; NIAID-MSG, 1985). Later stud-
ies with itraconazole established this azole as the treat-
ment of choice, initially in non-HIV infected patients
and subsequently in AIDS patients with disseminated
histoplasmosis (Negroni et al, 1987; Dismukes et al,
1992; Wheat et al, 1993; Wheat et al, 1995). Itracona-
zole is clearly more effective than ketoconazole in AIDS-
associated histoplasmosis. Utilizing a regimen of a load-
ing dose of 600 mg daily for 3 days, followed by a daily
dose of 400 mg, itraconazole was effective in 85% (50
of 59) patients with AIDS-associated indolent dissem-
inated disease (Wheat et al, 1995). In a second study,
maintenance therapy with itraconazole, 200 mg daily,
prevented relapse of histoplasmosis in 85% of AIDS
patients (Wheat et al, 1993). Fluconazole is a less ef-
fective therapy of histoplasmosis than either ketocona-
zole or itraconazole (McKinsey et al, 1996; Wheat et

al, 1997), as is the case with blastomycosis and coc-
cidioidomycosis. Voriconazole shows good in vitro ac-
tivity against H. capsulatum (Li et al, 2000), but no
data from human studies are available. Consensus
guidelines by the IDSA indicate that itraconazole is the
first choice therapy for the majority of non-AIDS pa-
tients with chronic indolent forms of histoplasmosis;
ketoconazole is an acceptable alternative and less ex-
pensive (Wheat et al, 2000). For most AIDS patients
with disseminated histoplasmosis, itraconazole is the
drug of choice for both primary and maintenance ther-
apy (Wheat et al, 2000). As noted earlier, for patients
with serious life-threatening disseminated histoplasmo-
sis, amphotericin B is the preferred initial treatment.

The therapy of paracoccidioidomycosis, which is
highly endemic in selected areas of Mexico and Cen-
tral and South America, has also benefited from the ad-
vent of azole drugs. For years, sulfonamides and am-
photericin B were the mainstays of treatment for this
chronic, multiorgan mycosis. Studies with ketocona-
zole, 200–400 mg daily, showed high efficacy rates,
85%–95%, but prolonged duration of therapy was re-
quired (Negroni et al, 1980; Restrepo et al, 1983). Sub-
sequent studies with itraconazole, 50%–100 mg daily,
showed even higher efficacy rates, 90%–95%, with du-
ration of therapy in the 6-month range (Negroni et al,
1987; Naranjo et al, 1990). Both drugs, at the doses
employed, are generally well tolerated. While limited
data suggest that fluconazole is also effective (Diaz et
al, 1992), this azole is more expensive than the other
oral azoles. In vitro activity of voriconazole against P.
brasiliensis has been shown, but no experience in hu-
mans has been reported. Authorities agree that itra-
conazole is the azole drug of choice for paracoccid-
ioidomycosis on the basis of its superior efficacy, low
daily dose, low frequency of adverse events, and rela-
tively short duration of therapy (Restrepo, 1994). How-
ever, ketoconazole is an excellent option and less 
expensive.

Itraconazole has largely replaced saturated solution
of potassium iodide (SSKI) as the drug of choice for
lymphocutaneous sporotrichosis (Kauffman et al,
2000b). Several open-label trials have shown superior
efficacy of itraconazole, 100–200 mg daily for 3 to 6
months, and fewer side effects of this azole compared
with SSKI (Restrepo et al, 1986; Sharkey-Mathis et al,
1993; Winn et al, 1993). Earlier experiences with ke-
toconazole as treatment for sporotrichosis were disap-
pointing (Dismukes et al, 1983; Calhoun et al, 1991).
Similarly, fluconazole at high doses, 400–800 mg daily,
was only moderately effective (Diaz et al, 1992; Kauff-
man et al, 1996). Voriconazole shows in vitro activity
against S. schenckii, but no human data are available.
Although itraconazole has become the treatment of
choice for most patients with sporotrichosis, primary
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therapy with amphotericin B should be initiated in
those rare patients with disseminated or severe pul-
monary sporotrichosis (Kauffman et al, 2000b).

Finally, recent studies have demonstrated the efficacy
of azole therapy, namely itraconazole, for patients with
disseminated penicilliosis. This opportunistic mycosis,
which is endemic in Southeast Asia, especially north-
ern Thailand, has been a significant cause of mor-
bidity and mortality in HIV/AIDS patients in that 
geographic area. While both amphotericin B and itra-
conazole have been utilized as primary therapy of peni-
cilliosis in these patients, data indicate that combina-
tion therapy with amphotericin B and itraconazole is
more effective primary therapy than either drug alone
(Sirisanthana et al, 1998). After completion of success-
ful primary therapy, maintenance therapy is required and
itraconazole, the drug of choice, is associated with a very
low rate of relapse (Supparatpinyo et al, 1998). More-
over, in Thailand where the incidences of penicilliosis,
cryptococcosis and histoplasmosis are high, primary 
prophylaxis with itraconazole is significantly effective
(Chariyalertsak et al, 2002). No large clinical trials have
evaluated ketoconazole, fluconazole, or the newer tria-
zoles as therapy or prevention of penicilliosis.

Mould Diseases
Mould fungi have emerged as an important group of
pathogens in compromised hosts, especially heart and
lung transplant recipients, AIDS patients, and patients
with neutropenia secondary to chemotherapy or bone
marrow transplantation. Whereas Aspergillus species
remain the most common opportunistic mould organ-
isms, other opportunistic moulds are increasingly rec-
ognized, including Fusarium species, Scedosporium
apiospermum (Pseudallescheria boydii), Scedosporium
prolificans, and dematiaceous fungi such as Alternaria
species, Bipolaris species and Cladophialophora
species. Among the older azoles, only itraconazole ex-
hibits moderately good in vitro activity against As-
pergillus species, F. solani, S. apiospermum, and some
dematiaceous fungi (Table 6–3). By contrast, the newer
triazoles have more promising in vitro activity against
these same mould organisms. Of note, neither itra-
conazole nor voriconazole show significant activity
against Zygomycetes. However, the two investigational
triazoles, posaconazole and ravuconazole, appear to be
moderately actively against Rhizopus species. For de-
tailed discussion of in vivo animal studies with the new
triazoles against mould pathogens, see SPECTRUM OF
ACTIVITY.

Invasive aspergillosis is notoriously refractory to
treatment, especially in the face of persistent immuno-
compromise, such as persistent neutropenia or pro-
longed high-dose corticosteroid therapy. Standard ther-
apy for invasive aspergillosis has been amphotericin B

deoxycholate, although responses are suboptimal (less
than 40%) (Stevens et al, 2000). Newer treatment ap-
proaches have been tried, including lipid formulations
of amphotericin B, itraconazole (both oral and intra-
venous formulations), combination antifungal drugs,
and immunotherapy, without significant improvement
in outcome. Several studies have evaluated itraconazole
therapy of invasive aspergillosis and reported cure/
improvement rates ranging from 39% to 63% (Dupont,
1990; Denning et al, 1994; Stevens and Lee, 1997).
However, several problems with itraconazole are en-
countered including patient intolerance of the drug, in-
adequate absorption of the oral capsules, and signifi-
cant itraconazole-drug interactions. Some authorities
have advocated itraconazole as a consolidation regimen
following initial therapy with amphotericin B (Stevens
et al, 2000).

A recently completed randomized multicenter trial
compared voriconazole versus amphotericin B as pri-
mary therapy of invasive aspergillosis (Herbrecht et al,
2002). Patients were allowed to switch from the initial
study drug to other licensed antifungal treatment if the
initial therapy failed or if the patient was intolerant to
the initial drug. Successful outcomes (complete or par-
tial responses) were noted in 53% of the voriconazole
group and 32% of the amphotericin B group (absolute
difference 21%, 95% C.I., 10.4–32.9). The survival
rate was also higher in the voriconazole group, 71%
vs. 58%, and voriconazole-treated patients had sig-
nificantly fewer severe drug-related adverse events. An
earlier open, noncomparative multicenter trial of
voriconazole therapy for invasive aspergillosis in im-
munocompromised patients showed similarly good
outcomes (Denning et al, 2002). Taken together, the
results of these two studies are extremely encouraging
and, for the first time, indicate that an azole drug may
be a more effective therapy for invasive aspergillosis
than the “gold standard,” amphotericin B (Johnson and
Kauffman, 2003). Of note, voriconazole was approved
by both the U.S. and European drug regulatory groups
as primary therapy for invasive aspergillosis, largely on
the basis of the results of these two studies. Another
promising approach to treatment of invasive as-
pergillosis is to combine a new triazole and an
echinocandin, based on results in vitro and in animal
models (Kirkpatrick et al, 2002; Petraitiene et al, 2002;
Perea et al, 2002).

With regard to azole therapy of non-Aspergillus
mould diseases, experience, until recently, has been pri-
marily with itraconazole. This older triazole has mainly
been used to treat phaeohyphomycosis (Sharkey et al,
1990; Whittle and Koninis, 1995) and scedosporiosis
(Goldberg et al, 1993). However, no large trials have
been performed, reports consist of only one to a few
cases, and only moderate success has been observed.
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Given the promising in vitro activity of voriconazole
against many non-Aspergillus moulds, this new triazole
has been given to a limited number of patients on a
compassionate basis and encouraging results have been
noted. For example, among 24 patients with disease
caused by S. apiospermum, success was reported in 15
(63%). Three of these relapsed within 4 weeks of stop-
ping voriconazole. Among 10 patients with scedospo-
riosis of the CNS, 6 had a successful outcome although
one of these later relapsed (Voriconazole package in-
sert, 2002; Johnson and Kauffman, 2003). Case reports
of clinical responses to voriconazole in patients with
disseminated and CNS scedosporiosis are beginning to
emerge (Munoz et al, 2000; Nesky et al, 2000). An-
other 21 patients have received voriconazole for treat-
ment of fusariosis; 9 (43%) were considered successes
and 2 of these later relapsed (Voriconazole package in-
sert, 2002). A recent case report also describes suc-
cessful outcome of posaconazole therapy in a patient
with a brain abscess caused by S. apiospermum
(Mellinghoff et al, 2002).

Voriconazole has also been evaluated as empirical
therapy in persistently febrile neutropenic patients, a
population at high risk for invasive mould diseases. In
a large (849 patients), randomized, multicenter trial,
voriconazole was compared to liposomal amphotericin
B (L-AmB) (Walsh et al, 2002). The composite success
rates were 26% for the voriconazole-treated patients
and 31% for the L-AmB-treated patients (95% C.I. for
difference in percentages�10.6%–1.6%). Voriconazole
patients experienced fewer breakthrough invasive fun-
gal infections, fewer infusion-related reactions, and less
nephrotoxicity. These results led the investigators to
conclude that voriconazole is a suitable alternative to
amphotericin B formulations for empirical antifungal
therapy in persistently neutropenic patients.

Prophylaxis
Azole drugs have been used extensively as prophylaxis
in various non-AIDS patient population groups at risk
for systemic fungal diseases; these groups include neu-
tropenic patients, bone marrow transplant recipients,
selected solid organ (e.g., liver and lung) transplant re-
cipients, and intensive care unit and burn patients. This
chapter does not address further this important but
somewhat controversial area. Rather, see discussions
on the topic in Chapters 11, 29, 30, and 31. In addi-
tion, the reader is referred to a recent provocative per-
spective on prophylactic antifungal therapy in the in-
tensive care unit (Rex and Sobel, 2001).

SUMMARY

As a class, the azole drugs represent a major advance
in antifungal therapy since their introduction over 30
years ago. Fluconazole has proven extremely useful in

the therapy of (1) the many different Candida syndromes,
including both mucosal and invasive disease, and (2) cryp-
tococcal disease, especially meningitis. In addition, itra-
conazole has become the treatment of choice for most
patients with endemic mycoses, including blastomycosis,
histoplasmosis, paracoccidioidomycosis, sporotrichosis,
and penicilliosis. Both fluconazole and itraconazole are
effective therapy for coccidioidomycosis. The past few
years have witnessed the development of the second
generation–extended spectrum triazoles including
voriconazole (licensed) and posaconazole and ravucona-
zole (currently investigational). These newer drugs have
moderate to excellent activity not only against Candida
species, including fluconazole-resistant species, but also
against many of the increasingly important mould
pathogens that cause aspergillosis, fusariosis, sce-
dosporiosis, and the phaeohyphomycoses. A second at-
tractive feature of all azoles is their relatively benign
toxicity profiles (especially compared to the polyenes).
Finally, the newer triazoles hold great promise for use
in a combination regimen with an echinocandin or am-
photericin B preparation against selected, difficult to
treat diseases such as aspergillosis or fusariosis in per-
sistently compromised patients.
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Cell wall synthesis inhibitors: 
echinocandins and nikkomycins

ANDREAS H. GROLL AND THOMAS J. WALSH

Ever since the discovery that penicillin inhibits bacter-
ial cell wall synthesis, developing equivalent agents to
target the fungal cell wall has been a focus in antifun-
gal drug development. Because the cell wall is essential
to the vitality of fungal organisms and because its com-
ponents are absent in the mammalian host, the fungal
cell wall represents an ideal target for antifungal 
compounds.

With considerable variation among different species,
the gross macromolecular components of the cell wall
of most fungi include chitin, alpha- or beta-linked glu-
cans and a variety of mannoproteins. The dynamics of
the fungal cell wall are closely coordinated with cell
growth and cell division, and its predominant function
is to control the internal turgor pressure of the cell. Dis-
ruption of the cell wall structure leads to osmotic in-
stability, and may ultimately result in the lysis of the
fungal cell.

Systemic antifungal agents directed against or in-
volving the major constituents of the fungal cell wall
include the new class of echinocandin lipopeptides and
the nucleoside-peptide antibiotic nikkomycin Z.

GLUCAN-SYNTHESIS INHIBITORS: 
ECHINOCANDIN ANALOGUES

The echinocandins are a novel class of semisynthetic
amphiphilic lipopeptides that are composed of a cyclic
hexapeptide core linked to a variably configured lipid
side chain. The first compound of this class undergo-
ing major preclinical evaluation was cilofungin (LY
121019), a semisynthetic echinocandin B derivative
with activity limited to Candida spp. However, clini-
cal development was abandoned in early stages due to
toxicity concerns associated with the intravenous poly-
ethylene glycol formulation vehicle (Hector, 1993;
Debono and Gordee, 1994; Groll et al, 1998). Over the
past few years, a second generation of semisynthetic
echinocandins with extended antifungal spectrum, fa-

vorable safety profile, and pharmacokinetic character-
istics have entered clinical development: anidulafun-
gin (VER-002, formerly LY303366; Versicor Inc,
Freemont, CA), caspofungin (MK-0991; Merck & Co.,
Inc., Rahway, NJ), and micafungin (FK463; Fujisawa
Inc., Deerfield, IL) (Fig. 7–1). Current data indicate that
these agents are similar with respect to their pharma-
cokinetic and pharmacodynamic properties. One of the
three agents, caspofungin, has received limited approval
in the United States and the European community for
second line treatment of invasive aspergillosis.

Mechanism of Action
The echinocandins act by noncompetitive inhibition of
the synthesis of 1,3-beta-glucan, a polysaccharide in the
cell wall of many pathogenic fungi (Fig. 7–2). Together
with chitin, the rope-like glucan fibrils are responsible
for the strength and shape of the cell wall. They are
important in maintaining the osmotic integrity of the
fungal cell and play a key role in cell division and cell
growth (Hector, 1993; Debono and Gordee, 1994;
Groll et al, 1998). The proposed molecular target of
the echinocandins, glucan synthase, is a heteromeric en-
zyme complex composed of at least one large integral
membrane protein encoded by the FKS genes that bind
the substrate (UDP-glucose), and one small regulatory
subunit, Rho1p, a GTP-binding protein. Additional, yet
unidentified components may also be involved (Kurtz
and Douglas, 1997; Thompson et al, 1999).

Antifungal Activity In Vitro
The current echinocandins have potent and broad spec-
trum in vitro activity against Candida and Aspergillus
spp. and also have demonstrated efficacy against inva-
sive infections by these organisms in various animal
models. The mode of antifungal action against Can-
dida and Aspergillus spp., however, appears species-
dependent. While similarly potent activity at the target
enzyme has been demonstrated in membrane prepara-
tions of Candida and Aspergillus spp., whole cell in
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FIGURE 7–1. Structural formulas of anidulafungin, caspofungin, and
micafungin. The echinocandins are composed of a cyclic hexapep-

tide core that is attached to an individually configurated acyl side
chain.

chitin glucan

Cell wall

Plasma
Membrane

Cytoplasm
Echinocandins

UDP

FKS

Rho

FIGURE 7–2. Schematic of the proposed mechanism of action of
echinocandin lipopeptides. Echinocandins inhibit the synthesis of cell
wall 1,3-beta glucan at the level of the cell membrane. Fks is the pro-

posed catalytic subunit, and Rho the proposed regulatory subunit of
the glucan synthase complex. Modified from Kurtz and Douglas,
1997, by permission of the publisher.
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vitro assays reveal fungicidal activity against most Can-
dida spp. but not against Aspergillus spp. (Tang et al,
1993; Bartizal et al, 1997). Microscopic examination
of exposed organisms shows a dose-dependent forma-
tion of microcolonies with progressively truncated,
swollen hyphal elements that appear to be cell-wall de-
ficient, but are able to regain their cell walls upon sub-
culture in the absence of drug (Kurtz et al, 1994; Ren-
nie et al, 1997; Oakley et al, 1998; Douglas et al, 2000).
These observations indicate differences in functional
target sensitivity in both species that are not understood
fully (Groll et al, 2001d).

The current echinocandins have variable activity
against dematiaceous and endemic moulds, but are in-
active against most hyalohyphomycetes, zygomycetes,
Cryptococcus neoformans, and Trichosporon asahii
(beigelii). Of note, all echinocandins have demonstrated
preventive and therapeutic activity in animal models of
Pneumocystis carinii pneumonia (Hawser, 1999; Groll
and Walsh, 2000; Groll and Walsh, 2001e).

As expected from their mechanism of action, the
echinocandins show no cross-resistance to amphotericin
B and fluconazole resistant Candida isolates. Inherited
resistance to echinocandins in otherwise susceptible fun-
gal yeast species is rare; most mutations conferring re-
sistance have been mapped to the FKS gene (Kurtz and
Douglas, 1997). Results from studies with caspofungin
demonstrate a low potential for induced resistance in
Candida spp. (Bartizal et al, 1997). The frequency of
primary echinocandin resistance among clinical isolates
of Aspergillus spp. and induction of secondary resist-
ance in vitro have not been studied thus far.

Pharmacokinetics
The echinocandins, which are currently only available
for intravenous use, exhibit dose-proportional plasma
pharmacokinetics with a triexponential elimination
pattern. Their beta half–life is between 10 and 15
hours, allowing for once daily dosing without major
accumulation after multiple dosing. All echinocandins
are highly (� 95%) protein bound and distribute into
all major organ sites including the brain; however, con-
centrations in uninfected CSF are low. The echinocan-
dins are metabolized by the liver and slowly excreted
into urine and feces; only small fractions (� 2%) of a
dose are excreted into urine in unchanged form
(Hawser, 1999; Groll and Walsh, 2000; Groll and
Walsh, 2001e). The echinocandins, as a class, appear
to have no significant potential for drug interactions
mediated by the CYP450 cytochrome enzyme system.
Whether differences in individual pharmacokinetic pa-
rameters such as AUC, peak plasma levels, volume of
distribution, and clearance of the echinocandins, are of
clinical significance remains to be elucidated.

Safety and Tolerance
At their currently investigated dosages, all echinocan-
dins are generally well-tolerated, and only a small frac-
tion of patients (� 5%) enrolled on the various clinical
trials discontinued echinocandin therapy due to drug-
related adverse events (Brown et al, 2000b; Maertens et
al, 2000; Pettengel et al, 2000; Villanueva et al, 2001a;
Arathoon et al, 2002). Detailed safety data, however,
have been published for caspofungin only.

ANIDULAFUNGIN

Antifungal Activity In Vitro
Anidulafungin has potent and broad-spectrum in vitro
antifungal activity against most Candida spp. (with
lower activity against C. parapsilosis and C. guillier-
mondii), Aspergillus spp., and against both the trophic
and cystic forms of P. carinii. As expected, anidula-
fungin is active against both fluconazole-sensitive and
fluconazole-resistant strains of Candida spp. Although
to a lesser extent, anidulafungin has activity against in-
dividual phaeohyphomycetes and against Blastomyces
dermatitidis, Histoplasma capsulatum, and Sporothrix
schenckii. Notable omissions in the spectrum of activ-
ity of this agent are C. neoformans, T. asahii, Fusar-
ium spp., and the Zygomycetes (Pfaller et al, 1989;
Zhanel et al, 1997; Espinel-Ingroff, 1998; Marco et al,
1998; Oakley et al, 1998; Pfaller et al, 1997; Karlowsky
et al, 1999) (Table 7–1 and Table 7–2).

Anidulafungin displays prolonged antifungal effects
of up to 12 hours and rapid concentration- and time-
dependent fungicidal dynamics against Candida spp.
(Ernst et al, 1996; Karlowsky et al, 1997; Ernst et al,
2000).

TABLE 7–1. In Vitro Susceptibilities of Clinical 
Yeast Isolates to Anidulafungin

MIC Range MIC 90
Organism (No. of Isolates) (�g/mL) (�g/mL)

C. albicans (10)* � 0.03–0.25 0.25
C. albicans (10)** � 0.03–0.25 0.06
C. glabrata (12) 0.06–0.25 0.25
C. guilliermondii (8) 0.25–4.0 ND
C. krusei (13) 0.12–1.0 1.0
C. lusitaniae (12) 0.25–2.0 2.0
C. parapsilosis (12) 0.5–2.0 2.0
C. tropicalis (12) 0.12–0.5 0.5
Cr. neoformans (10) � 16 � 16
T. beigelii (5) � 16 ND

Antifungal susceptibility assays were determined according the
NCCLS M27-A broth microdilution method for yeasts.

*fluconazole MIC � 16 �g/mL.
**fluconazole MIC � 1 �g/mL.
MIC, minimum inhibitory concentration; ND, not obtained.
Source: Modified from Espinel-Ingroff, 1998.
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Antimicrobial Interactions
In combination with fluconazole, anidulafungin was 
indifferent against Candida spp. and C. neoformans
in vitro; in combination with nikkomycin, however,
anidulafungin showed synergistic activity against As-
pergillus fumigatus (Stevens, 2000; Roling et al, 2002;
Chiou et al, 2001).

Efficacy in Animal Models
Anidulafungin has demonstrated efficacy in several
murine models of superficial and disseminated can-
didiasis, disseminated aspergillosis and P. carinii pneu-
monia in both normal and immunocompromised ani-
mals (Current et al, 1993; Zeckner et al, 1993a;
Zeckner et al, 1993b; Zeckner et al, 1994; Roberts 
et al, 2000). The compound was effective against
esophageal and oropharyngeal candidiasis caused by
fluconazole-resistant strains of C. albicans in immuno-
compromised rabbits (Petraitis et al, 2001). In persist-
ently neutropenic rabbits, anidulafungin showed dose-
dependent clearance of all organs in experimental
subacute disseminated candidiasis (Petraitiene et al,
1999) and it prolonged survival in invasive pulmonary
aspergillosis (Petraitis et al, 1998). Pharmacodynamic
modeling showed highly predictable pharmacoki-
netic–pharmacodynamic relationships in experimental
disseminated candidiasis; however, no concentration-
effect relationships were observed against experimen-
tal pulmonary aspergillosis using survival and the resid-
ual fungal tissue burden as endpoints of antifungal
efficacy (Groll et al, 2001b).

Preclinical Pharmacokinetics and 
Tissue Distribution

The plasma pharmacokinetics of anidulafungin have
been studied in rabbits, rats, and dogs (Zornes et al,
1993; Groll et al, 2001b). In normal rabbits, anidula-
fungin exhibited linear, time-independent plasma phar-
macokinetics over a dosage range of 0.1 to 20 mg/kg
(Groll et al, 2001b). Plasma concentration data fitted
to a three-compartment open pharmacokinetic model
with a terminal elimination half-life of up to 30 hours.
Tissue concentrations at trough after multiple dosing
were highest in lung and liver, followed by spleen and
kidney. Measurable concentrations in brain tissue were
noted at dosages of � 0.5 mg/kg. No differences were
observed in comparison to the plasma pharmacokinet-
ics in other animal species (Zornes et al, 1993). No-
tably, however, in rabbits with experimental invasive
fungal infections, the mean plasma clearance was sig-
nificantly slower along with a trend towards higher
AUC values, higher plasma concentrations at the end
of the dosing interval, and a smaller volume of distri-
bution (Groll et al, 2001b).

Clinical Pharmacokinetics and Metabolism
Dosages of 35, 50, 70, and 100 mg, given by the in-
travenous route to healthy volunteers, revealed linear,
time-independent pharmacokinetics of anidulafungin
with mean peak plasma levels ranging from 1.71 to
3.82 �g/mL, and mean AUC0–
 values from 37.46 to
104.81 �g � h/mL. The mean volume of distribution
was between 0.72 and 0.90 L/kg, and the terminal half-
life was approximately 40 hours (Table 7–3) (Rajman
et al, 1997).

In human volunteers with mild to moderate hepatic
impairment, a single dose of 50 mg anidulafungin did
not cause clinically significant changes in the pharma-

TABLE 7–2. In Vitro Susceptibilities of Clinical Mould
Isolates to Anidulafungin

Geometric
MIC Range Mean MIC

Organism (No. of Isolates) (�g/mL) (�g/mL)

Aspergillus fumigatus (13) 0.06 0.06
Aspergillus flavus (11) � 0.03–0.12 0.08
Aspergillus terreus (2) � 0.03 ND
Bipolaris spp. (6) 1.0–4.0 2.7
Cladophialophora bantiana (5) 1.0–4.0 2.0
Fusarium oxysporum (6) 16–� 16 � 16
Fusarium solani (6) � 16 � 16
Phialophora spp. (5) 1.0–� 16 9
Pseudallescheria boydii (6) 2.0–4.0 2.5
Rhizopus arrhizus (5) � 16 � 16
Scedosporium prolificans (2) 4.0 ND
Blastomyces dermatitidis (5) 2.0–8.0 4
Histoplasma capsulatum (5) 2.0–4.0 3.6

MICs were determined by following a procedure under evaluation
by the National Committee for Clinical Laboratory Standards (NC-
CLS) for broth microdilution testing of the filamentous fungi.

MIC, minimum inhibitory concentration; ND, not obtained.
Source: modified from Espinel-Ingroff, 1998.

TABLE 7–3. Plasma Pharmacokinetics of IV 
Anidulafungin in Healthy Volunteers
Dose Cmax AUC0–
 VDss T1/2*
(mg) (�g/mL) (�g � hr/mL) (L/kg) (hours)

35 1.719 37.46 0.81 42.0
50 2.516 53.32 0.72 39.3
70 2.906 69.35 0.90 45.6
100 3.825 104.81 0.78 42.3

Pharmacokinetic parameters represent mean values of a single-dose
cross-over dose-escalation pharmacokinetic study in healthy male and
female volunteers. Doses up to 35 mg were administered IV over 20
minutes, and doses of 50 mg and above were administered IV at a
constant rate of 1.1 mg/minute. Cmax, peak plasma concentration:
AUC0–
, area under the concentration-vs.-time curve from zero to
infinity: VDss, estimated volume of distribution at steady state; T1/2,
half life

*gamma half–life
Source: modified from Rajman et al, 1997.
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cokinetics in comparison to healthy subjects (Thye et
al, 2001a).

Clinical Efficacy
The antifungal efficacy of anidulafungin has been in-
vestigated in a phase II, randomized, open label study
comparing two dosage regimens in the treatment of
esophageal candidiasis (Brown et al, 2000b). A total 
of 36 predominantly HIV-infected patients received a
50 mg loading dose on day 1, followed by 25 mg daily,
or a 70 mg loading dose, followed by 35 mg daily for
a total of 14 to 21 days. The endoscopic response in
the 29 evaluable patients was 81% and 85%, respec-
tively, and the clinical response 69% and 82%. No se-
rious drug-related side effects were noted in both co-
horts. A phase II open label, dose-ranging trial of
anidulafungin for patients with candidemia has been
completed recently but results are not yet available.

Safety and Tolerance
Two dose-optimization studies have been conducted.
Healthy volunteers received a loading dose on day 1,
followed by a daily maintenance dose on days 2 to 10.
Investigated dosages included 100 mg loading dose/
70 mg daily dose, 140 mg/100 mg (8 subjects each),
and 150 mg/75 mg, 200 mg/100 mg, and 260 mg/130
mg (10 subjects each), respectively. In these studies,
anidulafungin was well-tolerated without dose limiting
toxicities. Two subjects in the 140/100 mg regimen had
grade II toxicity (epigastric pain, nausea, and headache),
and three subjects in the 260/130 mg regimen experi-
enced transient elevations of hepatic transaminases that
exceeded twice the upper limit of normal. In both stud-
ies, anidulafungin exhibited linear, time-independent
pharmacokinetics (Brown et al, 2000a; Thye et al,
2001b).

Drug Interactions
In vitro, in concentrations of up to 30ug/mL, anidula-
fungin had no effect on the CYP3A4 mediated metab-
olism of cyclosporin A (White and Thye, 2001).

Status of Clinical Development
Anidulafungin is not yet licensed for prevention or
treatment of fungal infections in humans. Currently,
the drug is being studied in a phase III, randomized,
comparative trial for treatment of Candida esophagitis
and a phase III comparative trial for treatment of in-
vasive candidiasis and/or candidemia.

CASPOFUNGIN

Antifungal Activity In Vitro
Similar to anidulafungin and micafungin, caspofungin
has potent and broad-spectrum activity against clini-

cally relevant Candida spp. with somewhat higher
MICs for C. parapsilosis and C. guilliermondii. As ex-
pected, caspofungin shows no cross-resistance to am-
photericin B and fluconazole resistant Candida clinical
isolates (Table 7–4) (Bartizal et al, 1997; Espinel-
Ingroff, 1998; Marco et al, 1998). Caspofungin showed
prolonged concentration-dependent postantifungal ef-
fects against C. albicans for up to 12 hours and longer,
and exhibited strain and species dependent, predomi-
nantly concentration-dependent fungicidal activity
against Candida spp. in time-kill experiments (Bartizal
et al, 1997; Ernst et al, 1999; Ernst et al, 2000). Caspo-
fungin is active against Saccharomyces cerevisiae, but
has virtually no in vitro activity (MICs � 16 �g/mL)
against T. asahii and C. neoformans (Espinel-Ingroff,
1998; Groll and Walsh, 2001). Results from studies
demonstrate a low potential for induction of resistance.
Repeat exposure of C. albicans to subinhibitory con-
centrations of caspofungin did not significantly alter
MICs and minimum fungicidal concentrations (MFCs)
after 40 passages (Bartizal et al, 1997).

Caspofungin also has broad-spectrum in vitro activ-
ity against Aspergillus spp. as determined by reduction
in turbidity (MIC) and the occurrence of morphologi-
cal changes (minimum effective concentration, MEC)
(Kurtz et al, 1994; Espinel-Ingroff, 1998; Pfaller et al,
1998) (Table 7–5). The frequency of resistance among
clinical isolates of Aspergillus species is unknown and
induction of resistance in Aspergillus species has not
been studied yet. Caspofungin has essentially no in-
trinsic in vitro activity against Fusarium spp., the Zy-
gomycetes and dermatophytes. The in vitro suscepti-
bility of dematiaceous fungi appears variable (Groll and
Walsh, 2001e).

Caspofungin is active in vitro against dimorphic
fungi, including H. capsulatum, B. dermatitidis, Coc-
cidioides immitis, and S. schenckii, although variable

TABLE 7–4. In Vitro Susceptibilities of Clinical Yeast
Isolates to Caspofungin

MIC Range MIC 90
Organism (No. of Isolates) (�g/mL) (�g/mL)

C. albicans (10)* 0.25–2.0 1.0
C. albicans (10)** 0.25–2.0 1.0
C. glabrata (12) 0.5–2.0 1.0
C. guilliermondii (8) � 16 ND
C. krusei (13) 0.5–4.0 2.0
C. lusitaniae (12) 1.0–4.0 2.0
C. parapsilosis (12) 0.5–2.0 2.0
C. tropicalis (12) 0.5–2.0 1.0
Cr. neoformans (10) 16–� 16 � 16
T.beigelii (5) 16–� 16 ND

Antifungal susceptibility assays were determined according to the
NCCLS M27-A broth microdilution method for yeasts.

*fluconazole MIC � 16 �g/mL
**fluconazole MIC � 1 �g/mL
MIC, minimum inhibitory concentration; ND, not obtained.
Source: modified from Espinel-Ingroff, 1998.
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and at considerably higher concentrations than re-
ported for Candida and Aspergillus spp. (Espinel-
Ingroff, 1998; Pfaller et al, 1998; Groll and Walsh,
2001e) (Table 7–5).

Antimicrobial Interactions
In vitro studies using checkerboard methodologies have
consistently shown no antagonism in vitro between
caspofungin and other antifungal agents (Groll and
Walsh, 2001e). The combination with amphotericin B
was additive to synergistic against A. fumigatus and C.
neoformans but indifferent against C. albicans (Barti-
zal et al, 1997). Against C. neoformans, subinhibitory
concentrations of caspofungin were synergistic with
amphotericin B, and showed synergy, additivity, or au-
tonomy in combination with fluconazole (Franzot and
Casadevall, 1997). Other investigators found synergis-
tic interactions in vitro with caspofungin in combina-
tion with amphotericin B or itraconazole against As-
pergillus spp. (Manavathu et al, 2000; Arikan et al,
2000) and Fusarium isolates (Arikan et al, 2000). In
coculture with monocytes and macrophages, caspo-
fungin had significantly increased antifungal activity
against germlings of A. fumigatus as compared to ei-
ther modality alone (Chiller et al, 2001). These data
suggest potentially increased efficacy of caspofungin 
in vivo as it combines with host defenses against A.
fumigatus.

Efficacy in Animal Models
In both immunocompetent and immunocompromised
murine models of disseminated candidiasis, caspofun-
gin prolonged survival and led to a significant reduc-
tion in the residual burden of Candida spp. in kidney

tissue (Abruzzo et al, 1997; Abruzzo et al, 2000; Groll
and Walsh, 2001e). Consistent with the in vitro data,
caspofungin alone was ineffective in improving survival
and reducing residual fungal burden in brain and spleen
in a mouse model of disseminated cryptococcosis
(Abruzzo et al, 1997).

Caspofungin significantly prolonged survival in im-
munocompetent and transiently neutropenic mouse
models of disseminated aspergillosis in a manner com-
parable to amphotericin B (Abruzzo et al, 1997;
Abruzzo et al, 2000; Groll and Walsh, 2001e). Caspo-
fungin also had similar preventive and therapeutic ac-
tivity as amphotericin B in conferring survival in a cor-
ticosteroid-immunosuppressed rat model of pulmonary
aspergillosis (Bernard et al, 1993). In persistently neu-
tropenic rabbits with invasive pulmonary aspergillosis,
caspofungin prolonged survival and reduced pul-
monary tissue damage (Petraitiene et al, 2002).

Caspofungin demonstrated efficacy in murine mod-
els of disseminated and pulmonary histoplasmosis
(Graybill et al, 1998b; Kohler et al, 2000), and dis-
seminated coccidioidomycosis (Gonzalez et al, 2001),
and was effective as a preventive and therapeutic
modality against P. carinii pneumonia, and selectively
eliminated the cyst forms of the organism from lung
tissue. When caspofungin was used as prophylaxis, nei-
ther stage of P. carinii was found (Powles et al, 1998).

Preclinical Pharmacokinetics 
and Tissue Distribution

Studies performed in mice, rats, rhesus monkeys, and
chimpanzees after single intravenous dosages of 0.5 to
5.0 mg/kg exhibited constant pharmacokinetic param-
eters across all investigated species. Clearance ranged
from 0.26 to 0.51 mL/minute/kg; half-life ranged from
5.2 to 7.6 hours, and the volume of distribution was
0.11 to 0.27 L/kg (Hajdu et al, 1997). In normal rab-
bits, following intravenous administration of doses of
1 to 6 mg/kg, caspofungin displayed dose-independent
plasma pharmacokinetics that fitted to a three-
compartment open pharmacokinetic model. Following
multiple daily dosing over 7 days, the apparent volume
of distribution at steady state ranged from 0.299 to
0.351 L/kg; clearance ranged from 0.086 to 0.043
L/kg/hour, and the mean terminal half-life was between
30 and 34 hours. Caspofungin achieved sustained con-
centrations in plasma that were multiple times in ex-
cess of reported MIC values for susceptible oppor-
tunistic fungi without significant accumulation in
plasma after multiple daily dosing (Groll et al, 2001a).
Tissue distribution studies in mice after a single dose
of 1 mg/kg of radiolabeled caspofungin intraperi-
toneally revealed preferential exposure of liver, kidney,
and large intestine, whereas exposure for small intes-
tine, lung and spleen was equivalent to that for plasma.

TABLE 7–5. In Vitro Susceptibilities of Clinical Mould
Isolates to Caspofungin

Geometric
MIC range Mean MIC

Organism (No. of Isolates) (�g/mL) (�g/mL)

Aspergillus fumigatus (13) 0.5–� 16 2.15
Aspergillus flavus (11) 0.5 0.5
Aspergillus terreus (2) 0.5 ND
Bipolaris spp. (6) 1.0–2.0 1.7
Cladophialophora bantiana (5) 2.0–8.0 3.6
Fusarium oxysporum (6) � 16 � 16
Fusarium solani (6) 16–� 16 � 16
Phialophora spp. (5) 1.0–16 2.8
Pseudallescheria boydii (6) 0.5–4.0 1.3
Rhizopus arrhizus (5) � 16 � 16
Scedosporium prolificans (2) 4.0–8.0 ND
Blastomyces dermatitidis (5) 0.5–8.0 2
Histoplasma capsulatum (5) 0.5–4.0 1.3

MICs were determined by following a procedure under evaluation
by the National Committee for Clinical Laboratory Standards (NC-
CLS) for broth microdilution testing of the filamentous fuingi.

MIC, minimum inhibitory concentration; ND, not obtained.
Source: modified from Espinel-Ingroff, 1998.
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Organs with lower level of exposure included the heart,
thigh, and brain (Hajdu et al, 1997).

Clinical Pharmacokinetics and Metabolism
Caspofungin is extensively bound to serum albumin
(97%), and distribution into red blood cells is minimal.
The compound is slowly metabolized by peptide hy-
drolysis and N-acetylation; only a small fraction
(�1.4% of dose) is excreted unchanged in urine, and
renal clearance is low (0.15 mL/minute) (Balani et al,
2000; Stone et al, 2002).

After infusion of single dosages ranging from 5 to
100 mg, caspofungin exhibited dose-proportional phar-
macokinetics with a beta half-life of 9–10 hours and
an average plasma clearance of 10 to 12 mL/minute
(Table 7–6). At higher dosages, an additional, longer
gamma half-life of 40–50 hours was evident. Multiple
dose studies at dosages of 15, 35, and 70 mg daily for
2 weeks (all regimens) and 3 weeks (70 mg/day regi-
men only) revealed dose-dependent accumulation of
drug in plasma of up to 50%. The 70 mg/day-dosing
regimen achieved mean peak plasma levels of approx-
imately 10 �g/mL and maintained mean trough plasma
levels above 1 �g/mL from day 1 onward, which is
above the reported MIC values for most susceptible
fungi. Similarly, a loading dose of 70 mg, followed by
50 mg/day, maintained plasma concentrations above
this target, while concentrations fell below 1 �g/mL if
the loading dose was not given (Stone et al, 2002).

Dosage adjustment is not necessary for patients with
impaired renal function and end-stage renal insuffi-
ciency. Following single 70 mg doses, exposure to
caspofungin in dialysis-dependent patients with a cre-
atinine clearance � 10 mL/minute was only moderately
increased (130% to 149%) as measured by the AUC0–
.
While patients with mild hepatic insufficiency (Child-
Pugh score 5 to 6) do not require a dosage adjustment,
a dosage of 35 mg daily after the initial 70 mg load-
ing dose is recommended for patients with moderate
hepatic insufficiency (Child-Pugh score 7 to 9) due to

an average increase of 76% in AUC. There is no clin-
ical experience in patients with severe hepatic insuffi-
ciency (Child-Pugh score � 9). Studies in human vol-
unteers revealed no necessity of dosage adjustment
based on gender, advanced age, or race. Thus far, phar-
macokinetics, safety, and efficacy of caspofungin in pe-
diatric patients (� 18 years of age) are not available.
Caspofungin has been shown to cross the placental 
barrier and to be embryotoxic in rats and rabbits 
(Package circular: Cancidas®, 2001) (Groll and Walsh,
2001e). Adequate data in pregnant women do not exist.

Clinical Efficacy
Two separate, randomized, double-blind, multicenter
trials have been published that compared caspofungin
at dosages of 35, 50, and 70 mg/day given for 7 to 14
days with conventional amphotericin B (0.5 mg/kg for
the same duration) in the treatment of esophageal or
oropharyngeal candidiasis in a total of 268, mostly
HIV-infected individuals (Villanueva et al, 2001b;
Arathoon et al, 2002). Efficacy was assessed by clini-
cal symptoms and residual endoscopic lesions at the
completion of treatment and 14 days post therapy. A
favorable response was noted in 74% to 91% of pa-
tients in the caspofungin groups compared to 63% in
the amphotericin B group. Caspofungin was well-
tolerated without serious adverse events. In another
multicenter, randomized, double-blind study compar-
ing caspofungin (50 mg daily) and fluconazole (200 mg
daily) for treatment of esophageal candidiasis in 175
mostly HIV-infected patients, response rates were sim-
ilar for both cohorts, 82% vs. 85%. Both interventions
were similarly well-tolerated (Villanueva et al, 2001a).

The efficacy of caspofungin as primary treatment of
invasive Candida infections has been investigated in a
multicenter, randomized, double-blind phase III clini-
cal trial in neutropenic and nonneutropenic patients
(Mora-Duarte et al, 2002). Patients were randomized
to intravenous caspofungin (70 mg loading dose on the
first day, followed by 50 mg once daily) or intravenous
amphotericin B deoxycholate (0.6 to 1.0 mg/kg/day).
Patients were treated for 14 days after the last positive
culture, but could be switched to fluconazole after 10
days of intravenous therapy. Success required both
symptom resolution and microbiological clearance. At
study entry, 13% of patients were neutropenic; the 
majority had candidemia (83%). The predominant 
organism was C. albicans (45%), followed by C. para-
psilosis (19%), C. tropicalis (16%), and C. glabrata
(11%). Among patients receiving � one dose of study
drug, 73% (80/109) of the caspofungin cohort and
61.7% (71/115) of the amphotericin B cohort were
classified as therapeutic success at the end of intra-
venous therapy; among patients who received � 5
doses of study drug, the response rates were 80.7%
(71/88) and 64.9% (63/97), respectively. At 6 to 8

TABLE 7–6. Plasma Pharmacokinetics of 
Caspofungin in Healthy Volunteers
Dose AUC0–
 C24hour T1/2*
(mg) Cmax (�g/mL) (�g � hour/mL) (�g/mL) (hours)

20 3.06 30.97 0.36 10.72
40 6.17 55.60 0.57 9.64
70 12.04 118.45 1.42 9.29
100 14.03 134.11 1.47 8.61

Pharmacokinetic parameters represent mean values of a single-dose
dose-escalation pharmacokinetic study in healthy male volunteers.
Caspofungin was administered IV over 1 hour.

Cmax, peak plasma concentration; AUC0–
, area under the con-
centration-vs.-time curve from zero to infinity; C24hour, plasma con-
centration 24 hours after the start of the infusion: T1/2, half life; *beta
half–life

Source: modified from Stone et al, 2002.



Cell wall synthesis inhibitors 95

weeks follow-up, there was no difference in relapse or
survival. Significantly fewer patients in the caspofun-
gin cohort had drug-related clinical or laboratory ad-
verse events. This trial provides evidence of an impor-
tant advance in the treatment of invasive candidiasis
(Walsh, 2002).

The clinical efficacy of caspofungin against invasive
aspergillosis has been studied in a multicenter, open-
label, noncomparative phase II trial in patients with
definite or probable invasive aspergillosis refractory to
or intolerant of standard therapies (Maertens et al,
2000). Caspofungin was administered at a dose of 
70 mg on day 1, followed by 50 mg once daily. Clin-
ical efficacy was assessed at end of therapy and 4 weeks
after discontinuation of study drug. A total of 63 pa-
tients (neutropenic, 22%; treated with steroids, 37%)
received caspofungin for a mean duration of 33.7 days
(range, 1 to 162 days). The majority (66%) had hema-
tological malignancies or had undergone bone marrow
transplantation, and most had refractory Aspergillus
infections (84%). A complete resolution or clinically
meaningful improvement of all signs and symptoms and
attributable radiographic findings was achieved in 41%
(26/63) of patients receiving at least one dose of caspo-
fungin; in patients receiving the drug for � 7 days, a
favorable response was seen in 50% (26/52).

Safety and Tolerance
Caspofungin appears generally well tolerated. In the
five clinical trials discussed in detail earlier, less than
5% of patients discontinued caspofungin prematurely
due to drug-related clinical adverse experiences. Of
note, there was no apparent dose-dependency of ad-
verse events over the investigated dosage range of 35
to 70 mg/day (Sable et al, 2001).

The most commonly reported possibly, probably, or
definitely drug-related clinical adverse experiences oc-
curring in � 5% of 228 patients in 3 active control
studies included fever (3.6% to 26%), phlebitis (1.5%
to 15.7%), nausea (2.5% to 6%), and headache (6.0%
to 11.3%) (Package circular: Cancidas®, 2001). Symp-
toms such as rash, facial swelling, pruritus, or sensa-
tion of warmth (which could potentially have been me-
diated through endogenous histamine release), have
been reported in isolated cases; a reversible anaphy-
lactic reaction occurred in 1 patient during initial ad-
ministration of caspofungin (Sable et al, 2001).

Laboratory abnormalities occurred in � 5% of pa-
tients and included increased liver transaminases (10.6
to 13%), decreased serum albumin (4.6%–8.6%), in-
creased serum alkaline phosphatase (7.7%–10.5%), de-
creased serum potassium (3.7%–10.8%), decreased he-
moglobin (3.1%–12.3%), decreased white blood cell
count (4.6%–6.2%) and increased urine white blood
cell count (0%–7.7%) (Package circular:Cancidas®,
2001).

Drug Interactions
Caspofungin is not a substrate of P-glycoprotein and is
a poor substrate of cytochrome P-450 enzymes and a
weak cytochrome P-450 enzyme inhibitor (Balani et al,
2000). In healthy volunteers, no pharmacokinetic in-
teractions were observed between caspofungin and itra-
conazole, amphotericin B deoxycholate, and mycophe-
nolate mofetil. While tacrolimus has no effect on the
plasma pharmacokinetics of caspofungin, chronic dos-
ing of caspofungin reduced the AUC of tacrolimus by
approximately 20%. In turn, cyclosporine increased the
AUC of caspofungin by approximately 35%; however,
caspofungin did not increase the plasma levels of cy-
closporine. Because of transient elevations of hepatic
transaminases not exceeding 2 to 3 times the upper
limit of normal in single-dose interaction studies, the
concomitant use of caspofungin with cyclosporine is
presently not recommended (Package circular: Canci-
das®, 2001; Groll and Walsh, 2001e).

Coadministration of inducers of drug clearance
and/or mixed inducer/inhibitors, namely efavirenz, nel-
finavir, nevirapine, phenytoin, rifampin, dexametha-
sone, and carbamazepine with caspofungin may result
in clinically meaningful reductions in caspofungin con-
centrations. Accordingly, the manufacturer recom-
mends an increase in the dosage of caspofungin to 
70 mg daily in patients who are concurrently receiving
any of the drugs listed above and not clinically re-
sponding (Package circular: Cancidas®, 2001; Groll
and Walsh, 2001e). The safety and efficacy of doses
above 70 mg daily have not been adequately studied.

Status of Clinical Development
Caspofungin currently is approved for the treatment of
invasive aspergillosis in patients who are refractory to
or intolerant of other therapies. Based on the recently
completed trial of caspofungin for invasive candidiasis
with encouraging outcome data, an indication for first-
line treatment of invasive candidiasis and esophageal
candidiasis is expected. A phase III study for empirical
antifungal therapy in persistently febrile neutropenic
patients has recently been completed, and a phase I/II
clinical pharmacology study in pediatric patients is 
ongoing.

MICAFUNGIN

Antifungal Activity In Vitro
Micafungin has potent and broad spectrum in vitro 
activity against Candida spp. with somewhat higher
MIC90 values for C. parapsilosis and C. guilliermondii
and no cross-resistance to fluconazole-resistant clinical
isolates (Table 7–7). Micafungin produces a strain- and
species-dependent postantifungal effect against Can-



96 SYSTEMIC ANTIFUNGAL DRUGS

dida spp. of up to 19 hours duration (Ernst et al, 2001).
Negligible changes in MIC values after repeated expo-
sure of C. albicans to subinhibitory concentrations of
micafungin suggest a low potential for resistance in-
duction. Similar to anidulafungin and caspofungin, mi-
cafungin has virtually no in vitro activity against C.
neoformans and is inactive against T. cutaneum (Maki
et al, 1998; Tomishima et al, 1999; Mikamo et al, 2000;
Tawara et al, 2000; Muller et al, 2001; Ostrosky-
Zeichner et al, 2000).

Micafungin also has potent in vitro activity against
Aspergillus spp. but was inactive (i.e., MIC values of
� 64 �g/mL) against Fusarium spp., Scedosporum
apiospermum (Pseudallescheria boydii), and Zy-
gomycetes (Table 7–8). Moderate activity was found
against dematiaceous fungi such as Cladosporium tri-
choides, Exophiala spp., and Fonsecaea pedrosi (MIC
values of 0.5 to 2.0 �g/mL). In vitro activity against
H. capsulatum, B. dermatitidis, and C. immitis was lim-
ited to the mycelial forms of these organisms (Maki et
al, 1998; Nakai et al, 2002; Tomishima et al, 1999;
Tawara et al, 2000).

Antimicrobial Interactions
Combination of micafungin with amphotericin B was
neither synergistic nor antagonistic in vitro and in vivo
against various clinical Aspergillus isolates (Petraitis 
et al, 1999; Stevens, 1999). Analysis of the in vitro 
activity of the combination of micafungin and
nikkomycin Z against opportunistic moulds revealed
synergy against A. fumigatus, additive effects against
Rhizopus oryzae, and indifference against A. flavus, A.
terreus, A. niger, and F. solani (Chiou et al, 2001).

Efficacy in Animal Models
The antifungal efficacy of micafungin against dissemi-
nated candidiasis has been documented in immunocom-
petent, transiently neutropenic, and corticosteroid-
immunosuppressed murine screening models. Treatment
with micafungin resulted in a dose-dependent, statisti-

cally significant prolongation of survival and a dose-
dependent reduction in the residual fungal kidney bur-
den comparable to amphotericin B (Matsumoto et al,
1998; Ikeda et al, 2000; Maesaki et al, 2000). In per-
sistently neutropenic rabbits with subacute nonlethal
disseminated candidiasis, micafungin (0.25 to 1 mg/kg/d)
demonstrated dosage dependent clearance of C. albi-
cans from tissues. Time-kill curves revealed time- and
concentration-dependent fungicidal activity of mica-
fungin that correlated with the in vivo results (Petraitis
et al, 2002).

Micafungin also prolonged the survival of transiently
neutropenic mice intravenously infected with A. fumi-
gatus in a dose-dependent manner (Ikeda et al, 2000).
In mouse models of pulmonary aspergillosis (Wakai et
al, 1998; Matsumoto et al, 2000), micafungin signifi-
cantly prolonged the survival of transiently neutropenic
animals, and in corticosteroid-immunosuppressed ani-
mals, a dose-dependent reduction in the residual bur-
den of A. fumigatus in lung tissue was demonstrated
when the drug was administered as continuous infu-
sion. In a rigorous persistently neutropenic rabbit
model of invasive pulmonary aspergillosis, micafungin
prolonged the survival and led to a significant decrease
of organism-mediated pulmonary injury (Petraitis et al,
2002). In less stringent immunocompromised murine
models of pulmonary aspergillosis, enhanced activity of
the combination of micafungin and amphotericin B was
noted using survival, residual fungal burden (Kohno et
al, 2000) and histopathological evaluation of pul-
monary infection (Nakajima et al, 2000) as endpoints
of efficacy.

Micafungin was also highly effective for prevention
of P. carinii pneumonia in SCID mice leading to a com-
plete absence of cyst forms of P. carinii and only mi-
nor injury to alveolar cells at the termination of the ex-
periments (Ito et al, 2000).

TABLE 7–7. In Vitro Susceptibilities of Clinical 
Yeast Isolates to Micafungin

MIC Range MIC 90
Organism (No. of Isolates) (�g/mL) (�g/mL)

Candida albicans (37) � 0.003–0.015 0.0156
Candida albicans, FLCZ resistant (4) 0.015–0.031 0.0313
Candida tropicalis (20) 0.015–0.031 0.0313
Candida glabrata (20) 0.007–0.015 0.0156
Candida krusei (11) 0.125–0.250 0.125
Candida parapsilosis (17) 0.5–2.0 1
Candida guilliermondii (12) 0.25–2.0 2
Cryptococcus neoformans (5) � 64 � 64
Trichosporon cutaneum (5) � 64 � 64

Antifungal susceptibility assays were performed according to cur-
rent NCCLS guidelines.

Source: modified from Tawara et al, 2000

TABLE 7–8. In Vitro Susceptibilities of Clinical Mould
Isolates to Micafungin

MIC range MIC 90
Organism (No. of Isolates) (�g/mL) (�g/mL)

Aspergillus fumigatus (29) 0.007–0.031 0.0156
Aspergillus niger (15) 0.003–0.015 0.0078
Aspergillus flavus (13) 0.007–0.015 0.0156
Aspergillus terreus (7) 0.003–0.007 0.0078
Cladosporium trichoides (5) 0.125–0.5 ND
Exophiala dermatitidis (6) 1–� 64 ND
Exophiala spinifera (6) 0.125–2.0 ND
Fonseca pedrosei (6) 0.5–8.0 ND
Absidia corymbifera (1) � 64 ND
Cunninghamella elegans (1) � 64 ND
Rhizopus oryzae (1) � 64 ND
Fusarium solani (1) � 64 ND
Pseudallescheria boydii (1) � 64 ND

Antifungal susceptibility assays were performed according to cur-
rent NCCLS guidelines.

MIC, minimum inhibitory concentration.
Source: modified from Tawara et al, 2000 and Nakai et al, 2002.
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Pharmacokinetics
Preclinical Pharmacokinetics and Tissue Distribution.
In mice, rats, and dogs, follwing intravenous bolus 
administration of dosages of 0.32, 1, and 3.2 mg/kg
(Suzuki et al, 1998), and in rabbits following adminis-
tration of 0.5, 1, and 2 mg/kg (Groll et al, 2001c), mi-
cafungin displayed linear pharmacokinetics without
fundamental interspecies differences. Plasma concen-
trations declined in a biexponential fashion with a half-
life in the range of 3 to 6 hours. Total clearance ranged
from 0.59 to 1.50 mL/minute/kg, and the volume of
distribution was 0.23 to 0.56 L/kg. In the rabbit, at the
end of the initial distributive phase following the last
of eight daily dosages of 0.5, 1, or 2 mg/kg, tissue con-
centrations ranged from 1.5 to 11 �g/g and were high-
est in the lung, liver, spleen, and kidney. Micafungin
was undetectable in cerebrospinal fluid, but brain tis-
sue concentrations exceeded the MIC90 and MEC90
values for most susceptible fungi (Groll et al, 2001c).
After bolus administration of 14C-micafungin into rats
and dogs, approximately 15% of radioactivity was ex-
creted in the urine with the remainder being excreted
in the feces (Suzuki et al, 1998).

Clinical Pharmacokinetics and Metabolism. In healthy
volunteers receiving micafungin as a 2-hour intra-
venous infusion at dosages of 2.5, 5, 12.5, 25, or 
50 mg, plasma concentrations after completion of the
infusion declined in a biexponential pattern. The half-
life ranged from 11.6 to 15.2 hours, total clearance
ranged from 0.192 to 0.225 mL/minute/kg, and the vol-
ume of distribution ranged from 0.215 to 0.242, re-
spectively. A dose-proportional increase in AUC0�


hour indicated linear plasma pharmacokinetics. Fol-
lowing multiple dosing at 25 mg once daily for a total of
7 days, steady state was achieved by day 4 after ap-
proximately 1.5 fold accumulation. The mean peak
plasma level at day 7 was 2.46 � 0.27 �g/mL, AUC0�


29.6 � 4.6 �g � hour/mL, half-life 14.6 � 1.5 hours, and
total clearance 0.222 � 0.027 mL/minute/kg, respec-
tively (Table 7–9). Less than 1% of drug was found in
the urine in unchanged form (Azuma et al, 1998). At
least six metabolites have been detected in both ani-
mals and humans to date; similar to caspofungin and
anidulafungin, micafungin is not metabolized to a sig-
nificant extent through the cytochrome P450 enzyme
system (Groll and Walsh, 2000).

No differences in drug disposition were noted in
older patients, aged 66–78 years (Mukai et al, 2001).
In febrile neutropenic pediatric patients who received
the compound for a mean of 8 days (range, 1–14 days)
at dosages ranging from 0.5 to 3 mg/kg, micafungin
displayed linear disposition with a mean half-life of 12
to 13 hours on day 1 and day 4 for 0.5 mg/kg dose
and on day 1 for 1.0 mg/kg dose. The half-life at day

4 for 1 mg/kg dose was variable resulting in a mean of
20.8 hours (Seibel et al, 2000).

Clinical Efficacy
In an open label, multicenter, dose de-escalation study
in 74 HIV-infected patients with endoscopically docu-
mented Candida esophagitis, micafungin was adminis-
tered at dosages of 50, 25, and 12.5 per day as 1-hour
infusion for a mean of 12 days (range, 1–21 days). In
patients who received the drug for at least 8 days, res-
olution or improvement of clinical signs and symptoms
was observed at end of therapy in 21/21 (100%) re-
ceiving 50 mg, 18/20 (90%) receiving 25 mg, and 17/21
(81%) receiving 12.5 mg (Pettengell et al, 1999). 
Further dose escalation to a daily dosage of 75 and 
100 mg and endpoint evaluation by endoscopy demon-
strated consistent results with clearance or improve-
ment of endoscopic lesions in 35/36 (97.2%) of pa-
tients receiving at least 10 days of therapy (Pettengell
et al, 2000).

In an open-label, multicenter trial conducted in
Japan, 70 patients, with proven or presumed infections
caused by Aspergillus or Candida spp., received mica-
fungin at dosages ranging from 12.5 to 150 mg once
daily for 7 to 56 days (Kohno et al, 2001). Among 
patients evaluable for efficacy, 6/10 patients with in-
vasive pulmonary aspergillosis, 6/9 with chronic necro-
tizing pulmonary aspergillosis, 12/22 with aspergilloma,
6/6 with candidemia, and 5/7 with esophageal can-
didiasis responded to therapy with micafungin.

Among 14 cancer patients, of whom 6 were neu-
tropenic at the start of treatment, 8 had a complete and
3 had a partial response to micafungin therapy. In this
study, micafungin was given as monotherapy (n � 7)
or in combination with other antifungal agents at
dosages ranging from 50 to 150 mg/day for a median
duration of 15 days (range, 4–26 days) (Kontoyiannis
et al, 2001). In all four studies, micafungin appeared
well-tolerated without dose-limiting adverse events.

TABLE 7–9. Plasma Pharmacokinetics of 
Micafungin in Healthy Volunteers
Dose Cmax AUC0–
 VDSS T1/2*
(mg) (�g/mL) (�g � hour/mL) (L/K) (hours)

12.5 0.94 17.11 0.24 15.2
25 1.86 32.26 0.23 14.8
50 3.36 60.93 0.23 15.2

Pharmacokinetic parameters represent mean values of a single-dose
pharmacokinetic study in healthy male volunteers. Micafungin was
administered IV over 2 hours.

Cmax, peak plasma concentration: AUC0–
, area under the con-
centration-vs.-time curve from zero to infinity: VDss, estimated vol-
ume of distribution at steady state; T1/2, half life.

*beta-half life.
Source: Modified from Azuma et al, 1998.
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The largest phase III clinical trial to date involving
micafungin has been completed and preliminary results
are very promising. A double-blind study compared mi-
cafungin and fluconazole as prophylaxis against fungal
infections in 889 patients undergoing a hematopoietic
stem cell transplant (van Burik et al, 2002). Success was
defined as (1) absence of a proven or probable fungal
infection during the period of prophylaxis and during
the 4 weeks after stopping study drug; and (2) no dis-
continuation of study drug due to toxicity. Among 425
micafungin-treated patients, success was noted in 80%,
compared with success in 73.5% of 457 fluconazole-
treated patients, 95% C.I. (0.9%–12.0%) around the
difference between the success rates, suggesting superi-
ority of micafungin. There were 7 breakthrough fun-
gal infections in the micafungin group (aspergillosis, 1;
candidiasis, 4; and other, 2) and 11 breakthrough fun-
gal infections in the fluconazole group (aspergillosis, 7;
candidiasis, 2; and other, 2). Survival was the same in
both groups and both micafungin and fluconazole were
very well tolerated.

Safety and Tolerance
In healthy volunteers receiving single dosages of 2.5, 5,
12.5, 25, or 50 mg, and multiple dosages of 25 mg
once daily for a total of 7 days, micafungin was well
tolerated (Azuma et al, 1998). In febrile neutropenic
pediatric patients who received the drug for a mean of
8 days (range, 1 to 14 days) at dosages ranging from
0.5 to 3 mg/kg, no evidence for differences in safety
were noted in these children compared to adults (Seibel
et al, 2000).

In 74 HIV-infected patients with endoscopically doc-
umented Candida esophagitis receiving 50, 25, and
12.5 mg per day for a mean of 12 days, 3 patients dis-
continued micafungin due to possible adverse events,
and 1 discontinued due to lack of efficacy (12.5 mg).
There was one serious adverse event (diarrhea and de-
hydration) that was assessed as possibly related to mi-
cafungin. Infusion-related toxicity or reactions attrib-
utable to histamine release were not reported, and
nephro- or hepatotoxicity was not observed (Pettengell
et al, 1999). Further dose escalation to a daily dosage
of 75 and 100 mg in 36 patients revealed no additional
safety issues (Pettengell et al, 2000).

A phase I, randomized, blinded, sequential group,
dose-escalation tolerance study investigated micafungin
plus fluconazole 400 mg/day vs. normal saline plus flu-
conazole 400 mg/day given as prophylaxis in 74 adult
hematopoietic stem cell transplant patients. The drug
regimens were administered from the time of transplant
until neutrophil recovery (Hiemenz et al, 1999). Seven
dosage-levels of micafungin were studied: 12.5, 25, 50,
75, 100, 150, and 200 mg/day. At least 10 patients
were enrolled per dosage group, with 8 patients/group

randomized to the micafungin-fluconazole regimen,
and 2 patients/group to the control regimen. The av-
erage length of dosing was 10 days (range, 1–27 days).
Micafungin was well-tolerated; two patients (3.2%)
discontinued due to a possibly or probably related ad-
verse event. No histamine-like reactions or infusion-
related toxicity was noted. Overall, there were no
changes from baseline to end of therapy in serum cre-
atinine or liver function tests.

The maximum tolerated dosage of micafungin was
further investigated in a formal dosage escalation study
in another group of hematopoietic stem cell transplant
patients, who were given micafungin as antifungal pro-
phylaxis (Powles et al, 2001). Sequential cohorts of 10
patients received micafungin at 3 and 4 mg/kg once
daily for a median of 16.5 (range, 13–28 days) and
18.5 days (range, 8–28 days), respectively. In the first
cohort, grade I and II toxicities consisted of 1 patient
with vomiting, cellulitis, diarrhea, fever, and somno-
lence; 1 patient with generalized edema, fever, and al-
buminuria, and 1 patient with hypocalcemia. In the 
4 mg/kg cohort, two patients had phlebitis and one dys-
pepsia. There were no treatment-related grade III and
IV toxicities. After completed study of the 2 cohorts,
the maximum-tolerated dosage was not reached.

Drug Interactions
No formal interaction studies have been reported thus
far.

Status of Clinical Development
Micafungin is not yet licensed for prevention or treat-
ment of fungal infections in humans, but licensing is
expected on the basis of the results of the large phase
III, randomized, comparative prophylaxis trial in pa-
tients receiving hematopoietic stem cell transplants (van
Burik et al, 2002). Other studies with micafungin on-
going or planned include treatment trials for invasive
candidiasis and invasive aspergillosis.

CHITIN-SYNTHESIS INHIBITORS: 
NIKKOMYCINS

The nikkomycins, which are antifungal antibiotics pro-
duced by Streptomyces tender, were discovered in the
1970s through programs searching for new fungicides
and insecticides for agricultural use (Hector, 1993).
These compounds are pyrimidine nucleosides that are
linked to a di- or tripeptide moiety (Fig. 7–3), and are
structurally similar to UDP-N-acetylglucosamine, the
precursor substrate for chitin, a linear polymer of 
b-(1–4)-linked N-acetylglucosamine residues.

The nikkomycins act as competitive inhibitors of
chitin synthesis, leading to inhibition of septation,
chaining, and osmotic swelling of the fungal cell (Hec-
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tor, 1993; Debono and Gordee, 1994). In Candida al-
bicans, three different membrane-bound isoenzymes of
chitin-synthase have been described. Although the ab-
sence of all three isoenzymes is uniformely lethal, no
single one is essential, and each enzyme may be inhib-
ited to different degrees by different compounds. Of
note, the nikkomycins are required to be transported
into the cell via one or more permeases. This transport
system, however, is subject to antagonism by extracel-
lular peptides. In addition, various proteases can inac-
tivate the nucleoside-peptide compounds, resulting in 
a wide range of susceptibility of intact fungi to
nikkomycins, even though their isolated enzyme prepa-
rations are uniformly susceptible (Hector, 1993;
Debono and Gordee, 1994; Groll et al, 1998).

To date, only nikkomycin Z has been investigated to
a significant extent. Nevertheless, natural peptidyl nu-
cleoside leads continue to be investigated for develop-
ment of new antifungal agents.

Nikkomycin Z
Nikkomycin Z has been shown to have particularly
good activity both in vitro and in vivo against the chiti-
nous dimorphic fungi, C. immitis and B. dermatitidis
(Hector et al, 1990b; Clemons and Stevens, 1997). In
vitro activity against H. capsulatum, C. albicans, and
C. neoformans is only moderate; and nonalbicans Can-
dida spp. and filamentous fungi are essentially resist-
ant (Hector and Yee, 1990a). However, nikkomycin Z
has inhibitory activity in murine models of both sys-
temic candidiasis and histoplasmosis (Hector and
Schaller, 1992; Graybill et al, 1998a; Goldberg et al,
2000).

Notably, synergy between nikkomycin Z and anti-
fungal triazoles against C. albicans, C. neoformans, and
A. fumigatus has been observed in vitro (Milewski et
al, 1991; Hector and Schaller, 1992; Li and Rinaldi,
1999). Synergy with fluconazole was also demonstrated
in a mouse model of systemic candidiasis (Hector and
Schaller, 1992). Whereas synergy of nikkomycins with
glucan synthesis inhibitors against C. albicans in vitro
was described early on (Hector and Braun, 1986;
Pfaller et al, 1989), more recent in vitro and in vivo
studies also provided strong evidence for an additive
or synergistic cooperation between nikkomycin Z and

echinocandin against Aspergillus fumigatus and, more
variably, against other filamentous fungi (Stevens,
2000; Capilla-Luque et al, 2001; Chiou et al, 2001).

A phase I study of safety and pharmacokinetics of
single oral doses of nikkomycin Z 0.25 to 2.0 mg/kg
has been performed in human volunteers. Phase II stud-
ies of nikkomycin Z are under consideration for 
patients with nonlife–threatening and nonmeningeal
coccidioidomycosis.

Nikkomycin Z may prove useful for therapy of other
mycoses as well, particularly in combination with an-
tifungal drugs such as triazoles and echinocandins.
Thus, nikkomycin Z remains a candidate for further
clinical development.
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Terbinafine
PETER G. PAPPAS

Terbinafine is a newly developed oral and topical an-
tifungal agent in the allylamine class of antifungal com-
pounds (Petranyi et al, 1984). Discovered in 1983, it
is closely related to naftifine. Terbinafine became avail-
able in Europe in 1991, and in 1996 in the United
States. Terbinafine is the only oral allylamine available
in the United States and is used largely for the treat-
ment of superficial fungal infections, especially those
due to dermatophytes. There has been significant in-
terest in developing the drug for the treatment of deep
mycoses, either alone or in combination, for disorders
such as cryptococcosis, invasive aspergillosis, and other
mould infections, but there are only scant clinical data
evaluating its efficacy in these settings. Terbinafine is
a very valuable antifungal drug for the treatment of 
superficial fungal infections, and has potential as an 
adjunctive agent in the treatment of selected deep 
mycoses.

PHARMACODYNAMICS

Mechanism of Action
Terbinafine has a unique mechanism of action among
the antifungal agents (Petranyi et al, 1984; Balfour and
Faulds, 1992), inhibiting the synthesis of ergosterol, a
key sterol component in the plasma membrane of the
fungal cell. Terbinafine inhibits squalene epoxidase, the
enzyme which catalyzes the conversion of squalene to
squalene-2,3 epoxide, a precursor of lanosterol, which
in turn is a direct precursor of ergosterol (Ryder and
Dupont 1985; Birnbaum, 1990). A deficiency of er-
gosterol is detrimental to the integrity of the cell mem-
brane resulting in a fungistatic effect similar to that seen
with the azole antifungal compounds. In addition to
this action, terbinafine also causes excessive intracellu-
lar accumulation of squalene, which is believed to ex-
ert a further toxic effect on susceptible fungal cells,
thereby exerting a fungicidal effect (Ryder, 1992). In
this regard, the mechanism of action of terbinafine is
distinct from that of the azoles even though both com-

pounds inhibit ergosterol biosynthesis through inter-
ruption of the synthesis of its precursors. Terbinafine
has a strong affinity for fungal cell enzymes, but un-
like the azoles, terbinafine has a very low affinity for
the human cytochrome P-450 family of enzymes
(Schuster, 1985; Katz, 1999). This low affinity for the
mammalian P-450 enzymes probably accounts for the
favorable adverse event profile of terbenafine and the
relatively few drug–drug interactions.

Antifungal Spectrum
Terbinafine is a very broad spectrum antifungal agent,
exhibiting the best activity against the dermatophytes
of all the antifungal agents (Petranyi et al, 1987; Ri-
naldi, 1993; Ryder and Favre, 1997; Arzeni et al,
1998). Terbinafine also demonstrates reasonable in
vitro activity against many Aspergillus species includ-
ing A. fumigatus, A. flavus, A. niger, and A. ustus
(Schmitt et al, 1987; Ryder and Leitner, 1996; Schi-
raldi and Columbo, 1997; Ryder and Favre, 1997).
Other moulds that appear susceptible based on in vitro
testing include many of the dematiaceous fungi such as
Fonsecaea and Cladophialophora species (Shadomy et
al, 1985) and the agents of eumycetoma (Venugopal 
et al, 1993). Selected case reports of successful ther-
apy with terbinafine in a patient with disseminated
Phialophora parasitica (Wong et al, 1989) and another
patient with Curvularia lunata endocarditis (Bryan et
al, 1993) suggest clinically relevant antifungal activity
against these dematiaceous pathogens. Terbinafine does
not consistently demonstrate significant in vitro activ-
ity against the hyaline moulds such Fusarium species
and Scedosporium apiospermum (Pseudoallescheria
boydii) and the Zygomycetes. The in vitro activity of
terbinafine versus selected dermatophytes and moulds
is demonstrated in Tables 8–1, 8–2, 8–3.

Terbinafine demonstrates good in vitro activity
against C. neoformans (Shadomy et al, 1985; Hiratani
et al, 1991), but it has relatively poor activity against
other yeasts including many Candida species with the
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exception of C. parapsilosis (Ryder et al, 1998; Jessup
et al, 2000). Moreover, terbinafine is fungistatic against
all of the Candida spp. Table 8–4 summarizes the in
vitro activity against selected yeasts.

Terbinafine demonstrates excellent activity against
some of the dimorphic fungi, including Sporothrix
schenckii, against which it exhibits MICs comparable
to some of the azole antifungal compounds, including
itraconazole (Shadomy et al, 1985; Petranyi et al,
1987). In vitro activity against other dimorphic fungi
such as Blastomyces dermatitidis, Histoplasma capsu-
latum, and Coccidioides immitis is good (Shadomy et
al, 1985; Ryder and Favre, 1997). There are little in
vitro or clinical data concerning the use of terbinafine
against other dimorphic fungi including Penicillium
marneffii and Paracoccidioides brasiliensis. The in vitro
susceptibility data for these dimorphic pathogens are
shown in Table 8–5.

TABLE 8–1. Minimum Inhibitory Concentrations of
Terbinafine Against Selected Dermatophytes

MIC range
Organism (ug/ml)

Epidermophyton floccosum 0.001–0.05
Microsporum audouinii 0.001–� 0.04
Microsporum canis 0.0001–0.1
Microsporum gypseum 0.003–� 0.04
Microsporum persicolor 0.002–0.003
Trichophyton mentagrophytes 0.0001–0.05
Trichophyton mentagrophytes var. interdigitale 0.002–0.005
Trichophyton rubrum 0.001–0.15
Trichophyton simii 0.1–0.25
Trichophyton tonsurans 0.003–0.25
Trichophyton violaceum 0.001–0.1
Trichophyton verrucosum 0.001–0.006

MIC, minimum inhibitory concentration.
Source: Adapted from Ryder and Favre, 1997.

TABLE 8–2. Minimum Inhibitory Concentrations of
Terbinafine Against Selected Filamentous Fungi

MIC range
Organism (ug/ml)

Acremonium spp. 0.25–8
Aspergillus flavus 0.01–1
Aspergillus fumigatus 0.02–5
Aspergillus nidulans 0.02–0.5
Aspergillus niger 0.005–2.5
Aspergillus terreus � 0.04–5
Aspergillus ustus 0.1–0.5
Fusarium moniliforme 0.5–10
Fusarium oxysporum 0.25–20
Fusarium solani 1–� 128
Mucor spp. 64–� 128
Paecilomyces spp. 1–64
Penicillium spp. 1–5
Pseudallescheria boydii 10–� 64
Rhizopus spp. 64–� 100
Scopulariopsis brevicaulis 0.5–8

MIC, minimum inhibitory concentrations.
Source: adapted from Ryder and Favre, 1997.

TABLE 8–3. Minimum Inhibitory Concentrations of
Terbinafine Against Selected Dematiaceous Fungi

MIC Range
Organism (ug/ml)

Alternaria alternata 0.6–5
Cladophialophora bantianum 0.012–1
Cladophialophora carrionii � 0.04–1.25
Curvularia lunata 0.2–2
Curvularia fallax 0.25–0.5
Dactylaria constricta 0.01–0.03
Drechslera rostrata 10
Exophilia jeanselmei � 0.06–2.5
Fonsecaea compacta � 0.04
Fonsecaea pedrosi � 0.04–0.13
Madurella mycetomatis � 0.01–1
Madurella grisea � 0.01–2.5
Madurella spp. 1–4
Phaeoannellomyces werneckii 0.04–4
Phialophora verrucosa � 0.04–0.13
Phialophora parasitica 0.1
Wangiella dermatitidis 0.001–0.08

MIC, minimum inhibitory concentration.
Source: adapted from Ryder and Favre, 1997.

TABLE 8–4. Minimum Inhibitory Concentrations of
Terbinafine Against Selected Yeasts

MIC Range
Organism (ug/ml)

Candida albicans 0.03–� 128
Candida glabrata 10–� 128
Candida guilliermondii 0.8–� 128
Candida humicola 1
Candida kefyr 0.5–50
Candida krusei 10–100
Candida parapsilosis 0.03–10
Candida tropicalis 1.2–� 128
Cryptococcus laurentii 0.08–0.6
Cryptococcus neoformans 0.06–2
Malassezia furfur 0.06–80
Rhodototula rubra 2.5–5
Trichosporon asahii 0.5–� 128

MIC, minimum inhibitory concentration.
Source: adapted from Ryder and Favre, 1997.

PHARMACOKINETICS

Oral
The pharmacokinetics of terbinafine have been re-
viewed recently (Jensen, 1989; Faergemann, 1997).
Terbinafine for systemic use is only formulated for oral
administration. There is no intravenous formulation 
in part due to the drug’s significant lipophilicity.
Terbinafine is well-absorbed following oral dosing with
at least 80% bioavailability (Jensen, 1989). The drug
demonstrates linear kinetics over a broad range of ther-
apeutic doses with a proportional increase in the area
under the curve (AUC) with increasing dose. Peak
serum concentrations are achieved within 2 hours fol-
lowing oral administration in both adults and children,
although at similar doses, peak concentrations are
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somewhat higher in adults than in children (Nejjam et
al, 1995). Peak concentrations in adults following a
125 mg (2 mg/kg) dose range from 0.3 to 0.9 �g/ml,
whereas the same dose in children (125 mg or 5 mg/kg)
yields peak concentrations ranging between 0.4 and 1.0
�g/ml (Nejjam et al, 1995). Absorption does not appear
to be influenced by coadministration of food, antacids,
most H-2 receptor antagonists, or proton pump in-
hibitors. Coadministration with rifampin may, however,
significantly increase clearance, and cimetidine can
cause a 33% decrease in clearance of terbinafine (Katz,
1999).

Terbinafine, a lipophilic compound highly bound to
plasma proteins (� 95%), is found in highest concen-
trations in adipose tissue and the keratinous tissues of
the skin, nails, hair, and in sebum (Faergemann et al,
1993). Concentrations in these tissues may be 10-fold
higher than simultaneous levels found in plasma.

Terbinafine is metabolized extensively by the liver
and at least 15 metabolites have been identified, al-
though none of these demonstrate significant anti-
fungal activity (Humbert et al, 1995). Approximately
80%–85% of terbinafine metabolites are excreted in
the urine and 15%–20% are excreted in the bile. The
elimination half-life in normal adults is approximately
26 hours (Zehender et al, 1994). Among patients with
significant renal or hepatic dysfunction, drug elimina-
tion may be delayed (Nejjam et al, 1995). Accordingly,
it has been suggested that the dosing amount be re-
duced by 50% without altering frequency of adminis-
tration among patients with either significant renal or
hepatic dysfunction.

Because of the unique affinity of terbinafine for ker-
atinous tissue, therapeutic levels can be found in stra-
tum corneum, hair, and nails for up to 12 weeks 
following discontinuation of therapy. Moreover, meas-
urable concentrations of terbinafine may be found in
nail clippings up to 10 months following discontinua-
tion of a limited course (1 to 4 weeks) of terbinafine
(Faergemann et al, 1993; 1994). Among the antifungal
agents, only itraconazole possesses this unique affinity
for keratinous tissue and demonstrates similarly pro-
longed levels in skin and nails.

Topical
Topical terbinafine is widely available as an over-the-
counter preparation for milder forms of dermatomy-
cosis and onychomycosis. It is not absorbed systemi-
cally in any measurable quantity, but significant levels
are achieved in the stratum corneum and the nails, al-
though these levels do not approach those achieved
with oral terbinafine (Hill et al, 1992; Faergemann et
al, 1995a).

DOSING AND ADMINISTRATION

Terbinafine is available in 250 mg tablets and in a top-
ical 1% ointment. There is no parenteral form avail-
able. Because of its extended half-life with oral ad-
ministration (approximately 26 hours), the drug can be
dosed once daily. When higher doses (� 1000 mg per
day) are given, it is recommended to split the daily dose
to limit gastrointestinal disturbances. Topical therapy
is administered twice daily. Duration of therapy for oral
terbinafine is dependant on the condition being treated.
For most cases of onychomycosis, courses of 3 months
may be successful, although courses from 6 to 12
months may be necessary to achieve a lasting response
(Roberts, 1997). For sporotrichosis, courses of 3 to
12 months have been used successfully for patients
with uncomplicated cutaneous disease (Hull and Vis-
mer, 1997; Pappas et al, 2001). For other invasive my-
coses, little data are available concerning length of oral
therapy.

CLINICAL USES

Onychomycosis
The term tinea unguium refers to nail infections caused
by typical dermatophytes whereas onychomycosis
refers to the broader category of nail infections that
also includes nondermatophytic fungi and yeast (see
Chapter 24). There is considerable clinical overlap in
these two entities, and few clinical clues to distinguish
from among the wide assortment of causative agents
(Weitzman and Summerbell, 1995).

Several open-label and placebo-controlled studies
have been performed to evaluate oral terbinafine for
the treatment of onychomycosis (Arenas et al, 1995;
Roberts, 1997). Mycologic response rates for toenail
infections treated with terbinafine 250 mg daily range
between 82% and 92% among patients given 3 to 6
months of therapy (Hofmann et al, 1995; Abdel-
Rahman and Nahata, 1997). Clinical cure rates are
slightly less than mycologic response rates. For finger-
nail infections, response rates of 70% at 3 months of
therapy, and 100% at 6 months have been achieved
(Zaias and Serrano, 1989; Baudraz-Rosselet et al, 1992;

TABLE 8–5. Minimum Inhibitory Concentrations of
Terbinafine Against Selected Dimorphic Fungi

MIC Range
Organism (ug/ml)

Blastomyces dermatitidis � 0.04–1.25
Coccidioides immitis 0.3–0.6
Histoplasma capsulatum � 0.04–0.2
Paracoccidiodes brasiliensis 0.04–0.16
Sporothrix schenckii � 0.05–2

MIC, minimum inhibitory concentration.
Source: adapted from Ryder and Favre, 1997.
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Goodfield et al, 1997). Surgical or chemical removal of
the nail in conjunction with oral terbinafine does not
appear to enhance the efficacy of terbinafine alone for
onychomycosis (Albanese et al, 1995).

Based on results of comparative trials, terbinafine
demonstrates greater efficacy than griseofulvin for both
fingernail and toenail onychomycosis (Faergemann et
al, 1995b; Haneke et al, 1995; Roberts, 1997; Abdel-
Rahman and Nahata, 1997). Given the availability of
safe and more effective preparations such as terbinafine
and itraconazole, griseofulvin has largely fallen into dis-
use, having been superceded by these two newer oral
antifungal agents.

Studies comparing itraconazole 200 mg daily and
terbinafine 250 mg daily given for 3 months suggest
similar efficacy. These compounds are associated with
mycologic cure rates ranging from 67% to 92%, and
clinical cure rates from 63% to 80% (Arenas et al,
1995; Brautigam et al, 1995; Roberts, 1997).

Tinea Capitis
Tinea capitis, usually caused by Trichophyton ton-
surans, is unique among the dermatophytoses in that
it does not typically respond to topical antifungal ther-
apy. Accordingly, oral terbinafine has been evaluated
for the treatment of children with tinea capitis, effect-
ing clinical cure rates of 80% to 100% and mycologic
cure rates between 90% to 100% (Haroon et al, 1992;
Nejjam et al, 1995). Compared to griseofulvin in ran-
domized, double-blind studies, clinical cure rates are
generally higher with terbinafine (90% vs. 80%). My-
cologic cure rates are similar (Roberts, 1997).

Other Superficial Mycoses
For other superficial dermatophyte infections such as
tinea corporis, tinea cruris, tinea imbricata, and tinea
pedis due to a variety of dermatophytes including Tri-
chophyton rubrum, T. mentagrophytes, Microsporum
canis, and Epidermophyton floccosum, oral terbinafine
is quite effective, but for most patients with these con-
ditions, topical therapy can be used with excellent re-
sults. Ordinarily, for patients with superficial mycoses
not involving nails and/or scalp, topical therapy with
terbinafine is an appropriate alternative to systemic an-
tifungal therapy with terbinafine or itraconazole.

Sporotrichosis
Among the deep mycoses, there has been a modest ex-
perience with terbinafine for the treatment of sporotri-
chosis, and there have been limited reports of success
with terbinafine at daily doses from as low as 125 mg
per day for 3 to 18 months (Hull and Vismer, 1992;
Hull and Vismer, 1997; Kudoh et al, 1996). A recently
completed randomized double-blind trial compared
two doses of terbinafine, either 500 mg or 1000 mg

daily, administered for up to 24 weeks among patients
with cutaneous or lymphocutaneous sporotrichosis
(Pappas et al, 2001). Mycologic and clinical response
rates approached 90% in higher dose (1000 mg/day)
recipients. This success rate is not surprising given the
significant concentration of terbinafine in the skin as
well as excellent in vitro activity against S. schenckii.
These response rates with terbinafine are similar to
those with itraconazole for the treatment of cutaneous
sporotrichosis (Restrepo et al, 1986).

Chromomycosis (Chromoblastomycosis)
Chromomycosis is a tropical fungal disease character-
ized by dense dermal fibrosis associated with organized
granulomata. The agents of chromomycosis are typi-
cally dematiaceous (pigmented) fungi, and include such
organisms as Fonsecea pedrosi and Cladophialophora
carrionii. There has been sporadic use of terbinafine for
patients with chromomycosis (Esterre et al, 1997). In
the largest study to date, 42 patients from Madagascar
with chromomycosis received terbinafine 500 mg daily
for up to 1 year, and experienced 12-month mycologic
and clinical cure rates of 85% and 74%, respectively
(Esterre et al, 1998). While other experience with
terbinafine for this disorder is limited to a small series
of case reports, terbinafine appears to be a promising
agent among patients with this very difficult to treat
disease.

Fungal Mycetoma
There are at least 16 different fungal organisms that
can cause fungal mycetoma. Terbinafine has been used
sporadically at doses of 500 or 1000 mg daily with
some encouraging results (Hay, 1999). For most cases
of fungal mycetoma, a combined surgical and antifun-
gal approach is necessary to achieve optimum response.
No randomized and controlled studies for this disor-
der have been performed. For more information about
eumycetoma, see Chapter 25.

Other Endemic Mycoses
Terbinafine demonstrates excellent in vitro activity vs.
H. capsulatum and B. dermatitidis, but there have been
no clinical trials of terbinafine therapy for these disor-
ders. A few patients have received terbinafine for treat-
ment of blastomycosis and histoplasmosis, generally
with encouraging results (Hay, 1999). Taken together
with the encouraging in vitro data, terbinafine might
be considered as potential salvage therapy among pa-
tients unable to tolerate any azole drug or amphotericin
B. However, given the availability and excellent effi-
cacy of azole compounds for these conditions, it is very
unlikely that terbinafine will be studied prospectively
for treatment of these mycoses.
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Combination Therapy for Other Deep Mycoses
One potential use of terbinafine is for combination
therapy with other approved antifungal agents among
patients with deep mycoses including cryptococcosis
and invasive mould infections, especially invasive as-
pergillosis. In vitro data supporting the activity of
terbinafine against C. neoformans led to the use of
terbinafine combined with fluconazole or amphotericin
B in selected patients with acute CNS cryptococcosis
(Andrews et al, 1999). No significant drug–drug inter-
actions have been observed and this combined thera-
peutic approach appears to be well tolerated. While
prospective data assessing this approach have been 
not well documented, combination therapy utilizing
terbinafine and fluconazole is commonly administered
to patients with acute CNS cryptococcosis in Australia.

Among patients with invasive mould disease, espe-
cially invasive aspergillosis, terbinafine has been an at-
tractive potential agent for combination therapy with
either amphotericin B or a triazole such as itraconazole
or voriconazole. No prospective randomized studies
have been done, but small series and sporadic case re-
ports suggest a favorable response among highly se-
lected patients (Schiraldi and Colombo, 1997; Harari
et al, 1997). For example, a group of four lung trans-
plant patients with Aspergillus bronchitis were treated
effectively with terbinafine 250–500 mg daily in com-
bination with liposomal amphotericin B. Other reports
of successful combination therapy among immuno-
compromised patients with invasive pulmonary as-
pergillosis have also been documented. Up to 2000 mg
per day of terbinafine has been given successfully with
stable clinical outcome and has been well tolerated
(Schiraldi et al, 1996; Hay, 1999).

ADVERSE EFFECTS

Oral terbinafine appears to be well tolerated in the vast
majority of patients and few drug–drug interactions oc-
cur. In the largest study of its kind, adverse effects were
assessed in a postmarketing study involving 25,884 pa-
tients who had received terbinafine (Hall et al, 1997).
Findings showed that 10.5% of patients experienced a
drug-associated adverse event. Among these, the most
common side effects were gastrointestinal tract symp-
toms including nausea, diarrhea, abdominal pain, and
dyspepsia, which occurred in about 5% of patients.
Skin disorders were the second most common adverse
event, effecting fewer than 3% of patients. Most of the
skin findings are benign rashes; however, at least 4 pa-
tients have developed psoriasis on terbinafine (Gupta
et al, 1997), 2 developed significant erythema multi-
forme (Hall et al, 1997) and 1 a generalized pustular
eruption (Bennett et al, 1999). Hepatobiliary adverse
events have been reported in fewer than 1% of patients

and include cholestatic jaundice with mild to moderate
hepatocellular dysfunction (Gupta et al, 1998a; Fer-
nandes et al, 1998; Conjeevaram et at, 2001). Less com-
monly reported adverse events include neutropenia
(Gupta et al, 1998b; Shapiro et al, 1999), thrombocy-
topenia (Kovacs et al, 1994; Amichai and Gruhwald,
1998), toxic epidermal necrolysis (Carstens et al, 1994)
and angioedema (Hall et al, 1997). No deaths have
been attributed directly to terbinafine.

Despite the frequent concomitant use of other med-
ications, including immunosuppressive agents as well as
any other systemic antifungal compounds, terbinafine is
an unusual cause of significant drug–drug interaction
(Balfour and Faulds, 1992; Katz, 1999). The lack of
interaction of terbinafine with the mammalian cy-
tochrome P-450 enzyme system is believed to be re-
sponsible for this important characteristic. Unlike the
azole antifungal compounds, terbenafine does not ap-
pear to significantly alter the metabolism of cy-
closporine, tacrolimus, or sirolimus.

SUMMARY

Terbinafine is a broad spectrum oral and topical anti-
fungal agent that possesses a unique mechanism of ac-
tivity distinct from other available systemic antifungal
agents. Most clinical experience with this antifungal has
been in the treatment of onychomycosis and other su-
perficial fungal infections, but there is a growing body
of experience with terbinafine for the treatment of deeper
mycoses, especially cutaneous and lymphocutaneous
sporotrichosis. The potential for use of terbinafine as a
combination agent with another antifungal drug for the
treatment of cryptococcosis and invasive mould disease
is exciting. However, prospectively designed studies to
address this question have not been performed; thus,
this potential remains largely unexplored.
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Resistance to antifungal drugs
DOMINIQUE SANGLARD

Fungal infections caused by fungal pathogens remain
quite common in immunocompromised hosts, espe-
cially in HIV-infected individuals, and in patients given
immunosuppressive drugs or broad-spectrum antibi-
otics. Candida spp. represent the major group of yeast
species recovered from these infected individuals; how-
ever, other yeasts such as Cryptococcus neoformans are
also pathogens (Fridkin and Jarvis, 1996). Among fil-
amentous fungi causing infections in humans, As-
pergillus fumigatus is a common pathogen and is as-
sociated with a high mortality (Latge, 1999). Not only
are a restricted number of antifungal agents available
to treat these infections, but also resistance to antifun-
gal drugs can occur. Table 9–1 summarizes the activ-
ity of known antifungal agents against Candida spp.,
C. neoformans, and A. fumigatus and also includes
drugs in the late stages of development. The data given
in Table 9–1 indicate that most of the agents show some
activity against these pathogens. However, weak anti-
fungal activity can be seen for the pyrimidine analogue,
flucytosine, and azole agent, fluconazole, against A. fu-
migatus, for fluconazole against C. glabrata and C. kru-
sei, and for the echinocandins against C. neoformans.

Resistance to antifungal treatment can develop on
the basis of clinical and microbiological factors. A per-
sistent infection despite treatment with an antifungal
drug at maximal dosage may be described as clinically
resistant to the therapeutic agent. However, the infect-
ing organism may show normal susceptibility to the
agent in vitro (Rex et al, 1997). Clinical resistance to
treatment may result from microbial resistance to an
agent, but may also be the result of complex interac-
tions between an antimicrobial agent and the infecting
microbe in a human host. Microbiological resistance
can be defined as a shift (i.e., a decrease) in antifungal
drug susceptibility that can be measured in vitro by ap-
propriate laboratory methods. Resistance to specific an-
tifungal drugs can be intrinsic (primary resistance) in
some fungal pathogens as indicated above, and resist-
ance can be also acquired (secondary resistance) either
in a transient or permanent manner. The distinction be-
tween a susceptible and a resistant yeast or mould iso-

late can be made when a threshold drug susceptibility
value, i.e., the breakpoint minimal inhibitory concen-
tration (MIC) is reached. In medical practice, break-
point values should predict ideally the success or the
failure of an antifungal drug. However, experiences ac-
cumulated with different antifungal agents showed that
this association cannot always be applied (Rex et al,
1997). Table 9–2 gives interpretative MIC breakpoint
values for fluconazole, itraconazole, and flucytosine
against Candida albicans. An intermediate breakpoint
is given, the so-called dose-dependent susceptible (DDS)
MIC, indicating that the drug dosage is important when
a fungal pathogen possessing a DDS MIC value is iden-
tified. The breakpoint MIC values of a given fungal
pathogen for a specific drug are less relevant for the
microbiologist or the molecular biologist, since only a
modest shift of antifungal drug susceptibility measured
by increase in MIC values can be the consequence of
one or several cellular alterations linked to modifica-
tions of the genetic material. This chapter reviews the
present knowledge about resistance of fungal pathogens
to the major antifungal agents and details the current
understanding of the mechanisms of resistance. Recent
published reviews on this topic provide complementary
information (Kontoyiannis and Lewis, 2002; Lupetti et
al, 2002; Masia Canuto and Gutierrez Rodero, 2002;
Perea and Patterson, 2002a; Sanglard, 2002a; Sanglard
and Odds, 2002b).

ANTIFUNGAL DRUGS IN CURRENT USE: 
MODE OF ACTION AND RESISTANCE

Polyenes
Polyenes belong to a class of natural antifungal com-
pounds discovered in the early 1950s. One of the most
successful polyene derivatives, AmB, is produced by
Streptomyces nodosus. Amphotericin B can form solu-
ble salts in both basic and acidic environments, is not
orally or intramuscularly absorbed, and is virtually in-
soluble in water. The primary mode of action of AmB
is to bind ergosterol in the membrane bilayer of sus-
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TABLE 9–1. Activities of Antifungal Agents Against Candida Species, Cryptococcus neoformans
and Aspergillus fumigatus

MIC90* (�g/ml)

Antifungal Agent C. albicans C. glabrata C. krusei C. parapsilosis C. tropicalis C. neoformans A. fumigatus Reference

Amphotericin B 0.5 1 0.5 0.5 0.5 1 4 Brandt et al, 2001;
Coleman et al, 1998

Flucytosine 4 0.5 16–32 1 4 16 � 64 Coleman et al, 1998;
Gehrt et al, 1995)

Azoles

Fluconazole 1 64 64 2 2 16 � 128 Brandt et al, 2001;
Itraconazole 0.25 4.0 2.0 0.5 0.5 1 0.125 Mosquera and Denning,
Voriconazole 0.06 2.0 1.0 0.12 0.25 0.25 0.5 2002; Pfaller et al, 1998; 
Posaconazole 0.06 4.0 0.5 0.12 0.25 � 0.015 0.031 Pfaller et al, 1999;
Ravuconazole 0.03 4.0 0.5 0.12 0.25 0.25 1 Uchida et al, 2001;

Yamazumi et al, 2000;
Yildiran et al, 2000

Lipopeptides

Caspofungin 0.5 0.5 1 0.5 1 32 N.A** Bartizal et al, 1997;
Micafungin 0.0156 0.156 0.125 1 0.0313 � 64 N.A. Chavez et al, 1999;
Anidulafungin 0.125 0.5 0.25 4 0.125 � 16 N.A. Espinel-Ingroff, 1998;

Mikamo et al, 2000;
Pfaller et al, 1997;
Tawara et al, 2000

*MIC90 is defined as the minimum inhibitory concentration value to which 90% of a study population belongs.
**N.A., not available by means of standard MIC tests.



Resistance to antifungal drugs 113

ceptible organisms, presumably resulting in the pro-
duction of aqueous pores consisting of polyene mole-
cules linked to the membrane sterols. This configura-
tion gives rise to a pore-like structure, leakage of vital
cytoplasmic components (mono- or divalent cations),
and death of the organism. Amphotericin B has a strong
fungicidal effect on most important yeast pathogens.
Time-kill curves in several studies showed that AmB in-
duces a 3 to 4 log decrease in viable colony counts in
a time span of 2 to 4 hours at supra-MIC concentra-
tions. The MICs of AmB are dependent on several fac-
tors and among them is the composition of the testing
medium. Rex and coworkers recommended the use of
a special broth medium (AM3) to determine AmB MICs
against Candida species (Rex et al, 1995). Presently, a
standard protocol, M-27A using AM3 medium, has
been recommended by the NCCLS. Recently, other in-
vestigators evaluated an agar diffusion method using
E-test with RPMI or AM3 as media in order to dis-
criminate AmB-resistant from AmB-susceptible Can-
dida isolates (Peyron et al, 2001). The MIC90 values
for AmB against various Candida species including C.
albicans, C. glabrata, C. parapsilosis, or C. tropicalis
range from 0.25 to 1 �g/ml (Table 9–1). Microbiolog-
ical resistance to AmB can be intrinsic or acquired. In-
trinsic resistance to AmB is common for some C. lusi-
taniae isolates (Pfaller et al, 1994) and for Trichosporon
species (Walsh et al, 1990), while acquired resistance
during antifungal treatment with AmB is still rarely re-
ported among yeast isolates. Some C. lusitaniae isolates
are also able to undergo rapid in vitro switches to AmB
resistance when exposed to the drug (Yoon et al, 1999).

Acquired resistance to AmB is often associated with
alteration of membrane lipids and especially sterols.
Candida albicans clinical isolates resistant to AmB have
been shown to lack ergosterol and to accumulate other
sterols (3�-ergosta-7,22-dienol and 3�-ergosta-8-enol)
typical for a defect in the sterol 
5,6 desaturase system
(Nolte et al, 1997). Such a defect is known in S. cere-
visiae harboring a defect of the 
5,6 desaturase gene
ERG3 (Arthington et al, 1991; Watson et al, 1988).
Curiously, the disruption of the ERG3 gene in C. al-
bicans is not linked to AmB resistance (Sanglard, un-
published). This contrasts with the results obtained in
clinical strains, which probably possess other compen-

satory mutations resulting in AmB resistance. A defect
in 
8–7 isomerase in a clinical C. neoformans isolate
from an AIDS patient also was linked with AmB re-
sistance (Kelly et al, 1994). A decrease in the content
of cell membrane-associated ergosterol also can cause
AmB resistance, since AmB requires the presence of er-
gosterol to damage fungal cells. Different investigations
supported this possibility by demonstrating that (1) de-
velopment of inducible resistance (induced by an adap-
tation mechanism) in a strain of C. albicans was ac-
companied by a decrease in the ergosterol content of
the cells; and (2) polyene-resistant C. albicans clinical
isolates obtained from neutropenic patients had a 74%
to 85% decrease in their ergosterol content (Dick et al,
1980). Another mechanism accounting for the resist-
ance of yeasts to AmB is thought to be mediated by 
increased catalase activity, which can contribute to di-
minished oxidative damage caused by AmB (Sokol-
Anderson et al, 1986).

Flucytosine
Flucytosine (5-FC), which belongs to the class of pyrim-
idine analogues, was developed in the 1950s as a po-
tential antineoplastic agent. Abandoned as an anti-
cancer drug due to its lack of activity against tumors,
5-FC showed good in vitro and in vivo antifungal ac-
tivity. Because 5-FC is highly water-soluble, it can be
administered by oral and intravenous routes (Polak,
1990). Flucytosine is taken up by fungal cells by a cy-
tosine permease and deaminated by a cytosine deami-
nase to 5-fluorouracil (5-FU), a potent antimetabolite,
which is converted to a nucleoside triphosphate and,
when incorporated into RNA, causes miscoding. In ad-
dition, 5-FU can be converted to a deoxynucleoside,
which inhibits thymidylate synthase and thereby DNA
synthesis. Flucytosine shows little toxicity in mam-
malian cells, since cytosine deaminase is absent or
poorly active in these cells. However, while 5-FU is a
potent anticancer agent, it is impermeable to fungal
cells. The conversion of 5-FC to 5-FU is facilitated by
intestinal bacteria; consequently, oral 5-FC is associ-
ated with toxicity. Flucytosine is fungicidal against sus-
ceptible yeasts and fungi. A high variability in 5-FC
MICs is observed against Candida species and C. neo-
formans because of the occurrence of intrinsic resist-
ance. MIC90 values for 5-FC range from 0.5 to 4 �g/ml
for Candida species including C. albicans, C. para-
psilosis, C. tropicalis, and C. glabrata and for C. neo-
formans (Coleman et al, 1998) (Table 9–1).

Flucytosine is not usually administered as a single
agent because of rapid development of resistance; there-
fore, it is used mainly in combination with other agents,
particularly with AmB. In vitro data regarding the com-
bination of both drugs against Candida species and C.
neoformans are numerous and somewhat contradic-

TABLE 9–2. National Committee for Clinical 
Laboratory Standards Interpretive Breakpoints
Against Candida albicans*

Dose-Dependent
Antifungal Agent Susceptible Susceptible Resistant

Fluconazole � 8 16–32 � 64
Itraconazole � 0.125 0.25–0.5 � 1
Flucytosine � 4 � 32

*Data in �g/ml.
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tory, showing antagonistic, indifferent, or synergistic
effects (Groll et al, 1998). Flucytosine is also an anti-
fungal agent against which fungal resistance can be ei-
ther intrinsic or acquired. Resistance may occur due to
the deficiency or lack of enzymes implicated in the me-
tabolism of 5-FC or may be due to the deregulation of
the pyrimidine biosynthetic pathway, in which prod-
ucts can compete with the fluorinated metabolites of
5-FC. Detailed investigations on the molecular mecha-
nisms of resistance to 5-FC have shown that intrinsic
resistance to 5-FC by fungi can be due to a defect in
the cytosine permease (as observed in C. glabrata but
not in C. albicans and C. neoformans). By contrast, ac-
quired resistance results from a failure to metabolize 
5-FC to 5-fluorouridine triphosphate (5-FUTP) and 
5-fluorodeoxyuridine monophosphate (5-FdUMP) or
from the loss of feedback control of pyrimidine biosyn-
thesis (Whelan, 1988).

Azoles
Azole antifungal agents, discovered in the late 1960s,
are synthetic compounds that constitute the largest
group of available antifungal agents. Azole drugs used
in medicine are categorized into N-1 substituted imi-
dazoles (ketoconazole, miconazole, clotrimazole) and
triazoles (fluconazole, itraconazole). The new genera-
tion of broader spectrum azoles are also triazoles
(voriconazole, posaconazole, and ravuconazole).

Azoles have a cytochrome P450 as a common cellu-
lar target in yeasts or moulds (Fig. 9–1). This cy-
tochrome P450, now referred to as Erg11p, is the prod-
uct of the ERG11 gene. The unhindered nitrogen of
the imidazole or triazole ring of azole antifungal agents
binds to the heme iron of Erg11p as a sixth ligand, thus
inhibiting the enzymatic reaction. The affinity of imi-
dazole and triazole derivatives is not only dependent
on this interaction, but is also determined by the N-1
substituent, which is actually responsible for the high
affinity of azole antifungal agents to their target. Each
of these agents has distinct pharmacokinetics and their
antifungal efficacy is different against yeast and mould
species of medical relevance. Azole antifungals have a
broad spectrum of activity as indicated in Table 9–1.
For an inclusive discussion about the azoles (pharma-
cology, spectrum of activity, toxicity and clinical indi-
cations), see Chapter 6.

Reports on resistance to azole antifungal agents were
rare until the late 1980s. The first cases of resistance
were reported in C. albicans after prolonged therapy
with miconazole and ketoconazole. Following the wide-
spread use of fluconazole in a variety of clinical settings
in the 1990s, antifungal resistance to this azole has been
reported more frequently (White et al, 1998). There are
several mechanisms by which yeasts or filamentous

fungi can become resistant to azole antifungal agents.
These mechanisms are illustrated in Figure 9–1.

Resistance by Altered Drug Transport
Failure to accumulate azole antifungal drugs has been
identified as a cause of azole resistance in several post-
treatment clinical fungal isolates, including yeast
species such as C. albicans, C. glabrata, C. krusei, C.
dubliniensis, and C. neoformans (Sanglard and Bille,
2002c). In azole-resistant yeasts, genes encoding ATP
binding cassette (ABC)-transporters were upregulated
as compared to most azole-susceptible species (Fig.
9–1). So far, only Candida drug resistance 1 (CDR1)
and Candida drug resistance 2 (CDR2) genes in C.
albicans (Sanglard et al, 1997; Sanglard et al, 1995;
White, 1997a), CdCDR1 gene in C. dubliniensis
(Moran et al, 1998; Perea et al, 2002b), a CDR1 ho-
mologue in C. tropicalis (Barchiesi et al, 2000),
CgCDR1 and CgCDR2 genes in C. glabrata (Sanglard
et al, 1999; Sanglard et al, 2001) and CnDR gene in
C. neoformans (Posteraro et al, 2003), have been iden-
tified as ABC-transporter genes upregulated in azole-
resistant isolates. In A. fumigatus, itraconazole is able
to induce an ABC-transporter gene, atrF; however, the
role of this gene in the resistance of clinical isolates to
itraconazole is still not clearly established (Slaven et al,
2002). Heterologous expression of ABC-transporter
genes such as CDR1 and CDR2, CdCDR1, CgCDR1,
and CgCDR2 in S. cerevisiae conferred resistance not
only to several azole derivatives (fluconazole, itra-
conazole, ketoconazole) but also to a wide range of
other compounds including antifungal drugs and meta-
bolic inhibitors (Sanglard et al, 1997; Sanglard et al,
1999; Nakamura et al, 2001). With the sequence data
available from the genomes of yeast pathogens (C. al-
bicans, C. glabrata, C. tropicalis, C. neoformans), it is
possible that additional multidrug transporter genes in-
volved in antifungal resistance will be characterized in
the future.

Besides upregulation of ABC-transporter genes, sev-
eral laboratories have also observed that a multidrug
transporter gene named CaMDR1 (Multidrug Resis-
tance 1, previously known as BENr for Benomyl 
resistance) and belonging to the family of Major Fa-
cilitators, was upregulated in some C. albicans azole-
resistant clinical isolates (Sanglard et al, 1995; White,
1997a) (Fig. 9–1). Deletion of CaMDR1 in C. albicans
isolates with acquired azole resistance by CaMDR1 up-
regulation resulted in a sharp increase in azole suscep-
tibility, thus supporting by a genetic approach, the in-
volvement of this specific gene in azole resistance
(Wirsching et al, 2000b). Deletion of CaMDR1 in an
azole-susceptible laboratory strain of C. albicans did
not result in a significant increase in azole susceptibil-
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ity, providing further evidence that CaMDR1 is almost
not expressed in this type of strain and more generally,
in azole-susceptible clinical isolates (Sanglard et al,
1996). Upregulation of a CaMDR1-like gene has also
been observed in a fluconazole-exposed C. tropicalis
isolate, which acquired cross-resistance to fluconazole
and itraconazole (Barchiesi et al, 2000). Upregulation
of another CaMDR1-like gene (CdMDR1) has been re-
ported in fluconazole-resistant C. dubliniensis isolates
(Wirsching et al, 2001; Perea et al, 2002b). In addition,
CdMDR1 has been deleted in this yeast species, al-

lowing a genetic correlation between the presence of
this gene and acquired azole-resistance (Wirsching et
al, 2001).

In most cases, azole resistance acquired in clinical sit-
uations by multidrug transporters in yeast pathogens is
maintained over a high number of generations in vitro
without drug selection. Azole resistance can be, how-
ever, a reversible phenomenon. Marr and collaborators
obtained C. albicans isolates developing azole resist-
ance from bone marrow transplant patients receiving
fluconazole treatment (Marr et al, 1998). Increase in

FIGURE 9–1. Schematic view of the four main resistance mechanisms
to azole antifungals in yeast pathogens. Erg11p, the cellular target
of azole antifungals, is responsible for the demethylation of lanos-
terol. 14�-demethlylated sterols serve as further substrates in the for-
mation of ergosterol. When azole drugs bind Erg11p, lanosterol

demethylation is blocked and sterol metabolites remain methylated
at the position 14�. The toxic metabolite 3,6-diol (14�-methyler-
gosta-8,24(28)-dien-3�,6�-diol) is formed from the action of ERG3
on 14�-methylfecosterol. Details on specific resistance mechanisms
are given in the text.
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fluconazole MIC was coupled with upregulation of
CDR1 but the MIC decreased with a parallel decrease
in CDR1 expression in drug-free subculture. Azole-
susceptible isolates from these type of patients, when ex-
posed in vitro to fluconazole, developed reversible azole
resistance by the same CDR1 upregulation mechanism.
Interestingly, only a portion of individually exposed
colonies were rendered less susceptible to fluconazole,
thus indicating that heteroresistance, which had already
been described in azole-exposed C. neoformans iso-
lates, could also occur in specific C. albicans isolates
(Marr et al, 2001). Another interesting acquisition of
azole resistance in a clinical context by multidrug trans-
porter upregulation has been provided by C. glabrata.
This yeast can convert to azole resistance by loss of mi-
tochondrial DNA. The phenomenon, also called high
frequency azole resistance (HFAR) because it occurs in
vitro at high frequencies, was coupled with upregula-
tion of both CgCDR1 and the novel ABC-transporter
gene CgCDR2 (Sanglard et al, 2001).

The molecular basis for the upregulation of mul-
tidrug transporters belonging to the ABC and Major
Facilitator families is being actively pursued in yeast
pathogens. Investigators believe that the mutation(s)
leading to gene upregulation might rather be caused by
alterations in trans (i.e., those involving transcription
factors). Using the Renilla luciferase reporter system
fused to CDR1 and CDR2 promoters cloned from
azole-susceptible isolates, de Micheli and colleagues
showed that the expression of these genes was enhanced
in an azole-resistant strain, in which these genes are
constitutively upregulated (de Micheli et al, 2002).
With another reporter system (i.e., gene-encoding green
fluorescent protein fused to the CaMDR1 promoter
from an azole-susceptible strain), investigators showed
that high fluorescence could be obtained when the
chimeric construct was introduced into azole-resistant
strains upregulating CaMDR1 (Wirsching et al, 2000a).
Until now, only the CDR1 and CDR2 promoters have
been dissected systematically for the presence of regu-
latory elements. A common drug responsive element
(DRE) in both promoters could be experimentally de-
limited with the consensus 5�-CGGA(A/T)ATCG-
GATATTTTTTTT-3�, which has no equivalent in eu-
karyotic promoter databases (de Micheli et al, 2002).
This DRE is necessary for CDR1 and CDR2 transient
upregulation by drugs and for constitutive upregula-
tion in an azole-resistant isolate. However, the detailed
pathway resulting in CDR gene upregulation and the
identity of proteins binding to the DRE remain to be
determined.

No published data are yet available on the dissection
of the CaMDR1 promoter. In this promoter however,
a AP1–like binding site (TTAGTAA) is present at �470
from the ATG start codon, suggesting that an AP1-like

transcription factor might interact with the regulation
of CaMDR1 (Sanglard, unpublished). Saccharomyces
cerevisiae possesses an AP1-like transcription factor,
YAP1, which mediates the expression of fluconazole
resistance 1 (FLR1), a gene similar to CaMDR1 in S.
cerevisiae (Alarco et al, 1997a). This transcription fac-
tor shuffles from the cytoplasm to the nucleus under
oxidative stress conditions and thus activates the tran-
scription of target genes (Kuge et al, 2001). A C. albi-
cans homologue of YAP1, CAP1, has been isolated and
its disruption affects survival under oxidative stress
stimulated by exposure to H2O2 (Alarco and Raymond,
1997b). Deletion of CAP1 also affects, but not abol-
ishes, responsiveness of CaMDR1 in the presence of
benomyl, thus suggesting that CAP1 and yet unknown
factors have the ability to interact with CaMDR1
(Sanglard, unpublished). In an azole-resistant isolate in
which CaMDR1 upregulation was detected, CAP1
deletion has been performed. In this case, however, no
decrease of CaMDR1 expression could be measured,
thus suggesting that CaMDR1 upregulation can be
caused by CAP1-independent upregulation pathway(s)
(Sanglard, unpublished).

Multidrug transporter genes can be upregulated in
C. glabrata by the HFAR phenomenon as mentioned
above. High frequency azole resistance strains show
high constitutive expression of the ABC-transporters
CgCDR1 and CgCDR2, thus explaining the high level
fluconazole resistance measured in these strains of C.
glabrata (Sanglard et al, 2001). CgCDR1 and CgCDR2
promoters contain DNA regulatory elements, so-called
pleotropic drug responsive elements (PDRE), first de-
scribed in the promoter of the S. cerevisiae PDR5 gene,
the product of which is an important ABC transporter
having similar functions as the C. albicans CDR1 and
the C. glabrata CgCDR1 genes (Katzmann et al, 1996).
The regulatory circuit of PDR5 involves two tran-
scription factors (PDR1 and PDR3). Thus, it is likely
that similar factors could function for the upregulation
of CgCDR1 and CgCDR2 in C. glabrata. Multidrug
transporter upregulation in C. glabrata can be consid-
ered as basically different from transporter upregula-
tion in C. albicans, given that CDR genes do not pos-
sess PDRE-like sequences, but rather unrelated DRE
sequences in their promoters, making it likely that dif-
ferent transcription factors will bind to these sequences.
Surprisingly, C. albicans genes related to PDR1 and
PDR3 have been isolated by functional complementa-
tion in S. cerevisiae and can activate the transcription
of PDR5 via the PDRE sequences (Yang et al, 2001).

One of the implications of the involvement of mul-
tidrug efflux transporters in resistance to azole anti-
fungal drugs is that these transporters have the ability
to mediate cross-resistance to unrelated antifungals or
metabolic inhibitors. In order to determine whether or
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not a given substance is a potential substrate for mul-
tidrug efflux transporters, different approaches have
been taken. One approach consists of functional ex-
pression of the C. albicans multidrug efflux trans-
porters in baker’s yeast, S. cerevisiae, carrying a dele-
tion of the PDR5 gene (Sanglard et al, 1996; Sanglard
et al, 1997). Depending on the acquisition of resistance
of S. cerevisiae mutants expressing these specific trans-
porters against a given compound, the substance can
be considered as a potential substrate for the expressed
multidrug transporter. Potential substrates for the mul-
tidrug efflux transporters encoded by CDR1 and CDR2
include almost all antifungal azoles of medical impor-
tance (fluconazole, itraconazole, posaconazole, vori-
conazole, ravuconazole) as well as other antifungal
agents such as terbinafine and amorolfine. For the mul-
tidrug transporter encoded by CaMDR1, fluconazole
was the only relevant substrate among azole antifun-
gals. Data suggest that the upregulation of CaMDR1
is responsible for the specific resistance to fluconazole
among Candida isolates, consistent with the observa-
tion that CaMDR1 overexpression in S. cerevisiae was
only conferring resistance to fluconazole (Sanglard et
al, 1997). Since not only azole antifungal drugs but
other antifungal agents can be taken simultaneously as
substrates by several multidrug efflux transporters,
these genes, when upregulated in yeast clinical isolates,
have the potential of mediating cross-resistance to dif-
ferent antifungal agents.

Resistance Involving Alterations 
of the Cellular Target

Alterations in the affinity of azole derivatives to Erg11p
is another important mechanism of resistance and has
been described in different posttreatment yeast species,
namely C. albicans (Vanden Bossche et al, 1990) and
C. neoformans (Lamb et al, 1995). Affinity alterations
are thought to be due to mutations in the gene encod-
ing Erg11p (ERG11), which, by conformational
changes, can affect the binding of azole derivatives 
(Fig. 9–1). When comparing ERG11 sequences from
matched pairs of azole-susceptible and azole-resistant
C. albicans isolates, several laboratories have described
nucleotide substitutions in ERG11 alleles from azole-
resistant C. albicans isolates, resulting in amino acid
changes. A total of 83 amino acids substitutions have
been reported by these studies (Sanglard and Bille,
2002c), illustrating the high allelic variability for
ERG11, which still has few equivalents in other genes
in lower eukaryotes. Functional expression of PCR-
amplified ERG11 alleles in S. cerevisiae as described
by azole susceptibility assays is a convenient alterna-
tive to reveal mutations coupled with the development
of azole resistance (Sanglard et al, 1998). In vitro meth-
ods consisting of binding assays of azoles with mutant

Erg11p protein variants have been carried out for the
substitutions found in ERG11 alleles of azole-resistant
isolates. The introduction of the following substitu-
tions, Arg467 to Lys, Gly464 to Ser, and Tyr132 to
His, into C. albicans Erg11p resulted in decreased azole
binding capacity (Kelly et al, 1999a; Kelly et al, 1999b;
Lamb et al, 2000). While some ERG11 alleles of azole-
resistant isolates contained a single mutation responsi-
ble for azole resistance, other ERG11 alleles were
found to contain several mutations with potential ad-
ditive effects. Alteration of the cellular target appears
to be an important resistance mechanism in A. fumi-
gatus clinical isolates that acquire resistance to itra-
conazole. Recently, investigators reported that a muta-
tion in one of the ERG11 alleles (Cyp51A) at amino
acid position 54 could be responsible for resistance to
itraconazole and posaconazole (Mann et al, 2002; Mel-
lado et al, 2002). Interestingly however, this mutation
is not associated with changes in voriconazole suscep-
tibility. Aspergillus fumigatus isolates resistant to
voriconazole remain rare (Mosquera and Denning,
2002).

Upregulation of ERG11 has been mentioned as a
possible cause of azole resistance among a few C. al-
bicans and C. glabrata clinical isolates (Fig. 9–1). Up-
regulation of ERG11 does not exceed a factor of 3–5
in azole-resistant isolates when compared to ERG11
expression in related azole-susceptible strains (Sanglard
et al, 1995). Upregulation of ERG11 can be achieved
in principle by deregulating gene transcription or by
gene amplification. This latter possibility has been
demonstrated in a C. glabrata isolate resistant to azole
derivatives (Marichal et al, 1997). Upregulation of
ERG11 can also be obtained by exposure of C. albi-
cans to ergosterol biosynthesis inhibitors, especially
azole agents. Exposure of C. albicans to these type of
drugs affects the expression of other ERG genes, as re-
cently confirmed by genomewide expression studies
performed in C. albicans (De Backer et al, 2001).

Resistance Involving Alterations in the 
Ergosterol Biosynthetic Pathway

Analysis of the sterol composition of azole-resistant
yeasts has provided several hypotheses about specific
alterations of enzymes involved in the complex ergos-
terol biosynthetic pathway. Accumulation of ergosta-
7,22-dienol-3�-ol was observed in two separate azole-
resistant C. albicans clinical isolates, which is a feature
consistent with an absence of sterol 
5,6 desaturase ac-
tivity encoded by ERG3 (Nolte et al, 1997). Interest-
ingly, azole resistance in these two cases was coupled
with resistance to AmB, which was expected because
of the absence of ergosterol in these cells. An ERG3
defect and cross-resistance between azoles and AmB
were also reported in other C. albicans isolates from
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AIDS patients (Kelly et al, 1996; Kelly et al, 1997).
ERG3 deletion by targeted mutagenesis in laboratory
strains of C. albicans (Sanglard, unpublished) and 
C. glabrata (Geber et al, 1995) is not linked to AmB
resistance, in contrast to the analysis of C. albicans clin-
ical strains. In addition, the role of ERG3 in azole re-
sistance originates from the observation that treatment
with azoles of a normal yeast cell inhibits Erg11p, 
resulting in accumulation of 14�-methylated sterols
and 14�-methylergosta-8,24(28)-dien-3�,6�-diol. For-
mation of this latter sterol metabolite is thought to be
catalyzed by the ERG3 gene product (the sterol 
5,6

desaturase). Thus, inactivation of this gene suppresses
toxicity and causes azole resistance (Kelly et al, 1995;
Lupetti et al, 2002) (Fig. 9–1). This specific mechanism
of resistance to azole derivatives among C. albicans
seems to mimic azole resistance obtained in laboratory
conditions among S. cerevisiae by mutations of the
ERG3 gene (Watson et al, 1988). Loss of functional
mutations in ERG3 alleles from the known C. albicans
azole-resistant Darlington strain were characterized re-
cently (Miyazaki et al, 1999). Unfortunately, the effect
of these mutations on azole resistance were masked by
other azole resistance mechanisms in this strain, mak-
ing it difficult to assess the contribution of ERG3 in
these conditions (Miyazaki et al, 1999).

Multiple Azole Resistance 
Mechanisms in Clinical Isolates

In some studies investigating resistance mechanisms to
azoles among clinical isolates, sequential isolates from
patients treated with these compounds may show a
stepwise increase in azole resistance, as measured by
susceptibility testing. This stepwise increase in azole re-
sistance indicates that different resistance mechanisms
could operate and, through their sequential addition,
explain the increase in azole MIC values. Several ex-
amples have documented the multifactorial basis of
azole resistance in clinical isolates (Sanglard et al, 1995;
White, 1997a; White, 1997b; Sanglard et al, 1998; Perea
et al, 2001). The combination of resistance mechanisms
seems to be associated with a high level of azole resist-
ance, e.g., MIC values for fluconazole exceeding 64
�g/ml (Perea et al, 2001). Alterations of the target en-
zymes by several distinct single or multiple mutations
and upregulation of multidrug transporters from two
different families provide a large flexibility for the po-
tential combinations of resistance mechanisms. Molecu-
lar epidemiologic studies of azole resistance performed
mainly with C. albicans isolates demonstrated that the
diversity of resistance mechanism combinations was high
enough to indicate that only a very few azole resistant
isolates have identical patterns of ERG11 mutations and
profiles of multidrug transporter genes expression. The

relative frequency of resistance mechanisms in large pop-
ulations of azole-resistant isolates has been investigated
in a few studies. Perea and coworkers showed that 85%
of azole-resistant isolates were upregulating multidrug
transporter genes and that 65% contained ERG11 mu-
tations linked to azole resistance (Perea et al, 2001).
Overall, 75% of the azole-resistant isolates combined re-
sistance mechanisms. These results matched our own
data obtained on azole-resistant isolates from 18 HIV-
positive patients; 82% of these isolates showed upregu-
lation of multidrug transporter genes; 63% contained
ERG11 mutations linked to azole resistance; and 
50% showed combinations of resistance mechanisms
(Sanglard, unpublished). The relative distribution of the
type of multidrug transporter genes upregulated in these
populations favors the ABC-transporters CDR1 and
CDR2; these transporters are upregulated in approxi-
mately twice as many azole-resistant isolates than in iso-
lates with CaMDR1 upregulation.

Combination of resistance mechanisms is not always
linked to high levels of resistance. In C. glabrata azole-
resistant isolates, a single resistance mechanism (i.e.,
upregulation of the CgCDR1 ABC-transporter gene) is
responsible for acquisition of high level azole resist-
ance. Genetic evidence has also been provided for the
occurrence of this single resistance mechanism by dele-
tion of CgCDR1 in an azole-resistant strain, which re-
sults in a decrease of fluconazole MIC values near to
those obtained in the parental azole-susceptible isolate
(Sanglard et al, 1999).

Alternative Mechanisms of Resistance
Besides the resistance mechanisms described above, al-
ternative pathways for the acquisition of azole resist-
ance can be used by yeasts and moulds. One interest-
ing alternative for development of azole resistance is
the ability of fungal pathogens to form biofilms on syn-
thetic or natural surfaces. Biofilms are organized as a
dense network of differentiated cells onto which a layer
of extracellular matrix can form. Biofilms can consti-
tute a physical barrier for the efficient penetration of
antifungal drugs, which could explain why fungal cells
embedded in the biofilm become recalcitrant to the an-
tifungal action of the drugs. Measurement of drug sus-
ceptibilities of C. albicans or C. dubliniensis obtained
from biofilms yielded high MIC values for azoles and
AmB as compared to planktonic cells (Ramage et al,
2002). As reported for C. albicans, the expression of
genes involved in azole resistance (i.e., multidrug trans-
porter genes) can also be altered in biofilms and may
contribute to the relatively high azole resistance meas-
ured in the fungal cell population of these dense struc-
tures (Ramage et al, 2002). The clinical relevance of
biofilm formation and the potential contribution of
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biofilm to resistance to the action of antifungal agents
is still under debate. There are at least two situations
where biofilms can form in vivo: when fungal cells grow
as multilayers on mucosal surfaces (as in oropharyn-
geal candidiasis) or grow on synthetic surfaces of
catheters. Resistance to antifungal agents by fungal-as-
sociated biofilm formation is therefore limited to spe-
cific clinical presentations.

Genome Approaches to the 
Study of Azole Resistance

Azole resistance among fungal pathogens until now has
been correlated with the upregulation of a limited num-
ber of genes belonging mainly to two distinct multidrug
transporter families or to the ergosterol biosynthesis
pathway. Microarray experiments, with their ability to
deliver collections of genes differentially expressed in a
genome, represent an attractive tool to identify clusters
of genes coregulated between azole-susceptible and
azole-resistant isolates. The expression of coregulated
genes might be controlled by common regulatory cir-
cuits converging to similar regulatory sequences in the
promoters of these genes. In one study of microarrays
representing almost the entire C. albicans genome, gene
expression profiles of individual C. albicans isolates
with reduced azole susceptibility were investigated;
these isolates were upregulating either CDR1/CDR2 or
CaMDR1 (Cowen et al, 2002). Interestingly, in an iso-
late upregulating CDR2, other upregulated genes were
found and, under them, three genes (YPL88 [LPG20],
YOR49 [RTA3], and YLR63) contained in their pro-
moter a consensus for a DRE, which is necessary for
CDR1 and CDR2 upregulation. In other isolates up-
regulating CaMDR1, several genes involved in oxida-
tive stress response were also upregulated, suggesting
that the oxidative stress pathway, to which CAP1 also
belongs, is contributing to CaMDR1 upregulation.
With another microarray study, other sets of C. albi-
cans azole-resistant and azole-susceptible isolates were
compared for differential gene expression (Rogers and
Barker, 2002). These investigators confirmed some of
the earlier results by Cowen et al related to the coor-
dinate upregulation of CDR1/CDR2 and YOR49
(RTA3) LPG20 (IFD5), and also enlarged the analysis
to other upregulated genes such as the ergosterol bio-
synthesis gene ERG2, and the cell stress genes, CRD2
and GPX1. Microarray experiments also represent a
valuable tool to investigate the mode of action of cur-
rent or investigational antifungal drugs. This technique
was used with S. cerevisiae cells exposed to fluconazole
(Bammert and Fostel, 2000) and to AmB (Zhang et al,
2002) or with C. albicans cells exposed to itraconazole
(De Backer et al, 2001). Beside confirming the mode of
action of these drugs, these microarray studies can also

reveal other side effects (so-called off-targets) of the
drugs on the metabolism of the entire cell.

Future microarray experiments will likely evaluate
other azole-resistant isolates as tester strains for ex-
pression profile analyses. These analyses will be help-
ful not only because they may cluster genes under the
control of specific regulatory pathways, but also they
may reveal still unmasked azole resistance mechanisms.

Cyclic Lipopeptides: The Echinocandins
The fungal cell wall is an essential component for the
maintenance of turgor pressure of the cell and is ab-
sent from mammalian cells. The fundamental compo-
nents of the cell wall of most fungi are chitin, �- and
�-linked glucans, mannoproteins, and glycosylphos-
phatidylinositol (GPI)-anchored proteins. Cyclic lipo-
peptide antifungal agents target the biosynthesis of in-
dividual cell wall components, which are attractive
novel targets. The echinocandins are noncompetitive in-
hibitors of �-1,3 glucan synthase, which is part of an en-
zyme complex that forms the major glucan polymers of
most pathogenic fungi. �-1,3 glucan synthases in S. cere-
visiae are encoded by 2 separate genes, FKS1 and FKS2
(Kurtz and Douglas, 1997), whose simultaneous deletion
results in nonviable cells. FKS-like genes have been cloned
from other fungal pathogens, including C. albicans,
C. neoformans, and Paracoccidioides brasiliensis (Dou-
glas et al, 1997; Mio et al, 1997; Thompson et al, 1999;
Pereira et al, 2000). Synthetic variations on the echinocan-
din moiety have produced several molecules with im-
proved water solubility, antifungal potency and efficacy
in animal models. Caspofungin (MK-0991) is the only
currently approved echinocandin; two other drugs in
this class are in various stages of development, mica-
fungin (FK 463) and anidulafungin (VER 002). Caspo-
fungin, a semisynthetic analogue of pneumocandin Bo
(Onishi et al, 2000), is water-soluble, only available in
parenteral form, and has very good fungicidal activity
against a large number of Candida spp. and Aspergillus
spp. The MIC values for these pathogens range between
0.12 and 2 �g/ml (Table 9–1).

The MICs for caspofungin against A. fumigatus are
however atypical. Since the drug is active against ex-
perimental in vivo models of aspergillosis (Bowman et
al, 2002), other criteria for measuring its activity have
been developed (Arikan et al, 2001), such as the min-
imal effective concentration (MEC), which estimates
microscopic cell damage rather than decrease in growth
as classically measured by standard MIC tests. Pneu-
mocandin resistance was first demonstrated in the
model yeast S. cerevisiae; a mutant R560-1C was
shown to be resistant to the semisynthetic pneumo-
candin derivative L-733,560. Glucan synthesis cat-
alyzed by a crude membrane fraction prepared from
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the S. cerevisiae was resistant to inhibition by 
L-733,560; a nearly 50-fold increase in the inhibitory
concentration 50% (IC50) against glucan synthase was
paralleled by an increase in whole-cell resistance (Dou-
glas et al, 1994).

Pneumocandin resistance has been established in C.
albicans either by mutagenesis or by spontaneous se-
lection at low frequency of resistant mutants on pneu-
mocandin-containing medium. Resistant mutants in-
creased their MIC values to pneumocandin derivatives
by 50- to 100-fold. The IC50 of glucan synthase activ-
ity was affected to variable degrees, from 4- to over
5000-fold, in these mutants, suggesting that alterations
in this enzyme were responsible for resistance. With the
cloning of the CaFKS1 gene encoding a subunit of 
�-1,3 glucan synthase, genetic evidence was provided for
this possibility since disruption of CaFKS1 echinocan-
din-resistant alleles in a C. albicans resistant mutant re-
sulted in loss of resistance (Douglas et al, 1997; Mio
et al, 1997). These experiments also provided the evi-
dence that echinocandin derivatives were targeting the
product of the CaFKS1 gene in C. albicans. Not only
was the development of echinocandin resistance a rare
event in C. albicans, but also it was coupled with re-
duced virulence in animal models (Frost et al, 1997).
Other echinocandin-resistant mutants have been pro-
duced without significant loss of virulence. These mu-
tants were more refractory but still susceptible to treat-
ment with the echinocandin L-733,560 than fully
susceptible wild types (Kurtz et al, 1996). Since the in-
troduction of caspofungin for the treatment of fungal
diseases is a very recent event, it is too early to specu-
late on the impact of the clinical use of this drug on
the potential emergence of resistance.

SURVIVING IN THE PRESENCE 
OF ANTIFUNGAL DRUGS

Some important antifungal agents in use (fluconazole,
itraconazole) have a fungistatic activity in C. albicans,
while other compounds have strong (e.g., AmB) or
moderate (e.g., caspofungin) fungicidal activities in C.
albicans. The fungistatic nature of azoles limits the ef-
ficacy of these substances especially in patients with 
serious immunosuppression, since the immune system
participates actively with azoles in the elimination of
C. albicans from infected sites. Recently, a screening of
different types of drugs encountered in medical prac-
tice and capable of potentiating the activity of azoles
was done. Among these different drugs, cyclosporin A
was found to act in synergism with fluconazole and
converted the in vitro fungistatic antifungal effect of
fluconazole into a potent fungicidal effect (Marchetti
et al, 2000b). This conversion into a fungicidal effect
is due to a loss of tolerance, which is generally defined

as the capacity of an organism to survive in the pres-
ence of a drug at growth-inhibiting concentrations. The
impact of the loss of fluconazole tolerance on drug ef-
ficacy was tested in a rat model of endocarditis due to
C. albicans infection (Marchetti et al, 2000a). The re-
sults of animal experiments confirmed those results ob-
served in vitro: the combination of fluconazole with cy-
closporin A greatly increased the efficacy of fluconazole
treatment and reduced fungal load to undetectable lev-
els in infected organs. The molecular mechanism of cy-
closporin A on fluconazole tolerance in C. albicans
infection is thought to be exerted at the level of the 
cyclophilin–cyclosporin A complex, which inhibits cal-
cineurin functions. Calcineurin, a protein phosphatase
conserved among eukaryotic organisms, is activated by
a calcium-dependent pathway (Rusnak and Mertz,
2000). Recent studies indicate that calcineurin is es-
sential for survival of C. albicans exposed to different
environmental stresses; among these, exposure to anti-
fungal agents is of special relevance (Cruz et al, 2002)
(Sanglard, unpublished). Calcineurin seems to be in-
volved in the survival of other fungal pathogens (i.e.,
C. krusei and C. glabrata) in the presence of antifun-
gal drugs (Bonilla et al, 2002; Cruz et al, 2002). Inhi-
bition of calcineurin could therefore be utilized in the
future for increasing the efficacy of specific antifungal
drugs. The exact mechanisms by which calcineurin pro-
tects C. albicans from cell death in the presence of an-
tifungal drugs remain to be elucidated.

CURRENT SITUATION OF RESISTANCE 
TO ANTIFUNGAL DRUGS

Antifungal resistance over the last 10 to 15 years has
been seen with triazole antifungals (fluconazole, itra-
conazole) in relation to oropharyngeal candidiasis as-
sociated with HIV infection. However, with the in-
troduction of highly active antiretroviral therapy
(HAART) for AIDS, oral candidiasis has decreased in
frequency (Martins et al, 1998) and azole-resistant iso-
lates from AIDS patients are now rarely isolated. The
extensive use of azole antifungals during this period,
either for treatment or prophylaxis of fungal diseases,
could have been a predisposing factor for the emer-
gence of yeast species intrinsically resistant, such as C.
krusei or C. glabrata. However, available prospective
data from oral and vaginal samples from more than
1220 HIV positive women between 1993 and 1995
showed little shift in the spectrum of Candida species,
with C. albicans accounting for 87% of isolates at the
start of the study, 84% after 1 year and 83% after 2
years (Sobel et al, 2000). The data for HIV-negative
patients showed a similar (82%–87%) prevalence of C.
albicans. Accordingly, azole usage appears to have lit-
tle effect on the prevalence of Candida species origi-
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nating from mucosal surfaces and has not predisposed
to the predominance of non-C. albicans species associ-
ated with intrinsic resistance. Large surveillance stud-
ies performed in North America and in Europe have
also looked at the problem of antifungal resistance in
disseminated infections. A recent study of Candida
bloodstream isolates in North America and Latin
America indicated that less than 2% and 9% of Can-
dida spp. were resistant to fluconazole and itracona-
zole, respectively (Pfaller et al, 2000). An overview of
available data from population-based surveillance pro-
grams of Candida bloodstream infections indicate lit-
tle, if any, resistance to fluconazole emerged among
bloodstream isolates of Candida spp. between 1992
and 2000 (Pfaller and Diekema, 2002). In a recent 
review of this issue, the main conclusion was that C.
albicans, which is the principal species to cause can-
didemia, has undergone no significant shift in flucona-
zole or itraconazole MICs (Sanglard and Odds, 2002b).

Some population shift toward intrinsically resistant
non-C. albicans species has been reported in specific in-
stitutions. Compilation of data by Sanglard and Odds
supports a correlation of C. glabrata and C. krusei
prevalence with the introduction of fluconazole ther-
apy (Sanglard and Odds, 2002b). Other less common
fungi, many of which are intrinsically resistant to the
currently available antifungal agents, are being in-
creasingly reported as causes of fungal infections and
therefore deserve more attention. These fungi include
Zygomycetes (Rhizopus arrhizus, Mucor spp., Rhi-
zomucor pusillus), Fusarium spp., Trichosporon asahii,
Scedosporium spp., Acremonium spp. and dematia-
ceous fungi (Fridkin and Jarvis, 1996; Groll and Walsh,
2001; Perea and Patterson, 2002a).

CONCLUSIONS AND PERSPECTIVES

Studies on mechanisms of resistance of fungal organ-
isms to antifungal agents have documented the many
different resources utilized by simple microorganisms to
circumvent the effect of growth inhibitory substances.
Expectations are that other mechanisms will soon be re-
vealed, either by use of novel technologies (i.e.,
genomewide analysis with DNA microarrays) or by con-
tinued isolation of resistant isolates in hospital envi-
ronments. Clinicians faced with the treatment of fungal
diseases have to take into account that fungal pathogens
have versatile tools for evolving resistance mechanisms.
This phenomenon was seen with azole resistance in
AIDS patients before the introduction of HAART. Even
if the incidence of antifungal drug resistance among fun-
gal pathogens is now low, studies on surveillance of an-
tifungal resistance are still necessary. New antifungal
agents with improved properties (voriconazole) or with
a new mode of action (echinocandins) are now avail-

able and offer attractive alternatives for the treatment
of fungal diseases. In addition, combinations of these
newer antifungal agents with older agents can be better
rationalized since each of the individual drugs has a dif-
ferent mode of action. These antifungal drug combina-
tions will likely offer novel alternative therapeutic ap-
proaches for refractory fungal infections.
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Invasive fungal infections (IFIs) have become an im-
portant problem in recent years, particularly among im-
munocompromised patients, such as those with cancer
and those undergoing transplantation or chemother-
apy. Corticosteroid treatment and phagocytic dysfunc-
tion occurring in patients with chronic granulomatous
disease (CGD), human immunodeficiency virus (HIV),
graft vs. host disease (GVHD) and birth prematurity
are some other conditions that are associated with high
frequency of IFIs. Invasive candidiasis and aspergillo-
sis are the most frequent opportunistic IFIs. Despite re-
cent progress in antifungal therapy with the develop-
ment of new potent antifungal drugs and establishment
of novel antifungal strategies of prevention and early
treatment, their outcome remains dismal and mortality
can be up to 90% (Denning, 1998). Reconstitution of
immune host defense is a critical factor for recovery
from IFIs (Roilides et al, 1998a).

Host defense against fungi is through both innate and
acquired immunity. Innate immunity is based on the
antifungal action of mononuclear and polymorphonu-
clear phagocytes. Both the number and the function of
these cells can be up-regulated by hematopoietic growth
factors (HGFs) and proinflammatory cytokines. By
contrast, antiinflammatory cytokines exert an overall
suppressive effect on antifungal function of phagocytes.
Table 10–1 provides the names with abbreviations of
clinically relevant HGFs and cytokines. Acquired im-
munity is based on T lymphocytes and antibody pro-
duction by B lymphocytes and has been studied best in
the cases of the fungal pathogens, Candida albicans and
Cryptococcus neoformans (Aguirre and Johnson, 1997).

The immune system responds to challenges by fungi
with secretion of a number of cytokines. For example
in the case of Aspergillus fumigatus, one of the com-
monest pathogenic fungi, inhalation of conidia results
in the production of interleukin (IL)-18, IL-12, and 
interferon (IFN)-�, which play a protective role in 
pulmonary aspergillosis (Brieland et al, 2001). On the
other hand, conidia, hyphae, and even fungal cell wall
components result in secretion of high levels of IFN-�,
granulocyte-macrophage colony-stimulating factor (GM-

CSF), tumor necrosis factor (TNF)-�, IL-2, and IL-6,
especially by macrophages and monocytes (Grazziutti
et al, 1997; Schelenz et al, 1999) orchestrating the host
response to the invading fungus (Fig. 10–1). The im-
mune responses to medically relevant fungi are sum-
marized in Table 10–2.

HEMATOPOIETIC GROWTH FACTORS 
AND OTHER CYTOKINES

The most important biologic properties of HGFs and
cytokines related to antifungal host defense are re-
viewed here. Granulocyte colony-stimulating factor 
(G-CSF) acts upon polymorphonuclear neutrophils
(PMNs), promoting their maturation and increasing
their number in peripheral blood (Lieschke and Burgess,
1992; Nemunaitis, 1997). In vitro studies have demon-
strated that G-CSF also regulates the function of intact
PMNs against fungi, such as C. albicans and A. fumi-
gatus hyphae, mainly by enhancement of PMN super-
oxide anion (O2

�) production (Roilides et al, 1995a;
Roilides et al, 1993a; Liles et al, 1997). This enhance-
ment occurs even when PMNs have been previously
suppressed by corticosteroids (Roilides et al, 1993b).

Polymorphonuclear neutrophils from patients treated
with G-CSF have been found to possess enhanced in
vitro activity not only against A. fumigatus but also
against Rhizopus arrhizus, C. albicans (Liles et al,
1997), and C. neoformans (Vecchiarelli et al, 1995).
The latter two fungal organisms were killed even by
PMNs from HIV-infected patients who had received 
G-CSF (5 �g/kg), a finding suggesting that this cytokine
restores the suppressed function (Vecchiarelli et al,
1995). The effect of G-CSF has been also tested in com-
bination with fluconazole and voriconazole in vitro and
an additive effect has been found against C. albicans
and A. fumigatus (Natarajan et al, 1997; Vora et al,
1998). Similar effect has been demonstrated in a neu-
tropenic murine model of invasive aspergillosis given
G-CSF and posaconazole (Graybill et al, 1998).

Granulocyte-macrophage colony-stimulating factor
acts on both granulocytic and monocytic lineages, reg-
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ulating the number not only of PMNs but also of
eosinophils and monocytes. Granulocyte-macrophage
colony-stimulating factor enhances antifungal activities
of intact PMNs and mononuclear cells (MNCs) against
C. albicans (Smith et al, 1990), A. fumigatus (Roilides
et al, 1994), and other less common fungi. The effect
of GM-CSF has been tested in vitro in combination
with voriconazole and an additive effect, similar to that
with G-CSF, has been found against A. fumigatus (Vora
et al, 1998). Granulocyte-macrophage colony-stimulat-
ing factor also primes macrophages to release mediators
of inflammation such as IL-1 and TNF-� (Rodriguez-
Adrian et al, 1998) that can overcome dexamethasone-
mediated suppression of antifungal monocytic activity
against Aspergillus (Roilides et al, 1996a). On the other
hand, these mediators may be responsible for the toxi-
city associated with GM-CSF therapy.

Macrophage colony-stimulating factor (M-CSF),
which promotes the differentiation, proliferation, and
activation of MNCs and macrophages, enhances the
antifungal in vitro activity of MNCs and macrophages
against Candida spp. (Karbassi et al, 1987), A. fumi-
gatus (Roilides et al, 1995b) and other fungi. This en-
hancement also has been shown in vivo (Cenci et al,
1991; Roilides et al, 1996b).

Interferon-� is a potent activator of both PMN and
macrophage function (Murray, 1994) that can enhance
phagocytic activity against a number of fungal pathogens
both in vitro and in vivo (Kullberg and Anaissie, 1998a).
An up-regulatory role of IFN-� on both PMNs and
MNCs against Aspergillus hyphae has been shown as
well as an additive effect of the combination of IFN-�
and G-CSF at high concentrations (Roilides et al, 1994;
Roilides et al, 1993a). Compared to G-CSF and 
GM-CSF, IFN-� has been shown to be a very potent
activator of phagocytes against opportunistic fungal
pathogens (Gaviria et al, 1999). Synergy between IFN-
� and antifungal agents against Candida species, A. fu-
migatus, C. neoformans, Paracoccidioides brasiliensis,
and Blastomyces dermatiditis has been demonstrated
in vitro by use of macrophages (Rodriguez-Adrian et
al, 1998) and in vivo for experimental cryptococcosis
(Lutz et al, 2000).

Interleukin-12 can enhance fluconazole efficacy
against Candida infections in mice with neutropenia
(Mencacci et al, 2000) and has activity alone in ex-
perimental murine cryptococcosis (Clemons et al,
1994), histoplasmosis (Zhou et al, 1995), coccid-

TABLE 10–1. Clinically Relevant Hematopoietic
Growth Factors and Cytokines with Potential 
Utility as Adjunctive Antifungal Therapy
Hematopoietic
Growth Factors Cytokines

G-CSF IFN-� IL-4
GM-CSF TNF-� IL-10
M-CSF IL-12 IL-15

G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulo-
cyte-macrophage colony-stimulating factor; M-CSF, macrophage
colony-stimulating factor; IFN-�, interferon-�; TNF-�, tumor necro-
sis factor-�; IL, interleukin.
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FIGURE 10–1. Cytokine response of host pulmonary immune cells after challenge with conidia of A. fu-
migatus, a typical airborne fungus.
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ioidomycosis (Magee and Cox, 1996), and early in the
course of aspergillosis. Thus, IL-12 may be useful ad-
junctive therapy against various IFIs in the setting of
neutropenia. However, IL-12 can be detrimental in
hosts that are not neutropenic because IL-12 can in-
duce an excessive inflammatory response (Romani et
al, 1997).

Interleukin-15 shares biological activities with IL-2,
and appears to be important in up-regulation of host
defenses against opportunistic fungal infections. Inter-
leukin-15 has been shown to enhance O2

� production
and antifungal activities of PMNs and MNCs, includ-
ing their abilities to phagocytose and inhibit growth 
of C. albicans (Musso et al, 1998; Vazquez et al,
1998b). Similarly, IL-15 enhances PMN-induced hy-
phal damage in a variety of fungi including A. fumi-
gatus, Scedosporium prolificans, and Fusarium spp.,
but not Aspergillus flavus or Scedosporium apiosper-
mum (Pseudallescheria bodyii) (Roilides et al, 2001a).

Tumor necrosis factor-� is another potent immu-
noenhancing cytokine that can augment the production
of other cytokines, such as GM-CSF as well as enhance
several PMN functions, mainly by increasing O2

� and
H2O2 release (Roilides et al, 1998b). In vitro studies
have demonstrated that TNF-� enhances the antifun-
gal activities of all the phagocytes against A. fumiga-
tus. For example, TNF-� stimulates PMNs to damage
hyphae, enhances pulmonary alveolar macrophage

(PAM) phagocytosis of conidia, and also increases O2
�

production by MNCs, although the effects on MNC
functions are moderate (Roilides et al, 1998b). Fungi-
cidal activity of PMNs against blastoconidia of C. al-
bicans and Candida glabrata also have been enhanced
by TNF-� (Djeu et al, 1986; Ferrante, 1989), whereas
the results against pseudohyphae of C. albicans have
been equivocal (Diamond et al, 1991).

Interleukin-4, a cytokine with antiinflammatory prop-
erties, has been shown to suppress the oxidative burst
of MNCs and the killing of C. albicans blastoconidia
(Roilides et al, 1997b). In the case of A. fumigatus,
IL-4 significantly suppresses MNC-induced damage of
hyphae, but did not alter phagocytic activity or inhibi-
tion of conidial germination. These findings suggest a
lack of pathogenic role of IL-4 on the host response in
the early phase of invasive aspergillosis and a suppres-
sive role in the late phase. In murine models of can-
didiasis and aspergillosis, IL-4 had detrimental effects
(Cenci et al, 1999; Cenci et al, 1993) and inhibition of
IL-4 improves outcome.

Interleukin-10 is a similarly potent cytokine that af-
fects MNCs by suppressing O2

� production and anti-
fungal activity of MNCs against A. fumigatus hyphae,
a late host response event. IFN-� and GM-CSF appear
to counteract the suppressive effects of IL-10 (Roilides
et al, 1997a). Interleukin-10 also affects PMN function
against C. albicans by suppressing phagocytosis of blas-
toconidia and by reducing PMN-induced damage of C.
albicans pseudohyphae (Roilides et al, 2000).

ADJUNCTIVE ANTIFUNGAL THERAPY 
WITH HEMATOPOIETIC GROWTH FACTORS

AND OTHER CYTOKINES

Two patient population groups are at high risk for IFIs:
those with neutropenia and those without neutropenia
but with a variety of functional deficiencies of lym-
phocytes and phagocytes. Hematopoietic growth fac-
tors and other cytokines have a role in prophylaxis in
both patient groups and in treatment of IFIs in combi-
nation with antifungal drugs.

Neutropenia
Patients with malignancies and disease or therapy-
related neutropenia constitute the largest group of per-
sons with acquired defects in host defenses and the
group with greatest need for immune reconstitution.
Thus, most of the preclinical and clinical studies have
focused on this patient population. Although various
cytokines have been evaluated extensively in preclini-
cal studies, to date no randomized studies have been
performed to specifically examine their roles against
IFIs. The fact is that the number of IFIs as infectious
sequelae of immune compromise is relatively small, and

TABLE 10–2. Immune Response to Specific 
Groups of Fungi
Fungi Immune Response

Candida albicans and Macrophages (liver, spleen, etc.)
other Candida spp. phagocytose and kill blastoconidia

intracellularly by nonoxidative
mechanisms, produce monokines
(i.e., TNF-�)

Neutrophils (circulating in blood
stream and in tissues) phagocytose
and kill blastoconidia intracellu-
larly, damage pseudohyphae and
hyphae extracellularly by oxidative
burst and nonoxidative mechanisms

T lymphocytes produce lymphokines
(i.e., IL-18, IFN-�)

Airborne fungi (i.e., Pulmonary alveolar macrophages
Aspergillus spp., phagocytose and kill conidia
Zygomycetes, intracellularly by nonoxidative
Fusarium spp., mechanisms, produce monokines
Scedosporium spp.) (i.e., TNF-�)

Neutrophils damage escaping hyphae
extracellularly by oxidative burst 
and nonoxidative mechanisms

T lymphocytes produce lymphokines
(i.e., IL-18, IFN-�)

Cryptococcus neoformans Polysaccharide-specific antibody
(and Trichosporon spp.) mediated response, phagocytosis

by macrophages and neutrophils,
inhibition of immune functions

TNF-�, tumor necrosis factor-�; IL, interleukin; IFN, interferon.
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no study has had the statistical power to demonstrate
significant differences in the two treatment groups (cy-
tokine vs. placebo). Thus, conclusive clinical data are
still missing, making the issue of cytokine use in the
management of IFIs controversial.

The clinical use of G-CSF and GM-CSF has been
based on the ability of either factor to abbreviate the
depth and duration of neutropenia (American Society
of Clinical Oncology, 1994; Boogaerts and Demuynck,
1996). In particular, G-CSF has been used to promote
bone marrow recovery in patients with neutropenia and
for the treatment of chronic neutropenia, myelodys-
plastic syndrome, and aplastic anemia (Nemunaitis,
1997). Both GM-CSF and G-CSF are used clinically in
patients with neutropenia associated with chemother-
apy and/or hematopoietic stem cell transplantation
(HSCT), myelodysplastic syndromes, and aplastic ane-
mia in order to promote bone marrow recovery. Both
HGFs have assumed a central role in the supportive
care of neutropenic patients associated with cancer,
transplantation, aplastic anemia, and congenital defi-

ciencies. Since susceptibility to IFIs is proportional to
the duration and degree of neutropenia (Nemunaitis,
1998a), the outcome of neutropenic patients with IFIs
who receive a HGF may be better.

Hematopoietic growth factors have been adminis-
tered in different settings of immunosuppression for 
the management of IFIs (Fig. 10–2). For prophylaxis
against infections, HGFs have been given at the begin-
ning of neutropenia (Antman et al, 1988; Crawford et
al, 1991; Rowe et al, 1995; Seipelt, 2000). Although
beneficial effects were noted in some of these studies,
the number of IFIs that developed was too small to
evaluate any potential effect. As shown in Table 10–3,
in a retrospective study of prophylactic administration
of GM-CSF to patients with autologous bone marrow
transplantation (BMT) for lymphoid cancer (Nemu-
naitis et al, 1998b), GM-CSF resulted in a trend to-
ward fewer IFIs and decreased use of amphotericin B.
In this study, the 28-day post-BMT incidence of over-
all infections occurring in those who had taken GM-
CSF was compared with those who had no GM-CSF.

FIGURE 10–2. Settings where hematopoietic growth factors (HGFs)
and interferon-� (IFN-�) have been used and may have potential clin-
ical efficacy. Typical course of a hematopoietic stem cell transplant
(HSCT) patient consisting of neutropenic and nonneutropenic peri-

ods and settings when invasive fungal infections (IFIs) may occur.
Cytokine administration has been suggested at times indicated by ar-
rows; the few clinical data published are summarized below. (Mod-
ified from Roilides et al, in press, 2003).
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Overall, fewer infections were observed with GM-CSF
treatment as well as a trend of fewer IFIs and fewer
days of amphotericin B usage.

Granulocyte-macrophage colony-stimulating factor
has been used in patients with malignancies undergo-
ing chemotherapy or BMT, and has been found to im-
prove survival and decrease the rate of bacterial and
fungal infections (Giles, 1998). A retrospective study
(Peters et al, 1996) suggested that GM-CSF has some
advantages compared to G-CSF as preventive therapy
of IFIs in patients receiving high-dose chemotherapy,
with or without stem cell transplantation (Table 10–3).

The only prospective, randomized study that had
enough IFIs to show significant differences has been the
Eastern Cooperative Oncology Group study (Rowe et
al, 1995) (Table 10–3). In this placebo-controlled
study, GM-CSF administration to 124 elderly patients
with myelogenous leukemia resulted in a reduction in
the IFI-related mortality (2% in the GM-CSF group as
compared to 19% in the placebo group), and a higher
rate of complete remission of neutropenia. Among 
the patients with IFIs, there were 11 patients with as-
pergillosis, 7 with candidiasis and 2 with other IFIs.
Only 1 of 8 patients who had been randomized to re-
ceive GM-CSF and developed IFI died (13%) as com-
pared to 9 among 12 patients on placebo (75%). No
significant differences between aspergillosis and can-
didiasis were noted.

Similar lack of consistent beneficial effects to sup-
port routine use of HGFs exists in the case of preemp-
tive administration of G-CSF or GM-CSF to patients
at the onset of febrile neutropenia (Maher et al, 1994;
Aviles et al, 1996; Anaissie et al, 1996; Ohno et al,
1997) (Table 10–4). In this setting, however, signifi-
cantly less usage of antifungal drugs was observed
probably due to the effect of the cytokines on the in-
cidence and duration of febrile neutropenia. Again, the

numbers of IFIs diagnosed in the treated or the control
arms were too small for any meaningful comparisons.
Granulocyte colony-stimulating factor also was stud-
ied in a randomized trial in which patients with hema-
tological malignancies and febrile neutropenia received
either G-CSF with antibiotics or antibiotics alone
(Aviles et al, 1996). Although only four IFIs occurred,
all were encountered in the group receiving antibiotics
alone. The patients receiving G-CSF plus antibiotics
fared better by every outcome parameter.

In a double–blind controlled study, the administra-
tion of M-CSF to patients with myelogenous leukemia
and febrile neutropenia decreased incidence and dura-
tion of febrile neutropenia and significantly decreased
the use of systemic antifungal drugs (Ohno et al, 1997).
However, no impact on disease-free survival was found,
an outcome heavily dependent on many confounding
factors in these high-risk patients.

Based on the data cited above, strong evidence for
success with prophylactic or preemptive therapy with
HGFs does not currently exist. On the other hand,
when a febrile neutropenic episode is complicated and
IFI is suspected, adjunctive use of a HGF with empir-
ical antifungal therapy may be justified according to
the American Society of Clinical Oncology (ASCO) up-
dated recommendations regarding the use of HGFs
(Ozer et al, 2000). In this document, ASCO does not
recommend the use of HGFs for routine purposes in
patients with afebrile neutropenia.

REFRACTORY INVASIVE FUNGAL INFECTIONS

Both in vitro and experimental animal models have
suggested the utility of cytokine treatment as adjunc-

TABLE 10–3. Clinical Studies on Use of Cytokines 
for Prophylaxis Against Invasive Fungal Infections 
in Cancer Patients
Reference Cytokine Outcome

Nemunaitis GM-CSF Overall �infections, a trend of 
et al, 1998b �IFIs, �intravenous antibiotics 

and�days of amphotericin B 
usage

Rowe et al, GM-CSF More complete responses, 
1995 �survival, �IFI-related

mortality

Peters et al, GM-CSF* Overall �infections, more 
1996 complete responses, prevention 

of IFIs in patients receiving 
high-dose chemotherapy

*Retrospective analysis of GM-CSF vs. nonmacrophage enhanc-
ing cytokines

GM-CSF, granulocyte-macrophage colony-stimulating factor; IFI,
invasive fungal infection.

TABLE 10–4. Clinical Use of Cytokines as Adjunctive
Management of Febrile Neutropenia*
Reference Cytokine Outcome

Maher et al., G-CSF � Number of days of neutropenia, 
1994 � time to resolution of febrile 

neutropenia, � risk for prolonged 
hospitalization, accelerated
neutrophil recovery

Aviles et al, G-CSF More clinical responses, � super-
1996 infections, � hospitalization,

� antibiotic use, � mortality IFIs 
in the group treated with antibiotics
plus G-CSF

Anaissie GM-CSF No effect on clinical response and 
et al, 1996 survival

Ohno et al, M-CSF � Incidence and duration of febrile 
1997 neutropenia, �� use of systemic 

antifungal drugs

*Early or preemptive treatment of a possible invasive fungal in-
fection in cancer patients*

G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulo-
cyte-macrophage colony-stimulating factor; M-CSF, macrophage
colony-stimulating factor.
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tive therapy in combination with conventional anti-
fungal chemotherapy against refractory IFIs (Kullberg
and Anaissie, 1998a; Roilides et al, 1998a; Stevens,
1998; Stevens et al, 2000; Farmaki and Roilides, 2001).
There are several small series and case reports sug-
gesting the use of G-CSF as adjunctive therapy for cer-
tain IFIs with very poor prognosis in combination with
amphotericin B or fluconazole and in some cases in ad-
dition to surgical debridement (Grauer et al, 1994;
Fukushima et al, 1995; Dornbusch et al, 1995; Niitsu
and Umeda, 1996; Sahin et al, 1996; Gonzalez et al,
1997; Hennequin et al, 1994; Boutati and Anaissie,
1997). Similarly, other reports have suggested a po-
tential beneficial effect of the combination of GM-CSF
and antifungal drugs (Spielberger et al, 1993; Pagano
et al, 1996; Vazquez et al, 1998a; Abu Jawdeh et al,
2000) and GM-CSF and IFN-� plus antifungal therapy
(Poynton et al, 1998). Other clinical case reports of
combination therapy with IFN-� and conventional an-
tifungal therapy have had mixed results.

In addition to the anecdotal reports cited above, three
somewhat larger trials have addressed this issue. In the
first clinical trial examining combination immunother-
apy, M-CSF was administered to patients at escalating
dosages (50–2000 mg/m2, IV) in combination with the
appropriate antifungal agent (amphotericin B, flucona-
zole, or flucytosine) at maximally tolerated doses (Ne-
munaitis et al, 1991). Among the 45 patients with IFIs,
30 had candidiasis, 15 had aspergillosis, and 1 had an-
other. There was a trend toward better survival in the
patients receiving M-CSF (Nemunaitis et al, 1993; Ne-
munaitis, 1998b). Moreover, this increase in survival
was significant in patients with candidiasis and a
Karnofsky score � 20% when compared with histori-
cal controls.

In another pilot study in which GM-CSF and am-
photericin B were administered to 8 patients with IFIs
and severe neutropenia, 6 had a PMN response, 4 were
completely cured, and 2 were improved. Unfortunately,
3 patients developed a capillary leak syndrome, sug-
gesting that the dosage of GM-CSF was excessive
(Bodey et al, 1993). However, a subsequent open study
of GM-CSF plus amphotericin B in 17 neutropenic can-
cer patients with proven IFIs did not show similar fa-
vorable outcomes; 6 of 17 died. Eight of the patients
had candidemia, 8 had pulmonary aspergillosis, and 1
had fusariosis (Maertens et al, 1997). Clearly, statisti-
cally powered randomized clinical trials examining the
utility of cytokine therapy in combination with con-
ventional antifungal agents remain to be done.

The issue of cost effective use of cytokines as ad-
junctive therapy in combination with antifungal agents
has not been thoroughly studied and does not allow
specific recommendations. In 29 neutropenic patients
with IFIs following chemotherapy or BMT, combined

therapy of amphotericin B and G-CSF (3–5 �g/kg per
day) was associated with an improved response rate
(62% vs. 33% controls) (Hazel et al, 1999). This study
showed a greater cost-effectiveness of combination reg-
imen, based on drug acquisition, hospital stay, and
treatment duration (Flynn et al, 1999).

In immunocompetent patients, G-CSF is the only
HGF that has been investigated. In a multicenter clin-
ical trial addressing the utility of G-CSF as adjunctive
therapy of invasive candidiasis, 51 nonneutropenic pa-
tients were randomized to receive either fluconazole
alone or fluconazole with G-CSF. There was a trend
(not statistically significant) toward an earlier resolu-
tion of infection as well as reduced mortality in the 
patients receiving combination therapy (Kullberg et al,
1998b). Results of this study support in vitro and in
vivo results that have shown that not only number, but
also function, of host immune cells is important to re-
covery from IFIs (Rodriguez-Adrian et al, 1998; Men-
cacci et al, 2000).

Phagocytic Dysfunction
Certain nonneutropenic patients have phagocytic dys-
function and are also at high risk for IFIs. Among them,
patients with HSCT after recovery from neutropenia
and especially during corticosteroid treatment of post-
engraftment GVHD are the most susceptible hosts 
(Rodriguez-Adrian et al, 1998). Apart from a decrease
in the function of circulating phagocytes, these patients
present abnormal cell-mediated immunity related to de-
fective function of MNCs, T, and NK cells. Indeed, IFIs,
particularly aspergillosis, occur frequently in HSCT pa-
tients after the resolution of neutropenia (Wald et al,
1997), presumably related to an existing cytokine net-
work dysregulation (Roilides et al, 2001b). These high-
risk HSCT patients may benefit from cytokines ad-
ministered during IFIs developed in the nonneutropenic
phase after transplantation (Fig. 10–2).

Patients with qualitative phagocytic defects (most im-
portantly CGD) are also at increased risk of IFIs, es-
pecially invasive aspergillosis, a main cause of mortal-
ity in these patients (Winkelstein et al, 2000). In one
large prospective, randomized, placebo-controlled clin-
ical trial, long-term administration of IFN-� has been
shown to reduce significantly the incidence of serious
infections in CGD patients (The International Chronic
Granulomatous Disease Cooperative Study Group,
1991). Patients in this study tended to have a reduced
incidence of Aspergillus pneumonia compared with
controls.

In addition, there is anecdotal evidence suggesting
that IFN-� can be an effective adjunctive therapy for
the treatment of certain unusual IFIs (Phillips et al,
1991; Williamson et al, 1992; Tsumura et al, 1999;
Roilides et al, 1999; Touza Rey et al, 2000). Adjunc-
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tive therapy with IFN-� has proven to be most useful
in patients with defects in their cellular immune func-
tion. For example, this cytokine has been used suc-
cessfully for therapy of invasive aspergillosis in CGD
patients in combination with antifungal agents (Cohen-
Abbo and Edwards, 1995; Pasic et al, 1996).

Other nonneutropenic patients at high risk for IFIs
who might benefit from immunotherapy, such as those
with AIDS, lymphoma, solid organ transplant recipi-
ents, and patients receiving corticosteroids or other 
immunosuppressants, have dysfunctional phagocytes
along with cytokine dysregulation and lymphocytic de-
fects. In patients with AIDS, administration of recom-
binant IFN-� showed a trend of decreased incidence of
oral/esophageal candidiasis compared to control sub-
jects (Riddell et al, 2001).

Recommendations of Cytokine Administration
As sufficient clinical data do not exist on the use of cy-
tokines in the management of IFIs, no definite guide-
lines for their routine use can be established. Never-
theless, reconstitution of the immune response by
exogenous administration of HGFs and proinflamma-
tory cytokines or inhibition of immunoregulatory cy-
tokines appears to be a promising adjunct to our ar-
mamentarium against life-threatening IFIs. In its 1994
guidelines, followed by its 1996 and 2000 updates
(American Society of Clinical Oncology, 1994, 1996;
Ozer et al, 2000), ASCO recommends that only high-
risk patients (more than 40% risk of febrile neutrope-
nia) receive G-CSF or GM-CSF prophylactically. Sim-
ilarly, during the onset of febrile neutropenia in patients
not receiving a HGF, G-CSF, or GM-CSF is suggested
only when the duration of neutropenia is predicted to
be long. Although no data exist, patients who have had
an episode of IFI in the past and become neutropenic
again should be treated with a HGF.

With regard to the management of documented IFIs
in neutropenic patients, the 1997 Guidelines of the In-
fectious Diseases Society of America state that these
HGFs “may be indicated” (Hughes et al, 1997). Up to
now, potential direct applications of cytokines and HGFs
against IFIs are limited to the following indications:

1. Use of G-CSF, GM-CSF, or M-CSF in the pre-
vention and treatment of IFIs in neutropenic pa-
tients, especially those with myelogenous leukemia
or HSCT. Granulocyte-colony stimulating factor
may not be as effective as the macrophage-stimu-
lating HGFs. In addition, patients with other types
of neoplastic diseases including AIDS-related ma-
lignancies, which are associated with high proba-
bility of development of IFIs, may benefit from
HGF therapy. Macrophage-colony stimulating
factor is used in Japan. Since M-CSF has not been

licensed in the United States and Europe, it can-
not be used clinically in these countries.

2. Prophylactic use of IFN-� in patients with CGD.
3. Under certain conditions of defective host de-

fenses even without neutropenia (i.e., GVHD), a
HGF with or without IFN-� may be justified as
adjunctive therapy for IFIs.

With completion of more clinical studies, indications
also might include surgical and other nonneutropenic
immunodeficient patients with IFIs, i.e., those with
solid organ transplants, AIDS, neonates, and others.
The role of administration of neutralizing antibodies or
inhibitors of immunoregulatory cytokines on preven-
tion and outcome of IFIs needs further clinical study.

Pharmacology of Hematopoietic 
Growth Factors and Interferon-�

Two forms of G-CSF are commercially available. One
is a recombinant nonglycosylated protein expressed in
Escherichia coli (filgrastim). The other is a glycosylated
form expressed in Chinese hamster ovarian cells in vitro
(lenograstim). Both products have the same net effect,
acceleration of myelopoiesis and enhancement of func-
tional responses. Granulocyte colony-stimulating fac-
tor causes an immediate actual decrease of PMN count,
which is followed by a sustained dose-dependent rise
in the PMN count.

Granulocyte colony-stimulating factor has been rec-
ommended at a dose of 5 �g/kg/day subcutaneously or
intravenously for high-risk patients after cytotoxic can-
cer chemotherapy. Administration of G-CSF begins the
day after the last chemotherapy dose and continues
with subsequent individualized adjustment of dosage
depending on the PMN count until PMN count in-
creases to 1000 per �l for 3 consecutive days. A higher
dosage of 10 �g/kg/day can be used in early phases of
HSCT followed by a standard dose of 5 �g/kg/day or
when G-CSF is administered as adjunctive therapy for
a documented IFI.

Granulocyte-macrophage colony-stimulating factor
exists as a recombinant nonglycosylated protein ex-
pressed in E. coli (molgramostim) and a glycosylated
protein expressed in Saccharomyces cerevisiae (sar-
gramostim) or in mammalian cells (regramostim).
Granulocyte-macrophage colony-stimulating factor tran-
siently decreases leukocyte counts immediately after ad-
ministration and afterwards causes sustained rises of
PMN, eosinophil, and MNC counts.

Various dosing regimens of GM-CSF have been used
in different studies. The recommended dosage is 250
�g per m2 daily during the period of profound neu-
tropenia or when a documented IFI is treated. The
dosage is individualized depending on response and de-
velopment of adverse effects. Interferon-� has been ad-
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ministered at a dose of 50 �g per m2 3 times a week
subcutaneously as prophylaxis in CGD patients (The
International Chronic Granulomatous Disease Coop-
erative Study Group, 1991). Doses up to 100 �g per
m2 3 times a week have been subsequently suggested.
Similar doses have been used as adjunctive therapy.

Toxicity
Granulocyte-macrophage colony-stimulating factor has
been described in some cases as inducing pleuritic pain,
pulmonary edema, and a capillary leak syndrome. An-
other potential complication of its use stems from its
activity in stimulating recovery of leukocyte function.
Massive fatal hemoptysis has been reported to follow
(Groll et al, 1992). Although bone pain is described in
20% of patients receiving G-CSF, the other adverse ef-
fects associated with GM-CSF are not commonly ob-
served in G-CSF treated patients. The toxicity of 
GM-CSF appears to be related to the nonglycosylated
preparations expressed in E. coli. By comparison, the
glycosylated form of GM-CSF is not associated with
these adverse effects. The toxicity profile of recombi-
nant GM-CSF is consistent with priming of macro-
phages for increased formation and release of inflam-
matory cytokines, whereas G-CSF induces production
of antiinflammatory factors, such as IL-1 receptor an-
tagonist and soluble TNF receptor. Granulocyte colony-
stimulating factor is protective against endotoxin- and
sepsis- induced organ injury.

Although administration of G-CSF to patients with
acute myeloid leukemia (AML) carries the theoretical
risk of accelerating the leukemic blast cells, this has not
been observed. Indeed, G-CSF has been used safely in
patients with AML and myelodysplasia (Giralt et al,
1993). The adverse effect of GM-CSF accelerating HIV
replication in MNCs may be offset by simultaneous ad-
ministration of antiretroviral agents.

With regard to the IFN-� therapy, the most common
adverse effects are minor and consist of flu-like or con-
stitutional symptoms such as fever, headache, chills,
myalgia, or fatigue. These symptoms may decrease in
severity as treatment continues.

WHITE BLOOD CELL TRANSFUSIONS

Based on the observation linking therapy-induced neu-
tropenia with an increased risk for serious bacterial and
fungal infection in cancer patients (Bodey et al, 1966),
infusion of donor PMNs was attempted initially in an
effort to combat progressive life-threatening infections
in persistently neutropenic patients (Freireich et al 1964;
Strauss, 1978; DiNubile, 1985; Schiffer, 1990). The
findings supported the use of white blood cell transfu-
sions (WBCTx) in persistently neutropenic patients
with progressive bacterial infection, but were less com-

pelling for IFIs. This approach to immunotherapy was
not used widely because of toxicity, cost, efficacy, al-
loimmunization, lack of readily available donors, and
the development of potent alternative antibacterial
strategies.

In the 1990s, use of WBCTx was reconsidered due
to the increased incidence of neutropenia-related IFIs
in combination with the limited efficacy of antifungal
agents. At the same time, there were new developments,
namely, the commercial availability of recombinant
HGFs and modern transfusion practices. Studies sup-
ported the use of WBCTx in neutropenic patients with
a progressive bacterial infection. In a review of 32 stud-
ies, the overall efficacy was 62% in 206 patients with
bacterial infection (Strauss, 1994). For IFIs, the data
were less encouraging. A positive clinical outcome was
observed in only 29% of recipients. Investigators re-
ported data on 50 patients; there was no significant im-
provement in outcome of IFIs, despite showing the fea-
sibility of administering WBCTx (Bhatia et al, 1994).
However, recent reports have provided encouraging
data with G–CSF elicited WBCTx as compared to stud-
ies that used conventional WBCTx stimulated with cor-
ticosteroids (Catalano et al, 1997; Di Mario et al, 1997;
Dignani et al, 1997; Ozsahin et al, 1998; Peters et al,
1999; Price et al, 2000) (Table 10–5).

A pilot study evaluated the safety and efficacy of
G–CSF-elicited WBCTx in patients with neutropenia-
related IFIs that were refractory to therapy with am-
photericin B alone (Dignani et al, 1997). A favorable
response was reported in 11 of 15 patients at the end
of therapy. However, only 3 of the 11 patients were
alive 3 months after starting WBCTx, and the IFI con-
tributed to the cause of death in 6 of 8 patients in the
setting of persistent or progressive immunosuppression
(relapsed or refractory leukemia, or allogeneic BMT).
The beneficial effect of WBCTx seemed to be enhanced
by their administration to patients with good per-
formance status, as well as administration early during
neutropenia and soon after the onset of the IFI.

A separate small prospective multicenter phase I/II
clinical trial evaluated the feasibility and tolerability of
WBCTx in neutropenic patients with infection, 13 of
whom had IFIs (Peters et al, 1999). A favorable out-
come was observed in 5 of 9 patients with aspergillo-
sis, and 2 of 4 patients with Candida infections. In ad-
dition to WBCTx, treatment consisted of antifungal
agents, as well as surgical resection of the lesions in 5
patients following stabilization of the septic condition.
In addition, as shown in Table 10–5, a number of suc-
cessful cases using G-CSF-mobilized WBCTx have re-
cently been reported. For example, a CGD patient with
invasive aspergillosis due to A. nidulans, who failed 5
months of treatment with liposomal amphotericin B and
IFN-�, was treated successfully with BMT, G-CSF-mo-
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bilized PMNs, and liposomal amphotericin B (Ozsahin
et al, 1998). Overall in these two small trials and sev-
eral case studies, yeast infections tended to respond to
WBCTx better than did mould infections (62% vs.
37%) (Table 10–5). The rapid increase in PMNs cou-
pled with the relatively low side effects suggest that
WBCTx in combination with cytokines may be a use-
ful approach and deserves further study in the setting
of refractory IFIs.

Patients with evidence of alloimmunization (platelet
refractoriness, antileukocyte antibodies, repeated febrile
transfusion reactions, or posttransfusion pulmonary in-
filtrates) may not benefit from WBCTx (Strauss, 1994).
This questionable benefit may result because such pa-
tients usually have a low posttransfusion increment,
more pulmonary reactions, and transfused PMNs,
which are unable to migrate to the sites of infection.

The higher the number of cells transfused per m2 of
body surface area, the better the clinical response to
WBCTx (Freireich et al, 1964; Higby et al, 1976; Ais-
ner et al, 1978; Appelbaum et al, 1978). For mobi-
lization of PMNs in healthy donors, most experts have
favored G-CSF, which is indeed, the standard of blood
processing centers (Hubel et al, 2001). Both forms of
G-CSF commercially available have the same net effect:
acceleration of myelopoiesis and enhancement of func-
tional PMN responses (including bactericidal activity,
chemotaxis, phagocytosis, respiratory burst, and sur-
face expression of low affinity Fc receptors) (Nathan,
1989; Roilides et al, 1991; Allen et al, 1997). Granu-
locyte colony-stimulating factor also delays apoptosis
in PMNs, which is particularly important for harvested
PMNs. It appears that G-CSF-stimulated PMNs have
a longer shelf life and perhaps, once transfused, persist
longer in vivo (Colotta et al, 1992; Kasahara et al,
1997).

Granulocyte colony-stimulating factor increases the
yield of PMNs by roughly fivefold, which is greater

than the 2–3-fold increase accomplished with corticos-
teroids (Liles et al, 1997; Peters et al, 1999; Price et al,
2000). The recommended optimal safe dose required
to mobilize PMNs in adults is 450 �g (Liles et al, 1997).
Only one dose is needed 12–24 hours prior to collec-
tion. Several recent studies have evaluated the role of
the combination of G-CSF and corticosteroids, sug-
gesting that the higher dose of G-CSF along with cor-
ticosteroids results in the highest yield (12-fold above
premobilization) (Dale et al, 1998). With this approach,
the functional properties of G-CSF-mobilized PMNs
are essentially unchanged. Specifically, the respiratory
burst activity is normal or elevated due to priming of
PMNs. The half-life of transfused PMNs previously
mobilized with G-CSF is at least twice as long (Dale et
al, 1998). Single dose exposure to corticosteroids prob-
ably does not represent a major suppressant of PMN
function in mobilized products. No G-CSF-related
long-term effects have been observed in donors, even 1
year later, when all hematological measurements were
comparable to pre-G-CSF levels (Bensinger et al, 1993;
MacHida et al, 2000). Preliminary data suggest that
storage at 10ºC might lengthen the shelf-life of mobi-
lized PMNs and may preserve antifungal and PMN
function better (Hubel et al, 2000).

The leukapheresis technique used today is continu-
ous flow centrifugation with the addition of a rouleaux-
ing agent such as hydroxyethyl, which produces a 
better quality PMN (Bensinger et al, 1993). This tech-
nique, very advantageous over previous techniques, al-
lows processing of larger volumes of blood, which has
been translated into increased yields. Traditionally, re-
lated donors have been preferred to avoid toxicity re-
lated to incompatibility. More recently, community
donors have been used effectively to safely and rapidly
mobilize PMNs, thus increasing the availability of
WBCTx to a larger number of potential recipients
(Price et al, 2000).

TABLE 10–5. Treatment of Neutropenia-Related Invasive Fungal Infections with G–CSF Stimulated 
White Blood Cell Transfusions

Underlying No of
Reference Condition Patients Fungus Outcome

Catalano et al, 1997 Aplastic anemia/BMT 1 Aspergillus CR

Di Mario et al, 1997 Neutropenia 2 C. tropicalis 2/2 CR

Dignani et al, 1997 Neutropenia 15 11 moulds 11/15 PR; (only 3/11 survived
4 yeasts � 3 months post WBCTx)

Ozsahin et al, 1998 CGD 1 Aspergillus CR

Peters et al, 1999 Neutropenia 13 9 Aspergillus 5/9 CR
4 Candida 2/4 CR

Price et al, 2000 Stem cell transplantation 15 8 moulds 0/8 R
7 yeasts 4/7 CR

Total 47 30 moulds 7/19 CR (37%)
17 yeasts 8/13 CR (62%)

CR, complete response; R, response; PR, partial response; BMT, bone marrow transplantation; CGD, chronic granulomatous disease;
WBCTx, white blood cell transfusions.
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White blood cell transfusions have been associated
with a low incidence of complications. Mild reactions
to the transfusion product are common, including fever
and chills, which can be reduced if the infusion rate is
reduced. Severe side effects, namely hypotension or res-
piratory distress, are estimated to occur in �1% of 
recipients.

In two reports, respiratory complications have been
temporally linked to coadministration of deoxycholate
amphotericin B (Wright et al, 1981; Bow et al, 1984).
Transfusion-related acute lung injury is rare and prob-
ably not associated with G-CSF mobilization (Dry et
al, 1999). Graft vs. host disease is prevented by irradi-
ation of the product preinfusion with 15–30 Gy, which
does not appear to adversely affect the function of the
transfused PMNs (Anderson and Weinstein, 1990). Al-
loimmunization can be a formidable problem in CGD
patients, but interestingly does not occur in cancer or
transplant recipients who have received immunosup-
pressive therapy. A recent study in HSCT recipients re-
ported that those who received G-CSF-mobilized PMNs
from an incompatible donor had a delayed engraftment
(Adkins et al, 2000).

The major indication for WBCTx continues to be re-
stricted to progressive, documented infection in the pro-
foundly and persistently neutropenic host (Strauss,
1994). Antifungal drug-refractory IFIs in patients with
an underlying phagocytic defect, namely CGD, are a
particularly important indication for WBCTx adjunc-
tive therapy. Prophylactic use of WBCTx therapy has
not yet been incorporated into clinical practice, pri-
marily because of cost and toxicity. It is still unclear
that WBCTx should be widely embraced until further
studies are completed and better define the niche of
WBCTx in supportive care.

INTRAVENOUS IMMUNOGLOBULIN 
AND MONOCLONAL ANTIBODIES

Antibody-mediated host defense contributes to fighting
against some IFIs. Mice with experimental Candida in-
fection treated with human intravenous immunoglob-
ulin (IVIG) combined with amphotericin B had mod-
est prolongation of survival, suggesting the potential
efficacy of serum antibodies against fungi (Neely and
Holder, 1992). In humans, IVIG has been used in liver
transplant recipients receiving anticytomegalovirus
prophylaxis and in patients who had undergone BMT.
In the first group, IVIG therapy was associated with a
significant reduction in the incidence of IFIs (Stratta et
al, 1992), whereas in the second group, IVIG therapy
was not associated with a significant reduction (Klaes-
son et al, 1995). This latter finding was in disagree-
ment with a previous finding that oral administration
of bovine anti-C. albicans antibodies to BMT recipi-

ents reduced Candida colonization in 7 of 10 patients
(Tollemar et al, 1999), suggesting that pathogen-
specific antibodies can be effective in patients with im-
mune defects.

For both C. albicans and C. neoformans, several pro-
tective monoclonal antibodies have been described, but
the benefits of these are unclear (Casadevall, 1995).
Studies have demonstrated that human serum antibod-
ies and a mouse monoclonal antibody to hsp90 were
protective against candidiasis in mice and a human re-
combinant antibody to an hsp90 linear epitope medi-
ated protection against invasive murine candidiasis
(Matthews et al, 1995). Antibodies to C. albicans poly-
saccharides have also been shown to be protective in
murine models of infection (Han and Cutler, 1995).

Antibody efficacy against C. neoformans is a func-
tion of antibody isotype, idiotype, specificity, inocu-
lum, and antibody dose. Another approach to antibody
therapy has been to engineer antibodies with dual func-
tions, or bispecific antibodies. A bispecific antibody
that binds both the Fc� receptor (CD89) and C. albi-
cans has been shown to enhance PMN-mediated anti-
fungal activity in G–CSF-primed cells (van Spriel et al,
1999).

Although serum antibodies may promote natural re-
sistance to infection, they may not necessarily amelio-
rate established or chronic infections. Hence, their ef-
ficacy against some fungi may be dependent on intact
cellular immunity (Vecchiarelli and Casadevall, 1998).
To date, the clinical use of antibodies has not been rec-
ommended in the management of IFIs.

CONCLUSION

In parallel with using antifungal agents to destroy fungi,
helping immune response by either exogenous modu-
lation of enhancing/regulatory cytokines or transfusion
of cytokine-elicited allogeneic phagocytes appears to be
a promising adjunct to antifungal chemotherapy. Po-
tential application of these adjunctive therapies could
be:

1. use of GM-CSF or M-CSF in prevention and ther-
apy of IFIs in neutropenic patients with myel-
ogenous leukemia or hematopoietic stem cell
transplantation; and

2. use of IFN-� in patients with CGD as prevention
and therapy; and

3. infusion of G-CSF-elicited WBCTx to profoundly
neutropenic patients with refractory IFIs.

The management of IFIs, which is still a great chal-
lenge for clinicians, may be greatly facilitated by vari-
ous means to enhance host defense mechanisms. This
approach has been experimentally achieved by re-
constitution of effector cells numerically and/or func-
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tionally with cytokines and/or WBCTx, or by man-
ipulation of cytokine dysbalance. Undoubtedly, im-
munotherapy opens new avenues and the interest in use
of immune therapies as an adjunct to antifungal agents
has greatly increased. Continued investigation of the
safety and efficacy of these modalities as well as the
most likely patients to benefit from adjunctive therapy
are urgent priorities for research.
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Candidiasis
JOSE A. VAZQUEZ AND JACK D. SOBEL

Within a few decades, Candida species have progressed
from infrequent pathogens that were largely considered
nuisance contaminants to important and common hu-
man pathogens causing a wide spectrum of superficial
and deep disease. Superficial infections are frequently
community acquired and responsible for considerable
morbidity. In contrast, deep seated, invasive, and sys-
temic Candida infections are usually nosocomial in ori-
gin. Pathogenic and risk factors for superficial and deep
candidiasis, although overlapping, are markedly differ-
ent; hence superficial infection uncommonly results in
systemic disease. Matching the increased incidence of
Candida infections has been the availability in the last
2 decades of successive generations of antifungal
agents.

ORGANISM

Candida are small (4–6 �m), oval, thin-walled yeast-
like fungi that reproduce by budding or fission. The
genus Candida is comprised of over 200 species and
constitutes an extremely diverse yeast species whose
common bond is the absence of a sexual cycle (Berk-
hout, 1923). Only a few species cause disease in hu-
mans (Odds, 1988). The medically significant Candida
species include: Candida albicans, Candida (Torulop-
sis) glabrata, Candida parapsilosis, Candida tropicalis,
Candida krusei, Candida kefyr, Candida guillier-
mondii, Candida lusitaniae, C. stellatoidea, and Can-
dida dubliniensis.

Candida organisms grow readily in blood culture
bottles and on agar plates. In most situations, they do
not require special conditions for growth. On culture
media, Candida species form smooth, creamy white,
glistening colonies (Rippon, 1988; Kwon-Chung and
Bennett, 1992). The numerous species of Candida are
easily identified on the basis of growth characteristics
and commercial kits that evaluate carbohydrate assim-
ilation and fermentation reactions and provide species
identification of Candida isolates within 2–4 days. A
rapid, but nonspecific identification of C. albicans can
be made by testing for germ tube production. This test

is performed by growing the yeast in serum at 37°C
and observing for the growth of small projections from
the cell wall that develop after 60–90 minutes of incu-
bation (Odds, 1988). Candida stellatoidea and C.
dubliniensis also generate germ tubes, thus eliciting
false-positive results (Sullivan,1995). CHROMagar, a
culture media utilized to rapidly identify many com-
mon Candida species (Pfaller et al, 1996), employs a
chemical colorimetric reaction on agar that allows dis-
tinction between C. albicans, C. glabrata, C. krusei, C.
tropicalis, and other non-albicans Candida species.

Candida albicans (Robin) (synonyms: Oidium albi-
cans, Robin, 1853; Monilia albicans, Zopf, 1890; En-
domyces albicans, Vuillemin, 1898) remains the major
fungal pathogen of man and the most common cause
of mucosal and systemic fungal infection (Pfaller,
2001), and is the best characterized of the Candida
species (Odds, 1994).

Candida glabrata (Anderson) Meyer and Yarrow,
1978 (synonym: Torulopsis glabrata (Anderson) Lod-
der et De Vries, 1938) has become important because
of its increasing incidence worldwide and decreased
susceptibility to antifungals. Its emergence is largely due
to an increased immunocompromised patient popula-
tion and widespread use of antifungal drugs (Fidel et
al, 1999; Gumbo et al, 1999). In the most recent 
SENTRY Trial data, C. glabrata emerged as the sec-
ond most common cause of candidemia following C.
albicans (Pfaller, 2001).

Candida parapsilosis (Ashford) Camargo, 1934
(synonyms: Monilia parapsilosis, Ashford, 1928; M.
parakrusei, Castellani and Chalmers, 1934; C. brumpti,
Langeron and Guerra, 1935) in most parts of the world
is the third most common cause of candidemia (Pfaller
et al, 2001), especially in patients with intravenous
catheters, prosthetic devices, and intravenous drug use
(Girmenia et al, 1996; Levy et al,1998). Candida para-
psilosis is one of the most common causes of can-
didemia in neonatal intensive care units (Levy et al,
1998). This species produces slime as a virulence fac-
tor enabling it to adhere to environmental surfaces and
skin of hospital personnel (Sanchez et al, 1993; Gir-
menia et al, 1996).

143
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Candida tropicalis (Castellani) (synonyms: Monilia
candida, Hansen, 1888; Oidium tropicalis, Castellani,
1910; Mycotorula dimorpha, Redaelli and Ciferri,
1935; M. trimorpha, Redaelli and Ciferri,1935) is the
third or fourth most commonly recovered Candida
species from blood cultures (Pfaller et al, 2001).
Leukemia, prolonged neutropenia, and prolonged in-
tensive care unit (ICU) days are major risk factors for
C. tropicalis candidemia (Kontoyiannis et al, 2001).

Candida krusei (Castellani) (synonyms: Saccha-
romyces krusei, Castellani, 1910; Monilia krusei,
Castellani and Chambers, 1913; perfect state Pichia
kudriavezii) is the fifth most common bloodstream iso-
late. Although less common (1%–2%), C. krusei is of
clinical significance because of its intrinsic resistance to
fluconazole, and reduced susceptibility to most other
antifungal drugs (Pfaller et al, 2001). Candida krusei
is frequently recovered from patients with hematolog-
ical malignancies complicated by neutropenia (Merz et
al, 1986; Wingard et al, 1991; Abbas et al, 2000), and
tends to be associated with higher mortality rates (49%
vs. 28% with C. albicans), and lower response rates
(51% vs. 69% with C. albicans).

Candida kefyr (Beijerinck) van Uden et Buckley,
1970 (synonyms: C. pseudotropicalis [Castellani] Bas-
gal, 1931; Endomyces pseudotropicalis, Castellani,
1911; Monilia pseudotropicalis, Castellani and Cham-
bers, 1913; perfect state Kluveromyces fragilis) is a rare
species that occasionally causes disease in immuno-
compromised host (Hazen, 1995).

Candida guilliermondii (Castellani) Langeron et
Guerra, 1938 (synonym: Endomyces guilliermondii,
Castellani, 1912; perfect state Pichia guilliermondii), is
another rare species. While infections due to C. guiller-
mondii are uncommon, candidemia and invasive dis-
ease in the neutropenic host (Vazquez et al, 1995) are
reported occasionally as is endocarditis in intravenous
drug addicts.

Candida lusitaniae van Uden et do Carmo-Sousa,
1959 (synonyms: C. parapsilosis [Ashford] Langeron et
Talice var obtusa [Dietrichson] 1954; Candida obtusa
(Dietrichson) van Uden et do Carmo-Sousa ex van
Udeen et Buckley, 1970), perfect state: Clavispora lusi-
taniae. Although uncommon (� 1%–2%), C. lusitaniae
is of clinical importance because of intrinsic or sec-
ondary resistance acquisition to amphotericin B
(Hazen, 1995; Yoon et al, 1999) and is typically found
in patients with hematological malignancies and pa-
tients in intensive care units (Sanchez et al, 1992;
Hazen, 1995).

Candida stellatoidea (Jones and Martin, 1938) (syn-
onym: C. albicans) is closely related to C. albicans
(Bodey et al, 1993), by producing germ tubes in vitro,
a morphologic characteristic seen only in C. albicans
and some C. dubliniensis strains (Sullivan et al, 1995).

C. stellatoidea is a heterogeneous species with at least
two confirmed subtypes, subtype I and II (Kwon-Chung
et al, 1989). Type I differs from C. albicans in several
genetic characteristics and is not considered a mutant
of C. albicans. Type II C. stellatoidea is a sucrose-
negative mutant of C. albicans serotype A (Kwon-
Chung et al, 1990). Additionally, type II isolates ap-
pear to have lower virulence and are slower growers
than either type I C. stellatoidea or C. albicans (Kwon-
Chung et al, 1988; Kwon-Chung et al, 1989; Rikkerink
et al, 1990).

Candida dubliniensis is a recently identified species
of Candida, previously hidden among the germ tube
positive strains of C. albicans. Identified initially from
the oral cavity of HIV-positive patients (Sullivan and
Coleman, 1998), C. dubliniensis has been recovered
from HIV-positive patients throughout the world at
rates ranging from 19% to 32% (Sullivan and Cole-
man, 1998), has also been recovered from 3% to 14%
of oral cavities of HIV-negative individuals, and rarely
is associated with candidemia or invasive disease (Hi-
dalgo et al, 2000). However, recently Candida dublin-
iensis was recovered from 14 patients with either solid
organ or hematological malignancies (Sebti et al, 2001).
C. dubliniensis is identified by germ tube and chlamy-
dospore production, by an inability to grow at 45°C,
and occasionally by a specific colony color on CHROM-
agar Candida medium (Pfaller et al,1996). This species
can also be identified easily using commercially avail-
able yeast identification kits (Jabra-Rizk et al, 1999).

Less common non-albicans Candida species are listed
in Table 11–1, and their unique features and diseases
are described briefly.

Virulence Factors
Biologic features that contribute to Candida’s ability to
cause disease were previously defined phenotypically.
Total genome sequencing of C. albicans has allowed
measurement of the effects of gene knockouts on the
virulence of Candida in animal models. Genes required
for virulence are regulated in response to environ-
mental signals indigenous to the host environment
(Mekalanos, 1992). These signals include temperature,
pH, osmotic pressure, and iron and calcium ion con-
centrations. Adaptation to a changing environment fa-
cilitates the ability of Candida to survive within the
host niche (De Bernardis et al, 1998).

Candida albicans undergoes reversible morphologi-
cal transition between budding pseudohyphal and hy-
phal growth forms (Brown and Gow, 1999). All forms
are present in clinical disease tissue specimens. Yeast
cells may be disseminated more effectively, whereas hy-
phae are thought to promote invasion of epithelial and
endothelial tissue and help evade macrophage engulf-
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ment (Sherwood et al, 1992). Candida double mutants
(chp1/chp1, efg1/efg1) that are locked in the yeast form
are avirulent in a mouse model (Lo et al, 1997). The
ability to switch from one form to another appears to
have a direct influence on the organism’s capacity to
cause disease. Drugs that inhibit yeast-hyphal trans-
formation without fungicidal activity have a role in sup-
pressing clinical disease. At least 15 genes are recog-
nized as playing a role in morphogenesis, including
TUP1 regulated genes (Brown and Gow, 1999).

The first step in a Candida infection is epithelial col-
onization, in turn dependent upon microorganism ad-
herence to epithelial cells and proteins, allowing them
to withstand fluid forces that serve to expel particu-
lates (Sundstrom, 1999). Adhesive ability of C. albi-
cans has been correlated with pathogenesis of infection.
A hierarchy exists among Candida species, with more
frequently isolated pathogenic species exhibiting
greater adhesive capacity. Several genes and their prod-
ucts have been identified to play a role in cell adhesion,

TABLE 11–1. Characteristics and Disease States Associated with the Uncommon Non-Albicans Candida Species
In vitro Susceptibilities

Candida Species Characteristics/Disease States AmB 5-FC Flz Itz Clz Ktz

C. catenulata A natural contaminant of dairy S S DD-S S
products, especially camembert
cheeses; causes cutaneous, and
mucosal infection; candidemia (1
case report in a patient with gastric
carcinoma who frequently ate
cheese)

C. ciferii Cutaneous, onychomycosis S R R R S S

C. famata Candidemia, endophthalmitis, S S S S S S
(Torulopsis candida) peritonitis due to CAPD

C. haemulonii Candidemia, cutaneous

C. inconspicua Candidemia in neutropenics, S R R
oropharyngeal, esophageal, and
vaginal candidiasis in diabetics and
HIV-positive patients

C. lipolytica Low virulence, catheter-related S S S S S S
candidemia, commonly colonizes the
stool, sputum, and mouth, although
not associated with mucosal
infections

C. norvegensis Recovered from the GI and S S DD-S or S S
respiratory tract, rarely causes or R
candidemia and peritonitis

C. pelliculosa The most frequent of the uncommon Broad S S S S
Telomorph: causes of invasive candidiasis; � 20 range
Hansenula anomola cases of invasive candidiasis MICs

the sexual state of including: candidemia, endocarditis, (0.04–
Pichia anomola intraabdominal abscess, 1.56

pyelonephritis, cerebral ventriculitis �g/ml)

C. pulcherrima Recovered from skin and nails of
normal host

C. rugosa Associated with nosocomial S S Broad S S
(Mycoderma rugosa) candidemia and invasive candidiasis range

in burn patients, neutropenics, and MICs
catheter-associated infections (2–32

�g/ml)

C. utilis Utilized primarily in industry; a rare S S
Telomorph: cause with only 2 cases of invasive
Hansenula jadinii, candidiasis
Pichia jadinii

C. viswanathii Recovered from respiratory tract
and rare cause of meningitis

C. zeylanoides Low virulence, associated with S S S
catheter-related infections and
septic arthritis

S, susceptible; R, resistant; DD-S, dose dependent susceptible; MIC, minimum inhibitory concentration; AmB, amphotericin B; 5-FC, flucy-
tosine; Flz, fluconazole; Itz, itraconazole; Clz, clotrimazole; Ktz, ketoconazole; CAPD, continuous ambulatory peritoneal dialysis.

References: Bodey et al, 1993; D’Antonio et al, 1998; Dube et al, 1994; Hazen, 1995.
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including the adhesion like sequence (ALS) family of
protein encoding cell-surface adhesion glycoproteins
(x-agglutinins) and HWP-1, which encodes a protein
(Hwp1), an adhesin attaching to buccal epithelial cells
(Staab et al, 1999).

Invasion of host cells by Candida involves penetra-
tion and damage of the outer cell envelope. Trans-
migration is most likely mediated by physical and/or
enzymatic processes. Phospholipids and proteins rep-
resent the major chemical constituents of the host cell
membrane. Phospholipases, by cleaving phospholipids,
induce cell lysis and thereby facilitate tissue invasion
(Leidich et al, 1998). Phospholipase activity is concen-
trated at the hyphal growing tip and extracellular phos-
pholipase is considered necessary for the invasion of
tissue. Three genes have been cloned and encode can-
didal phospholipases. In 1969, Staib first reported that
proteolytic activity in C. albicans was related to strain
pathogenicity (Staib, 1969). A family of at least 9 genes
makes up the secreted aspartyl proteinase isoenzymes
(SAP) (Monod et al, 1994). SAP1 and SAP3 are regu-
lated during phenotypic transformation. Several stud-
ies have confirmed the importance of secreted aspartyl
proteinases in the pathogenesis of tissue invasion by 
C. albicans. SAP-gene knockout experiments demon-
strate attenuated virulence in both guinea pig and
murine models of disseminated candidiasis.

The ability of Candida species to overcome the sup-
pressive effect of antifungal chemotherapy is consid-
ered a virulence attribute (See Chapter 9).

EPIDEMIOLOGY AND PATHOGENESIS

Candida species are important opportunistic pathogens
because of their ability to infect seriously ill hospital-
ized patients (Pfaller et al, 2001). Candida accounts for
approximately 15% of all hospital-acquired infections
and over 72% of all nosocomial fungal infections
(Jarvis, 1995).

During the 1980s, data from the National Center for
Health Statistics (NCHS) reported bloodstream infec-
tions as the 13th leading cause of death in the United
States, with an attributable mortality rate of approxi-
mately 35% (Edmond et al, 1999). During this period,
fungal infections (particularly due to Candida spp.) in-
creased dramatically, accounting for 8%–15% of all
nosocomial bloodstream infections (BSIs) (Beck-Sague
et al, 1993; Fisher-Hoch and Hutwagner, 1995; Frid-
kin and Jarvis, 1996). The National Hospital Discharge
Survey reported rates of oropharyngeal and dissemi-
nated candidiasis to have increased more than 4-fold
and 11-fold, respectively, between 1980 and 1989
(Fisher-Hoch and Hutwagner, 1995). In 1997, systemic
mycoses ranked seventh as the underlying cause of
death due to infections, compared with tenth in 1980

(Pinner et al, 1996; McNeil et al, 2001). The Surveil-
lance and Control of Pathogens of Epidemiologic Im-
portance (SCOPE) study reported that for the 3–year
period ending 1998, Candida species remained the
fourth (7.7%) most common cause of nosocomial BSI
in the United States (Edmond et al, 1999; Wenzel and
Edmond, 2001). Although this incidence is low when
compared to bacteremias, candidemia had the highest
(40%) crude mortality rate of all nosocomial BSIs (Ed-
mond et al, 1999; Wenzel and Edmond, 2001). Au-
topsy studies have also confirmed the increase in the
incidence of disseminated candidiasis, reflecting the
parallel increase in candidemia (Singh, 2001; McNeil
et al, 2001). Candidemia is also associated with a pro-
longation of hospital length of stay (70 days vs. 40 days)
in comparable nonfungemic patients (Wey et al, 1988).

Disease usually originates from gastrointestinal tract
or the skin. Most organisms that colonize endogenous
reservoirs are acquired exogenously. Candida species
are frequently recovered from the hospital environ-
ment, including food, counter tops, air-conditioning
vents, floors, respirators, and from medical personnel
(Mahayni et al, 1995). Candida species are also com-
mensals of diseased skin and mucosal surfaces of the
gastrointestinal, genitourinary, and respiratory tracts
(Odds, 1994). Serious candidal infections are more fre-
quent in burn patients, low birth–weight infants, re-
cipients of parenteral nutrition, patients with hemato-
logical or solid organ malignancies, patients with
indwelling intravascular catheters or undergoing he-
modialysis, and patients in the postoperative period
(Jarvis, 1995), especially following transplantation
(Singh, 2001).

Until recently, epidemiologic data of Candida colo-
nization, transmission, and infection were incomplete
because of a lack of a reliable strain delineation (geno-
typing) system (Soll, 2000). Molecular biology tools
have improved the understanding of Candida epidemi-
ology; isolates of a single strain type (genotype) have
the same or very similar DNA patterns, while epi-
demiologically unrelated isolates have distinctly differ-
ent patterns (Soll, 2000). Prospective molecular epi-
demiologic studies of Candida using longitudinal
cultures have shown that individual patient tends to
harbor the same genotype of Candida over long peri-
ods of time (Pfaller et al, 1990; Vazquez et al, 1993a;
Soll, 2000). More than 60% of patients with can-
didemia have positive cultures for the same Candida
genotype as the genotype isolated from various
anatomic sites prior to developing fungemia (Pfaller et
al, 1990).

DNA typing has also confirmed acquisition of noso-
comial Candida species from environmental and hu-
man sources. Candida species have been recovered from
25% to 50% of inanimate surfaces sampled (Vazquez
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et al, 1993b), and Candida was cultured from patients’
rooms prior to patient acquisition of the same strain
(Vaudry et al, 1988; Vazquez et al, 1993b). Surfaces
commonly harboring Candida spp. were those in con-
tact with hands of personnel or patients. Identical
strains of Candida have also been recovered from pa-
tient food prior to patient acquisition (Berger et al,
1988; Vazquez et al, 1993b). Considerable strain di-
versity in Candida, specifically among C. albicans is ev-
ident. In one study of nosocomial acquisition of Can-
dida, approximately 70% of patients were colonized
with multiple strains of C. albicans, including 40% of
patients with multiple Candida species at different
anatomical sites (Vazquez et al, 1993).

CLINICAL MANIFESTATIONS

Oropharyngeal Candidiasis
Hippocrates is credited with first describing oral thrush
in debilitated individuals (Hippocrates and Adams,
1989). Nineteenth-century authorities recognized that
thrush invariably arose as a consequence of preexist-
ing illness (Trousseau, 1869; Parrot, 1877). The initial
discovery of the organism causing thrush was not made
until 1839, when Langenbeck described a fungus in
buccal aphthae in a case of typhus (Langenbeck, 1939),
but it was left to Berg in 1846 to establish a cause–
effect relationship between the fungus and oral lesions
(Berg, 1846). The taxonomic confusion continued un-
til 1933 when Berkhout proposed the genus name Can-
dida, separating this genus from the universal Monilia
genus that affects fruit and vegetables (Berkhout,
1923).

Oropharyngeal candidiasis (OPC) is most prevalent
in infants, the elderly, and compromised hosts and oc-
curs in association with serious underlying conditions
including diabetes, leukemia, neoplasia, steroid use, 
antimicrobial therapy, radiation therapy, and HIV-
infection (Silverman et al, 1984; Sobel, 1995). Persis-
tent OPC in infants may be the first manifestation of
childhood AIDS or chronic mucocutaneous candidia-
sis. One group of investigators reported that 28% of
cancer patients not receiving antifungal prophylaxis de-
veloped OPC (Samonis and Bodey, 1990) and another
group observed OPC in 57% of immunocompromised
patients (Yeo et al, 1985). Patients at greatest risk of
developing OPC include those receiving corticosteroids
and with prolonged neutropenia who are colonized with
a Candida species (Yeo et al, 1985). Approximately
80%–90% of patients with HIV-infection will develop
OPC at some stage of their disease (Feigal et al, 1991;
Vazquez, 2000); 60% of untreated patients develop an
AIDS-related infection or Kaposi’s sarcoma within two
years of the appearance of OPC (Klein et al, 1984).

Candida albicans remains the most common species
responsible for OPC (80%–90%) (Coleman et al,
1993). The ability of C. albicans to adhere to buccal
epithelial cells is critical in establishing oral coloniza-
tion; C. albicans adheres better to epithelial cells than
non-albicans Candida species. Low numbers of organ-
isms are the result of effective antifungal host defense
mechanisms in the oral cavity. Low salivary flow rates
correlate with higher prevalence rate of Candida. Geno-
typing of Candida strains obtained from HIV-positive
patients with OPC and esophageal candidiasis com-
pared to isolates from healthy individuals indicate an
identical distribution frequency, suggesting that HIV-
associated candidiasis is not caused by unique or par-
ticularly virulent strains, but from defects in host de-
fenses (Whelan et al, 1990).

Profound differences exist between HIV-positive and
negative patients with regard to natural history, diag-
nosis and management of OPC (Vazquez et al, 1999;
Vazquez, 2000) including an increase in non-albicans
Candida species recovered from HIV-positive individ-
uals (Barchiesi et al, 1993; van’t Wout et al, 1996).
HIV-positive patients experience recurrent episodes of
OPC and esophageal candidiasis as immunodeficiency
progresses; these patients may also receive multiple
courses of antifungal drugs contributing to antifungal
resistance. In these patients, antifungal agents are also
less efficacious and take longer to achieve a clinical re-
sponse (Darouiche, 1998).

Symptoms of oral thrush are variable, including a
sore, painful mouth, burning tongue and dysphagia
(Vazquez, 2000). Frequently, patients with severe ob-
jective intraoral lesions are aymptomatic. Signs include
diffuse erythema with white patches that appear as 
discrete lesions on the surfaces of the mucosa, throat,
tongue, and gums. With some difficulty, the plaques
can be wiped off revealing a raw, erythematous and
sometimes bleeding base. Constitutional signs of infec-
tion are absent. Oropharyngeal candidiasis can impair
the quality of life by reduction in fluid or food intake.

Acute Pseudomembranous Candidiasis (Exudative). This
most common form of OPC, especially in HIV-positive
persons, presents with a whitish-yellow thick curd–like
exudate on mucosal surfaces (See Color Fig. 11–1a in
separate color insert). Plaques may be small and dis-
crete or confluent lesions involving the entire oral mu-
cosa, and consist of necrotic material and desquamated
epithelial cells, penetrated by hyphae and yeast cells
which continue their invasion into the stratum corneum
(Letiner, 1964).

Chronic Atrophic Stomatitis (Denture Stomatitis). This
common form of OPC is frequently asymptomatic, but
may be associated with chronic soreness and burning
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of the mouth. Diffuse erythema and edema of the por-
tion of the palate in contact with dentures is evident
(see Color Fig. 11–1b in separate color insert). For un-
known reasons, the lower denture is rarely involved.
Chronic atrophic stomatitis was recorded in 24%–60%
of denture wearers and is several-fold more frequent in
females than in males (Budtz-Jorgensen et al, 1975).
Candida is detected by culture or microscopy in over
90% of symptomatic subjects. Even in the absence of
signs or symptoms, the prevalence of yeast is higher in
denture wearers. Maximum concentrations of yeast are
found on the denture fitting surface. Candida species
readily adhere to plastic objects including orthodontic
appliances. The pathogenesis of this form of OPC re-
mains unclear (Odds, 1988).

Angular Cheilitis (Perleche). Angular cheilitis or cheilo-
sis is characterized by soreness, erythema, and fissur-
ing at the corners of the mouth (see Color Fig. 11–1c
in separate color insert). Cheilitis may accompany oral
thrush or denture stomatitis, or may appear in the ab-
sence of oral disease (Cawson, 1965). Vitamin defi-
ciency and iron-deficiency anemia are also associated
with cheilitis, with Candida as a secondary colonizer
(Russotto, 1980).

Chronic Hyperplastic Candidiasis (Candida Leuko-
plakia). Oral white patches are discrete, transparent to
whitish raised lesions of variable sizes found on the in-
ner surface of the cheeks and, less frequently, on the
tongue. These lesions are found predominantly in males
and are highly associated with smoking. Most leuko-
plakia lesions are not related to Candida infection (Daf-
tary et al, 1972; Russotto, 1980) and may be prema-
lignant. Importantly, there is no known association
between Candida and either dysplasia or malignancy.
Biopsy of Candida-related leukoplakia lesions reveals
parakeratosis and epithelial hyperplasia with Candida
invasion.

Midline Glossitis (Median Rhomboid Glossitis, Acute At-
rophic Stomatitis). This form of OPC manifests as sym-
metrical lesions on the center dorsum of the tongue,
characterized by erythema and loss of papillae (Cernea
et al, 1965).

Candida species have also been incriminated in an
oral “burning mouth” syndrome, characterized by a
raw or sore tongue, especially following antibiotic ad-
ministration (Lehner, 1966). This self-limiting entity,
although common, has not been shown to be due to
primary or secondary Candida infection in spite of pos-
itive smears or cultures. Since Candida can be expected
to be cultured in 20%–50% of asymptomatic patients,
the etiology of this syndrome is probably multifactor-
ial (Lamey and Lamb, 1988a; Lamey et al, 1988b).

Physical signs of OPC are insufficient to allow reli-
able diagnosis. Oral lesions resembling candidiasis oc-
cur with severe mucositis accompanying chemotherapy
(reflecting tissue necrosis), viral and bacterial infections
(Smith and Meech, 1984). Oropharyngeal Candida in-
fections can complicate Herpes simplex virus infection
or leukoplakia. Diagnosis requires mycological confir-
mation, achieved by 10% potassium hydroxide or nor-
mal saline microscopic examination. Cultures are not
essential for diagnosis and do not distinguish colo-
nization and infection.

Esophageal Candidiasis
The prevalence of Candida esophagitis has increased
because of AIDS, as well as the increased pool of trans-
plant recipients, cancer and other severely immuno-
compromised patients. Candida microorganisms are
frequently recovered from the esophageal surface and
reach the esophagus in oral secretions. Little is known
about host and yeast factors operative in the patho-
genesis of esophageal candidiasis (EC) and experi-
mental models have not been established. Predisposing
factors include exposure to local irradiation, recent cy-
totoxic chemotherapy, antibiotics, corticosteroids, and
neutropenia (Wheeler et al, 1987). The high prevalence
of EC in patients with AIDS indicates the critical role
of cell mediated immunity in normally protecting the
esophagus from Candida invasion. Esophageal can-
didiasis in an HIV-positive patient may be the first man-
ifestation of AIDS (Coleman et al, 1993), typically oc-
curring at lower CD4 counts, � 100 cells/mm3 (Wheeler
et al, 1987; Coleman et al, 1993). Histological sections
reveal yeast hyphae in the mucosal epithelium, accom-
panied by a neutrophilic response as seen in oral thrush.

Candida esophagitis presents with dysphagia,
odynophagia, and retrosternal pain. Constitutional find-
ings, including fever, only occasionally occur. Rarely,
epigastric pain is the dominant symptom. Although EC
may arise as an extension of OPC, in more than 66%
of cases, the esophagus was the only site involved and
more often in the distal 2/3 than in the proximal 1/3
of the esophagus. Candida esophagitis in patients with
AIDS may be entirely asymptomatic in spite of exten-
sive esophageal involvement (Clotet et al, 1986).
Esophageal candidiasis is classified on the basis of en-
doscopic appearance: Type I, a few white or beige
plagues, up to 2 mm in diameter; Type II, plaques are
more numerous, larger than 2 mm in diameter; Type
III, confluent, linear and nodular elevated plaques with
hyperemia and frank ulceration (See Color Fig. 11–2
in separate color insert); and Type IV, similar to Type
III but with increased mucosal friability and occasional
narrowing of the lumen (Kodsi et al, 1976). Uncom-
mon complications of esophagitis include perforation,
aortic-esophageal fistula (Lefkowitz et al, 1964; Sehhat
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et al, 1976), and rarely, extensive necrosis destroying
the entire esophageal mucosa. In neutropenic patients,
bacteremia and candidemia may arise from EC.

A reliable diagnosis of EC can only be made by his-
tological evidence of tissue invasion in biopsy material.
Antifungal therapy is frequently initiated empirically in
a high-risk patient. The finding of Candida within an
esophageal lesion by smear or culture or in esophageal
brushings does not allow distinction between Candida as
a commensal or invasive pathogen. Positive esophageal
brushings are highly sensitive but very nonspecific in the
diagnosis of EC.

Radiologic features, which previously formed the 
basis for diagnosis of EC, are rarely used today. A bar-
ium contrast upper GI study may reveal shaggy mu-
cosal irregularities and nodular filling defects (Athey et
al, 1977; Pagani and Libshitz, 1981). The sensitivity of
barium swallow is relatively low and radiologic ab-
normalities are often absent in mild to moderate
esophagitis, especially in patients with AIDS (Athey et
al, 1977; Wheeler et al, 1987). Radiology has been re-
placed by endoscopy, which not only provides a rapid
and highly sensitive method of diagnosis, but is also
the only reliable method of differentiating among the
various other causes of esophagitis (Wheeler et al,
1987). The characteristic endoscopic appearance of EC
is described as yellow-white plaques on an erythema-
tous background, with varying degrees of ulceration.

Differential diagnosis of EC includes radiation
esophagitis, reflux esophagitis, and esophagitis caused
by Cytomegalovirus or Herpes simplex virus infection.
In patients with AIDS, multiple etiologic agents caus-
ing esophagitis are not uncommon.

Gastric Candidiasis
Since normal gastric microbial flora is derived from
oropharyngeal secretions, saliva and food, Candida or-
ganisms are normal components of gastric flora. Fac-
tors that enhance oral carriage of Candida similarly
increase gastroduodenal colonization with Candida
species. The role of acid in influencing gastric carriage
rates of Candida remains controversial. However, Can-
dida infections of the stomach are documented less fre-
quently than in the esophagus, implying greater gastric
mucosal resistance to Candida infection. Generally, C.
albicans usually invades pre-existing gastric lesions,
particularly gastric ulcers, both benign and malignant,
as well as sites of gastric resection.

In patients with AIDS and Candida esophagitis, gas-
tric thrush is not uncommon, and manifests with epi-
gastric pain, nausea and vomiting. It is difficult to es-
tablish what role, if any, these symptoms can be
attributed to candidiasis. Most patients are asympto-
matic or only experience symptoms of the associated
gastric abnormality (Sobel and Vazquez, 1995b;

Vazquez, 2000). There is scant information about the
need for or efficacy of antifungal therapy.

Candida Enterocolitis and Diarrhea Syndromes
Autopsies of adults with hematological malignancy and
other debilitating diseases, including AIDS, show that
Candida invasion of enteric and colonic mucosa rarely
occurs. In one study, infection of the small bowel was
found at autopsy in 22 of 109 patients with GI can-
didiasis (Eras et al, 1972). The most common abnor-
mality was ulceration of the mucosa, which led to fun-
gal penetration into the submucosa in some patients.
Symptoms included nausea, abdominal pain and 
diarrhea.

Candida-associated diarrhea has been reported to de-
velop during hospitalization (Gupta and Ehrinpreis,
1990). Diarrhea developed in elderly, malnourished,
critically or chronically ill patients. The diarrhea was
secretory in nature, and characterized by frequent 
watery stools, without blood, mucus, tenesmus, or 
abdominal pain. All patients had received therapy with
multiple antibiotics or chemotherapeutic agents.
Colonoscopy failed to reveal evidence of colitis. Not all
authorities agree with the evidence supporting the ex-
istence of this syndrome.

Cutaneous Candidiasis
Candida can invade any body surface and cause su-
perficial infection of the skin, hair, and nails. Sympto-
matic mucocutaneous candidiasis will occur if dys-
function or local reduction in host resistance promotes
an overgrowth of indigenous flora and there is a breach
in the anatomical barriers (skin and mucosa). Dry in-
tact skin is a potent barrier to fungal invasion, and hy-
dration of the epidermis decreases resistance.

Candida albicans and C. tropicalis are the most com-
mon causes of superficial infections of the skin and the
nails. These organisms favor growth in warm, moist
areas such as the skin folds of obese individuals, be-
tween the fingers and toes, perineal areas, and geni-
tocrural folds. Infections in these areas occur with much
greater frequency in HIV-positive and diabetic patients,
and are exacerbated by occlusion, moisture, epidermal
barrier dysfunction, hormonal manipulation, antibiotic
use, and immunosuppression.

Generalized Cutaneous Candidiasis. This syndrome is a
rare form of candidiasis that manifests as a diffuse erup-
tion over the trunk, thorax, and extremities. Patients
have a history of generalized pruritus, with increased
severity in the genitocrural folds, anal region, axillae,
hands, and feet. Examination reveals a widespread rash
that begins as individual vesicles that evolve into large
confluent areas (Alteras et al, 1979).
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Intertrigo. One of the most common skin infections due
to Candida, intertrigo affects sites where skin surfaces
are in close proximity providing a warm and moist en-
vironment. Infection begins with a vesiculopustular
pruritic rash that enlarges and frequently progresses to
maceration and erythema. The involved area has a scal-
loped border with a white rim consisting of necrotic
epidermis that surrounds the erythematous macerated
base. Satellite lesions are frequently found and may co-
alesce and extend into larger lesions.

Erosio Interdigitalis Blastomycetica. This form of inter-
trigo that occurs in the areas between the fingers and
toes manifests as an erythematous painful rash. The af-
fected skin reveals a tender, erythematous area of ero-
sion, that may extend onto the sides of the digits and
may be surrounded by maceration (Domonkos et al,
1982; Fitzpatrick et al, 1997).

Candida Folliculitis. This infection, which is predomi-
nantly found in the hair follicles and rarely becomes
extensive (Kapdagli et al, 1997), should be differenti-
ated from more common bacterial folliculitis.

Paronychia and Onychomycosis. Nail plate infection is
generally not due to Candida species, unless it is asso-
ciated with congenital candidiasis or chronic mucocu-
taneous candidiasis (Arbegast et al, 1990). Candida
paronychia and onychomycosis are seen typically in pa-
tients with prolonged immersion of extremities in wa-
ter and in patients with diabetes mellitus. Candida
paronychia tends to be chronic, presenting as a painful
and erythematous area around and underneath the nail
and nailfold. Physical examination reveals an area of
inflammation that is warm, glistening, tense, and ery-
thematous and extends underneath the nail. Chronic
manifestations of this infection include loss of seal of
the proximal nail-fold, nail thickening, ridging, discol-
oration, and occasional nail loss.

Chronic Mucocutaneous Candidiasis. This syndrome
involves multiple superficial sites, primarily the mouth,
facial skin, hair and nails, which are simultaneously in-
fected with Candida over a prolonged period of time.
Chronic mucocutaneous candidiasis (CMC) is not a sin-
gle disease entity, but is a consequence of multiple de-
fects in anti-Candida host defenses. The final outcome
is a chronic, superficial Candida infection at sites where
Candida normally resides as a commensal organism
(Wells, 1973; Kirkpatrick, 1993; Kirkpatrick, 1994).
Chronic mucocutaneous candidiasis is a rare entity, and
links between increased incidence of CMC and fami-
lies of either Iranian, Jewish or Finnish descent are de-
scribed (Ahonen et al, 1990; Bjorses et al, 1996).

Most CMC infections begin in infancy or the first 2
decades of life; onset after 30 years of age is rare.
Chronic and recurrent infections frequently result in a
disfiguring form of CMC called Candida granuloma
(Wells, 1973). Most patients with CMC survive for
prolonged periods of time and rarely experience vis-
ceral or disseminated fungal infections. The most com-
mon cause of death is bacterial sepsis. A wide spectrum
of CMC clinical syndromes have been described. Newer
classifications are based on inheritance as well as clin-
ical factors (Hermans and Ritts, 1970; Wells, 1973;
Kirkpatrick, 1993; Kirkpatrick, 1994). Group 1 is
chronic oral candidiasis associated with HIV, inhaled
steroids and denture-stomatitis. Group 2 comprises
CMC associated with endocrinopathy (autosomal reces-
sive) and has also been called “Candida endocrinopathy
syndrome” or autoimmune polyendocrinopathy can-
didiasis syndrome. It is now known to be due to mu-
tations in the autoimmune regulator (AIRE) gene.
Group 3 is localized CMC that is characterized by hy-
perkeratosis and cutaneous horn formation that affects
both hands. This group is not associated with endocrine
dysfunction. Group 4 is diffuse CMC, and tends to in-
clude patients with widespread and the most severe in-
fections and in whom familial factors are unknown or
obscure. Group 5 includes CMC associated with thy-
moma, and usually manifests during the third decade of
life. In addition, Group 5 CMC is also associated with
myasthenia gravis, hypogammaglobulinemia, red cell
aplasia, aplastic anemia, and neutropenia. Group 6 is
CMC associated with interstitial keratitis (Okamoto et
al, 1977). Group 7 is CMC associated with keratitis, ic-
thyosis, and deafness (KID syndrome).

A variety of Candida antigen-specific defects have
been described in CMC patients. The commonest ab-
normality is a negative delayed-type cutaneous (hy-
posensitive) reaction to Candida antigen and is evident
in � 80% of patients tested (controls 16%–37%), re-
gardless of clinical type of CMC. Approximately 70%
of patients tested showed defective in vitro lymphocyte
blastogenesis in response to Candida antigen (Holt et
al, 1972). The nature of the T-cell defect has not been
clarified. A subpopulation of T-suppressor cells has
been described that respond to Candida mannoproteins
by inhibiting T-helper cell function (Fischer, 1978; 
Durandy et al, 1988). These investigators reported a
serum inhibitory factor in CMC patients that suppressed
T-cell function. The majority of patients with CMC have
normal or high serum antibodies to Candida and no con-
sistent B-cell dysfunction has been reported.

Chronic mucocutaneous candidiasis is frequently as-
sociated with endocrinopathies such as: hypoparathy-
roidism (80%), hypoadrenalism (72%), chronic lym-
phocytic thyroiditis and hypothyroidism (5%), ovarian
failure (60%), growth hormone deficiency, gonad in-
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sufficiency (15%), and diabetes mellitus (12%) (Her-
mans and Ritts, 1970; Wells, 1973). Autoimmune an-
tibodies may be found to adrenal, thyroid, and gastric
tissues, and melanin-producing cells (vitiligo). Other
features include thymomas and dental dysplasias,
polyglandular autoimmune diseases, and antibodies. 
T-cell dysfunction is often reversible, with improvement
in immunological parameters following clinical remis-
sion achieved by antimycotic therapy.

The onset of CMC is usually within the first year of
life in nonendocrinopathy cases, and within the first
decade when associated with endocrinopathies. Ap-
proximately 90% of all cases of CMC have their on-
set before the age of 20 years, and about 33% of cases
are associated with endocrinopathies.

The earliest lesion to appear is chronic pseudomem-
branous oral candidiasis (Shama and Kirkpatrick,
1980). Angular cheilitis and lip fissures may develop
and infection may spread to involve the esophagus and
larynx. In postmenarchal females, Candida vaginitis
supervenes, but is not a common feature. These super-
ficial infections tend to be severe, chronic and recur-
rent in nature. Persistent onychia and paronychia are
nearly as common as oral lesions. Lesions of the fin-
gers vary from discoloration and dystrophy of the nails
to crusting and hyperkeratotic horns (See Color Fig.
11–3a in separate color insert). Skin lesions, when pres-
ent, are found mainly on the face, neck, ears, and shoul-
ders, and less often involve the scalp and groin. In se-
vere forms of CMC, there are hyperkeratotic crusts or
Candida granuloma producing severe disfigurement
(See Color Fig. 11–3b in separate color insert). The lat-
ter findings are invariably found in the idiopathic, in-
fant or juvenile-onset cases and rarely in association
with endocrinopathy or mature-onset cases. A striking
feature of CMC is the lack of invasive candidiasis.

Other associated disorders include autoimmune hep-
atitis, iron deficiency and malabsorption syndromes;
aplastic anemia, hemolytic anemia, pernicious anemia,
neutropenia, and thrombocytopenia; thymomas and
oropharyngeal tumors; and ectodermal abnormalities
such as alopecia and dental dysplasias. Patients with
CMC are also prone to superinfections caused by Her-
pes simplex, Herpes zoster, pyogenic infections includ-
ing bacteremia, disseminated Mycobacterium avium in-
fections, dermatophytosis and occasionally, invasive
fungal infections.

The evaluation of persons suspected of having any
form of CMC should include a complete blood count
with differential, lymphocyte phenotyping, T-lympho-
cyte response to Candida and tetanus, DTH testing
with Candida, tetanus, and mumps, lymphokine pro-
duction by antigen or mitogen-stimulated cells, T and
B lymphocyte counts, and serum immunoglobulins. In
adults, HIV antibody testing and a CT scan of the chest

to rule out a thymus tumor should be done (Kirk-
patrick, 1993).

Vulvovaginal Candidiasis
In the United States, Candida vaginitis is the second
most common vaginal infection. During the childbear-
ing years, 75% of women experience at least one
episode of vulvovaginal candidiasis (VVC), and
40%–50% of these women experience a second attack
(Hurley and De Louvois, 1979). Candida is isolated
from the genital tract of approximately 10%–20% of
asymptomatic, healthy women of childbearing age.
Candida organisms gain access to the vagina from the
adjacent perianal area and then adhere to vaginal ep-
ithelial cells. Candida albicans adheres to vaginal ep-
ithelial cells in significantly greater numbers than non-
albicans Candida species (Sobel, 1985a).

Several factors are associated with increased rates of
asymptomatic vaginal colonization with Candida as
well as Candida vaginitis including pregnancy (30%–
40%), oral contraceptives with a high estrogen content,
and uncontrolled diabetes mellitus (Fig. 11–4). The
hormonal dependence of VVC is illustrated by the fact
that Candida is seldom isolated from premenarchial
girls, and the prevalence of Candida vaginitis is lower
after the menopause, except in women taking hormone
replacement therapy. Other predisposing factors in-
clude corticosteroids, antimicrobial therapy, intrauter-
ine devices, and high frequency of coitus (Reed, 1992).

Germination of Candida enhances colonization and
tissue invasion. Factors that enhance or facilitate ger-
mination (e.g., estrogen therapy, pregnancy) tend to
precipitate symptomatic vaginitis whereas measures
that inhibit germination (e.g., bacterial flora) may pre-
vent acute vaginitis in women who are asymptomatic
carriers of Candida. A precipitating factor that explains
the transformation from asymptomatic carriage to
symptomatic vaginitis is identified in only a few pa-
tients (Fig. 11–4).

During pregnancy, the incidence of clinical episodes
reaches a maximum in the third trimester, but symp-
tomatic recurrences are common throughout preg-
nancy. The high levels of reproductive hormones are
thought to increase the glycogen content of the vaginal
environment and provide a carbon source for Candida
growth and germination. Estrogens enhance vaginal ep-
ithelial cell avidity for Candida adherence, and a yeast
cytosol receptor or binding system for female repro-
ductive hormones has been documented. In addition,
estrogens enhance yeast-mycelial transformation. Low-
estrogen oral contraceptives may also cause an increase
in Candida vaginitis. Hormone replacement therapy
may contribute to vaginitis in postmenopausal women.
Vaginal colonization with Candida is more common in
diabetic patients, and poorly controlled diabetes pre-
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disposes to symptomatic vaginitis. Glucose tolerance
tests have been recommended for women with recur-
rent vulvovaginal candidiasis (RVVC); however, the
yield is low and testing is not justified in otherwise
healthy premenopausal women. Diets high in refined
sugar may precipitate symptomatic Candida vaginitis.

Symptomatic VVC is often observed during or after
use of systemic or intravaginal antibiotics. Although no
antimicrobial agent is free of this complication, the
broad-spectrum antibiotics are mainly responsible; they
act by eliminating the normal protective vaginal bac-
terial flora. Lactobacillus spp. in the natural flora pro-
vides a colonization-resistance mechanism and prevents
germination of Candida. However, most women tak-
ing antibiotics do not develop Candida vaginitis. Envi-
ronmental factors that predispose to Candida vaginitis
may include tight, poorly ventilated clothing and ny-
lon underclothing, which increase perineal moisture
and temperature. Chemical contact, local allergy and
hypersensitivity reactions may also predispose to symp-
tomatic vaginitis. Iron deficiency is said to predispose
to Candida infection, but there is no evidence to sup-
port this view. In patients who are debilitated or im-
munosuppressed, oral and vaginal candidiasis corre-
lates well with reduced cell-mediated immunity, as
evident in CMC and AIDS. Based on these observa-
tions, T-lymphocytes may contribute to normal vagi-
nal defense mechanisms preventing mucosal invasion
by Candida.

Several theories have been proposed to explain
RVVC (Sobel et al, 1985a; Sobel, 1992). The intestinal
reservoir theory is based on recovery of Candida on
rectal culture in almost 100% of women with vulvo-
vaginal candidiasis. DNA typing of vaginal and rectal

cultures obtained simultaneously usually reveals iden-
tical strains. However, other studies have shown a
lower concordance between rectal and vaginal cultures
in patients with RVVC. In a maintenance study of
women with RVVC who were receiving ketoconazole,
recurrence of Candida vaginitis often occurred with no
evidence of Candida in the rectum. Also, oral nystatin,
which reduces intestinal yeast carriage, fails to prevent
RVVC. Repeated reintroduction of yeast into the
vagina from the gut is therefore no longer considered
a likely cause of recurrent Candida.

The sexual transmission theory is based on (1) pe-
nile colonization with Candida organisms, which are
present in approximately 20% of male partners of
women with RVVC, and (2) infected partners often
carry identical strains. Oral colonization of partners
with an identical strain of Candida also occurs, and
may be a source of orogenital transmission. However,
in most studies involving treatment of partners, there was
no reduction in the frequency of episodes of vaginitis.

The vaginal relapse theory to explain RVVC is also
an alternative. Although antimycotic therapy may re-
duce the number of Candida and alleviate signs and
symptoms of inflammation, the eradication or clear-
ance of Candida from the vagina is incomplete because
most of the antimycotic agents are fungistatic. The
small number of organisms that persist in the vagina
result in continued carriage of the organism; when host
environmental conditions permit, the colonizing or-
ganisms increase in number and undergo mycelial
transformation, resulting in a new clinical episode.
Drug resistance is seldom responsible for RVVC in
women infected with C. albicans. Current vaginal re-
lapse theories regarding the pathogenesis of RVVC in-

FIGURE 11–4. Pathogenesis of recurrent vulvovaginal candidiasis.
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clude qualitative and quantitative deficiency in the nor-
mal protective vaginal bacterial flora (unproven), and
an acquired, often transient, antigen-specific deficiency
in T lymphocyte function that permits unchecked yeast
proliferation and germination. Reduced T lymphocyte re-
activity to Candida antigen may result from the elabora-
tion of prostaglandin E2 by the patient’s macrophages
which blocks Candida antigen-induced lymphocyte pro-
liferation, possibly by inhibiting interleukin-2 production.
Abnormal macrophage function could be the result of
histamine produced as a consequence of local IgE Can-
dida antibodies or a serum factor (Witkin, 1991).

Vulvar pruritus is the most common symptom of
VVC. Vaginal discharge is often minimal and some-
times absent. Although described as being typically
“cottage cheese-like” in character (See Color Fig. 11–5
in separate color insert), the discharge may vary from
watery to homogeneously thick. Vaginal soreness, irri-
tation, vulvar burning, dyspareunia, and external dys-
uria are other common symptoms. If there is an odor,
it is minimal and unoffensive. Characteristically, the
symptoms are exacerbated during the week before the
onset of menses. The onset of menstrual flow brings
some relief. Examination reveals erythema and swelling
of the labia and vulva, often with discrete pustu-
lopapular peripheral lesions. The cervix is normal with
vaginal mucosal erythema with adherent whitish 
discharge.

In most symptomatic patients with VVC, diagnosis
is readily made on the basis of microscopic examina-
tion of vaginal secretions. A wet mount with saline has
a sensitivity of only 40%–60%. A preparation of 10%
potassium hydroxide (KOH) is even more sensitive
(50%–70%) in identifying the presence of yeast cells.
Patients with Candida vaginitis have a normal vaginal
pH, 4.0–4.5. A pH � 4.5 suggests the possibility of
bacterial vaginosis, trichomoniasis, or mixed infection.
Routine cultures are unnecessary, but vaginal culture
should be performed in suspicious cases with negative
microscopy. Although vaginal culture is the most sen-
sitive method available for detecting Candida, a posi-
tive culture does not necessarily indicate that Candida
is responsible for the vaginal symptoms. There is no re-
liable serological technique for the diagnosis of symp-
tomatic VVC. Commercial tests (including latex ag-
glutination slide tests) are less sensitive than culture and
have no advantages over microscopy.

Candidemia and Disseminated Candidiasis
Candidemia or systemic candidiasis has been divided
into four groups or syndromes, namely, catheter-related
candidiasis, acute disseminated candidiasis, chronic dis-
seminated candidiasis (hepatosplenic candidiasis), and
deep organ candidiasis (Rex et al, 2000). Although
hematogenous involvement occurs at some stage in the

evolution of each, only the first two syndromes are as-
sociated strongly with documented candidemia. Hence
use of the term candidemia only as a marker of inva-
sive candidiasis results in the underestimation of the
true incidence of invasive candidiasis (Rex et al, 2000).

The last 4 decades have witnessed a dramatic increase
in the incidence of candidemia, originating in tertiary
care centers and now observed in virtually all type 
hospitals (Fraser et al, 1992; Sandven, 2000). Approx-
imately 20,000 cases of candidemia in adults occur an-
nually in the United States. A published population-
based survey reported that the incidence of nosocomial
candidemia in the United States is 8 cases/ 100,000 pop-
ulation (Kao et al, 1999). If defined on the basis of can-
didemia, the incidence of invasive candidiasis has a bi-
modal age distribution with peaks at extremes of age,
75 cases/100,000 infants � 1 year old and 26 cases/
100,000 individuals � 65 years (Kao et al, 1999).

Within the hospital setting, not all departments re-
port high rates of candidemia. Patients in ICUs, espe-
cially surgical units (Voss et al, 1995; Vincent et al,
1998), trauma units, and neonatal ICUs, have the high-
est rates (Beck-Sague and Jarvis,1993; Fridkin and
Jarvis, 1996). Twenty-five percent to fifty percent of
nosocomial candidemia now occurs in critical care units
(Rangel-Frausto et al, 1999). Neutropenic patients, pre-
viously the highest risk population, are no longer the
most vulnerable subpopulation, due to the widespread
use of fluconazole prophylaxis during neutropenia
(Abi-Said et al, 1997). In some tertiary care centers, C.
albicans is no longer the most frequent bloodstream
isolate, being replaced by C. glabrata, which surpassed
C. tropicalis as the most prevalent non-albicans species
and currently cause 3%–35% of all candidemias (Val-
divieso et al,1976; Wingard,1995; Abi-Said et al,1997;
Pfaller et al, 2001; Bodey et al, 2002). Non-albicans
Candida species have also become an increasing prob-
lem in ICUs, attributed to the more widespread use of
fluconazole prophylaxis in this population (Nguyen et
al, 1996a; Bodey et al, 2002). Antifungal prophylaxis,
usually fluconazole, primarily in patients with acute
leukemia and following BMT transplantation, has been
associated with increased gut colonization and infec-
tion with C. glabrata (Abi-Said et al, 1997).

Risk factors for Candida bloodstream infections 
include systemic antibiotics, chemotherapy, cortico-
steroids, presence of intravascular catheters, total par-
enteral nutrition (TPN), recent abdominal surgery, hos-
pitalization in ICU, malignancy, neutropenia, and
fungal colonization (Bross et al, 1989; Beck-Sague et
al, 1993; Pittet et al, 1994; Fridkin and Jarvis, 1996;
Nguyen et al, 1996a; Nguyen et al, 1996b). In a recent
prospective study conducted in six surgical ICUs, mul-
tivariate analysis revealed increased risk with prior ab-
dominal surgery (R.R. 7.3) acute renal failure (R.R.
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4.2), TPN (R.R. 3.6), and triple lumen catheter (R.R.
5.4) (Blumberg et al, 2001). In contrast to other stud-
ies, prior fungal colonization could not be demon-
strated as a risk factor, whereas receipt of any systemic
antifungal drug was associated with reduced risk
(Blumberg et al, 2001). Candida parapsilosis is the most
frequent cause of Candida bloodstream infection in
neonates (Pappas et al, 1997; Rowen et al, 1999; Sand-
ven, 2000). Neonatal candidemia (� 1 year of age) rep-
resents 12% of the cases of candidemia (Kao et al,
1999).

The source of candidemia remains poorly understood
in spite of the aforementioned risk factors. In neu-
tropenic individuals, gut colonization is likely respon-
sible for most cases of candidemia. The gut is also likely
to be the source of candidemia following abdominal
surgery and in patients without intravascular central
catheters. In contrast, in patients with skin coloniza-
tion and contaminated intravascular catheters, the skin
is thought to serve as the source. Other sources include
intraabdominal abscesses, peritonitis, and rarely, uri-
nary tract and contaminated IV solution. A recently
published study estimated the attributable cost in 1997
U.S. dollars of each case of candidemia at $34,000 to
$44,000, with a national annual total attributable cost
for nosocomial candidemia of approximately $800 mil-
lion in the United States (Rentz et al, 1998).

Clinical aspects of candidemia are extremely variable.
Patients present with fever alone without organ-specific
manifestations, or a wide spectrum of symptoms and
signs, including fulminant sepsis. Accordingly, acute can-
didemia is indistinguishable from bacterial sepsis and
septic shock. Clinical manifestations of fungemia are
frequently superimposed on those due to the underly-
ing pathology. Concomitant bacterial infections in-
cluding bacteremia are not uncommon. In general,
there are no specific clinical features of candidemia as-
sociated with individual Candida species.

At the time of documented candidemia, manifesta-
tions of systemic and invasive metastatic candidiasis
may be present, although frequently when the latter is
evident, blood cultures have become negative. Hence,
candidemia is a marker, although an insensitive one 
of deeply invasive candidiasis (Berenguer et al, 1993).
Only 50% of patients with disseminated candidiasis
have positive blood cultures (Hockey et al, 1982) and
antemortem diagnosis is relatively infrequent in the ab-
sence of candidemia (15%–40%). The likelihood of
systemic invasion has been correlated with increasing
numbers of positive blood cultures (Lecciones et al,
1992), although not all patients with candidemia have
the same risk of dissemination. Patients with neutrope-
nia have a significantly higher rate of visceral and cuta-
neous dissemination (Anaissie et al, 1998). Dissemina-
tion to multiple organs often involves skin, kidney, eye,

brain, myocardium, and bone (See Color Fig. 11–6 in
separate color insert). In leukemia patients, dissemina-
tion to liver and spleen is especially common, and may
occasionally involve lungs, skin, and endocardium.

The possibility of asymptomatic disseminated infec-
tion drives the treatment principles of candidemia, even
when candidemia is transient. Transient candidemia
can occur from any source but most frequently follows
intravascular catheter infection with prompt resolution
following catheter removal. In general, in most prospec-
tive studies of nosocomial candidemia, approximately
half the patients will have cleared candidemia within
72 hours without receiving systemic fungal therapy.
Prolonged candidemia, especially when blood cultures
remain persistently positive on appropriate antifungal
therapy, suggests: (1) a persistent focus or source, e.g.,
intravascular catheter, abscess, suppurative throm-
bophlebitis; (2) endocarditis; (3) severe neutropenia;
and (4) rarely, antifungal resistance especially with
some non-albicans Candida species (Wingard, 1995;
Pfaller et al, 2001). At the time of diagnosis of can-
didemia, general physical examination rarely reveals
clinical signs of dissemination. However, a thorough
examination, including a dilated funduscopic exami-
nation, is mandatory.

Occasionally, blood cultures obtained via central
catheters may represent contamination; hence the im-
portance of obtaining multiple blood cultures, espe-
cially cultures from peripheral vein sites. Nevertheless,
febrile patients with a single positive blood culture for
Candida species should always initially be considered
to have a proven infection. In reviewing 155 episodes
of catheter-related candidiasis, investigators observed 
a similar frequency of autopsy-proven candidiasis
whether blood cultures were obtained from central
catheter or peripheral site (Lecciones et al, 1992).

Improving blood culture yield can also be enhanced
by increasing blood volume and utilizing newer tech-
niques and media (Murray, 1991). Given the insensi-
tivity of blood cultures, together with the lack of test
for the diagnosis of invasive candidiasis, detection of
hematogenous dissemination remains poor (Krick and
Remington, 1976; Bennett, 1978; Edwards, 1991; Mit-
sutake et al, 1996).

The crude mortality rates reported in patients with
candidemia represent a range of 40%–60% (Komshian
et al, 1989; Wey et al, 1988; Fraser et al, 1992; Frid-
kin and Jarvis, 1996; Edmond et al, 1999; Blumberg et
al, 2001) with an attributable mortality of 38%, ex-
ceeding that of most bacteremias. Since 1989, a 50%
reduction in national mortality rates for invasive can-
didiasis has been reported, following a steady increase
in mortality in the previous decades reaching 0.62
deaths/100,000 population (McNeil et al, 2001). A sim-
ilar decline in rates of death from systemic candidiasis
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associated with HIV infection occurred (0.04/100,000).
The explanation for decreased mortality in both HIV
positive and negative patients in spite of increased Can-
dida invasive disease may be related to increased aware-
ness, earlier diagnosis and an enhanced therapeutic 
armamentarium. Non-albicans Candida infections in
general tend to be associated with reduced lethality.

Ocular Candidiasis
Candida organisms gain access to the eye by one of two
routes, either direct inoculation during eye surgery or
trauma, or as the result of hematogenous spread (en-
dogenous) (Edwards et al, 1974; Samiy and D’Amico,
1996). Any eye structure may be involved including
conjunctiva, cornea, lens, ciliary body, vitreous humor,
and uveal tract. Eye involvement may be unilateral or
bilateral. Once endophthalmitis occurs, therapy, espe-
cially if delayed, is often insufficient to prevent blind-
ness. Given the recent increased incidence of nosoco-
mial candidemia, a parallel increase in endophthalmitis
has occurred in all population groups (Donahue et al,
1994; Menezes et al, 1994; Coskuncan et al, 1994; Pa-
panicolaou et al, 1997; Wolfensberger and Gonvers,
1998; Noyola et al, 2001), including neonates, and in-
travenous drug addicts (Hogeweg and de Jong, 1983).
Candida endophthalmitis should raise the suspicion of
concomitant widely disseminated candidiasis. Esti-
mates of the incidence of eye involvement during can-
didemia have been as high as 28%–37% (Brooks et al,
1989; Penk and Pittrow, 1998); moreover in only half
the cases of endophthalmitis is there a history of recent
culture proven candidemia. In a prospective study 
of 50 patients with fungemia, incidence of ocular can-
didiasis was 26%, all manifested as chorioretinitis 
(Krishna et al, 2000). Some of the patients with an ini-
tially negative eye examination developed signs of oc-
ular candidiasis within 2 weeks. Candida albicans is
the commonest species responsible for ocular involve-
ment, but other Candida species have been incriminated
(Joshi and Hamory, 1991). In experimental animal
models, a tropism of C. albicans for chorioretinal blood
vessels has been demonstrated.

Symptoms of chorioretinitis are variable and often
absent in patients too ill to complain. Symptoms in-
clude visual blurring, floaters, scotomata and blindness.
Funduscopic examination usually reveals white, cotton
ball-like lesions situated in the chorioretinal layer which
may rapidly progress to extend into the posterior vit-
reous (See Color Fig. 11–7 in separate color insert). In-
direct ophthalmoscopy with pupillary dilation is nec-
essary to achieve complete visualization. Ocular lesions
require the presence of leukocytes for development;
presence of neutropenia inhibits the formation of ocu-
lar lesions in experimental rabbit models (Henderson
et al, 1980).

Diagnosis of Candida endophthalmitis is usually
made on the basis of clinical context and characteris-
tic fundoscopic picture. Aspiration of the anterior
chamber is rarely diagnostic whereas vitrectomy, often
performed for therapeutic purposes, usually yields pos-
itive culture for Candida (McDonald et al, 1990).

Cardiac and Endovascular Candidiasis
Myocarditis and Pericarditis. Candida myocarditis is the
result of hematogenous dissemination with develop-
ment of one or more abscesses within the myocardium.
Most frequently, abscesses are microabscesses usually
diagnosed at autopsy. One group reported 62% of 50
patients with disseminated candidiasis had myocardial
involvement at autopsy and other retrospective autopsy
studies reported myocardial abscesses in 8%–93%
(Franklin et al, 1976; Hofman et al, 1992).

Candida spp. may reach the pericardium from adja-
cent endocarditis or myocarditis but most frequently
pericardial involvement is the result of hematogenous
seeding or direct inoculation at the time of cardiac sur-
gery (Rubin and Moellering, 1975; McNamee et al,
1998). Pericarditis is purulent in nature, resembles bac-
terial infection, and may be complicated by constric-
tive disease. Successful therapy requires pericardiec-
tomy in addition to antifungal drugs. Medical therapy
alone is associated with an extremely poor prognosis
(Schrank and Dooley, 1995).

Endocarditis. Although previously rare, the advent of
prosthetic cardiac valve surgery in the late 1960s to-
gether with the worldwide increase in intravenous drug
abuse, especially heroin, resulted in a dramatic increase
in incidence of Candida endocarditis (Rubinstein et al,
1975). In a large retrospective review of fungal endo-
carditis from 1965 to 1995, investigators determined
that fungal endocarditis was responsible for fewer than
10% of all cases of infective endocarditis (Ellis et al,
2001). This review documented the changing epidemi-
ology of fungal endocarditis. Although Candida spp.
were previously responsible for � 66% of fungal en-
docarditis cases, the frequency of fungal endocarditis
due to Candida species now accounts for less than half
the cases (48%), and infection due to non-albicans
Candida is as common as C. albicans (Ellis et al, 2001).
The increase in non-albicans Candida endocarditis re-
flects the changing epidemiology of nosocomial can-
didemia, although it would appear that C. parapsilosis
has a unique tropism for prosthetic endovascular sur-
faces. Another major factor determining the epidemi-
ology of Candida endocarditis is the recent acceptance
by clinicians that all candidemia episodes should be
treated.

The pathogenesis of Candida endocarditis is com-
plex, and several risk factors have been confirmed (Hal-



156 MYCOSES CAUSED BY YEASTS

lum and Williams, 1993; Ellis et al, 2001). Candida or-
ganisms rarely adhere to and colonize normal valvular
endothelium. Predisposing factors include: (1) underly-
ing valvular disease; (2) prosthetic cardiac valves, in-
cluding homografts, which provide an abnormal sur-
face once coated with platelets and fibronectin for
Candida adherence; (3) prolonged presence of in-
travascular catheters, resulting in persistent high in-
oculum candidemia; (4) heroin addiction, still respon-
sible for sporadic cases and occasional epidemics of
Candida endocarditis (Rubinstein et al, 1975); and (5)
other risk factors such as cancer chemotherapy, pre-
existing bacterial endocarditis, immunocompromised
hosts and temporally related noncardiac surgery, espe-
cially abdominal surgery (Ellis et al, 2001). Candida
endocarditis is rare in the setting of granulocytopenia
(Chim et al, 1998). Possible explanations include the
short duration of undiagnosed candidemia together
with universal aggressive therapy; however, it is also
likely that the accompanying thrombocytopenia may
prevent vegetation formation.

Postoperative endocarditis, especially following pros-
thetic valve surgery, so-called prosthetic valve endo-
carditis (PVE) remains the most common form of 
Candida endocarditis (� 50%). However, Ellis and col-
leagues in their review concluded that cardiac valve
surgery showed the largest decrease in incidence as a
risk factor. Most episodes of Candida PVE occur within
2 months of valve surgery, although endocarditis may
occur much later (� 12 months) (Gilbert et al, 1996;
Nasser et al, 1997). Specific risk factors for PVE in-
clude complicated surgery, perioperative antibiotics,
prolonged postoperative use of catheters, and can-
didemia even if transient. Non-albicans Candida species
are increasingly responsible for PVE, especially C. para-
psilosis. Damaged endocardium, especially suture line
and prosthetic material, serve as foci for Candida ad-
herence (Calderone et al, 1978; Yeaman et al, 1996).
Rarely, contamination of homografts and heterografts
occurs before insertion. Pacemaker endocarditis due to
Candida has also been described (Joly et al, 1997).

Clinical findings and complications in Candida en-
docarditis are similar to those seen in bacterial endo-
carditis with the exception of increased frequency of
large emboli to major vessels in Candida endocarditis
(Nguyen et al, 1996b). The higher incidence of em-
bolization is manifested as either focal or global neu-
rological deficits. Aortic and mitral valve involvement
are most common. The classical findings of bacterial
endocarditis are reported including Osler nodes,
Janeway lesions, splinter hemorrhages, splenomegaly,
hematuria and embolic manifestations. Some studies
have found a reduced incidence of cardiac failure,
changing heart murmurs and splenomegaly (Ellis et al,

2001). Candida endophthalmitis can complicate endo-
carditis but is usually seen in the absence of endo-
carditis. Rarely, polymicrobial Candida endocarditis
occurs and may follow or accompany bacterial endo-
carditis. A patient with Candida PVE may relapse sev-
eral years following a putative cure with medical ther-
apy (Galgiani and Stevens, 1977; Nguyen et al, 1996b);
hence long-term follow-up is necessary.

Most patients with Candida endocarditis have posi-
tive blood cultures. An analysis of 91 published cases
of Candida endocarditis following cardiac surgery re-
vealed that 26% of patients had negative blood cul-
tures (Seelig et al, 1974). In the culture negative 
patients, frequently a history was obtained of recent
documented but untreated candidemia that resolved
without antifungal therapy. Improved diagnosis of
Candida endocarditis has followed greater awareness
of the significance of candidemia, newer blood culture
techniques and more frequent use of echocardiography.
Accordingly, increased preoperative diagnosis has been
noted in the last decade (Ellis et al, 2001). Although
not specific for microorganisms, both transthoracic and
transesophogeal echocardiography have made an enor-
mous contribution to facilitating diagnosis and avoid-
ing the usual delayed diagnosis. Visualizing large veg-
etations via ECHO in patients with negative blood
cultures is strong circumstantial evidence of Candida
endocarditis. Mycological exam should be performed
on all surgically removed emboli.

Mortality of Candida endocarditis remains high.
Prior to availability of cardiac surgery, mortality was
in excess of 90%. With combined treatment employ-
ing surgery and aggressive antifungal therapy, mortal-
ity rates of �45% are now universal (see later under
TREATMENT).

Noncardiac Endovascular Candida Infections. The in-
creased incidence of nosocomial candidemia has re-
sulted in an inevitable increase in Candida endovascu-
lar infections involving large and medium sized arteries
and veins (Friedland, 1996; Khan et al, 1997). Phlebitis
due to all Candida species is common and often is as-
sociated with tunneled subcutaneous catheters. Delay
in treatment often results in extensive vascular throm-
bosis and suppuration, and persistent candidemia in
spite of treatment with high doses of fungicidal agents.
Venous thrombi, even after removal of responsible
catheters, impair drug penetration and allow microab-
scesses to persist within the thrombi with resultant per-
sistent candidemia (Walsh et al, 1986). For cure, surgi-
cal excision of thrombi is often required in addition to
prolonged antifungal therapy. Complications include su-
perior vena cava obstruction, tricuspid valve endocardi-
tis, right-sided mural endocarditis, and pulmonary vein
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thrombosis. Small peripheral vein thrombophlebitis is
not uncommon.

Arterial involvement may occur as a result of can-
didemia seeding prosthetic aortic valves and other large
arterial grafts (Doscher et al, 1987). Uncontrolled dia-
betes in high-risk patients further facilitates the devel-
opment of true mycotic aneurysms localized and orig-
inating at the graft suture line. In addition to pain,
fever, and signs of systemic infection, the mycotic
aneurysm may rupture resulting in catastrophic hem-
orrhage or in large vessel occlusion. Candida mycotic
aneurysms have been reported in the cerebral circula-
tion, pulmonary arteries (following use of Swan-Ganz
catheter), and iliac vessels (of intravenous drug users).
Candida mycotic aneurysms may also complicate dial-
ysis shunts.

Chronic Systemic Candidiasis
Hepatosplenic candidiasis (HSC) is a chronic form of
disseminated candidiasis that develops as a complica-
tion of invasive candidiasis during granulocytopenia.
Many authorities now prefer the term chronic systemic
candidiasis since other organs (eyes, skin, and soft tis-
sue) may be involved (Gorg et al, 1994; Bjerke et al,
1994; Anttila et al, 1994; Chanock and Pizzo, 1997).
In the last 2 decades, there have been increasing reports
of HSC, possibly due to improved diagnostic imaging,
but also reflecting increased rates of candidemia. Can-
didemia, the cornerstone of this syndrome, frequently
follows Candida colonization of the gut, complicated
by gastrointestinal mucosa disruption and lamina pro-
pria invasion by Candida, which reach submucosal
blood vessels that drain into the portal venous system
and then into the liver where focal Candida abscesses
are established. Many of the patients with chronic sys-
temic candidiasis have no history of documented 
previous peripheral vein or catheter-associated can-
didemia. Following recovery from neutropenia, the
Candida lesions established during neutropenia do not
resolve, but become more prominent, especially in the
liver, spleen, and kidneys. At the time of diagnosis of
HSC, both acute and chronic inflammatory cells are
found to surround the outer border of Candida pseudo-
hyphae and an expanding zone of tissue necrosis be-
tween the inflammatory infiltrate and fungal cells. Oc-
casionally calcification occurs at the center of lesions
within nonviable fungal elements.

Clinically, patients with HSC usually have a history
of hematologic malignancy (ALL � AML), cytotoxic
chemotherapy and have recent recovery from neu-
tropenia, during which time they were febrile and re-
ceived antibacterial therapy. After recovery from neu-
tropenia, symptoms of antibiotic resistant fever and

gastrointestinal upset (nausea, vomiting, abdominal
pain) increase as neutrophils infiltrate foci of Candida
invasion in liver and spleen. Laboratory findings often
include elevation in serum alkaline phosphatase and
leukocytosis. Hepatic transaminases are not commonly
elevated. In one study of leukemic subjects, 6.8% de-
veloped HSC (Anttila et al, 1994).

Lesions of HSC may be detected by several diagnos-
tic imaging modalities, computed tomographies (CT),
ultrasonography (U/S) and magnetic resonance imag-
ing (Fig. 11–8). The characteristic “bulls-eye” lesions
seen on U/S and CT are not detectable until neutrophil
recovery. However, these lesions are not specific for
HSC. As the lesions resolve during therapy, they may
either disappear completely or undergo calcification.
Ultrasonography appears to be less sensitive but pos-
sibly more specific than CT scanning in demonstrat-
ing characteristic target lesions (Helton et al, 1986;
Semelka et al, 1992; Gorg et al, 1994). Diagnosis is
confirmed by histopathological examination and cul-
ture of hepatic tissue obtained by percutaneous biopsy
and occasionally laparoscopy. The appearance of hy-
phae in a granulomatous lesion is in itself not specific
for C. albicans and may be caused by other Candida
spp. as well as non-Candida fungi such as Trichosporon
spp., Fusarium spp. and Aspergillus spp. Among Can-
dida species, C. albicans is most common and C. trop-
icalis is next most common. Metastatic tumors may
simulate the appearance of HSC.

Neonatal Candidiasis
Two distinct Candida syndromes are seen in neonates,
and especially in preterm, low birth–weight neonates.

FIGURE 11–8. Hepatosplenic candidiasis. Note multiple “bull’s-eye”
lesions shown on CT scan.
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The most serious of these syndromes is neonatal sys-
temic candidiasis. Developing either via ascending in-
fection of the uterine contents prior to birth or from
colonization acquired during passage through the birth
canal, hematogenous dissemination of Candida pres-
ents in the first days or weeks of life with symptoms
identical to those of neonatal bacterial sepsis (Faix,
1992a; Jin et al, 1995; van den Anker et al, 1995). In-
volvement of the lung, skin, and particularly the cen-
tral nervous system (CNS) is common.

By contrast, neonates with congenital cutaneous can-
didiasis present within a few hours of birth with a dif-
fuse maculopapular, erythematous rash involving almost
any part of the skin (Johnson et al, 1981; Almeida-San-
tos et al, 1991; Glassman and Muglia, 1993). The ini-
tial rash can evolve to pustular or vesicular lesions with
subsequent desquamation. Culture and microscopic ex-
amination of scrapings of the skin reveal Candida
species, usually C. albicans. If the affected neonate is
preterm (� 1500 g), systemic involvement is frequent
and the neonate should be evaluated repeatedly with
blood, urine and cerebrospinal fluid (CSF) cultures in
order to rule out neonatal systemic candidiasis (John-
son et al, 1981; Faix, 1992a). In full-term neonates, in-
fection is usually limited to the skin and gastrointesti-
nal tract (Barone and Krilov, 1995).

Central Nervous System Candidiasis
Candida is the most prevalent cerebral mycosis at post-
mortem examination and was found in 48% of au-
topsied subjects with systemic candidiasis (Lipton et al,
1984). In the same study, in less than 25% of the sub-
jects, the diagnosis of CNS involvement was made an-
temortem. Hence, diagnosis is often difficult and fre-
quently delayed in all age groups but especially in
preterm low birth–weight neonates, resulting in con-
siderable morbidity and mortality.

Central nervous system candidiasis involves both
brain tissue and/or meninges, and, except for occasional
association with neurosurgery and head trauma, is in-
variably the result of hematogenous dissemination (Tre-
seler and Sugar, 1992; Voice et al, 1994; Burgert et al,
1995; Chimelli and Mahler-Araujo, 1997). Autopsy
studies observed a correlation between cardiac and
cerebral involvement; 80% of patients with myocardial
or valve infection also had CNS candidiasis (Lipton et
al, 1984). Cerebral parenchymal infection occurs as a
single or multiple micro- or macroabscesses scattered
throughout the brain (Pendlebury et al, 1989; Lai et al,
1997). Rarely, larger abscesses are visualized on CT
scan (Hagensee et al, 1994). Other Candida CNS pres-
entations include thrombosis, vasculitis, hemorrhage,
fungus balls of both white and gray matter, and my-
cotic aneurysms. Candida parapsilosis has a predilection

for cerebral vascular involvement (Lipton et al, 1984).
As part of systemic candidiasis syndrome, Candida
brain abscess presents with a variable picture, includ-
ing fever, altered mental status (obtundation or coma),
and/or focal manifestations depending on size and site
of the abscess(es).

Acute Candida meningitis presents with meningis-
mus and may be indistinguishable from bacterial in-
fection. Candida meningitis has been reported with all
species of Candida, although a higher representation of
C. tropicalis has been noted in leukemic children with
Candida meningitis (McCullers et al, 2000). In non-
neutropenic patients, especially postsurgical patients,
meningitis is most commonly caused by C. albicans.
CSF findings in acute Candida meningitis include hy-
poglycorrhachia, increased protein and variable pleo-
cytosis (mean 600/mm3) with lymphocytic dominance.
Yeasts are seen on Gram stain in only 40% of patients
(Lipton et al, 1984). In premature neonates, acute Can-
dida meningitis is indistinguishable from bacterial in-
fection or systemic infection, and meningitis is espe-
cially severe in this population (Fernandez et al, 2000).
Occasional cases that are diagnosed early may present
with normal CSF findings. Because of the paucity of
signs indicating acute meningitis in neonates, and se-
vere morbidity associated with delay in diagnosis, lum-
bar puncture should be obligatory in this high-risk pop-
ulation in the presence of positive blood cultures for
Candida. Complications include hydrocephalus.

A chronic form of Candida meningitis, which may
mimic tuberculous or cryptococcal meningitis, has also
been reported. Patients presented with chronic head-
ache, fever, and nuchal rigidity (Voice et al, 1994).
Analysis of CSF showed either mononuclear or neu-
trophilic pleocytosis, elevated protein and hypoglycor-
rhachia. Only 17% of CSF Gram stains were positive
and only 44% of initial CSF cultures yielded Candida
species. Overall mortality was 53% (Voice et al, 1994).
Candida species are not uncommon isolates in post-
neurosurgical infections including meningitis and
wound or deep surgical-site infections, especially fol-
lowing trauma and in patients with brain tumors
(Nguyen and Yu, 1995a). An even more frequent sce-
nario is the patient with fever and positive Candida
CSF cultures in the presence of an indwelling CSF shunt
or device (Gower et al, 1986). The clinical significance
of a single positive CSF sample drawn through an in-
dwelling device is problematic and a definitive diagno-
sis may require repeated positive cultures of CSF sam-
ples obtained by lumbar puncture (Geers and Gordon,
1999). Shunt-associated infections include ventriculitis
and meningitis (Sugarman and Massanari, 1980). Anec-
dotal case reports of Candida meningitis following lum-
bar puncture are extremely rare (Chmel, 1973).
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Pulmonary Candidiasis
Candida species are frequently found in sputum and
aspirates of endotracheal tube secretions, and their role
as a possible cause of pulmonary disease is a frequent
clinical dilemma. Although invasive lung parenchymal
disease, pneumonitis or pneumonia due to Candida un-
doubtedly occurs, these entities are rare. Two forms of
Candida pneumonia are described (Masur et al, 1977).
One form is local or diffuse bronchopneumonia as a
consequence of bronchogenic spread (Haron et al,
1993; Heurlin et al, 1996) (Fig. 11–9). This infrequent
event is rarely the consequence of aspiration even in
heavily colonized high-risk patients (Kontoyiannis et al,
2001). The second form is pneumonia resulting from
widespread seeding of the lung in a patient with can-
didemia. The second syndrome is characterized by dif-
fuse, often nodular infiltrates, and usually misdiag-
nosed as Pneumocystis carinii pneumonia or congestive
cardiac failure (Cairns and Durack, 1986; Zeluff,
1990). Other rare clinical manifestations include necro-
tizing pneumonia, Candida pulmonary mycetoma, and
transient infiltrates attributed to allergic bronchopul-
monary candidiasis (Cairns and Durack, 1986; Lee et
al, 1987).

X-ray and CT scan studies are nonspecific and not
useful in diagnosis. Diagnosis of pulmonary candid-
iasis is extremely difficult and requires biopsy with
histopathology demonstrating fungal tissue invasion
(McAdams et al, 1995; von Eiff et al, 1995). Diagno-
sis cannot be made on the basis of radiologic findings
and/or recovery of yeast from sputum or aspirates of
endotracheal tube secretions because of the frequency
of both upper and lower respiratory tract colonization
with Candida (el-Ebiary et al, 1997). Even quantitative
cultures are of little help. Similarly cultures of BAL

specimens and recovery of Candida from lung biopsy
specimens are of low sensitivity and specificity and have
a poor positive predictive value (Kontoyiannis et al,
2001). Finally, even when Candida infection is con-
firmed histopathologically, pulmonary invasion is un-
commonly of clinical significance and in the few 
instances of extensive pulmonary involvement, pneu-
monitis usually occurs in the setting of a terminally ill
patient. Candida has rarely been reported to cause
epiglottitis, laryngitis, and bronchitis (Wengrower et al,
1985; Walsh and Gray, 1987; Wang et al, 1997).

Urinary Tract Candidiasis
Candiduria is a relatively rare finding in otherwise healthy
people; funguria was found in only 15 of 1500 patients
(Guze and Harley, 1957). In another study, the results of
urine cultures were positive for 10 of 440 healthy adults,
but the positive cultures reverted to negative when clean-
catch techniques were used (Schonebeck, 1972). The in-
cidence of fungal urinary tract infections, and specifi-
cally candiduria, has dramatically increased among
hospitalized patients, especially those patients with in-
dwelling drainage devices (Michigan, 1976; Platt et al,
1986; Schaberg et al, 1991). A study by Platt and col-
leagues showed that 26.5% of all urinary infections re-
lated to indwelling catheters were caused by fungi. An-
other study found that 2% of all urine specimens
submitted to a hospital microbiology laboratory tested
positive for yeast vs. 11% of the urine samples ob-
tained from patients in the leukemia and bone marrow
transplantation unit in the same hospital (Rivett et al,
1986). Candida species are the microbial pathogens
that are most frequently isolated from the urine sam-
ples of patients in surgical ICUs. Presently, 10%–15%
of nosocomial urinary tract infections are caused by
Candida species (Phillips and Karlowicz, 1997; Febre
et al, 1999).

Diabetes mellitus may predispose patients to can-
diduria by predisposing them to Candida colonization
of the vulvovestibular area (in women), enhancing uri-
nary fungal growth in the presence of glycosuria, low-
ering host resistance to invasion by fungi as a conse-
quence of impaired phagocytic activity, and promoting
stasis of urine in a neurogenic bladder (Johnson, 1954).
Candida species colonization of the gastrointestinal
tract is present in �30% of normal adults. However,
among patients who are receiving antibiotics, colo-
nization rates approach 100%. Because there is little
evidence that systemic antibiotics directly influence
Candida proliferation or virulence, it is likely that an-
tibiotics contribute to colonization by Candida species
by suppressing endogenous bacterial flora, primarily in
the gut and lower genital tract, and possibly in super-
ficial areas adjacent to the urethral meatus (Stamm et

FIGURE 11–9. Candida bronchopneumonia associated with aspira-
tion.
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al, 1991). The same risk factors for nosocomial can-
diduria also predispose to bacteriuria (Fisher et al,
1982; Kauffman et al, 2000). Candiduria per se is al-
most invariably preceded by bacteriuria. Factors that
predispose to candiduria, but not to bacteriuria, other
than duration of hospitalization, have not been identi-
fied, and more studies on the pathogenesis of can-
diduria are needed.

Indwelling urinary catheters serve as a portal of en-
try for microorganisms into the urinary drainage sys-
tem. All catheters become colonized if left in place long
enough (Stamm et al, 1991). Other risk factors for 
candiduria include extremes of age, female sex, use of 
immunosuppressive agents, intravenous catheters, in-
terruption of urine flow, radiation therapy, and geni-
tourinary tuberculosis (Fisher et al, 1982; Kauffman et
al, 2000).

The overwhelming majority of fungal infections of
the urinary tract involve Candida species. In a large
multicenter study, C. albicans was found in 446
(51.8%) of 861 patients with funguria (Kauffman et al,
2000). The second most common pathogen (found in
134 of patients) was Candida glabrata. A second study
reported a slightly higher proportion of isolates due to
C. glabrata (Storfer et al, 1994). Risk factors for C.
glabrata UTI are similar to those that predispose a 
patient to C. albicans infection (Kauffman et al, 1984;
Frye et al, 1988). Although C. albicans is the most com-
mon species encountered, virtually all epidemiologic
studies have concluded that non-albicans Candida
species are also extremely common and more prevalent
than in other sites (i.e., oropharynx and vagina), pos-
sibly as a function of urine composition and pH se-
lecting for non-albicans species. In �10% of patients,
more than one species of Candida are found simulta-
neously and candiduria frequently coexists with or fol-
lows bacteriuria (Sobel et al, 2000).

Ascending infection is by far the most common route
for Candida infection of the urinary tract and occurs
more often in women due to a shorter urethra and 
frequent vulvovestibular colonization with Candida
(10%–35%). Catheterization can cause infection by al-
lowing migration of organisms into the bladder along
the surface of the catheter from the external peri-
urethral surfaces. Ascending infection that originates 
in the bladder can also lead to infection of the upper
urinary tract, especially if vesicoureteral reflux or ob-
struction of urinary flow occurs, and may result in
acute pyelonephritis and, rarely, candidemia. A fungus
ball consisting of yeast, hyphal elements, epithelial and
inflammatory cells, and, sometimes, renal medullary
tissue secondary to papillary necrosis, may complicate
ascending or descending infections. The fungus ball
tends to be found in dilated areas of the urinary tract,
especially in the bladder in the presence of obstruction.

Renal candidiasis most commonly follows hematoge-
nous dissemination of Candida to the kidneys. Candida
species have a tropism for the kidneys; one study re-
vealed that 90% of patients with fatal disseminated
candidiasis had renal involvement at autopsy (Letiner,
1964). Rarely, isolated hematogenous renal infection
after transient candidemia can occur, and often when
renal candidiasis is suspected, blood cultures are no
longer positive.

The finding of Candida organisms in the urine may
represent contamination, colonization of the drainage
device, or infection. Contamination of a urine speci-
men is common, especially with suboptimal urine col-
lection from a catheterized patient or a woman who
has heavy yeast colonization of the vulvovestibular
area. Given the capacity of yeast to grow in urine, small
numbers of yeast that find their way into the collected
urine sample may multiply quickly. Therefore, high
colony counts could be the result of yeast contamina-
tion or colonization. Colonization refers to the asymp-
tomatic adherence and settlement of yeast, usually on
drainage catheters or other foreign bodies in the uri-
nary tract (i.e., stents and nephrostomy tubes), and may
spuriously result in a high concentration of the organ-
isms on urine culture. Simply finding or culturing the
organism does not imply clinical significance, regard-
less of the concentration of organisms in the urine. 
Accordingly, some clinicians require confirmation of
Candida presence by means of a second urine sample
examination before they initiate treatment or further
investigation. Infection is caused by tissue invasion,
both superficial and deep. Colony counts of � 104

cfu/ml of urine are associated with infection in patients
without indwelling urinary catheters, although clini-
cally significant renal candidiasis has been reported
with colony counts of 103 cfu/ml of urine (Schonebeck,
1972; Kozinn et al, 1978). While pyuria supports the
diagnosis of infection in the presence of a urinary
catheter, pyuria can be explained by mechanical injury
of the bladder mucosa by the catheter, and is frequently
the result of coexistent bacteriuria. Absence of pyuria
and low colony counts tend to rule out Candida infec-
tion, but the low specificity of pyuria and counts � 103

cfu/ml require that results be interpreted in the clinical
context (Schonebeck, 1972; Kozinn et al, 1978).

The number of yeasts in urine has little value in lo-
calizing the anatomical level of infection. Rarely, a
granular cast containing Candida hyphal elements is
found in urine that localizes the infection to renal
parenchyma. Declining renal function suggests urinary
obstruction or renal invasion (Michigan, 1976). For
candiduric patients with sepsis, not only is it necessary
to obtain blood cultures, but given the frequency that
obstruction and stasis coexist, radiographic imaging 
of the upper tract is essential. Any febrile patient for
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whom therapy for candiduria is considered necessary
should be evaluated to find the anatomic source of can-
diduria. In contrast, a patient without sepsis requires
performance of no additional studies unless candiduria
persists after removal of the catheter.

Candiduria is most often asymptomatic and usually
occurs in hospitalized patients with indwelling
catheters. These patients usually show none of the signs
or symptoms associated with urinary tract infection.
Occasionally, patients may present with symptoms of
bladder irritation including dysuria, hematuria, fre-
quency, urgency, and suprapubic tenderness. Cys-
toscopy reveals soft, pearly white, elevated patches
with underlying friable mucosa. Hyperemia of the
bladder mucosa is common (See Color Fig. 11–10 in
separate color insert). Symptomatic Candida cystitis is
extremely rare in both catheterized and noncatheter-
ized patients, implying that the bladder is relatively re-
sistant to invasion by Candida species. Emphysema-
tous cystitis is a rare complication of lower tract
infection, whereas prostatic abscess caused by Candida
species is occasionally seen, especially among patients
with diabetes.

Upper urinary tract infection presents with fever,
leukocytosis, and costovertebral angle tenderness. On
clinical grounds, ascending pyelonephritis and urosep-
sis with Candida species are indistinguishable from bac-
terial pyelonephritis. Ascending infection almost in-
variably occurs in the presence of urinary obstruction
and stasis, especially in patients with diabetes or
nephrolithiasis. Candida pyelonephritis is often com-
plicated by local suppurative disease, resulting in 
pyonephrosis or focal abscess formation. A major com-
plication of upper urinary tract involvement is ob-
struction caused by fungal balls (bezoars), which can
also be visualized by ultrasound (Fisher et al, 1979).
Renal colic may occur with the passage of fungal
“stones” which are actually portions of fungal balls.

Patients with hematogenous seeding of the kidneys
from candidemia may present with high fever, hemo-
dynamic instability, and variable renal insufficiency.
Blood cultures are positive for Candida in half of these
patients. Retinal or skin involvement may suggest dis-
semination, but candiduria and a decline in renal func-
tion are often the only clues to systemic candidiasis in
a febrile, high-risk patient. A reliable means for diag-
nosing invasive candidiasis continues to be elusive.

Abdominal Candidiasis Including Peritonitis
Candida infection has been increasingly recognized as
a cause of abdominal sepsis and is associated with a
high mortality. Abdominal sepsis may occur as mo-
nomicrobial or polymicrobial peritonitis and result in
single or multiple abscesses (McClean et al, 1994).
Translocation of Candida across the intact intestinal

mucosa has been shown experimentally in animals and
human volunteers (Stone et al, 1974). Peritoneal con-
tamination with Candida species usually follows spon-
taneous gastrointestinal perforation on surgical open-
ing of gut (Calandra et al, 1989). After contamination
of the peritoneal cavity, Candida organisms do not in-
evitably result in peritonitis and clinical infection. Peri-
tonitis is more likely to follow proliferation of accom-
panying bacterial pathogens but can occur with
Candida alone. Several risk factors have been recog-
nized in the development of peritonitis including recent
or concomitant antimicrobial therapy, inoculum size
and surgery for acute pancreatitis (Calandra et al,
1989). Pancreatic transplantation, especially with en-
teric drainage, is associated with intraabdominal Can-
dida abscess formation (Benedetti et al, 1996). Candida
species appear to have unique affinity for the inflamed
pancreas, resulting in intrapancreatic abscesses or in-
fection of a pseudocyst. With Candida peritonitis, Can-
dida usually remains localized to the peritoneal cavity;
dissemination occurs in approximately 25% of pa-
tients. Candidemia complicating intraabdominal infec-
tion is associated with a high mortality.

The clinical significance of Candida isolated from the
peritoneal cavity at the time of surgery or in the post-
operative period is controversial. Several earlier stud-
ies concluded that the finding of a positive culture did
not require antifungal therapy (Peoples, 1986). In a re-
view of Candida isolates from the peritoneal cavity, in-
vestigators determined that Candida caused intraab-
dominal infection in 39% (19/49) of patients. In 61%
of patients, Candida isolation occurred without signs
of peritonitis (Calandra et al, 1989). Accordingly, in
each individual patient, judgement based upon the pres-
ence of clinical signs of infection and other risk factors
should be taken into consideration in deciding to initi-
ate antifungal therapy (Eggimann et al, 1999).

Candida peritonitis complicating peritoneal dialysis
(CAPD) is more common, but uncommonly results in
positive blood cultures and hematogenous dissemina-
tion. In a series of patients on CAPD followed for 5
years, fungal peritonitis, most commonly caused by
Candida species, accounted for 7% of episodes of peri-
tonitis and eight associated deaths (Rubin et al, 1987).
Others have reported that fungal infections account for
between 1% and 15% of episodes of peritonitis in pa-
tients on CAPD (Kerr et al, 1983; Eisenberg et al, 1986;
Goldie et al, 1996). Few risk factors for CAPD associ-
ated fungal peritonitis have emerged except for hospi-
talization and recent prior episodes of peritonitis and
antibacterial therapy (Eisenberg et al, 1986). An ex-
traperitoneal site of fungal infection is rarely identified.
Clinically, fungal peritonitis cannot be differentiated
from bacterial peritonitis except by Gram stain and
dialysate culture.
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Biliary Candidiasis
Yeast isolated from the bile is not uncommon, espe-
cially following biliary surgery, and has the same sig-
nificance as asymptomatic bactobilia, that is, coloniza-
tion without invasion is typical. While a potential
source of future infection, the finding of yeast in the
bile in itself is not a justification for antifungal therapy
(Ehrenstein et al, 2002). Candida is an infrequent cause
of cholecystitis and cholangitis usually following ex-
trahepatic biliary tract obstruction (Irani and Truong,
1986). Other risk factors for biliary candidiasis include
diabetes, immunosuppression and abdominal malig-
nancy. A major contributory factor is use of biliary
stents placed to relieve obstruction; Candida infection
usually supervenes when stent drainage is compro-
mised. In this setting, infection is usually polymicrobial
and Candida is a pathogen that cannot be ignored. An
uncommon complication of biliary candidiasis is de-
velopment of fungus balls in the gall bladder and di-
lated bile ducts (Magnussen et al, 1979; Irani and
Truong, 1986; Morris et al, 1990). Candidemia is an
infrequent complication of biliary candidiasis. Chole-
cystitis due to Candida has been reported in AIDS pa-
tients with cholangiopathy. Morris and colleagues re-
viewed 31 cases of biliary candidiasis and classified
disease as uncomplicated and complicated. Uncompli-
cated cholecystitis implied that Candida organisms
were confined to bile and the gall bladder without ex-
trabiliary spread. In contrast, complicated infections im-
plied spread to adjacent structures, including liver and
peritoneum. Uncomplicated disease has minimal mor-
tality and cure is achieved by cholecystectomy alone.

Candida Osteomyelitis and Arthritis
Although previously rare, Candida osteomyelitis has be-
come more common. Most cases result from hematoge-
nous dissemination with seeding of long bones in chil-
dren and the axial skeleton in adults. Sites of bone
infection include spine (vertebral and intervertebral
disks) wrist, femur, humerus, and costochondral junc-
tions (Collette et al, 1989; Herzog et al, 1989). Os-
teomyelitis may present weeks or months following the
causal candidemic episode; hence at the time of the
presentation, blood cultures are usually negative and
radiologic findings nonspecific. Diagnosis usually re-
quires percutaneous biopsy or open biopsy.

Occasionally, postoperative wound infections may
spread to contiguous bone such as sternum and verte-
brae (Clancy et al, 1997). Regardless of source, mani-
festations resemble bacterial infection, but run a more
insidious course, with a significant delay in diagnosis.
Hematogenous vertebral osteomyelitis most commonly
(95%) affects the lower thoracic or lumbar spine. In
one series, 83% of patients had back pain lasting more

than 1 month, only 32% presented with fever and 19%
had associated neurologic complications (Miller and
Mejicano, 2001). Species identified were C. albicans
(57%), C. tropicalis (17%), and C. glabrata (12%). A
prior history of positive blood cultures was present in
51%–61% of cases (Hendrickx et al, 2001).

Candida arthritis also represents a complication of
hematogenous candidiasis. It rarely follows local
trauma, surgery, or intraarticular injections (Silveira et
al, 1993; Hansen and Anderson, 1995; Murphy et al,
1997; Fukasawa and Shirakura, 1997). Patients with
underlying joint disease are at increased risk, e.g., those
with rheumatoid arthritis and prosthetic joints. Non-
albicans Candida species account for a higher than ex-
pected frequency of cases of fungal arthritis. Candida
arthritis can occur in any joint and involves multiple
joints in up to 27% of cases. The knee is the most com-
monly involved joint. Infection resembles bacterial sep-
tic arthritis, but frequent delays in diagnosis and sub-
optimal therapy often lead to chronic infection with
secondary bone involvement.

Rarely hematogenous candidiasis may involve single
or multiple muscles resulting in Candida pyomyositis
(Belzunegui et al, 1997). Abscesses may be large or
small, and this complication is frequently seen in pa-
tients with AIDS.

Candida Infections in Burns
Fungal infection is a serious complication of major
burns (Spebar and Pruitt, 1981; Prasad et al, 1987; 
Desai et al, 1987; Grube et al, 1988). Risk factors in-
clude the use of broad-spectrum antibiotics, TPN, and
intravascular catheters. An additional risk is related to
the surface area of the burn. Increased survival of pa-
tients with extensive burns has expanded the pool of
at risk subjects. Candida species causing burn-associ-
ated infection are similar to those involved in other
nosocomial Candida infections. Burn colonization rates
are usually less than 20% (range 13%–65%), with rates
of candidemia ranging from 1.8% to 5%. Candidemia
and bacteremia frequently coexist in burn patients (Spe-
bar and Pruitt, 1981; Prasad et al, 1987; Desai et al,
1987). Mortality attributable to invasive candidiasis in
burn patients is low (� 1%) with concomitant bacter-
ial pathogens playing a more important role. However,
candidemia should be viewed as a prognostic indicator
of high mortality. During the decade of the 1980s,
many burn units utilized antifungal prophylaxis with
oral nystatin or topical nystatin incorporated into sil-
ver sulfadiazine with considerable efficacy in reducing
both burn wound colonization by Candida species and
candidemia (Desai et al, 1987). Unfortunately, out-
breaks have been reported of nystatin-resistant Can-
dida species (Dube et al, 1994). Given the risk of an-



Candidiasis 163

tifungal resistance and the availability of less toxic an-
tifungal agents, prophylaxis in burn patients is no
longer widely practiced.

DIAGNOSIS

Candida species grow readily when cultures are ob-
tained from body fluids or tissues, and results are usu-
ally available in 48–72 hours. Isolation of Candida
species from nonsterile sites such as wounds, skin,
urine, sputum, vaginal secretions, and stool is not di-
agnostic of Candida infection. A positive culture only
indicates that Candida species are present in the tissues
examined. On the other hand, positive Candida cul-
tures from sterile sites (blood, CSF, pleural fluid, peri-
toneal fluid) are almost always indicative of infection.

Blood cultures are only positive in 50%–60% of au-
topsy-proven cases of disseminated candidiasis; thus,
negative blood cultures do not rule out invasive dis-
ease. In one study, the highest sensitivity reported to
date was achieved using the lysis centrifugation tech-
nique (Berenguer et al, 1993). Other methods with at
least equal efficacy include the BACTEC high blood
volume fungal media and the BacT/Alert system (Wil-
son et al, 1993; Rowen et al, 1999).

Deep-seated organ Candida infection may require tis-
sue biopsy to establish a definitive diagnosis. Unfortu-
nately, tissue samples may contain small numbers of
organisms with resultant negative cultures. Fixed tis-
sues can be stained with hematoxylin and eosin. In ad-
dition, yeasts and fungal hyphae may be demonstrated
with Gomori silver-methenamine, methylene blue, or
periodic acid-Schiff stains.

Species identification of Candida is required for all
infections because of the variable susceptibility to an-
tifungal drugs that is species specific. C albicans, C
dubliniensis, and C stellatoidea can be identified mor-
phologically by germ-tube formation (hyphae are pro-
duced from yeast cells after 2–3 hours of incubation)
or biochemical assays. CHROMagar Candida media
allows for the presumptive identification of several
Candida species by using color reactions in specialized
media that demonstrate different colony colors, de-
pending on the species of Candida (Pfaller et al, 1996),
but use of this method as an alternative to assimilation
assays is controversial. Commercially available carbo-
hydrate fermentation and assimilation assays such as
the API 20C AUX, API 32C, Vitek 2 ID-YST, RapidID
yeast Plus, and ID32C are several biochemical assays
that allow the identification of the different Candida
species with more precision (Ponton, 2002).

Serologic assays include testing for Candida anti-
bodies, antigens and metabolites. The Candida anti-
body assays are nonstandardized and are generally de-

tected late in the course of infection. Unfortunately,
they are less sensitive in immunocompromised patients.
The Candida mannan antigen assay has a reported sen-
sitivity of 31%–90% (even less for non-albicans Can-
dida species) and is difficult to perform (Kerkering et
al, 1979; Gentry et al, 1983). Candida heat labile gly-
coprotein antigen (CAND-TEC Candida Detection Sys-
tem) is relatively easy to perform, with a sensitivity of
40%–70%. Unfortunately, colonization produces false-
positive results and testing of sequential specimens is
necessary to increase the sensitivity of the test (Escuro,
1989). The test for Candida enolase antigen has a low
sensitivity (55%–70%) and specificity and requires se-
rial assays to increase its sensitivity (Walsh et al, 1991;
van Deventer et al, 1994). The Glucatell assay for
(1–3)�-D-glucan or the amebocyte lysis assay detects
the presence of glucan in blood. The assay appears to
have excellent sensitivity (75%–95%) and a specificity
of 88%–100%. Its drawback is cross-reaction with
other fungi such as Aspergillus, Cryptococcus, Fusar-
ium, Acremonium, and Saccharomyces (Obayashi et al,
1995). D-arabinatol is a metabolite of Candida and
testing for D-arabinatol has a sensitivity of approxi-
mately 50% (not useful for infection with C. krusei or
C. glabrata). This assay has higher sensitivity in pa-
tients with fungemia and lower sensitivity with tissue
invasion (Walsh et al, 1994).

Polymerase chain reaction (PCR) and DNA probes
have the advantage of being able to detect small
amounts of Candida DNA in either blood or tissues
(Sandhu et al, 1995; van Burik et al, 1998; Polanco et
al, 1999). Despite the fact that PCR assays have been
shown to be highly sensitive, they continue to have
problems of false-positivity, are technically difficult to
perform, and are not yet commercially available.

TREATMENT

In Vitro Susceptibility
Currently available systemic agents with anti-Candida
activity are amphotericin B, ketoconazole, itraconazole,
fluconazole, voriconazole, caspofungin, and flucyto-
sine. In vitro susceptibility data for the most common
Candida species are shown in Table 11–2 (NCCLS,
1997; Rex et al, 1993). The drug of choice depends on
the infecting species and the clinical setting. Candida
albicans is the most susceptible species. The pattern for
C. tropicalis and C. parapsilosis is quite similar, with
just slightly higher MICs for most antifungal drugs.
Candida parapsilosis tends to have higher MICs and in
vitro is less susceptible to all echinocandin agents (Kurtz
and Rex, 2001; Pfaller et al, 2001). Candida glabrata
tends to have fluconazole MICs that are 16–64-fold
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higher than those for C. albicans. Candida krusei isolates
have the highest fluconazole and flucytosine MICs of any
of the species. In addition, C. krusei is also less suscep-
tible to amphotericin B (Bhargava and Vazquez, 2000).

For three drugs, fluconazole, itraconazole, and flucy-
tosine, interpretive breakpoints when tested by 
NCCLS-M27 have been proposed and are summarized
in the footnotes of Table 11–3 (Rex et al, 1997). For
fluconazole and itraconazole, the designation S-DD im-
plies that susceptibility is dependent on obtaining the
maximal possible drug level. For fluconazole, this des-
ignation implies use of doses of � 400 mg/day in adults
with normal renal function. Utilizing these breakpoints,
C. albicans, C. parapsilosis, C. tropicalis, and C. lusi-
taniae are susceptible to fluconazole, whereas MICs of
C. glabrata typically are in the S-DD category (Table
11–3). For itraconazole, C. glabrata, C. krusei, and C.
lusitaniae often have MICs in the S-DD category, while
the other common Candida species are generally sus-
ceptible. In general, virtually all azoles, including the
latest generation triazoles, voriconazole and posacona-
zole, are 10–100 times less active against C. glabrata
strains compared to C. albicans. Finally, most species,
except for C. krusei, are susceptible to flucytosine.

Measurement of MICs of amphotericin B utilizing
the NCCLS M27 method is unreliable in detecting am-
photericin B-resistant isolates (Rex et al, 1997). Recent

modifications based on the use of Antibiotic Medium
3 may resolve this problem (Rex et al, 1997). Avail-
able data indicate that Candida isolates with NCCLS-
M27 amphotericin B MICs � 1 �g/mL are likely re-
sistant to amphotericin B (Rex et al, 1997).

Development of resistance to azole antifungal agents
is not uncommon following prolonged therapy of re-
current mucocutaneous disease (See Chapter 9). Emer-
gence of resistance during a course of therapy in other
settings, e.g., candidemia, appears uncommon (Pfaller
et al, 1995) but has been reported occasionally (Marr
et al, 1997; Mori et al, 1997). Primary infection with
a resistant strain of C. albicans has been described (Xu
et al, 2000). Resistance to amphotericin B is uncom-
mon (Law et al, 1997), but has been described for all
Candida species, particularly C. tropicalis, C. lusita-
niae, C. parapsilosis, and C. glabrata isolates from im-
munocompromised patients treated extensively with
amphotericin B (Merz and Sanford, 1979; Pappagianis
et al, 1979; Dick et al, 1980; Guinet et al, 1983; Ster-
ling et al, 1996). Resistance to amphotericin B appears
to be common with C. lusitaniae (Minari et al, 2001),
implying that C. lusitaniae is also likely to be resistant
to the newer lipid-based formulations of amphotericin
B (Karyotakis et al, 1994). Testing for susceptibility to
amphotericin B should use deoxycholate amphotericin
B, rather than a lipid associated form of amphotericin

TABLE 11–2. In Vitro Susceptibility of Candida spp. to Antifungal Agents
MIC50 Amphotericin B Fluconazole Itraconazole Flucytosine Caspofungin

C. albicans 0.5 0.5 0.12 � 0.25 0.12
C. tropicalis 0.25 1 0.06 � 0.25 0.25
C. glabrata 0.5 16 0.25 � 0.25 0.12
C. parapsilosis 0.25 1 0.12 � 0.25 1.0
C. krusei 0.25 64 0.5 16 0.5
C. lusitaniae � 1 2 0.25 � 0.25 1.0

MIC, minimum inhibitory concentration.
Sources: NCCLS, 1997; Rex et al, 1993.

TABLE 11–3. General Patterns of Susceptibility of Candida Species
Candida Species Fluconazole Itraconazole Flucytosine Amphotericin B

C. albicans S S S S
C. tropicalis S S S S
C. parapsilosis S S S S
C. glabrata S-DD to R S-DD to R S S-I
C. krusei R S-DD to R I-R S-I
C. lusitaniae S S S S to R

Interpretive Breakpoints for Isolates of Candida (minimum inhibitory concentration, �g/mL)

Drug Susceptible (S) (S-DD or I) Resistant (R)

Fluconazole � 8 S-DD, 16–32 � 32
Itraconazole � 0.125 S-DD, 0.25–0.5 � 0.5
Flucytosine � 4 1, 8–16 �16

I-R, intermediate-resistant; R, resistant; S, susceptible; S-DD, susceptible-dose dependent; S-I, susceptible-intermediate.
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B (Swenson et al, 1998). Intrinsic or primary resistance
to flucytosine may be present in any species of Can-
dida (Stiller et al, 1982). Acquisition of resistance by
susceptible isolates is not uncommon during flucyto-
sine monotherapy (Polak, 1987).

Routine susceptibility testing of all Candida isolates
is not indicated although all invasive isolates should be
identified to the species level. Susceptibility testing is
justified in patients with refractory disease, e.g., re-
fractory OPC in AIDS patients or persistent candidemia
while on antifungal therapy. Likewise testing of selected
isolates from invasive or deep sites might be useful in
selecting alternatives to amphotericin B.

Combination of flucytosine with either amphotericin
B or an azole has been used, and these combinations
often appear at least additive in vitro (Bennett et al,
1979; Polak, 1987). The combination of flucytosine
and amphotericin B is used less for synergy and more
to exploit the superior penetrating ability of flucyto-
sine (e.g., CSF). The use of amphotericin B and azoles
in combination for treatment of candidiasis is contro-
versial (Sugar, 1995a). The overlapping mechanisms of
action of these agents raise the possibility of antago-
nism. Antagonism has been seen under some circum-
stances, especially when ketoconazole or itraconazole
are combined with amphotericin B (Schaffner and
Bohler, 1993; Scheven and Schwegler, 1995). In par-
ticular, preincubation of the fungus with the azole in
vitro often raises the MIC to amphotericin B. Interac-
tions ranging from antagonism to synergy have been
reported depending on dose, experimental model, de-
sign and microorganism (Sugar et al, 1995b). A recently
completed trial evaluated the observation that antago-
nism is not seen with simultaneous exposure to thera-
peutic concentrations of both fluconazole and ampho-
tericin B (Rex et al, in press 2003) (for results, see
section on TREATMENT).

Choice of an antifungal agent is based on consider-
ation of relative drug toxicity, patient status, and mi-
crobiological information. Amphotericin B is generally
fungicidal in vitro for Candida isolates (Witt et al,
1993). Both the deoxycholate and lipid-based deriva-
tives of amphotericin B are active against Candida
species (Anaissie et al, 1991; Karyotakis and Anaissie,
1994; Ng and Denning, 1995; Beovic et al, 1997), al-
though higher doses of the lipid-based formulations are
required. The azoles are fungistatic against Candida
species (Hughes and Beggs, 1987) and the echinocan-
dins are fungicidal and exhibit a broad spectrum of ac-
tivity against all Candida species.

Pediatric Dosing for Candida Infections
Dosing regimens in pediatric and neonatal patients are
incompletely defined (van den Anker et al, 1995). The
kinetics of amphotericin B in neonates appear similar

to those in adults, and therapy with daily dosing of
0.5–1.0 mg/kg/day is usually well tolerated (van den
Anker et al, 1995). The half-life of flucytosine is vari-
able, but tends to be prolonged in neonates. While
doses of 50–200 mg/kg/day have been used, careful
monitoring of serum levels (� 100 �g/ml) is important.
Marked variation occurs between patients (including
patients with very slow elimination); accordingly, the
recommendation is to administer flucytosine at q 24-
hour intervals in newborns and dose adjust after check-
ing serum levels (Baley et al, 1990). The pharmacoki-
netics of fluconazole have been studied in several
groups of pediatric patients (Saxen et al, 1993; Bram-
mer and Coates, 1994; Seay et al, 1995). In neonates
the volume of distribution is 2–3 fold higher than adults
and falls to adult levels by 3 months of age. Clearance
rates in children are highly variable compared with
adults: neonates have a T1/2 of 55–90 hours, children
above the age of 3 months have a T1/2 of 21–22 hours,
and adults have a T1/2 of approximately 30 hours
(Grant and Clissold, 1990). Accordingly, daily doses
approximately double those used in adults are advised
in children older than 1 month of age. Neonates should
be given this doubled dose every 72 hours during the
first 1–2 weeks of life and every 48 hours during the
remainder of the first month of life (Saxen et al, 1993;
Brammer and Coates, 1994).

Oropharyngeal Candidiasis
Oropharyngeal candidiasis (OPC) may be treated with
either topical antifungal agents (nystatin, clotrimazole,
amphotericin B oral suspension) or systemic oral azole
drugs (fluconazole, itraconazole). In patients who are
HIV-positive, oropharyngeal candidiasis infections
tend to respond more slowly, and about 60% of pa-
tients experience a recurrence within 6 months of the
initial episode (Vazquez, 2000).

Numerous antifungal agents are available for the
treatment of OPC (Table 11–4). Gentian violet was in-
troduced as a topical treatment for OPC in 1925, and
is less effective than newer antifungals (Kozinn et al,
1957). Topical gentian violet and nystatin have been
replaced by more active and rapidly acting topical
azoles, especially clotrimazole and miconazole (Kozinn
et al, 1957). Clotrimazole 10 mg troches administered
five times a day have been successful in treating mild
to moderate OPC (Yap and Badey, 1979; Schectman
et al, 1984). Ketoconazole 200 mg daily was the first
oral systemic azole used and is highly effective even in
debilitated patients including those with malignancy,
AIDS and CMC with cure rates � 80% (Hughes et al,
1983; Horsburgh and Kirkpatrick, 1983). However,
ketoconazole use has been limited by hepatotoxicity
and concerns about the reliability of gastric absorption,
especially in patients receiving H2-blockers.
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Itraconazole and fluconazole have markedly im-
proved safety profiles and have become the standard
of care, especially for patients with moderate to severe
OPC (Hay, 1990; Darouiche, 1998; Vazquez, 2000).
These drugs are considered equivalent in efficacy. Al-
though most studies on fluconazole efficacy for OPC
utilized an initial loading dose of 200 mg followed by
100 mg daily, success has been achieved with 50 mg
daily (Hay, 1990). Fluconazole treatment is character-
ized by rapid response. Slower response rates have been
described with both ketoconazole and clotrimazole
troches in OPC patients with solid tumors (Yap and
Bodey, 1979; Meunier-Carpentier et al, 1983). In all
published studies, fluconazole 100 mg/day, was at least
equal in efficacy and in some studies superior to clotri-
mazole or ketoconazole (Darouiche, 1998; Vazquez,
2000). The goal of antimycotic therapy in OPC is rapid
relief of symptoms, prevention of complications and
prevention of early relapse following cessation of ther-
apy. The goal is not to achieve sterilization of the oral
cavity, since treatment uncommonly achieves negative
cultures (Vazquez, 2000).

Esophageal Candidiasis
Candida esophagitis requires systemic therapy; topical
drugs are of little value (Ginsburg et al, 1981). Par-
enteral therapy may be required initially if the patient

is unable to take oral medication. Ketoconazole 200
mg bid was shown to be effective in esophageal can-
didiasis (EC) (Fazio et al, 1983). However, ketocona-
zole has now been replaced by the triazoles, flucona-
zole, and itraconazole, because of greater efficacy of
the latter and the adverse side effect profile of keto-
conazole. Fluconazole has become the standard of care
in the management of Candida esophagitis. Oral flu-
conazole at a dose of 200 mg/day for 14–21 days en-
joys a superior safety profile with bioavailability of
� 92%. In several clinical trials, EC patients treated
with itraconazole oral solution 100–200 mg/day had a
high clinical response rate, 94%, comparable to 91%
for patients treated with fluconazole tablets 100–200
mg/day (Barbaro et al, 1995; Barbaro, et al, 1996;
Wilcox et al, 1997).

Given the high success rate achieved with flucona-
zole and itraconazole, iv amphotericin B is generally re-
served for endoscopically proven cases of EC that fail
azole therapy. Low-dose amphotericin B (0.3–0.5
mg/kg or 10–20 mg/day for 10 days) is often sufficient
for moderate disease, but higher doses may be neces-
sary for some patients with AIDS and refractory EC
(Medoff et al, 1972; Vazquez, 2000).

Patients with AIDS are at high risk of developing
symptomatic recurrences of EC (Tavitian et al, 1986;
Glatt, 1993; Maenza et al, 1996; Maenza et al, 1997).

TABLE 11–4. Oropharyngeal and Esophageal Candidiasis Treatment Option
Treatment Options Dosing Guidelines Patient/Prescribing Issues

Nystatin
Pastilles or lozenge 200,000 U qid � 7–14 days Unpleasant taste; may cause nausea and GI disturbances.
Suspension 500,000 U by swish & swallow qid � 7–14

days

Vaginal tablets 100,000 U dissolve 1 tab tid Vaginal tablets in combination with unsweetened mints or
chewing gum better tolerated. Not recommended for
esophagitis.

Clotrimazole Suck on 1 troche 5 � d � 7–14 days More palatable than nystatin but contains dextrose, which
may promote dental caries. Not recommended for
esophagitis.

Fluconazole 100 mg/day � 7–14 days (up to 21 days for Superior to nystatin, clotrimazole, ketoconazole. High doses
esophagitis). Loading dose of 200 mg for (up to 800 mg/day) can be used in difficult cases. Success 
severe OPC and esophagitis. has been obtained even in cases of in vitro resistance.

Itraconazole
Solution 200 mg (20 mL) qd by swish & swallow Limited bioavailability; absorption improved if taken with fatty

without food � 7–14 days (up to 21 days for meal. Efficacy of capsules is thought equal to ketoconazole.
esophagitis) Solution has been tested only among HIV patients, but is

much better absorbed and has shown efficacy equivalent to
fluconazole.

Capsules 200 mg/day (with food) � 2–4 weeks

Ketoconazole 200–400 mg/day � 7–14 days (up to 21 days for Limited bioavailability; requires acidic environment for best
esophagitis) absorption; liver toxicity. Less efficacious than fluconazole

and itraconazole and less frequently used.

Amphotericin B
Suspension 1 mg/ml, 1 mL swish & swallow qid Agent considered second-line option; reserved for severe
Lozenge 100 mg qid cases and documented failures to azoles. Parenteral dosing
Tablet 10 mg qid necessary for esophagitis.
Parenteral 0.4–0.6 mg/kg/day

qid, four times daily; tid, three times daily; bid, twice daily; qd, once daily.
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Accordingly, many clinicians, following a single episode
of EC, begin secondary prophylaxis with either flu-
conazole or itraconazole. Daily suppressive antifungal
therapy with fluconazole 100–200 mg/day is effective
in preventing recurrent episodes, but should only be
used if the recurrences are frequent or are associated
with malnutrition due to poor oral intake and wasting
syndrome.

New antifungal agents have also been evaluated in
patients with EC. In a randomized, multicenter trial
comparing voriconazole to fluconazole for the treat-
ment of EC in 391 immunocompromised patients,
voriconazole 200 mg bid was as effective as flucona-
zole 200 mg daily, 98.3% and 95.1%, respectively, and
well tolerated (Ally et al, 2001). Similarly, IV caspo-
fungin regimens were equivalent to amphotericin B 0.5
mg/kg/day in 123 immunocompromised patients with
EC. Clinical success was achieved in 74% and 89% of
patients receiving caspofungin at 50 mg and 70 mg/day,
respectively, and in 63% of patients receiving ampho-
tericin B (Villanueva et al, 2001).

Management of Antifungal Refractory 
Oropharyngeal and Esophageal Candidiasis

Management of fluconazole-resistant OPC and EC is
frequently unsatisfactory and any response is short
lived, with periodic and rapid recurrences. The clinical
impact of antifungal resistance in patients with AIDS
has been reviewed (Koletar et al, 1994). After the on-
set of fluconazole-resistant thrush, AIDS patients had
a median survival of 184 days. Moreover, after the on-
set of clinical resistance to amphotericin B, the patients
had a median survival of only 83 days. Although mu-
cosal candidiasis does not produce death directly, clin-
ical failure acts as a comorbid factor in the rapid de-
mise of these patients. Clinical failure is also a marker
of severe immunosuppression and a nonfunctional im-
mune system.

Several studies reveal a good correlation between in
vitro susceptibility (MIC) and response of OPC to an-
tifungal treatment in HIV-infected patients (Cameron
et al, 1993; Quereda et al, 1996). On the other hand,
therapeutic antifungal successes and failures were noted
in patients with OPC and Candida isolates with both
low and high MIC values (Revankar et al, 1998). Risk
factors for the development of fluconazole-resistant
mucosal candidiasis in patients with AIDS include:
greater number of episodes of OPC (6.1 vs. 1.8); lower
median CD4 cell count (11 vs. 71 cells/mm3); longer
median duration of antifungal therapy (419 vs. 118
days); and longer duration of systemic azole exposure
(272 vs. 14 days) (Maenza et al, 1996). When the in-
vestigators studied two control groups matched by CD4
cell count, resistant cases also had a greater median ex-
posure time to azoles (272 vs. 88 days; p � 0.005) as

the most significant risk factor (Maenza et al, 1996;
Maenza et al, 1997).

Fluconazole refractory candidiasis may respond to
doses of fluconazole from 200 mg/day to � 400 mg/day
but with a short-term clinical response only. Occa-
sionally, fluconazole suspension may be beneficial as a
swish and swallow approach (Martins and Rex, 1997;
Parving, 1997). Several studies have demonstrated good
response rates with itraconazole oral solution 200mg
bid (Eichel et al, 1996; Phillipps et al, 1996; Cartledge
et al, 1997). Clinical cure or improvement occurred in
55%–70% of patients; however, mycological cure rates
were low (� 30%) and almost inevitably, relapses fol-
lowing treatment cessation were rapid, usually within
14 days. In vitro ketoconazole and itraconazole cross-
resistance is common. Amphotericin B oral suspension
is another therapeutic option in patients with azole-
refractory mucosal candidiasis (Dewsnup and Stevens,
1994; Nguyen et al, 1996c) but this formulation is no
longer available in all countries. In several small stud-
ies, clinical improvement rates varied from 50%–75%,
but the relapse rate was high, usually within 4 weeks
of discontinuing therapy.

In patients with severe refractory OPC or EC, par-
enteral amphotericin B at dosages of 0.4–0.6 mg/kg/day
may be used. After clinical improvment, it is essential
to continue suppressive therapy in an attempt to
achieve disease-free intervals. In occasional patients,
parenteral amphotericin B may not ameliorate OPC
and EC. These patients generally have advanced-HIV
disease. Lipid-based preparations may prove useful in
patients unable to tolerate deoxycholate amphotericin
B (Brajtburg et al, 1990). The newer triazoles, voricona-
zole, and posaconazole, have excellent in vitro activity
against fluconazole-resistant C. albicans isolates (Ruhnke
et al, 1997; Vazquez, 2000; Ernst, 2001). Caspofungin
and micafungin are also being evaluated in clinical trials.

Highly active antiretroviral therapy is an essential
component of therapy of refractory disease. Treatment
with HAART alone without antifungal drugs has been
shown to eradicate refractory OPC in patients with ad-
vanced HIV-infection (Zingman, 1996). In addition,
several cytokines produced by recombinant technology
show promise in assisting the host response to fungal
infections (Vecchiarelli et al, 1995). Human recombi-
nant granulocyte-macrophage colony-stimulating fac-
tor (rhuGM-CSF) has demonstrated encouraging re-
sults in patients with refractory OPC and EC (Swindells
et al, 1997; Vazquez et al, 1998).

Vulvovaginal Candidiasis
Treatment of VVC predominantly involves use of the
imidazole and triazole agents available as topical or
oral formulations (Table 11–5). Azoles achieve higher
success rates even over shorter duration of therapy than
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nystatin vaginal suppositories or creams. Little evidence
exists that the choice of formulation of the topical
azoles influences cure rates. Topical agents previously
prescribed for 7–14 days are now available as single
dose or short course (3–5 day) regimens. Topical azoles
when appropriately prescribed are remarkably free of
systemic side effects and toxicity.

The oral azoles used for systemic therapy are keto-
conazole, itraconazole, and fluconazole, but only flu-
conazole (150 mg given as a single dose) is approved
by the FDA for this indication in the United States. Oral
azoles have been shown to be at least as effective as
topical agents and are more convenient, more popular
among users and free of local side effects (Silva-Cruz
et al, 1991; Sobel et al, 1995a).

In selecting an antifungal agent, it is useful to define
VVC as uncomplicated or complicated disease (Sobel
et al, 1998). The majority of episodes of VVC are 
uncomplicated (90%). These are sporadic, mild-to-
moderate infections caused by C. albicans that occur
in normal hosts who lack predisposing factors. Un-
complicated infections can be successfully treated with
any of the available topical or oral antifungal agents
including short course and single dose regimens. Com-
plicated infections are defined as those that (1) have a
moderate to severe clinical presentation, (2) are recur-
rent in nature (� 4 episodes per year), (3) are caused
by non-albicans Candida species, or (4) occur in ab-
normal hosts, e.g., diabetic patients with poor glucose
control. Complicated infections are far less likely to re-
spond to abbreviated courses of therapy (Sobel et al,
1998) and should be treated more intensively for 7 to
14 days in order to achieve a clinical response. In a 
recent study of almost 500 women with complicated

VVC, prolonging fluconazole therapy by adding a sec-
ond dose of 150 mg fluconazole 72 hours after the ini-
tial dose resulted in significantly higher clinical and my-
cological cure rates in women with severe VVC (Sobel
et al, 2001a). Non-albicans Candida species, especially
C. glabrata, are less susceptible in vitro to azoles and
VVC caused by these species is less likely to respond
clinically, especially to short course azole therapy. En-
couraging results have been obtained with boric acid
600 mg capsules given vaginally qd for 14 days (Sobel
and Chaim, 1997) or topical 17% flucytosine (Horo-
witz, 1986).

Vulvovaginal candidiasis in HIV-infected women is
incompletely understood. One large study found it to
behave in a fashion similar to that in seronegative
women (Schuman et al, 1998). Vaginal carriage of
Candida is more common in HIV seropositive women,
but symptomatic VVC was not more frequent or mod-
estly increased only and did not increase with progres-
sive immunosuppression. Others have, however, noted
increased rates of VVC with increasing immunosup-
pression (Rhoads et al, 1987; Carpenter et al, 1989;
Imam et al, 1990; Duerr et al, 1997; Sobel et al, 2001b)
The differences in results may be due to differences in
study design and diagnostic criteria (White, 1996; Schu-
man et al, 1998). Longitudinal cohort studies of vagi-
nal candidiasis in HIV-positive women show a pro-
gressive increase in colonization with C. glabrata
and diminished fluconazole susceptibility (Sobel et al,
2001a). Therapy of VVC in HIV-infected women re-
mains the same as that for seronegative women. Vul-
vovaginal candidiasis, even if recurrent, is not consid-
ered a sentinel of HIV infection and its presence does
not justify HIV testing.

TABLE 11–5. Azole Therapy for Vaginal Candidiasis
Drug Formulation Dosage

Butoconazole 2% cream (5 g) 5 g � 3 days
2% vaginal suppository 1 suppository once

Clotrimazole 1% cream (5 g) 5 g � 7–14 days
10% cream 5 g single application
100 mg vaginal tablet 1 tablet � 7 days
100 mg vaginal tablet 2 tablets � 3 days
500 mg vaginal tablet 1 tablet once

Miconazole 2% cream (5 g) 5 g � 7 days
100 mg vaginal suppository 1 suppository � 7 days
200 mg vaginal suppository 1 suppository � 3 days
1200 mg vaginal suppository 1 suppository once

Econazole 150 mg vaginal tablet 1 tablet � 3 days
Fenticonazole 2% cream (5 g) 5 g � 7 days
Tioconazole 2% cream (5 g) 5 g � 3 days

6.5% cream (5 g) 5 g single dose
Terconazole 0.4% cream (5 g) 5 g � 7 days

0.8% cream (5 g) 5 g � 3 days
80 mg vaginal suppository 80 mg � 3 days

Fluconazole 150 mg tablet oral 150 mg single dose
Ketoconazole 200 mg tablet oral 400 mg � 5 days
Itraconazole 100 mg tablet oral 200 mg � 3 days
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Recurrent VVC is usually caused by susceptible
strains of C. albicans. Although more intensive pro-
longed induction therapy lasting up to 14 days invari-
ably induces remission, the fungistatic nature of the
available agents combined with persistence of the un-
derlying defect makes relapse within 3 months almost
inevitable unless a maintenance antifungal regimen is
employed. Successful regimens include ketoconazole
100 mg daily or fluconazole 150 mg weekly (Sobel,
1992).

Male genital candidiasis presents in two forms, and
most commonly as a transient pruritic and erythema-
tous penile cutaneous reaction that may follow unpro-
tected intercourse with exposure to Candida antigens
present in the partner’s vagina and represents a hyper-
sensitivity reaction. Successful treatment entails eradi-
cation of yeast in the vagina. True superficial penile
Candida infection, the second form, occurs infrequently
and usually in diabetic and uncircumcised males who
develop balanoposthitis that responds promptly to top-
ical or systemic azole therapy.

Cutaneous Candidiasis
Localized, cutaneous candidiasis infections may be
treated with any number of topical antifungal agents
(e.g., clotrimazole, econazole, miconazole, ketocona-
zole, ciclopirox). Candida paronychia requires drainage
of the abscess, followed by oral therapy with either flu-
conazole or itraconazole. However, Candida folliculi-
tis, onychomycosis, and extensive cutaneous infections
in patients who are immunocompromised require sys-
temic antifungal therapy. For Candida onychomycosis,
oral itraconazole appears to be the most efficacious, ei-
ther daily 100 mg itraconazole for 3–6 months or as a
pulse-dose regimen that requires a higher dose, 200 mg
bid for 7 days, followed by 3 weeks off therapy. The
cycle is repeated every month for 3–6 months (Rex et
al, 2000).

Chronic Mucocutaneous Candidiasis
Oral azoles have revolutionized the prognosis and
treatment of CMC. Ketoconazole, fluconazole, and
itraconazole induce long, treatment-free remission of
CMC and can be used continuously or intermittently
in cases requiring chronic maintenance therapy (Hay
and Clayton, 1982; Hay and Clayton, 1988; Burke,
1989). Over the last decade, a variety of therapeutic
approaches aimed at improving cell mediated immu-
nity have been attempted, with inconsistent results and
only moderate success as compared to oral azole ther-
apy. Thymus transplantation has been reported to pro-
vide improvement in CMC patients suffering from Di-
George syndrome (Cleveland et al, 1968; Aiuti et al,
1990). White blood cell transfusions produced transient
improvement in CMC symptoms only (Kirkpatrick et

al, 1971); however, bone marrow transplantation has
been successful (Buckley et al, 1968; Deeg et al, 1986;
Hoh et al, 1996).

Candidemia and Acute Disseminated Candidiasis
In the nonneutropenic patient, candidemia is related to
the presence of an intravascular catheter in up to 80%
of patients (Rex et al, 1994). Removal of all intravas-
cular catheters appears to shorten duration of can-
didemia (Komshian et al, 1989) and has been associ-
ated with reduced mortality (Nguyen et al, 1995b;
Luzzatti et al, 2000; Rex et al, 2000). Some patients
have even been cured by catheter removal alone (Klein
and Watanakunakorn, 1979; Berkowitz et al, 1987).
However, even the most transient episodes of can-
didemia can be associated with hematogenous dissem-
ination causing endophthalmitis or osteomyelitis. Thus,
all episodes of candidemia merit antifungal therapy
(Edwards et al, 1997; Luzzati et al, 2000). A dilated
fundoscopic examination is important in all candidemic
patients (Rex et al, 2000).

While amphotericin B has been the standard therapy
of candidemia (Meunier, 1994), two prospective ran-
domized trials (Rex et al, 1994; Phillips et al, 1997),
and two retrospective reviews (Nguyen et al,1995b;
Anaissie et al, 1996), compared amphotericin B with
fluconazole. These studies have demonstrated that am-
photericin B at 0.5–0.6 mg/kg/d and fluconazole at 
400 mg/day are highly effective and not significantly
different as therapy of candidemia in non-neutropenic
patients. In all four studies, the majority of isolates were
C. albicans and the strength of the data is less for non-
albicans species, but similar trends hold (Rex et al,
2000). Non-albicans species especially C. glabrata have
higher fluconazole MICs and higher antifungal doses
may be required for optimal outcome. Many clinicians
treat C. glabrata fungemia with iv fluconazole 800
mg/day (12 mg/kg) in adults with normal renal func-
tion. The results of one small noncomparative study
suggest that fluconazole 800 mg/day may produce a
better response rate than 400 mg/day for C. albicans
fungemia (Graninger et al, 1993).

Accordingly, iv amphotericin B at 0.6–0.7 mg/kg/
day or fluconazole at 400–800 mg/day is recommended
as initial therapy for candidemia (Rex et al, 2000). If
the isolate is found to be C. albicans, then fluconazole
at 400 mg/day may be continued since fluconazole re-
sistance in bloodstream Candida isolates is uncommon.
Choosing between initial amphotericin B and flucona-
zole is somewhat arbitrary since amphotericin B has
not been shown to be superior in eradicating can-
didemia or reducing mortality in any comparative
study. However, in unstable, critically ill patients with
little margin for error or in patients previously exposed
to fluconazole, initiating treatment with amphotericin
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B is recommended (Rex et al, 2000). Moreover, a re-
cent large, randomized and blinded study suggests an
advantage in initiating treatment with a combination
of fluconazole and amphotericin B versus fluconazole
alone (Rex et al, 2003). Nonneutropenic adults with
candidemia were randomized to receive either flucona-
zole alone (800 mg/day) or fluconazole plus ampho-
tericin B (0.7 mg/kg/day). No evidence of antagonism
was noted and the combination arm produced more
rapid clearance of the fungemia. The combination was,
however, more nephrotoxic. Many clinicians who cur-
rently treat candidemia with amphotericin B initially,
and then switch to fluconazole when the patient is more
stable and the Candida species is known, may consider
initiating therapy with both amphotericin B and flu-
conazole and then discontinuing one of the two drugs.
The combination of either fluconazole or amphotericin
B with flucytosine at 100–150 mg/kg/day may be use-
ful in selected patients, but the precise role of this com-
bination is unclear.

The required duration of antifungal therapy is un-
determined, but therapy is usually continued for ap-
proximately 2 weeks after the last positive blood cul-
ture. With this approach, the rate of subsequent
recurrent infection at hematogenously seeded sites is
about 1% (Rex et al, 1994). Although use of itra-
conazole for invasive forms of candidiasis would seem
logical, clinical data are limited and there appears to
be no advantage of itraconazole over fluconazole. Re-
cent data support the efficacy of caspofungin, a recently
licensed ecchinocandin drug, as therapy of candidemia
and other forms of invasive candidasis (Mora-Duarte
et al, 2002).

In the neutropenic patient with candidemia, less data
are available to guide management. Although the gut
has been implicated as an occasional source of can-
didemia in nonneutropenic patients (Berkowitz et al,
1987), it appears likely that the gastrointestinal tract is
the most common source of candidemia in neutropenic
patients (Nucci and Colombo, 2002). One notable ex-
ception is that C. parapsilosis fungemia is highly asso-
ciated with intravascular catheters in cancer patients
(Girmenia et al, 1996). Moreover, in neutropenic pa-
tients, removal of intravenous catheters, if possible, is
still recommended (Lecciones et al, 1992). Recovery of
bone marrow function is critical, and no therapeutic
approach is consistently successful in the face of per-
sistent leukopenia. Most experience is with ampho-
tericin B at 0.6–1.0 mg/kg/day until recovery of mar-
row function. The optimal dose of amphotericin B is
not certain, but non-albicans Candida species require
higher doses (0.8–1.0 mg/kg/day) of amphotericin B,
especially C. krusei and C. glabrata, the two species
that also are the least susceptible to fluconazole (Gold-
man et al, 1993). Data comparing this approach with

fluconazole are limited, but one recent retrospective
matched cohort study found that median daily doses
of 400 mg for fluconazole and 0.6 mg/kg for ampho-
tericin B were associated with similar outcomes in a
mixed group of neutropenic and nonneutropenic can-
cer patients (Anaissie et al, 1996). Because of flucyto-
sine’s potential for marrow suppression and the lack of
a readily available intravenous formulation, flucytosine
is infrequently used.

Patients may develop candidemia while on antifun-
gal therapy including prophylactic antifungal drugs.
Such breakthrough candidemia may be due to infection
of an intravascular catheter, in which case the infect-
ing isolate is usually susceptible to the apparently fail-
ing drug (Blumberg and Reboli, 1996). In cancer pa-
tients, breakthrough candidemia was associated with a
higher mortality and occurred more often in the setting
of an intensive care unit stay, prolonged neutropenia,
and use of corticosteroids (Uzun et al, 2001). In this
setting, immunosuppression should be reduced and fac-
tors that might alter antifungal drug delivery or clear-
ance excluded. Intravenous catheters should be
changed. Since non-albicans Candida species are fre-
quently responsible, the possibility of drug resistance
should be considered. If resistance is likely or MIC data
document resistance, therapy should be changed to an
antifungal drug of a different class.

Nonsubcutaneous tunneled central intravascular
catheters should be removed in nonneutropenic patients
with candidemia, and suspect catheters should not be
replaced over a guide wire. In contrast, central tunneled
catheters in febrile neutropenic patients do not require
mandatory removal since in this setting alternate vas-
cular access sites are less available and removal is more
difficult. Most importantly, such catheters are less
likely to be the source of candidemia although they may
become infected secondary to bloodstream infection.
Occasionally, these valuable access sites may be sal-
vaged using the controversial antibiotic lock method
utilizing amphotericin B (Arnow and Kushner, 1991;
Mermel et al, 1993; Viale et al, 2001). However, re-
sults are unpredictable. The importance of a positive
catheter tip is similarly controversial. In afebrile pa-
tients at low risk of candidemia, antifungal treatment
does not appear to be indicated. On the other hand, in
a high-risk patient with unexplained antibiotic-resist-
ant fever, the finding of a positive catheter tip culture
for Candida often results in initiation of empirical an-
tifungal therapy.

Presumptive Therapy of Febrile Neutropenia
Invasive Candida infections are an important cause of
antibiotic resistant fever in neutropenic patients. The
likelihood of Candida as the cause is diminished in the
presence of azole prophylaxis. Nevertheless, antifungal
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therapy should include coverage of Candida species.
For more detailed information, see Chapter 29.

Chronic Disseminated Candidiasis
Therapy has usually consisted of prolonged ampho-
tericin B alone; however, this approach has not been
uniformly successful (Haron et al, 1987). Amphotericin
B, total dose 0.5–1.0 g, followed by a protracted course
of fluconazole (200–400 mg/day for 2–14 months) is
associated with cure rates of � 90% (Anaissie et al,
1991b; Kauffman et al, 1991). This regimen is preferred
by many experts. Use of fluconazole is sometimes suc-
cessful when amphotericin B was not. Lipid-based am-
photericin B has also been used successfully (Walsh et
al, 1997). Provided that the Candida hepatic and
splenic lesions have stabilized, the patient is clinically
improved, and antifungal therapy is continued, anti-
neoplastic therapies (including those that will induce
neutropenia) may be continued (Walsh et al, 1995).
Duration of antifungal therapy is determined by results
of imaging studies of liver and spleen.

Neonatal Candidiasis
Amphotericin B at 0.5–1.0 mg/kg/day for a total dose
of 10–25 mg/kg, with or without flucytosine, is the
therapy of choice for neonated candidiasis. The excel-
lent penetration of amphotericin B into the CSF in
neonates is presumably part of the reason that am-
photericin B alone is often successful (Baley et al, 1990).
The utility of the lipid-formulations of amphotericin B
for this condition is still unknown. Fluconazole is also
attractive in this setting, and has been used successfully
at doses of 6–12 mg/kg/day (Viscoli et al, 1991;
Driessen et al, 1996; Wainer et al, 1997; Huang et al,
2000). Comparative data between amphotericin B and
fluconazole for neonatal candidiasis are lacking. Top-
ical and oral therapy with agents such as nystatin or
an antifungal azole often are adequate therapy for full-
term infants with candidiasis limited to skin and the GI
tract (Barone and Krilov, 1995).

Urinary Candidiasis
Treatment of candiduria requires differentiating be-
tween colonization and superficial and deep tissue 
infection as well as the anatomical level of infection.
Candiduria in catheterized subjects usually represents
catheter or superficial bladder colonization only, is ex-
tremely common, almost invariably asymptomatic, and
of little clinical significance. Asymptomatic candiduria
in this context should not be treated since the sequelae
of ascending or invasive Candida infections are rare
(Ang et al, 1993) and any effects of treatment are short
lived (Sobel et al, 2000). Asymptomatic candiduria
should be treated in neutropenic patients, those un-

dergoing elective urinary instrumentation, and follow-
ing renal transplantation.

Symptomatic lower urinary tract infections due to
Candida are rare and should be treated, especially in
noncatheterized patients. Therapeutic options include
oral fluconazole 200 mg/day for 7–14 days, iv am-
photericin B as 0.3 mg/kg single dose (Fisher et al,
1982), or iv amphotericin B 0.3 mg/kg for 5–7 days
(Fan-Havard et al, 1995). Amphotericin B bladder ir-
rigation with 1 L/day of a solution of 50 mg ampho-
tericin B/L of sterile water or D5W through a triple lu-
men catheter for 7 days is an effective but inconvenient
option (Sanford, 1993). Shorter courses may prove to
be an alternative (Leu and Huang, 1995). Ketocona-
zole and itraconazole achieve low urine drug concen-
trations and yield unreliable results (Wong-Beringer et
al, 1992). Oral flucytosine is rarely indicated because
of emergence of resistance during therapy, but has been
useful in eradicating non-albicans Candida infections.

Ascending pyelonephritis, although uncommon, rep-
resents a serious infection that may be complicated 
by candidemia and disseminated infection (Ang et al,
1993). Therapy for this form of Candida pyelonephri-
tis consists of relieving any urinary obstruction plus flu-
conazole or systemic amphotericin B in doses similar
to those used for disseminated candidiasis. Finally, can-
diduria may be the result of renal candidiasis second-
ary to previous or ongoing candidemia (hematogenous
pyelonephritis). Therapy is identical to that of dissem-
inated candidiasis.

Candida Endophthalmitis
Penetration of amphotericin B into the eye is variable
but generally poor (Fisher et al, 1983; O’Day et al,
1985). Even so, courses of at least 1 gram of ampho-
tericin B have been curative in � 90% of infected eyes
(Edwards et al, 1974). However, intravenous therapy
alone is not uniformly successful and intravitreal am-
photericin B following vitrectomy has been helpful ei-
ther as monotherapy or in conjunction with systemic
therapy. Vitrectomy may be especially valuable in en-
dophthalmitis associated with intravenous drug abuse
(Martinez-Vazquez et al, 1998). Vitrectomy in therapy
of Candida endophthalmitis is in part based upon ben-
efits reported in bacterial endophthalmitis (Endoph-
thalmitis Vitrectomy Study Group, 1995). Intravitreal
doses of amphotericin B of 5–10 �g are indicated for
vision threatening disease (Stern et al, 1977; Cantrill et
al, 1980; Perraut et al, 1981; Brod et al, 1990).

Fluconazole diffuses well into all parts of the eye 
(Savani et al, 1987; O’Day et al, 1990; Urbak and Degn,
1992). Fluconazole, given as sole therapy at �200
mg/day for approximately 2 months, cured 15 of 16
patients with Candida endophthalmitis (Akler et al,
1995). Fluconazole was also effective following short
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(�200 mg total dose) courses of amphotericin B. Pa-
tients requiring vitrectomy generally have more severe
disease, and fluconazole monotherapy was curative
when given at �200 mg/day for 3 months after vitrec-
tomy. If an ocular implant is present in the infected eye,
implant removal appears critical to resolution of the in-
fection (Kauffman et al, 1993). Ketoconazole and itra-
conazole penetrate the eye less readily than fluconazole
in animal models (Savani et al, 1987) and clinical ex-
perience is limited.

Candida Endocarditis, Pericarditis, 
and Suppurative Thrombophlebitis

Medical therapy alone has rarely been curative for these
cardiac or vascular infections (Zenker et al, 1991; Faix,
1992b; Hallum and Williams, 1993; Melamed et al,
2000). The inability of prolonged courses of high dose
amphotericin B to cure either native or prosthetic valve
endocarditis (Utley et al, 1975; Nguyen et al, 1996d)
has led to the recommendation that patients be treated
with a combination of mandatory valve replacement
and prolonged antifungal therapy (Johnston et al, 1991;
Muehrcke, 1995a; Muehrcke et al, 1995b; Ellis et al,
2001). Preoperative therapy usually consists of high
dose amphotericin B often in combination with flucy-
tosine, followed by one of the azole drugs. Fluconazole
has been the most frequently employed long-term oral
agent, given its superior safety profile (Cancelas et al,
1994; Muehrcke, 1995a; Nguyen et al, 1996d). A sim-
ilar strategy is applicable in children. Medical therapy
alone is often pursued in neonates due to their com-
plicated, overlapping medical problems (Zenker et al,
1991; Faix, 1992b; Mayayo et al, 1996). Late recur-
rence, especially following medical treatment only, 
has been described even several years after the initial
episode (Johnston et al, 1991), emphasizing the need
for prolonged follow-up. Chronic suppressive therapy
with fluconazole is recommended for patients in whom
cardiac surgery is contraindicated (Roupie et al, 1991;
Hernandez et al, 1992; Castiglia et al, 1994).

Candida infections of transvenous pacemakers re-
quire both surgical removal of the infected device and
prolonged systemic antifungal therapy (4–6 weeks)
(Joly et al, 1997). Purulent Candida pericarditis is
treated with a combination of surgical drainage (peri-
cardiocentesis or pericardiectomy) together with pro-
longed antifungal therapy (Schrank and Dooley, 1995;
Rabinovici et al, 1997).

Persistent candidemia is sometimes due to Candida
suppurative phlebitis of either central or peripheral
veins. In the case of peripheral phlebitis, the involved
vein is not always tender, although usually thrombosed.
Treatment consists of catheter removal, aspiration, re-
section, or incision and drainage of the vein, followed
by a 14-day course of amphotericin B or fluconazole

(Torres-Rojas, 1982; Walsh et al, 1986; Berkowitz et
al, 1987; Friedland, 1996). When a central vein is in-
volved, surgery is not an option, and systemic therapy
for 10–14 days is generally successful (Jarrett et al,
1978; Strinden et al, 1985; Berg and Stein, 1989). Sys-
temic anticoagulation has been used in some patients.
Candida infections of arteriovenous dialysis fistulas
(Nguyen et al, 1996b) are rare, and effective therapy
generally requires both antifungal therapy and removal
of the fistula.

Abdominal Candida Infections
Removal of the dialysis catheter is usually required for
successful therapy of CAPD-related fungal peritonitis
(Eisenberg, 1988; Michel et al, 1994; Montenegro et
al, 1995; Goldie et al, 1996). Occasionally, some pa-
tients are cured via this maneuver alone (Bayer et al,
1976; Eisenberg et al, 1986; Sugar, 1991). However,
short courses of either parenteral or intraperitoneal am-
photericin B have been used successfully. Intraperi-
toneal therapy with the infusate containing 0.5–5 g/mL
of amphotericin B is often associated with significant
abdominal pain and the development of adhesions (Ar-
fania et al, 1981; Eisenberg et al, 1986). Several reports
have documented the utility of fluconazole in combi-
nation with flucytosine as therapy for dialysis catheter-
related peritonitis (Levine et al, 1989; Thomas and 
Ellis-Pegler, 1989; Corbella et al, 1991; Michel et al,
1994). Dosages of fluconazole are 100–200 mg/day and
dosages of flucytosine range from 15 mg/kg after he-
modialysis to 50–100 mg/L in the peritoneal dialysate
(Eisenberg, 1988; Michel et al, 1994).

The potential for untreated Candida peritoneal iso-
lates to cause peritonitis has now been clearly demon-
strated (Solomkin et al, 1980a; Solomkin and Simmons,
1980b; Alden et al, 1989; Calandra et al, 1989). While
no specific criteria identify the patients in whom Can-
dida is significant, factors such as presence of sepsis,
multiple operations, pancreatic involvement, and heavy
growth of Candida from peritoneal culture strongly
suggest that antifungal therapy is indicated (Alden et
al, 1989; Calandra et al, 1989; Rantala et al, 1991).
Thus, isolation of Candida from an intra-abdominal
specimen should not be ignored. Therapy with am-
photericin B (0.5–1 g total) (Solomkin et al, 1980;
Alden et al, 1989; Calandra et al, 1989) or fluconazole
200–400 mg/day (Thomas and Ellis-Pegler, 1989; 
Kujath et al, 1990; Aguado et al, 1994) has been used
successfully.

While Candida is isolated from the bile in up to 2%
of cholecystectomies (Gupta and Jain, 1985), the mere
isolation of the organism does not mandate therapy.
However, if the patient has biliary obstruction or gan-
grenous cholecystitis, then isolation of Candida merits
systemic therapy. Amphotericin B achieves bile con-
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centrations that are two- to sevenfold higher than
serum concentrations (Adamson et al, 1989). Candida
fungus balls can cause biliary obstruction of the col-
lecting system and may require surgical removal (Mag-
nussen et al, 1979; Gupta and Jain, 1985).

The association between increased mortality and
Candida superinfections in patients with acute necro-
tizing pancreatitis (Hoerauf et al, 1998; Grewe et al,
1999) provides strong support for the use of an anti-
fungal agent if Candida is isolated from pancreatic 
tissue. After suitable debridement and/or drainage, 
amphotericin B at standard doses (0.5–1.0 mg/kg/day 
to a total of 1–2 grams) or parenteral fluconazole is 
indicated.

Candida Osteomyelitis, Arthritis, and Mediastinitis
Surgical debridement of infected bone is extremely use-
ful (Gathe et al, 1987) whereas medical therapy alone
for vertebral osteomyelitis has a failure rate approach-
ing 33% (Hendrickx et al, 2001). Most investigators
recommend amphotericin B as the primary agent for
Candida osteomyelitis. Courses of 1–1.5 g total dose
are usually given (Edwards et al, 1975; Fogarty, 1983;
Gathe et al, 1987; Almekinders and Greene, 1991;
Ferra et al, 1994). There is no consensus regarding du-
ration of therapy, but treatment is usually continued
for at least 2–4 weeks after resolution of clinical signs
and symptoms of infection or microbiologic evidence
of eradication of infection (Rex et al, 2000). In gen-
eral, total duration of therapy is usually 6–10 weeks.
A recent report suggested that amphotericin B might
safely be added to bone cement in complicated cases
(Marra et al, 2001). Several investigators have used a
course of amphotericin B, followed by 6–12 months
with either ketoconazole (200–600 mg/day) (Gathe et
al, 1987; Almekinders and Greene, 1991) or flucona-
zole (400 mg/day) (Sugar et al, 1990). There is also
some experience with azole drugs as sole therapy. Ke-
toconazole has been used successfully at 50 mg/day 
for 3 months in a 3-year-old boy with phalangeal 
osteomyelitis (Bannatyne and Clarke, 1989) and at
400–1600 mg/day for 3–7 months in adults (Dijkmans
et al, 1982). While fluconazole has been successful ther-
apy at 200–400 mg/day for 6–12 months (Hennequin
et al, 1996), occasional failures have been reported
(Dan and Priel, 1994; Arranz-Caso et al, 1996). There
is little published experience with itraconazole for Can-
dida osteomyelitis.

Systemic antifungal therapy and joint drainage or
joint lavage may be necessary to achieve cure of septic
Candida arthritis. Open drainage is particularly im-
portant in Candida infection of the native hip (Rex et
al, 2000). For infection involving a prosthetic joint, 
resection arthroplasty is virtually always required
(Tunkel et al, 1993). Successful medical treatment with

fluconazole for 17 months of a hip prosthesis that was
infected with C. albicans has been described, but post-
therapy follow-up was only 11 months and this type
of response appears to be the exception rather than the
rule (Merrer et al, 2001). Most treatment experience
for Candida arthritis has been with iv amphotericin B
(Bayer and Guze, 1978). Substantial synovial fluid lev-
els (20%–100% of serum levels) are achieved with am-
photericin B. Intraarticular amphotericin B, typically
5–10 mg, is given at intervals in association with joint
aspiration, but may be associated with joint surface ir-
ritation (Bayer and Guze, 1978). Experience with azole
therapy is limited, but a few reports indicate success
(Katzenstein, 1985; Tunkel et al, 1993; Weers-Pothoff
et al, 1997). Good drug penetration with fluconazole
has been documented.

Candida mediastinitis, a rare entity, has recently been
reviewed (Clancy et al, 1997). Based on a small num-
ber of cases, surgical debridement followed by either
amphotericin B or fluconazole appears appropriate.

Candida Meningitis
Most experience with the therapy of Candida menin-
gitis has been with amphotericin B, often in combina-
tion with flucytosine because of the latter agent’s abil-
ity to penetrate the blood-brain barrier (Buchs and
Pfister, 1982; Smego et al, 1984). Amphotericin B is
usually given intravenously, although occasional pa-
tients have required intrathecal therapy. Fluconazole
with flucytosine was successful in one case (Marr et al,
1994), and fluconazole monotherapy has been used
(Gurses and Kalayci, 1996). For Candida meningitis
following neurosurgical procedures, especially in asso-
ciation with CSF devices such as shunts or drains, de-
vice removal plus antifungal therapy is required (Chiou
et al, 1994; Sanchez-Portocarrero et al, 1994; Geers
and Gordon, 1999). Distinguishing between specimen
contamination and true infection can be difficult, as
neither increased CSF cellularity nor hypoglycorrhachia
are consistently present (Geers and Gordon, 1999).
Most patients with true infections more often have re-
peatedly positive cultures. For Candida meningitis as-
sociated with neurosurgery or devices, intravenous am-
photericin B is usually effective, but some patients may
require the addition of flucytosine or intrathecal am-
photericin B. A regimen of 0.5 mg/kg/day of ampho-
tericin B and � 75 mg/kg/day flucytosine for three or
more weeks has been recommended (Nguyen and Yu,
1995a). The excellent penetration of fluconazole into
the CSF suggests that it might be a useful agent in this
setting, although some fluconazole failures have been
reported (Cruciani et al, 1992; Nguyen and Yu, 1995a).
Treatment of Candida brain abscess (Black, 1970;
Burgert et al, 1995), epidural abscess (Bonomo et al,
1996), and intramedullary abscess (Lindner et al, 1995)
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has been with amphotericin B and flucytosine, occa-
sionally followed by oral azole therapy.

PREVENTION

Primary and secondary prophylaxis is directed at pre-
venting symptomatic superficial or deep disease, and
not colonization.

Oropharyngeal Candidiasis and 
Esophageal Candidiasis

Chronic suppressive therapy with fluconazole is effec-
tive in prevention of OPC in both AIDS (Powderly et
al, 1995; Schuman et al, 1997; Revankar et al, 1998)
and cancer patients (Philpott-Howard et al, 1993).
Maintenance fluconazole has been prescribed daily
(100 mg/day), two or three times weekly or even once
weekly at 200 mg/week. All regimens reduce relapse
frequency, but have the potential to select for resistant
C. albicans strains and may be associated with ap-
pearance of C. glabrata. Given costs of long-term ther-
apy and concern for resistance development, chronic
suppressive therapy is only recommended in patients
with frequent and disabling recurrences, especially EC,
as an alternative to early treatment of each recurrent
episode. In spite of numerous reports of refractory mu-
cosal candidiasis due to resistant C. albicans during the
1990s, risk of refractory disease in patients receiving
maintenance fluconazole and adhering to HAART ther-
apy appears small (Goldman et al, 2002).

Recurrent Vulvovaginal Candidiasis
Every effort should be made to identify causal factors
in women with recurrent infection. Controlled studies
have not shown any benefit of treating male partners
with antifungal drugs. In the majority of women no
identifiable or treatable causes are found and repeated
episodes usually occur with susceptible strains of C.
albicans. Recommended prophylaxis is fluconazole 
150 mg/week for 6 months (MMWR, 2002).

Patients with Neutropenia
Given the high frequency of superficial and systemic
fungal infections, especially candidiasis in neutropenic
patients, antifungal prophylaxis has been widely uti-
lized (Anaissie et al, 1998). Early studies of prophy-
lactic use of oral antifungals, e.g., amphotericin B, 
nystatin, clotrimazole, miconazole, and ketoconazole,
yielded unsatisfactory results because of poor absorp-
tion and tolerance. However, prophylaxis with flu-
conazole is frequently used and well tolerated. The best
results have been obtained with fluconazole 400
mg/day in neutropenic BMT recipients, in whom re-
duction in superficial and deep fungal infections is
achieved, but with variable effects on mortality. Results

of two large studies gave conflicting results; one study
showed that fluconazole improved survival (Slavin et
al, 1995) and a second study showed no survival ben-
efit (Goodman et al, 1992). Even more controversial is
the use of fluconazole as prophylaxis in non-BMT neu-
tropenic patients. Fluconazole prophylaxis reduced sys-
temic fungal infection twofold compared with placebo
(Winston et al, 1993) and was similarly protective in a
large Canadian study (Rotstein et al, 1999). However,
a meta-analysis of 16 randomized controlled trials con-
cluded that fluconazole prophylaxis in neutropenic
non-BMT patients did not decrease fungus-related mor-
tality or systemic fungal infections (Kanda et al, 2000).
This disparity in outcomes appears to be the conse-
quence of patient selection. Not all neutropenic patients
are at high risk, e.g., patients with acute myeloid
leukemia receiving cytarabine are particularly vulnera-
ble. Oral itraconazole solution appears equivalent in ef-
ficacy to fluconazole in neutropenic patients, and has
the added potential of preventing Aspergillus infection.
However, use of itraconazole in non-BMT patients 
is also controversial (Nucci and Columbo, 2000;
Harousseau et al, 2000).

The risk of invasive candidiasis is largest during 
the neutropenic period following BMT. Fluconazole
400 mg/day administered for 75 days following BMT
was associated with improved survival, attributed to
reduced invasive candidiasis and decreased graft versus
host disease involving the GI tract (Marr et al, 2000).

Patients in Intensive Care Units
Twenty five percent to 50% of nosocomial Candida in-
fections occur in patients in ICUs (Rangel-Frausto et
al, 1999), particularly in surgical patients (Beck-Sague
and Jarvis, 1993). Fluconazole use has increased dra-
matically in the ICU both as prophylaxis and as em-
piric therapy in the febrile antibiotic-resistant patient
(Gleason et al, 1997; Rocco and Simms, 2000). Until
recently, no data supporting this practice was available
with multiple studies failing to show any benefit, due
in part to inclusion of low-risk patients in SICU trials
and studies lacking adequate power (Savino et al, 1994;
Garbino et al, 1997; Ables et al, 2000; Rocco and
Simms, 2000).

At least two recent studies have shown the benefit of
fluconazole prophylaxis by either using highly selective
entry criteria (Eggimann et al, 1999) or high-risk sur-
gical patients (Pelz et al, 2001). The majority of pa-
tients in a surgical ICU are at low risk of invasive 
Candida infection with an overall 1% incidence of can-
didemia. Patients at highest risk are those who undergo
liver transplantation (Kung et al, 1995; Tollemar et al,
1995), pancreas transplantation (Benedetti et al, 1996),
and those with persistent or refractory gastrointestinal
leakage (Eggimann et al, 1999). The NEMIS study ob-
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served that exposure to antifungal drugs in the SICU
was associated with reduced risk of Candida blood-
stream infection (Blumberg et al, 2001). While liver and
pancreas transplant recipients are easy to identify, as
are surgical patients with persistent GI leakage, the
largest group of ICU patients who may benefit from
fluconazole prophylaxis remains difficult to select. Re-
cently, investigators have identified critically ill post-
surgery patients likely to remain in SICU for at least
72 hours, especially but not exclusively following ab-
dominal surgery, and in association with acute renal
failure, use of intravascular catheters, TPN, and broad-
spectrum antibiotics, as a high-risk group (Pelz et al,
2001). Specific laboratory tests to identify the patients
at highest risk that may benefit from antifungal pro-
phylaxis are not yet available. Candida surveillance cul-
tures are currently not recommended.

Neonatal Candidiasis
Prophylactic administration of fluconazole during the
first 6 weeks of life is effective in preventing fungal col-
onization and invasive candidiasis in infants with birth
weights of less than 1000 g (Kaufman et al, 2001). Sim-
ilar studies in older infants and children are needed.
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Cryptococcosis
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Cryptococcosis is a systemic mycosis caused by the en-
capsulated yeast Cryptococcus neoformans, an organ-
ism found in soil, often associated with pigeon drop-
pings. Infection most often involves the lungs or central
nervous system, and less frequently the blood, skin,
skeletal system, and prostate. Since the incidence of
cryptococcosis is greatly increased in immunocompro-
mised patients, especially among patients with AIDS
and organ transplant recipients, cryptococcosis is con-
sidered an opportunistic fungal disease. Treatment of
cryptococcosis is based on anatomic site of disease and
immune status of the patient. Cryptococcal meningitis
is typically treated with induction therapy of ampho-
tericin B with or without flucytosine, followed by a pro-
longed course of fluconazole. For pulmonary disease,
fluconazole is effective therapy in most patients.
Chronic maintenance therapy with fluconazole may 
be required in HIV-infected patients who remain 
immunosuppressed.

ORGANISM

Microbiology
At least 19 species of the genus Cryptococcus have been
described (Rippon, 1988), but few are recognized as
causing infection in humans. The predominant pathogen
is C. neoformans, but two other species, C. albidus,
and C. laurentii, have been reported to rarely cause dis-
ease in humans (Gluck et al, 1987; Johnson et al, 1998;
Kordossis et al, 1998). Cryptococcus neoformans is a
round or oval encapsulated yeast, measuring approxi-
mately 4–6 �m in diameter in clinical specimens, and
having a capsule ranging in size from 1 to � 30 �m.
In specimens isolated from nature, organisms tend to
be smaller and poorly encapsulated (Neilson et al,
1977). Four serotypes, A, B, C, and D, of C. neofor-
mans are recognized based on antigenic determinates
on the polysaccharide capsule, with serotype A most
common. Cryptococcus neoformans is further classi-
fied into pathogenic varieties: C. neoformans var. neo-
formans traditionally included serotypes A and D; and
C. neoformans var. gattii includes serotypes B and C.

Serotype A has been recently identified as a new vari-
ety, C. neoformans var. grubii (Franzot et al, 1999).
The C. neoformans varieties differ in epidemiology,
ecology, and certain biochemical properties. In contrast
to var. neoformans, variety gattii uncommonly infects
AIDS patients, is found in tropical areas, and is able to
assimilate malate. For a more detailed description of
differences between C. neoformans varieties, see these
two comprehensive references (Kwon-Chung and Ben-
nett, 1984; Mitchell and Perfect, 1995).

The sexual, or perfect state of C. neoformans,
Filobasidella neoformans, a basidiomycete, can be
demonstrated by mating the fungus under certain de-
fined conditions (Kwon-Chung, 1976). In this perfect
state, mycelia are produced that bear basidiospores 
1–3 �m in size. The perfect state has not yet been
demonstrated in patients or in nature, so the impor-
tance of inhalation of basidiospores in disease acquisi-
tion is unknown.

Identification
Cryptococcus neoformans produces white to cream-
colored, smooth, mucoid colonies when grown on solid
culture media such as blood agar or Sabouraud’s dex-
trose agar. The amount of mucoidness of the colonies
is related to the thickness of the capsule. Growth of
Cryptococcus usually occurs in 36 to 72 hours, and is
typically slower than that of Candida and Saccha-
romyces species under the same conditions. Crypto-
coccus neoformans grows at 37°C, whereas nonpatho-
genic species of Cryptococcus do not. A distinguishing
feature of C. neoformans is the ability to produce
melanin. On selective media supplemented with niger
seed (birdseed agar), smooth brown colonies are
formed after several days of incubation. Color reac-
tions on solid media are also useful to distinguish be-
tween C. neoformans var. neoformans (serotypes A, D,
and AD), and C. neoformans var. gattii (serotypes B
and C). For example, colonies of serotypes B and C on
canavanine-glycine-bromthymol blue (CGB) agar turn
the agar blue, while colonies of serotypes A, D, and
AD do not illicit a color change (Min and Kwon-
Chung, 1986).
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Ecology
Cryptococcus neoformans is ubiquitous in the envi-
ronment. The organism was isolated initially in nature
from peach juice in 1894 by Francisco Sanefelice, and
was first isolated from soil by Emmons in 1951 (Levitz,
1991). Cryptococcus neoformans was isolated from pi-
geon excrement in 1955, and has since been isolated
from multiple geographic sites worldwide, many of
which are contaminated by pigeon or other bird ex-
crement. Pigeon droppings are commonly colonized
with C. neoformans, and may contain greater than 106

organisms per gram of fecal material. Pigeons do not
appear to develop cryptococcal disease, perhaps due to
the pigeon’s high body temperature (Emmons, 1955).
Although C. neoformans is most frequently isolated
from pigeon excreta and soil, it has been isolated less
commonly from other sources, including fruits and veg-
etables, dairy products, and excrement from a wide va-
riety of avian species (Staib and Heissenkuber, 1989a).

In contrast to the numerous geographic sites of iso-
lation of C. neoformans var. neoformans, the isolation
of C. neoformans var. gattii has been more restricted
(Levitz, 1991). Variety gattii has been isolated from
leaves, wood, bark, and air associated with Eucalyptus
camaldulensis (red river gum) trees, but has not been
isolated from bird droppings. The distribution of E.
camaldulensis, in tropical and subtropical regions such
as Southern California, Australia, Southeast Asia, Cen-
tral Africa, and Brazil, corresponds to areas where cases
of cryptococcosis due to C. neoformans var. gattii are
recognized as endemic (Ellis and Pfeiffer, 1990b; Levitz,
1991). However, infections caused by C. neoformans
var. gattii occur in areas without eucalyptus trees, sug-
gesting an additional unidentified environmental source
(Chen et al, 1997; Fyfe et al, 2002).

EPIDEMIOLOGY

Because C. neoformans is isolated primarily from pi-
geon droppings and soil, the assumption has been made
that infection arises via aerosolized particles from pi-
geon excrement. This hypothesis has been difficult to
confirm, as most patients who develop cryptococcosis
do not recall a history of recent exposure to pigeons or
their excreta. Exposure to C. neoformans, on the basis
of serum antibody levels or skin testing, is common
among pigeon handlers; however, the incidence of ac-
tive cryptococcal infections among this population does
not appear to be increased (Newberry et al, 1967; Fink
et al, 1968). No particular occupational predisposition
to cryptococcosis is currently recognized, although data
from recent population-based surveillance suggest that
outdoor occupations may be associated with an in-
creased risk of cryptococcosis (Hajjeh et al, 1999). As-
sociation with pigeons, pigeon excrement, soil, or dust

does not increase the likelihood of proven cryptococ-
cosis (Hajjeh et al, 1999).

In the majority of cases, infection with C. neofor-
mans is thought to be caused by inhalation of the or-
ganism, either in yeast form or perhaps as ba-
sidiospores, from an environmental source such as bird
droppings or soil. Evidence for this mechanism of ac-
quisition is supported by isolation of cryptococci mea-
suring less than 4 �m, ideal for alveolar deposition,
from aerosols associated with soil and pigeon excreta
(Powell et al, 1972; Neilson et al, 1977). Unlike other
mycoses transmitted by aerosolized particles, outbreaks
of cryptococcosis from a particular environmental
source rarely occur (Swinne et al, 1989; Levitz, 1991;
Fyfe et al, 2002).

While C. neoformans has been frequently isolated
from pulmonary and skin cultures of healthy, asymp-
tomatic individuals, this fungal organism is not re-
garded as normal microbial flora in animals or humans
(Duperval et al, 1977). Rarely, skin infection can oc-
cur after local inoculation, but in most cases, skin dis-
ease results from blood-borne dissemination after an
initial lung focus of infection. Person-to-person trans-
mission via inhalation of aerosols has not yet been 
documented, but in several cases, other sources of pre-
sumed human-to-human transmission have been de-
scribed (Beyt and Waltman, 1978; Glaser and Garden,
1985; Kanj et al, 1996). In one report, a recipient of a
corneal transplant from a donor with cryptococcosis
developed cryptococcal endophthalmitis greater than 2
months after transplantation (Beyt and Waltman,
1978). In a second case, a health-care worker devel-
oped cryptococcal skin lesions at the site of an inocu-
lation of blood from a patient with cryptococcemia
(Glaser and Garden, 1985). A more recent case was de-
scribed in which the recipient of a lung transplant de-
veloped cryptococcal left lower lobe pneumonia 2 days
after transplantation (Kanj et al, 1996). Endotracheal
cultures from postoperative day two were positive for
C. neoformans, although donor lung cultures were pos-
itive only for Rhodotorula species. However, develop-
ment of pulmonary cryptococcosis this early in the
posttransplant period suggests transmission by the
donor organ. Evidence supporting zoonotic transmis-
sion of Cryptococcus has been recently reported (No-
sanchuk et al, 2000). In their description, a clinical iso-
late from a renal transplant recipient with cryptococcal
meningitis was indistinguishable on the basis of mo-
lecular genotyping from an isolate present in the feces
of the patient’s pet cockatoo.

Cryptococcosis occurs in many patients without a
recognized immunologic defect, but the large majority
of patients have a predisposing factor or underlying dis-
ease (Fig. 12–1; Pappas et al, 2001). Evidence is con-
vincing that patients with defects in T-cell-mediated im-
munity are at increased risk of developing cryptococcal
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infection. Predisposing conditions include AIDS, sys-
temic corticosteroids, organ transplantation, lym-
phoreticular malignancies, and sarcoidosis independent
of steroid use (Fig. 12–1; Lewis and Rabinovich, 1972;
Perfect et al, 1989; Mitchell and Perfect, 1995; Kon-
toyiannis et al, 2001; Pappas et al, 2001). While dia-
betes mellitus has been alleged to be a predisposition
for cryptococcosis, this association is less clear. Prior
to the AIDS epidemic, up to 50% of patients with cryp-
tococcosis had no recognized T-cell immune defect or
dysfunction (Lewis and Rabinovich, 1972; Dismukes et
al, 1987). In a recent observational study of 306 HIV-
negative patients with cryptococcosis, 21% had no sig-
nificant immune dysfunction or other predisposing
condition to cryptococcosis (Fig. 12–1; Pappas et al,
2001). In contrast, among patients with a predisposing
condition, chronic organ disease and glucocorticos-
teroid use were most common (Pappas et al, 2001). Re-
cently, idiopathic CD4 lymphocytopenia has been as-
sociated with cryptococcosis in patients with no other
predisposing conditions for cryptococcosis (Smith et al,
1993; Kumlin et al, 1997). It is unclear if immune cy-
topenias predate the onset of disease or result from it.

Before the era of highly active antiretroviral therapy
(HAART), the prevalence of cryptococcosis among pa-
tients with AIDS was estimated to be between 5% and
10% (Dismukes, 1993; Currie and Casadevall, 1994).
With the widespread use of HAART in the United
States, the prevalence of cryptococcosis may be de-
creasing, but is currently unknown. Recent data from
four United States geographic areas, prior to use of
HAART, showed the annual incidence of cryptococco-
sis among patients with AIDS to range from 17 to 66
cases per 1000 persons (Hajjeh et al, 1999). By con-
trast, in non-HIV-infected persons, the annual inci-
dence ranged from 0.2 to 0.9 per 100,000 persons. In
Europe, the prevalence of cryptococcosis among AIDS
patients is lower than that in the United States (Ellis
and Pfeiffer, 1990a; Dromer et al, 1996b). In Africa

and other developing areas, the prevalence of crypto-
coccosis in patients with AIDS approaches 30%, and is
often an AIDS-defining illness (Heyderman et al, 1998).

PATHOGENESIS

Virulence
Among several factors of virulence and pathogenicity
for C. neoformans, the best characterized include the
polysaccharide capsule, thermotolerance (ability to
grow at 37°), melanin production, mannitol produc-
tion, and soluble extracellular constituents. Two in-
depth reviews are recommended for more detailed in-
formation about factors of virulence and pathogenicity
(Mitchell and Perfect, 1995; Buchanan and Murphy,
1998). Here, only two of these factors are discussed.
For a particular C. neoformans isolate, virulence is at-
tributed to these different factors plus the interaction
of the host’s immune responses.

The polysaccharide capsule of C. neoformans is com-
posed of a backbone of �-1,3-D mannopyranose units
with single residues of �-D-xylopyranosyl and �-D-
glucuronopyranosyl, and referred to as glucuronoxylo-
mannan (GXM). The capsule is probably the key vir-
ulence factor for C. neoformans; acapsular mutants are
typically avirulent, whereas encapsulated isolates have
varying degrees of virulence (Chang and Kwon-Chung,
1994). However, capsule size does not correlate with
virulence (Dykstra et al, 1977). The capsule may some-
times protect the organism from host defenses. For 
example, encapsulated C. neoformans cells are not
phagocytized or killed by neutrophils, monocytes, or
macrophages to the same degree as acapsular mutants
(Bulmer and Sans, 1968). In addition, highly encapsu-
lated strains are less able to stimulate T-cell prolifera-
tion, and do not enhance the production of cytokines
as well as poorly encapsulated or acapsular strains
(Collins and Bancroft, 1991; Levitz et al, 1994). Para-

FIGURE 12–1. Underlying conditions in HIV-negative patients with
cryptococcosis. RHEUM, rheumatologic disease; SOT, solid organ

transplant; GCS, glucocorticosteroid use; ORGAN DISEASE, chronic
liver, renal, or lung disease. Adapted from Pappas et al, 2001.
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doxically, the capsule may also benefit the host re-
sponse by activation of the alternative complement
pathway, therefore enhancing the ability of leukocytes
to kill cryptococci (Kozel and Pfrommer, 1986).

Melanin production also appears to be an important
virulence factor of C. neoformans, based on in vitro
and animal in vivo systems. For example, the role of
melanin was first demonstrated when naturally occur-
ring C. neoformans mutants lacking melanin were
found to be less virulent in mice than melanin-producing
strains (Kwon-Chung et al, 1982). Melanin is deposited
in the inner cell wall of C. neoformans, and may resist
oxidation, or reactive nitrogen intermediates produced
by phagocytes (Wang et al, 1995).

Host Response
Once C. neoformans is inhaled, transient colonization
of the airways occurs before subsequent spread and es-
tablishment of respiratory infection. Given the wide-
spread presence of Cryptococcus in the environment,
exposure is likely common. However, the incidence of
infection is very low, suggesting that most people
mount an appropriate host response when exposed to
the organism. Development of disease appears to de-
pend on inoculum of inhaled organisms, virulence of the
organism, and interaction with the host’s cellular im-
mune response. As noted earlier, host defense, especially
cell-mediated immunity, is fundamental to protection
from cryptococcal infections. After inhalation of the 
organism, the first line of defense is the alveolar macro-
phage. In addition, complement-mediated phagocytosis
appears to have an important role in initial defense (Kwon-
Chung et al, 1992). In vitro, alveolar macrophages are
able to bind and phagocytize C. neoformans in the pres-
ence of human serum containing opsonins such as C3
(Bolanos and Mitchell, 1989). Macrophages from pa-
tients with HIV infection tend to be impaired, or de-
fective in both oxidative-dependent and oxidative-
independent killing of C. neoformans (Harrison and
Levitz, 1997). Furthermore, the presence of HIV enve-
lope protein gp 120 inhibits killing of cryptococci by
normal macrophages (Pietrella et al, 1998). If initial de-
fense mechanisms in alveoli are ineffective, cryptococci
reach the bloodstream and disseminate to other organs,
such as the central nervous system (CNS) or prostate.
In such sites, additional defense mechanisms are needed
to thwart progressive infection. In vitro and in animal
models, other cells, including neutrophils, natural-killer
cells, macrophage-like microglial cells, and T-cell lym-
phocytes can kill or inhibit growth of cryptococci
(Levitz et al, 1995). Cytokines, especially interleukin-2
and �-interferon, released by phagocytic cells and lym-
phocytes, also appear to play an important role in en-
hancing the killing of C. neoformans (Mitchell and Per-
fect, 1995).

The role of humoral immunity in protection against
cryptococcal infections is controversial, but increasing
data indicate that this facet of the immune response may
play an important role. Antibodies to capsular con-
stituents facilitate clearance of cryptococcal antigen, en-
hancing antibody-dependent cell-mediated killing, and
increasing antifungal activity of leukocytes and natural
killer cells (Cassadeval et al, 1995; Lendvai et al, 1998).
Preliminary studies with murine monoclonal antibod-
ies directed at cryptococcal capsular polysaccharide are
being conducted in humans to assess the potential to
decrease circulating cryptococcal antigen (Larsen et al,
2002).

CLINICAL MANIFESTATIONS

Pulmonary Infection
Pulmonary cryptococcal involvement can manifest in a
variety of ways, ranging from asymptomatic airway
colonization to fulminant respiratory failure with acute
respiratory distress syndrome (ARDS)(Murray et al,
1988; Visnegarwala et al, 1998). Most patients are
asymptomatic, or will have only mild to moderate res-
piratory symptoms such as dyspnea, cough, pleuritic
chest pain, or rarely, hemoptysis (Campbell, 1966).
Constitutional symptoms, such as fever, night sweats,
malaise, and weight loss are uncommon in HIV-
negative patients unless extrapulmonary disease is also
present.

In the immunologically normal host, a diagnosis of
respiratory colonization with Cryptococcus can be made
on the basis of a positive respiratory tract culture with-
out evidence of pulmonary symptoms or abnormalities
on chest radiography. Limited data suggest that pa-
tients with colonization often may have underlying pul-
monary pathology, such as chronic obstructive pul-
monary disease (Tynes et al, 1968). The diagnosis of
colonization, particularly in the immunocompromised
patient, must be interpreted with caution. Because of
the propensity of Cryptococcus for dissemination to the
CNS, a thorough evaluation for extrapulmonary sites
of cryptococcal involvement in the immunocompro-
mised host is recommended.

Chest radiography of pulmonary cryptococcal infec-
tion may reveal lobar or patchy infiltrates (Fig. 12–2);
single or multiple nodular lesions (Fig. 12–3); intersti-
tial infiltrates; mediastinal or hilar adenopathy (Fig.
12–4); circumscribed mass lesions (0.5–7 cm) (Fig.
12–5); or less commonly, pleural effusions or cavitary
lesions (Fig. 12–6). In HIV-negative patients, solitary
or multiple pulmonary nodules and lobar infiltrates are
frequently seen on chest radiography (Feigin, 1983;
Khoury et al, 1984; Baddley et al, 2000). By contrast,
in patients with AIDS, the most common radiographic
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abnormalities are diffuse, interstitial infiltrates, and lo-
bar, often mass-like, infiltrates (Cameron et al, 1991;
Woodring et al, 1996). Pulmonary nodules are less
common, but are more likely to cavitate than nodules
in patients without immune compromise.

Comparison of pulmonary cryptococcal infection in
AIDS patients versus HIV-negative patients reveals im-
portant distinctions. In AIDS patients, pulmonary dis-
ease plus other sites of involvement are more common.
These patients may have a more rapid clinical course,
often associated with high mortality (Cameron et al,
1991; Meyohas et al, 1995). The majority of AIDS pa-
tients with cryptococcal pneumonia have constitutional
symptoms (Cameron et al, 1991), in part explained by
increased frequency of concomitant extrapulmonary
sites of cryptococcal infection, for example, dissemina-
tion to the CNS. The finding of pulmonary cryptococ-

cosis in an AIDS patient warrants thorough evaluation
for CNS disease, even in the asymptomatic patient.

Central Nervous System Infection
The most common clinical manifestation of cryptococ-
cosis is central nervous system infection, typically man-
ifested as meningitis, which can be subacute, or chronic
in nature. The clinical presentation and course of cryp-
tococcal meningitis vary greatly, and often are related
to the immune status or underlying condition of the
patient. In general, the signs and symptoms of crypto-
coccal meningitis among AIDS patients and HIV-
negative patients are similar. However, in AIDS pa-

FIGURE 12–2. CT scan showing severe bilateral cryptococcal lobar
pneumonia and prominent adenopathy in AIDS patient with fatal
disseminated cryptococcosis.

FIGURE 12–3. Well-circumscribed small mass/nodule in patient with
underlying systemic lupus erythematosus treated with corticosteroids.

FIGURE 12–4. Cryptococcal lung disease manifest as prominent bi-
lateral hilar adenopathy plus nodule in right upper lobe and patchy
pneumonitis in right lower lobe in immunocompetent host.

FIGURE 12–5. Large, well circumscribed cryptococcal mass lesion 
in right upper lobe of immunocompetent host. Mass was excised 
surgically.
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tients, onset tends to be more acute, and the course
more rapidly progressive, perhaps explained by poor
inflammatory response and high burden of organisms
in these patients. A wide range of symptoms and signs
can be seen with CNS cryptococcosis, but complaints
are often mild or nonspecific, and include headache,
nausea and vomiting, and malaise. In some instances,
patients are even asymptomatic. Altered mental status,
somnolence and obtundation may signify advanced dis-
ease and a poor prognosis (Saag et al, 1992). Fever is
typically low grade, and is more likely to be present in
HIV-infected patients (Saag et al, 1992; van der Horst
et al, 1997). Unlike in bacterial meningitis, meningis-
mus is uncommon. Cranial nerve dysfunction may oc-
cur in up to 30% of patients, and may result from in-

creased intracranial pressure, cryptococcal invasion of
cranial nerves, or brain parenchymal lesions (crypto-
coccomas). The most common symptoms and signs of
cranial nerve involvement include decreased visual acu-
ity, blindness (Rex et al, 1993), diplopia, hearing loss,
and facial weakness. Seizures, often a reflection of in-
creased intracranial pressure or focal mass lesions, tend
to occur later in the course of disease.

Increased intracranial pressure associated with cryp-
tococcal meningitis, especially among patients with
AIDS, is a prominent finding. An opening CSF pres-
sure of � 200 mmHg is found in 70% of patients with
AIDS (Denning et al, 1991; Graybill et al, 2000). In
AIDS patients, high fungal burden is felt to be a con-
tributing factor to increased intracranial pressures.
Cryptococci may cause outflow obstruction by block-
ing passage of CSF across arachnoid villi. In addition,
soluble cryptococcal capsular polysaccharide may ac-
cumulate in arachnoid villi, leading to alterations in
CSF drainage (Graybill et al, 2000). Consequently, rou-
tine assessment of suspected cryptococcal meningitis
should always include manometry. Imaging of the brain
is also important to evaluate for hydrocephalus and po-
tential mass lesions (Fujita et al, 1981). In AIDS pa-
tients, other causes of brain lesions, such as Toxo-
plasma gondii, and lymphoma, should be considered.
Among AIDS patients with cryptococcal meningitis and
increased intracranial pressure, hydrocephalus is an un-
common finding on brain imaging (Poprich et al, 1990).
By contrast, in HIV-negative patients with subacute or
chronic cryptococcal meningitis, the course is more
likely complicated by hydrocephalus caused by ob-
struction of flow due to inflammation of the basilar
meninges (Park et al, 1999), but normal ventricular size
in the setting of increased intracranial pressure is not
uncommon (Liliang et al, 2002).

Prognostic factors for cryptococcal meningitis have
been well characterized in both HIV-negative and HIV-
infected patients (Diamond and Bennett, 1974; Dis-
mukes et al, 1987; Saag et al, 1992; van der Horst et
al, 1997). Important prognostic factors include the pa-
tient’s underlying disease or predisposing condition, the
burden of organisms, titer(s) of CSF cryptococcal anti-
gen, mental status at baseline, and the ability to amount
an inflammatory response in CSF (Saag et al, 1992).
For example, in AIDS patients, fewer cells on initial
lumbar puncture may signify poor prognosis (Saag et
al, 1992). Cryptococcal antigen detection in the CSF
may be of prognostic value in certain patient popula-
tions. In HIV-negative patients with meningitis, a CSF
cryptococcal antigen titer of � 1:8 at the conclusion of
� 1 month of therapy correlated with likelihood of 
relapse (Dismukes et al, 1987). Likewise, in AIDS 
patients, higher titers of CSF cryptococcal antigen
(� 1:1024) at baseline are predictive of poorer out-

FIGURE 12–6. (a) Cryptococcal lung disease manifest as several ir-
regular nodules. (b) Note the cavitation of left lung nodule shown
on CT scan.

A
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comes (Saag et al, 1992). However, in AIDS patients
with meningitis, serial measurement of cryptococcal
antigen titers obtained during acute therapy or pro-
longed suppression has little role in management (Pow-
derly et al, 1992; Powderly et al, 1994).

Among patients with cryptococcal meningitis, mor-
tality varies from 5% to 25% and most deaths occur
within the first few weeks of illness (Saag et al, 1992;
van der Horst et al, 1997; Graybill et al, 2000). Recent
data suggest that mortality in AIDS patients due to
cryptococcosis appears to be decreasing (McNeil et al,
2001).

Skin Infection
Cryptococcal skin lesions are seen in up to 15% of pa-
tients with disseminated cryptococcosis, and are most
common in HIV patients (Mitchell and Perfect, 1995).
Skin disease may manifest as a variety of cutaneous le-
sions, including pustules, papules, purpura, ulcers, cel-
lulitis, superficial granulomas or plaques, abscesses,
and sinus tracts (Mitchell and Perfect, 1995). In AIDS
patients, umbilicated papules resembling molluscum
contagiosum are frequently present (See Color Fig.
12–7 in separate color insert; Pema et al, 1994; Con-
cus et al, 1998). Cellulitis, characterized by prominent
erythema and induration, is often present in patients
receiving systemic corticosteroids or other immuno-
suppressive therapy (See Color Fig. 12–8 in separate
color insert; Anderson et al, 1992). Although the ma-
jority of cryptococcal skin lesions result from dissemi-
nated infection, primary cryptococcal skin infection ei-
ther by laboratory accidents or other inoculations is
well-described (Glaser and Garden, 1995; Casadeval et
al, 1994; Neuville et al, 2003).

Skeletal
Cryptococcal lesions of the skeletal system are present
in less than 10% of patients with disseminated cryp-
tococcosis (Nottebart et al, 1974; Behrman et al, 1990).
Lesions often manifest with soft tissue swelling and ten-
derness, but lack of symptoms is not uncommon. A sin-
gle skeletal site is involved most often, with vertebral
infection occurring most frequently (Behrman et al,
1990). On radiography, well-circumscribed, osteolytic
lesions, which may resemble malignancy, are seen.
Cryptococcal septic arthritis is rare, and most often in-
volves the knee joint (Stead et al, 1988).

Other Sites of Infection
Cryptococcal infection can involve many other sites and
organ systems. Because of the frequency of positive
blood cultures and disseminated disease, particularly in
AIDS patients, infection may involve virtually any or-
gan. Not infrequently, cryptococcemia in the absence
of a proven site is discovered (Perfect et al, 1983). Ad-

ditional nonmeningeal, extrapulmonary sites of in-
volvement include the prostate, kidneys, muscle, liver,
peritoneum, adrenals, esophagus, heart and aorta, and
eyes (Randall et al, 1968; Braman, 1981; Shah et al,
1986; Poblete and Kirby, 1987; Leavitt and Kauffman,
1988; Hurd et al, 1989; Crump et al, 1992). The
prostate gland may also serve as a “sanctuary” for
Cryptococcus pre- and posttreatment (Larsen et al,
1989; Staib et al, 1989b). In one series of HIV-infected
patients successfully treated for cryptococcal meningi-
tis, cultures of urine were positive in 9 (22%) of 41 pa-
tients at the end of therapy (Larsen et al, 1989).

LABORATORY FINDINGS

A definitive diagnosis of cryptococcosis is made by cul-
ture and identification of the organism. Clinical speci-
mens can be examined with an India Ink preparation,
a rapid test performed by mixing an equal amount of
fluid, CSF, or blood, and nigrosin or Pelikan India ink
on a slide. After adding a coverslip and upon viewing,
the polysaccharide capsule of Cryptococcus will ex-
clude the ink particles and appear as a halo around the
organism (See Color Fig. 12–9 in separate color insert).
In patients with cryptococcal meningitis, a positive In-
dia ink preparation showing budding yeasts surrounded
by a capsule is a useful presumptive test for diagnosis.
In AIDS patients with cryptococcal meningitis, India
ink preparation of CSF will be positive in 60% to 80%
of cases (Saag et al, 1992; van der Horst et al, 1997);
whereas, in HIV-negative patients the positivity rate is
lower (Bennett et al, 1979; Pappas et al, 2001). Pre-
sumptive diagnosis of cryptococcosis can also be made
by wet preparations of fresh clinical samples, or with
the use of Gram stain. However, with these methods,
the appearance of cryptococci may be highly variable;
therefore, culture should be used for confirmation. Al-
though not specific for the cryptococcal cell wall, Cal-
cofluor white staining may be useful, particularly if few
yeast cells are present.

The presumptive diagnosis of cryptococcosis is fre-
quently made on examination of tissue sections. On
routine hematoxylin and eosin staining, C. neoformans
is difficult to identify. However, Gomori-methenamine
silver or periodic acid-Schiff staining does allow iden-
tification; the organism can be recognized by its oval
shape, and narrow-based budding. With the use of mu-
cicarmine staining (See Color Fig. 12–10 in separate
color insert), the cryptococcal capsule will stain rose to
burgundy in color and help differentiate C. neoformans
from yeast organisms, especially Blastomyces derma-
tiditis, and Histoplasma capsulatum.

The diagnosis of cryptococcal meningitis is easier to
establish than the diagnosis of pulmonary cryptococ-
cosis. If cryptococcal meningitis is suspected, a lumbar
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puncture should be performed. Abnormalities in CSF
commonly include elevated opening pressure, hypogly-
corrhachia, elevated protein, and a lymphocytic pleo-
cytosis. In AIDS patients with cryptococcal meningitis,
the CSF formula may be normal, or show only mini-
mal abnormalities (Saag et al, 1992). However, elevated
opening pressure is common, and may be seen in
50%–70% of AIDS patients (Graybill et al, 2000). In
AIDS patients, lack of white blood cells in the CSF is
not unusual and may reflect decreased or absent in-
flammatory response; furthermore, few white blood
cells in CSF is a poor prognostic sign (Saag et al, 1992).

The detection of cryptococcal polysaccharide antigen
in CSF or serum is useful in patients with suspected
cryptococcosis. After infection is established, crypto-
coccal polysaccharide becomes solubilized in fluids and
can be detected by latex agglutination and quantified.
Any positive cryptococcal antigen titer in CSF, or a pos-
itive antigen in undiluted CSF should be correlated with
clinical findings. A titer of � 1:4 strongly suggests cryp-
tococcal infection, particularly in the immunocompro-
mised patient. In cryptococcal meningitis, antigen test-
ing is highly sensitive and specific, and may be
particularly useful if CSF cultures are negative. Cryp-
tococcal antigen is found in CSF in � 90% and in
serum in � 70% of patients with cryptococcal menin-
gitis. In AIDS patients with cryptococcal meningitis,
sensitivity of the CSF antigen test is even greater (ap-
proaching 95%–99%), and titers are often higher, up
to 1:106 (Saag et al, 1992; van der Horst et al, 1997).
In HIV-negative patients with pulmonary cryptococco-
sis, serum cryptococcal antigen will be positive in 25%–
56% of patients (Aberg et al, 1999; Pappas et al, 2001).

With cryptococcal antigen testing, it is important 
to use proper controls to eliminate errors in testing.
The presence of rheumatoid factor may cause a false-
positive result, as will the presence of polysaccharide
from Trichosporon asahii (beigelii) (Campbell et al,
1985). In addition, false-negative cryptococcal antigen
results, although rare, may be due to low numbers of
organisms invading the CSF, infection by poorly or
nonencapsulated strains, high titers of antigen (prozone
phenomenon), low titers of antigen, and immune com-
plexes (Mitchell and Perfect, 1995).

Either routine bacteriologic or mycologic media will
facilitate culture of C. neoformans. In patients with
AIDS and cryptococcal meningitis, blood and CSF cul-
tures will be positive in 55% and 95%, respectively
(Saag et al, 1992; van der Horst et al, 1997). In a re-
cent study of HIV-negative patients with cryptococcal
meningitis, CSF cultures were positive in 89% of pa-
tients tested (Pappas et al, 2001). For blood cultures,
the lysis-centrifugation (isolator) technique appears to
be the most sensitive method to identify C. neoformans
(Tarrand et al, 1991).

The methods of in vitro antifungal susceptibility test-
ing for C. neoformans against a variety of antifungal
agents have been standardized (National Committee for
Clinical Laboratory Standards, 1997), although inter-
pretive breakpoints for the antifungal agents against C.
neoformans have yet to be defined. Most C. neofor-
mans isolates appear susceptible to common antifun-
gal agents, including amphotericin B, flucytosine, flu-
conazole, and itraconazole (Brandt et al, 2001). The
newer triazoles voriconazole, ravuconazole, and
posaconazole, also appear active in vitro against C.
neoformans (Pfaller et al, 1999), while the echinocan-
din class of antifungals has poor activity (Bartizal et al,
1998). Several recent reports indicate the potential for
microbiological resistance to fluconazole and clinical
failure among patients with cryptococcosis (Witt et al,
1996; Armengou et al, 1997; Aller et al, 2000). Sus-
ceptibility testing, although not routinely recom-
mended, may be useful to evaluate relapse or recur-
rence of disease among AIDS patients receiving
maintenance fluconazole therapy.

TREATMENT

Treatment of cryptococcosis is based on the sites of in-
volvement and the underlying immunologic status of
the patient. For patients with pulmonary disease, the
aims of therapy are to eradicate disease, and to prevent
dissemination to the CNS. For patients with CNS dis-
ease, the aims of therapy are to eradicate or control the
infection, adequately manage elevated intracranial
pressure, and prevent long-term neurologic sequelae.
Prior to 1950, before the availability of amphotericin
B, surgical intervention for pulmonary disease was the
only therapeutic option available, and cryptococcosis
was associated with high mortality. With the avail-
ability of amphotericin B in the 1950s and its use as a
single agent for cryptococcosis, outcomes were signifi-
cantly improved, but adverse reactions to amphotericin
B were frequently encountered. Flucytosine was found
to be an effective drug in vitro for cryptococcosis, and
became available for clinical use in 1972. It was used
with moderate success for cryptococcal meningitis and
pneumonia; however, single-drug therapy with flucy-
tosine led to rapid emergence of resistance, and flucy-
tosine use as a single agent has, for the most part, been
abandoned (Hospenthal and Bennett, 1998). Combi-
nation therapy with amphotericin B and flucytosine,
first employed in a large clinical trial in 1979, was suc-
cessful in 60%–85% of patients (Bennett et al, 1979;
Dismukes et al, 1987). In addition, the availability of
the triazoles in the early 1990s led to simplification of
the primary regimen for cryptococcal meningitis, uti-
lizing, for example, shorter courses of combination am-
photericin B and flucytosine followed by prolonged oral
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therapy with azoles, primarily fluconazole, and good
efficacy (Saag et al, 1992; Dismukes, 1993; van der
Horst et al, 1997). Recently, concensus guidelines for
the treatment of cryptococcosis have been developed
(Saag et al, 2000).

Treatment in the HIV-Negative Patient

Pulmonary Disease. The presentation of pulmonary
cryptococcosis in the HIV-negative patient can vary
widely, ranging from colonization, to asymptomatic
disease, to fulminant pneumonia or ARDS (Table 12–1;
Kerkering et al, 1981). Treatment data from clinical
trials among HIV-negative patients with pulmonary in-
fection are limited (Yamaguchi et al, 1996; Dromer et
al, 1996a; Pappas et al, 2001), and questions remain
about which populations require therapy, and the op-
timal dosage and duration of therapy. Although few
clinical trials, particularly in the era of effective azole
therapy, have addressed risk factors for CNS dissemi-
nation among patients with pulmonary cryptococcal in-
fection (Kerkering et al, 1981; Baddley et al, 2000),
most authorities recommend lumbar puncture in im-
munocompromised patients and those with systemic
symptoms.

In patients with normal immunologic function and
colonization (defined as positive respiratory tract cul-
tures with negative CXR and absence of symptoms),
observation is recommended. Prior to the availability
of potent oral azole antifungal agents, immunocompe-
tent patients with an abnormal CXR and asymptomatic
disease or mild disease were frequently observed, as

many such patients did well without therapy (Ham-
merman et al, 1973; Kerkering et al, 1981). However,
with the availability of oral azole therapy, currently
most immunocompetent patients with pulmonary dis-
ease are treated (Pappas et al, 2001). In contrast, all
patients with immune compromise and colonization
(i.e., asymptomatic with negative CXR and positive res-
piratory tract cultures) should receive therapy. If a de-
cision to treat is made, oral fluconazole at a dose of
200–400 mg/day for 6–12 months is recommended
(Saag et al, 2000; Dromer et al, 1996a; Yamaguchi et
al, 1996). In HIV-negative patients with immunocom-
promising conditions and asymptomatic or mild-to-
moderate disease, treatment should be initiated both to
prevent CNS dissemination as well as eradicate symp-
toms (Kerkering et al, 1981; Aberg et al, 1999; Saag et
al, 2000). Fluconazole at a dose of 200–400 mg daily
is a suitable regimen and is associated with improve-
ment in � 80% of cases (Dromer et al, 1996a; Yama-
guchi et al, 1996; Pappas et al, 2001). Therapy should
continue beyond resolution of symptoms and CXR ab-
normalities. Most experts recommend therapy for 6–12
months duration (Dromer et al, 1996a; Yamaguchi et
al, 1996; Saag et al, 2000). The optimal length of ther-
apy has not yet been determined from clinical trials,
but factors to be considered include resolution of symp-
toms and radiographic findings, persistent immuno-
suppression, underlying disease, and a persistently ele-
vated serum cryptococcal antigen titer. Itraconazole
200–400 mg daily, although not FDA approved for the
treatment of cryptococcosis, is an alternative oral drug
to fluconazole (Denning et al, 1989).

TABLE 12–1. Treatment of Cryptococcal Infection in the HIV-Negative Patient
Pulmonary Disease

A. Colonization*
1) Observation in the immunocompetent patient
2) Fluconazole 200–400 mg daily for 6–12 months

B. Asymptomatic or minimally symptomatic disease
1) Fluconazole 200–400 mg/day for 6–12 months (Dromer et al, 1996a; Pappas et al, 2001)
Alternative: Close observation without therapy is a consideration

C. Mild to moderate disease
1) Fluconazole 200–400 mg/day for 6–12 months (Yamaguchi et al, 1996; Dromer et al, 1996a; Saag et al, 2000)
Alternative: Itraconazole 200–400 mg/day for 6–12 months (Denning et al, 1989)

D. Severe or progressive disease, or azole drug not an option
Amphotericin B 0.5–1.0 mg/kg/day for a total dose of 1–2 g. This may be followed by oral fluconazole in selected patients (Kerkering

et al, 1981; Dromer et al, 1996a; Saag et al, 2000)
Alternative: 1) regimens similar to those used for CNS disease, as described below

2) Surgical resection in selected cases refractory to chemotherapy

CNS Disease

Amphotericin B 0.5–1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 2 weeks followed by fluconazole 400 mg/day for 8–12 weeks†

(White et al, 1992; van der Horst et al, 1997)
Alternative: Amphotericin B 0.5–1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 4–6 weeks (Bennett et al, 1979; Dismukes et al, 1987)
Adjunctive therapy: see text

*Colonization is defined as a positive respiratory tract culture without signs or symptoms of pulmonary disease or radiographic abnor-
malities.

†Chronic suppressive fluconazole for 3–6 months should be considered for patients with persistent immunosuppression, i.e., transplant re-
cipients.
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For HIV-negative patients with severe pulmonary
disease or progressive disease, or for whom azole ther-
apy is not an option, amphotericin B should be given
at a dose of 0.5–1.0 mg/kg/day for a total dose of 1 to
2 grams (Saag et al, 2000). In HIV-negative patients
with renal insufficiency, lipid preparations of ampho-
tericin B should be substituted (Coker et al, 1993;
Sharkey et al, 1996; Leenders et al, 1997; Hamill et al,
2002). Other drug regimens for severe cryptococcal dis-
ease are similar to those of patients with CNS disease
and are described below, and in Table 12–1.

Surgical intervention for pulmonary cryptococcosis
may be required for removal of large mass lesions or
areas of severe consolidation that are refractory to an-
tifungal therapy (Temeck et al, 1994).

CNS Infection. Early studies among HIV-negative pa-
tients with CNS cryptococcosis were important in
defining the efficacy of combination therapy with am-
photericin B and flucytosine, and duration of therapy
among immunocompromised patients (Bennett et al,
1979; Dismukes et al, 1987). In the first prospective
study of cryptococcal meningitis in 50 HIV-negative
patients (Bennett et al, 1979), combination therapy
with low-dose amphotericin B (0.3 mg/kg/day) plus
high-dose flucytosine (150 mg/kg/day) given for 6
weeks was compared to amphotericin B therapy alone
(0.4 mg/kg/day) given for 10 weeks. Combination ther-
apy resulted in higher rates of cure and improvement,
fewer relapses, and more rapid sterilization of CSF 
(P � 0.001). Adverse reactions to flucytosine were seen
in 11 (32%) of 34 patients, necessitating discontinua-
tion of flucytosine in 6. While the authors concluded
that combination therapy was superior to amphotericin
B alone, concerns were expressed about the low dosage
of amphotericin B and high dosage of flucytosine used
in the two arms of the study.

The next prospective study attempted to better ad-
dress duration of therapy among patients with crypto-
coccal meningitis by comparing combination therapy
with amphotericin B (0.3 mg/kg/day) and flucytosine
(150 mg/kg/day) for 4 vs. 6 weeks (Dismukes et al,
1987). Note that the treatment regimens employed here
were similar to those used in the initial trial (Bennett
et al, 1979). In the second study, 91 patients were ran-
domized to receive either 4 (45 patients) or 6 (46 pa-
tients) weeks of therapy. Among randomized patients
treated for 4 weeks, cure or improvement was noted in
75%, compared with 85% cure or improvement among
patients treated for 6 weeks. Patients who received 4
weeks of therapy had a higher relapse rate (27%) when
compared with patients who received 6 weeks of ther-
apy (16%). Toxicities of the regimens in both groups
were similar, and were most often azotemia, leukope-
nia, and diarrhea (Stamm et al, 1987). Among 23 non-

randomized transplant recipients who were protocol-
adherent, 16 (70%) of 23 were cured or improved, but
7 (30%) relapsed. From this study, significant baseline
predictors of a favorable response included headache,
normal mental status, and a CSF white cell count above
20/mm3. The authors concluded that important con-
siderations in determining duration of therapy should
include the patient’s underlying disease and immune
status, and severity of meningitis.

Few other studies are available that address treat-
ment of cryptococcal CNS disease in HIV-negative pa-
tients (Dromer et al, 1996a; Pappas et al, 2001).
Dromer and colleagues reviewed retrospectively 83
cases of meningeal and extrameningeal cryptococcosis
in HIV-negative French patients, with emphasis on the
comparison of efficacy of amphotericin B and flu-
conazole (Dromer et al, 1996a). Patients with more se-
vere infections, such as meningitis, or those with higher
CSF cryptococcal antigen titers, were more likely to re-
ceive amphotericin B. However, a subgroup of 25 pa-
tients received fluconazole alone for cryptococcal
meningitis; 68% were cured with this regimen. A more
recent retrospective study by Pappas and colleagues re-
ported findings in 306 patients from 15 U.S. medical
centers, comprising the largest series to date of HIV-
negative patients with cryptococcosis (Pappas et al,
2001). As in the Dromer study, patients with CNS dis-
ease were more likely to receive amphotericin B, alone,
or in combination. The most common regimen em-
ployed was induction therapy with amphotericin B and
flucytosine, followed by consolidation therapy with flu-
conazole as described for HIV-infected patients. Of 107
patients who received induction therapy with ampho-
tericin B and flucytosine, 90 (84%) were cured or im-
proved. In the Pappas study, only 8 of 154 patients
with meningitis were treated with fluconazole alone; 7
were cured or improved.

Rarely, intrathecal or intraventricular therapy with
amphotericin B is required for refractory cases in ad-
dition to systemic therapy, and may be administered
directly, or via a subcutaneous Ommaya reservoir. (Di-
amond and Bennett, 1973; Polsky et al, 1986). Am-
photericin B at a maximum dose of 0.5 mg is given
daily for intraventricular therapy, and two to three
times weekly for intrathecal therapy; the maximum
daily dose should be achieved after gradually increas-
ing from an initial dose of 0.025 mg. Difficulties in ad-
ministration and complications of therapy are fre-
quently encountered (Polsky et al, 1986).

Much of the recent treatment recommendations for
HIV-negative patients with CNS cryptococcal disease
have been extrapolated from results of more recent
studies in HIV-infected patients (Coker et al, 1993;
Leenders et al, 1997; Sharkey et al, 1996; Saag et al,
1992; van der Horst et al, 1997; Hamill et al, 2002).
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Specific issues addressed by these studies include use of
higher doses of amphotericin B (0.5–1.0 mg/kg/day)
(Saag et al, 1992; van der Horst et al, 1997); substitu-
tion of lipid amphotericin B formulations in patients
with renal insufficiency (Coker et al, 1993; Sharkey et
al, 1996; Leenders et al, 1997; Hamill et al, 2002); and
treatment with an induction regimen of amphotericin
B plus flucytosine for 2 weeks followed by a consoli-
dation regimen with fluconazole for an additional 8–12
weeks (van der Horst et al, 1997). For details, see the
section on treatment of CNS disease in HIV-infected
patients. The authors favor the induction/consolidation
approach for the treatment of cryptococcal meningitis
in HIV-negative patients.

Although no prospective studies have addressed the
use of maintenance or suppressive therapy for HIV-
negative patients who have been successfully treated for
cryptococcal disease, many experts recommend several
months of additional maintenance therapy with oral
fluconazole, 200 mg/day, for selected patients who re-
main persistently immunocompromised after initial
treatment. A recent observation noted that cryptococ-
cal CNS parenchymal lesions may persist radiographi-
cally for months or years after completion of therapy,
and do not necessarily signify relapse or recurrence of
disease (Hospenthal and Bennett, 2000).

Other Sites of Disease. HIV-negative patients infre-
quently present with cryptococcal disease at other sites
in the absence of pulmonary or CNS infection. Other
infections may include skin lesions, abscesses, crypto-
coccemia, or positive urine cultures. In HIV-negative
patients, few studies address treatment for these enti-
ties (Pappas et al, 2001). For the majority of patients,
treatment is recommended; however, no preferred reg-
imen has been identified. In a retrospective review of
40 HIV-negative patients with cryptococcal disease at
non-CNS and nonpulmonary sites, 36 (90%) received
antifungal therapy, and 25 (63%) were successfully
treated (Pappas et al, 2001). Multiple regimens were
used: 20 evaluable patients received amphotericin B
alone or in combination with flucytosine or flucona-
zole, and 12 (60%) of these 20 were cured or improved;
12 other patients received fluconazole alone and all
were cured or improved.

Treatment in the HIV-Infected Patient
Pulmonary Disease. The diagnosis of cryptococcal
pneumonia in HIV-infected patients is difficult, as the
clinical signs and symptoms and radiographic findings
can often be nonspecific and mimic disease by other
pathogens (Table 12–2). Since there have been no con-
trolled trials that evaluate the treatment of pulmonary

cryptococcal infection in HIV-infected patients, the
treatment of choice and duration of therapy have yet
to be defined. Because of the advanced immunosup-
pressed state of the HIV-infected patient and the
propensity of Cryptococcus to cause CNS disease, all
patients with pulmonary disease should be treated
(Saag et al, 2000).

Patients who are asymptomatic, or have mild-to-
moderate symptoms with positive respiratory tract cul-
tures appear to be good candidates for therapy with
oral fluconazole 200–400 mg daily (Jones et al, 1991;
Saag et al, 2000). Itraconazole 200–400 mg daily may
be used as a second-line oral therapy (Denning et al,
1991). While fluconazole plus flucytosine for 10 weeks
has been used for HIV-infected patients with crypto-
coccal meningitis, there is minimal evidence to suggest
it as an alternative therapy for patients with pulmonary
disease (Larsen et al, 1994). For patients with severe
or progressive pulmonary disease, or for patients who
cannot tolerate azole therapy, treatment should be sim-
ilar to recommendations for CNS disease, as described
below, and in Table 12–2.

Length of therapy should be lifelong, unless immune
reconstitution occurs as a consequence of HAART
(Masur et al, 2002). For a detailed discussion of this
topic, see section on maintenance therapy under treat-
ment of the HIV-infected patient with CNS infection.

CNS Infection. Given the increased number of cases of
cryptococcal meningitis in AIDS patients, many im-
portant trials focusing on treatment have been con-
ducted in this population during the last 2 decades.
These studies have demonstrated the efficacy of higher
doses of amphotericin B, the safety and efficacy of oral
azole antifungal drugs in the treatment of CNS disease,
and the importance of adequate management of ele-
vated intracranial pressure associated with cryptococ-
cal meningitis.

Based on success rates of 75% to 85% in earlier stud-
ies of combination therapy with amphotericin B and
flucytosine among HIV-negative patients with crypto-
coccal meningitis (Bennett et al, 1979; Dismukes et al,
1987), AIDS patients with CNS disease were initially
treated with combination therapy for prolonged peri-
ods. However, early reports during the late 1980s sug-
gested that use of flucytosine in HIV-infected patients
was frequently associated with cytopenias, and offered
no survival benefit or improvement in relapse rate when
compared to single therapy with amphotericin B
(Chuck and Sande, 1989). Moreover, success rates with
amphotericin B (0.3–0.5 mg/kg/day) with or without
flucytosine were only 40%–50% among patients with
AIDS (Kovacs et al, 1985; Zuger et al, 1986). Because
of concerns for toxicity of flucytosine, decreased suc-
cess rates, and the evolving availability of potent oral
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azoles, fluconazole and itraconazole, subsequent stud-
ies evaluated novel regimens for primary therapy of
CNS cryptococcal disease (Larsen et al, 1990; de Gans
et al, 1992; Saag et al, 1992).

In a small study of 21 patients with AIDS and cryp-
tococcal meningitis, Larsen and colleagues (1990) com-
pared combination therapy with amphotericin B (0.7–
1.0 mg/kg/day) plus flucytosine (150 mg/kg/day) to flu-
conazole (400 mg/day) alone. Clinical and mycologic
failure was more common in patients who received flu-
conazole, particularly in patients with severe disease.
In fact, the study was discontinued prematurely because
of the higher mortality rate in fluconazole-treated pa-
tients. Perhaps the most important finding in this study,
reported in 1990, was the successful treatment in all 6
patients who received higher doses of amphotericin B
as part of the combination regimen. In a second small
study of 28 patients with presumed cryptococcal
meningitis by De Gans and colleagues, reported in
1992, itraconazole 200 mg twice daily was compared
to combination therapy with amphotericin B (0.3
mg/kg/day) plus flucytosine (150 mg/kg/day), both ad-
ministered for 6 weeks (de Gans et al, 1992). Among
patients who received itraconazole, 5 (42%) of 12
achieved a complete response, compared with all 10
patients who received amphotericin B plus flucytosine.

In contrast to these two small trials, two large se-
quential trials were jointly conducted by the National
Institute of Allergy and Infectious Diseases (NIAID)
Mycoses Study Group (MSG) and the NIAID AIDS
Clinical Trials Group (ACTG) in the 1990s. The initial
trial compared amphotericin B (0.3 mg/kg/day) with
fluconazole (200 mg/d) in the treatment of AIDS-
associated cryptococcal meningitis (Saag et al, 1992).
Flucytosine as combination therapy with amphotericin
B was optional, and was utilized in only 9 patients.
Treatment was successful in 34% of 131 fluconazole
recipients, compared with 40% of 63 amphotericin B
recipients. Overall mortality was similar in both
groups, 18% in patients who received fluconazole, vs.
14% in patients who received amphotericin B (p �
0.48). However, mortality during the first 2 weeks was
higher among patients receiving fluconazole, and con-
version of CSF cultures to negative was less rapid in
fluconazole-treated patients. While this study showed
no significant difference between the 2 arms, the results
emphasized the need for a more effective primary reg-
imen for the treatment of cryptococcal meningitis. In
addition, this study also demonstrated the potential role
of fluconazole as part of a new treatment regimen.

The second joint study was conducted to evaluate
higher doses of amphotericin B, lower doses of flucy-

TABLE 12–2. Treatment of Cryptococcal Infection in the HIV-infected Patient
Pulmonary Disease

A. Asymptomatic or mild to moderate disease
Fluconazole 200–400 mg/day as lifelong therapy* (Jones et al, 1991)

Alternatives: Itraconazole 400 mg/day as lifelong therapy* (Denning et al, 1989)
Fluconazole 400 mg/day plus flucytosine 100–150 mg/kg/day for 10 weeks (Larsen et al, 1994)

B. Severe, progressive disease
Regimens similar to those for CNS disease

CNS Disease

Amphotericin B 0.7–1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 2 weeks followed by fluconazole 400 mg/day for 8–12 weeks (Saag
et al, 1992; van der Horst et al, 1997).
Alternative: Itraconazole 400 mg/day may be substituted for fluconazole

Amphotericin B 0.7–1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 6–10 weeks (Larsen et al, 1990; Saag et al, 1992; White et al,
1992)

Amphotericin B 0.7–1.0 mg/kg/day for 6–10 weeks (Saag et al, 1992)
Fluconazole 400 mg/day plus flucytosine 150 mg/kg/day for 10 weeks (Larsen et al, 1994; Mayanja-Kizza et al, 1998)
Fluconazole 400–1000 mg/day for 10–12 weeks (Berry et al, 1992; Saag et al, 1992; Haubrich et al, 1994; Menichetti et al, 1996)
Itraconazole 200 mg/day for 10–12 weeks (Denning et al, 1989; de Gans et al, 1992)

Maintenance Therapy*

Fluconazole 200 mg/day (Bozzette et al, 1991; Powderly et al, 1992; Saag et al, 1999)
Alternatives: Amphotericin B 1 mg/kg/week (Powderly et al, 1992)

Itraconazole 200–400 mg/day (Saag et al, 1999)

*Lifelong maintenance therapy may be discontinued in selected patients who achieve immune reconstitution with highly active antiretrovi-
ral therapy (Aberg et al, 2002; Masur et al, 2002)

Note: Lipid formulations of amphotericin B should be substituted for amphotericin B in patients with renal insufficiency (Coker et al, 1993;
Sharkey et al, 1996; Leenders et al, 1997; Hamill et al, 2002).

Note: Patients receiving flucytosine should have renal function routinely monitored, as plasma concentrations of flucytosine may increase
to toxic levels in patients with renal impairment. Dose adjustment should be made as necessary with use of a nomogram, or monitoring of
flucytosine levels. Serum flucytosine levels should be measured 2 hours after the dose, with optimal levels between 50 and 100 �g/ml.

Adapted from Saag et al, 2000.
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tosine, and the safety and efficacy of oral azoles in the
treatment of AIDS-associated CNS cryptococcosis (van
der Horst et al, 1997). Patients were randomized to re-
ceive 2 weeks of induction therapy with combination
amphotericin B (0.7 mg/kg/day) plus flucytosine (100
mg/kg/day) (202 patients) or amphotericin B alone (0.7
mg/kg/day) (179 patients). At the end of 2 weeks of
therapy, if entry criteria were met, patients were again
randomized to receive 8 weeks of consolidation treat-
ment with oral fluconazole 400 mg per day or oral itra-
conazole 400 mg per day. At the end of 2 weeks, CSF
cultures for C. neoformans were negative in 60% of
patients who received combination amphotericin B and
flucytosine, compared with 51% of amphotericin B
alone treated patients (p � 0.06). However, clinical
outcomes at 2 weeks did not differ significantly be-
tween the 2 groups. At the end of the 10-week induc-
tion and consolidation treatment period, clinical re-
sponses were also similar between the two groups, with
68% of fluconazole-treated patients responding, com-
pared with 70% response among itraconazole-treated
patients. Negative CSF cultures were observed in 72%
of patients who received fluconazole, compared with
60% of patients who received itraconazole. The addi-
tion of flucytosine in the first 2 weeks and treatment
with fluconazole over the next 8 weeks were inde-
pendently associated with CSF sterilization. The use of
higher dose amphotericin B plus lower-dose flucytosine
was associated with more effective CSF sterilization and
decreased mortality at 2 weeks when compared with pre-
vious studies of combination therapy. Fluconazole and
itraconazole were both effective as consolidation ther-
apy, although fluconazole appeared to be more rapid in
terms of CSF sterilization. This trial established the con-
cept of induction and consolidation therapy as an at-
tractive treatment regimen for CNS cryptococcosis.

For HIV-infected patients with cryptococcal menin-
gitis and renal insufficiency, use of lipid formulations
of amphotericin B should be considered based on the
results of 4 trials (Coker et al, 1993; Sharkey et al, 1996;
Leenders et al, 1997; Hamill et al, 2002). Response rates
of 86% were seen in patients receiving amphotericin B
lipid complex at a dose of 5mg/kg/day (Sharkey et al,
1996), and in 65% to 80% of patients receiving liposo-
mal amphotericin B at a dose of 3–6 mg/kg/day (Coker
et al, 1993; Leenders et al, 1997; Hamill et al, 2002).
The optimal doses of lipid preparations for cryptococ-
cosis have not yet been established.

Although less well studied, other therapeutic options
for CNS cryptococcal disease in AIDS patients have
been employed, but are considered second-line options.
These include fluconazole alone at higher doses
(800–1000 mg daily) (Berry et al, 1992; Haubrich et
al, 1994; Menichetti et al, 1996), itraconazole alone
(Denning et al, 1989; de Gans et al, 1992), and com-

bination therapy with fluconazole and flucytosine
(Larsen et al, 1994; Mayanja-Kizza et al, 1998). Com-
bination therapy with fluconazole and flucytosine ap-
pears more effective than fluconazole alone, but is also
more toxic (Larsen et al, 1994; Mayanja-Kizza et al,
1998). Itraconazole at a dose of 400 mg daily has been
used to treat a small number of HIV-infected patients
with CNS disease, with varying results (Denning et al,
1989; de Gans et al, 1992).

Maintenance Therapy
After initial successful treatment of cryptococcal
meningitis in AIDS patients, high relapse rates have
been demonstrated in patients who did not receive life-
long suppressive or chronic maintenance therapy
(Bozette et al, 1991). A placebo-controlled trial evalu-
ated the effectiveness of fluconazole as maintenance
therapy for AIDS patients who received successful ther-
apy for cryptococccal meningitis with amphotericin B
with or without flucytosine (Bozette et al, 1991). Re-
lapse occurred in 15% of patients in the placebo group,
compared with 0% in fluconazole-treated patients,
thereby establishing the need for maintenance therapy
in this population.

Subsequently, a randomized comparative trial con-
ducted by the NIAID-MSG demonstrated the superior
efficacy of oral fluconazole 200 mg daily to intravenous
amphotericin B 1 mg/kg weekly for maintenance ther-
apy (Powderly et al, 1992). Relapses of symptomatic
cryptococcal disease were seen in 18% and 2% of pa-
tients receiving amphotericin B and fluconazole, re-
spectively (p � 0.001). In addition, patients receiving
amphotericin B had more frequent adverse events and
associated bacterial infections.

The NIAID-MSG and NIAID-ACTG conducted an-
other trial comparing oral fluconazole 200 mg daily to
oral itraconazole 200 mg daily for 12 months as main-
tenance therapy for CNS cryptococcal disease (Saag et
al, 1999). Fluconazole proved to be superior; the trial
was terminated prematurely after interim analysis re-
vealed that 23% of itraconazole-treated patients re-
lapsed, compared with only 4% of fluconazole-treated
patients (p � 0.006). Furthermore, the trial showed
that risk of relapse was increased if the patient had not
received flucytosine during the initial 2 weeks of pri-
mary therapy for cryptococcal meningitis (p � 0.04).
These 2 large NIAID-MSG/ACTG trials established flu-
conazole as the drug of choice for maintenance ther-
apy for cryptococcosis in AIDS patients.

Until recently, maintenance or lifelong suppressive
therapy has been recommended for all AIDS patients
after successful completion of therapy for acute cryp-
tococcosis (Table 12–2; Saag et al, 2000; Masur et al,
2002). Preliminary studies suggest that risk of recur-
rence of cryptococcosis in AIDS patients is low, pro-
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vided patients have successfully completed primary
therapy for cryptococcosis, are free of symptoms of
cryptococcosis, and have achieved immune reconstitu-
tion with HAART therapy (Mussini et al, 2001; Aberg
et al, 2002). Data to support discontinuation of chronic
maintenance or lifelong therapy have come from small
series of patients with cryptococcosis; therefore, caution
and close observation of the patient are important until
additional long-term data emerge. Some authorities rec-
ommend a lumbar puncture to confirm CSF sterility
prior to discontinuation of maintenance therapy.

Adjunctive Therapy
As mentioned previously, elevated intracranial pressure
is a common finding, especially among AIDS patients
with cryptococcal meningitis. Furthermore, a very high
opening pressure at baseline may be associated with
more frequent headaches and meningismus, pathologic
reflexes, early death, and overall increased mortality
(Graybill et al, 2000). The treatment of elevated in-
tracranial pressure is aimed at reduction of CSF vol-
ume, either by repeated lumbar puncture, or ventricu-
lar or lumbar drainage. If intracranial pressures cannot
be adequately reduced with frequent lumbar punctures,
a lumbar drain placement or ventriculostomy may be
necessary for CSF removal. Ventricular fluid shunting,
via ventriculo-peritoneal shunt, is often reserved for pa-
tients with hydrocephalus. In addition, in patients with
increased intracranial pressure and no evidence of hy-
drocephalus on imaging studies, placement of a ven-
triculo-peritoneal shunt may be extremely useful and
help to reverse neurologic sequelae (Liliang et al, 2002).
Moreover, shunting is not typically associated with dis-
semination of cryptococcal infection into the peri-
toneum or bloodstream (Park et al, 1999). Medical
therapy, including the use of acetazolamide, mannitol,
or corticosteroids, is less helpful than mechanical in-
tervention in lowering intracranial pressure. A recent
trial comparing acetazolamide vs. placebo for treatment
of elevated intracranial pressure in patients with cryp-
tococcal meningitis was terminated prematurely be-
cause patients who received acetazolamide developed
significantly lower venous bicarbonate levels, increased
chloride levels, and increased serious adverse events
when compared to patients who received placebo
(Newton et al, 2002).

The addition of cytokines and other immunomodu-
latory approaches to antifungal therapy of cryptococ-
cosis are actively being explored (Casadevall and Pirof-
ski, 2001; Lutz et al, 2000; Clemons et al, 2001).
Studies currently are ongoing in animal models and
phase I/II human trials with recombinant human gene
product interferon-�, and monoclonal antibodies di-
rected against cryptococcal capsular polysaccharide
(Lutz et al, 2000; Clemons et al, 2001; Pappas et al,

2001; Larsen et al, 2002). Given the increased number
of immunosuppressed patients over the past 2 decades
at risk for opportunistic fungal infections such as cryp-
tococcosis, results of studies involving immunomodu-
latory approaches are eagerly awaited.

PREVENTION

Prevention of cryptococcal disease is difficult, because
C. neoformans is ubiquitous in the environment and
only causes sporadic disease. Because of the morbidity
and mortality associated with CNS cryptococcal dis-
ease, and the increased incidence of cryptococcosis in
patients with advanced HIV infection, primary pro-
phylaxis has been studied in AIDS patients in several
prospective trials (Nightingale et al, 1992; Powderly et
al, 1995; McKinsey et al, 1999). Although data sug-
gest that prophylaxis with antifungal agents such as flu-
conazole and itraconazole may be effective in reducing
the incidence of cryptococcosis, a survival advantage
has not yet been established. Moreover, concern exists
for the development of azole-resistant fungi, especially
Candida species, if widespread antifungal prophylaxis
is employed. Currently, primary prophylaxis in HIV-
infected patients is not routinely recommended.

REFERENCES

Aberg J A, Mundy L M, Powderly W G. Pulmonary cryptococcosis
in patients without HIV infection. Chest 115:734–40, 1999.

Aberg J A, Price R W, Heeren D M, Bredt B. A pilot study of the
discontinuation of antifungal therapy for disseminated crypto-
coccal disease in patients with acquired immunodeficiency syn-
drome, following immunologic response to antiretroviral therapy.
J Infect Dis 185:1179–1182, 2002.

Aller A I, Martin-Mazuelos E, Lozano F, Gomez-Mateos J, Steele-
Moore I, Holloway W J, Gutierrez M J, Recio F J, Espinel-
Ingroff A. Correlation of fluconazole MICs with clinical outcome
in cryptococcal infection. Antimicrob Agents Chemother 44:
1544–1548, 2000.

Anderson D J, Schmidt C, Goodman J, Pomeroy C. Cryptococcal
disease presenting as cellulitis. Clin Infect Dis 14:666–672, 1992.

Armengou A, Porcar C, Mascaro J, Garcia-Bragado F. Possible de-
velopment of resistance to fluconazole during suppressive ther-
apy for AIDS-associated cryptococcal meningitis. Clin Infect Dis
23:1337–1338, 1996.

Baddley J W, Perfect J, Warren R, Pankey G, Larsen R, Henderson
H, Pappas P G. Pulmonary cryptococcosis in patients without
HIV infection: when is a lumbar puncture needed? 40th Inter-
science Conference on Antimicrobial Agents and Chemotherapy,
Toronto, Canada, Abstract #707, 2000.

Bartizal K, Gill CJ, Abruzzo G K, Flattery A M, Kong L, Scott P M,
Smith J G, Leighton C E, Bouffard A, Dropinski J F, Balkovec J.
In vitro preclinical evaluation studies with the echinocandin an-
tifungal MK-0991 (L-743,872). Antimicrob Agents Chemother
41:2326–2332, 1998.

Behrman R E, Masci J R, Nicholas P. Cryptococcal skeletal infec-
tions: case report and review. Rev Infect Dis 12:181–190, 1990.

Bennett J E, Dismukes W E, Duma R J, Medoff G, Sande M A, Gal-
lis H A, Leonard J, Fields B T, Bradshaw M, Haywood H B,



202 MYCOSES CAUSED BY YEASTS

McGee Z A, Cate T R, Cobbs C G, Warner J F, Alling D A. A
comparison of amphotericin B alone and combined with flucy-
tosine in the treatment of cryptococcal meningitis. N Engl J Med
301:126–131, 1979.

Berry A J, Rinaldi M G, Graybill J R. Use of high-dose fluconazole
as salvage therapy for cryptococcal meningitis in patients with
AIDS. Antimicrob Agents Chemother 36:690–692, 1992.

Beyt B E Jr, Waltman S R. Cryptococcal endophthalmitis after
corneal transplantation. N Engl J Med 298:825–826, 1978.

Bolaños B, Mitchell T G. Phagocytosis of Cryptococcus neoformans
by rat alveolar macrophages. J Med Vet Mycol 27:219–228, 1989.

Bozzette S A, Larsen R A, Chiu J, Leal M A E, Jacobsen J, Rothman
P, Robinson P, Gilbert G, McCutchan J A, Tilles J, Leedom J M,
Richman D D, The California Collaborative Treatment Group.
A placebo-controlled trial of maintenance therapy with flucona-
zole after treatment of cryptococcal meningitis in the acquired
immunodeficiency syndrome. N Engl J Med 324:580–584, 1991.

Braman R T. Cryptococcosis (torulosis) of the prostate. Urology
17:284–286, 1981.

Brandt M E, Pfaller M A, Hajjeh R A, Hamill R J, Pappas P G, Rein-
gold A L, Rimland D, Warnock D W, Cryptococcal Disease Ac-
tive Surveillance Group. Trends in antifungal drug susceptibility
of Cryptococcus neoformans isolates in the United States 1992
to 1994 and 1996 to 1998. Antimicrob Agents Chemother 45:
3065–3069, 2001.

Buchanan K L, Murphy J W. What makes Cryptococcus neoformans
a pathogen? Emerg Infect Dis 4:71–83, 1998.

Bulmer G S, Sans M D. Cryptococcus neoformans. III. Inhibition of
phagocytosis. J Bacteriol 95:5–8, 1968.

Cameron M L, Bartlett J A, Gallis H A, Waskin H A. Manifesta-
tions of pulmonary cryptococcosis in patients with acquired im-
munodeficiency syndrome. Rev Infect Dis 13:64–67, 1991.

Campbell C K, Payne A I, Teall A J, Brownell A, Mackenzie D W
R. Cryptococcal latex antigen test positive in patient with Tri-
chosporon beigelii infection. Lancet ii:43–44, 1985.

Campbell G D. Primary pulmonary cryptococcosis. Am Rev Respir
Dis 94:236–243, 1966.

Casadevall A, Mukherjee J, Yuan R R, Perfect J R. Management of
injuries caused by Cryptococcus neoformans-contaminated nee-
dles. Clin Infect Dis 19:951–953, 1994.

Casadevall A. Antibody immunity and invasive fungal infections. In-
fect Immun 63:4211, 1995.

Casadevall A, Pirofski L A. Adjunctive immune therapy for fungal
infections. Clin Infect Dis 33:1048–1056, 2001.

Chang Y C, Kwon-Chung K J. Complementation of a capsule-
deficient mutation of Cryptococcus neoformans restores its viru-
lence. Mol Cell Biol 14:4912–4919, 1994.

Chen S C, Currie B J, Campbell H M, Fisher D A, Pfeiffer T J, El-
lis D H, Sorrell T C. Cryptococcus neoformans var. gattii infec-
tion in northern Australia: existence of an environmental source
other than known host eucalyptus. Trans R Soc Trop Med Hyg
91:547–550, 1997.

Chuck S L, Sande M A. Infections with Cryptococcus neoformans in
the acquired immunodeficiency syndrome. N Engl J Med 321:
794–799, 1989.

Clemons K V, Lutz J E, Stevens D A. Efficacy of recombinant gamma
interferon for treatment of systemic cryptococcosis in SCID mice.
Antimicrob Agents Chemother 45:686–689, 2001.

Coker R J, Viviani M, Gazzard B G, DuPont B, Pohle H D, Mur-
phy S M, Atouguia J, Champalimaud J L, Harris J R. Treatment
of cryptococcosis with liposomal amphotericin B (AmBisome) in
23 patients with AIDS. AIDS 7:829–835, 1993.

Collins H L, Bancroft G J. Encapsulation of Cryptococcus neofor-
mans impairs antigen-specific T-cell responses. Infect Immun
59:3883–3888, 1991.

Concus A P, Helfand R F, Imber M J, Lerner S A, Sharpe R J. Cu-

taneous cryptococcosis mimicking molluscum contagiosum in a
patient with AIDS. J Infect Dis 158:897–898, 1988.

Crump J R C, Elner S G, Elner V M, Kauffman C A. Cryptococcal
endophthalmitis: case report and review. Clin Infect Dis 14:1069–
1073, 1992.

Currie B P, Casadevall A. Estimation of the prevalence of crypto-
coccal infection among patients infected with the human im-
munodeficiency virus in New York City. Clin Infect Dis 19:1029–
1033, 1994.

De Gans J, Portegies P, Tiessens G, Schattenkerk J K M E, Van Box-
tel C J, Van Ketel, R J, Stam J. Itraconazole compared with am-
photericin B plus flucytosine in AIDS patients with cryptococcal
meningitis. AIDS 6:185–190, 1992.

Denning D W, Tucker R M, Hanson L H, Hamilton J R, Stevens 
D A. Itraconazole therapy for cryptococcal meningitis and cryp-
tococcosis. Arch Intern Med 149:2301–2308, 1989.

Denning D W, Armstrong R W, Lewis B H, Stevens D A. Elevated
cerebrospinal fluid pressures in patients with cryptococcal menin-
gitis and acquired immunodeficiency syndrome. Am J Med
91:267–272, 1991.

Diamond R D, Bennett J E. A subcutaneous reservoir for intrathe-
cal therapy of fungal meningitis. N Engl J Med 288:186–188,
1973.

Diamond R D, Bennett J E. Prognostic factors in cryptococcal menin-
gitis: a study in 111 cases. Ann Intern Med 80:176–181, 1974.

Dismukes W E, Cloud G, Gallis H A, Kerkering T M, Medoff G,
Craven P C, Kaplowitz L G, Fisher J F, Gregg C R, Bowles C A,
Shadomy S, Stamm A M, Diasio R B, Kaufman L, Soon S-J, Black-
welder W C, National Institute of Allergy and Infectious Diseases
Mycoses Study Group. Treatment of cryptococcal meningitis with
combination amphotericin B and flucytosine for four as compared
with six weeks. N Engl J Med 317:334–341, 1987.

Dismukes W E. Management of cryptococcosis. Clin Infect Dis
17(Suppl 2):S507–S512, 1993.

Dromer F, Mathoulin S, Dupont B, Brugiere O, Letenneur L, the
French Cryptococcosis Study Group. Comparison of the efficacy
of amphotericin B and fluconazole in the treatment of crypto-
coccosis in human immunodeficiency virus-negative patients: ret-
rospective analysis of 83 cases. Clin Infect Dis 22(Suppl 2):S154–
S160, 1996a.

Dromer F, Mathoulin S, Dupont B, Laporte A, the French Crypto-
coccosis Study Group. Epidemiology of cryptococcosis in France:
a 9-year survey (1985–1993). Clin Infect Dis 23:82–90, 1996b.

Duperval R, Hermans P E, Brewer N S, Roberts G D. Cryptococco-
sis with emphasis on the significance of isolation of Cryptococ-
cus neoformans from the respiratory tract. Chest 72:13–19, 1977.

Dykstra M A, Friedman L, Murphy J W. Capsule size of Crypto-
coccus neoformans: control and relationship to virulence. Infect
Immun 16:239–135,1977.

Ellis D H, Pfeiffer T J. Ecology, life cycle, and infectious propagule
of Cryptococcus neoformans. Lancet 336:923–925, 1990a.

Ellis D H, Pfeiffer T J. Natural habitat of Cryptococcus neoformans
var. gattii. J Clin Microbiol 28:1642–1644, 1990b.

Emmons C W. Saprophytic sources of Cryptococcus neoformans as-
sociated with the pigeon (Columbia livia). Am J Hyg 62:227–232,
1955.

Feigin D S. Pulmonary cryptococcosis; radiologic-pathologic corre-
lates of its three forms. Am J Roentgenol 141:1262–1272, 1983.

Fink J N, Barboriak J J, Kaufman L. Cryptococcal antibodies in pi-
geon breeders’ disease. J Allergy Clin Immunol 41:297–301,
1968.

Franzot S P, Salkin I F, Casadevall A. Cryptococcus neoformans var.
grubii: separate varietal status for cryptococcus neoformans
serotype A isolates. J Clin Micro 37:838–40, 1999.

Fujita N K, Reynard M, Sapico F L, Guze L B, Edwards J E. Cryp-
tococcal intracerebral mass lesions. The role of computed to-



Cryptococcosis 203

mography and nonsurgical management. Ann Int Med 94:382–
388, 1981.

Fyfe, M W, MacDougall L, Barlett K, Romney M, Kibsey P, Pearce
M, Starr M, Stephen C, Stein L, Kidd S, Patrick D, Black W.
Emergence of Cryptococcus neoformans var. gattii infections in
British Columbia, Canada. 42nd Interscience Conference on An-
timicrobial Agents and Chemotherapy, San Diego, CA. Abstract
#1242, 2002.

Glaser J B, Garden A. Inoculation of cryptococcosis without trans-
mission of the acquired immunodeficiency syndrome. N Engl J
Med 313:264, 1985.

Gluck J L, Myers J P, Pass L M. Cryptococcemia due to Crypto-
coccus albidus. South Med J 80:511–513, 1987.

Graybill J R, Sobel J, Saag M, Van der Horst C, Powderly W, Cloud
G, Riser L, Hamill R, Dismukes W, the NIAID Mycoses Study
Group and AIDS Cooperative Treatment Group. Diagnosis and
management of increased intracranial pressure in patients with
AIDS and cryptococcal meningitis. Clin Infect Dis 30:47–54, 2000.

Hajjeh R A, Conn L A, Stephens D S, Baughman W, Hamill R,
Graviss E, Pappas P G, Thomas C, Reingold A, Rothrock G, Hut-
wagner L C, Schuchat A, Brandt M E, Pinner R W. Cryptococ-
cosis: population-based multistate active surveillance and risk 
factors in human immunodeficiency virus-infected persons. Cryp-
tococcal Active Surveillance Group. J Infect Dis 179:449–454,
1999.

Hamill R J, Sobel J, El-Sadr W, Johnson P, Graybill J R, Javaly K,
Bardker D. Randomized double-blind trial of Ambisome (Lipo-
somal Amphotericin B) and amphotericin B in acute cryptococ-
cal meningitis in AIDS paients. 39th Interscience Conference on
Antimicrobial Agents and Chemotherapy, San Francisco, CA. Ab-
stract #1161, 1999.

Hammerman K J, Powell K E, Christianson C S, Huggin P M, Larsh
H W, Vivas J R, Tosh F E. Pulmonary cryptococcosis: clinical
forms and treatment (a Center for Disease Control cooperative
mycoses study). Am Rev Respir Dis 108:1116–1123, 1973.

Harrison T S, Levitz S M. Mechanisms of impaired anticryptococcal
activity of monocytes from donors infected with human immuno-
deficiency virus. J Infect Dis 176:537–540, 1997.

Haubrich R H, Haghighat D, Bozzette S A, Tilles J, McCutchan 
J A, the California Collaborative Treatment Group. High-dose
fluconazole for treatment of cryptococcal disease in patients with
human immunodeficiency virus infection. J Infect Dis 170:2380–
242, 1994.

Heyderman R S, Gangaidzo I T, Hakim J G, Mielke J, Taziwa A,
Musvaire P, Robertson V J, Mason P R. Cryptococcal meningi-
tis in human immunodeficiency virus-infected patients in Harare
Zimbabwe. Clin Infect Dis 26:284–289, 1998.

Hospenthal D, Bennett J. Flucytosine monotherapy for cryptococco-
sis. Clin Infect Dis 27:260–264, 1998.

Hospenthal D, Bennett J E. Persistence of cryptococcomas on neu-
roimaging. Clin Infect Dis 31:1303–1306, 2000.

Hurd D D, Staub D B, Roelofs R I, Dehner L P. Profound muscle
weakness as the presenting feature of disseminated cryptococcal
infection. Rev Infect Dis 11:970974, 1989.

Johnson L B, Bradley S F, Kauffman C A. Fungaemia due to Cryp-
tococcus laurentii and a review of non-neoformans cryptococ-
caemia. Mycoses 41:277–280, 1998.

Jones B, Larsen R A, Forthal D, Haghighat D, Bozzette S. Treatment
of nonmeningeal cryptococcal disease in HIV-infected persons.
Proceedings of the 91st Annual Meeting of the American Society
for Microbiology, Dallas, TX. abstract F4, 1991.

Kanj S S, Welty-Wolf K, Madden J, Tapson V, Baz M, Davis D, Per-
fect J R. Fungal infections in lung and heart-lung transplant re-
cipients: Report of 9 cases and review of the literature. Medicine
75:142–156, 1996.

Kerkering T M, Duma R J, Shadomy S. The evolution of pulmonary

cryptococcosis: clinical implications from a study of 41 patients
with and without compromising host factors. Ann Intern Med
94:611–616, 1981.

Khoury M B, Godwin J D, Ravin C E, Gallis H A, Halvorsen R A,
Putnam C E. Thoracic cryptococcosis: immunologic competence
and radiologic appearance. Am J Roentgenol 142:893–896, 1984.

Kontoyiannis D P, Peitsch W K, Reddy B T, Whimbey E E, Han 
X Y, Bodey G P, Rolston K V. Cryptococcosis in patients with
cancer. Clin Infect Dis 32:e145–e150, 2001.

Kordossis T, Avlami A, Velegraki A, Stefanou I, Georgakopoulos G,
Papalambrou C, Legakis N J. First report of Cryptococcus lau-
rentii meningitis and a fatal case of Cryptococcus albidus cryp-
tococcaemia in AIDS patients. Med Mycology 36:335–339, 1998.

Kovacs J A, Kovacs A A, Polis M, Wright W C, Gill V J, Tuazon 
C U, Gelmann E P, Lane H C, Longfield R, Overturf G. Cryp-
tococcosis in the acquired immunodeficiency syndrome. Ann In-
tern Med 103:533–538, 1985.

Kozel T R, Pfrommer G S. Activation of the complement system by
Cryptococcus neoformans leads to binding of iC3b to the yeast.
Infect Immun 52:1–5, 1986.

Kumlin U, Elmqvist L G, Granlund M, Olsen B, Tarnvik A. CD4
lymphopenia in a patient with cryptococcal osteomyelitis. Scan-
dinavian J Infect Dis 29:205–206, 1997.

Kwon-Chung K J. A new species of Filobasidiella neoformans, the
sexual state of Cryptococcus neoformans B and C serotypes. My-
cologia 68:942–946, 1976.

Kwon-Chung K J, Polacheck I, Popkin T J. Melanin-lacking mutants
of Cryptococcus neoformans and their virulence for mice. J Bac-
teriol 150:1414–1421, 1982.

Kwon-Chung K J, Bennett J E. Epidemiologic differences between
the two varieties of Cryptococcus neoformans. Am J Epidemiol
120:123–130, 1984.

Kwon-Chung K J, Kozel T R, Edman J C, Polacheck I, Ellis D, Shin-
oda T, Dromer F. Recent advances in biology and immunology
of Cryptococcus neoformans. J Med Vet Mycol 30(Suppl 1):133–
142, 1992.

Larsen R A, Bozzette S A, McCutchan A, Chiu J, Leal M A E, Rich-
man D D. Persistent Cryptococcus neoformans infection of the
prostate after successful treatment of meningitis. Ann Intern Med
111:125–128, 1989.

Larsen R A, Leal M A E, Chan L S. Fluconazole compared with am-
photericin B plus flucytosine for cryptococcal meningitis in AIDS.
A randomized trial. Ann Intern Med 113:183–187, 1990.

Larsen R A, Bozzette S A, Jones B E, Haghighat D, Leal M A, Forthal
D, Bauer M, Tilles J G, McCutchan J A, Leedom J M. Flucona-
zole combined with flucytosine for the treatment of cryptococcal
meningitis in patients with AIDS. Clin Infect Dis 19:741–745,
1994.

Larsen R A, Pappas P, Perfect J, Aberg J A, Casadevall A, Dismukes
W E, The National Institute of Allergy and Infectious Diseases
(NIAID) and the Mycoses Study Group. Passive immunization
for therapy: the MSG 43 study. Fifth International Conference
on Cryptococcus and Cryptococcosis, Adelaide, Australia. Ab-
stract #S3.3. March, 2002.

Leavitt A D, Kauffman C A. Cryptococcal aortitis. Am J Med 85:108–
110, 1988.

Leenders A C, Reiss P, Portegies P, Clezy K, Hop W C J, Hoy J, 
Borleffs J C C, Allworth T, Kauffmann R H, Jones P, Kroon 
F P, Verbrugh H A, de Marie S. Liposomal amphotericin B 
(AmBisome) compared with amphotericin B followed by oral flu-
conazole in the treatment of AIDS-associated cryptococcal menin-
gitis. AIDS 11:1463–1471, 1997.

Lendvai N, Casadevall A, Liang Z, Goldman D L, Mukherjee J, Zuck-
ier L. Effect of immune mechanisms on the pharmacokinetics and
organ distribution of cryptococcal polysaccharide. J Infect Dis
177:1647–1659, 1998.



204 MYCOSES CAUSED BY YEASTS

Levitz S M. The ecology of Cryptococcus neoformans and the epi-
demiology of cryptococcosis. Rev Infect Dis 13: 1163–1169,
1991.

Levitz S M, Tabuni A, Kornfield H, Reardon C C, Golenbock D T.
Production of tumor necrosis factor alpha in human leukocytes
stimulated by Cryptococcus neoformans. Infect Immun 62:1975–
1981, 1994.

Levitz S M, Matthews H L, Murphy J W. Direct antimicrobial ac-
tivity of T cells. Immunol Today 16:387–391, 1995.

Lewis J L, Rabinovich S. The wide spectrum of cryptococcal infec-
tions. Am J Med 53:315–322, 1972.

Liliang P, Liang C, Chang W, Lu K, Lu C. Use of ventriculoperi-
toneal shunts to treat uncontrollable intracranial hypertension 
in patients who have cryptococcal meningitis without hydro-
cephalus. Clin Infect Dis 34:e64–68, 2002.

Lutz J E, Clemons K V, Stevens D A. Enhancement of antifungal
chemotherapy by interferon-gamma in experimental systemic
cryptococcosis. J Antimicrob Chemother 46:437–442, 2000.

Masur H, Kaplan J E, Holmes K K. Recommendations of the U.S.
Public Health Service and the Infectious Diseases Society of Amer-
ica. Guidelines for preventing opportunistic infections among
HIV-infected persons—2002. Ann Intern Med 137:435–477, 2002.

Mayanja-Kizza H, Kazunori O, Mitarai S, Yamashita H, Nalongo
K, Watanabe K, Izumi T, Ococi-Jungala, Augustine K, Mugerwa
R, Nagatake T, Matsumoto K. Combination therapy with flu-
conazole and flucytosine for cryptococcal meningitis in Ugandan
patients with AIDS. Clin Infect Dis 26:1362–1366, 1998.

McKinsey D S, Wheat L J, Cloud G A, Pierce M, Black J R, Bam-
berger D M, Goldman M, Thomas C J, Gutsch H M, Moskovitz
B, Dismukes W E, Kauffman C A, the National Institute of Al-
lergy and Infectious Diseases Mycoses Study Group. Itraconazole
prophylaxis for fungal infections in patients with advanced hu-
man immunodeficiency virus infection: randomized, placebo-
controlled, double-blind study. Clin Infect Dis 28:1049–1056,
1999.

McNeil M M, Nash S L, Hajjeh R A, Phelan M A, Conn L A, Plikaytis
B D, Warnock D W. Trends in mortality due to invasive mycotic
diseases in the United States, 1980–1997. Clin Infect Dis 33:641–
647, 2001.

Menichetti F, Fiorio M, Tosti A, Gatti G, Pasticci M B, Miletich F,
Marroni M, Bassetti D, Pauluzzi S. High-dose fluconazole ther-
apy for cryptococcal meningitis in patients with AIDS. Clin In-
fect Dis 22:838–840, 1996.

Meyohas M, Roux P, Bollens D, Chouaid C, Rozenbaum W, Mey-
nard J, Poirot J, Frottier J, Mayaud C. Pulmonary cryptococco-
sis: localized and disseminated infection in 27 patients with AIDS.
Clin Infect Dis 21:628–633, 1995.

Min K H, Kwon-Chung K J. The biochemical basis for the distinc-
tion between the two Cryptococcus neoformans varieties with
CGB medium. Zentralbl Bakteriol Mikrobiol Hyg [A] 26:471–
480, 1986.

Mitchell T G, Perfect J R. Cryptococcosis in the era of AIDS—100
years after the discovery of Cryptococcus neoformans. Clin Mi-
crobiol Rev 8:515–548, 1995.

Murray R J, Becker P, Furth P, Criner G J. Recovery from crypto-
coccemia and the adult respiratory distress syndrome in the ac-
quired immunodeficiency syndrome. Chest 93:1304–1306, 1988.

Mussini C, Cossarizza A, Pezzotti P, Antinori A, De Luca A, Or-
tolani P, Rizzardini G, Mongiardo N, Esposito R. Discontinua-
tion or continuation of maintenance therapy for cryptococcal
meningitis in patients with AIDS treated with HAART. Program
and Abstracts of the 8th Conference on Retroviruses and Op-
portunistic Infections, Chicago, IL. Abstract # 546, 2001.

National Committee for Clinical Laboratory Standards. Reference
method for broth dilution antifungal susceptibility testing of

yeasts. Approved standard NCCLS document M27–A. National
Committee for Clinical Laboratory Standards, Wayne, PA, 1997.

Neilson J B, Fromtling R A, Bulmer G S. Cryptococcus neoformans:
size range of infectious particles from aerosolized soil. Infect Im-
mun 17:634–638, 1977.

Neuville S, Dromer F, Morin O, Dupont B, Ronin O, Lortholary O,
and the French Cryptococcus Study Group. Primary cutaneous
cryptococcosis: a distinct clinical entity. Clin Infect Dis 36:337–
347, 2003.

Newberry W M Jr., Walter J E, Chandler J W Jr, Tosh F E. Epi-
demiologic study of Cryptococcus neoformans. Ann Intern Med
67:724–732, 1967.

Newton P N, Thai L H, Tip N Q, Short J M, Chierakul W, Ra-
januwong A, Pitisuttithum P, Chasombat S, Phonrat B, Maek-A-
Nantawat W, Teaunadi R, Lalloo D G, White N J. A random-
ized, double-blind, placebo-controlled trial of acetazolamide for
the treatment of elevated intracranial pressure in cryptococcal
meningitis. Clin Infect Dis 35:769–772, 2002.

Nightingale S D, Cal S X, Peterson D M, Loss S D, Gamble B A,
Watson D A, Manzone C P, Baker J E, Jockusch J D. Primary
prophylaxis with fluconazole against systemic fungal infections
in HIV-positive patients. AIDS 6:191–194, 1992.

Nosanchuk J D, Shoham S, Fries B C, Shapiro D S, Levitz S M,
Casadevall A. Evidence of zoonotic transmission of Cryptococ-
cus neoformans from a pet cockatoo to an immunocompromised
patient. Ann Intern Med 132:205–208, 2000.

Nottebart H C, McGehee R F, Utz J P. Cryptococcus neoformans
osteomyelitis: case report of two patients. Sabouraudia 12:127–
132, 1974.

Pappas P G, Bustamante B, Ticona E, Hamill R, Johnson P, Reboli
A, Ellner J, Hsu H. Adjunctive interferon gamma (IFN�) for treat-
ment of cryptococcal meningitis (Crypto): a randomized, double-
blind pilot trial. 41st Interscience Conference on Antimicrobial
Agents and Chemotherapy, Chicago, IL. Abstract LB-10, 2001.

Pappas P G, Perfect J R, Cloud G A, Larsen R A, Pankey G A, Lan-
caster D J, Henderson H, Kauffman C A, Haas D W, Saccente
M, Hamill R J, Holloway M S, Warren R M, Dismukes W E.
Cryptococcosis in human immunodeficiency virus-negative pa-
tients in the era of effective azole therapy. Clin Infect Dis 33:690–
699, 2001.

Park M K, Hospenthal D R, Bennett J E. Treatment of hydrocephalus
secondary to cryptococcal meningitis by use of shunting. Clin In-
fect Dis 28:629–633, 1999.

Pema K, Diaz J, Guerra L G, Nabhan D, Verghese A. Disseminated
cutaneous cryptococcosis: comparison of clinical manifestations
in the pre-AIDS and AIDS eras. Arch Intern Med 154:1032–1034,
1994.

Perfect J R. Cryptococcosis. Infect Dis Clin N Am 3:77–102, 1989.
Perfect J R, Durack D T, Gallis H A. Cryptococcemia. Medicine (Bal-

timore) 62:98–109, 1983.
Pfaller M A, Zhang J, Messer S A, Brandt M E, Hajjeh R A, Jessup

C J, Tumberland M, Mbidde E K, Ghannoum M A. In vitro ac-
tivities of voriconazole, fluconazole, and itraconazole against 566
clinical isolates of Cryptococcus neoformans from the United
States and Africa. Antimicrob Agents Chemother 43:169–171,
1999.

Pietrella D, Monari C, Retini C, Palazzetti B, Bistoni F, Vecchiarelli
A. Human immunodeficiency virus type 1 envelope protein gp120
impairs intracellular antifungal mechanisms in human monocytes.
J Infect Dis 177:347–354, 1998.

Poblete R B, Kirby B D. Cryptococcal peritonitis. Report of a case
and review of the literature. Am J Med 82:665–667, 1987.

Polsky B, Depman M R, Gold J W M, Galicich J H, Armstrong D.
Intraventricular therapy of cryptococcal meningitis via a subcu-
taneous reservoir. Am J Med 81:24–28, 1986.



Cryptococcosis 205

Poprich M J, Arthur R H, Helmer E. CT of intracranial cryptococ-
cosis. Am J Roentgenol 54:603–606, 1990.

Powderly W G, Saag M S, Cloud G A, Robinson P, Meyer R D, Ja-
cobson J M, Graybill J R, Sugar A M, McAuliffe V J, Follansbee
S E, Tuazon C U, Stern J J, Feinberg J, Hafner R, Dismukes 
W E, NIAID AIDS Clinical Trials Group, NIAID Mycoses Study
Group. A controlled trial of fluconazole or amphotericin B to pre-
vent relapse of cryptococcal meningitis in patients with the ac-
quired immunodeficiency syndrome. N Engl J Med 326:793–798,
1992.

Powderly W G, Cloud G A, Dismukes W E, Saag M S. Measurement
of cryptococcal antigen in serum and cerebrospinal fluid: value
in the management of AIDS-associated cryptococcal meningitis.
Clin Infect Dis 18:789–792, 1994.

Powderly W G, Finkelstein D, Feinberg J, Frame P, He W, van der
Horst C, Kolestar S L, Eyster M E, Carey J, Waskin H. A ran-
domized trial comparing fluconazole with clotrimazole troches
for the prevention of fungal infections in patients with advanced
human immunodeficiency virus infection. N Engl J Med 332:700–
705, 1995.

Powell K E, Dahl B A, Weeks R J, Tosh F E. Airborne Cryptococ-
cus neoformans: particles from pigeon excreta compatible with
alveolar deposition. J Infect Dis 125:412–415, 1972.

Randall R E Jr., Stacy W K, Toone E C, Prout G R Jr., Madge G E,
Shadomy H J, Shadomy S, Utz J P. Cryptococcal pyelonephritis.
N Engl J Med 279:60–65, 1968.

Rex J H, Larsen R A, Dismukes W E, Cloud G A, Bennett J E. Cat-
astrophic visual loss due to Cryptococcus neoformans meningi-
tis. Medicine 72:207–224, 1993.

Rippon J W. Medical mycology. The pathogenic fungi and the path-
ogenic actinomycetes. 3rd ed. Philadelphia: W B Saunders, 1988:
582–609.

Saag M S, Powderly W G, Cloud G A, Robinson P, Grieco M H,
Sharkey P K, Thompson S E, Sugar A M, Tuazon C U, Fisher 
J F, Hyslop N, Jacobson J M, Hafner R, Dismukes W E, The NI-
AID Mycoses Study Group and The AIDS Clinical Trials Group.
Comparison of amphotericin B with fluconazole in the treatment
of acute AIDS-associated cryptococcal meningitis. N Engl J Med
326:83–89, 1992.

Saag M S, Cloud G A, Graybill J R, Sobel J D, Tuazon C U, John-
son P C, Fessel W J, Moskovitz B L, Weisinger B, Cosmatos D,
Riser L, Thomas C, Hafner R, Dismukes W E, the National In-
stitute of Allergy and Infectious Diseases Mycoses Study Group.
A comparison of itraconazole vs. fluconazole as maintenance ther-
apy for AIDS-associated cryptococcal meningitis. Clin Infect Dis
28:291–296, 1999.

Saag M S, Graybill R J, Larsen R A, Pappas P G, Perfect J R, Pow-
derly W G, Sobel J D, Dismukes W E. Practice guidelines for the
management of cryptococcal disease. Clin Infect Dis 30:710–718,
2000.

Shah B, Taylor H C, Pillay I, Chung-Park M, Dobrinich R. Adrenal
insufficiency due to cryptococcosis. JAMA 256:3247–3249, 1986.

Sharkey P K, Graybill J R, Johnson E S, Hausrath S G, Pollard R B,
Kolokathis A, Mildvan D, Fan-Havard P, Eng R H K, Patterson
T F, Pottage J C, Jr, Simberkoff M S, Wolf J, Meyer R D, Gupta
R, Lee L W, Gordon D S. Amphotericin B lipid complex com-
pared with amphotericin B in the treatment of cryptococcal
meningitis in patients with AIDS. Clin Infect Dis 22:315–321,
1996.

Smith D K, Neal J J, Holmberg S D. Unexplained opportunistic in-
fections and CD4	 T-lymphocytopenia without HIV infection.

An investigation of cases in the United States. N Engl J Med
328:373–379, 1993.

Staib F, Heissenkuber M. Cryptococcus neoformans in bird drop-
pings: a hygienic-epidemiological challenge. AIDS-Forschung
12:649–655, 1989a.

Staib F, Seibold M, L’age M, Heise W, Skorde J, Grosse G, Nurn-
berger F, Bauer G. Cryptococcus neoformans in the seminal fluid
of an AIDS patient: a contribution in the clinical course of cryp-
tococcosis. Mycoses 32:171–180, 1989b.

Stamm A M, Diasio R B, Dismukes W E, Shadomy S, Cloud G A,
Bowles C A, Karam G H, Espinel-Ingroff A, National Institute
of Allergy and Infectious Diseases Mycoses Study Group. Toxic-
ity of amphotericin B plus flucytosine in 194 patients with cryp-
tococcal meningitis. Am J Med 83:236–242, 1987.

Stead K J, Klugman K P, Painter M L, Koornhof H J. Septic arthri-
tis due to Cryptococcus neoformans. J Infect 17:139–145, 1988.

Swinne D, Deppner M, Laroche R, Floch J-J, Kadende P. Isolation
of Cryptococcus neoformans from houses of AIDS-associated
cryptococcosis patients in Bujumbura (Burundi). AIDS 3:389–
390, 1989.

Tarrand J J, Guillot C, Wengler M, Jackson J, Lajeunesse J D, Rol-
ston K V. Clinical comparison of the resin-containing BACTEC
26 Plus and the Isolater 10 blood culturing system. J Clin Mi-
crobiol 29:2245–2249, 1991.

Temeck B K, Venzon D J, Moskaluk C A, Pass H I. Thoracotomy
for pulmonary mycoses in non-HIV-immunosuppressed patients.
Ann Thorac Surg 58:333–338, 1994.

Tynes B, Mason K N, Jennings A E, Bennett J E. Variant forms of
pulmonary cryptococcosis. Ann Intern Med 69:1117–1125, 1968.

van der Horst C, Saag M S, Cloud G A, Hamill R J, Graybill J R,
Sobel J D, Johnson P C, Tuazon C U, Kerkering T, Moskovitz 
B L, Powderly W G, Dismukes W E, The National Institute of
Allergy and Infectious Diseases Mycoses Study Group and AIDS
Clinical Trials Group. Treatment of cryptococcal meningitis as-
sociated with the acquired immunodeficiency syndrome. N Engl
J Med 337:15–21, 1997.

Visnegarwala F. Graviss E A, Lacke C E, Dural A T, Johnson P C,
Atmar A L, Hamill R J. Acute respiratory failure associated with
cryptococcosis in patients with AIDS: analysis of predictive fac-
tors. Clin Infect Dis 27:1231–1237, 1998.

Wang Y, Aisen P, Casadevall A. Cryptococcus neoformans melanin
and virulence: mechanism of action. Infect Immun 63:3131–
3136, 1995.

White M, Cirrincione C, Blevins A, Armstrong D. Cryptococcal
meningitis: outcome in patients with AIDS and patients with neo-
plastic disease. J Infect Dis 165:960–963, 1992.

Witt M D, Lewis R J, Larsen R A, Milefchik E N, Leal M A E,
Haubrich R H, Richie J A, Edwards J E Jr, Ghannoum M A.
Identification of patients with acute AIDS-associated cryptococ-
cal meningitis who can be effectively treated with fluconazole: the
role of antifungal susceptibility testing. Clin Infect Dis 22:322–
328, 1996.

Woodring J H, Ciporkin G, Lee C, Worm B, Woolley S. Pulmonary
cryptococcosis. Sem Roentgenol 31:67–75, 1996.

Yamaguchi H, Ikemoto H, Watanabe K, Ito A, Hara K, Kohno S.
Fluconazole monotherapy for cryptococcosis in non-AIDS pa-
tients. Eur J Clin Microbiol Infect Dis 15:787–792, 1996.

Zuger A, Louie E, Holzman R S, Simberkoff M S, Rahal J J. Cryp-
tococcal disease in patients with the acquired immunodeficiency
syndrome: diagnostic features and outcome of treatment. Ann In-
tern Med 104:234–240, 1986.



206

13

Rhodotorula, malassezia, trichosporon,
and other yeast-like fungi

JOSE A. VAZQUEZ

Yeasts are found ubiquitously in nature, in association
with plants, mammals, and insects. Accordingly, hu-
mans are continually exposed to multiple genera of
yeasts via various routes. Depending on the interaction
between host mucosal defense mechanisms and fungal
virulence factors, yeast colonization may be transient
or persistent, with either systemic or local disease.

Yeast organisms are usually of low virulence, and
frequently require a significant alteration or reduction
in host defenses prior to tissue invasion. Recently, be-
cause of the increased population of immunocompro-
mised patients, the frequency of yeast infections as well
as the organisms causing disease continues to grow.

RHODOTORULOSIS

Rhodotorulosis results from infection with the genus
Rhodotorula. Although the yeast is recovered world-
wide from a variety of sources, infection is generally
only seen in the immunocompromised host.

Pathogen
The fungi from the genus Rhodotorula are imperfect
basidiomycetous yeast belonging to the family Crypto-
coccaceae.

There are 8 species in the genus Rhodotorula (Fell,
1984a; Kreger-van Rij, 1984). Rhodotorula rubra (R.
mucilaginosa) is the species most frequently associated
with human infection. The other less commonly iso-
lated species include R. glutinis, R. pilimanae, R. pall-
ida, R. aurantiaca, R. minuta (syn, R. marina). The ma-
jority of Rhodotorula species produce red-to-orange
colonies due to the presence of carotenoid pigments
(Rippon, 1988; Kwon-Chung and Bennett, 1992). The
yeast is mucoid, encapsulated, rarely forms mycelia,
and readily grows on almost all types of culture me-
dia. Rhodotorula is very similar to the Cryptococcus
in rate of growth, cell size and shape, presence of cap-
sule, and the ability to split urea. The difference in-

cludes Rhodotorula’s inability to assimilate inositol and
ferment sugars (Kwon-Chung and Bennett, 1992). 
Rhodotorula can be differentiated from other red-
pigmented yeast, such as Sporobolomyces, by the lack
of ballistospore formation.

In vitro susceptibility studies (Table 13–1) reveal that
Rhodotorula is susceptible to amphotericin B (MIC
range 0.8–1.6 �g/ml) (Hazen, 1995). Rhodotorula are
less susceptible to azoles, with MIC to fluconazole
(range 0.5–� 64 �g/ml), itraconazole (range 0.5–12.8
�g/ml), ketoconazole (range 0.4–0.8 �g/ml), posa-
conazole (0.5–4.0 �g/ml), and voriconazole (0.25–4.0
�g/ml) (Espinel-Ingroff, 1998a). In addition, Rho-
dotorula species are susceptible to flucytosine (MIC
� 0.1 �g/ml) (Kiehn et al, 1992).

Epidemiology
Rhodotorula species are commonly recovered from sea-
water, plants, air, food (cheese and milk products, fruit
juices) (Volz et al, 1974; Rippon, 1988; Kwon-Chung
and Bennett, 1992), and occasionally from humans.
They are frequently recovered as an airborne labora-
tory contaminant (Rippon, 1988; Kwon-Chung and
Bennett, 1992). Additionally, Rhodotorula are com-
monly recovered from shower curtains, bathtub–wall
junctions, and toothbrushes. In humans, Rhodotorula
spp. have been recovered from the skin (Mackenzie,
1961), nails, respiratory tract, urinary tract (Ahearn et
al, 1966; Kiehn et al, 1992), gastrointestinal tract (Saez,
1979), and bloodstream (Kares and Biava, 1979;
Anaissie et al, 1989; Kiehn et al, 1992).

R. rubra and R. glutinis account for approximately
0.5% of yeast isolated from the oral cavity and more
than 12% of yeast isolates from stool and rectal swabs
(Rose and Kurup, 1989). It is important to note that
the recovery of Rhodotorula species from human
sources, especially mucosal sites has frequently been of
questionable clinical significance, although isolation
from numerous sterile body sites has now been de-
scribed (Gyaurgieva et al, 1996).
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Clinical Manifestations
Clinical signs and symptoms of Rhodotorula infection
are nonspecific, and vary from subtle and mild, to se-
vere, including septic shock. Rhodotorula have been in-
criminated in a wide spectrum of infections including
fungemia (Louria et al, 1960; Shelbourne and Carey,
1962; Leeber and Scher, 1969; Young et al, 1974;
Anaissie et al, 1989; Kiehn et al, 1992), endocarditis
(Naveh et al, 1975), peritonitis (Eisenberg et al, 1983),
meningitis (Gyaurgieva et al, 1996), and disseminated
disease (Rusthoven et al, 1984).

Rhodotorula fungemia is the most common form of
infection. In most cases, it is associated with intravas-
cular catheters in patients receiving either chemother-
apy or long-term antimicrobials (Louria et al, 1960;
Louria et al, 1967; Anaissie et al, 1989; Braun and
Kauffman, 1992; Kiehn et al, 1992). Fever is the 
most clinical frequent manifestation associated with
fungemia.

Endocarditis. A fatal case of aortic valve endocarditis
in a patient with underlying rheumatic heart disease
has been described (Louria et al, 1960). In addition, a
second case of endocarditis in a 7-year-old boy has also
been reported. This case however, was treated suc-
cessfully with 5-flucytosine (Naveh et al, 1975).

Central Nervous System Infections. Several cases of
meningitis have been described. Rhodotorula rubra was
reported in a fatal case of meningitis in a patient with
acute leukemia (Pore and Chen, 1976). The patient pre-
sented with epistaxis, frontal headaches, right tympanic
membrane perforation, followed by fever and chills.
The organism was recovered from the cerebrospinal

fluid (CSF) on culture, and seen on an India ink stain.
The patient was treated with amphotericin B, but did
not respond. In a second case of meningitis, R. rubra
was recovered from the CSF of an HIV-positive patient
(Gyaurgieva et al, 1996). The diagnosis was made with
a positive CSF culture for R. rubra. The patient re-
sponded clinically to 15 days of 5-flucytosine, but re-
lapsed 8 months later. R. rubra has also been impli-
cated in a case of postoperative ventriculitis in a woman
with benign meningioma. The patient was treated suc-
cessfully with 5-flucytosine and amphotericin B (Don-
ald and Sharp, 1988).

Peritonitis. Three case of R. rubra peritonitis have been
described in patients undergoing continuous ambula-
tory peritoneal dialysis (Eisenberg et al, 1983). Envi-
ronmental cultures revealed a possible common source
outbreak. In all patients, the symptoms were subtle and
intermittent at first, and consisted of abdominal pain,
anorexia, nausea, and occasional diarrhea.

Diagnosis
In the majority of proven infections, Rhodotorula is re-
covered from a sterile site of infection. In these cases,
the decision to attribute a causal role to Rhodotorula
is relatively simple, and the patient should be treated
appropriately for an invasive fungal infection. More
difficult is when the organism is recovered from body
sites that may normally harbor Rhodotorula species,
especially in the absence of signs or symptoms of in-
fection. In this setting, it is necessary to establish true
infection instead of colonization.

Rhodotorula species grow readily in blood cultures
and any media suitable for yeast, such as Sabouraud

TABLE 13–1. IN VITRO ANTIFUNGAL ACTIVITY AGAINST EMERGING YEAST ISOLATES

MIC (�g/ml)

Organism FLU ITRA VORI POSA RAVU AMB 5-FC References

Rhodotorula 0.5– � 64 0.25– � 16 0.25–4.0 2.0–4.0 0.25–2.0 0.25–1.0 � 0.1 Hazen, 1995
rubra

Saccharomyces 0.5–16 0.25–1.0 0.06–0.25 0.12–1.0 na 0.5–2.0 0.06–0.12 Hazen, 1995
cerevisiae Tawara et al, 2000

Espinel, 1998a
Pfaller et al, 1997

Malassezia 1.0–16 0.06–0.25 0.03–0.125 na 0.015–0.03 0.25–2.0 na Marcon et al, 1987
furfur Gupta et al, 2000

Trichosporon 0.5– � 64 0.125–1.56 0.03–1.24 0.12–1.0 0.008–0.78 0.39– � 12.5 16– � 32 Hazen, 1995
asahii Tawara et al, 2000

Espinel, 1998a
McGinnis et al, 

1997

Blastoschizomyces 8–32 0.25–0.50 0.06–0.25 0.12–0.25 na 0.15–0.62 0.4– � 64 Espinel, 1998a
capitatus Hazen, 1995

Sporobolomyces 1.25– � 64 1.0–2.0 0.25–4.0 na na 0.14–1.0 na Espinel, 1998a
Hazen, 1995

FLU, fluconazole; ITRA, itraconazole; VORI, voriconazole; POSA, posaconazole; RAVU, ravuconazole; AMB, amphotericin B; 5-FC, flucy-
tosine; na, not available.



208 MYCOSES CAUSED BY YEASTS

dextrose agar. There are no serological diagnostic tests
available.

Treatment
It is difficult to assess the role of antifungal therapy in
patients with infection due to the genus Rhodotorula.
Optimal management of patients with indwelling
catheters infected with Rhodotorula has not been well
defined. There are several reports that document clear-
ance of fungemia and resolution of infection by re-
moving the intravascular catheter in the absence of an-
tifungal therapy (Braun and Kauffman, 1992; Kiehn et
al, 1992). On the other hand, several reports suggest
antifungal treatment alone may suffice (Kiehn et al,
1992; Hazen, 1995). Given that infections due to Rho-
dotorula can be severe and life threatening, it is prob-
ably best to manage these infections aggressively by dis-
continuing the indwelling venous catheter if possible
and the use of systemic antifungal therapy.

SACCHAROMYCES

Saccharomyces is an ascomycetous yeast, and is wide-
spread in nature. The species includes S. cerevisiae, S.
fragilis and S. carlsbergensis, and are occasionally part
of the normal flora of the human gastrointestinal and
genitourinary tracts (Mackenzie, 1961; Sobel et al,
1993). Saccharomyces cerevisiae, also known as
brewer’s yeast or baker’s yeast, has been reported to
cause infection in humans. Saccharomyces cerevisiae is
better known for its commercial uses, i.e., beer and
wine production, health food supplementation, and re-
cently by its use in DNA recombinant technology,
rather than as a human pathogen (Kwon-Chung and
Bennett, 1992). Recently, however, S. cerevisiae has
been found to be a cause of mucosal and disseminated
infection in humans, primarily in immunocompromised
hosts (Cimolai et al, 1987; Tawfik et al, 1989; Nielsen
et al, 1990; Sobel et al, 1993; Nyirjesy et al, 1995).

Pathogen
Cells are oval to spherical, measure 3 to 9 �m by 5 to
20 �m and exist as multilateral budding cells as either
haploids or diploids. Cells may form short chains and
elongate as rudimentary pseudohyphae or no pseudo-
hyphae. Ascospores, one to four in number, are in ei-
ther tetrahedral or linear arrangement and are gram
negative (vegetative cells are gram positive). Colonies
are smooth, moist, and either white or cream-colored.

Saccharomyces are almost invariably nonpathogenic.
Kiehn and coworkers reviewed more than 3300 yeast
cultures from cancer patients and found only 19 iso-
lates of S. cerevisiae (Kiehn et al, 1992). In a more re-
cent review from the University of Minnesota bone
marrow transplant program, only two S. cerevisiae in-

fections were found out of 138 documented fungal in-
fections over a 15-year period (Morrison et al, 1993).

In the majority of situations the organism is non-
pathogenic due to innate low virulence. In early ex-
perimental studies, subcutaneous inoculation with S.
cerevisiae was neither lethal nor invasive for normal
and cortisone-treated mice (Holzschu et al, 1979).
More recent studies have demonstrated that some clin-
ical isolates of S. cerevisiae in CD-1 mice can prolifer-
ate and resist clearance in vivo and thus, supports S.
cerevisiae as a cause of clinical infection (Clemons et
al, 1994).

Epidemiology
Recovery of Saccharomyces from human mucosal sur-
faces rarely is of clinical significance. On the other
hand, isolation from sterile body sites has now been
described (Eng et al, 1984; Morrison et al, 1993). Sac-
charomyces has been recovered from the bloodstream,
lungs, peritoneal cavity, esophagus, urinary tract, and
vagina (Eng et al, 1984; Morrison et al, 1993; Sobel et
al, 1993).

Recent DNA typing studies evaluating the related-
ness between clinical strains and commercial strains of
S. cerevisiae have demonstrated that commercial prod-
ucts may be a contributing factor in human coloniza-
tion and infection (McCullough et al, 1998). Four
women suffering from recurrent S. cerevisiae vaginitis
also had exposure to bread dough that contained S.
cerevisiae genotypes that were identical to those found
in the vagina. Furthermore, in one of the women, her
husband, who worked at a pizza shop was also colo-
nized subungually by the same strain of S. cerevisiae
recovered from her vagina (Nyirjesy et al, 1995).

The risk factors associated with Saccharomyces in-
fections are similar to the risk factors associated with
candidemia and systemic candidiasis, including central
venous catheters, neutropenia, antimicrobials, and gas-
trointestinal tract surgery (Eschete and West, 1980;
Cimolai et al, 1987; Nielsen et al, 1990; Aucott et al,
1990). There have also been several reports of S. cere-
visiae fungemia in HIV-positive individuals (Sethi and
Mandell, 1988). Possible portals of entry for invasive
disease include the oropharynx, gastrointestinal tract
and skin (Aucott et al, 1990).

Clinical Manifestations
Clinical signs and symptoms of infection are nonspe-
cific and vary from subtle and mild to severe. Saccha-
romyces species have been incriminated in bloodstream
infections (Eschete and West, 1980; Cimolai et al,
1987; Sethi and Mandell, 1988; Kwon-Chung and Ben-
nett, 1992), endocarditis (Stein et al, 1970; Rubenstein
et al, 1975), peritonitis (Canafax et al, 1982; Dougherty
and Simmons, 1982), disseminated disease (Eng et al,
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1984; Aucott et al, 1990), pneumonia (Cimolai et al,
1987) and vaginitis (Sobel et al, 1993; Nyirjesy et al,
1995).

Fungemia, the most common form of infection, is
seen in the immunocompromised host and is associated
with intravascular catheters and either chemotherapy
or antimicrobials (Aucott et al, 1990; Nielsen et al,
1990). Manifestations are similar to those of systemic
candidiasis and candidemia. Fever of unknown etiol-
ogy is the most frequent symptom associated with
fungemia, and in the majority of cases, the patients have
survived.

Respiratory Tract Infections. Four suspected cases of
pneumonia due to S. cerevisiae have been reported. In
three out of the four, the patients had underlying hema-
tologic malignancies, and the diagnosis was made on
biopsy of lung tissue (Cimolai et al, 1987; Aucott et al,
1990). There have also been two cases of empyema. In
one patient, the empyema resulted from a complication
during sclerotherapy for esophageal varices (Chertow
et al, 1991).

Peritonitis. There have been two surgical cases in which
S. cerevisiae was recovered from the peritoneal fluid of
symptomatic patients (Cimolai et al, 1987; Aucott et
al, 1990). In both patients, the organism was recovered
after surgery for a malignant neoplasm. Both were
cured with surgical drainage and antifungal therapy.
There has been one reported case of cholecystitis in a
patient with diabetes mellitus (Katras et al, 1992). Sac-
charomyces cerevisiae was recovered from the gall-
bladder and from the stone inside the gallbladder. The
patient did well postcholecystectomy and required no
antifungal therapy.

Endocarditis. Three documented cases of endocarditis
have been reported (Stein et al, 1970; Aucott et al,
1990). All were associated with prosthetic valves, and
two were intravenous heroin users. All three patients
were apparently cured with antifungal therapy; in only
one patient was the valve replaced.

Genitourinary Tract Infections. There have been three
reported cases of urinary tract infections due to S. cere-
visiae (Eng et al, 1984; Aucott et al, 1990). One pa-
tient had a bilateral ureteral obstruction, and developed
fungus balls due to S. cerevisiae. Two renal abscesses
associated with fungemia have also been documented
(Aucott et al, 1990).

Vaginitis due to S. cerevisiae has been reported in 17
women (Sobel et al, 1993; Nyirjesy et al, 1995), in-
cluding 9 women with symptomatic vaginitis indistin-
guishable from that caused by C. albicans (Sobel et al,
1993). All patients had a history of chronic vaginitis

unresponsive to standard antifungal drugs, and all but
two had systemic or local predisposing factors. Addi-
tionally, eight other women were reported with re-
fractory vaginitis due to S. cerevisiae (Nyirjesy et al,
1995).

Diagnosis
The decision to attribute a causal role to S. cerevisiae
is simple, and the patient should be treated for an in-
vasive fungal infection. Diagnostic difficulty occurs
when the organism is recovered from body sites that
may be colonized by Saccharomyces, especially in the
absence of symptoms of infection. In this setting, it is
necessary to establish true infection instead of colo-
nization with this organism.

Saccharomyces cerevisiae readily grows in blood cul-
tures and on Sabouraud dextrose media. No serologic
diagnostic tests are available to assist in the diagnosis.

Treatment
As with many nonpathogenic yeast infections, it is dif-
ficult to assess the role of antifungal therapy in patients
with infection due to the genus Saccharomyces. Opti-
mal management of patients with prosthetic valve in-
fections and infected indwelling catheters has not been
established. There are several reports that document
clearance of fungemia and resolution of infection by re-
moving the intravascular catheter without providing
antifungal therapy (Cimolai et al, 1987; Aucott et al,
1990). Most experts advocate the removal of the in-
dwelling catheter and the use of antifungal agents (Au-
cott et al, 1990). Although in vitro susceptibility tests
have not been standardized, Saccharomyces are sus-
ceptible to most antifungal drugs including ampho-
tericin B, 5-flucytosine, ketoconazole, clotrimazole, mi-
conazole, and terconazole (Table 13–1). However,
Saccharomyces have higher MICs to most antifungal
drugs than do Candida albicans (Sobel et al, 1993).

MALASSEZIA INFECTIONS

Malassezia furfur (Pityrosporum orbiculare, Pityrospo-
rum ovale) and other Malassezia are common yeasts fre-
quently found on normal human skin. Malassezia are
well known to cause superficial skin infections such as
tinea (pityriasis) versicolor, dermatophytosis, and fol-
liculitis; occasionally in the immunocompromised host
it may also cause fungemia and disseminated infection.

Pathogen
Malassezia furfur is a dimorphic lipophilic yeast that
cannot synthesize medium or long chain fatty acids and
has strict in vitro requirements for exogenous fatty
acids of the C12 and C14 series (Nazzaro-Porro et al,
1976). The genus Malassezia consists of several species,
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including M. furfur and M. pachydermatis. M. furfur
and other Malassezia exist primarily in the yeast form,
but may form filamentous structures on the skin when
the organism is associated with superficial infections
(Marcon and Powell, 1992). Because of its nutritional
requirements, M. furfur is not frequently isolated from
clinical specimens in the microbiology laboratory un-
less its presence is suspected and special preparations
are made. M. pachydermatis is generally associated
with infections in dogs, where it produces otitis externa
(Nazzaro-Porro et al, 1976). This species, however, has
occasionally been implicated in human infections (Red-
line and Dahms, 1981; Gueho et al, 1987). Both or-
ganisms, when grown under favorable conditions, pro-
duce clusters of oval to round, thick-walled yeast cells,
with unipolar buds that form repeatedly from the same
pole of the parent cell, giving rise to the characteristic
“collarette” at the bud site. The cells measure �6 �m
in their largest dimension (Marcon and Powell, 1992).
Optimal growth for M. furfur occurs between 35°C to
37°C. Media such as Sabouraud dextrose agar, choco-
late agar, trypticase soy agar with 5% sheep blood all
require the addition of supplements such as olive oil,
in order to permit growth of this organism (Ingham
and Cunningham, 1993). M. pachydermatis, does not
require exogenous lipids for growth and can be recov-
ered on standard fungal media. In addition, M. pachy-
dermatis does not have known filamentous forms (Mar-
con and Powell, 1992). Colonies are dry and white to
creamy in color.

In vitro susceptibility studies (Table 13–1) of M. fur-
fur strains report that the majority of the isolates are
susceptible to amphotericin B (MIC range 0.3–2.5
�g/ml), ketoconazole (MIC range � 0.05–0.4 �g/ml),
miconazole (MIC range 0.4–� 50 �g/ml), and flu-
conazole (MIC range 1–16 �g/ml). However, most iso-
lates are intrinsically resistant to flucytosine (MIC �
100 �g/ml) (Faergeman, 1984; Marcon et al, 1987a;
Klotz, 1989; Gupta et al, 2000).

Epidemiology
Malassezia frequently colonizes the skin of normal
hosts over the scalp, shoulders, chest, and back (Ing-
ham and Cunningham, 1993). The distribution of col-
onization correlates with oily areas of the skin, due to
the organisms’ requirement of exogenous fatty acids
which it obtains from sebum. The highest incidence of
colonization has been found in young teenagers, with
rates greater than 90% (Marcon and Powell, 1987b).
The low incidence of colonization in preadolescent chil-
dren has been postulated to be due to immature sebum
production.

Isolation of M. furfur from newborns is reported to
be less than 10%, in nonintensive care settings. How-
ever, isolation of M. furfur has been reported to be

greater than 80% in neonatal intensive care units (Pow-
ell et al, 1987; Marcon and Powell, 1992; Ingham and
Cunningham, 1993). The reason for this increased col-
onization rate may be because sick infants are handled
frequently by adult personnel (Klotz, 1989).

Risk factors that correlate with increased coloniza-
tion rates in neonates include prematurity, duration of
hospitalization in the intensive care unit, use of occlu-
sive dressings, and prolonged use of antimicrobials
(Roberts, 1969; Marcon and Powell, 1992). Although
the epidemiology of disseminated infection has not been
well studied, there are several risk factors frequently
associated with deep-seated infection due to M. furfur.
These include: prematurity, central venous catheters
(Garcia et al, 1987; Weiss et al, 1991; Marcon and
Powell, 1992; Barber et al, 1993), total parenteral nu-
trition, parenteral lipid preparations (Garcia et al,
1987; Weiss et al, 1991; Barber et al, 1993), and im-
munocompromised state (Marcon and Powell, 1992).

Molecular epidemiologic studies using PCR-medi-
ated DNA fingerprinting have concluded that within
the neonatal intensive care unit there is longitudinal
persistence of both M. furfur and M. pachydermatis
strains (van Belkum et al, 1994).

Clinical Manifestations
Malassezia produces superficial skin infections, such as
tinea (pityriasis) versicolor or a distinctive folliculitis,
and on occasion a deep-seated or hematogenous infec-
tion (Klotz, 1989). Cutaneous infections are discussed
in Chapter 24.

The first reported case of systemic infection was de-
scribed in 1981, in a premature neonate who developed
vasculitis while on lipid therapy (Redline and Dahms,
1981). Since then, numerous reports describing dis-
seminated infection due to M. furfur have been reported
(Klotz, 1989; Marcon and Powell, 1992).

The manifestations of disseminated or deep-seated
infection vary from subclinical and mild symptomatol-
ogy such as fever, to sepsis with multiorgan dysfunc-
tion (Klotz, 1989; Marcon and Powell, 1992). Al-
though the majority of these infections are seen in
premature infants, they may occur occasionally in the
immunocompromised adult. The most commonly re-
ported signs and symptoms of systemic infection include
fever, bradycardia and respiratory distress (� 50%), ap-
nea (37%), hepatosplenomegaly (25%), and lethargy
(12%) (Powell et al, 1987). Laboratory findings include
leukocytosis, thrombocytopenia, and bilateral pul-
monary infiltrates (� 50%) (Powell et al, 1987). Deep-
seated organ dissemination is rare.

Diagnosis
The diagnosis of disseminated infection can be made
by gram stain of the buffy coat of blood. The budding
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yeast cells may be observed using specific fungal stains
such as Giemsa, PAS, or Calcofluor. Blood cultures will
usually be negative, unless the infection is suspected
previously and the laboratory adds sterile olive oil to
the media. Recovery of the organism may be enhanced
by using lysis centrifugation blood culture tubes to sup-
port the growth of the yeast (Nelson et al, 1995). In
addition, palmitic acid (3%) supplementation may im-
prove the recovery of Malassezia (Nelson et al, 1995).

Treatment
Management principles of M. furfur fungemia and dis-
seminated infection are controversial. Most authorities
recommend prompt removal of the central venous
catheter and discontinuation of intravenous lipids
(Klotz, 1989; Marcon and Powell, 1992). In most cases
without deep-seated infection, removal of the central
venous catheter and discontinuation of lipids is all 
that is needed to clear the infection. This treatment ap-
proach accomplishes two objectives: eradication of the
nidus of infection, and removal of the nutritional re-
quirements of the organism. If fungemia persists or
there is evidence of deep-seated infection, antifungal
therapy should be initiated. Fortunately, Malassezia
species are susceptible to azoles and polyenes (Klotz,
1989; Marcon and Powell, 1992). Although random-
ized clinical trials have not been undertaken, in most
situations, either fluconazole 400 mg per day or am-
photericin B 0.7 mg/kg/day intravenously should be suf-
ficient to eradicate the infection.

TRICHOSPORONOSIS

Infections due to the genus Trichosporon may be clas-
sified as superficial or deep. Superficial infection of 
the hair shafts, generally due to Trichosporon asahii
(T. beigelii), is commonly known as white piedra be-
cause of the soft white nodules characteristic of this in-
fection. Deep seated or disseminated Trichosporon in-
fections have been recognized in the compromised host
with increasing frequency over the past decade and are
life threatening.

The organism now known as Trichosporon asahii
was first described in 1865 by Beigel, who identified it
as the causative agent of the hair shaft infection (Beigel,
1936). The first reported case of disseminated infection
appears to be a 39 year-old female with adenocarci-
noma of the lung who developed a brain abscess (Wat-
son and Kallichurum, 1970).

Pathogen
The genus Trichosporon, initially described by Behrend,
currently contains two main species: (1) T. asahii (for-
merly, T. beigelii, T. cutaneum) (Behrend, 1890), and
(2) Blastoschizomyces capitatus, previously called Tri-

chosporon capitatum or Geotrichum capitatum (Salkin
et al, 1985; Kwon-Chung and Bennett, 1992; Gueho et
al, 1997). For a discussion of Blastoschizomyces, see
the following section. Gueho and colleagues have also
suggested that the species known as T. asahii may in-
clude several different Trichosporon species with epi-
demiological and pathogenic differences (Gueho et al,
1997). In 1991, investigators using isoenzyme delin-
eation and PCR DNA fingerprinting techniques sug-
gested that the strains that generally produce superfi-
cial infections are distinctly different from those strains
that produce invasive disease (Kemeker et al, 1991).

Trichosporon species are characterized by true hy-
phae, pseudohyphae, arthroconidia, and blastoconidia
(Kwon-Chung and Bennett, 1992), and are commonly
found in soil, animals, and on human skin (Rippon,
1988). T. asahii grows readily on Sabouraud dextrose
agar as rapidly growing smooth, shiny gray to cream
colored yeast-like colonies with cerebriform radiating
furrows that become dry and membranous with age
(Kwon-Chung and Bennett, 1992). T. asahii is readily
identified using commercially available carbohydrate
assimilation assays.

In 1963, investigators described the presence of com-
mon antigens between T. asahii and Cryptococcus neo-
formans (Seeliger and Schroter, 1963). Immunodiag-
nosis of trichosporonosis using the anticryptococcal
latex-agglutination test of the serum has also been re-
ported (Campbell et al, 1985; McManus et al, 1985).

Epidemiology
While Trichosporon asahii is generally found in the soil,
it may also be recovered from air, rivers and lakes,
sewage, and bird droppings (Walsh, 1989). It rarely
colonizes the inanimate environment, but may occa-
sionally colonize the mucosal surfaces of the orophar-
ynx, the lower gastrointestinal tract, and the skin in
approximately 4% of humans (Rose and Kurup, 1977;
Haupt et al, 1983).

There have been more than 100 documented cases of
disseminated infection due to T. asahii (Rippon, 1988;
Walsh, 1989; Kwon-Chung and Bennett, 1992; Krcmery
et al, 1999; Ebright et al, 2001). In most cases the ma-
jor risk factors include underlying neoplastic disease
(acute leukemia, chronic leukemia, multiple myeloma,
solid tumors) and neutropenia (Keay et al, 1991; Fisher
et al, 1993; Mirza, 1993; Hajjeh and Blumberg, 1995;
Lussier et al, 2000; Chan et al, 2000; Ebright et al,
2001). In nonneoplastic, nonneutropenic patients, the
major risk factors include corticosteroids, prosthetic
valve surgery, solid organ transplant recipients (kidney,
heart, liver), chronic active hepatitis, and intravenous
drug use. In the majority of cases, the proposed portal
of entry appears to be the respiratory or gastrointesti-
nal tract, and occasionally central venous catheters and
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percutaneous vascular devices (Walsh et al, 1993;
Ebright et al, 2001).

Clinical Manifestations
Trichosporonosis can be classified into superficial infec-
tions such as white piedra (hair shaft), onychomycosis
and otomycosis, and invasive infection. Invasive infec-
tion can be further divided into localized deep tissue in-
fection and disseminated (hematogenous) infection.

Deep tissue infection results from the invasion of Tri-
chosporon into deep nonmucosal tissues. The infection
may involve a single organ infection or multiple organs.
The most frequently affected organ is the lungs, repre-
senting approximately 33% of localized deep tissue in-
fections (Marin et al, 1989). Other sites of deep organ
infection include the peritoneum (Cheng et al, 1989;
Parsonnet, 1989), heart valves (natural and prosthetic)
(Keay et al, 1991), eyes (Sheikh et al, 1986), brain,
liver, and spleen (Bhansali et al, 1986), stomach (Szili
and Domjan, 1982), kidneys (Lussier et al, 2000), uter-
ine tissue, gallbladder (Patel et al, 1990; Chan et al,
2000), and central nervous system (chronic fungal
meningitis) (Surmont et al, 1990; Walsh et al, 1993).

The clinical spectrum of disseminated infection re-
sembles systemic candidiasis and includes fungemia as-
sociated with organ infection. In addition, disseminated
infections may be either acute or chronic. Acute dis-
seminated trichosporonosis frequently has a sudden on-
set and progresses rapidly, primarily in patients who
are persistently neutropenic with fungemia character-
ized by persistent fever despite broad-spectrum anti-
bacterial agents. Patients frequently develop cutaneous
lesions (� 33%), pulmonary infiltrates (�30%–60%),
and hypotension, with renal and ocular involvement.

The metastatic cutaneous lesions begin as an erythe-
matous rash with raised papules on the trunk and the
extremities. As the infection progresses, the rash evolves
into macronodular lesions, followed by central necrosis
of the nodules and rarely, the formation of hemorrhagic
bullae (Yung et al, 1981). Pulmonary infiltrates fre-
quently accompany the disseminated infection (Walsh
et al, 1993), and may manifest as either a lobar con-
solidation, bronchopneumonia, or a reticulonodular
pattern.

Renal involvement in disseminated infection is quite
common and occurs in � 75% of the cases. Renal dis-
ease may manifest as proteinuria, hematuria, red blood
cell casts, acute renal failure, and glomerulonephritis
(Haupt et al, 1983; Walsh et al, 1993). Urine cultures
are frequently positive for Trichosporon and should
suggest disseminated disease in a neutropenic patient.

Chorioretinitis is frequently seen in disseminated dis-
ease (Walsh et al, 1982), and may cause decreased or
complete loss of vision due to retinal vein occlusion 

and retinal detachment. In experimental studies, Tri-
chosporon has been found to have tropism for the
choroid and retina (Walsh, 1989). However, unlike
candidal endophthalmitis, Trichosporon infects uveal
tissues including the iris, but spares the vitreous (Walsh
et al, 1982; Walsh et al, 1993).

During disseminated infection, virtually any tissue in
the body may be infected with Trichosporon. The or-
gans that have been documented to be involved include
the liver, spleen, gastrointestinal tract, lymph nodes,
myocardium, bone marrow, pleura, brain, adrenal
gland, thyroid gland, and skeletal muscle (Walsh et al,
1986; Ito et al, 1988; Mochizuki et al, 1988; Liu et al,
1990; Ebright et al, 2001).

In chronic disseminated trichosporonosis, symptoms
may be present for several weeks to months and include
persistent fever despite broad-spectrum antimicrobial
therapy (Walsh, 1989). This infection is similar to the
entity known as chronic disseminated (hepatosplenic)
candidiasis (Thaler et al, 1988; Meyer et al, 2002), and
tends to be a chronic infection of the liver, spleen, and
other tissues after recovery from neutropenia. Labora-
tory studies frequently reveal an elevated alkaline phos-
phatase. Imaging the abdomen with either a CT scan
or MR reveals hepatic or splenic lesions compatible
with abscesses. If lesions are demonstrated, a biopsy is
needed to confirm the diagnosis.

Diagnosis
The diagnosis is made with a biopsy for histopathol-
ogy and culture of the skin or involved organs. Blood
cultures may also be useful in diagnosing disseminated
infection, and on occasion in deep-tissue infection. Tri-
chosporon will grow readily in blood culture and on
fungal specific media such as Sabouraud dextrose agar
(Kwon-Chung and Bennett, 1992). The presence of Tri-
chosporon in the urine of a high-risk patient should in-
crease the suspicion of disseminated infection.

Although there are no standardized serologic assays
for Trichosporon, the serum latex agglutination test for
Cryptococcus neoformans may be positive in patients
(Seeliger and Schroter, 1963). The initial clinical ob-
servations suggesting the usefulness of this test was re-
ported by McManus and coworkers who demonstrated
a positive serum latex agglutination test for C. neo-
formans in several patients with disseminated Tri-
chosporon infection (McManus et al, 1985).

Management
Trichosporonosis has a mortality rate of 60%–70%.
The underlying disease, persistent neutropenia and con-
current infections also contribute to overall mortality.
The initial step in the management of disseminated Tri-
chosporon infection should be to decrease or reverse
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immunosuppression. Optimal therapy has not been 
established. Until recently, however, most patients re-
ceived amphotericin B, occasionally in combination
with flucytosine (Walsh, 1989). Several investigators,
however, have reported amphotericin B tolerant or re-
sistant isolates of T. asahii (Walsh et al, 1990, 1992).

Several antifungal options are now available. In vitro
susceptibility studies and animal models suggest that
azoles and not polyenes are more effective in the erad-
ication of Trichosporon species in neutropenic and non-
neutropenic models (Keay et al, 1991; Walsh et al,
1992). In vitro susceptibility studies of T. asahii (Table
13–1) reveal fluconazole MIC50 of 8.0 �g/ml (MIC
range 4–� 64 �g/ml) and itraconazole MIC50 of 0.25
�g/ml (range 0.12–� 16 �g/ml) at 48 hours (Paphitou
et al, 2002). In the same study, amphotericin B MIC50

for T. asahii was 4.0 �g/ml (range 1.0–8.0 �g/ml) in
AM3 media. Although there are no established break-
points to define susceptibility, the majority of the
strains evaluated thus far demonstrate relatively high
MIC for polyenes and relatively low MIC for azoles.
Accordingly, one therapeutic approach is to use flu-
conazole 400–800 mg/day, or itraconazole 400–600 mg/
day, for the treatment of disseminated trichosporono-
sis (Anaissie et al, 1992).

A second approach, especially in the nonneutropenic
patient, is to utilize amphotericin B at 1.0–1.5 mg/kg/
day (Walsh et al, 1993). Bearing in mind, that at these
dosages, amphotericin B is fungistatic, not fungicidal
(Walsh et al, 1990). If a patient remains fungemic de-
spite therapy with amphotericin B, it may prove useful
to add either flucytosine or fluconazole, since these
combinations in vitro have demonstrated some synergy.
In a recent study in a murine model of disseminated
trichosporonosis, combination therapy was superior to
single agent therapy using either fluconazole or am-
photericin B alone (Louie et al, 2001). The combina-
tion of fluconazole, amphotericin B and levofloxacin
was the most effective regimen in reducing fungal bur-
den in kidneys and improving survival in the experi-
mental murine model. The other combinations, such as
fluconazole and levofloxacin and fluconazole and am-
photericin B, were also more effective than monother-
apy (Louie et al, 2001). A recent case illustrates this
point. A bone marrow transplant recipient developed
breakthrough trichosporonosis while receiving pro-
phylaxis against invasive fungal infection with caspo-
fungin. Subsequent treatment of the trichosporonosis
with the combination regimen of fluconazole and am-
photericin B lipid complex resulted in complete cure
(Goodman et al, 2002).

Among the newer triazoles, voriconazole, posacona-
zole, and ravuconazole have demonstrated broader in
vitro activity against more yeast and moulds than prior

triazoles. All three triazoles have excellent in vitro ac-
tivity against most isolates of T. asahii. Voriconazole
MIC50 at 48 hours was 0.25 �g/ml (range 0.06–� 16
�g/ml), posaconazole MIC50 at 48 hours was 1 �g/ml
(range 0.25–� 16 �g/ml), and ravuconazole MIC50 at
48 hours was 4 �g/ml (range 0.25–� 16 �g/ml) (Pa-
phitou et al, 2002). In a patient with disseminated tri-
chosporonosis, it may be clinically useful to determine
in vitro susceptibilities, as a helpful adjunct in the man-
agement of this serious infection, especially in light of
recent case reports describing multidrug resistant T.
asahii infections (Wolf et al, 2001).

BLASTOSCHIZOMYCES CAPITATUS

Infections due to Blastoschizomyces capitatus, al-
though not as common as T. asahii, have been recog-
nized in the immunocompromised host over the past
20–35 years (Gemeinhardt, 1965). Most cases appear
to be very similar to either disseminated candidiasis or
disseminated T. asahii infection.

Pathogen
Trichosporon capitatum (syn. Geotrichum capitatum)
(Behrend, 1890; Kwon-Chung and Bennett, 1992) is
now known as Blastoschizomyces capitatus (Salkin et
al, 1985; Gueho et al, 1997). This organism is difficult
to differentiate from Geotrichum candidum and T.
asahii. Blastoschizomyces capitatus produces smooth
to wrinkled, raised hyaline colonies with short and
finely funiculose aerial mycelium. Hyphae are septate
and branching and often form anelloconidia, instead of
arthroconidia (Martino et al, 1990).

Epidemiology
Blastoschizomyces capitatus is found in wood and
poultry, but has also been recovered from sputum and
normal intact skin (Kwon-Chung and Bennett, 1992).
Geographically, B. capitatus appears to be the oppo-
site of T. asahii, with B. capitatus infections found more
commonly in Europe, and T. asahii infections found in
North America (Martino et al, 1990). In most cases,
the major risk factors include neutropenia and under-
lying hematologic malignancies (Martino et al, 1990).

The portal of entry is unknown, but is suspected to
be the respiratory tract, gastrointestinal tract, and pos-
sibly infected central venous catheters (Martino et al,
1990; Kwon-Chung and Bennett, 1992).

In vitro susceptibility studies (Table 13–1) indicate
that B. capitatus is susceptible to amphotericin B
(MIC90 0.62 �g/ml, MIC range 0.15–0.78 �g/ml); less
susceptible to azoles such as fluconazole (MICs � 32
�g/ml) and ketoconazole (MIC90 3.12 �g/ml, MIC
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range 0.04–50 �g/ml); and susceptible to itraconazole
(MIC 0.2 �g/ml). Most isolates are resistant to flucy-
tosine (MIC range 0.04–100 �g/ml) (D’Antonio et al,
1994; Hazen, 1995). The newer triazoles, voriconazole
and posaconazole, demonstrate good in vitro activity
(Espinel-Ingroff, 1998a; Espinel-Ingroff, 1998b).

Clinical Manifestations
Blastoschizomyces capitatus infection may involve a
single organ or multiple organs and may be associated
with fungemia. The most frequently affected organs are
the lungs, liver, skin, and central nervous system. In
addition, other involved organs include the spleen, epi-
didymis, kidney, gastrointestinal tract, vertebral body
and disk, and prosthetic heart valves (Hazen, 1995).

The clinical spectrum of disseminated infection is
similar to that of systemic candidiasis and includes
fungemia with or without organ infection (Martino et
al, 1990; Hazen, 1995). Generally, the manifestations
begin with fever unresponsive to antibacterial therapy,
in a neutropenic patient. In addition, in the largest se-
ries from Italy, many patients presented with pulmonary
disease characterized by cavitary lung lesions and focal
hepatosplenic lesions (Martino et al, 1990). Skin lesions
similar to those found in systemic candidiasis were also
seen. Less commonly described infections include en-
docarditis, especially involving prosthetic valves, uri-
nary tract infection, vertebral osteomyelitis with disci-
tis of the lumbar spine, cerebritis, and brain abscess
(Walsh, 1989; Martino, 1990; Polacheck et al, 1992;
D’Antonio et al, 1996).

Diagnosis
Diagnosis is made by positive blood cultures or by
biopsy with histopathology and culture of the skin or
affected organs. In a series from Italy, blood cultures
were positive in 20 of 22 cases (Martino et al, 1990).
Blastoschizomyces capitatus will grow easily in blood
culture bottles and on fungal specific media such as
Sabouraud dextrose agar (Kwon-Chung and Bennett,
1992). Although skin lesions are common, fungal stains
and cultures of these lesions are usually negative (Mar-
tino et al, 1990; Kwon-Chung and Bennett, 1992).

Management
Infections with B. capitatus have mortality rates be-
tween 60% and 70% (Martino et al, 1990). However,
underlying disease, persistent neutropenia, and con-
current infections are also significant contributing fac-
tors to overall mortality. Optimal therapy has not been
established. Until recently, however, most patients re-
ceived amphotericin B (Walsh, 1989).

The initial step in the management of disseminated
infection should be to decrease or reverse the im-
munocompromised state. Since most isolates are sus-

ceptible to amphotericin B, the recommendated ther-
apy is amphotericin B at a dose of 1.0–1.5 mg/kg/day
(Hazen, 1995). Based on their promising in vitro ac-
tivity, voriconazole and posaconazole may be suitable
alternatives for therapy (Espinel-Ingroff, 1998a; 
Espinel-Ingroff, 1998b).

SPOROBOLOMYCES

Sporobolomyces are yeast-like organisms that belong
to the family Sporobolomycetaceae. These yeasts,
which are found throughout the world in soil, bark,
and decaying organic material, rarely have been asso-
ciated with infections in humans. There are seven
known species of Sporobolomyces, but only three have
been reported to cause human disease, S. salmonicolor,
S. holsaticus, and S. roseus. To date, there have been
six cases of documented Sporobolomyces infections: a
nasal polyp (Plazas et al, 1994), one case of dermatitis
(Bergman and Kauffman, 1984), one case of infected
skin blisters, one case of Madura foot, and two cases
of disseminated infection (lymph node and bone mar-
row) in patients with AIDS (Morris et al, 1991; Plazas
et al, 1994). Despite the fact that Sporobolomyces are
saprophytic, these case reports indicate the potential
ability of these organisms to produce invasive infection
in humans, especially, in a compromised host.

Sporobolomyces produces pink–orange colonies due
to the production of carotenoid pigments, and should
be differentiated from R. rubra, which also produces a
similar color. The genus Sporobolomyces is differenti-
ated from yeast by their reproductive ballistoconidia
(Fell and Tallman, 1984). In vitro susceptibility stud-
ies (Table 13–1) show that S. salmonicolor is suscepti-
ble to amphotericin B, fluconazole, and ketoconazole
(Morris et al, 1991). All patients reported thus far have
responded to therapy with either amphotericin B or ke-
toconazole (Hazen, 1995).
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Aspergillosis
THOMAS F. PATTERSON

The opportunistic mould Aspergillus is the etiologic
agent responsible for a variety of infections and con-
ditions referred to as aspergillosis. These manifestations
include allergic responses following exposure to the or-
ganisms (allergic bronchopulmonary aspergillosis), col-
onization with Aspergillus spp. (aspergilloma or fun-
gus ball due to Aspergillus and other conditions such
as external ear colonization) and invasive infection (in-
vasive pulmonary aspergillosis and other clinical syn-
dromes of tissue invasion).

The importance of Aspergillus as a clinically impor-
tant pathogen has increased dramatically in recent
decades. Invasive aspergillosis is a significant cause of
morbidity and mortality in high risk patients (Denning,
1998). A major factor associated with the increased
number of cases of invasive aspergillosis is the increase
in patients at risk for this disease, such as patients un-
dergoing bone marrow or organ transplantation and
patients with other immunodeficiencies. Unfortunately,
definitive diagnosis of invasive aspergillosis remains dif-
ficult and is compounded by the fact that antifungal
agents must be begun promptly if therapy is likely to be
successful (von Eiff et al, 1995; Stevens et al, 2000a).
However, as rapid diagnostic tools are not widely avail-
able to effectively establish a definite diagnosis of inva-
sive aspergillosis, consideration of risk factors in specific
epidemiological settings may be useful in suggesting a
clinical diagnosis. In high-risk patients, clinical presen-
tation as well as the use of alternative diagnostic proce-
dures such as radiology may be useful in establishing
a presumptive diagnosis of infection (Caillot et al,
1997; Patterson, 1998; Stevens et al, 2000a). Cultures
may not always be positive in patients with invasive as-
pergillosis, but it is important to recognize that a pos-
itive culture result in high-risk patients may suggest the
presence of infection (Patterson, 1999b). However,
even when therapy is begun promptly, therapeutic out-
comes with current agents remain poor, particularly in
patients with disseminated disease (Denning, 1998; Pat-
terson et al, 2000b; Stevens et al, 2000a). Recently, sig-
nificant advances in the therapy of aspergillosis have
been reported and therapeutic guidelines using cur-
rently available drugs have been published.

HISTORICAL REVIEW

Micheli in Florence first recognized Aspergillus in 1729
(Micheli, 1729). In his historic monograph Nova
Geneva Plantarum, Micheli, a priest, noted the resem-
blance between the sporing head of the organism he
described as Aspergillus and an aspergillum used to
sprinkle holy water (with the name derived from the
Latin aspergo, to sprinkle) (Micheli, 1729; Mackenzie,
1987). Later, Rayer and Montagne identified Aspergillus
candidus from a bird air sac in 1842, but the first de-
tailed microscopic descriptions of Aspergillus were pro-
vided by Virchow in 1856 who also published the first
detailed descriptions of human infection (Virchow,
1856; Kwon-Chung, 1987). Virchow examined tissues
described in earlier reports of animal disease by Ben-
nett in 1844 and Sluyter in 1847 and concluded the or-
ganisms were closely related to those that he observed
in human infection (Kwon-Chung and Bennett, 1992).
Fresenius introduced the term aspergillosis in 1863 in
his work describing avian infection (Fresenius, 1863).

Initial descriptions of clinical cases (some of which
were likely colonization) were first detailed in workers
that had been occupationally exposed to the organism
and the association was made with infection and cer-
tain occupations—such as pigeon feeders, wig combers,
farmers, feed-mill workers, and others exposed to dust
or grains (Denning, 1998). Others noted the potential
for Aspergillus to colonize or invade cavities that
formed following other diseases such as tuberculosis.
Deve described fungus balls due to Aspergillus (as-
pergilloma) in 1938 (Deve, 1938). The potential for al-
lergic reactions to the organisms in the form of aller-
gic bronchopulmonary aspergillosis was described in
1952 (Hinson et al, 1952). It was not until the mid-
1950s with the introduction of immunosuppressive
agents such as corticosteroids and cytotoxic chemother-
apy that the first occurrences of invasive aspergillosis
in immunocompromised hosts were recognized (Rankin,
1953). In recent decades the use of immunosuppressive
therapies in increasing numbers of patients has resulted
in a dramatic global increase in cases of invasive in-
fections due to Aspergillus (Groll et al, 1996).
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MYCOLOGY

After the initial early descriptions of the organism, As-
pergillus flavus was formally named in 1809 (Link,
1809). Thom and Church first classified the genus in
1926 with 69 Aspergillus species in 11 groups—which
has gradually increased to over 200 species (although
some are not universally accepted) in 18 groups (Thom
and Church, 1926; Raper and Fennel, 1965; Pitt, 1994;
Denning, 2000). Most species of Aspergillus reproduce
asexually but a teleomorph (or sexual form) has been
identified for some species, including at least two path-
ogenic species A. nidulans—now correctly identified as
A. nidulellus—(teleomorph, Emericella nidulans) and
A. amstelodami (Eurotium amstelodami) (Klich and
Pitt, 1988). The generic name Aspergillus is generally
applied to all species regardless of their teleomorphs,
rather than separating the organisms into a limited
number of new (and unfamiliar) species based on dis-
covery of a sexual state along with the majority of iso-
lates without an identified teleomorph (Kwon-Chung,
1987).

The genus Aspergillus is classified in the family
Moniliaceae of the form class Hyphomycetes in the
phylum Deuteromycota. The teleomorphs of As-
pergillus species are classified in 10 genera in the phy-
lum Ascomycota. Specific species identification of the
organism may be difficult and taxonomy of the species
is undergoing revision with the use of molecular tools
of identification. Aspergillus is distinct but is closely re-
lated to the genus Penicillium (Klich and Pitt, 1988).
The most common species causing invasive infection
include: Aspergillus fumigatus (historically causes ap-
proximately 90% of invasive aspergillosis), A. flavus,
A. niger, and A. terreus. Recent studies have shown
continued emergence of less common species, includ-
ing A. terreus and unusual less pathogenic species as
the etiologic agents of invasive infection (Table 14–1).
With more prolonged and profound immunosuppres-
sion, the list of rare species causing invasive infection

continues to increase and includes: A. amstelodami, A.
avenaceus, A. caesiellus, A. candidus, A. carneus, A.
chevalieri, A. clavatus, A. flavipes, A. glaucus, A. gran-
ulosus, A. nidulans (A. nidulellus), A. oryzae, A.
quadrilineatus, A. restrictus, A. sydowii, A. ustus, A.
versicolor, A. wentii, Neosartorya pseudofisheri (pre-
viously Aspergillus fischeri), and others (Denning,
2000; Klich and Pitt, 1988; Kwon-Chung and Bennett,
1992; Denning, 1998, 2000; Stevens et al, 2000; Sut-
ton et al, 1998; Sutton et al, 2000).

Pathogenic Aspergillus species grow easily and rap-
idly at a broad range of culture temperatures and on a
wide variety of media, although blood cultures are un-
commonly positive. Growth of pathogenic species at
37°C is a feature that differentiates the pathogenic from
non-pathogenic isolates. Aspergillus fumigatus is able
to grow at temperatures up to 50°C, which can be used
in identification of that species (Sutton et al, 1998).
Most species will initially appear as small, fluffy white
colonies within 48 hours of culture. Presumptive iden-
tification at the genus level is usually performed based
on morphological characteristics without difficulty, al-
though species level identification of unusual species
may be significantly more difficult.

Microscopic features and colony morphology for A.
fumigatus, A. flavus, A. terreus and A. niger are shown
in Color Figures 14–1 A–D and 14–2 A–D (see sepa-
rate color insert), respectively. Specific identification of
Aspergillus has become important, as differences in
pathogenicity as well as susceptibility have been rec-
ognized. Key features of these four species most fre-
quently associated with clinical manifestations of dis-
ease are outlined below.

Aspergillus fumigatus (See Color Figures 14–1A and
14–2A in separate color insert) is the most common
species to cause invasive infection, comprising more
than 90% of the isolates identified in some series. The
organism is found widespread in nature—in soil, on de-
caying vegetation, in the air, and in water supplies
(Anaissie et al, 2002). Its thermotolerance permits a
wide range of suitable host conditions, which can 
also be used to identify the species. Colonies are a gray–
green color with a wooly to cottony texture (Sutton et
al, 1998). Hyphae are septate and hyaline with colum-
nar conidial heads. Conidiophores are smooth-walled,
uncolored and uniseriate with closely compacted
phialides only on the upper portion of the vesicle. Coni-
dia are smooth to finely roughened and are 2–3.5 �m
in diameter. Hyphae, which are strongly angioinvasive,
may not always branch at 45°C. Fruiting heads may
occur rarely in clinical specimens in sites exposed to air
(Sutton et al, 1998).

Aspergillus flavus (See Color Figs. 14–1B and 14–2B
in separate color insert) is found in soil and decaying
vegetation. Colonies are olive to lime green and grow

TABLE 14–1. Identification of Aspergillus Species
in 261 Cases of Invasive Infection
Species Number (%)

A. fumigatus 173 (66)

A. flavus 36 (14)

A. niger 17 (7)

A. terreus 11 (4)

Others 5 (2)
A. versicolor 2
A. nidulans 1
A. oryzae 1
A. glaucus 1

Not specified or not identified 19 (7)

Source: Patterson et al, 2000b.
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at a rapid rate. This species is typically biseriate with
rough conidiophores and smooth conidia 3–6 �m that
serve to distinguish the species. Some isolates are unis-
eriate. The organism is a common cause of sinusitis as
well as invasive infection in immunosuppressed hosts.
Aspergillus flavus is also responsible for a mycotoxi-
cosis as the species produces a potent aflatoxin (Den-
ning, 1987).

Aspergillus terreus (See Color Figures 14–1C and
14–2C in separate color insert) is common in tropical
and subtropical habitats and has been increasingly re-
ported as a cause of invasive infection in immuno-
compromised hosts (Iwen et al, 1998). Colonies are
buff to beige to cinnamon (Sutton et al, 1998). Coni-
dial heads are biseriate and columnar. Conidiophores
are smooth walled and hyaline. Globose, sessile aleu-
rioconidia are frequently produced on submerged hy-
phae. Conidia are small (2–2.5 �m). The colony color
and fruiting structures are characteristic for this species,
notable for its decreased susceptibility to some anti-
fungal agents including amphotericin B (Iwen et al,
1998; Sutton et al, 1999).

Aspergillus niger (See Color Figures 14–1D and
14–2D in separate color insert) is widespread in soil
and on plants and is common in food (such as pepper).
Colonies are initially white but quickly become black
with the production of the fruiting structures. This
species grows rapidly with a pale yellow reverse. Like
other Aspergillus species, hyphae are hyaline and sep-
tate. Conidial heads are biseriate and cover the entire
vesicle. Conidia are brown to black and are very rough
(4–5 �m) (Sutton et al, 1998). This species, which is
commonly associated with colonization and otic infec-
tions, produces oxalate crystals in clinical specimens
(Geyer and Surampudi, 2002).

PATHOGENESIS AND HOST DEFENSES

Aspergillus infection is typically acquired through in-
halation of conidia into the lungs although other routes
of exposure may also occur, such as oral or aerosol ex-
posure to contaminated water (Anaissie and Costa,
2001) or though local exposure, including surgical
wounds, contaminated intravenous catheters or arm
boards leading to cutaneous infection (Allo et al, 1987;
Walsh, 1998; Gettleman et al, 1999).

Invasive aspergillosis is uncommon in immunocom-
petent patients, although infection in apparently nor-
mal hosts does occur (Clancy and Nguyen, 1998; Pat-
terson et al, 2000b). Hence, despite the ubiquitous
nature of the organism and frequent exposure to it, nor-
mal host defenses do not readily permit invasive pul-
monary aspergillosis to occur.

Aspergillus species commonly produce toxins that
may contribute to clinical manifestations of exposure

to the organisms although they are unlikely to be ma-
jor virulence determinants for systemic infection (Den-
ning, 1987). These mycotoxins include aflatoxins,
ochratoxin A, fumagillin, and gliotoxin. The latter par-
ticularly may reduce macrophage and neutrophil func-
tion (Denning, 2000). Aflatoxin, produced by A. flavus,
is important as a carcinogenic and immunosuppressive
agent but is not an important determinate of virulence
of the organism (Denning, 1987). Other pathogenic fea-
tures of the organisms include a variety of proteases
and phospholipases (Latge, 1999), which contribute to
pathogenicity of the organism. However, strains with-
out these features are still capable of causing experi-
mental infection (Monod et al, 1993; Tang et al, 1993;
Smith et al, 1994; Birch et al, 1996).

The first lines of host defense against inhalation of
Aspergillus conidia are ciliary clearance of the organ-
ism from the airways and the limited access to deep
lung structures for larger, less pathogenic conidia. In
the pulmonary tissues, the alveolar macrophage is a po-
tent defense, capable of ingesting and killing inhaled
Aspergillus conidia (Schaffner et al, 1982; Kan and Ben-
nett, 1988). After germination, the major line of de-
fense against both swollen conidia and hyphae is the
polymorphonuclear leukocyte. However, hyphae are
too large to be effectively ingested and hyphae damage
occurs extracellularly (Levitz et al, 1986). Swollen coni-
dia and hyphae are both able to fix complement, which
is important in phagocytic killing of the organism. No-
tably, Aspergillus fumigatus produces a complement in-
hibitor, which may play a role in its pathogenicity
(Washburn et al, 1986; Washburn et al, 1987). Anti-
body responses due to prior exposures to Aspergillus
are common but antibodies are not protective against
invasive infection nor are they useful for diagnosis of
infection, due to the fact few immunosuppressed pa-
tients are able to mount an antibody response even in
the setting of invasive disease (Young and Bennett,
1971).

The ability of phagocytes to oxidatively kill As-
pergillus is a critical component of host defenses against
the organism (Kan and Bennett, 1988). The use of cor-
ticosteroids substantially impairs neutrophil killing of
hyphae and resistance to conidia by neutrophils, which
may be reversed to some degree with the use of inter-
feron-� or with administration of granulocyte or gran-
ulocyte-macrophage growth factors (Schaffner, 1985;
Roilides et al, 1993). Recent studies have also suggested
a role for cellular immunity. In a murine model of in-
vasive aspergillosis, a Th1 response induced by ad-
ministration of soluble interleukin-4 was associated
with a favorable response (Cenci et al, 1997).

In the clinical setting, prolonged neutropenia is a ma-
jor risk factor for invasive aspergillosis (Gerson et al,
1984). Notably, without recovery from absolute neu-
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tropenia, response to even aggressive antifungal ther-
apy is unlikely (Denning, 1998; Patterson et al, 2000b).
Nevertheless, with changing patterns of immunosup-
pressive therapy, patients are less likely to remain neu-
tropenic for extended periods of time and the use of
growth factors has further limited the duration of neu-
tropenia. In recent surveys, other immunosuppressive
conditions have emerged as important risk factors for
invasive aspergillosis, and the time period for risk of
invasive aspergillosis is now greatly extended. In pa-
tients receiving hematopoietic stem cell or marrow
transplants, the period at risk now extends for more
than 100 days after immunosuppression (Wald et al,
1997; Baddley et al, 2001), and reflects long-term com-
plications of high-dose steroid therapy and other im-
munosuppressive agents for chronic graft-vs.-host dis-
ease that occurs following nonmyeloablative transplant
procedures.

In noninvasive or allergic forms of aspergillosis, the
pathogenesis is not well defined but appears to relate
to chronic allergic responses to the organism (Stevens
et al, 2000; Denning, 2001). The most frequent or-
ganism associated with allergic bronchopulmonary as-
pergillosis is A. fumigatus, with usual manifestations
including central bronchiectasis, with typical allergic
features of bronchiolitis and chronic eosinophilic pneu-
monia (Rosenberg et al, 1977). Similarly, the patho-
genesis of aspergilloma due to Aspergillus is not well
defined but also seems to be associated with allergic re-
actions to chronic colonization. In aspergilloma, the or-
ganism does not usually invade the tissues but colo-
nizes a pulmonary cavity. Although tissue invasion
resulting in a chronic necrotizing form of aspergillosis
can occur, the pathogenic features leading from colo-
nization to invasive disease are not clearly understood
(Tomlinson and Sahn, 1987).

EPIDEMIOLOGY

Aspergillus is a ubiquitous saprophytic mould that is
found worldwide in a variety of habitats. Aspergillus
is found in soil, water, food, and is particularly com-
mon in decaying vegetation. The inoculum for estab-
lishing infection is not known, but persons with nor-
mal pulmonary defense mechanisms can withstand even
extensive exposure without any manifestation of dis-
ease, while severely immunocompromised hosts are sus-
ceptible to presumably lower inocula for establishing
disease. Notably, patients may manifest infection due
to prior asymptomatic colonization that leads to inva-
sive infection with the occurrence of immunosuppres-
sive conditions (such as neutropenia, corticosteroid use,
or AIDS) (Walsh and Dixon, 1989).

Consideration of the epidemiology and host risk fac-
tors for aspergillosis may be useful in suggesting a clin-

ical diagnosis of invasive infection. Neutropenia re-
mains a major risk factor for invasive aspergillosis, but
increasing numbers of patients with other risk factors,
including solid organ and bone marrow transplanta-
tion, develop infection (Patterson et al, 2000a; Patter-
son et al, 2000b; Stevens et al, 2000). In patients un-
dergoing hematopoetic stem cell or marrow transplant,
increased incidence of invasive aspergillosis has been
reported (Marr et al, 2002). The epidemiology of in-
vasive aspergillosis in those patients has shifted to the
development of infection late in the course of trans-
plant with cases occurring more than 100 days after
transplant due to risk factors of chronic graft-vs.-host
disease, steroid use and other factors leading to pro-
longed immunosuppression (Wald et al, 1997; Marr et
al, 2002). Recent series have shown that patients un-
dergoing bone marrow transplantation or receiving
chemotherapy for hematological malignancies still con-
stitute the majority of those patients diagnosed with in-
vasive aspergillosis (Patterson et al, 2000a; Patterson
et al, 2000b). Among patients with solid organ trans-
plants, those undergoing lung transplantation are at
particular risk for Aspergillus infection with a clinical
presentation ranging from an ulcerative tracheobron-
chitis to disseminated infection (Paterson and Singh,
1999; Patterson et al, 2000a). Data from recent (1998–
2001) liver transplant recipients indicate that invasive
aspergillosis is more likely to involve the lung, occurs
later in the post-transplantation period, and is associ-
ated with a lower mortality rate, compared to earlier
liver transplant recipients (1990–1995) (Singh et al, 2003).
In summary, specific risk factors include not only neu-
tropenia and graft-vs.-host disease, but also high dose
corticosteroids and other immunosuppressive thera-
pies. In addition, invasive aspergillosis has been ob-
served among patients with advanced AIDS, especially
in those with CD4 cell counts below 50/mm3 (Denning
et al, 1991). For further discussion of aspergillosis in
AIDS patients, see Chapter 32.

Standards for air quality in bone marrow transplant
units, particularly spore filtration with high-efficiency
particulate air (HEPA) filtration, have been recom-
mended during the period of most severe neutropenia
in order to reduce the rates of nosocomial infection
(Patterson et al, 2000a). Outbreaks of invasive as-
pergillosis have occurred in patients exposed to As-
pergillosis in association with construction and other
environmental risks. Air filtration and infection control
measures such as construction barriers that reduce risks
by limiting exposure to aerosols have been shown to
reduce the incidence of infection. However, in the most
severely immunosuppressed patients, aspergillosis may
still occur either as a result of endogenous reactivation
of latent tissue infection or due to other exposures, per-
haps even related to aerosols of contaminated water
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(Iwen et al, 1993; Patterson et al, 1997; Patterson et
al, 2000a; Anaissie and Costa, 2001). In addition, be-
cause bone marrow transplant and other organ trans-
plant patients frequently receive substantial portions of
their care in the outpatient setting, control of air qual-
ity in those settings is not possible and may result in
exposure to Aspergillus conidia.

CLINICAL SYNDROMES

Saprophytic and Superficial Aspergillosis
Pulmonary aspergilloma. A pulmonary fungus ball 
due to Aspergillus (aspergilloma) is characterized by
chronic, extensive colonization of Aspergillus species in
a pulmonary cavity or ectatic bronchus. Fungus balls
may also develop in other sites such as the maxillary
or ethmoid sinus or even in the upper jaw following
endodontic treatment (de Carpentier et al, 1994; Fer-
guson, 2000; Gillespie and O’Malley, 2000). Typically
Aspergillus fungus balls in the lung develop in cavities
resulting from pre-existing diseases or infections such
as tuberculosis, histoplasmosis, sarcoidosis, bullous
emphysema, fibrotic lung disease, or Pneumocystis
carinii pneumonia in AIDS. Aspergillus is more com-
mon as the etiologic agent although other organisms
such as Scedosporium apiospermum (Pseudallescheria
boydii) or agents of zygomycosis can also cause simi-
lar syndromes. The diagnosis of a pulmonary fungus
ball is usually made radiographically; aspergilloma ap-
pears as a solid round mass inside a cavity. The detec-
tion of Aspergillus antibodies are further evidence that
the radiographic findings are consistent with a diag-
nosis of fungus ball due to Aspergillus and a biopsy is
not usually undertaken (Rafferty et al, 1983).

Although the presence of a fungus ball due to As-
pergillus may be relatively asymptomatic, in some pa-
tients tissue invasion may occur, leading to invasive pul-
monary aspergillosis or a subacute chronic necrotizing
form of the disease (Tomlinson and Sahn, 1987). He-
moptysis is a common clinical symptom and can lead
to a fatal complication (Aslam et al, 1971; Kauffman,
1996). Hemoptysis has been reported as the cause of
death in up to 26% of patients with aspergilloma
(Aslam et al, 1971; Kauffman, 1996). Management of
aspergilloma is determined by the frequency and sever-
ity of hemoptysis as well as evaluation for risk factors
that are associated with a poor prognosis. Complica-
tions are more likely in patients with severe underlying
lung disease, immunosuppression or extensive disease,
suggested by high titers of Aspergillus antibody. In
these settings, specific therapies may be needed earlier
in the course of management in order to attempt to
avoid potential life-threatening hemoptysis (Kauffman,
1996).

Other Superficial or Colonizing Conditions of As-
pergillosis. Aspergillus can also be associated with fun-
gal balls of the sinuses without tissue invasion (Ven-
newald et al, 1999; Ferguson, 2000). The maxillary
sinus is the most common site for a sinus aspergilloma
(Ferguson, 2000). Clinical presentation is similar to
that for any chronic sinusitis with chronic nasal dis-
charge, sinus congestion and pain. The diagnosis of a
fungal ball may be suggested on computed tomogra-
phy of the sinuses along with positive cultures for the
organism, which is usually A. fumigatus or A. flavus.
Management is usually directed at surgical removal of
the lesion with confirmation that the fungal ball has
not caused bony erosion.

Otomycosis is a condition of superficial colonization
by Aspergillus, most typically A. niger (Kaur et al,
2000). The usual clinical presentation is that of an ex-
ternal otitis media, with ear pain and drainage. Exam-
ination of the ear canal may reveal the black conidio-
phores of A. niger. Treatment involves cleaning of the
external ear canal and the topical administration of a
variety of agents including cleansing solutions and top-
ical antifungal agents.

Other superficial or colonizing conditions due to As-
pergillus include onychomycosis, which can be a chronic
condition not responsive to antifungal agents directed at
yeasts. Consequently, culture confirmation of Aspergillus
as the etiologic agent will be useful in this setting.

In addition, Aspergillus species may colonize the air-
ways in patients with a variety of lung conditions that
do not have apparent disease. A recent report by the
Mycoses Study Group showed that a large number of
clinical isolates of Aspergillus are not associated with
infection (Perfect et al, 2001). Many of those isolates
come from sputum samples of patients without appar-
ent invasive disease, although the role of Aspergillus in
causing symptoms of occasional hemoptysis and bron-
chitis in those patients is unclear.

Allergic Manifestations of Disease
Allergic Bronchopulmonary Aspergillosis. Allergic bron-
chopulmonary aspergillosis (ABPA) is a chronic aller-
gic response to colonization with Aspergillus. Specific
criteria for establishing a diagnosis include: (1) episodic
bronchial obstruction (asthma); (2) peripheral eosino-
philia; (3) immediate skin test reactivity to Aspergillus
antigen; (4) precipitating Aspergillus antibodies; (5) el-
evated serum immunoglobulin E (IgE); (6) history of or
presence of pulmonary infiltrates; and (7) central
bronchiectasis (Rosenberg et al, 1977). The detection
of the first six criteria establishes a likely diagnosis,
while the presence of all seven confirm the condition.
Other secondary features that may be present include
positive sputum cultures for Aspergillus, brown mucus
plugs in sputa, elevated specific IgE antibodies against
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Aspergillus, late skin reactivity to Aspergillus, and re-
actions following intrabronchial challenge with As-
pergillus (Patterson et al, 1982).

In ABPA, typically the initiating event is for an asth-
matic patient to develop an allergic reaction to inhaled
Aspergillus. Following that reaction, mucus plugs de-
velop in the bronchi and can be detected by the pres-
ence of hyphae in sputa. The impacted mucus causes
atelectasis, which in turn causes transient pulmonary
infiltrates; repeated bronchial reactions ultimately lead
to bronchiectasis in the proximal bronchi. Character-
istic “ring signs” (circular or oblong densities) or “tram
lines” (parallel shadows) are seen on radiographs.
These findings result from chronic peribronchial in-
flammation around dilated bronchi (Malo et al, 1977).

Allergic bronchopulmonary aspergillosis is reported
to occur in up to 14% of patients with steroid-
dependent asthma (Basich et al, 1981; Kumar and Gaur,
2000), and is also particularly common in patients col-
onized with Aspergillus such as those with cystic fibro-
sis who have a 7% prevalence of ABPA (Mroueh and
Spock, 1994). In cystic fibrosis patients undergoing lung
transplantation, the presence of Aspergillus colonization
is an important risk for developing invasive pulmonary
aspergillosis (Stevens et al, 2000).

Allergic bronchopulmonary aspergillosis typically
progresses through a series of stages which can be use-
ful in approaching management of the condition: (1)
acute; (2) remission; (3) exacerbation; (4) steroid-
dependent asthma; and (5) fibrosis (Patterson et al,
1982). The initial acute stage is usually responsive to
corticosteroid therapy which may lead to a period of
asymptomatic remission. Most patients will experience
exacerbations and may eventually become steroid de-
pendent. Late stage manifestations include pulmonary
fibrosis that may be associated with substantially re-
duced pulmonary function and is associated with a
poor long-term prognosis. Management of ABPA is di-
rected at reducing acute asthmatic symptoms and
avoiding end-stage fibrotic complications. Corticos-
teroid therapy is commonly used for treating exacer-
bations although few randomized trials have been 
conducted to evaluate its use (Stevens et al, 2000a).
However, increasing serum IgE levels, worsening or
new infiltrates, or worsening findings on spirometry
suggest that steroids may be helpful (Stevens et al,
2000a). The role of antifungal agents is limited al-
though itraconazole may be beneficial in reducing
symptoms and reducing the use of steroids. A recent,
randomized double-blind, placebo-controlled trial
showed that itraconazole at 200 mg per day for 16
weeks significantly reduced daily corticosteroid use, re-
duced levels of serum IgE and improved exercise tol-
erance and pulmonary function (Stevens et al, 2000b).

Other Allergic Manifestations. Allergic responses can
also contribute to symptoms of sinusitis (Katzenstein
et al, 1983; Corey et al, 1995; DeShazo et al, 1997).
Allergic sinusitis is similar in its presentation to sinusi-
tis complicated with fungal balls due to Aspergillus
(Houser and Corey, 2000). Frequently, in patients with
allergic fungal sinusitis, polyposis or eosinophil-rich
mucin containing Charcot-Leyden crystals may be seen
(Washburn, 1998). Management is largely directed at
confirming lack of invasive infection and in aerating
the sinus (Kuhn and Javer, 2000b). The use of steroids
or antifungal agents has not been conclusively demon-
strated to be of benefit (Kuhn and Javer, 2000a; Kuhn
and Javer, 2000b).

Invasive Syndromes Caused by Aspergillus
Infection with Aspergillus is usually acquired through
inhalation of airborne conidia, which invade the lung
tissue in the absence of an effective monocytic or neu-
trophilic immune response (Latge, 2001). The major
infection is invasive pulmonary aspergillosis (IPA)
which arises from spread of the organisms from a pri-
mary pulmonary inoculum or from the paranasal si-
nuses. Hyphal invasion into blood vessels is common,
occurring in approximately a third of patients with IPA.
Nonpulmonary sites become infected by contiguous
spread or via hematogenous spread to the central nerv-
ous system (occurring in 10 to 40% of severely im-
munosuppressed patients such as those undergoing al-
logeneic stem cell or bone marrow transplant) or to
other organs including the liver, spleen, kidney, skin,
bone, and heart (Denning, 1998; Latge, 1999; Ribaud
et al, 1999).

Response to antifungal therapy depends on several
factors including the immune status of the host and ex-
tent of the infection at time of diagnosis. As shown in
Table 14–2, favorable responses, defined as those with
complete resolution of signs and symptoms attributed
to invasive aspergillosis, and those with partial re-

TABLE 14–2. Favorable Responses in Invasive 
Aspergillosis: Role of Immunosuppression and 
Extent of Disease

Complete/Partial
Underlying Disease (n) Responses (%)

Overall (595) 37
Severe Immunosuppression (363) 28

Allogeneic BMT (151) 13
Hematological Malignancy (212) 39

Less Severe Immunosuppression (232) 51

Complete/Partial
Site of Infection (n) Responses (%)

Pulmonary (330) 40
Disseminated (without CNS) (114) 18
Central Nervous System (34) 9

Source: Patterson et al, 2000b.
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sponses (substantial improvement), are seen in less than
40% of treated patients (Patterson et al, 2000b). Even
more striking are the extremely poor responses seen in
the most highly immunosuppressed patients. For ex-
ample, in a survey of 595 patients with invasive as-
pergillosis, favorable responses were seen in only 13%
of patients undergoing allogeneic bone marrow trans-
plantation (Patterson et al, 2000b). Similarly poor re-
sponses have been reported in other recent series as
well, although newer therapeutic modalities may im-
prove the outcome even in patients with more severe
immunosuppression (Maertens et al, 2000; Bowden et
al, 2002; Herbrecht et al, 2002a). Extent of infection
also correlates with likelihood of a favorable outcome:
in patients with disseminated aspergillosis favorable re-
sponses decrease to less than 20% and to less than 10%
in patients with central nervous system disease.

As might be predicted, the mortality rate of patients
with invasive aspergillosis also correlates with immune
status of the host and extent of disease. Lin and col-
leagues reviewed 1941 patients from 50 recent series
of invasive aspergillosis and found an overall mortal-
ity rate of 60%, which rose to more than 80% in pa-
tients with severe immunosuppression and almost 90%
in those with central nervous system involvement
(Table 14–3) (Lin et al, 2001).

Invasive Pulmonary Aspergillosis. Invasive pulmonary
aspergillosis is the most common manifestation of in-
vasive aspergillosis. The temporal pattern of IPA is
closely linked to changes in circulating neutrophils in-
cluding both the degree and the duration of severe neu-
trophil depression. The incubation period of IPA is cur-
rently unknown and a significant number of patients
are colonized at the time of admission or develop si-
nus/airway colonization with Aspergillus shortly after
hospitalization suggesting prior community-acquired
colonization or infection (Patterson et al, 2000a; Pat-
terson et al, 1997). The disease rarely manifests before
10–12 days of profound neutropenia. The most fre-
quent symptoms include progressive dry cough, fever
despite coverage with broad-spectrum antibiotics (al-
though fever may not be present in patients receiving

corticosteroids), dyspnea, and pleuritic chest pain. No-
tably, extensive infection can develop before symptoms
are prominent, which emphasizes the importance of
clinical suspicion in establishing the diagnosis early.
Other manifestations include hemoptysis and pneu-
mothorax. Invasive pulmonary aspergillosis may re-
semble a pulmonary embolism with infarction with
sudden onset chest pain and difficulty breathing. The
physical exam is unfortunately nonspecific. Laboratory
studies usually reflect neutropenia and thrombocy-
topenia secondary to chemotherapy. Occasional non-
specific findings include elevation in bilirubin and lac-
tate dehydrogenase, coagulation abnormalities, and
elevation in C-reactive protein and fibrinogen. Patients
with more widespread pulmonary involvement may de-
velop respiratory failure characterized by hypoxemia
with compensatory hyperventilation, hypocapnea and
respiratory alkalosis. The prognosis of patients with fo-
cal IPA is more favorable as the disease tends to
progress more slowly and may be amenable to surgi-
cal intervention (Yeghen et al, 2000). The major prob-
lem for patients with focal disease is hemoptysis that
may be explosive and life threatening.

Initially plain chest radiographs may be nonspecific
or show few abnormalities. In extensive infection, dif-
fuse nodular pulmonary infiltrates typically occur and
are readily seen on chest radiograph (Fig. 14–3). Other
pulmonary lesions include pleural-based, wedge-shaped
densities and cavities. Pleural effusions have been con-
sidered rare (Denning, 1998), but recent studies sug-
gest that pleural effusions are more common than has
been recognized, although their association with infec-
tion has not been established (Herbrecht et al, 2002a).
Chest CT scans are more sensitive for detecting early
infection and in establishing extent of infection (Cail-
lot et al, 1997). The presence of a “halo” of low at-
tenuation surrounding a nodular lesion is an early find-

TABLE 14–3. Case Fatality Rates in 
Invasive Aspergillosis
Underlying Disease/Site 
of Infection (n) Case Fatality Rate (%)

Overall (1941) 57.6
Bone marrow transplantation (285) 86.1
Leukemia/lymphoma (288) 49.3
Pulmonary infection (1153) 59.4
CNS/disseminated infection (175) 88.1

Source: Lin et al, 2001.

FIGURE 14–3. Chest radiograph showing diffuse nodular infiltrates
in patient with invasive pulmonary aspergillosis.
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ing in IPA and has been used as a marker for initiat-
ing early antifungal therapy (Caillot et al, 1997; Her-
brecht et al, 2002a) (Fig. 14–4). Later in the course of
infection, nodular lesions may cavitate (usually in tem-
poral association with recovery of neutrophils), pro-
ducing an “air-crescent” sign (Fig. 14–5). Despite the
utility of these radiographic findings in establishing an
early diagnosis, it should be recognized that their va-
lidity has been established in high risk, neutropenic and
bone marrow transplant patients. In other groups, in-
cluding solid organ transplant patients, other oppor-
tunistic etiologic agents can clearly cause similar find-
ings; consequently, CT findings should be interpreted
with caution.

Chronic IPA, less common than acute IPA, occurs
most frequently in patients with AIDS, chronic granu-
lomatous disease, alcoholism, and diabetes mellitus, but

also has been observed in a significant number of im-
munocompetent persons (Binder et al, 1982; Karam
and Griffin, 1986; Denning, 2001). The major mani-
festations of this indolent pulmonary process, charac-
terized by symptoms over weeks to months, include
low-grade fever, malaise, and chronic productive
cough, with or without hemoptysis.

Tracheobronchitis. Aspergillus infection of the airways
is more common in patients with advanced AIDS and
in patients undergoing lung transplantation (Denning
et al, 1991; Paterson and Singh, 1999). The syndromes
in these patients range from colonization (which is par-
ticularly common in lung transplantation) to an ex-
tensive pseudomembranous tracheobronchitis and ul-
cerative tracheobronchitis that occur at the suture line
of lung transplant patients (Kramer et al, 1991; Kanj
et al, 1996). Symptoms of tracheobronchitis may be
mild and may be confused with other causes including
rejection in lung transplantation. Typically these pa-
tients have cough, fever, and dyspnea along with chest
plan and hemoptysis. In more severe disease, unilateral
wheezing or stridor may develop due to local obstruc-
tion (Denning, 1998). Plain radiographs are not sensi-
tive for the diagnosis and clinical suspicion combined
with change in pulmonary function capacity may be
early clues for the diagnosis. Bronchoscopy with biopsy
to document tissue invasion is needed to establish 
the diagnosis of invasive Aspergillus tracheobronchitis.
Therapy with systemic antifungal agents is usually
given for a prolonged period of time. While aerosols of
amphotericin B are poorly tolerated, aerosols of lipid
formulations of amphotericin B have been successfully
used for localized disease (Palmer et al, 1998).

Sinusitis. Involvement of the nasal passages or sinuses
are also relatively classic manifestations of invasive as-
pergillosis that may occur either as isolated syndromes
or, more commonly, in the setting of IPA. Aspergillus
infections of the sinuses and nasal cavities in immuno-
compromised patients usually present as acute invasive
rhinosinusitis. The clinical manifestations are initially
nonspecific and consist of fever, cough, epistaxis, sinus
discharge, and headaches. Clinical examination is usu-
ally nondiagnostic. Identification of anesthetic areas
and ulcers is particularly important. Frequently, the dis-
ease spreads to adjacent areas such as palate, orbit, or
brain. The mortality in invasive cases is high, ranging
from 20% in patients with leukemia in remission who
are undergoing maintenance therapy, up to 100% in
patients with relapsed leukemia or those undergoing
bone marrow transplantation (Iwen et al, 1997). Plain
radiographs are not sensitive for the diagnosis and do
not distinguish fungal etiologies from other causes of
sinusitis. Sinus CT scans are useful for establishing ex-

FIGURE 14–4. Computed tomography of chest showing “halo” sign
of low attenuation surrounding a nodular lung lesion in patient with
early invasive pulmonary aspergillosis.

FIGURE 14–5. Computed tomography of chest showing classic “air
crescent” sign in patient with invasive aspergillosis.
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tent of infection and determining local invasion of bone
and soft tissues. Diagnosis is established presumptively
from culture of sinus or nasal material but requires tis-
sue to document invasive disease.

Disseminated Infection. Widely disseminated invasive
aspergillosis is a common end-stage complication of re-
fractory IPA. In patients with severe immunosuppres-
sion including patients with profound granulocytope-
nia, grade III–IV graft-vs.-host disease, and progressive
underlying malignancy, infection can disseminate rap-
idly and involve virtually every organ system as seen in
autopsy series. In patients with extensive disseminated
disease, favorable responses to therapy are uncommon
and mortality rates approach 90% (Lin et al, 2001).

Cerebral Aspergillosis. Cerebral aspergillosis is one of
the most dreaded complications of disseminated as-
pergillosis due to the extremely high mortality rates of
more than 90% that have been reported in most series
(Lin et al, 2001). Cerebral aspergillosis occurs in
10%–20% of all cases of invasive aspergillosis, usually
associated with disseminated disease (Denning, 1998).
In severely immunosuppressed patients such as those
undergoing allogeneic transplantation, Aspergillus is a
major cause of brain abscess and was found in 58% of
biopsied lesions in one series (Hagensee et al, 1994).
Importantly, cerebral aspergillosis was associated with
pulmonary disease in 87% of the cases, with an over-
all mortality of 97% (Hagensee et al, 1994). Isolated
cerebral aspergillosis can occur even in immunocom-
petent patients and may be associated with a slightly
better prognosis provided the diagnosis is made early
and surgical drainage or extirpation is performed. As-
pergillus meningitis is rare. The clinical presentation of
cerebral aspergillosis is in general nonspecific, charac-
terized by focal neurological signs, alteration in men-
tal status and headaches. Fever may occur but is usu-
ally related to other concomitant infections. On CT of
the brain, Aspergillus lesions will appear similar to
other infectious causes of brain abscess and manifest
ring enhancement of the abscess along with surround-
ing edema (Fig. 14–6). Magnetic resonance scans may
reveal additional lesions but the findings are also non-
specific. Although the diagnosis of cerebral aspergillo-
sis is confirmed by biopsy, the etiology can be inferred
in patients with widely disseminated infection. How-
ever, in highly immunosuppressed patients including
those with organ or bone marrow transplants or ad-
vanced AIDS, the differential diagnosis is very broad
and includes bacterial brain abscess, toxoplasmosis,
other fungi, tuberculosis, and lymphoma; consequently
a presumptive diagnosis should be entertained with
caution. Formerly, the outcome of cerebral aspergillo-
sis had been almost universally fatal; recent limited tri-

als with the new triazole, voriconazole, have demon-
strated responses in approximately 25% of patients
with well-documented cerebral infection (Denning et
al, 2002; Herbrecht et al, 2002a).

Cutaneous Disease. Skin involvement by Aspergillus
can either represent disseminated hematogenous spread
or local infection associated with an intravenous-
catheter insertion site or the skin areas covered by ad-
hesive dressings (Allo et al, 1987). While most cuta-
neous lesions occur in patients with neutropenia or in
other immunocompromised patients such as neonates,
Aspergillus can also invade burns or surgical wounds
(Denning and Stevens, 1990). Clinically, the lesions ap-
pear as areas of rapidly increasing erythema with a
necrotic, often ulcerated center, resembling pyoderma
gangrenosum. Pathologically, there is invasion of blood
vessels and cutaneous ulceration. In patients with cu-
taneous disease as a manifestation of widespread dis-
seminated aspergillosis, a skin biopsy can be a relatively
easy method to obtain tissue to establish the diagnosis.

Osteomyelitis. Aspergillus osteomyelitis is an uncom-
mon manifestation of invasive aspergillosis. Bony in-
volvement can occur in the setting of local extension
(pulmonary, sinus, or brain lesion) resulting in exten-
sive infection that requires long-term therapy, but is of-

FIGURE 14–6. Brain abscess with ring enhancement and extensive
edema in patient with cerebral aspergillosis.
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ten refractory to therapy. Aspergillus osteomyelitis can
also be seen as a complication of disseminated infec-
tion or as a primary infection in certain risk groups
such as patients with chronic granulomatous disease
(CGD) or intravenous drug use (Van’t Wout et al,
1990). As a primary infection, the spine is often af-
fected, usually the lumbar area (Vinas et al, 1999). The
lesions can be seen on plain radiographs as well as CT
or MR which can be useful to stage the infection and
guide needle biopsy of the lesion. Favorable responses
(� 60%) in Aspergillus osteomyelitis of the spine were
reported in one review, although the need for long-term
therapy and surgical intervention in medically nonre-
sponsive patients was noted (Vinas et al, 1999).

Other Invasive Infections. Invasive aspergillosis in a va-
riety of other sites has been reported in case reports or
small series (Denning, 1998). Endocarditis due to As-
pergillus can occur on either native or prosthetic heart
valves. The diagnosis of endocarditis is particularly dif-
ficult as blood cultures for Aspergillus usually remain
negative despite extensive disease (Duthie and Denning,
1995). The prognosis of Aspergillus endocarditis is
poor even with surgical intervention (Denning and
Stevens, 1990). Pericarditis can also occur, usually sec-
ondary to local extension from IPA or in the setting of
disseminated disease, and can be complicated by car-
diac tamponade (Denning, 1998). Other unusual sites
of Aspergillus infection include eye (keratitis, endoph-
thalmitis), gastrointestinal tract, and kidneys, although
invasive infection has been observed in virtually all
body sites (Denning, 1998). Some of these infections
appear more common in certain settings, e.g., renal in-
fection appears more likely to occur in patients with
AIDS (Halpern et al, 1992).

DIAGNOSIS

The diagnosis of invasive aspergillosis continues to be
made largely on clinical grounds and histopathological
findings, although extensive efforts are ongoing to es-
tablish a panel of tests and procedures to facilitate more
rapid diagnosis. An important clue for the diagnosis of
IPA, for example, is the presence of signs and symp-
toms that result from angioinvasion of pulmonary veins
and arteries by the fungus. This process produces clin-
ical features that may include acute dyspnea, pleuritic
chest pain, or hemoptysis.

The diagnosis of invasive aspergillosis is proven with
hyphal invasion of tissue specimens together with a 
positive culture for Aspergillus species (Ascioglu et al,
2002). However, tissue samples are often reluctantly
undertaken because of the severe thrombocytopenia
that is frequently present in patients at high risk for the

disease. Hyphal elements and morphology are usually
easily demonstrated using fungal stains, such as Go-
mori methenamine silver or periodic acid-Schiff (See
Color Fig. 14–7 in separate color insert). In acute in-
vasive aspergillosis, the hyphae are typically hyaline,
septate and 3–6 �m in width with parallel cross-walls
and are dichotomously branched at acute angles (Sut-
ton et al, 1998). These features usually allow distinc-
tion from Zygomycetes, which are much broader, ex-
hibit right angle branching, and are rarely septate. In
addition, agents of phaeohyphomycosis can be distin-
guished due to their black or darkly pigmented hyphae
with specific melanin staining with the Fontana-
Masson stain (Dixon and Polak-Wyss, 1991). How-
ever, it is important to note that a number of patho-
genic moulds, including Scedosporium, Fusarium, Ge-
otrichium, Scopulariopsis and others will have virtually
identical appearances on histopathology regardless of
the stains used. Although specific immunohistochemi-
cal stains using fluorescent antibodies to Aspergillus
can distinguish the organism, they are not specific nor
are they widely available for clinical use (de Repentigny
et al, 1994; Kaufman et al, 1997).

Genus specific identification and susceptibility test-
ing are becoming more important as antifungal thera-
pies are increasingly directed at specific pathogens. For
example, the newer triazoles, such as voriconazole, are
extremely active against Aspergillus but variably active
against Zygomycetes (Espinel-Ingroff et al, 2001; Pfaller
et al, 2002). Similarly, the echinocandins are not active
against Zygomycetes and have limited activity against
moulds other than Aspergillus. Additionally, identifi-
cation of the organism will also allow susceptibility
testing to be performed.

Recently, susceptibility testing for moulds including
Aspergillus has been validated (Espinel-Ingroff et al,
1997; Espinel-Ingroff et al, 2000), but correlation with
clinical results has not yet been established. Antifungal
resistance to itraconazole has been reported for a lim-
ited number of isolates, which correlates with lack of
efficacy in an animal model. In addition, these isolates
may not be cross-resistant to other azoles in vitro (Den-
ning et al, 1997; Mosquera and Denning, 2002). In ad-
dition, A. terreus may be resistant to amphotericin B
and susceptible to azoles so that testing of that species
could also be of potential clinical utility (Sutton et al,
1998). Nevertheless, the need for routine susceptibility
testing of Aspergillus species is limited at the present
time.

A number of approaches can be utilized to obtain
tissue samples for invasive aspergillosis. For pulmonary
lesions and other sites, such as deep organs or bone, a
fine needle biopsy can be attempted and guided by CT
or fluoroscopy to increase the diagnostic yield and
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avoid a more invasive procedure. Bronchoscopy with
bronchoalveolar lavage and transbronchial biopsies are
useful in establishing a specific diagnosis and in evalu-
ating for multiple pathogens in these high-risk patients
(Albelda et al, 1984; Kahn et al, 1986). Brain lesions
that are not accessible can be presumptively identified
with the presence of invasive pulmonary aspergillosis
and/or disseminated infection diagnosed elsewhere
(Perea and Patterson, 2002).

Cultures for Aspergillus in respiratory samples may
be associated with infection. Recent studies have
demonstrated in high-risk patients with increased rates
of infection, such as patients with neutropenia or those
undergoing bone marrow transplantation, the presence
of Aspergillus in a respiratory sample, particularly if
obtained via bronchoalveolar lavage, is highly sugges-
tive of the diagnosis of invasive aspergillosis (Yu et al,
1986; Horvath and Dummer, 1996). By contrast, blood
cultures are rarely positive for Aspergillus. These fea-
tures have led to standardized criteria developed by a
joint Mycoses Study Group/European Organization 
for Research and Treatment of Cancer (MSG/EORTC)
panel that has proposed that positive respiratory cul-
tures in conjunction with clinical illness and pulmonary
infiltrates in neutropenic or bone marrow transplant
patients meet criteria for a probable diagnosis of inva-
sive pulmonary aspergillosis (Ascioglu et al, 2002).

Radiographic findings can also be helpful in estab-
lishing a diagnosis of Aspergillus infection. Plain chest
radiographs are insensitive as extensive pulmonary dis-
ease may be present with few findings on chest films.
In neutropenic and bone marrow transplant patients
with invasive aspergillosis and other angioinvasive
moulds, chest computed tomography (CT) scans may
demonstrate lesions that are not visible on plain radi-
ographs. A “halo” of low attenuation surrounding a
nodular lung lesion in a high risk patient has been as-
sociated with an early diagnosis of infection (Caillot et
al, 1997) (Fig. 14–4). A nodular lesion may undergo
cavitation and subsequently be associated with an “air
crescent” sign that is associated with aspergillosis; this
radiographic sign occurs later in the course of illness,
usually after recovery of neutrophils (Fig. 14–5) (Cail-
lot et al, 1997). Recent studies have demonstrated that
the presence of a CT “halo” sign as a trigger to begin
presumptive therapy for IPA in high-risk patients re-
sulted in very favorable response rates particularly
when combined with surgical resection of isolated le-
sions (Yeghen et al, 2000).

The utility of non-culture methods to establish a
rapid diagnosis of invasive aspergillosis remains limited
(Verweij et al, 1998). Antibody detection was initially
evaluated, but a large proportion of patients have an-
tibodies due to prior asymptomatic exposure to ubiq-

uitous Aspergillus conidia. Even more problematic for
utilizing antibody for diagnosis of invasive disease is
the fact that highly immunosuppressed patients will not
develop a prompt antibody response to infection. A
number of investigators have evaluated various meth-
ods to establish a diagnosis of invasive infection by de-
tecting Aspergillus antigens or metabolites in serum,
but the clinical utility of these methods remain limited,
due in part to the lack of widespread availability of
these tests (Patterson et al, 1997; Patterson et al, 1995;
Verweij et al, 1998).

Recently, a sandwich ELISA technique that utilizes a
monoclonal antibody to galactomannan antigen has
been developed. The ELISA assay (Platelia Aspergillus,
Sonofi Diagnostics Pasteur, Marnes-la-Coquette,
France; BioRad, Redmond, WA) has been used most
extensively in Europe where it is approved for clinical
use (Verweij et al, 1995). This system uses the mono-
clonal antibody EB-A2 that is also used in the Pastorex
Aspergillus latex agglutination test (Sonofi Diagnostics
Pasteur), which has limited sensitivity for the detection
of circulating antigen. However, in contrast to the la-
tex agglutination test, the sandwich ELISA lowers the
detection limit for antigen 10-fold, to 0.5–1.0 ng/ml of
galactomannan in serum by using the antibody both as
a captor and as a detector (Verweij et al, 1995). With
this ELISA assay, sensitivity for detecting invasive as-
pergillosis is more than 90% with a positive predictive
value of more than 80% (Maertens et al, 2001). False
positive results have been reported, leading to recom-
mendations from the manufacturer to consider the test
a true positive at higher OD values or perhaps with
more than one positive sample. Unfortunately, the
higher cut-off value has resulted in low sensitivity, par-
ticularly in patients receiving empirical or prophylactic
antifungal therapies (Herbrecht et al, 2002b). Recent
studies have evaluated lower thresholds for positivity
in an attempt to increase the sensitivity of this test (Her-
brecht et al, 2002b). False positive results have been
seen in some pediatric patients, which may be due to
dietary intake (Verweij et al, 1995; Maertens et al,
2001). Although the ELISA method has been used to
test other body fluids such as cerebrospinal fluid and
bronchoalveolar lavage fluid, these fluids have been less
extensively studied compared to serum (Verweij et al,
1998). Ongoing clinical trials are in progress to estab-
lish the clinical utility of the sandwich ELISA to detect
galactomannan antigen as well as to establish guide-
lines regarding frequency of testing and interpretation
of results.

The use of PCR to detect invasive fungal pathogens,
including Aspergillus, has been reported, but false pos-
itive results for this very sensitive method have thus far
limited its clinical utility (Hebart et al, 2000; Loeffler
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et al, 2001). Specifically, the ubiquitous nature of fun-
gal conidia in patient samples as well as in air has re-
sulted in patients or even in controls with false posi-
tive results. Preliminary studies have suggested that this
method can be very sensitive but still specific for the
diagnosis of invasive aspergillosis.

THERAPY

Over the past 40 years, amphotericin B deoxycholate
has been the standard therapy for critically ill patients
with invasive aspergillosis (Stevens et al, 2000a), but
recent studies have demonstrated the significant dose-
limiting toxicities of amphotericin B when given in high
doses for opportunistic moulds like Aspergillus. In ad-
dition, the efficacy of amphotericin B deoxycholate in
high-risk patients is also extremely limited (Wingard et
al, 1999; Bates et al, 2001b; Herbrecht et al, 2002a).
Fortunately, an extensive effort has resulted in devel-
opment of new drugs to meet unmet medical needs (Pat-
terson, 2002). New antifungal therapies with activity
directed against Aspergillus have been developed in-
cluding lipid formulations of amphotericin B, the newer
triazoles (voriconazole, posaconazole, and ravucona-
zole), and the echinocandins (caspofungin, micafungin,

and anidulafungin) (Table 14–4). Recent studies have
documented the high overall failure rates of current an-
tifungal agents in invasive aspergillosis, with complete
responses (cures) occurring in only 27% of patients
(Patterson et al, 2000b). The response rate of ampho-
tericin B, which has been used in the most severely im-
munosuppressed patients, is only about 25%. Thus, the
mortality associated with invasive aspergillosis in high-
risk patients remains high, even with the “gold stan-
dard therapy” of amphotericin B (Patterson, 1998).

Lipid formulations of amphotericin B offer the ad-
vantage of less toxicity and allow higher doses of drug,
but the optimal dosage and/or use of these compounds
is not known (Ellis et al, 1998; Leenders et al, 1998;
Walsh et al, 1998; Walsh et al, 2001). The utility of li-
posomal amphotericin B at 5 mg/kg/day was compared
to standard amphotericin B at 1.0 mg/kg/day for proven
or suspected invasive mycoses (Leenders et al, 1998).
Overall outcomes of both groups in this small study
were equivalent; however, analysis of outcomes in those
patients with proven invasive aspergillosis favored ther-
apy with the liposomal preparation. Investigators have
recently documented the increased morbidity associ-
ated with standard amphotericin B, primarily renal 
insufficiency, in patients receiving bone marrow trans-

TABLE 14–4. Currently Available Antifungal Agents for Therapy of Invasive Aspergillosis
Route of

Class/Agent Administration Dose Comment

Polyenes

Amphotericin B IV 1.0–1.5 mg/kg/day Previous “gold standard” therapy; significant
toxicity; limited efficacy in high risk patients 
(Wingard et al, 1999; Bates et al, 2001a)

Liposomal amphotericin IV 3–5 mg/kg/day Well tolerated; minimal infusion reactions or
nephrotoxicity; higher doses (� 5 mg/kg/day)
anecdotally more effective; expensive (Leenders 
et al, 1998)

Amphotericin B lipid IV 5 mg/kg/day Indicated for invasive mycoses intolerant or
complex refractory to standard therapy (Walsh et al, 1998) 

Amphotericin B IV 3–6 mg/kg/day More infusion-related toxicity than other lipid
colloidal dispersion formulations; limited efficacy in single trial

of primary treatment (Bowden et al, 2002)

Azoles

Itraconazole IV/oral 200 mg/day (IV) Oral solution improved bioavailability; limited
200 mg bid (PO) efficacy data for  intravenous preparation.

Effective for “sequential” polyene to azole therapy
(Patterson et al, 2000b; Caillot et al, 2001)

Voriconazole IV/oral 4 mg/kg/day (IV) (6 mg/kg q12 h Effective in acute invasive aspergillosis; improved 
� 2 loading dose) survival as compared with amphotericin B 

(Herbrecht et al, 2002a)

Echninocandins

Caspofungin IV 50–70 mg/day Approved for use in patients with invasive
aspergillosis refractory to or intolerant of 
standard therapy; well tolerated in clinical trials; 
possible interaction with cyclosporine (Maertens 
et al, 2000)
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plantation and those receiving concomitant nephro-
toxic agents (Wingard et al, 1999). These and other 
results suggest that while lipid formulations of am-
photericin B are dramatically more expensive than stan-
dard amphotericin B deoxycholate, hidden costs of
standard amphotericin B in terms of morbidity and
mortality as well as resource utilization may justify the
use of a lipid formulation of amphotericin B in certain
high-risk patients (Rex and Walsh, 1999; Bates et al,
2001a).

Other investigators have evaluated the potential for
lower doses of lipid formulations (1 mg/kg/day as com-
pared with 4 mg/kg/day liposomal amphotericin B)(El-
lis et al, 1998). While overall results were similar in the
two arms of the study, the patients with suspected or
proven invasive aspergillosis responded better to the
higher dose of liposomal amphotericin B, which is 
consistent with preclinical studies in experimental as-
pergillosis documenting a dose response to the lipid
drugs (Patterson et al, 1989; Walsh et al, 2000). On
the basis of results of several studies with the lipid for-
mulations, these agents are approved for salvage ther-
apy of invasive aspergillosis. However, a recent study
compared amphotericin B deoxycholate versus am-
photericin B colloidal dispersion as primary therapy for
invasive aspergillosis (Bowden et al, 2002). Results of
this study were disappointing, in that the colloidal dis-
persion formulation had equal but no better efficacy
than amphotericin B deoxycholate. Toxicity of the lipid
formuatlion was minimally decreased, compared to
that of the parent drug. Liposomal nystatin, an inves-
tigational polyene drug, has some promise against As-
pergillus (Offner et al, 2000).

Itraconazole is approved for use in aspergillosis, but
the utility of itraconazole has been limited. Until re-
cently it had been available only in an oral formula-
tion which is erratically or poorly absorbed and asso-
ciated with potentially serious drug interactions. An
intravenous itraconazole preparation has only recently
been approved for clinical use (Caillot et al, 2001).
Thus, itraconazole has not been frequently used as a
single antifungal agent for severely immunosuppressed
patients. In less immunosuppressed patients who are
able to take oral therapy, itraconazole has been shown
to be an effective agent (Patterson et al, 2000b). More-
over, the use of oral itraconazole, following an initial
“induction” course of amphotericin B, has been shown
to be effective (Patterson et al, 2000b).

The second generation triazoles have an expanded
spectrum of activity that includes Aspergillus spp.
(Sheehan et al, 1999; Denning et al, 2002). Recently,
voriconazole, a potent, broad-spectrum triazole, was
approved for the primary therapy of invasive as-
pergillosis based on a randomized trial comparing
voriconazole to amphotericin B deoxycholate followed

by other licensed antifungal therapy when necessary
(Herbrecht et al, 2002a). Notably, this trial docu-
mented success in 52% of voriconazole treated patients
compared to only 31% success in amphotericin B
treated patients. Importantly, benefit was demonstrated
in patients at high risk for mortality including those
undergoing bone marrow transplantation and those
with extrapulmonary disease including central nervous
system involvement (Denning et al, 2002; Herbrecht et
al, 2002a). In addition, a survival benefit of voricona-
zole was shown as compared with standard therapy
(Herbrecht et al, 2002a). Thus, it seems likely that
voriconazole will become a preferred therapy for inva-
sive aspergillosis. Voriconazole, available in both oral
and parenteral forms, has been evaluated in an exten-
sive Phase III clinical evaluation for efficacy against a
wide range of fungal pathogens (Ally et al, 2001; Her-
brecht et al, 2002a). In vitro, voriconazole demon-
strates fungicidal activity against clinically relevant As-
pergillus species, including A. terreus, which may be
resistant to amphotericin B (Espinel-Ingroff et al, 2001;
Pfaller et al, 2002).

In clinical trials, voriconazole exhibits a favorable
pharmacokinetic profile and has been reasonably tol-
erated. The most common adverse event has been a
transient and reversible visual disturbance which has
been reported in approximately one-third of patients
receiving the drug (Ally et al, 2001; Herbrecht et al,
2002a; Walsh et al, 2002). This effect, which is dose
related, is described as an altered or increased light per-
ception that is temporary and not associated with
pathologic sequelae. Other adverse events have been
less common, including liver abnormalities in 10% of
patients, skin rash in 6%, nausea and vomiting in 2%,
and anorexia in 1%.

Investigational triazoles in clinical development in-
clude posaconazole (SCH 56592) and ravuconazole
(BMS 207,147) (Patterson, 1999a; Kirkpatrick et al,
2000; Kirkpatrick et al, 2002b). Posaconazole, cur-
rently available in only an oral formulation, has been
shown to have activity against Aspergillus in vitro as
well as in preclinical animal in vivo studies (Kirkpatrick
et al, 2000; Pfaller et al, 2002). In an open-label trial,
posaconazole was also reported to have activity in pa-
tients with invasive aspergillosis (Hachem et al, 2000).
Although human trials with ravuconazole are just be-
ginning, this drug has shown activity in animal mod-
els of invasive aspergillosis, similar to that of voricona-
zole and posaconazole (Roberts et al, 2000; Kirkpatrick
et al, 2002b).

The echinocandins are a new class of antifungal
drugs that also have activity against Aspergillus (Pe-
traitis et al, 2002; Kirkpatrick et al, 2002a; Petraitiene
et al, 2002). These agents, which are administered in-
travenously, target glucan synthase, which is needed for
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synthesis of �-1,3-glucan in fungal cell walls (Bowman
et al, 2002). Included in this class are caspofungin, mi-
cafungin (FK463) and anidulafungin (VER-002). The
latter two drugs are investigational. Capsofungin has
recently been approved for clinical use for treatment of
patients refractory to or intolerant of standard thera-
pies for invasive aspergillosis. In an open-label trial for
such patients, caspofungin was demonstrated to pro-
duce satisfactory clinical responses in 41% (22/54) of
patients studied (Maertens et al, 2000). This class of
compounds has been extremely well tolerated in clinical
trials; for example, drug discontinuations attributed to
caspofungin intolerance or toxicity in the aspergillosis
trial occurred in only 5% of patients. Nephrotoxicity ap-
pears to be minimal (Maertens et al, 2000).

The clinical availability of several new antifungal
drugs and new drug classes with activity against As-
pergillus has increased interest in combination anti-
fungal therapy for this potentially lethal mould disease.
As none of these potential combinations have been eval-
uated in clinical trials, caution for these approaches has
arisen largely from previous studies showing in vivo
(murine aspergillosis) and in vitro antagonism between
amphotericin B and ketoconazole, an early imidazole
with limited Aspergillus activity (Schaffner and Frick,
1985). This antagonism occurred with pre-treatment of
Aspergillus with the azole, thereby reducing cell wall
ergosterol and eliminating the site of action of am-
photericin B. Other studies with the newer azoles have
not shown this effect and clinical demonstrations 
of this antagonism are limited (George et al, 1993;
Schaffner and Böhler, 1993).

In the past, other drug combinations as therapy of
aspergillosis have been evaluated, including ampho-
tericin B and rifampin, amphotericin B and flucytosine,
and others (Denning and Stevens, 1990; Denning et al,
1992). Problems with rifampin combined with azoles
include increased metabolism of the azole drugs, which
obviates their use and makes that combination unat-
tractive. Similarly, flucytosine has limited activity
against Aspergillus and can cause pancytopenia that
worsens immunosuppression. Recent animal model
studies have demonstrated the potential efficacy in re-
ducing burden of infection of echinocandins used in
combination with amphotericin B or the new triazoles
(Kohno et al, 2000; Nakajima et al, 2000; Kirkpatrick
et al, 2002a). For example, voriconazole combined with
the echinocandin, caspofungin, improved sterilization
of tissues in a neutropenic animal model of infection
(Kirkpatrick et al, 2002a). Clinical studies using com-
bination antifungal therapy are ongoing.

The role of adjuvant therapies for invasive as-
pergillosis may be important in management although
they have not been well studied. Surgical approaches
of removing isolated pulmonary nodules prior to ad-

ditional immunosuppressive therapies have been shown
to improve outcome of infection (Caillot et al, 1997;
Yeghen et al, 2000). Other adjuvant therapies such as
granulocyte transfusions (Bhatia et al, 1994), granulo-
cyte and granulocyte-macrophage colony-stimulating
factors (Vose et al, 1991; Pui et al, 1997; Rowe, 1998),
and interferon-� (Bernhisel-Broadbent et al, 1991) have
been shown in anecdotal reports to improve outcome
in individual patients but are not generally recom-
mended for routine use as improved responses and sur-
vival have not been conclusively demonstrated (Stevens,
1998). Adjunctive immunotherapy is usually reserved
for patients who have progressive infection despite ag-
gressive antifungal chemotherapy (Stevens et al, 2000a).

Approach to Management
Guidelines for treating invasive aspergillosis have been
published recently by the Infectious Diseases Society of
America (Stevens et al, 2000). Notable in these guide-
lines are a striking absence of recommendations derived
from large, placebo-controlled antifungal treatment tri-
als, due to the difficulty of studying this relatively un-
common and difficult to diagnose infection. Neverthe-
less, these guidelines suggest that in high-risk patients
a prompt diagnosis and aggressive antifungal therapy
may be a means to improve the outcome of this dis-
ease (Stevens et al, 2000a). Unfortunately, even ag-
gressive antifungal therapy is unlikely to be successful
unless the underlying state of immunosuppression of
the patient improves. Typically, the diagnosis of inva-
sive aspergillosis is proven or probable in high risk pa-
tients in whom suggestive clinical findings develop. Ad-
junctive diagnostic measures such as CT scans, culture
results, and non-culture-based methods can be used to
facilitate earlier and more precise diagnosis. Although
high doses of standard amphotericin B deoxycholate
are often used as initial therapy, this therapy is toxic
and often ineffective. Lipid formulations of ampho-
tericin B, which are used in patients with renal insuf-
ficiency, progressive infection despite standard ampho-
tericin B, or perhaps as initial therapy in patients at
high risk for nephrotoxicity, may reduce toxicity 
and may be associated with an improved outcome 
of infection. Newer triazoles, such as voriconazole,
posaconazole, and ravuconazole, and a new class of
drugs, namely, the echinocandins, offer the potential
for improved therapy of invasive aspergillosis. In pa-
tients treated with initial induction courses of ampho-
tericin B, sequential therapy with oral azoles with As-
pergillus activity such as itraconazole or one of the
newer triazoles such as voriconazole, may prove be a
useful option. The availability of these new compounds
also offers the potential for combination antifungal
therapy for invasive aspergillosis, but drug combina-
tions have not yet been evaluated in clinical trials.
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Improvement in underlying host defenses is crucial
to successful therapy of invasive aspergillosis. While
substantial advances have recently been made in the
management of this disease, newer approaches to 
therapy, including drug–drug combinations or drug–
immunotherapy combinations, as well as highly sen-
sitive and specific methods of diagnosis are still needed
to improve the outcome of this aggressive mould 
disease.

PREVENTION AND PROPHYLAXIS

Prevention of invasive aspergillosis in high-risk patients
remains a difficult challenge. Outbreaks of Aspergillus
infections have been linked to hospital construction,
contaminated ventilation systems and operating rooms,
and more recently to contaminated water (Sherertz et
al, 1987; Walsh and Dixon, 1989; Anaissie and Costa,
2001; Dykewicz, 2001;). Nevertheless, it is important
to recognize that high-risk immunosuppressed patients
now spend much of their treatment course in the out-
patient setting; consequently, community-acquired in-
fection is also common (Patterson et al, 1997). Pre-
vention of nosocomial aspergillosis in the highest risk
populations is difficult even using state of the art air
control systems including point of use HEPA filters, fre-
quent air exchanges and positive pressure ventilation.
Unfortunately, these high-risk patients have exposures
in the hospital setting outside of their protective envi-
ronment (Iwen et al, 1993).

Antifungal prophylaxis using agents with activity
against moulds has been attempted, usually in the set-
ting of an outbreak of Aspergillus infection that in-
volves multiple other interventions to control the out-
break. Efficacy in that setting is usually compared to
the incidence of infection during a prior historical set-
ting. Agents evaluated in this setting include low dose
amphotericin B, low doses of lipid formulations of am-
photericin B, and nasal and aerosolized forms of am-
photericin B. None of these have been conclusively
demonstrated to have benefit in large, randomized clin-
ical trials (Dykewicz et al, 2000; Palmer et al, 2001).
Itraconazole has been suggested to have benefit in pre-
venting mould infections but poor tolerance of itra-
conazole by high-risk patients has limited its use (Mor-
genstern et al, 1999). Thus, no agents are currently
recommended for prevention of mould infections
(Dykewicz et al, 2000), although studies are ongoing
to evaluate the efficacy of the echinocandins and the
newer triazoles in this setting.
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Zygomycoses
ASHRAF S. IBRAHIM, JOHN E. EDWARDS JR, AND SCOTT G. FILLER

Zygomycosis is a group of fungal infections caused by
a variety of mould organisms belonging to the class Zy-
gomycetes. This class is further classified into two or-
ders, Mucorales and Entomophthorales. Fungi belong-
ing to the order Mucorales are distributed into six
families all of which can cause cutaneous and deep in-
fections in immunocompromised patients (Ribes et al,
2000) (Fig. 15–1). In contrast, the order Entomoph-
thorales contains two families of organisms that cause
subcutaneous and mucocutaneous infections primarily
in immunocompetent children (Richardson and Shank-
land, 1999; Sugar, 2000) (Fig. 15–1).

For years, infections caused by the Zygomycetes 
class of fungi were described in the literature under 
the names phycomycosis or zygomycosis. The term
phycomycosis is no longer used because the class Phy-
comycetes no longer exists. The use of the term zy-
gomycosis is taxonomically correct to describe infec-
tions caused by organisms belonging to the order
Mucorales or Entomophthorales. However, infections
caused by organisms of the order Mucorales differ both
clinically and pathologically from infections caused by
organisms of the order Entomophthorales. Therefore,
zygomycosis is too imprecise and vague to convey use-
ful information to the clinician. We propose to use the
term mucormycosis for infections caused by organisms
belonging to the order Mucorales and entomophtho-
ramycosis for infections caused by organisms of the or-
der Entomophthorales. We discuss each of these types
of infections separately.

MUCORMYCOSIS

Etiology
A variety of organisms has been implicated in mu-
cormycosis. However, organisms belonging to the fam-
ily Mucoraceae are isolated more frequently from pa-
tients with mucormycosis patients than any other
family. Rhizopus oryzae (Rhizopus arrhizus) is the most
common cause of infection followed by Rhizopus
microsporus var. rhizopodiformis (Richardson and
Shankland, 1999; Ribes et al, 2000). Other, less fre-

quently isolated species of the Mucoraceae family that
cause a similar spectrum of infections include Absidia
corymbifera, Apophysomyces elegans, Mucor species,
and Rhizomucor pusillus (Kwon-Chung and Bennett,
1992; Ribes et al, 2000). Other organisms such as Cun-
ninghamella bertholletiae (in Cunninghamellaceae fam-
ily) have been increasingly isolated from patients with
pulmonary and disseminated mucormycosis (Kwon-
Chung et al, 1975; Ventura et al, 1986; Cohen-Abbo
et al, 1993; Kontoyianis et al, 1994). Additionally, Sak-
senaea vasiformis (in Saksenaceae family) has been re-
ported as a cause of cutaneous (Bearer et al, 1994),
subcutaneous (Pritchard et al, 1986; Lye et al, 1996),
rhinocerebral (Gonis and Starr, 1997), and dissemi-
nated infections (Torell et al, 1981; Hay et al, 1983).
Rare cases of mucormycosis have been reported due 
to Cokeromyces recurvatus (Kemna et al, 1994) (in
Thamnidiaceae family), Mortierella species (Ribes et al,
2000) (in Mortierellaceae family) and Syncephalastrum
species (Kamalam and Thambiah, 1980) (in Syncepha-
lastraceae family).

The agents of mucormycosis are classified into six
different families (Fig. 15–1) based on morphologic
analysis of the fungus, namely the presence and loca-
tion of rhizoids, the presence of apophyses, and the
morphology of the columellae (Sugar, 2000). Other
taxonomically relevant features include carbohydrate
assimilation and the maximal temperature compatible
for growth. Because the diseases caused by the differ-
ent families of Mucorales are clinically indistinguish-
able from each other, laboratory confirmation of the
identity of the causative agent is the only way to dif-
ferentiate among these fungi. The identification of or-
ganisms isolated from patients with mucormycosis to
the species level will assist in clarifying the epidemiol-
ogy of this infection, and may be helpful in determin-
ing the susceptibility of the different organisms to an-
tifungal drugs.

Ecology and Epidemiology
Agents of mucormycosis are ubiquitous and thermo-
tolerant organisms that usually grow in decaying mat-
ter, including bread, vegetables, fruits, and seeds. They
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can also be recovered from soil, compost piles, and an-
imal excreta. Most of the Mucorales can grow and
sporulate abundantly on any carbohydrate-containing
source. Abundant growth with sporulation is usually
seen in culture media within 2–5 days. The spores are
easily air-borne and Mucorales are readily recovered as
contaminants in laboratory cultures. Indeed, the abil-
ity of R. microsporus var. rhizopodiformis to grow on
nonsterile wooden sticks used for culturing stool sam-
ples from immunocompromised patients led to misdi-
agnosis of these patients with gastrointestinal mu-
cormycosis (Verweij et al, 1997).

Members of Mucorales cause both localized and dis-
seminated infections in immunocompromised patients.
Only rare case reports of invasive mucormycosis in ap-
parently normal hosts have been described (Al-Asiri et
al, 1996; Del Valle et al, 1996). Allergic pulmonary dis-
ease does occur in immunocompetent hosts and reflects
an acute hypersensitive immune response illness rather
than invasive disease (Wimander and Belin, 1980; 
O’Connell et al, 1995).

Mucormycosis is relatively uncommon in neutro-
penic patients compared to other fungal infections.
However, an increasing prevalence of mucormycosis
cases in this population has been observed. Because 
the number of iatrogenically immunocompromised pa-
tients continues to rise, it is likely that the incidence of
mucormycosis will also increase (Ribes et al, 2000).
Nosocomial outbreaks of mucormycosis can occur in
leukemic patients, although they are not as common as
hospital-related Aspergillus infections.

The major risk factors for mucormycosis include
uncontrolled diabetes mellitus and other forms of
metabolic acidosis, treatment with corticosteroid
drugs in organ or bone marrow transplantation,
trauma and burns, malignant hematological disor-
ders, and deferoxamine therapy to chelate aluminum

or iron in dialysis patients. The underlying causes in-
fluence the clinical manifestation of the disease. For
example, diabetics in ketoacidosis usually develop
rhinocerebral mucormycosis, whereas patients with
malignant hematological disease, lymphoma, severe
neutropenia, or a history of deferoxamine therapy
usually suffer from pulmonary mucormycosis. Both
forms of disease are acquired through inhalation
(Lueg et al, 1996; Ribes et al, 2000). Other routes of
infection include direct skin contact, which results in
cutaneous mucormycosis or ingestion of contami-
nated food, which leads to gastrointestinal mu-
cormycosis. Cutaneous mucormycosis can occur in
neonates, and trauma and burn patients. Gastroin-
testinal mucormycosis is nearly always limited to
malnourished infants and transplant recipients.

Pathogenesis
The source of mucormycosis is exogenous and the or-
ganism usually gains entry into the host through the
respiratory tract. Spores can also be introduced directly
through abraded skin to cause primary cutaneous mu-
cormycosis that can further proliferate and disseminate
to other body organs.

Understanding of the pathogenesis of the disease is
derived mainly from in vitro studies that investigated
the ability of host defense constituents, such as neu-
trophils and macrophages to kill agents of mucormy-
cosis. In addition, the development of animal models
of mucormycosis has aided our understanding of
pathogenesis. These models include mice or rabbits
with mild diabetic ketoacidosis induced by streptose-
tozin or alloxan, cortisone-treated mice, neutropenic
mice, and deferoxamine-treated animals. Inhalation of
Mucorales spores by immunocompetent animals does
not result in the development of mucormycosis (Wal-
dorf et al, 1984). In contrast, when the animals are im-

FIGURE 15–1. Taxonomy of Zygomycetes adapted from Ribes et al, 2000.



Zygomycoses 243

munosupressed by corticosteroids or by induction of
diabetes, the animals die from progressive pulmonary
and hematogenously disseminated infection (Waldorf
et al, 1984). The ability of inhaled spores to germinate
and form hyphae in the host is critical for establish-
ing infection. Bronchoalveolar macrophages harvested
from lungs of immunocompetent mice are able to in-
gest and prevent germination of R. oryzae spores, thus
preventing progression of the disease (Waldorf et al,
1984). However, these bronchoalveolar macrophages
are unable to kill the organism because viable organ-
isms can still be recovered from the phagolysosomes.
In contrast, bronchoalveolar macrophages of immuno-
suppressed mice are unable to prevent germination of
the spores in vitro or after infection induced by in-
tranasal inoculation (Waldorf et al, 1984).

Severely neutropenic patients are at increased risk for
developing mucormycosis, as well as other infections,
whereas patients with AIDS are rarely infected with
agents of Mucorales (Sugar, 2000). These findings sug-
gest that neutrophils are critical for inhibiting fungal
spore proliferation. Recruitment of neutrophils to sites
of infection occurs in response to fungal constituents
and activation of the alternative complement pathway
(Diamond et al, 1978; Marx et al, 1982). Both mono-
nuclear and polymorphonuclear phagocytes of normal
hosts kill Mucorales by the generation of oxidative
metabolites and the cationic peptides, defensins (Dia-
mond et al, 1982; Waldorf et al, 1984; Waldorf, 1989).
In the presence of hyperglycemia and low pH found in
patients with diabetic ketoacidosis, these phagocytes
are dysfunctional, and exhibit impaired chemotaxis and
defective intracellular killing by both oxidative and
non-oxidative mechanisms (Chinn and Diamond,
1982). The exact mechanisms by which ketoacidosis,
diabetes, or steroids impair the function of these phago-
cytes remain unknown.

Phagocyte dysfunction alone cannot explain the high
incidence of mucormycosis in patients with diabetic ke-
toacidosis because the incidence of this infection is in-
creased much more than that of infections caused by
other microbial pathogens (Kwon-Chung and Bennett,
1992; Richardson and Shankland, 1999; Ribes et al,
2000; Sugar, 2000). Therefore, Mucorales must pos-
sess virulence traits that enable the organism to survive
in this subset of patients. One of these traits is the abil-
ity to acquire iron from the host (Artis et al, 1982; Boe-
laert et al, 1993). Iron is required by virtually all mi-
crobial pathogens for growth and virulence (Howard,
1999). In mammalian hosts, very little serum iron is
available to microorganisms because it is highly bound
to host carrier proteins such as transferrin (Artis et al,
1982). Sequestration of serum iron is a major host de-
fense mechanism against Mucorales, because Rhizopus
grows poorly in normal serum until exogenous iron is

added (Artis et al, 1982; Boelaert et al, 1993). Impor-
tantly, patients with elevated levels of available serum
iron are uniquely susceptible to infection by Mucorales
(Sugar, 2000). Patients who are treated with the iron
chelator, deferoxamine, have a markedly increased in-
cidence of invasive mucormycosis (Boelaert et al, 1994).
Deferoxamine appears to predispose patients to Rhi-
zopus infection by acting as a siderophore, which sup-
plies previously unavailable iron to the fungus (Boe-
laert et al, 1993). The mechanism by which Rhizopus
obtains iron from the iron-deferoxamine complex is be-
lieved to include binding of the iron-deferoxamine com-
plex to the mould, followed by release of iron and sub-
sequent transport of the reduced iron intracellularly (de
Locht et al, 1994). This transport is likely mediated by
iron permeases. Administration of deferoxamine wors-
ens survival of guinea pigs infected with Rhizopus but
not Candida albicans (Boelaert et al, 1993; Boelaert et
al, 1994; de Locht et al, 1994). Additionally, in vitro
studies of radiolabeled iron uptake from deferoxamine
in serum show that Rhizopus is able to incorporate 
8-fold and 40-fold more iron than are Aspergillus
fumigatus and C. albicans, respectively (Boelaert et al,
1993).

As mentioned previously, patients with diabetic ke-
toacidosis are at high risk of developing rhinocerebral
mucormycosis (Kwon-Chung and Bennett, 1992;
Richardson and Shankland, 1999; Ribes et al, 2000;
Sugar, 2000). These patients have elevated levels of
available iron in their serum (Artis et al, 1982). Also,
Artis and coworkers showed that sera collected from
patients with diabetic ketoacidosis supported growth
of R. oryzae at acidic pH (7.3–6.88) but not at alka-
line pH (7.78–8.38) (Artis et al, 1982). Sera that did
not support R. oryzae growth at acidic pH were found
to have less available iron than sera that supported fun-
gal growth. Furthermore, adding exogenous iron to
sera allowed R. oryzae to grow profusely at acidic con-
ditions but not at pH � 7.4. Finally, simulated acidotic
conditions decreased the iron-binding capacity of sera
collected from normal volunteers, suggesting that aci-
dosis temporarily disrupts the capacity of transferrin to
bind iron (Artis et al, 1982). Therefore, the increased
susceptibility of patients with diabetic ketoacidosis to
mucormycosis is likely due in part to an elevation in
available serum iron.

Fungi can obtain iron from the host using low mo-
lecular weight iron chelators (siderophores) or high-
affinity iron permeases (Stearman et al, 1996; Howard,
1999). Because the siderophores of Rhizopus spp. are
very inefficient at obtaining iron from serum (de Locht
et al, 1994; Boelaert, 1993 ), it is believed that these
siderophores contribute very little to the ability of this
organism to grow in patients who are receiving defer-
oxamine or have diabetic ketoacidosis. The high affin-
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ity iron permeases are able to transport iron from serum
intracellularly and therefore likely to be critical for the
survival of the organism in susceptible hosts.

Other putative virulence factors include the ability
of R. oryzae to adhere to the extracellular matrix pro-
teins laminin and type IV collagen (Bouchara et al,
1996), and the secretion of aspartic proteinases (Far-
ley and Sullivan, 1998). Additionally, Rhizopus species
have an active ketone reductase system that may be an
additional virulence factor by enhancing growth in the
acidic and glucose-rich environment seen in ketoaci-
dotic states (Anand et al, 1992). To date, none of these
potential virulence factors have been proven to be es-
sential for the development of mucormycosis, because
the necessary molecular biology tools to construct mu-
tants lacking a specific virulence factor have not yet
been developed.

Clinical Manifestations
The clinical hallmark of mucormycosis is the rapid 
onset of tissue necrosis, with or without fever. This
necrosis is the result of invasion of blood vessels and
subsequent thrombosis. In most cases, the infection is
relentlessly progressive and results in death unless
treatment is promptly initiated. Based on clinical pres-
entation and the involvement of a particular anatomic
site, mucormycosis can be divided into at least six forms:
(1) rhinocerebral, (2) pulmonary, (3) cutaneous, (4) gas-
trointestinal (5) disseminated, and (6) miscellaneous.

Rhinocerebral Mucormycosis. Rhinocerebral mucormy-
cosis is the most common form of the disease repre-
senting between one-third to one-half of all cases (Pills-
bury and Fischer, 1977). Approximately 70% of cases
of rhinocerebral (occasionally referred to as craniofa-
cial) mucormycosis are found in diabetic patients in ke-
toacidosis (McNulty, 1982) (See Color Fig. 15–2 in
separate color insert). Rhinocerebral mucormycosis can
also occur in patients who have received a solid organ
transplant or who have prolonged neutropenia (Pills-
bury and Fischer, 1977; Yanagisawa et al, 1977; Abedi
et al, 1984; Peterson et al, 1997).

The initial symptoms are consistent with sinusitis,
and include facial pain, unilateral headache, drainage,
and soft tissue swelling. Fever is frequently present. The
infection may rapidly extend into the contiguous tis-
sues. Infected tissues are initially erythematous, and
then become violaceous, and finally black as the blood
vessels become thrombosed and tissue infarction occurs
(See Color Fig. 15–2a in separate color insert). Infec-
tion can sometimes extend from the sinuses into the
mouth and produce painful, necrotic ulcerations of the
hard palate or from the sinuses on one side to the con-
tralateral sinuses. If untreated, infection usually spreads
from the ethmoid sinus to the orbit, resulting in loss of

extraocular muscle function and proptosis. Marked
swelling of the conjunctiva may also be seen. Involve-
ment of the optic nerve is manifested by blurred vision
and eventually blindness. Cranial nerves five and seven
may also be affected, resulting in ptosis, pupillary di-
latation and occasionally, peripheral facial nerve palsy
(See Color Fig. 15–2b in separate color insert). Cranial
nerve findings represent extensive infection and signal
a grave prognosis. Infection can also spread posteriorly
from either the orbit or sinuses to the central nervous
system. A bloody nasal discharge may be the first sign
that infection has invaded through the terbinates and
into the brain. Physicians should consider the possibil-
ity of mucormycosis of the central nervous system in
patients with ketoacidosis who have altered mental sta-
tus that persists even after metabolic abnormalities have
been corrected. When there is extensive central nerv-
ous system involvement, the angioinvasive nature of the
fungus may result in cavernous sinus and internal
carotid artery thrombosis (Lowe and Hudson, 1975),
and occasionally may lead to hematogenous dissemi-
nation of the infection (LeCompte and Meissner, 1947;
Pillsbury and Fischer, 1977).

Previously, cases of rhinocerebral mucormycosis
were usually fatal (LeCompte and Meissner, 1947). Al-
though the mortality rate of rhinocerebral disease re-
mains high, the infection can be cured when diagnosed
early and treated with aggressive surgery and appro-
priate antifungal agents (Bullock et al, 1974; Parfrey,
1986). The nature of the underlying disease and the re-
versibility of the immune dysfunction are the most im-
portant determinants of survival. One study showed
that 75% of patients with rhinocerebral disease who
had no underlying immune compromise survived
whereas 60% of those with diabetes and only 20% of
patients with other immunocompromised states were
cured (Blitzer et al, 1980).

Pulmonary Mucormycosis. Mucormycosis of this type
occurs most commonly in leukemic patients who are
receiving chemotherapy. These patients typically have
severe neutropenia and are frequently receiving broad-
spectrum antibiotics for unremitting fever. Patients
with diabetic ketoacidosis can also develop pulmonary
mucormycosis, although infections in these patients are
less fulminant and follow a more subacute course than
is typically seen in patients with neutropenia (Rothstein
and Simon, 1986). Pulmonary mucormycosis may de-
velop as a result of inhalation or by hematogenous or
lymphatic spread. Symptoms include fever, dyspnea,
and cough. Angioinvasion results in necrosis of tissue
parenchyma, which may ultimately lead to cavitation
and/or hemoptysis, which may be fatal if a major blood
vessel is involved (Watts, 1983; Harada et al, 1992). If
infection is not treated, hematogenous dissemination to
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the contralateral lung and other organs frequently oc-
curs. Patients with untreated pulmonary mucormyco-
sis usually die from disseminated disease before respi-
ratory failure occurs (Tedder et al, 1994). The notable
exception is the rare patient with massive hemoptysis
(Murray, 1975; Pagano et al, 1995).

Cutaneous Mucormycosis. Patients who are at high
risk of developing cutaneous mucormycosis are mainly
those with burns or other forms of skin trauma, such
as patients with open fractures or crash victims. In di-
abetic or immunocompromised patients, cutaneous le-
sions may arise at an insulin injection or catheter in-
sertion site. A nationwide epidemic of cutaneous
mucormycosis occurred in patients who had contami-
nated surgical dressings applied to their skin (Garten-
berg et al, 1978; Mead et al, 1979).

Although cutaneous disease usually arises from pri-
mary inoculation of the infection site, it sometimes is
due to disseminated disease. These two routes of in-
fection have distinct clinical presentations. Primary in-
fection produces an acute inflammatory response with
pus, abscess formation, tissue swelling, and necrosis.
The lesions may appear red and indurated, and often
progress to black eschars. The necrotic tissue may
slough, leaving large ulcers. Primary cutaneous disease,
which may be polymicrobial, is generally rapidly ag-
gressive even in the face of appropriate debridement
and medical treatment. Occasionally, aerial mycelia
may be visible on the surface of the cutaneous lesion.
This form of cutaneous disease can be very invasive lo-
cally, and penetrate from the cutaneous and subcuta-
neous tissues into the adjacent fat, muscle, fascia, and
even bone. Cutaneous and subcutaneous disease may
lead to necrotizing fasciitis, which has a mortality ap-
proaching 80% (Patino et al, 1991). Secondary vascu-
lar invasion may also lead to hematogenously dissem-
inated infection of the deep organs.

When cutaneous mucormycosis results from hemato-
genously disseminated infection, the lesion typically be-
gins as an erythematous, indurated and painful celluli-
tis. It then progresses to an ulcer covered with a black
eschar (See Color Fig. 15–3 in separate color insert).

Gastrointestinal Mucormycosis. Mucormycosis of the
gastrointestinal tract is rare, mainly occurs in patients
who are extremely malnurished (especially infants or
children) and transplant recipients, and is thought to
arise from ingestion of the organism. The stomach,
colon, and ileum are the most commonly involved sites.
Because this infection is acute and rapidly fatal, it is
seldomly diagnosed during life. The symptoms are var-
ied and depend on the site affected. Nonspecific ab-
dominal pain and distention associated with nausea and
vomiting are the most common symptoms. Fever and

hematochezia may also occur. The patient is often
thought to have an intraabdominal abscess. The diag-
nosis may be made by biopsy of the suspected area dur-
ing surgery or endoscopy.

Disseminated Mucormycosis. Hematogenously dissem-
inated mucormycosis may originate from any primary
site of infection. Pulmonary mucormycosis in severely
neutropenic patients has the highest incidence of dis-
semination. Less commonly, dissemination can arise
from the gastrointestinal tract, sinuses or cutaneous le-
sions, particularly in burn patients. The most common
site of dissemination is the brain, but metastatic lesions
may also be found in the spleen, heart, skin, and other
organs. Cerebral infection following dissemination is
distinct from rhinocerebral mucormycosis, and results
in abscess formation and infarction. Patients present
with sudden onset of focal neurological deficits or
coma. The mortality associated with dissemination to
the brain approaches 100% (Straatsma et al, 1962).

Miscellaneous Forms. Agents of Mucorales may cause
infection in virtually any body site. Brain involvement
in the absence of sinus infection, endocarditis, and
pyelonephritis occurs occasionally, mainly in intra-
venous drug abusers (Virmani et al, 1982; Tuder, 1985;
Woods and Hanna, 1986; Vesa et al, 1992). Other re-
ports have described mucormycosis in bones (Maliwan
et al, 1984; Pierce et al, 1987), mediastinum (Connor
et al, 1979; Leong, 1978), and trachea (Andrews et al,
1997). Other unusual forms of mucormycosis include
superior vena cava syndrome (Helenglass et al, 1981),
and external otitis (Ogunlana, 1975). Although mu-
cormycosis is not seen commonly in AIDS patients,
there have been a number of case reports of this infec-
tion in this patient population.

Diagnosis
Diagnosis of mucormycosis almost always requires
histopathologic evidence of fungal invasion of the tis-
sues. Culture of organisms from a potentially infected
site is rarely sufficient to establish the diagnosis of mu-
cormycosis because the causative agent is ubiquitous,
may colonize normal persons, and is a relatively fre-
quent laboratory contaminant. Additionally, the or-
ganism may be killed during tissue grinding, which is
routinely used to process tissue specimens for culture.
Thus, a sterile culture does not rule out the infection.
Furthermore, waiting for the results of the fungal cul-
ture may delay the institution of appropriate therapy.
There is no reliable serologic test or skin test for mu-
cormycosis. Therefore, the diagnosis should be made
by biopsy of infected tissues. The biopsy specimen
should demonstrate the characteristic wide, ribbon-like
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aseptate hyphal elements that branch at right angles.
The organisms are often surrounded by extensive
necrotic debris (See Color Fig. 15–4 in separate color
insert). Other fungi including Aspergillus, Fusarium, or
Scedosporium spp. may look similar to the Mucorales
on biopsy. However, these moulds have septae, are
usually thinner, and branch at acute angles. The genus
and species of the infecting organism may be deter-
mined by culture of the infected tissue. The organism
is rarely isolated from cultures of blood, CSF, sputum,
urine, feces, or swabs of infected areas.

While imaging techniques may be suggestive of mu-
cormycosis, they are rarely diagnostic. In patients with
rhinocerebral mucormycosis, computed tomography
(CT) scanning of the sinuses may reveal mucoperiosteal
thickening, air-fluid levels and bony erosion. Although
evidence of infection of the soft tissues of the orbit may
sometimes be seen by CT scan, magnetic resonance im-
aging (MRI) is more sensitive (Fatterpekar et al, 1999).
Patients with early rhinocerebral mucormycosis may
have a normal MRI, and surgical exploration with
biopsy of the areas of suspected infection should al-
ways be performed in high-risk patients. The most com-
mon finding with CT of the orbit is thickening of the
extraocular muscles. It is critically important to em-
phasize that if orbital mucormycosis is suspected, ini-
tial empiric therapy with a polyene antifungal should
begin while the diagnosis is being confirmed, rather
than waiting until a protracted series of diagnostic tests
have been completed. A common clinical scenario is for
the physician to make a presumptive diagnosis of 
orbital or rhinocerebral mucormycosis but to delay
therapy for several days until diagnostic studies are
completed.

The findings of pulmonary mucormycosis are often
consistent with a bronchopneumonia caused by bacte-
ria or infection with other fungi (particularly As-
pergillus spp.). Early in the course of infection, focal
or diffuse infiltrates are seen on chest X-rays; these then
progress to consolidation, with or without cavitation
(Tedder et al, 1994; McAdams et al, 1997). Wedge-
shaped infarcts of the lung may also be seen, particu-
larly following thrombosis of the pulmonary vessels 
due to fungal angioinvasion (Marchevsky et al, 1980).
High-resolution chest CT scan is the best method of
determining the extent of pulmonary mucormycosis,
and may demonstrate evidence of infection before it is
apparent on the chest X-ray.

The diagnosis of disseminated disease is difficult be-
cause patients are usually severely ill from multiple dis-
eases and virtually always have negative blood cultures.
If there is evidence of infarction in multiple organs, the
diagnosis of mucormycosis should be considered. How-
ever, aspergillosis is commonly associated with an iden-
tical clinical picture. When disseminated mucormyco-

sis is suspected, a careful search should be made for 
cutaneous lesions that can be biopsied for diagnostic
purposes.

Treatment
Four factors are critical for eradicating mucormycosis:
rapidity of diagnosis, reversal of the underlying pre-
disposing factors (if possible), aggressive surgical de-
bridement of infected tissue, and appropriate antifun-
gal therapy. Early diagnosis is important because small,
focal lesions can often be surgically excised before they
progress to involve critical structures or disseminate.
Correcting or controlling predisposing problems is 
also essential for improving the treatment outcome. In 
diabetic ketoacidotic patients, hyperglycemia and
acidemia should be corrected. Discontinuation of iron
chelation or immunosuppressive therapy, particularly
steroids, should be strongly considered when the diag-
nosis of mucormycosis is made.

Mucormycosis is frequently rapidly progressive and
antifungal therapy alone is often inadequate to con-
trol the infection. Thus, surgical debridement of the
infected and necrotic tissue should be performed on
an urgent basis. In rhinocerebral mucormycosis, early
surgical excision of the infected sinuses and appropri-
ate debridement of the retroorbital space can often pre-
vent the infection from extending into the eye and ob-
viate the need for enucleation. Repeated surgical
exploration of the sinuses and orbit may be necessary
to ensure that all necrotic tissue has been debrided and
the infection has not progressed. In a retrospective
study of patients with pulmonary mucormycosis, sur-
gical treatment plus antifungal therapy greatly im-
proved outcome compared to the use of antifungal
therapy alone (Tedder et al, 1994). Cutaneous mu-
cormycosis should also be treated by surgical de-
bridement. Surgical debridement of necrotic tissue is
frequently highly disfiguring; if the patient survives the
acute phase of the disease, major reconstructive sur-
gery may be necessary.

There have been no prospective randomized trials to
define the optimal antifungal therapy for mucormyco-
sis. Amphotericin B remains the only antifungal agent
approved for the treatment of this infection (Kwon-
Chung and Bennett, 1992; Richardson and Shankland,
1999; Ribes et al, 2000; Sugar, 2000). Because many
Mucorales isolates are either relatively or highly re-
sistant to amphotericin B, high doses of this drug are
required. Amphotericin B deoxycholate should be ad-
ministered at 1.0–1.5 mg/kg/day, however, this dose
frequently causes nephrotoxicity. The lipid formula-
tions of amphotericin B are significantly less nephro-
toxic than amphotericin B deoxycholate and can be ad-
ministered at higher doses for a longer period of time.
Several case reports of patients with mucormycosis doc-
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ument successful treatment with up to 15 mg/kg/day of
a lipid formulation of amphotericin B (Ericsson et al,
1993; Weng et al, 1998; Cagatay et al, 2001). How-
ever, the relative efficacy of the lipid formulations of
amphotericin B versus the deoxycholate preparation as
therapy for mucormycosis is unknown. Although many
clinical mycologists believe that high doses of a lipid
formulation should be used in patients who do not re-
spond to initial amphotericin B deoxycholate, a con-
sensus is developing in support of a lipid formulation
of amphotericin B as the initial antifungal therapy for
all patients with mucormycosis.

Itraconazole is the only marketed azole drug that has
in vitro activity against Mucorales (Sun et al, 2002a).
However, itraconazole has not been found to be effec-
tive for treating mucormycosis. Voriconazole, a re-
cently approved second generation broad spectrum tri-
azole, is not active against Mucorales in vitro (Sun et
al, 2002a). However, posaconazole and ravuconazole,
investigational triazoles, have promising in vitro activ-
ity against agents of mucormycosis, especially Rhizo-
pus spp. (Sun et al, 2002a; Pfaller et al, 2002). 
In experimental animal models of disseminated mu-
cormycosis, posaconazole was more efficacious than
itraconazole, but less efficacious than amphotericin B
(Sun et al, 2002b). Further data are needed to deter-
mine whether posaconazole or ravuconazole, alone or
in combination with amphotericin B, may be useful for
the treatment of mucormycosis.

Caspofungin, the first member of the novel echinocan-
din class of antifungal drugs to be marketed in the
United States, has been approved for use in patients
with invasive aspergillosis who are refractory to or in-
tolerant of conventional therapy. This drug has mini-
mal activity against agents of mucormycosis when
tested in vitro by standard methods (Del Poeta et al,
1997; Espinel-Ingroff, 1998). While in vitro activity is
not always predictive of a drug’s activity in vivo, there
are currently no in vivo data supporting the use of
caspofungin for treatment of mucormycosis.

Some case reports have suggested that hyperbaric
oxygen may be a beneficial adjunct to the standard sur-
gical and medical antifungal therapy of mucormycosis,
particularly for patients with rhinocerebral disease. In
a small retrospective study of patients with rhinocere-
bral mucormycosis, 2 of 6 patients who received hy-
perbaric oxygen died, whereas 4 of 7 patients who re-
ceived only standard debridement and amphotericin B
died. The authors hypothesized that hyperbaric oxygen
might be useful for treating mucormycosis in conjunc-
tion with standard therapy because higher oxygen pres-
sure improves the ability of neutrophils to kill the or-
ganism (Couch et al, 1988). Additionally, high oxygen
pressure inhibits the germination of fungal spores and
growth of mycelia in vitro (Robb, 1966).

The overall survival rate of patients with mucormy-
cosis is approximately 50%, although survival rates of
up to 85% have been reported more recently. Much of
the variability in outcome is due to the mix of patients
in these studies. Rhinocerebral mucormycosis has a
higher survival rate than does pulmonary or dissemi-
nated mucormycosis because rhinocerebral disease can
frequently be diagnosed earlier and the most common
underlying cause, diabetic ketoacidosis, can be readily
treated (Parfrey, 1986). In contrast, pulmonary mu-
cormycosis has a high mortality because it is difficult
to diagnose, and frequently occurs in neutropenic pa-
tients. For example, in one large study, only 44% of
patients with pulmonary mucormycosis were diagnosed
premortem, and the overall survival rate was only 20%
(Tedder et al, 1994). In a separate study in which 93%
of the infections were diagnosed premortem, the sur-
vival rate was 73% (Parfrey, 1986). Mortality in pa-
tients with disseminated disease approaches 100%, in
large part because surgical removal of infected tissues
is not feasible.

ENTOMOPHTHORAMYCOSIS

Etiology
The order Entomophthorales includes two histopatho-
logically similar, but clinically and mycologically dis-
tinct genera: Basidiobolus and Conidiobolus (Kwon-
Chung and Bennett, 1992; Ribes et al, 2000; Sugar,
2000). Both basidiobolomycosis and conidiobolomy-
cosis present mainly as subcutaneous infections in 
immunocompetent hosts. However, both of these in-
fections occasionally disseminate in both immuno-
competent and immuncompromised hosts (Ribes et al,
2000). Basidiobolomycosis is caused by Basidiobolus
ranarum. Previous descriptions of this organism have
used the synonyms B. haptosporus, B. meristosporus,
or B. heterosporus (Ribes et al, 2000); however, B. ra-
narum is currently the preferred name. This organism
predominantly infects the trunk and limbs. In contrast,
conidiobolomycosis (also known as rhinophycom-
ycosis, rhinoentomophthoromycosis, or nasofacial zy-
gomycosis) is caused by Conidiobolus coronatus or
Conidiobolus incongruous. Conidiobolomycosis pri-
marily involves the nose and soft tissues of the face
(Thakar et al, 2001).

Ecology and Epidemiology
Basidiobolomycosis is predominantly a disease of child-
hood and adolescence, and is only occasionally seen in
adults (Kwon-Chung and Bennett, 1992). In contrast,
conidiobolomycosis almost always afflicts adults 
(Martinson, 1971; Gugnani, 1992). Both diseases occur
mainly in the tropical and subtropical regions of Africa
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and Southeast Asia. Rare cases have been seen in other
parts of the world (Ribes et al, 2000). Although ento-
mophthoramycosis occurs predominantly in healthy in-
dividuals, some cases have occurred in immunocompro-
mised hosts (Dworzack et al, 1978; Walsh et al, 1994).

The agents of entomophthoramycosis are normal in-
habitants of soil throughout the world. Basidiobolus
ranarum is found in decaying vegetation, soil, and the
gastrointestinal tracts of reptiles, fish, amphibians, and
bats (Okafor et al, 1984). Similarly, C. coronatus
is found in soil, decaying vegetation, insects, and in 
the gastrointestinal contents of lizards and toads
(Dreschler, 1960; Rippon, 1982; Ribes et al, 2000). Al-
though the agents of entomophthoramycosis are ubiq-
uitous, this infection is rare. Only 150 cases were esti-
mated to occur worldwide in 1991 (Costa et al, 1991).
Therefore, it is possible that the individuals who de-
velop this infection have a subtle defect in host immu-
nity to this group of organisms.

The mode of transmission for B. ranarum is assumed
to be through minor trauma and insect bites
(Cameroon, 1990). Fungal spores are found in bristles
of mites and are probably carried by other insects. In-
fected insects are ingested by reptiles and amphibians,
which subsequently pass the spores in their excreta
(Dreschler, 1956). Basidiobolus ranarum may be pres-
ent on “toilet leaves” that are used for skin cleaning
after a bowel movement. Thus, direct inoculation of
the perineum may occur from these contaminated
leaves. Consistent with this theory is the finding that
the infection most commonly occurs on the buttocks,
thighs, and perineum (Cameroon, 1990). Basidiobolus
ranarum occasionally causes rhinocerebral infections in
hyperglycemic patients, suggesting that this organism
may also be acquired by inhalation (Dworzack et al,
1978).

Conidiobolomycosis occurs 8 times more frequently
in males and is most common in individuals who work
outdoors in the tropical and subtropical rain forests of
Africa and Southeast Asia. The mode of transmission
of conidiobolomycosis has not been clearly established.
The predilection of the organism to infect the head and
face suggests that the route of inoculation is via in-
halation of spores or through minor trauma to the nose
or face (Gugnani, 1992). This infection may be trans-
mitted by insect bites (Thakar et al, 2001). Conid-
iobolomycosis also occurs in animals such as horses
and mules (Thakar et al, 2001).

Clinical Manifestations
Basidiobolomycosis typically presents as a chronic in-
fection of the subcutaneous tissue of the arms, legs,
trunk, or buttocks (Goodman and Rinaldi, 1991), and
is characterized by the presence of firm, painless nodu-
lar subcutaneous lesions that spread locally. The in-
fection is slowly progressive if not treated but may heal

spontaneously (Bittencourt et al, 1991). Although dis-
semination usually does not occur (Chandler and
Watts, 1987), invasion of the muscles deep beneath the
subcutaneous infected areas has been reported (Ka-
malam and Thambiah, 1984). Additionally, B. ranarum
occasionally infects the gastrointestinal track, predom-
inantly the stomach, duodenum, and colon (Pasha et
al, 1997). Symptoms of gastrointestinal basidiobolomy-
cosis include fever, abdominal pain, diarrhea, consti-
pation, weight loss, and sometimes chills and rigors.
Angioinvasive disease similar to that in mucormycosis
has been described (Kamalam and Thambiah, 1984).

Infections with Conidiobolus present most com-
monly as chronic sinusitis. The infection is initially
manifest as a swelling of the inferior nasal turbinates.
If untreated, infection subsequently extends to the ad-
jacent facial and subcutaneous tissues, as well as the
paranasal sinuses. Swelling of the nose, mouth, and
perinasal tissue results in nasal congestion and
drainage, sinus pain, and epistaxis (Onuigbo et al,
1975). Generalized facial swelling may be so severe that
the patient is unable to open his eyes (Sugar, 2000).
The presence of subcutaneous nodules in the eyebrows,
upper lip, and cheeks may be quite disfiguring, espe-
cially if there is regional lymph node involvement and
subsequent lymphedema (Ravisse et al, 1976). Occa-
sionally, infection can involve the pharynx and larynx,
resulting in dysphagia and airway obstruction. Unlike
mucormycosis, conidiobolomycosis usually does not
spread to the brain (Chandler and Watts, 1987). Dis-
seminated infections are unusual, but have been re-
ported in both immunocompetent and immunocom-
promised patients (Gugnani, 1992).

Diagnosis
In endemic areas of entomophthoramycosis, basid-
iobolomycosis and conidiobolomycosis can be distin-
guished from one another by the location of the infec-
tion and the age of the patient. The diagnosis is best
made by biopsy of the infected subcutaneous or sub-
mucosal tissue. Both diseases have similar histopathol-
ogy. The hyphae, which are broad, thin-walled, and oc-
casionally septate, are best visualized with hematoxylin
and eosin staining because of the presence of the 
Splendore-Hoeppli eosinophilic material (Chandler and
Watts, 1987). Other stains such as periodic acid-Schiff
and Gomori methenamine silver are less effective in
staining the Entomophthorales (Pasha et al, 1997;
Sugar, 2000). Hyphae are surrounded by eosinophils,
as well as lymphocytes and plasma cells. Although the
presence of eosinophils is an important histopathologic
finding for entomophthoramycosis, eosinophilia can
also occur with some parasitic infections. Angioinva-
sion with subsequent tissue necrosis and infarction is
rarely seen in patients with entomophthoramycosis
(Sugar, 2000). Because the agents of entomophtho-
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ramycosis cannot be identified at the species level by
histopathology, specimens must be cultured.

Treatment and Prevention
No single drug has been proven to be effective in treat-
ing all cases of entomophthoramycosis. Potassium io-
dide (KI), trimethoprim-sulfamethoxazole, amphotericin
B, azoles and a combination of these agents have been
used with varying success. Because of the rarity of the
infections, none of these treatment regimens have been
directly compared. Furthermore, some cases of ento-
mophthoramycosis may resolve without treatment.
Potassium iodide has traditionally been used in the
treatment of entomophthoramycosis, and both suc-
cesses (Rippon, 1982; Bittencourt et al, 1982) and fail-
ures (Okafor and Gugnani, 1983) have been reported.
The mechanism of action of KI is not known. To be
efficacious, KI should be given for at least 3 months at
1.5–2.0 grams per day. Trimethoprim-sulfamethoxa-
zole has fewer side effects than KI; however, the for-
mer drug must be administered for a long period of time
(Drouhet and Dupont, 1983; Restrepo, 1994). Also,
high concentrations of trimethoprim-sulfamethoxazole
are required to inhibit the growth of the organism in
vitro (Restrepo, 1994). Although fluconazole and itra-
conazole have been used to treat entomophthoramy-
cosis, there is more experience with ketoconazole
(Drouhet and Dupont, 1983; Costa et al, 1991; Thakar
et al, 2001). Frequently, months of continuous treat-
ment with ketoconazole or multiple courses of therapy
have been required for resolution of the disease
(Drouhet and Dupont, 1983; Thakar et al, 2001). Am-
photericin B is usually not the first choice of treatment,
but is often tried when other agents fail to cure the in-
fection. Some isolates of B. ranarum and Conidiobo-
lus spp. are susceptible to amphotericin B in vitro, while
other isolates are resistant (Yangco et al, 1984). There
are anecdotal reports of successful therapy with KI
combined with trimethoprim-sulfamethoxazole (Gug-
nani, 1992), ketoconazole (Mukhopadhyay et al, 1995;
Thakar et al, 2001), or fluconazole (Thakar et al, 2001),
in patients in whom single-drug therapy had failed. The
combination of amphotericin B and terbinafine has also
been used (Foss et al, 1996). Experience with lipid for-
mulations of amphotericin B is very limited.

In addition to antifungal therapy, surgical removal
of accessible nodules and reconstruction of tissues that
are grossly deformed by the chronic inflammatory
process should be performed. Unfortunately, relapses
of the infection after surgery often occur (Kwon-Chung
and Bennett, 1992).
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Hyalohyphomycoses
(other than aspergillosis and penicilliosis)

HARRYS A. TORRES AND DIMITRIOS P. KONTOYIANNIS

Hyalohyphomycoses refer to human infections caused
by soil-dwelling and plant saprophytic moulds (Ajello,
1986). Hyalohyphomycosis encompasses a loose arti-
ficial classification system since it does not refer to a
specific taxonomic classification (Rippon, 1988a).
Agents of hyalohyphomycosis include nonmelanin-
producing, nondematiaceous moulds (Anaissie et al,
1989) whose typical appearance in histopathologic sec-
tions consists of colorless, hyaline, or light-colored sep-
tate hyphae. These hyphae are either branched or un-
branched, and occasionally they are toruloid (Ajello,
1986; Anaissie et al, 1989; Liu et al, 1998).

Table 16–1 lists the fungal species reported to cause
hyalohyphomycosis. Important human pathogens in-
cluded in this group are Aspergillus, Fusarium, Scopu-
lariopsis, Pseudallescheria, and Scedosporium (Ajello,
1986; Anaissie et al, 1989). The fungi are identified at
the genus and species levels largely on the basis of mor-
phology of their reproductive structures, including
phialides (fertile cells), and conidia (spores) (Liu et al,
1998). The general characteristics of the heterogeneous
group of fungi-causing hyalohyphomycosis are shown
in Table 16–2.

Although several nondematiaceous moulds can cause
opportunistic fungal infections in humans, this chapter
focuses only on those that have been recognized as
emerging pathogens. More common causes of hyalo-
hyphomycosis, such as aspergillosis and penicilliosis,
are discussed in Chapters 14 and 23, respectively.

SPECIFIC AGENTS OF HYALOHYPHOMYCOSIS

Fusarium Species
Epidemiology. Fusarium derives its name from its
fusiform conidia (Young et al, 1978). Long been known
as plant pathogens, these ubiquitous moulds are com-
mon in decomposing organic matter and soil (Anaissie
et al, 1988; Walsh and Groll, 1999). Fusarium species
cause fusariosis, an increasingly recognized life-threat-
ening mycotic infection worldwide (Boutati and
Anaissie, 1997; Walsh and Groll, 1999; Marr et al,
2002). Of note, the epidemiological distribution of

fusariosis is not homogeneous, since 50% to 85% of
the cases have been reported in the United States (Mar-
tino et al, 1994; Girmenia et al, 2000). It is unclear
whether this reflects a unique ecological niche for these
fungi or is at least partially due to the increased recog-
nition of this infection in the United States. Outside the
United States, most cases of fusariosis have been re-
ported in the Mediterranean (e.g., France, Italy) or in
tropical countries (e.g., Brazil) (Guarro and Gene,
1995; Girmenia et al, 2000). Similarly, a heterogeneous
distribution of cases of fusariosis have been described
in different cancer centers, with most cases reported
from only a few centers within the United States (Gir-
menia et al, 2000). In fact, Fusarium species have
emerged in some tertiary care cancer centers as the sec-
ond most common filamentous fungal pathogen after
Aspergillus (Walsh and Groll, 1999). Indeed, in a re-
cent small study from a Brazilian cancer center, Fusar-
ium species were identified as the most common mould
associated with true fungemia in bone marrow trans-
plant (BMT) recipients (Trabasso et al, 2001).

The portals of entry for Fusarium infection include
the aerodigestive tract and the skin (via vascular
catheters, periungual regions, or burns) (Richardson et
al, 1988; Merz et al, 1988; Anaissie et al, 1989; Mar-
tino et al, 1994; Walsh and Groll 1999). The predom-
inant mode of infection is inhalation into the lungs or
upper airways (Fridkin and Jarvis, 1996). Therefore,
not surprisingly, most cases of fusariosis are considered
community acquired. However, Fusarium species can
also cause nosocomial infections, such as postoperative
endophthalmitis or peritonitis associated with dialysis
catheters (Young et al, 1984; Fridkin and Jarvis, 1996).
The water distribution system has been implicated re-
cently as a reservoir of Fusarium species (Squier et al,
2000; Anaissie et al, 2001). In contrast, others have re-
ported that the most likely source of Fusarium infec-
tion is the external environment rather than a nosoco-
mial source (Raad et al, 2002). More research is needed
in this controversial area.

The genus Fusarium currently contains over 20 species.
Among these, the most common human pathogens are
F. solani (50%), F. oxysporum (14%), F. verticilloides
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(11%), F. moniliforme (10%), F. proliferatum (5%),
and much less commonly F. dimerum, F. chlami-
dosporum, F. nygamai, F. napiforme, F. semitectum,
and F. equiseti (Rabodonirina et al, 1994; Girmenia et
al, 2000; Bodey et al, 2002; Letscher-Bru, et al, 2002).
This uneven distribution of Fusarium species might be
related to the relatively higher virulence of some
species, such as F. solani, as evidenced by a murine an-
imal model of fusariosis (Mayayo et al, 1999).

Pathogenesis. Fusarium species have the remarkable
ability of being effective broad-spectrum pathogens
against prokaryotic bacteria (e.g., Pseudomonas),
plants, and mammals. The pathogenesis of infection by
Fusarium species is related to the mould’s ability to pro-
duce mycotoxins or to cause direct invasive disease
(Nelson et al, 1994). Of note, like Zygomycetes and
Aspergillus species, Fusarium species are highly an-
giotropic and angioinvasive, causing hemorrhagic in-

farction and tissue necrosis, especially in pancytopenic
hosts (Anaissie et al, 1988; Walsh and Groll, 1999).

The mycotoxins produced by Fusarium species
include trichothecenes, e.g., T-2 toxin, fumonisins, zear-
alenones, fusaric acid, and apicidin (Pontón et al, 2000;
Etzel, 2002). The molecular events that control the pro-
duction of such toxins are unknown. The ability of
Fusarium species to produce these toxins has been as-
sociated with crop destruction (Walsh and Groll,
1999), and with human or animal mycotoxicoses such
as alimentary toxic aleukia (Nelson et al, 1994; Groll
and Walsh, 2001). Furthermore, the ingestion of grains
contaminated with these mycotoxins may cause aller-
gic symptoms or be carcinogenic after long-term con-
sumption (e.g., human esophageal cancer) (Nelson 
et al, 1994; Pitt, 2000; Pontón et al, 2000). In addi-
tion, exposure to fumonisin may play a role in human
birth defects (Etzel, 2002). Several mycotoxins induce
leukopenia and marrow destruction, and suppress
platelet aggregation (Nelson et al, 1994). Whether their
production also contributes to prolonged chemo-
therapy-induced myelosuppression remains unclear
(Anaissie et al, 1988; Rabodonirina et al, 1994). Sim-
ilarly, there are no data on whether mycotoxins are ex-
pressed in strains causing invasive human fusariosis
(Nelson et al, 1994, Pontón et al, 2000).

Granulocytes and macrophages play essential roles
in the immune defense against fusariosis. Granulocytes
inhibit hyphal growth, while macrophages inhibit ger-
mination of conidia and growth of hyphae (Nelson et
al, 1994; Walsh and Groll, 1999). Neutropenia seems
to be the critical factor in the development of invasive
fusariosis, and corticosteroids add to the immune-
impaired state predisposing to invasive fusariosis
(Walsh and Groll, 1999; Pontón et al, 2000). However,
other host factors beside quantitative granulocytes
counts could influence the development of fusariosis in
immunocompromised patients. For example, patients
with refractory aplastic anemia show a low incidence
of Fusarium infection (Girmenia et al, 1999, 2000; Gir-
menia et al, 2000; Torres et al, 2003). Fusariosis is also
distinctly uncommon in patients with chronic granulo-
matous disease (Cohen et al, 1981). Furthermore,
Fusarium infections in immunosuppressed organ trans-
plant recipients receiving a prolonged course of corti-
costeroids tend to remain localized; these patients also
have a better outcome than do allogeneic BMT recipi-
ents who have graft-vs.-host disease (GVHD) and 
receive corticosteroids (Patel and Paya, 1997; Sam-
pathkumar and Paya, 2001).

Finally, Fusarium species can adhere to silastic
catheters, and infections of central venous catheters
(CVCs), continuous ambulatory peritoneal dialysis
(CAPD) catheters, and contact lenses have been re-
ported (Nelson et al, 1994).

TABLE 16–1. Agents of Hyalohyphomycosis
Acremonium spp* Lecythophora spp.

Aphanoascus spp. Microascus spp.

Aspergillus spp. Myriodontium spp.

Arthrographis spp. Paecilomyces spp.*

Beauveria spp. Penicillium spp.

Chrysosporium spp.* Pseudallescheria spp.*

Colletotrichum spp. Scedosporium spp.*

Coprinus spp. Schizophyllum spp.

Cylindrocarpon spp. Scopulariopsis spp.*

Fusarium spp.* Scytalidium spp.

Geotrichum spp. Tritirachium spp.

Gibberella spp. Trichoderma spp.*

Gymnascella spp. Volutella spp.

*Emerging pathogens discussed in this chapter.

TABLE 16–2. General Characteristics of Agents of
Hyalohyphomycosis
Ubiquitous, soil saprophytes

Port of acquisition: lung, skin, foreign bodies

Normally community-acquired but is sporadically acquired 
nosocomially

Rare causes of infection

Predominately cause localized infections in immunocompetent 
hosts, following traumatic inoculation

Uncommon causes of allergic sinusitis or asthma

Uncommon but emerging cause of severe and frequently fatal focal
respiratory or disseminated opportunistic infections in severely
compromised hosts

Resemble Aspergillus species in tissue (potential for 
misidentification)

Some organisms (e.g., Fusarium species, Acremonium species) can 
grow in blood cultures

Most organisms exhibit broad-spectrum resistance to existing 
antifungal drugs



254 MYCOSES CAUSED BY MOULDS

Clinical Manifestations. Fusarium species can cause lo-
calized or disseminated infections (Fridkin and Jarvis,
1996). The clinical features of fusariosis are nonspe-
cific (Anaissie et al, 1989), and host factors play a cru-
cial role in determining the severity and type of infec-
tion. Fusarium infections in normal hosts are localized
infections that frequently do not require any systemic
therapy (Musa et al, 2000). A variety of clinical man-
ifestations of fusariosis in the context of different un-
derlying conditions are described in Table 16–3.

Fusarium species (especially F. solani) are the most
frequent cause of fungal keratitis in the United States
(Nelson et al, 1994). Endophthalmitis by contiguous
extension to the anterior eye chamber is a feared com-
plication of severe Fusarium keratitis (Goldblum et al,
2000). In addition, Fusarium species cause localized in-
fections of the nails and skin (Anaissie et al, 1989; Frid-
kin and Jarvis, 1996). In fact, Fusarium has become 
increasingly recognized as a cause of paronychia in pro-
foundly neutropenic patients (Walsh and Groll, 1999),
and Fusarium onychomycosis can lead to disseminated
fusariosis in immunocompromised patients (Girmenia
et al, 1992; Nelson et al, 1994; Musa et al, 2000).
Fusarium species are also a well-known cause of eu-
mycetoma (Kontoyiannis, 2003), and they can cause
infection in burn wounds, colonization in burn wounds
(Wheeler et al, 1981), granulomas, ulcers, and panni-
culitis (Nelson et al, 1994). Recently, a case of in-
tractable cutaneous fusariosis with erythematous facial
plaques and deep dermal infiltrates in the absence of
immunosuppression has been described (Assaf et al,
2000).

Fusarium species cause four patterns of infection in
profoundly immunocompromised patients; refractory
fever of unknown origin, sinopulmonary infection, dis-
seminated infection, and a variety of focal single organ
infections. The usual initial presentation of invasive
fusariosis is a persistent fever in a profoundly neu-
tropenic patient (Groll and Walsh, 2001). Pulmonary
involvement with both nodular and cavitary lesions can
also be observed (Boutati and Anaissie, 1997). Sinopul-
monary fusariosis is clinically indistinguishable from

the more common invasive aspergillosis. Pneumonia or
other focal invasive infection due to Fusarium species
can disseminate in the setting of continuous, profound
immunosuppression. Almost any organ can be in-
volved, including the skin, lung, kidney, spleen, liver,
brain, bone marrow, heart, pancreas, eye, nose, palate,
sinuses, or gastrointestinal tract (Merz et al, 1988;
Richardson et al, 1988; Minor et al, 1989; Anaissie et
al, 1989; El-Ani, 1990; Nelson et al, 1994; Mo-
hammedi et al, 1995). Since Fusarium species are of-
ten resistant to antifungal agents, breakthrough fusar-
iosis occurring during empiric or prophylactic therapy
with amphotericin B, fluconazole, itraconazole, or ke-
toconazole in neutropenic patients is not uncommon
(Freidank, 1995; Boutati and Anaissie, 1997; Fang et
al, 1997; Segal et al, 1998; Walsh and Groll, 1999;
Mattiuzzi et al, 2001).

Disseminated fusariosis represents the extreme end
of the spectrum of the infection caused by Fusarium
species. The first reported case of disseminated Fusar-
ium infection was almost 30 years ago (Cho et al,
1973). Since then, the incidence of disseminated inva-
sive fusariosis has increased significantly (Anaissie et
al, 1988; Nelson et al, 1994; Pontón et al, 2000; Marr
et al, 2002). Neutropenic patients with hematologic
malignancies (especially acute leukemia), allogeneic
BMT recipients, and patients with extensive burns are
at increased risk of disseminated fusariosis (Anaissie et
al, 1989; Martino et al, 1994; Rabodonirina et al,
1994; Freidank, 1995; Fang et al, 1997). In particular,
patients with hematological malignancies, account for
� 90% of the reported cases of disseminated fusario-
sis (Pontón et al, 2000). Infection typically occurs dur-
ing a prolonged period of neutropenia, lasting up to 
65 days (Merz et al, 1988; Rabodonirina et al, 1994;
Boutati and Anaissie, 1997; Musa et al, 2000); F. solani
causes disseminated fusariosis in almost half of the
cases, followed by F. oxysporum and F. moniliforme
(Nelson et al, 1994; Martino et al, 1994; Boutati and
Anaissie, 1997).

As mentioned previously, the clinical setting and
manifestations of severe fusariosis in immunosup-

TABLE 16–3. Clinical Manifestations of Fusariosis According to Underlying Condition
Underlying Condition Clinical Manifestations

Acute leukemia or other hematologic FUO, sino-pulmonary infection, CVC-related fungemia, disseminated infection
malignancy

Bone marrow transplant Disseminated infection, pneumonia, sinusitis, meningoencephalitis
Solid organ transplant Cutaneous infection, lung abscess, disseminated infection
Solid tumors Onychomycosis, localized soft-tissue infection, disseminated infection (rare)
Severe burns Burn-wound colonization or wound infection, necrotizing local infection, disseminated infection
Miscellaneous conditions* Onychomycosis, invasive intranasal infection, endophthalmitis, disseminated infection
Immunocompetent host† Osteomyelitis, keratitis, endophthalmitis

*Diabetes, myasthenia.
†Following trauma or surgery.
FUO, fever of unknown origin; CVC, central venous catheter.
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pressed patients mimic those seen in patients with as-
pergillosis (Anaissie et al, 1989). However, some dis-
tinct differences can be seen, such as an increased in-
cidence of skin and subcutaneous lesions and a positive
blood culture, mainly in the first days of fever, for pa-
tients with disseminated fusariosis (Martino et al, 1994;
Fridkin and Jarvis, 1996). These blood cultures are pos-
itive in disseminated fusariosis in 50% to 70% of the
cases in contrast to invasive aspergillosis (Freidank,
1995; Perfect and Schell, 1996; Walsh and Groll,
1999). Skin lesions, the hallmark of disseminated fusar-
iosis, occur in 60% to 90% of cases, compared with a
rare occurrence (� 10%) of such lesions in dissemi-
nated aspergillosis (Warnock, 1998; Nelson et al, 1994;
Bodey et al, 2002). Patients with neutropenia have a
higher rate of disseminated skin lesions compared with
nonneutropenic immunocompromised patients (Nucci
and Anaissie, 2002). Subcutaneous nodules, palpable
and nonpalpable purpura, red or gray macules, red or
gray papules, macules or papules with progressive cen-
tral necrosis with central, flaccid pustules, vesicles and
hemorrhagic bullae are types of lesions seen in patients
with disseminated fusariosis (Nelson et al, 1994, Musa
et al, 2000; Bodey et al, 2002) (See Color Figs. 16–1a,
16–1b in separate color insert). These skin lesions can
involve any site, with predominance on the extremities
(Bodey et al, 2002; Nucci and Anaissie, 2002). The le-
sions, especially the subcutaneous nodules are often
tender (Bodey et al, 2002) and most patients have le-
sions at various stages of evolution (Boutati and
Anaissie, 1997; Bodey et al, 2002). The number of dis-
seminated skin lesions is variable and ranges between
4 and more than 30 according to a recent report from
our institution (Bodey et al, 2002). Skin lesions are an
important potential source of diagnostic tissue in some
patients with fusariosis (Nucci and Anaissie, 2002).

Other presentations of invasive fusariosis in com-
promised hosts include osteomyelitis, septic arthritis,
myositis, foot abscesses, sinusitis, endocarditis, my-
ocarditis, external otitis, peritonitis, brain abscesses,
cystitis, meningoencephalitis, and chronic hepatic in-
fection (Jakle et al, 1983; Young et al, 1984; Nuovo et
al, 1988; Anaissie et al, 1988; Minor et al, 1989; Aga-
manolis et al, 1991; Nelson et al, 1994; Mohammedi
et al, 1995; Girardi et al, 1999; Walsh and Groll, 1999,
Rolston, 2001).

Laboratory Diagnosis. The pathological diagnosis of
fusariosis is not easy because fusariosis is histopatho-
logically similar to infections caused by other invasive
moulds, most importantly Aspergillus species (Anaissie
et al, 1989). Biopsy of lesions may reveal extensive
necrosis surrounding the fungal elements, consisting 
of dichotomously branching, acutely angular septate 

hyphae, which are not reliably distinguishable from
those of other hyaline moulds, including Aspergillus
(Martino et al, 1994; Walsh and Groll, 1999; Sam-
pathkumar and Paya, 2001). Therefore, culture is an
important tool in diagnosing Fusarium infection. Im-
munohistologic staining of tissues has also been used
successfully for diagnosing selected cases (Anaissie et
al, 1989).

Definitive diagnosis of fusariosis relies on the recov-
ery of Fusarium species from infected tissues or blood
cultures (Anaissie et al, 1989; Groll and Walsh, 2001).
Fusarium species are more readily isolated from blood
cultures than are Aspergillus species (Fridkin and Jarvis,
1996; Kovacicova et al, 2001). While Fusarium species
are a well-recognized cause of true fungemia, As-
pergillus species recovered from blood cultures typically
reflect pseudofungemia (Kontoyiannis et al, 2000). One
explanation for the frequent presence of Fusarium
species in the blood is that they can produce many dis-
persive conidia, a characteristic of yeasts but not of most
common pathogenic moulds (Freidank, 1995). Fusar-
ium species can also be recovered from urine in the set-
ting of disseminated fusariosis (Richardson et al, 1988).

Microscopically, Fusarium colonies begin as a white
patch, which quickly develops a pink, purple, or yel-
low center with a lighter periphery. Fusarium species
may produce three types of spores called macroconi-
dia, microconidia, and chlamydospores (Nelson et al,
1994). The morphology of the macroconidia (canoe-
shaped) is key for characterizing the genus Fusarium
(See Color Fig. 16–2a in separate color insert) (Nelson
et al, 1994; Segal et al, 1998). Identifying Fusarium
species in a culture is difficult if macroconidia are not
present, so confusion with other genera, such as Acre-
monium, Cylindrocarpon, or Verticillium, may occur
(Freidank, 1995; Segal et al, 1998; Walsh and Groll,
1999). In addition to the morphology of the macro-
conidia, the presence of microconidia, the morphology
of the conidiophores bearing the microconidia, and the
presence of chlamydospores are also important in
Fusarium taxonomy (See Color Fig. 16–2b in separate
color insert) (Nelson et al, 1994). Other macroscopic and
microscopic features, such as color of the colony, length
and shape of the macroconidia and number, shape, and
arrangement of microconidia, are key features for dif-
ferentiating the various Fusarium species. However, dif-
ferentiating species is difficult, because of their propen-
sity for rapid morphologic change (Anaissie et al, 1988;
El-Ani, 1990; Nelson et al, 1994). A reference labora-
tory is the best resource for identifying Fusarium
species.

To enhance diagnostic potential, molecular methods
such as polymerase chain reaction (PCR)-based tech-
niques can be used to complement conventional isola-
tion techniques, such as blood cultures. With the use



256 MYCOSES CAUSED BY MOULDS

of universal primers, genus-specific probes, or probes
based on single-stranded conformational polymor-
phism, PCR techniques may detect Fusarium species,
even to the species level, earlier in blood and bron-
choalveolar lavage, and may distinguish these species
from other filamentous fungi (Walsh et al, 1995; Hen-
nequin et al, 1999). Polymerase chain reaction-based
assays have the potential for use as an adjunct to con-
ventional methods for the early detection and the as-
sessment of the natural history of this fungal infection.
However, as with all PCR diagnostic methods for in-
vasive fungal infections, further studies are needed to
define the sensitivity and specificity of this PCR assay
for detecting Fusarium species (Van Burik et al, 1998).

Susceptibility In Vitro and In Vivo. Interpreting mini-
mum inhibitory concentrations (MICs) of moulds have
long been problematic (Rex et al, 2001), and applying
in vitro susceptibility to hyalohyphomycetes is no ex-
ception to the rule. The methodology for determining
in vitro susceptibility to antifungals is not currently
standardized, even though progress is being made in
this area (Espinel-Ingroff et al, 1997). Furthermore,
there are no established breakpoints of susceptibility or
resistance of moulds to various classes of antifungals.
Therefore, moulds, including agents of hyalohy-
phomycosis, should not be routinely tested for suscep-
tibility (Rex et al, 2001).

Fusarium species are one of the most drug-resistant
fungi (Sampathkumar and Paya, 2001), and among
them, F. solani is considered the most resistant (Ra-
bodonirina et al, 1994; Capilla et al, 2001). The mo-
lecular mechanism of such resistance has not been stud-
ied (Kontoyiannis and Lewis, 2002). As is the case for
other moulds, susceptibility testing of Fusarium is prob-

lematic and not standardized (Speeleveld et al, 1996;
Segal et al, 1998). Recently, a standardized broth mi-
crodilution MIC method for testing the susceptibility
of filamentous fungi, including Fusarium species, to 
antifungals has been proposed (Espinel-Ingroff et al,
1997). However, in vitro susceptibility or resistance to
antifungal agents may not predict the clinical outcome
of Fusarium infection (Nelson et al, 1994; Mohammedi
et al, 1995).

Fusarium isolates are resistant to the antifungal
agents miconazole, ketoconazole, 5-fluorocytosine, flu-
conazole, itraconazole, and nikkomycin Z (Merz et al,
1988; Richardson et al, 1988; Anaissie et al, 1989;
Speeleveld et al, 1996; Marco et al, 1998; Johnson et
al, 1999; Li and Rinaldi, 1999; Arikan et al, 2001;
Capilla et al, 2001). Some of the newer triazoles, such
as voriconazole, ravuconazole and posaconazole (SCH
56592), show variable activity in vitro and in animal
models (Johnson et al, 1998; Marco et al, 1998; Arikan
et al, 1999; Pfaller et al, 2002) (Table 16–4). However,
these triazoles have no in vitro significant fungicidal ef-
fects on F. solani, unlike amphotericin B (Johnson et
al, 1998; Marco et al, 1998). Other recent reports have
shown that triazoles exhibit species-dependent fungista-
tic activity against Fusarium species, especially the non-
solani Fusarium species; voriconazole appears to be the
most potent of the three drugs (Huczko et al, 2001; 
Espinel-Ingroff et al, 2001; Paphitou et al, 2002). If
considering Fusarium species as a group, the activity of
voriconazole is not superior to that of amphotericin B
(Espinel-Ingroff et al, 2001). However, the observation
that voriconazole is efficacious in the treatment of
fusariosis in experimental mouse models shows the po-
tential of this new triazole for treating this refractory
invasive fungal infection (Reyes et al, 2001).

TABLE 16–4. In Vitro and In Vivo Susceptibility of Clinically Important Hyalohyphomycetes
Activity of Antifungal Agents

Hyalohyphomycetes In vitro activity In vivo activity

Fusarium species AmB, natamycin, terbinafine, posaconazole, AmB deoxycholate or its lipid formulations, 
ravuconazole,* voriconazole, AmB 	 rifampin, natamycin,† voriconazole, posaconazole

AmB 	 azithromycin, AmB 	 caspofungin

S. apiospermum Miconazole, echinocandins, posaconazole, UR-9825. AmB, itraconazole,‡ fluconazole, voriconazole,
Variable to fluconazole, itraconazole, AmB, posaconazole, miconazole
voriconazole

S. prolificans Ravuconazole, posaconazole, UR-9825, itraconazole None yet shown
	 terbinafine, AmB 	 pentamidine

Variable to itraconazole, voriconazole

Acremonium species* AmB, fluconazole, itraconazole, and voriconazole AmB deoxycholate or its lipid formulations‡

Scopulariopsis species Voriconazole§ AmB, itraconazole‡, terbinafine, voriconazole

Paecilomyces species AmB, itraconazole, voriconazole AmB, itraconazole‡

Trichoderma species AmB, itraconazole, ketoconazole and miconazole Few data available

*Susceptibility of this genus could be species-dependent.
†Local application.
‡Isolated reports of activity.
§Lower MICs than those with amphotericin B or itraconazole.
AmB, amphotericin B
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New investigational azoles such as CS-758 are also
active in vitro against Fusarium species (Fothergill et
al, 2001) and further studies are warranted to deter-
mine if this activity is also present in vivo. Finally,
terbinafine, a squalene epoxidase inhibitor, shows some
in vitro activity against some isolates of non-solani
Fusarium species (Speeleveld et al, 1996; Pontón et al,
2000).

Amphotericin B and natamycin are the most active
agents against Fusarium species in vitro and in vivo
(Anaissie et al, 1988; Anaissie et al, 1989; Martino et
al, 1994; Johnson et al, 1998). Liposomal amphotericin
B at high doses (10 to 20 mg/kg/day) significantly re-
duces tissue burden in the liver and spleen of im-
munocompetent mice infected with F. verticillioides
(Ortoneda et al, 2002a).

Fusarium species are resistant to the recently intro-
duced glucan synthesis inhibitors, caspofungin, anidu-
lafungin, and micafungin (Espinel-Ingroff, 1998; Pfaller
et al, 1998; Tawara et al, 2000; Arikan et al, 2001).
One possible explanation is that Fusarium species may
possess less 1,3-�-D-glucans than 1,6-�-glucan or other
non-1,3-�-D-glucans (Tawara et al, 2000). Of note, de-
spite the lack of activity of caspofungin alone, the in
vitro combination of caspofungin and amphotericin B
appears to be either synergistic or additive against some
Fusarium isolates (Arikan et al, 2002; Kontoyiannis,
unpublished data).

In view of the innate resistance of Fusarium species
to antifungals alone in vitro, other combinations have
been tried. In vitro synergy has been shown between
amphotericin B and rifampin, for example (Stern,
1978), although this combination has been unsuccess-
ful for treating fusariosis in humans (Minor et al,
1989). Interestingly, an in vitro additive interaction 
has been demonstrated between amphotericin B and
azithromycin for treating Fusarium species, although
azithromycin has no activity when tested alone (MIC �
128 mg/L) (Clancy and Nguyen, 1998). However, clin-
ical data are needed to support the use of azithromycin
in combination with amphotericin B.

Antifungal Therapy. In view of the relative rarity of hu-
man infections caused by Fusarium species, the human
experience has been derived from uncontrolled case se-
ries. Furthermore, these reports have been confounded
by other factors critical for response such as the re-
covery of neutrophil count. Therefore, the management
of fusariosis is not well defined (Segal et al, 1998). The
treatment of disseminated fusariosis in heavily im-
munosuppressed patients, in particular, has been dis-
appointing; reported mortality and morbidity rates ex-
ceed 75% (Martino et al, 1994; Boutati and Anaissie,
1997; Musa et al, 2000). Relapse after subsequent
episodes of neutropenia has also been reported (Bou-

tati and Anaissie, 1997). Some principles of therapy are
depicted in Table 16–5.

The most important factors predicting the outcome
of Fusarium infection are the extent of the infection
and the recovery of immunosuppression of the host
(Anaissie et al, 1989; Nelson et al, 1994; Boutati and
Anaissie, 1997). An ominous outcome is expected in
patients with disseminated multiple-organ infection,
even when high doses (1.5 mg/kg/day) of amphotericin
B deoxycholate are given (Anaissie et al, 1988). One of
the most important clinical aspects of severe Fusarium
infection is the relative lack of responsiveness of this
fungus to either amphotericin B deoxycholate or a lipid
formulation of amphotericin B in the setting of 
profound immunosuppression (Anaissie et al, 1988;
Anaissie et al, 1992; Martino et al, 1994; Costa et al,
2000; Kovacicova et al, 2001). For that reason, am-
photericin B deoxycholate at a dose of 1.5 mg/kg/day
plus flucytosine at a dose of 25 mg/kg every 6 hours
(adjusted to achieved maximal serum levels of � 60
mcg/ml) is sometimes used (Merz et al, 1988). How-
ever, the addition of flucytosine has not been proven
more effective than high-dose amphotericin B as
monotherapy. Higher doses of amphotericin B deoxy-
cholate (1.0–1.5 mg/kg) or high-dose lipid formulations
of amphotericin B (at least 5 mg/kg/day) have been ad-
ministered to transiently stabilize fusariosis (Walsh and
Groll, 1999). Walsh and coworkers reported 11 pa-
tients with fusariosis, including some with disseminated
disease, with an 82% response rate (complete or par-
tial) to amphotericin B lipid complex (5 mg/kg/day).
However, confounding factors including neutrophil re-
covery, immunosuppressive tapering, and adjunctive
surgical therapy were not specifically addressed in these
patients (Walsh et al, 1988).

Since the new antifungal triazoles, specifically voricona-
zole, or posaconazole show preclinical activity against
Fusarium species, they provide some hope in the man-
agement of this severe infection (McGinnis et al, 1998;
Lozano-Chiu et al, 1999). However, in two pediatric
patients with fusariosis treated with voriconazole a
poor outcome was observed (Walsh el at, 2002). More

TABLE 16–5. Principles of Therapy in Fusariosis
Early aggressive treatment with high doses of lipid amphotericin B

Low threshold for switching to a new triazole (e.g., voriconazole) 
with demonstrated preclinical and clinical activity against Fusar-
ium species

Rapid tapering of steroids, if possible

Consideration for G-CSF-primed granulocyte transfusions

Long duration of antifungal therapy, which should be 
individualized

Remove catheter for CVC-related fungemia

Debridement of devitalized tissue of localized disease (e.g., 
onychomycosis, sinusitis, abscess)
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experience is needed in order to evaluate the role of
this second generation triazole against human fusario-
sis. The preliminary experience in our institution indi-
cates that the response rate to posaconazole in patients
with fusariosis refractory to or intolerant of standard
therapy approaches 50% (Hachem et al, 2000).

Like a history of aspergillosis, a history of invasive
fusariosis should not be an absolute contraindication
to subsequent BMT, provided that evidence shows a
response of the infection to antifungal therapy. The
most important factors associated with a favorable out-
come in the setting of BMT are the resolution of myelo-
suppression and the absence of severe GVHD (Boutati
and Anaissie, 1997).

Topical therapy with natamycin is the mainstay of
treatment for keratitis or corneal ulcers caused by
Fusarium species (Reuben et al, 1989; Hirose et al,
1997). However failures are not uncommon (Sponsel
et al, 2002). Novel antifungals given either systemically
or topical might be of benefit in selected cases. In one
patient with F. solani keratitis that progressed to 
fungal endophthalmitis, despite combined use of sys-
temic amphotericin B and ketoconazole plus topical
natamycin and amphotericin B, was successfully treated
with amphotericin B lipid complex (total, 8.79 g)
(Goldblum et al, 2000). In addition, another case has
been recently reported of a patient with amphotericin
B and natamycin-resistant Fusarium solani keratitis and
endophthalmitis, who responded to systemic and top-
ical posaconazole (Sponsel et al, 2002). Vitrectomy
with intravitreal and intravenous administration of 
amphotericin B and oral flucytosine has been used to
treat Fusarium endophthalmitis with various results
(Rowsey et al, 1979; Gabriele and Hutchins, 1996;
Glasgow et al, 1996). Some patients with mycetoma
due to Fusarium respond to itraconazole (Restrepo,
1994). Interestingly, the application of high concentra-
tion of nystatin powder (6,000,000 units/g) can effec-
tively halt the progression of invasive Fusarium infec-
tion in severely burned pediatric patients (Barret et al,
1999).

Adjunctive Therapy. In addition to topical treatment
with natamycin, keratoplasty with removal of the con-
taminated lens should be part of the therapeutic regi-
men for Fusarium keratitis (Nelson et al, 1994). A few
small uncontrolled series have shown that patients with
either peritonitis following CAPD or with CVC-related
fungemia have a good outcome when the catheter is re-
moved (Anaissie et al, 1988; Nelson et al, 1994). Early
recognition of Fusarium infections followed by early
aggressive therapy or CVC removal if an indwelling ve-
nous port is colonized prevents systemic dissemination
of the infection from these entry ports (Musa et al,
2000).

In immunocompetent patients, Fusarium onychomy-
cosis should be treated with removal of the infected
keratin and topical or systemic antimycotic therapy
(Nelson et al, 1994; Gupta et al, 2000). Nail avulsion
followed by the application of ciclopirox ointment and
bifonazole ointment or 8% ciclopirox nail lacquer has
been reported to be effective (Gupta et al, 2000). In pa-
tients with hematological malignancies, Fusarium ony-
chomycosis should be treated aggressively, including
nail removal and systemic antifungal therapy. Overall,
surgical resection of infected necrotic tissue, when pos-
sible, is an important component of therapy against
fusariosis (Nelson et al, 1994).

Other potentially beneficial adjuvant therapeutic
strategies include shortening the duration of neutrope-
nia with recombinant granulocyte-colony stimulating
growth factors (G-CSF) and granulocyte-macrophage
colony stimulating growth factors (GM-CSF) and per-
forming granulocyte transfusion from G-CSF- and GM-
CSF-stimulated donors (Boutati and Anaissie, 1997;
Walsh and Groll, 1999). The use of GM-CSF and 
G-CSF has been associated with earlier recovery of neu-
tropenia and survival in patients with invasive fungal
infection, including fusariosis (Musa et al, 2000; Far-
maki and Roilides, 2001). In profoundly neutropenic
patients with fusariosis, granulocyte transfusion results
in a favorable response rate of 33% to 50% (Martino
et al, 1994; Rodriguez-Adrian et al, 1998). However,
the presence of confounding factors such as achieving
remission from an underlying malignancy, recovering
of neutrophil counts, and extent of disease (localized
instead of disseminated fusariosis) might cause the ef-
fects of this procedure to be overestimated. We and
others (Segal et al, 1998) agree that the independent
contribution of granulocyte transfusions is uncertain at
the moment. Other potential adjuvant therapies include
interferon-� and interleukin-15 that enhance hyphal
damage by neutrophils against F. solani and F. oxy-
sporum, suggesting a positive effect of these cytokines
on the immune response against fusariosis (Winn et al,
2001; Roilides et al, 2001).

Scedosporium apiospermum 
(Pseudallescheria boydii)

Epidemiology and Pathogenesis. Scedosporium apiosper-
mum can be isolated from a wide variety of natural
substrates, including water, sewage, soil, swamps, wa-
ter-logged pastures, coastal tidelands, and poultry and
cattle manure (Anaissie et al, 1989; Tadros et al, 1998).
Scedosporium apiospermum is distributed worldwide
(Rippon, 1988b) and causes localized and disseminated
infections. The portal of entry is the lung, paranasal si-
nuses, or the skin following traumatic inoculation
(Francis and Walsh, 1992; Tadros et al, 1998). Pseuda-
llescheria boydii is a teleomorph or perfect stage of S.



Hyalohyphomycoses (other than aspergillosis and penicilliosis) 259

apiospermum (Groll and Walsh, 2001). It is unknown
whether the different in vivo characteristics of P. boy-
dii and S. apiospermum are associated with different
pathogenic behavior in vivo (Groll and Walsh, 2001).
In animal models, T-lymphocyte-dependent immune
processes play no major role in resistance to S.
apiospermum (Corbel and Eades, 1976).

Clinical Manifestations. Scedosporiosis (pseudallescheri-
asis) comprises a spectrum of clinical diseases caused
by P. boydii, a well-known causative agent of myce-
toma, probably the most common manifestation of sce-
dosporiosis. In fact, S. apiospermum (P. boydii) is the
leading cause of eumycetoma in North America and
Western countries (Francis and Walsh, 1992; Tadros
et al, 1998; Kontoyiannis, 2003). Other presentations
of scedosporiosis include corneal ulcers, keratitis, chori-
oretinitis, endophthalmitis, otitis, sinusitis, pneumonia,
endocarditis, meningitis, cerebritis, arthritis, osteo-
myelitis, and skin, lung, and thyroid abscesses in both
immunosuppressed and normal hosts (Travis et al,
1985; Rippon, 1988b; Kiratli et al, 2001; Wu et al,
2002; Kleinschmidt-DeMasters, 2002). S. apiosper-
mum can also cause pneumonia, brain abscesses, and
disseminated disease in victims of near drowning
(Tadros et al, 1998).

Of note, Scedosporium infections may mimic more
common infections in immunologically intact hosts; for
example a lymphocutaneous presentation may mimic
sporotrichosis (Rippon, 1988b) or chronic lympha-
denitis may resemble tuberculous lymphadenitis (Kiraz
et al, 2001). Bone and joint infections following punc-
ture wounds of the extremities while gardening have
also been associated to scedosporiosis (Patterson et al,
1990). Likewise, S. apiospermum arthritis is most 
often associated with puncture wounds, lacerations, bi-
cycle injuries, and occurrence following podiatric sur-
gery (Rippon, 1988b). Further, Scedosporium apiosper-
mum is a cause of fungal infection in intravenous drug
abusers (Armin et al, 1987).

In profoundly immunosuppressed patients, rapidly
progressive severe sinopulmonary, sinoorbital or dis-
seminated infection has been reported (Rippon, 1988b;
Francis and Walsh, 1992; Groll and Walsh, 2001). Pul-
monary colonization is more common than pulmonary
scedosporiosis, and maxillary sinuses are the most com-
mon site of S. apiospermum sinusitis (Travis et al, 1985;
Rippon, 1988b). In compromised hosts, especially in
neutropenic patients, hematogenous dissemination as a
complication of S. apiospermum pneumonia can in-
volve almost any organ (Tadros et al, 1998). Manifes-
tations include thyroid, brain or renal abscesses, menin-
gitis, osteomyelitis, endophthalmitis, tenosynovitis, and
skin and subcutaneous disease (Rippon, 1988b; Tadros
et al, 1998; Patterson, 1999; Nesky et al, 2000).

Laboratory Diagnosis. Because Scedosporium apiosper-
mum, like other agents of hyalohyphomycoses, is his-
tologically similar to Aspergillus species, scedosporio-
sis cannot be distinguished from invasive aspergillosis
on the basis of histopathology alone (Anaissie et al,
1989). However, procedures for diagnosing scedospo-
riosis are similar to those for diagnosing invasive as-
pergillosis (Groll and Walsh, 2001). Diagnosis is con-
firmed if cultures of biopsy specimens demonstrate
masses of septate hyphae with terminal oval brown
conidia (Francis and Walsh, 1992). True fungemia has
been reported in the setting of scedosporiosis, especially
in patients with disseminated infection (Raj and Frost,
2002).

Besides culture methods, serologic procedures, specifi-
cally counterimmunoelectrophoresis or immunodiffu-
sion assays, have been reported to be reliable for both
diagnosing and prognostically evaluating the various
forms of scedosporiosis (Rippon, 1988b; Jabado et al,
1998). However, these techniques are not specific
enough to diagnose S. apiospermum infection because
cross-reactions with Aspergillus and other pathogens,
as well as false-negative and false-positive results, are
possible (Cimon et al, 2000; Jabado et al, 1998). Fi-
nally, PCR-based assays seem useful in the rapid diag-
nosis of infections caused by S. apiospermum, even be-
fore fungal cultures become positive (Hagari et al,
2002). However, further studies are needed to define
the sensitivity and specificity of this assay for detecting
S. apiospermum.

Susceptibility In Vitro and In Vivo. Antifungals includ-
ing ketoconazole, fluconazole, itraconazole, ampho-
tericin B and voriconazole have variable activity against
S. apiospermum (Jabado et al, 1998; Espinel-Ingroff 
et al, 2001) (Table 16–4). Importantly, amphotericin B
does not have fungicidal activity against S. apiosper-
mum, with minimum lethal concentrations 50 (MLC50)
values of � 2 mg/l and MLC90 values of � 4 mg/l
(Johnson et al, 1998). In addition, poor inhibitory ac-
tivity of liposomal nystatin and nystatin against this
pathogen has been reported recently (Meletiadis et al,
2002). Itraconazole has been reported to have activity
in vitro (MIC, 0.25–0.7 �g/ml) (Jabado et al, 1998; 
Kiraz et al, 2001), as has miconazole (Rippon, 1988b),
and posaconazole (Marco et al, 1998). Fluconazole has
been shown to produce 50% survival in an animal
model of disseminated pseudallescheriasis, when ad-
ministered in high doses (20 mg/kg) (Gonzalez et al,
2001). Of note, voriconazole and the new triazole Syn-
2869 are more active than itraconazole against S.
apiospermum in vitro (Johnson et al, 1998; Johnson et
al, 1999). However, this activity does not appear to be
fungicidal (Groll and Walsh, 2001). In a recent report
of in vitro activity of itraconazole, fluconazole, am-
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photericin B, and posaconazole against 30 clinical iso-
lates of S. apiospermum, posaconazole was the most
active drug (Gonzalez et al, 2001). In addition, the in-
vestigational triazole UR-9825 seems to be effective in
vitro against S. apiospermum (Meletiadis et al, 2002).
In in vivo murine models of S. apiospermum infection,
posaconazole is effective only at high doses (� 25
mg/kg), with a dose-related response and an approxi-
mately 75% survival rate (Gonzalez et al, 2001). Fi-
nally, echinocandins have been shown to have in vitro
activity against S. apiospermum, but their antifungal
efficacy in vivo has not been demonstrated (Groll and
Walsh, 2001).

Antifungal Therapy. Disseminated infection caused by
S. apiospermum has a poor outcome. The virulence and
antifungal drug resistance of this organism as well as
the occurrence of infection during neutropenia con-
tribute to the poor outcome (Marr et al, 2002; Raj and
Frost, 2002). Because amphotericin B lacks in vitro ac-
tivity against most Scedosporium isolates and results in
poor in vivo therapeutic responses, it has been hy-
pothesized that prior use of amphotericin B, by elimi-
nating other more susceptible fungi, predisposes pa-
tients to Scedosporium infections (Jabado et al, 1998).
Scedosporium apiospermum is probably best treated
with an azole such as parenteral miconazole or itra-
conazole (Warnock, 1998). In fact, scedosporiosis is an
indication for systemic miconazole therapy (Francis and
Walsh, 1992; Jabado et al, 1998). However, the intra-
venous formulation is no longer available in the United
States because of its significant toxicity.

In the neutropenic patient, high-dose amphotericin B
may still be the preferred initial approach, with a low
threshold for a second-line therapy based on itracona-
zole, voriconazole, or one of the investigational broad-
spectrum triazoles (Groll and Walsh, 2001). Successful
responses to itraconazole or voriconazole have been re-
ported (Jabado et al, 1998; Nesky et al, 2000; Munoz
et al, 2000; Walsh et al, 2002). Recently, one patient
with multiple brain abscesses caused by S. apiosper-
mum that progressed despite neurosurgical drainage
and treatment with itraconazole, amphotericin B, and
ketoconazole, was successfully treated with posacona-
zole alone (Mellinghoff et al, 2002).

For less severely immunocompromised or normal
hosts, the triazoles may represent a valid alternative to
amphotericin B (Kiraz et al, 2001; Groll and Walsh,
2001). Reversing the underlying cause of immunosup-
pression and performing aggressive surgical interven-
tion are essential to survival for patients with invasive
scedosporiosis (Groll and Walsh, 2001). In addition,
adjunctive modalities such as surgery or use of inter-
feron-� have been reported as useful in treating S.
apiospermum infections (Jabado et al, 1998).

Finally, S. apiospermum keratitis should be treated
aggressively. Early detection and treatment likely im-
prove visual outcome. Topical miconazole should be
an important part of the regimen, which may include
other antifungals such as natamycin and amphotericin B
(Wu et al, 2002).

Scedosporium Prolificans
Epidemiology and Pathogenesis. Scedosporium prolif-
icans (formerly Scedosporium inflatum) is classified as
an imperfect fungus, with a different teleomorph
(Petriella species) than S. apiospermum (P. boydii)
(Tadros et al, 1998; Revankar et al, 2002). The natu-
ral habitat of this fungus is the soil, although is occa-
sionally detected in the air of hospitals undergoing re-
construction (Pontón et al, 2000). Interestingly, S.
prolificans is not distributed worldwide; most cases
have been reported in Spain and Australia, and spo-
radically in the United States (Spielberger et al, 1995;
Kleinschmidt-DeMasters, 2002). The cause of this lim-
ited geographical distribution is unknown (Pontón et
al, 2000; Barbaric and Shaw, 2001). S. prolificans can
cause colonization of the external ear or the respira-
tory tract, mainly in patients affected with cystic fi-
brosis (Lopez et al, 2001; del Palacio et al, 2001). In
addition, S. prolificans is an increasingly recognized
human pathogen in both immunocompromised and
normal hosts (Perfect and Schell, 1996; Patel and Paya,
1997; Groll and Walsh, 2001). Inhalation is the most
likely route of acquisition, although the portal of en-
try for this fungus is unknown (Pontón et al, 2000). S.
prolificans can enter the bloodstream through an in-
dwelling CVC (Groll and Walsh, 2001).

Clinical Manifestations. Most previous reports of infec-
tion caused by S. prolificans are localized infections
complicating soil-contaminated wounds in immuno-
competent individuals (Pontón et al, 2000; Groll and
Walsh, 2001). S. prolificans has also been infrequently
reported to cause posttraumatic osteomyelitis, septic
arthritis, keratitis, keratouveitis, endocarditis, endoph-
thalmitis, brain abscesses, meningoencephalitis, cere-
britis, pneumonia, and peritonitis (Rippon, 1988b;
Berenguer et al, 1997; Tadros et al, 1998; Maertens et
al, 2000; Kleinschmidt-DeMasters, 2002). This fungus
has recently emerged as a cause of severe opportunis-
tic infections, mainly in profoundly neutropenic pa-
tients (Berenguer et al, 1997; Pontón et al, 2000), in
whom rapidly fatal pneumonia and disseminated dis-
ease can occur (Maertens et al, 2000; Groll and Walsh,
2001). The lungs, brain, and kidneys are the organs
most frequently involved in disseminated infections
caused by S. prolificans (Berenguer et al, 1997). These
invasive infections generally mimic those produced by
more common moulds (Pontón et al, 2000; Carreter de
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Granda et al, 2001). For example, cutaneous lesions
may develop during fungemia and disseminated S. pro-
lificans infection, mimicking fusariosis (Cuetara et al,
2000; Lopez et al, 2001). Because S. prolificans is re-
sistant to currently used antifungals, it is not an un-
common cause of breakthrough infection occurring de-
spite prophylactic, empiric, or targeted therapy with
amphotericin B (Kontoyiannis, unpublished data). Sim-
ilar to infections caused by Fusarium species, dissemi-
nated S. prolificans infections are commonly diagnosed
antemortem since this fungus is frequently detected in
blood cultures (Maertens et al, 2000; Barbaric and
Shaw, 2001; Groll and Walsh, 2001).

Laboratory Diagnosis. Blood cultures are positive for
S. prolificans at a relatively high rate (70% to 80% of
cases), especially in patients with disseminated infec-
tion (Berenguer et al, 1997; Maertens et al, 2000; Car-
reter de Granda et al, 2001; Revankar et al, 2002). S.
prolificans is characterized by its inflated flask-shaped
conidiogenous cells (Salkin et al, 1988) and can be eas-
ily differentiated from Scedosporium apiospermum be-
cause the latter has cylindrical, free, or intercalary coni-
diogenous cells (Pontón et al, 2000).

Susceptibility In Vitro. Scedosporium prolificans is typ-
ically resistant to the currently available antifungal
agents. Fluconazole, amphotericin B, and the new tri-
azole Syn-2869 are all inactive in vitro against this fun-
gus (Johnson et al, 1999; Espinel-Ingroff et al, 2001;
Table 16–4) as are echinocandins. High MICs between
4 �g/ml and 12 �g/ml have been described for the
echinocandins caspofungin and anidulafungin (Del 
Poeta et al, 1997; Espinel-Ingroff, 1998). Liposomal
nystatin and nystatin were found to have poor activi-
ties against the S. prolificans (Meletiadis et al, 2002).
Itraconazole and voriconazole have variable activity
against S. prolificans (McGinnis et al, 1998; Johnson
et al, 1999; Pontón et al, 2000; Huczko et al, 2001;
Espinel-Ingroff et al, 2001; Carrillo and Guarro, 2001),
and other new broad-spectrum triazoles, such as ravu-
conazole, posaconazole, the investigational triazole
UR-9825 also show activity against this multiresistant
fungus (Pontón et al, 2000; Huczko et al, 2001; Car-
rillo and Guarro, 2001; Meletiadis et al, 2002). A syn-
ergistic in vitro activity has been demonstrated for am-
photericin B and pentamidine in 85% to 100% of S.
prolificans strains (Afeltra et al, 2002). Other in vitro
combination studies have demonstrated synergistic ac-
tivity of itraconazole and terbinafine against 85% to
95% of S. prolificans isolates (Meletiadis et al, 2000);
the MICs obtained with this combination are within
levels achievable in plasma following the usual daily
doses of the aforementioned drugs (Meletiadis et al,
2000) (Table 16–4).

Antifungal Therapy. Since S. prolificans is resistant in
vitro to currently available antifungals (Perfect and
Schell, 1996; Warnock, 1998; Groll and Walsh, 2001),
resistance in vivo is not surprising (Rippon, 1988b;
Walsh et al, 2002). The prognosis depends largely on
the host’s immune status, the extent of infection, and
the feasibility of surgical removal (Berenguer et al,
1997). Recovery from neutropenia is considered criti-
cal in cases of S. prolificans infection because this in-
fection has poor outcome (mortality rate approach
100%) in persistently immunosuppressed patients de-
spite aggressive systemic antifungal therapy (Barbaric
and Shaw, 2001; Revankar et al, 2002). Early detec-
tion, surgical removal of infected tissue (if possible),
and immunorestoration appear to be the major means
of halting progression of this devastating infection
(Rippon, 1988b; Perfect and Schell, 1996). In vitro, 
interferon-� and GM-CSF can enhance neutrophil su-
peroxide production, increasing the damage of S. pro-
lificans hyphae by neutrophils and enhancing the fun-
gicidal activity of macrophages-monocytes, thereby
showing a positive immunomodulatory effect against
this hyalohyphomycete (Groll and Walsh, 2001; Gil-
Lamaignere et al, 2001). Finally, interleukin-15 also en-
hances hyphal damage by neutrophils, suggesting a dif-
ferential effect of this cytokine on antifungal neutrophil
activity against S. prolificans (Roilides et al, 2001). In
in vivo murine models of S. prolificans infection, com-
bined administration of liposomal amphotericin B and
G-CSF has been reported to be effective (Ortoneda et
al, 2002b).

Acremonium Species
Epidemiology and Pathogenesis. Acremonium species
(formerly Cephalosporium species) are ubiquitous
fungi common in soil, plant debris, and rotting mush-
rooms (Guarro et al, 1997). These hyalohyphomycetes
are distributed worldwide, found in Europe, Asia,
Egypt, and North and Central America (Fridkin et al,
1996; Guarro et al, 1997). Acremonium species are pri-
marily pathogens of plants and insects and only rarely
cause invasive disease in humans (Schell and Perfect,
1996; Perfect and Schell, 1996). Acremonium strictum,
Acremonium kiliense and Acremonium falciforme are
the most common human pathogens (Fridkin et al,
1996; Anadolu et al, 2001; Nedret Koc et al, 2002).
The skin, lungs, and gastrointestinal tract are the ap-
parent portals of entry (Walsh and Groll, 1999). Most
infections are community acquired; however, nosoco-
mial transmission occurs sporadically. For example, an
outbreak of Acremonium kiliense endophthalmitis oc-
curred in patients who had undergone cataract sur-
gery; the reservoir was determined to be a contami-
nated humidifier within the heating, ventilation, and
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air-conditioning system of the ambulatory surgical cen-
ter (Fridkin et al, 1996).

Clinical Manifestations. Following traumatic inocula-
tion, Acremonium species causes infections ranging
from posttraumatic mycotic keratitis to mycetoma in
normal hosts (Groll and Walsh, 2001). Indolent Acre-
monium skin infection has been also reported in im-
munocompetent patients (Anadolu et al, 2001). In
heavily immunocompromised patients, fungemia and
severe disseminated infection can be seen (Roilides et
al, 1995; Schell and Perfect, 1996; Perfect and Schell,
1996; Patel and Paya, 1997; Groll and Walsh, 2001;
Nedret Koc et al, 2002). Acremonium species have also
been reported to cause hypersensitivity pneumonitis, si-
nusitis, arthritis, hemodialysis access graft infection, en-
docarditis, and cerebritis (Wetli et al, 1984; Rippon,
1988a; Fincher et al, 1991; Guarro et al, 1997; Tosti
et al, 2000). The ability of Acremonium species to col-
onize soft contact lenses with subsequent ocular infec-
tion has also been demonstrated (Guarro et al, 1997).

Relatively few cases of disseminated Acremonium in-
fections have been encountered, most of them in se-
verely immunocompromised hosts (organ-transplant
recipients, patients with myeloma or leukemia, and pa-
tients receiving prolonged corticoid therapy) (Brown et
al, 1992; Jeffrey et all, 1993; Schell and Perfect, 1996).
Disseminated cutaneous lesions may develop during
fungemia and disseminated infection (Walsh and Groll,
1999). The failure rate of antifungal therapy is high
(50%) (Guarro et al, 1997).

Laboratory Diagnosis. When Acremonium species in-
vade tissue, not only do they produce hyphae, like
Fusarium species, but also form adventitious structures
within the infected tissue. Specifically, Acremonium
species have been reported to form phialides, phialo-
conidia, and, budding yeast-like cells in tissue (Schell
and Perfect, 1996). These small conidia-like structures
can disseminate widely through the bloodstream, per-
mitting frequent premorten diagnosis based on the re-
covery of Acremonium species from blood cultures of
patients with disseminated disease or fungemia (Brown
et al, 1992; Perfect and Schell, 1996; Liu et al, 1998;
Groll and Walsh, 2001; Nedret Koc et al, 2002). The
presence of adventitious forms has also been reported
in infections with species of Fusarium, Paecilomyces,
Scedosporium, and Blastoschizomyces (Schell and Per-
fect, 1996).

Acremonium species usually grow on Sabouraud
agar within 5 days at 30°C (Fridkin et al, 1996). When
grown in culture, they produce small conidia on slen-
der phialides, resembling the early growth of Fusarium
species. Further incubation, however, does not reveal
the characteristic canoe-shaped macroconidia observed

in Fusarium species (Walsh and Groll, 1999; Groll and
Walsh, 2001).

Susceptibility In Vitro. Acremonium species commonly
lack susceptibility to current antifungal agents (Groll
and Walsh, 2001). Using nonstandardized methods of
susceptibility testing, some studies consistently found
amphotericin B to be more active than ketoconazole,
fluconazole, or itraconazole against Acremonium iso-
lates (Fincher et al, 1991; Guarro et al, 1997). How-
ever, the susceptibility of this genus to amphotericin B,
fluconazole, itraconazole, and voriconazole could be
species-dependent. In support of this, the MICs of all
these agents are much lower against A. alabamensis
than against A. strictum (Espinel-Ingroff et al, 2001).
Promising in vitro data have recently been presented
for the new triazoles, posaconazole, ravuconazole, and
voriconazole (Pfaller et al, 2002).

Antifungal Therapy. Optimal treatment of Acremo-
nium infections is not well defined (Nedret Koc et al,
2002). Some infections due to Acremonium species are
refractory to conventional dosages of amphotericin B
(Groll and Walsh, 2001). Patients that are unrespon-
sive to amphotericin B deoxycholate therapy are can-
didates for treatment with lipid-formulations of am-
photericin B or may be candidates for voriconazole and
the investigational antifungal triazoles (Walsh and
Groll, 1999; Groll and Walsh, 2001). Despite the in
vitro resistance of these fungi to azole treatment alone,
the combination of surgery and azole derivatives has
occasionally been successful (Guarro et al, 1997). Sev-
eral patients with endophthalmitis have been success-
fully treated with vitrectomy, repeated intravitreous ad-
ministration of amphotericin B (5 �g to 7.5 �g), and
oral fluconazole (200–400 mg/day) (Fridkin et al, 1996;
Weissgold et al, 1996). The outcome of severe infec-
tions caused by Acremonium infections depends largely
on the recovery of neutrophil counts (Guarro et al,
1997), as do the outcome of Fusarium infections.

Scopulariopsis Species
The genus Scopulariopsis has several species. S. bre-
vicaulis, S. brumptii, S. asperula, S. carbonaria, S.
koningii, and S. fusca are the most common pathogens.
Scopulariopsis spp. are also common soil saprobes with
a wide geographical distribution (Anaissie et al, 1989;
Filipello Marchisio and Fusconi, 2001) and rare asso-
ciation either with localized invasive infections follow-
ing traumatic or surgical injury or with serious infec-
tions in immunocompromised patients (Groll and
Walsh, 2001).

Clinical Manifestations. A variety of infections caused
by Scopulariopsis species have been described; ony-
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chomycosis, mycetoma, keratitis, and, occasionally, lo-
calized invasive infections following traumatic inocu-
lation (Groll and Walsh, 2001). More severe manifes-
tations such as pneumonia, endocarditis, brain
abscesses, disseminated infection, invasive nasal septum
infection, and recurrent multiple subcutaneous or skin
lesions have also been described in immunocompro-
mised hosts (Wheat et al, 1984; Wang et al, 1986;
Neglia et al, 1987; Hagensee et al, 1994; Migrino et
al, 1995; Tosti et al, 1996; Jabor et al, 1998; Sellier et
al, 2000; Kouyoumdjian et al, 2001).

Susceptibility In Vitro. Limited data exist regard the sus-
ceptibility of this uncommon pathogen to currently
available systemic antifungals (Table 16–4). As is the
case for other hyalohyphomycetes, Scopulariopsis
species appear to have inherently broad-spectrum re-
sistance to different classes of antifungals. The MICs
for amphotericin B, itraconazole, and voriconazole
against Scopulariopsis brumptii have been shown to be
� 2 �g/ml (Espinel-Ingroff et al, 2001). Terbinafine has
shown to have fungicidal activity against S. brevicaulis
(Petranyi et al, 1987).

Antifungal Therapy. To date, only a few cases of in-
fection from Scopulariopsis species have been reported;
they have occurred in immunocompromised patients,
and only the minority have responded to antifungal
treatment (Patel et al, 1994; Sellier et al, 2000). On the
basis of very limited in vitro susceptibility data, thera-
peutic approaches have been designed to include am-
photericin B or investigational triazoles. Combined 
surgery and long-term therapy with amphotericin B,
itraconazole, and terbinafine can result in a favorable
outcome in some Scopulariopsis species infections, al-
though success has not been reported for S. brevicaulis
infections in immunocompromised patients (Kriesel et
al, 1994; Sellier et al, 2000).

Paecilomyces Species
Paecilomyces species are common environmental hya-
line moulds that are seldom associated with severe 
invasive infections in immunocompromised patients
(Rippon, 1988a; Walsh and Groll, 1999; Lovell et al,
2002; Safdar, 2002). This saprophytic fungus is found
worldwide in soil and decaying vegetable matter and
as airborne contaminants in clinical microbiology lab-
oratories (Gutierrez-Rodero et al, 1999). Most infec-
tions occurred in immunocompromised patients or
those with foreign bodies in place (Clark, 1999). The
ability of Paecilomyces spp. to infect prosthetic im-
plants and cause post surgical infection is increasingly
recognized (Gutierrez-Rodero et al, 1999). In addition,
diagnosis of acute leukemia, treatment with myeloab-
lative chemotherapy or bone marrow transplantation,

and presence of neutropenia have also been associated
with P. lilacinus infection (Orth et al, 1996). Of all Pae-
cilomyces species, only P. lilacinus, P. variotti, P. mar-
quandii, and P. javanicus have been associated with hu-
man mycotic infections (Gutiérrez-Rodero et al, 1999).
The apparent portals of entry for this organism are the
respiratory tract, indwelling catheters, and the skin
(Tan et al, 1992; Walsh and Groll, 1999; Groll and
Walsh, 2001).

Clinical Manifestations. Sinusitis, subcutaneous infec-
tion, cellulitis, endocarditis, peritonitis, pyelonephritis,
endophthalmitis, keratitis, and orbital granuloma, caused
by Paecilomyces species have been described in both
immunocompetent and immunocompromised patients
(Allevato et al, 1984; Rippon, 1988a; Castro et al,
1990; Perfect and Schell, 1996; Gucalp et al, 1996;
Saberhagen et al, 1997; Kovac et al, 1998; Gutierrez-
Rodero et al, 1999). However, most infections involve
the skin or ocular structures (Perfect and Schell, 1996).
Skin lesions erupt insidiously and are pleomorphic.
They appear as discrete erythematous papules and mol-
luscum contagiosum-like lesions similar to those seen
in Penicillium (Orth et al, 1996). Also, erythematous
macules, vesicles, pustules, and refractory nodular le-
sions are among the different cutaneous manifestations
of such infection (Safdar, 2002). The lesions could also
be similar in appearance to the hemorrhagic necrotiz-
ing papulovesicular and ecthyma gangrenosum-like
eruptions seen in Fusarium infections and in dissemi-
nated aspergillosis (Orth et al, 1996). In immunocom-
promised hosts, invasive Paecilomyces infections may
also manifest as fungemia, soft-tissue infections, pneu-
monia, or disseminated infection (Walsh and Groll,
1999).

Laboratory Diagnosis. Similar to Fusarium, Scedospo-
rium species and Acremonium species, Paecilomyces
species are recovered in blood cultures from patients
with disseminated disease (Shing et al, 1996). Of note,
Paecilomyces species in culture may be confused with
Penicillium species owing to the similarity in the coni-
dial structures of the two genuses (Saberhagen et al,
1997).

Susceptibility In Vitro. Paecilomyces species, especially
P. lilacinus, typically show high MIC90 values for all
antifungal agents tested. MIC50 values indicate good
overall susceptibility, even though amphotericin B, 
itraconazole, and voriconazole show variable activity
against the fungus, and fluconazole, flucytosine and
nikkomycin Z have poor efficacy (Orth et al, 1996; Li
and Rinaldi, 1999; Groll and Walsh, 2001; Espinel-
Ingroff et al, 2001; Gottlieb and Atkins, 2001; Pfaller
et al, 2002). Of note, it is important to distinguish the
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species of Paecilomyces because their susceptibility 
patterns appear to be species-dependent (Shing et al,
1996). For example, P. lilacinus is highly resistant in
vitro to amphotericin B, flucytosine, and fluconazole,
while P. varioti is usually susceptible to amphotericin
B, and flucytosine in vitro (Shing et al, 1996; Aguilar
et al, 1998). Susceptibility testing of P. lilacinus indi-
cated possible borderline susceptibility to ketoconazole
and miconazole (Orth et al, 1996), while the in vitro
susceptibility of P. lilacinus to the new generation of
triazoles (e.g., posaconazole, and ravuconazole) ap-
pears to be good (Safdar, 2002). A new azole, CS-758,
appears to be an active in vitro against P. lilacinus
(Fothergill et al, 2001). However, as is the case for
mould infections in general, a correlation of suscepti-
bility results on Paecilomyces species with clinical out-
come has not been established, and therapy must be
adjusted to clinical response (Das et al, 2000; Groll and
Walsh, 2001).

Antifungal Therapy. While the management of local-
ized Paecilomyces infections relies on the surgical re-
section of infected foci where feasible, the optimal agent
for treating systemic infections has not been identified
(Groll and Walsh, 2001). Agents reported to be useful
against Paecilomyces include miconazole, griseofulvin,
amphotericin B, ketoconazole, itraconazole, and terbin-
afine (Gucalp et al, 1996; Clark, 1999; Gutierrez-
Rodero et al, 1999; Gottlieb and Atkins, 2001). The in
vitro and in vivo multiresistance of P. lilacinus to am-
photericin B, fluconazole, and itraconazole appears to
correlate with poor outcome in BMT recipients (Walsh
and Groll, 1999). However, the results of clinical treat-
ment with amphotericin B vary (Shing et al, 1996;
Chan-Tack et al, 1999; Das et al, 2000). Of interest,
there may be synergism between amphotericin B and
flucytosine (Aguilar et al, 1998).

By comparison, less compromised patients have re-
sponded to amphotericin B followed by itraconazole
(Walsh and Groll, 1999). In a conservative approach,
high-dose amphotericin B deoxycholate should be the
initial therapeutic intervention; the lipid formulations
of amphotericin B or investigational triazoles are re-
served for patients refractory to or intolerant of de-
oxycholate amphotericin B (Groll and Walsh, 2001).
The role of itraconazole and voriconazole as well as
the investigational triazoles (i.e., posaconazole and
ravuconazole) in the primary treatment of invasive Pae-
cilomyces infections is unclear, especially in the set-
ting of persistent neutropenia or immunosuppression
(Hilmarsdottir et al, 2000; Groll and Walsh, 2001).

Triazoles in combination with either amphotericin B
or flucytosine may also be effective in treating Pae-
cilomyces infections; however, this is speculative ow-
ing to insufficient data (Das et al, 2000). A nonneu-

tropenic patient with progressive cutaneous infection
due to P. lilacinus treated successfully with combina-
tion caspofungin and itraconazole has been reported
recently (Safdar, 2002).

Less Common Agents of Hyalohyphomycosis
Localized infection, severe invasive infection, and dis-
seminated infection caused by Chrysosporium and Tri-
choderma species have recently been reported, mainly
in the setting of profound immunosuppression (Still-
well et al, 1984; Levy et al, 1991; Warwick et al, 1991;
Munoz et al, 1997; Roilides et al, 1999; Wagoner et
al, 1999). Less common agents of hyalohyphomycosis,
such as Lecythophora mutabilis (formerly Phialophora
mutabilis), Geotrichum candidum, Arthrographis kalrae,
Colletotrichum gloeosporioides, Beauveria bassiana,
and Myriodontium keratinophilum, have been reported
to cause infections in either immunocompetent or im-
munocompromised patients (Maran et al, 1985; Ah-
mad et al, 1985; Rippon, 1988a; Jacobs et al, 1992;
Degavre et al, 1997; Guarro et al, 1998; Farina et al,
1999; Kisla et al, 2000; Chin-Hong et al, 2001; Ya-
mamoto et al, 2001; Henke et al, 2002).

Clinical Manifestations. Trichoderma species have been
reported to cause sinusitis, pneumonia, brain or hepatic
abscess, soft tissue, and disseminated infection in im-
munocompromised patients (Guarro et al, 1999; Groll
and Walsh, 2001; Chouaki et al, 2002). In addition,
Trichoderma species are frequently responsible for con-
tinuous ambulatory peritoneal dialysis-associated fun-
gal peritonitis (Loeppky et al, 1983; Chouaki et al,
2002). Most Trichoderma infections are due to Tri-
choderma longibrachiatum and, rarely, Trichoderma
citrinoviride (Loeppky et al, 1983; Munoz et al, 1997;
Furukawa et al, 1998; Guarro et al, 1999; Richter et
al, 1999; Hennequin et al, 2000; Chouaki et al, 2002).
Chrysosporium species have been reported to cause
keratitis, osteomyelitis, and severe invasive infection,
including dissemination, in the setting of immunosup-
pression (Stillwell et al, 1984; Levy et al, 1991; War-
wick et al, 1991; Roilides et al, 1999; Wagoner et al,
1999).

Laboratory Diagnosis. Trichoderma species appear as
hyaline moulds indistinguishable from other hyalohy-
phomycetes in tissue (Groll and Walsh, 2001).

Susceptibility In Vitro and In Vivo. Most isolates of Tri-
choderma species show resistance to fluconazole, 5-flu-
orocytosine and nikkomycin Z in vitro and are either
susceptible or intermediately resistant to amphotericin
B, itraconazole, ketoconazole, and miconazole (Munoz
et al, 1997; Li and Rinaldi, 1999; Chouaki et al, 2002).
On the other hand, amphotericin B, itraconazole,
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posaconazole, ravuconazole and voriconazole appear
to have activity against Geotrichum species (Pfaller et
al, 2002).

Antifungal Therapy. A reasonable first-choice therapy
in the rare case of infection caused by Trichoderma
species is amphotericin B, either alone or in combina-
tion with itraconazole or ketoconazole (Chouaki et al,
2002). The appropriate duration for treatment is un-
clear; treatment should be individualized to each case
according to the type and extent of the infection and
to the underlying predisposing conditions (Munoz et
al, 1997). The role of surgical resection is also uncer-
tain; however, surgery may be considered for patients
who do not respond to initial medical therapy (Munoz
et al, 1997).
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Phaeohyphomycoses
JOHN R. PERFECT, WILEY A. SCHELL, AND GARY M. COX

Phaeohyphomycosis, which is a term first introduced
by Ajello and colleagues (Ajello et al, 1974), has be-
come a common clinical description for a series of in-
fections produced by darkly pigmented moulds (Fader
and McGinnis, 1988; Rinaldi, 1996). In its simplest
definition, phaeohyphomycosis is an infection caused
by fungi that are characterized by a brown to black
color within the cell wall of vegetative cells, conidia,
or both. Dark pigmentation of the moulds is caused by
the cell wall deposition of dihydroxynaphthalene
melanin that is formed through pentaketide metabo-
lism. In most cases the brown–black coloration is ob-
served within specimens of host tissue but at times it
is revealed only when the fungus is grown in culture.

The term phaeohyphomycosis, which means “condi-
tion of fungi with dark hyphae,” is not based on the
name of a particular fungus but includes many genera
and species. In addition, another descriptive term for
these fungi is dematiaceous fungi. This term has gained
clinical favor even though its Greek meaning of “bun-
dle” does not reflect the pigmented structures that rep-
resent the unifying feature of these fungi (Revankar et
al, 2002).

When phaeohyphomycoses are reviewed, two other
clinicopathological conditions or descriptions should
be considered. First, chromoblastomycosis is a chronic
infection of skin and soft tissue characterized by the
presence of muriform fungal structures, so-called scle-
rotic bodies, in the tissue. This histologically distinc-
tive indolent soft tissue infection is observed frequently
in tropical areas of the world. Second, eumycetoma is
a chronic deep tissue infection that usually occurs in
the lower extremities and is characterized by the pres-
ence of mycotic grains and sinus tracts. In its broadest
clinical definition, phaeohyphomycosis includes these
conditions and a wide range of other clinical presenta-
tions including superficial colonization of the skin, 
keratitis, subcutaneous cyst formation, allergic sinus
disease, and fatal disseminated infections caused by de-
matiaceous fungi. A unifying theme for these fungi is
their ability to produce melanin within their cell walls
and form yeast and/or hyphal-like structures in host tis-
sues. However, it should be emphasized that melanin

is produced by some other pathogenic fungi, including
the yeast, Cryptococcus neoformans, and several of the
classic dimorphic fungi such as Histoplasma capsula-
tum and Penicillium marneffei. Thus, melanin produc-
tion is not unique to the dematiaceous moulds. This
chapter focuses on the broad group of phaeohy-
phomycoses, excluding, for the most part, eumycetoma
and chromoblastomycosis, which are discussed in de-
tail in Chapters 25 and 26, respectively.

TAXONOMY/ECOLOGY

Within our broad definition of phaeohyphomycosis
there are over 100 dematiaceous fungi that have been
reported to cause human colonization or disease (Dixon
and Polak-Wyss, 1991). These fungi belong to dif-
ferent taxonomic classes including Hyphomycetes, As-
comycetes, Basidiomycetes, Coelomycetes, and Zy-
gomycetes. As fungal taxonomy evolves in this era of
molecular studies, some of the nomenclature that de-
scribes specific fungi continues to evolve and name
changes should be expected. There is also a variation
in the numbers of infections with various members of
the dematiaceous fungal group. Some species are rare
causes of disease with only an occasional case report
documented in the literature and other species are as-
sociated with large series of reported human cases such
as Exophiala jeanselmei and Wangiella dermatitidis for
subcutaneous disease and Cladophialophora bantiana
for cerebral disease.

Most dematiaceous fungi are ubiquitous and cos-
mopolitan saprobes of soil and decaying matter, and
pathogens of plants. These fungi can be found in di-
verse environments such as greenhouses, showers, or
even on pine needles, and occasionally can reach an in-
fectious state in animals and humans when inoculated
into host tissue.

Dematiaceous fungal infections occur worldwide. Al-
though there has been no unique endemic area for most
infections, cases can cluster under certain circum-
stances. For instance, there is some suggestion of a
southern United States geographical bias in cases of al-
lergic fungal sinusitis associated with dematiaceous
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fungi (Ferguson et al, 2000b). Similarly, chronic infec-
tions of the feet and legs are noted more commonly in
tropical areas. In cases of localized skin and soft tissue
infections, the mechanism for production of disease
may be trauma with contaminated objects such as pine
needles, thorns/splinters, or even medical instruments
such as needles or catheters. Also, outbreaks of noso-
comial dematiaceous fungal infections may be related
to an environmental contamination of fluids, drugs, or
medical equipment (MMWR, 2002).

Increased numbers of cases of phaeohyphomycosis
have been observed in medical centers that care for a
large immunocompromised patient population. For in-
stance, solid organ transplantation patients are at a
moderate risk for dematiaceous fungal infections and
phaeohyphomycoses have been diagnosed at most
transplant centers (Welty and Perfect, 1991; Vukmir et
al, 1994; Singh et al, 1997; Clancy et al, 2000). The
transplantation patient, exposed to constant invasive
medical interventions combined with the thinning of
the skin due to corticosteroids, is a particularly sus-
ceptible immunocompromised host for infection with
these fungi. The most prevalent, severe immunosup-
pressive event in the world today is HIV infection, and
phaeohyphomycosis does occur in AIDS patients (del
Palacio-Hernanz et al, 1989; Perfect et al, 1993; Mar-
riott et al, 1997). However, these infections are un-
common events in this special group of immunocom-
promised patients compared to other opportunistic
fungal infections, e.g., cryptococcosis and penicilliosis.

HISTOPATHOLOGY/CULTURES

Tissue histopathology for phaeohyphomycosis is char-
acteristic. The causative fungi can produce several
forms in the tissue including budding yeasts, pseudo-
hyphae, moniliform hyphae, regular or true hyphae, en-
larged subglobose cells, or a combination of the above
forms. In many cases, with the routine hematoxylin-
eosin stain the fungal cells have a brown pigmented ap-
pearance. However, it should be noted that not all de-
matiaceous fungal structures appear brown in tissue
with the hematoxylin-eosin stain. Species of the genera
Alternaria, Bipolaris, and Curvularia often appear to
be hyaline in tissue due to little formation of melanin
in vivo. However, these fungi will turn brown or black
on fungal culture plates. The presence of melanin
within the fungus in tissue specimens can be confirmed
by use of the Fontana-Masson stain. Other fungi such
as Aspergillus fumigatus and Coccidioides immitis oc-
casionally stain with Fontana-Masson but less consis-
tently than the dematiaceous moulds.

Dematiaceous fungi can occur as contaminants of
body surfaces and/or clinical specimens. In order to
document infection, cultures should be obtained from

sterile body sites or from tissue in which histopathol-
ogy confirms fungal invasion. Specimens must not be
allowed to become dessicated prior to processing, and
tissue specimens should be minced rather than ho-
mogenized and then placed onto media. Standard fun-
gal media will support growth of these fungi. Some de-
matiaceous fungi will be inhibited by cycloheximide,
therefore a culture plate without this inhibitor should
also be used when attempting to isolate a pigmented
mould from a clinical specimen.

The identification of a dematiaceous fungus to genus
and species levels is determined by its microscopic mor-
phology with some appreciation of colony morphology
and by physiological characteristics for a few species
(Schell, 1997; Schell, 2003a; Schell et al, 2003b). Proper
identification is important and expert mycological in-
put may be necessary. The details for identification of
each specific dematiaceous fungus producing human
disease are beyond the scope of this chapter.

PATHOPHYSIOLOGY

Phaeohyphomycosis is a descriptive term that encom-
passes a wide variety of phylogenetically diverse path-
ogenic fungal species and it is not likely that there will
be consistent unifying themes for the virulence poten-
tial of all these fungi. However, several common as-
pects of fungal pathogenesis can be emphasized. First,
the presence of melanin has been implicated through
genetic studies to be a virulence factor. A mutant strain
of Wangiella dermatitidis that lacked melanin demon-
strated reduced virulence by the measurement of sur-
vival in a mouse model of infection compared to the
wild-type melanin-positive strain within certain inoc-
ula (Dixon et al, 1992; Dixon et al, 1989a). Further
studies used molecular biology methods to specifically
disrupt a gene involved in dihydroxynaphthalene
melanin biosynthesis. The null melanin-negative mu-
tants were found to be less resistant to neutrophil
killing and concordantly less virulent in acute-infection
animal models (Feng et al, 2001). Another study con-
firmed that melanin can protect a fungus from oxida-
tive host cells such as neutrophils (Schnitzler et al,
1999) and may bind hydrolytic enzymes. However, it
should be noted that nonmelanized fungal cells can per-
sist in tissue and cause histopathology similar to the
melanized cells (Dixon et al, 1992). Melanin also has
been identified as a virulence factor in other fungi such
as the rice blast fungus, Magnaporthe grisea, for the
formation of appressoria that penetrate the plant tis-
sue. In addition, melanin is a virulence factor for the
basidiomycetous human pathogen Cryptococcus neo-
formans. Another area of molecular research on W.
dermatitidis has been chitin biosynthesis. Null mutants
made in several of the chitin synthase genes of W. der-
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matitidis were less virulent than the wild-type strain
both in immunocompetent and immunosuppressed
murine models (Wang et al, 2001). Second, many of
these dematiaceous fungi adapt locally to the harsh host
tissue environment when introduced through trauma.
This adaptive feature is seen in patients with fungal ker-
atitis and those with subcutaneous nodules that likely
represent direct inoculation into the skin and subcuta-
neous tissue. Added susceptibility to this localized fun-
gal infection may be related to the thinning of skin
structures and reduced host responses during corticos-
teroid therapy. Third, several of the dematiaceous fungi
appear to have a tropism for brain tissue. For instance,
brain abscesses are common clinical infections associ-
ated with Cladophialophora bantiana, Dactylaria gal-
lopava, and Ramichloridium mackenziei. Fourth, these
dematiaceous infections can occur in both immuno-
competent and immunosuppressed patients and thus
some of these fungi are considered both primary and/or
secondary pathogens. However, the vast majority of
disseminated infections with dematiaceous fungi, ex-
cept those with brain infections, occur in immunosup-
pressed patients.

Understanding of the host immunology related to the
phaeohyphomycoses remains rudimentary. Importance
of both humoral and cell-mediated immunity has been
demonstrated. For instance, humoral immunity studies
have shown that purified rabbit IgG can inhibit the
growth of Fonsecaea pedrosoi (Ibrahim-Granet et al,
1988). In the evaluation of cell-mediated immunity, a
clinical study in patients with chromoblastomycosis
demonstrated a normal response to bacterial antigens
but a partial suppression of cell-mediated immune re-
sponses to fungal antigens at some time during infec-
tion (Fuchs and Pecher, 1992). Although risk factor
analyses indicate that the host immune system plays an
important role in phaeohyphomycotic infections, much
work needs to be done to better characterize the com-
ponents of the host responses to dematiaceous fungi.

RISK FACTORS

Dematiaceous fungi are not primarily equipped to invade
the mammalian host as part of the fungal life-cycle;
thus, in most cases the host presents with some risk

factors that allow establishment and/or dissemination
of fungal infection Table 17–1. In the era of increasing
numbers of immunocompromised hosts, phaeohypho-
mycoses are emerging diseases (Perfect and Schell,
1996; Silveira and Nucci, 2001). Bone marrow and
solid organ transplantation patients are at major risk
for infection (Benedict et al, 1992; Singh et al, 1997;
Clancy et al, 2000). The chronic use of corticosteroids
that both thin the skin and predispose to a myriad of
other immunodepressive actions increases the risk of
infection for patients who commonly are exposed to
dematiaceous fungi in an outpatient environment. Pa-
tients with skin or soft tissue trauma from contami-
nated vegetation (e.g., splinters), intravenous drug
abuse (Vartian et al, 1985; Walz et al, 1997), and/or
cardiothoracic surgery that introduces fungi at the time
of surgery (Kaufman, 1971; Pauzner et al, 1997; Re-
vankar et al, 2002) have been reported to develop
phaeohyphomycosis. An occasional case of phaeohy-
phomycosis has been observed in AIDS patients (del
Palacio-Hernanz et al, 1989; Perfect et al, 1993; Mar-
riott et al, 1997), or in those receiving chronic ambu-
latory peritoneal dialysis (Kerr et al, 1983). These pa-
tient groups are at high risk for developing infections
because of the combination of frequent exposures to
dematiaceous fungi and their underlying immunosup-
pressive conditions.

CLINICAL MANIFESTATIONS

Although the dematiaceous fungi represent a phyloge-
netically diverse group of fungi, there are several well-
described clinical syndromes produced by these fungi.

Superficial Phaeohyphomycosis
This category includes conditions known traditionally
as tinea nigra and black piedra. Tinea nigra is a dark-
ening of the skin due to growth in the stratum corneum
of Hortaea werneckii (Phaeoannellomyces werneckii).
Although the condition is harmless because only the
stratum corneum is involved, tinea nigra can be mis-
taken for melanoma. Black piedra is colonization of the
hair shaft by Piedraia hortae, which results in very hard
knots of discrete fungal growth along the shaft.

TABLE 17–1. Risk Factors for Dematiaceous Fungal 
Infections
• Solid organ transplantation • Long term indwelling catheter
• Bone marrow transplantation • (e.g., continuous ambulatory
• Corticosteroid therapy • peritoneal dialysis)
• Trauma • HIV infection
• Intravenous drug abuse • Cardiothoracic surgery
• Neutropenia • Fresh water immersion
• Sinusitis
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Cutaneous Phaeohyphomycosis
This condition represents both initial colonization and
then proliferation of the fungus within keratinized tis-
sue, resulting in a chronic inflammatory reaction from
tissue invasion (Welty and Perfect, 1991; Ronan et al,
1993). Examples include a dermatomycosis secondary
to dematiaceous fungi like Scytalidium species or an
onychomycosis with agents like Scytalidium or Phyl-
losticta species. Furthermore, under certain skin con-
ditions, the dematiaceous fungi may simply colonize de-
vitalized skin without invasion of viable tissue. Thus,
treatment of the underlying condition or use of a sim-
ple antiseptic wash will remove these fungi from tissue.
However, in severely immunosuppressed patients, some
of these moulds may produce an aggressive soft tissue
infection.

Mycotic Keratitis
Trauma to the cornea can provide a site for fungal or-
ganisms to lodge and grow. The fungus might be pres-
ent on the instrument of trauma at impact or as air-
borne spores that contact an injured eye. The frequent
use of steroid ophthalmic drops for corneal injuries may
aid invasion of the cornea by these fungi. The demati-
aceous fungi plus species of Aspergillus, Fusarium, and
Paecilomyces are the main causes of fungal keratitis.
Corneal infections have the potential to progress to en-
dophthalmitis by spreading into internal ocular struc-
tures. Multiple dematiaceous moulds have caused 
ocular disease (Forster et al, 1975; Schell, 1986) but
Curvularia, Exophiala, and Exserohilum species are the
most common organisms (McGinnis et al, 1986).

Subcutaneous Phaeohyphomycosis
This form of phaeohyphomycosis is a relatively com-
mon presentation (Benedict et al, 1992; Sudduth et al,
1992; Ronan et al, 1993; Singh et al, 1997; Clancy et
al 2000). Patients generally present with solitary, dis-
crete, asymptomatic, subcutaneous lesions or cysts (See
Color Figs. 17–1A, 17–B, and 17–C in separate color
insert). Cysts can be misdiagnosed as ganglion cysts,
epidermal inclusion cysts, Baker’s cysts, or foreign body
granulomas. Occasionally, deep subcutaneous ulcers
develop and even satellite lesions, which might occur
from autoinoculation. Cysts in the immunocompetent
patient can be chronic, relatively asymptomatic, and
can remain with little observable clinical change for
years, but a fungus in tissue can be observed and cul-
tured when the cyst is removed. Some of these resected
cysts may contain the original wood splinter that in-
troduced the fungus into the tissue. Among immuno-
suppressed patients these cysts are most commonly seen
in solid organ transplant patients and those patients re-
ceiving chronic corticosteroids. Even among immuno-
suppressed patients, the majority of these skin lesions

represent direct or primary inoculation into tissue
rather than skin lesions that result from dissemination
from another site of infection. The most common de-
matiaceous fungi to produce these cysts are Exophiala
jeanselmei, Wangiella dermatitidis, and Phialophora
species.

Foreign Body Phaeohyphomycosis
Various types of catheters in patients occasionally be-
come colonized with dematiaceous fungi and some-
times these moulds will produce disease. Foreign body
phaeohyphomycosis is most commonly seen in patients
receiving chronic ambulatory peritoneal dialysis
(CAPD) who develop fungal peritonitis (Kerr et al,
1983). This disease can also occur in patients with long
indwelling subcutaneous intravenous catheters, likely
related to a breech in sterile technique. While it is im-
portant to remove the foreign body in the treatment of
these two infections, it is not yet clear whether these
dematiaceous fungi produce a biofilm that enhances at-
tachment to catheters leading to protection from host
responses and antifungal drugs.

Fungal Sinusitis
Fungal sinus infections with dematiaceous fungi can
present in three forms: first, allergic fungal sinusitis in
which there is histopathologic evidence of inflamma-
tory mucin with eosinophils and hyphae present within
the mucin (Schell, 2000a); second, fungus ball/eu-
mycetoma in the sinus cavity, which produces disease
primarily by obstruction (there is no apparent fungal
invasion into local soft tissue or bone in either of these
two forms) (Corey et al, 1995); third, invasive fungal
sinusitis manifested by extension of the infection into
host tissue such as bone and even the brain (Washburn
et al, 1988). Aspergillus species, zygomycetes, and de-
matiaceous moulds such as Bipolaris, Curvularia, and
Alternaria species represent the primary etiological
agents in the invasive fungal sinusitis syndrome
(MacMillan et al, 1987; Gourley et al, 1990; Schell,
2000a; Schell, 2000b; Schell et al, 2003b).

Systemic Phaeohyphomycosis
Disseminated infection represents spread to distant or-
gans from a local colonized or infected site. The fun-
gus may have gained entry to the human host via con-
taminated surgery, trauma, or the lungs. Under certain
circumstances infection will spread to distant sites such
as the heart (endocarditis) (Kaufman, 1971) or brain
(abscess) (Palaoglu et al, 1993; Horre and de Hoog,
1999). There has been a significant increase in cases of
disseminated phaeohyphomycosis over the last decade.
The vast majority of these cases (over 85%) are asso-
ciated with some type of immunodeficiency, most com-
monly chemotherapy-induced neutropenia. However,
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there are occasional patients with disseminated phaeo-
hyphomycosis who have no apparent risk factor(s) (See
Color Figs. 17–2A and 17–2B in separate color insert)
(Rohwedder et al, 1979; Flanagan and Bryceson, 1997;
Khan et al, 2002). Disseminated disease has been as-
sociated with peripheral eosinophilia (Revankar et al,
2002), suggesting that certain patients with this infec-
tion have an ineffective TH2 immune response, which
allows dissemination. Most patients with disseminated
disease probably do not develop a proper immune re-
sponse even when risk factors are not readily apparent.

The most commonly encountered dematiaceous fungi
to produce disseminated disease include those that
cause brain abscesses (See Color Fig. 17–2A in sepa-
rate color insert) such as Cladophialophora bantiana,
Dactylaria gallopava, and Ramichloridium mackenziei
and meningitis such as Scedosporium apiospermum
(Horre and de Hoog, 1999). Scedosporium apiosper-
mum (teleomorph Pseudallescheria boydii) is a com-
mon cause of pneumonia or meningitis following near-
drownings in fresh water, and is becoming a more
common pathogen in severely immunosuppressed or-
gan transplant recipients (Marr et al, 2002). Sce-
dosporium prolificans, which is the most common
cause of detectable bloodstream infections due to de-
matiaceous fungi, was originally encountered in bone
and joint infections. Fungemia has been documented
frequently as a complication of neutropenia and in pa-
tients with prosthetic heart valves. Scedosporium pro-
lificans appears able to produce a steady stream of uni-
cellular spores, and this phenomenon of adventitious
sporulation appears to occur within invaded blood ves-
sels (Schell, 1995; Liu et al, 1998). After surgical
trauma, prolonged neutropenia, or in the presence of
contaminated catheters, Scedosporium, Bipolaris, and
Wangiella species most commonly produce a widely
disseminated phaeohyphomycosis (Revankar et al, 2002).

ETIOLOGICAL AGENTS

Table 17–2 attempts to match the most common de-
matiaceous fungi with their primary clinical presenta-
tions. This list is not comprehensive since over 100
species have already been documented as etiologic
agents and more dematiaceous moulds will be added
to the list as the immunocompromised population ex-
pands. Also, this list emphasizes only the most com-
mon clinical presentations, but other manifestations
may occur.

Several specific features about selected dematiaceous
fungal infections deserve mention. First, virtually all
cases of chromoblastomycosis are caused by three
species, Fonsecaea pedrosoi, Cladophialophora car-
rionii, and Phialophora verrucosa. Second, the most
clinically common group of dematiaceous fungi is 

comprised of Alternaria spp., Bipolaris spp., Curvularia
spp., Exophiala spp., and Wangiella dermatitidis,
which are associated with a myriad of clinical presen-
tations. Third, the group of fungi that typically pro-
duce CNS infections includes Cladophialophora ban-
tiana, Dactylaria gallopava, and Ramichloridium
mackenziei (Bennett et al, 1973; Horre and de Hoog,
1999). In fact, D. gallopava has shown its innate po-
tential for CNS infectivity by causing outbreaks of fun-
gal encephalitis in turkeys (Georg et al, 1964) and oc-
casional cases in humans (Sides et al, 1991). For this
group of CNS pathogens, there is also some geo-
graphical limitation of infection. For example, R.
mackenziei has been limited to infections in the Mid-
dle East (Kanj et al, 2001). Fourth, along with the
known potential of S. apiospermum to cause meningi-
tis in diabetics, patients receiving steroid therapy, or
victims of fresh water near-drownings (Watanabe and
Hironaga, 1981; Yoo et al, 1985; Dworzack et al,
1987), cases of meningitis have been caused by species
of Bipolaris, Exophiala, Alternaria and Sporothrix
schenckii (Perfect and Durack, 1997; Schell, 1997;
Schell, 2003a). Fifth, although many different demati-
aceous fungi have caused disease, there is clearly a spec-
trum of virulence potential. For example, species of
genera such as Cladosporium or Rhinocladiella are en-
vironmentally common and more frequent colonizers
of skin and airways than the more pathogenic demati-
aceous fungi such as F. pedrosoi, W. dermatitidis, D.
gallopava, and C. bantiana. Sixth, S. schenckii, which
is a dematiaceous mould in culture, is generally con-
sidered a dimorphic fungus and sometimes classified
within that group rather than under the dematiaceous
mould group. Although the propensity of S. schenckii
to produce soft tissue infections through traumatic in-
oculation does fit the common pattern of infection with
dematiaceous fungi, see Chapter 22 for more informa-
tion on Sporotrichosis.

The clinical syndromes associated with several of the
most common dematiaceous mould genera are sum-
marized herein. For a more comprehensive mycologi-
cal description of these dematiaceous fungi, the reader
is referred to reference books and monographs (Schell,
2003a; Schell et al, 2003b; Sigler, 2003).

Alternaria Species
The most common species is Alternaria alternata but
in the clinical laboratory, identification generally is left
at the genus level. This mould often causes local cuta-
neous infection (Viviani et al, 1986; Wiest et al, 1987).
In addition, it may cause a sinonasal infection charac-
teristically seen in immunosuppressed patients, which
is similar to zygomycosis and does not commonly dis-
seminate (Wiest et al, 1987; Morrison and Weisdorf,
1993).



TABLE 17–2. Dematiaceous Fungi and Their Most Common Phaeohyphomycoses
Etiologic Agent Clinical Presentation Frequency* References

Alternaria spp. (alternata) Osteomyelitis, cutaneous, sinusitis 		 Viviani et al, 1986; Schell, 2003a;
Schell et al, 2003b;

Aureobasidium spp. Peritonitis, cutaneous, spleen infection � Schell, 2003a; Schell et al, 2003b
(pullulans)

Bipolaris spp. (australiensis, Meningitis, sinusitis, keratitis, peritonitis, 			 Fuste et al, 1973; Rolston et al, 1985;
hawaiiensis, spicifera) endocarditis, disseminated infection Adam et al, 1986; McGinnis et al, 

1986; Karim et al, 1993; Schell, 
2003a; Schell et al, 2003b

Chaetomium spp (atrobrunneum) Fungemia, cutaneous, brain abscess 	 Sigler, 2003
Achaetomium spp. (strumarium)

Cladophialophora spp. Chromoblastomycosis, brain abscess 		 Bennett et al, 1973; Seaworth et al, 
(bantiana, carrionii) 1983; Dixon et al, 1989b; Sekhon 

et al, 1992; Palaoglu et al, 1993;
Schell, 2003a;

Cladosporium spp. Colonizer, skin, keratitis � Schell, 2003a

Coniothyrium spp. (fuckelii) Cutaneous, liver infection � Schell et al, 2003b 

Curvularia spp (lunata) Sinusitis, keratitis, endocarditis, 			 Rohwedder et al, 1979; Monte and 
subcutaneous cyst, pneumonitis Hutchins, 1985; Yau et al, 1994;

Fernandez et al, 1999; Schell, 2003a

Dactylaria spp. (gallopava) Brain abscess, disseminated infection, 		 Sides et al, 1991; Vukmir et al, 1994;
pneumonitis Schell, 2003a

Exophiala spp. (jeanselmei) Subcutaneous cyst, eumycetoma, keratitis, 		 Tintelnot et al, 1991; Sudduth et al, 
meningitis/brain abscess, disseminated 1992; Gold et al, 1994; Schell, 
infection, peritonitis 2003a

Exserohilum spp. (rostratum) Sinusitis, cutaneous, subcutaneous cyst, 	 McGinnis et al, 1986; Schell, 2003a
keratitis

Fonsecaea spp. (pedrosoi) Chromoblastomycosis, eumycetoma, 		 Morris et al, 1995; Schell, 1997;
pneumonitis Schell, 2003a

Lasiodiplodia spp. (theobromae) Keratitis 	 Sigler, 2003

Lecythophora spp. (hoffmannii) Subcutaneous cyst, endocarditis, peritonitis 	 Sigler, 2003

Phaeoacremonium spp. Cutaneous, subcutaneous cyst 	 Schell, 2003a
(parasiticum)

Phaeoannellomyces spp. (elegans, Subcutaneous cyst 	
werneckii)

Phialemonium spp. (curvatum, Subcutaneous cyst, endocarditis, peritonitis 	 Sigler, 2003
obovatum)

Phialophora spp. (verrucosa, Chromoblastomycosis, eumycetoma, 		 Schell, 1997; Schell, 2003a; Schell 
richardsiae) keratitis, osteomyelitis, endocarditis et al, 2003b

Phoma spp. Sinusitis, keratitis, subcutaneous cyst 	 Sigler, 2003

Ramichloridium spp. (obovoideum, Brain abscess 	 Horre and de Hoog, 1999; Kanj et al, 
mackenziei) 2001

Rhinocladiella spp. (aquaspersa, Colonizer, chromoblastomycosis, 		 del Palacio-Hernanz et al, 1989;
atrovirens) meningitis Schell, 1997; Nucci et al, 2001;

Sigler, 2003

Scedosporium spp. Eumycetoma, meningitis, pneumonitis, 			 Watanabe and Hirogonga, 1981;
(apiospermum, prolificans) fungemia, disseminated infection Yoo et al, 1985; Dworzack et al, 

1987; Berenguer et al, 1989;
Berenguer et al, 1997; Maertens 
et al, 2002; Sigler et al, 2003

Scytalidium spp. (dimidiatum) Cutaneous, nail, subcutaneous cyst 	 Sigler, 2003

Wangiella spp. (dermatitidis) Cutaneous, subcutaneous cyst, keratitis, 			 Greer et al, 1979; Hiruma et al, 
brain abscess, arthritis, disseminated 1993; Schell, 2003a
infection

**	 least common; 			 most common.
Source: adapted from Schell, 2003a.
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Bipolaris Species
Three species cause the majority of disease: B. aus-
traliensis, B. hawaiiensis, and B. spicifera. This genus
of brown/black moulds may infect many different or-
gans of the body and cause meningitis, sinusitis, ker-
atitis, peritonitis, soft tissue infections, and endocardi-
tis (Rolston et al, 1985; Adam et al, 1986; McGinnis
et al, 1986; Karim et al, 1993; Flanagan and Bryceson,
1997; Pauzner et al, 1997; Latham, 2000).

Cladophialophora Species
Species of this genus have undergone several taxonomic
changes in the last several decades that can cause 
confusion in the clinical literature. For instance,
Cladophialophora bantiana had previously been named
Cladosporium trichoides, Cladosporium bantianum
and Xylohypha bantiana. Despite controversy regard-
ing the taxonomy, there is no clinical confusion about
the ability of C. bantiana to cause central nervous sys-
tem infection (Horre and de Hoog, 1999). Dozens of
cases of cerebral phaeohyphomycosis have been re-
ported making C. bantiana the most common demati-
aceous mould to cause central nervous system infection
(See Color Fig. 17–3 in separate color insert). Occa-
sionally, C. bantiana causes soft tissue infection. An-
other species, C. carrioni, is a leading cause of chro-
moblastomycosis in Africa and Australia (Schell, 1997).

Cladosporium Species
The vast majority of clinical isolates of this genus rep-
resent colonization of nonsterile body sites (Schell,
2003a). Furthermore, C. cladosporioides and C. sphae-
rospermum are among the most common dematiaceous
mould contaminants in the clinical microbiology labo-
ratory. In order to conclude that infection is attributa-
ble to Cladosporium species, there must be histopatho-
logic evidence of infection as well as a pure culture of
the fungus, preferably obtained from a sterile body site.

Curvularia Species
Species of this genus are leading causes of dematiaceous
fungal sinusitis and keratitis but like Bipolaris species,
they can also produce other type infections such as soft
tissue, endocarditis, and disseminated disease (Monte
and Hutchens, 1985; Yau et al, 1994; Fernandez et al,
1999; Janaki et al, 1999). The most common species
associated with clinical disease is C. lunata.

Exophiala Species
While species of this genus are a leading cause of sub-
cutaneous phaeohyphomycosis, they can also cause
peritonitis in CAPD patients and endocarditis as well
as meningitis and brain abscess (Tintelnot et al, 1991;
Sudduth et al, 1992; Gold et al, 1994). Exophiala
jeanselmei is the major species producing clinical dis-

ease (See Color Figs. 17–1A, 17–B, and 17–C in sepa-
rate color insert).

Fonsecaea Species
Fonsecaea pedrosoi is the most common cause world-
wide of chromoblastomycosis (Schell, 1997). Occa-
sionally, this species can cause invasive infection in se-
verely immunosuppressed patients (Morris et al, 1995).
Because of the pleomorphic structures of F. pedrosoi,
it may be confused with Rhinocladiella and Phialo-
phora species in culture. Thus, specimens need careful
mycological evaluation (Schell et al, 2003b).

Phialophora Species
Species of this genus can produce a wide variety of in-
fections ranging from chromoblastomycosis to oppor-
tunistic infections in AIDS patients and organ trans-
plant recipients (Schell, 2003a; Schell et al, 2003b).
Two of the most common species to infect humans are
P. verrucosa and P. richardsiae.

Rhinocladiella Species
The only species regularly identified in the clinical lab-
oratory is Rhinocladiella atrovirens. Because it can col-
onize nonsterile sites or appear in cultures as a con-
taminant, R. atrovirens requires other confirmation
studies such as histopathology to support its signifi-
cance when isolated from a nonsterile site. Although
R. atrovirens has very little virulence potential, it has
produced meningitis in severely immunosuppressed pa-
tients (del Palacio-Hernanz et al, 1989) and one re-
ported case of a eumycetoma (Ndiaye et al, 2000).
Ramichloridium is a genus that appears to be con-
generic with Rhinocladiella. If the two genera are syn-
onymous, Rhinocladiella would be the correct name
based on nomenclature priority. Several brain infec-
tions have been caused by fungi identified as Ramichlo-
ridium obovoideum and Ramichloridium mackenziei
(Horre and de Hoog, 1999; Kanj et al, 2001).

Scedosporium Species
Some mycologists have suggested Scedosporium species
belong in the group of dematiaceous fungi because
some isolates may appear as pale brown hyphae 
in unstained tissue or are positive for melanin with
Fontana-Masson stain. However, current consensus
places diseases caused by both S. apiospermum and S.
prolificans within the hyalohyphomycoses. Thus, for a
detailed discussion of scedosporiosis, see Chapter 16;
here only a brief overview of scedosporiosis is provided.
Scedosporium apiospermum is an anamorph of
Pseudallescheria boydii. The necessity to have more
than one name associated with this fungus occasion-
ally can cause confusion. The rationale for multiple
names being connected to a fungus is explained in 
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detail elsewhere (Schell et al, 2003b). Scedosporium
apiospermum can cause fungal eumycetoma, and also
has the ability to produce disseminated disease includ-
ing central nervous system involvement in patients with
diabetes, receiving corticosteroids, and near-drowning
victims (Berenguer et al, 1989). The common occur-
rence of S. apiospermum in the environment and the
frequent use of empirical polyene drugs against which
this fungus exhibits clinical resistance has enabled S.
apiospermum to become an emerging pathogen in se-
verely immunosuppressed patients. Scedosporium pro-
lificans is another emerging pathogen (Berenguer et al,
1997; Maertens et al, 2002). Except for eumycetoma,
it causes a range of infections similar to that of S.
apiospermum. In patients with disseminated disease
secondary to S. prolificans, blood cultures are likely to
be positive as previously noted, probably due to the
ability of this species to form unicellular spores in tis-
sue (Liu et al, 1998; Schell, 1995). Scedosporium pro-
lificans remains one of the most resistant fungi to
presently available antifungal agents.

Wangiella Species
This mould can cause localized infection of skin, sub-
cutaneous tissue, and also systemic infection involving
the brain, joints and eye (Hiruma et al, 1993; Horre
and de Hoog, 1999; Matsumoto et al, 1992). In the
group of dematiaceous fungi, W. dermatitidis probably
is the best-studied pathogen in terms of molecular bi-
ology, animal model experimentation, and virulence
factors such as melanin.

LABORATORY STUDIES

It is important that dematiaceous fungi be identified
correctly in the clinical laboratory. For instance, iden-
tification by genus and species may help predict the ex-
tent of infection and/or identify the pattern of drug sus-
ceptibility and thus help the clinician to choose the
appropriate antifungal agent. The calcofluor-KOH pro-
cedure is extremely helpful in detecting the presence of
dematiaceous fungi in specimens; however, it is not re-
liable for detecting the heavily melanized cells found in
chromoblastomycosis. Diagnosis of phaeohyphomyco-
sis relies on histopathology and culture. Identification
of genera and species in the clinical laboratory is based
almost exclusively on morphological study of macro-
scopic and microscopic features. In routine microbiol-
ogy laboratories, there are no available serologic tests
to diagnose infection with these fungi.

Blood cultures may be positive in cases of dissemi-
nated disease with Scedosporium species. In addition,
nosocomial outbreaks of fungemia with Exophiala and
Rhinocladiella species have been reported (Nucci et al,
2001). The presence of these particular fungi in blood

suggests a breech of aseptic technique during an inva-
sive medical procedure or in the processing of blood
cultures.

MANAGEMENT

With regard to the treatment of phaeohyphomycosis,
the majority of clinical experience represents isolated
cases or small series of infections with multiple differ-
ent fungi. While evidence-based algorithms for treat-
ment are not robust, there are several surgical and med-
ical strategies that should be considered.

Surgery is an integral part of any treatment strategy.
Primary treatment may require surgical debridement of
selected skin and soft tissue, brain, and sinus fluid and
structures. In soft tissue infections, the surgical ap-
proach varies. Best results for an ulcerative lesion or
skin infection without a defined cyst are obtained with
careful debridement and even use of Moh’s procedure
to identify borders of infection (Heinz et al, 1996).
With surgery, lavage of residual tissue after surgery
with an antiseptic agent is probably helpful, since fun-
gal organisms might remain in the wound. For a sub-
cutaneous cyst, complete removal of the encapsulated
structure can be curative but care must be taken not to
leak contents into the wound. Simple aspiration of cyst
fluid is not optimal.

For single brain abscess, surgical debridement is
probably essential for cure. While complete surgical re-
moval of a brain abscess may not be possible, even par-
tial debulking of the brain mass is helpful (Ferguson,
2000a). Occasionally infection may be spread with sur-
gery (Shimosaka and Waga, 1983) and in the case of
brain abscesses, it is probably wise to use adjunctive
medical therapy. Although medical treatment of brain
abscesses alone occasionally has been successful (Vuk-
mir et al, 1994), there are many reported failures of
medical treatment without combined medical–surgical
therapy. Medical treatment alone should be reserved
for patients with multiple abscesses and those for whom
surgery is contraindicated.

In cases of sinus disease (eumycetoma), removal of
the fungal mass through endoscopy may be curative.
True eumycetoma in the extremities such as madura
foot can be indolent and difficult to manage. Because
of chronic scarring and fistulous tracts in soft tissue
and possible bone involvement, obtaining disease free
margins via surgery may be difficult. In these circum-
stances, medical therapy may be the best option.

Antifungal drugs have been used in the management
of phaeohyphomycosis, with both in vitro and in vivo
evidence for antifungal drug activity against these de-
matiaceous fungi (McGinnis et al, 1997; Espinel-
Ingroff, 1998a; Espinel-Ingroff, 1998b; McGinnis and
Pasarell, 1998). Because there are many genera and
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species included in the group of dematiaceous fungi, it
is beyond the scope of this chapter to detail the anti-
fungal activity against each genus or species. Never-
theless, several general comments on medical therapy
are in order. First, polyene drugs show modest anti-
fungal activity in vitro against dematiaceous fungi and
have been used in treatment of some disseminated in-
fections. However, polyenes are not consistently used
as primary therapy for these infections. Second, flucy-
tosine has in vitro antifungal activity against several de-
matiaceous fungi, but is most likely used in combina-
tion therapy because of rapid development of drug
resistance when used alone. Third, the azole drugs are
commonly chosen in treatment strategies for phaeohy-
phomycosis because these agents exhibit moderate to
excellent in vitro antifungal activity against dematia-
ceous fungi and can be given safely for long periods of
time. Among the older azoles, itraconazole has been
best-studied, with a reported success rate of over 60%
in one series (Sharkey et al, 1990). The newer triazoles,
voriconazole, posaconazole, and ravuconazole, have
moderate to excellent in vitro activity against demati-
aceous moulds (McGinnis et al, 1997; Espinel-Ingroff,
1998a; Espinel-Ingroff, 1998b) and thus, are promis-
ing drugs for treatment of phaeohyphomycoses. In fact,
most dematiaceous fungal infections in single case re-
ports or small series have responded to these triazoles.
Furthermore, in an animal model of cerebral Ramichlo-
ridium infection, posaconazole was found to be more
effective than itraconazole or amphotericin B (Al-
Abdely et al, 2000). It is likely that these extended-
spectrum triazoles will become first-line therapy for
phaeohyphomycosis. Fourth, echinocandins, a new class
of antifungal agents which inhibit fungal �-glucan syn-
thase, have inhibitory in vitro activity against many 
dematiaceous fungi (Del Poeta et al, 1997; Espinel-
Ingroff, 1998b) but there has been no significant clinical
experience with these agents. Finally, drug combina-
tions in vitro commonly show either additive or syn-
ergistic activity against these dematiaceous fungi
(McGinnis and Pasarell, 1998; Clancy et al, 2000;
Meletiadis et al, 2000). For disseminated or intracra-
nial disease with limited surgical options, two or three
drug combinations, e.g., polyene, flucytosine, terbi-
nafine, and/or newer triazole, may become the treat-
ment regimen of choice.

There are several other aspects to the management
of phaeohyphomycosis. First, immune modulation has
been considered for treatment of some phaeohy-
phomycoses. In allergic fungal sinusitis, both cortico-
steroids for decreasing immune stimulation and im-
munotherapy to induce tolerance have their proponents
but their precise value remains unclear (Corey et al,
1995; Ferguson, 1998). In patients with invasive de-
matiaceous fungal infections, control of the underlying

disease and eliminating an immunosuppressive event,
e.g., corticosteroids or neutropenia, should be a pri-
mary focus of management. Second, at present there is
no approved standardized method for performing in
vitro antifungal susceptibility testing against these
moulds, but the NCCLS committee does have a pro-
posed working protocol (National Committee for Clin-
ical Laboratory Standards, 1998). In certain unique in-
fections with dematiaceous fungi, an assessment of the
in vitro activity of potentially useful antifungal agents
may be reasonable. Third, disease caused by Sce-
dosporium apiospermum, which is resistant to ampho-
tericin B, frequently responds to the newer triazoles
such as voriconazole and in some cases this azole has
enabled dramatic clinical recoveries (Walsh et al, 2002).
On the other hand, Scedosporium prolificans appears
to be resistant to most classes of available antifungal
drugs and only occasionally responds to the extended-
spectrum triazoles. Thus, combinations of drugs have
been tested for possible use against this fungus (Mele-
tiadis et al, 2000). Finally, most cases of phaeohy-
phomycosis, even when surgery is performed and pre-
sumed curative, require drug treatment to eliminate any
residual infection.
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Histoplasmosis
CAROL A. KAUFFMAN

Histoplasmosis, the most common endemic mycosis in
the United States, is caused by Histoplasma capsulatum
var. capsulatum. Histoplasma capsulatum var. duboisii
causes African histoplasmosis, which has different clin-
ical manifestations. Histoplasma capsulatum is a ther-
mally dimorphic fungus; in the environment and at tem-
peratures below 35°C, it exists as a mould, and in
tissues and at 35°–37°C, as a yeast. In the endemic area,
along the Mississippi and Ohio River valleys in the
United States, most persons are infected in childhood.
The primary site of infection is the lungs following in-
halation of the conidia from the environment. The
severity of disease is related to the number of conidia
inhaled and the immune response of the host; the pri-
mary host defense mechanism against H. capsulatum
is cell-mediated immunity. Pulmonary infection is
asymptomatic or only mildly symptomatic in most per-
sons who have been infected; acute severe pneumonia
and chronic progressive pulmonary infection also can
occur. Asymptomatic dissemination of H. capsulatum
to the organs of the reticuloendothelial system occurs
in most infected individuals; however, symptomatic
acute or chronic disseminated histoplasmosis, which is
a life-threatening infection, occurs almost entirely in
persons who have deficient cell-mediated immunity.
Antifungal therapy is highly effective. For most patients
with histoplasmosis, itraconazole, a triazole drug, is the
treatment of choice.

ORGANISM

Histoplasmosis was first described and the organism
given its name in 1904 by Samuel Darling, a physician
working at the Canal Zone Hospital in Panama. He er-
roneously thought the organism, which in tissues re-
sembled Leishmania, was a parasite. Within a few years
it became clear that this organism was indeed a fun-
gus. Several decades later it was shown that H. capsu-
latum was a thermally dimorphic fungus, and by 1949,
an environmental reservoir for H. capsulatum had been
proved by Emmons.

There are two varieties of H. capsulatum that are

pathogenic for humans, H. capsulatum var. capsula-
tum and H. capsulatum var. duboisii, which will mate
in the laboratory and thus have been assigned varietal,
rather than species status. At 25°–30°C, the organism
exists in the mycelial form; the colony is white to tan
in color. The aerial hyphae produce two types of coni-
dia: macroconidia (tuberculate conidia) are thick-
walled, 8–15 �m in diameter, and have distinctive 
projections on their surfaces, and microconidia are
smooth-walled, 2–4 �m in diameter, and are the in-
fectious form (Fig. 18–1). H. capsulatum var. capsula-
tum and H. capsulatum var. duboisii are indistin-
guishable in the mycelial phase.

At 37°C in tissues and in vitro, the organism under-
goes transformation to the yeast phase. In vitro, the
colony is cream-colored and becomes more gray with
age. In the yeast phase in tissues, the two varieties of
H. capsulatum differ in their appearance. H. capsula-
tum var. capsulatum appears as tiny 2–4 �m oval bud-
ding yeasts often found inside macrophages (See Color
Fig. 18–2a in separate color insert). Histoplasma cap-
sulatum var. duboisii is larger, 8–15 �m, thick-walled,
may appear as short chains in tissues, and shows the
“scar” from which its bud has been released at one end
(Schwarz, 1970) (Fig. 18–2b).

In addition to the above two human pathogens,
there is a third variety, Histoplasma capsulatum var.
farciminosum, which is a pathogen of horses and
mules. This organism causes lymphangitis in equines
from the Middle East, northern Africa, central and
southern Europe, Japan, the Philippines, and southern
Asia (Gabal et al, 1983). The disease is characterized
by multifocal suppurative lymphangitis and ulcerated
cutaneous lesions that usually affect the head and fore-
quarters; mucous membranes of the nares and
oropharynx can also become ulcerated. Systemic in-
fection does not occur.

In this chapter, H. capsulatum var. capsulatum is re-
ferred to simply as H. capsulatum and H. capsulatum
var. duboisii as H. duboisii. Most of the chapter fo-
cuses on H. capsulatum, with additional comments,
when relevant, regarding infection due to H. duboisii,
which causes African histoplasmosis.
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ECOLOGY AND EPIDEMIOLOGY

Histoplasmosis occurs throughout the world, but is
most common in North and Central America. Isolated
cases have been reported from Southeast Asia and
Africa and cases imported from endemic areas have
been noted worldwide. In the United States, H. capsu-
latum is endemic in the Mississippi and Ohio River val-
leys and also exists in localized areas in many mideast-
ern states (Fig. 18–3).

In the environment, H. capsulatum appears to have
precise growth requirements related to humidity, acid-
ity, temperature, and nitrogen content, but all of the
specific conditions needed for growth in the soil have
not been completely elucidated. What is known, how-
ever, is that soil containing large amounts of droppings
from birds or bats supports luxuriant mycelial growth
(Cano and Hajjeh, 2001). The soil under blackbird

roosts and around chicken coops is especially likely to
harbor H. capsulatum (Chick et al, 1981). Birds them-
selves are not infected with H. capsulatum, but can
transiently carry the organism on beaks and feet and
contribute to its spread. Once contaminated, soil yields
H. capsulatum for many years after birds no longer
roost in the area. Bats, in contradistinction to birds,
can become infected with H. capsulatum and excrete
the organism in their feces (Schwarz, 1981). Intestinal
carriage by bats and their migratory patterns help 
to ensure expansion of geographic areas yielding H.
capsulatum.

Infection with H. capsulatum results from passive ex-
posure that occurs during typical day-to-day activities
or from active exposure related to occupational or
recreational activities. Most cases are sporadic, related
to passive exposure, and not associated with a known
source. Every year hundreds of thousands of individu-
als in the United States are infected with H. capsula-
tum; most of these individuals are not aware of this
event. The two largest outbreaks ever reported were
both associated with passive exposure of hundreds of
thousands of people to H. capsulatum during urban
construction projects in Indianapolis (Wheat et al,
1981; Sathapatayavongs et al, 1983; Wheat, 1997a).
In other outbreaks, workers became infected after in-
volvement in specific activities, such as cleaning bird or
bat guano from bridges or heavy equipment or tearing
down or cleaning out old buildings, especially chicken
coops (Waldman et al, 1983; Jones et al, 1999). Other
outbreaks have been associated with recreational pur-
suits, such as spelunking (Lottenberg et al, 1979), and
ecological volunteer efforts (Brodsky et al, 1973).

The AIDS epidemic has had a significant effect on
the epidemiology of histoplasmosis in the highly en-
demic areas. In the early 1990s in Kansas City, the rates
of histoplasmosis in AIDS patients were as high as
12/100 patient-years, and in Houston were as high as
10/1000 AIDS patients (Dupont et al, 2000). This has
decreased markedly with improved antiretroviral ther-
apy. Currently most cases of histoplasmosis in AIDS
patients are seen in those who have not received ther-
apy for HIV infection, and in many cases, histoplas-
mosis is the AIDS-defining illness.

Histoplasma duboisii is more restricted in its geog-
raphy, and occurs only in Africa between the Tropic 
of Cancer and the Tropic of Capricorn. Within these
boundaries, most cases occur in Nigeria, Mali, Sene-
gal, and Zaire; the disease has not been reported in East
Africa. The exact ecological niche the organism occu-
pies has not been determined, but cases have been de-
scribed in association with bat guano (Schwarz, 1970;
Gugnani et al, 1994). Cases of African histoplasmosis
reported outside the endemic area have all been among
African immigrants or travelers to other countries

FIGURE 18–1. Mycelial phase of H. capsulatum grown at 25°C show-
ing mostly tuberculate macroconidia and a few smaller microconi-
dia.

FIGURE 18–3. Histoplasmin reactivity in the continental United States
among 275,558 white male naval recruits, ages 17–21 years (Ed-
wards et al, 1969).
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(Shore et al, 1981, Nethercott et al, 1978). Although
not common, H. duboisii has been reported to cause
disseminated infection in patients with HIV infection
(Manfredi et al, 1994).

PATHOGENESIS

The microcondia of the mycelial phase of H. capsula-
tum are 2–4 �m, a size that allows them to be easily
aerosolized and inhaled into the alveoli of the host. At
37°C, the organism undergoes transformation to the
yeast phase from the mycelial phase. Phagocytosis of
either form (conidia or yeast) by alveolar macrophages
and neutrophils occurs through binding of the organ-
ism to the CD18 family of adhesion promoting glyco-
proteins (Bullock and Wright, 1987). The yeast form
of H. capsulatum is uniquely able to survive within the
phagolysosomes of macrophages through several mech-
anisms, including the ability to resist killing by toxic
oxygen radicals and to modulate the intraphagosomal
pH (Fleischman et al, 1990; Eissenberg et al, 1993;
Newman, 2001; Woods et al, 2001). Iron and calcium
acquisition by the yeast are important survival tools,
allowing growth within the macrophage (Woods et al,
2001). Surviving within the macrophage, H. capsula-
tum is transported to the hilar and mediastinal lymph
nodes and subsequently disseminates hematogenously
throughout the reticuloendothelial system in most cases
of histoplasmosis.

Finally, after several weeks, specific T-cell immunity
develops, macrophages become activated, and then
killing of the organism ensues (Newman, 2001). At this
point, long-lasting immunity to H. capsulatum occurs.
Experimental animal models show the importance of
CD4 cells in developing specific immunity to H. cap-
sulatum (Deepe, 1988). Interferon-gamma produced by
CD4 cells is probably the most important factor for ac-
tivation of macrophages, but other cytokines (IL-12,
TNF-alpha, GM-CSF) appear to also play a role, at
least in the murine system (Newman, 2001). The clin-
ical corollary in humans to the studies in the murine
model is that most patients with severe infection with
H. capsulatum are those with cellular immune defi-
ciencies, especially those who have advanced HIV in-
fection and low CD4 counts (Wheat, 1996; McKinsey
et al, 1997). Of all the human mycoses, histoplasmo-
sis appears to be the most pure example of the pivotal
importance of the cell-mediated immune system in lim-
iting the infection.

The extent of disease is determined both by the im-
mune response of the host and the number of conidia
that are inhaled. A healthy individual can develop 
severe life-threatening pulmonary infection if a large
number of conidia are inhaled. This might occur dur-
ing demolition or renovations on old buildings or as a

result of spelunking in a heavily infested cave. Con-
versely, a small inoculum can cause severe pulmonary
infection or progress to acute symptomatic dissemi-
nated histoplasmosis in a host whose cell-mediated im-
mune system is unable to contain the organism.

Most persons who have been infected have asymp-
tomatic dissemination; only rarely will this lead to
symptomatic acute or chronic disseminated histoplas-
mosis (Schwarz, 1981). However, because dissemina-
tion is the rule, latent infection probably persists for a
lifetime and reactivation can result if the host becomes
immunosuppressed, presumably the mechanism by
which persons who were born in the endemic area and
had not returned for years develop histoplasmosis years
later (Kauffman et al, 1978; Hajjeh, 1995).

Although uncommon, reinfection histoplasmosis can
occur in persons who previously were infected (Dean
et al, 1978), and is described most often after exposure
to a heavily contaminated point source. Reinfection
histoplasmosis is usually less severe than primary in-
fection because there is residual immunity induced by
the initial episode.

CLINICAL MANIFESTATIONS (TABLE 18–1)

Acute Pulmonary Histoplasmosis
The usual result of exposure of a normal host to H.
capsulatum is asymptomatic infection. Depending on
the endemic area, anywhere from 50%–85% of adults
have been infected with H. capsulatum, and most have
not had symptoms that were attributed to histoplas-
mosis. Symptomatic acute pulmonary histoplasmosis is
most often manifested as a self-limited illness charac-
terized by dry cough, fever, and fatigue. Approximately
5% of patients will develop erythema nodosum (Ozols
and Wheat, 1981) and 5%–10% will develop myalgias
and arthralgias/arthritis (Rosenthal et al, 1983). Joint
involvement is usually polyarticular and symmetrical.

TABLE 18–1. Classification of Clinical Manifestations
of Histoplasmosis
Acute pulmonary

Sporadic
Epidemic

Chronic cavitary pulmonary
Complications of pulmonary histoplasmosis

Mediastinal granuloma
Fibrosing mediastinitis
Broncholithiasis
Pericarditis

Disseminated
Acute
Chronic progressive
Endocarditis

Focal organ system involvement
Central nervous system
Other organ systems
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Chest radiographs usually show a patchy pneumonitis
in one or more lobes often accompanied by hilar or
mediastinal lymphadenopathy (Goodwin et al, 1981)
(Fig. 18–4). Some patients have only hilar lym-
phadenopathy; when this is accompanied by arthral-
gias and erythema nodosum, the clinical picture mim-
ics sarcoidosis (Thornberry et al, 1982). Improvement
in several weeks is typical, but in some individuals fa-
tigue may linger for months. Joint symptoms, when
present, usually resolve over several weeks in response
to antiinflammatory therapy.

Acute pulmonary histoplasmosis in patients who
have cell-mediated immune defects is more severe than
in normal hosts. Prostration, fever, chills, and sweats
are prominent; marked dyspnea and hypoxemia can
progress quickly to adult respiratory distress syndrome.
Chest radiographs show diffuse bilateral infiltrates (Fig.
18–5).

When a person is exposed to a heavy inoculum of
H. capsulatum, acute severe pulmonary infection, of-
ten termed epidemic histoplasmosis, can ensue (Good-
win et al, 1981; Cano and Hajjeh, 2001). Symptoms
include high fever, chills, fatigue, dyspnea, cough, and
chest pain. Acute respiratory failure and death may en-
sue. Chest radiographs show diffuse reticulonodular
pulmonary infiltrates; mediastinal lymphadenopathy
may or may not be present (Fig. 18–6). Most patients
recover without treatment, but recovery is slow and
most physicians prescribe an antifungal agent to has-
ten recovery. Over the ensuing months to years fol-
lowing resolution of the pneumonia, calcified nodules
may develop throughout the lung fields (Gurney and
Conces, 1996) (Fig. 18–7).

If a physician sees several cases that appear to be
similar and that share a possible exposure or if the pa-

tient recounts that several of his or her associates have
a similar illness, then the possibility of a fungal etiol-
ogy is more likely to be entertained. Sporadic cases al-
most always are initially thought to be due to one of
the usual causes of community-acquired pneumonia.
Only after the patient fails to respond to several courses
of antibiotics is the possibility of a fungal pneumonia
raised. A history of activities in an endemic area likely
to lead to exposure to H. capsulatum several weeks

FIGURE 18–4. Acute pulmonary histoplasmosis. Note hilar adenopa-
thy and mild lower lobe patchy pneumonitis.

FIGURE 18–6. Acute “epidemic” pulmonary histoplasmosis occurring
in a construction worker who cleaned bird and bat guano from a
bridge prior to painting of the structure. The patient was severely ill,
but responded quickly to amphotericin B therapy.

FIGURE 18–5. Acute pulmonary histoplasmosis occurring in a kidney
transplant recipient. Diffuse pulmonary infiltrates are present and the
patient was markedly hypoxemic.



Histoplasmosis 289

prior to the onset of symptoms should lead to further
diagnostic tests for histoplasmosis. Included in the dif-
ferential diagnosis of acute pulmonary histoplasmosis
are acute pulmonary blastomycosis and pneumonias
due to Mycoplasma, Legionella, and Chlamydia. Hilar
or mediastinal lymphadenopathy, common with histo-
plasmosis, are uncommonly noted with pneumonia due
to these other organisms.

Chronic Pulmonary Histoplasmosis
Chronic pulmonary histoplasmosis occurs almost en-
tirely in older males with underlying chronic obstruc-
tive pulmonary disease (Goodwin et al, 1976; Wheat
et al, 1984). The clinical manifestations include fatigue,
fever, night sweats, chronic cough, sputum production,
hemoptysis, dyspnea, and weight loss. This form of
histoplasmosis is characterized by cavity formation in
the upper lobes and progressive fibrosis in the lower
lung fields (Fig. 18–8). The extensive scarring is thought
to be related to the host’s response to H. capsulatum
antigens. Pleural involvement is uncommon. The dis-
ease is manifested by progressive respiratory insuffi-
ciency and if not treated is ultimately fatal in most pa-
tients (Furcolow, 1963; Parker et al, 1970; Goodwin
et al, 1976). In many aspects, chronic cavitary pul-
monary histoplasmosis mimics reactivation tuberculo-
sis. The differential diagnosis of chronic pulmonary
histoplasmosis also includes nontuberculous myco-
bacterial infections, blastomycosis, sporotrichosis, and
coccidioidomycosis.

Complications of Pulmonary Histoplasmosis
Mediastinal Granuloma. Involvement of mediastinal
lymph nodes is common during the course of acute pul-
monary histoplasmosis. However, mediastinal granu-
loma, characterized by massive enlargement of medi-
astinal lymph nodes that frequently undergo caseation
necrosis, is distinctly uncommon. These nodes can re-
main enlarged for months to years and can lead to im-
pingement on airways or major vessels, displacement
of the esophagus, or formation of fistulae between the
nodes and adjacent structures in the mediastinum (Loyd
et al, 1988). Compression of a bronchus can result in
intermittent obstruction and pneumonia. In some cases,
the nodes will spontaneously drain into adjacent soft
tissues of the neck. Patients may be asymptomatic, have
nonspecific systemic complaints of fatigue and not feel-
ing well, or have symptoms, such as dyspnea, cough,
or odynophagia related to the effects of the nodes on
adjacent structures. Although it was initially thought
that mediastinal granuloma progressed to fibrosing
mediastinitis, current thinking is that these are two 
separate complications of pulmonary histoplasmosis
(Davis et al, 2001).

Radiographs show only enlarged lymph nodes, some-
times with calcification noted. Computed tomography
scans of the chest are more helpful, showing nodal en-
largement, the presence of necrosis, and impingement
on mediastinal structures (Gurney and Conces, 1996)
(Fig. 18–9). Bronchoscopy or esophagoscopy can docu-
ment extrinsic compression, traction diverticulae, or fis-
tulae. Mediastinal granuloma as a complication of histo-
plasmosis must be differentiated from lymphoma and
other tumors that cause mediastinal lymphadenopathy.

FIGURE 18–7. Diffuse calcified nodules throughout the lung fields in
a patient who had acute “epidemic” pulmonary histoplasmosis 20
years earlier.

FIGURE 18–8. Chronic cavitary pulmonary histoplasmosis in an eld-
erly man with severe underlying emphysema.
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Fibrosing Mediastinitis. Fibrosing mediastinitis, an 
entity distinct from and much less common than me-
diastinal granuloma, is characterized by excessive fi-
brosis that progressively envelops the structures of the
mediastinum (Goodwin et al, 1972; Loyd et al, 1988).
The condition arises following infection with H. cap-
sulatum, occurs mostly in young adults, and is pre-
sumably related to an abnormal fibrotic response to H.
capsulatum in these individuals. The fibrosis can lead
to obstruction of the superior vena cava or pulmonary
arteries or veins; there may be occlusion of the bronchi.
Rarely, the thoracic duct, recurrent laryngeal nerve, or
right atrium are involved. Hemoptysis, dyspnea, and
cough are common symptoms. Signs of superior vena
cava syndrome or right heart failure may be prominent
(Mathisen and Grillo, 1992).

Chest radiographs show subcarinal or superior me-
diastinal widening. Computed tomography scans reveal
the extent of invasion of mediastinal structures, and an-
giography demonstrates invasion of the great vessels
(Sherrick et al, 1994). Fibrosing mediastinitis is a pro-
gressive condition that culminates in death in a sub-
stantial number of those with the condition. There is
no effective therapy for this progressive disease.

Broncholithiasis. Broncholithiasis occurs when calci-
fied nodes or pulmonary granulomas erode into the
bronchi. Ulceration into the bronchus with hemoptysis
and expectoration of “stones” can ensue. Postobstruc-
tive pneumonia occurs if the node obstructs the
bronchus. Computed tomography scans show the cal-
cified node and its impingement on the bronchus, and
bronchoscopy will usually confirm the diagnosis and
rule out other endobronchial lesions (Conces et al,
1991).

Pericarditis. Pericarditis occurs in the setting of acute
pulmonary histoplasmosis, is seen mostly in young per-
sons, and is thought to be due to an inflammatory re-
action to H. capsulatum in adjacent mediastinal nodes
(Picardi et al, 1976; Wheat et al, 1983) (Fig. 18–10).
Pericardial fluid is often hemorrhagic with a predomi-
nance of lymphocytes, and H. capsulatum cannot be
grown from the fluid. Pleural effusions are also com-
mon in this setting, and the fluid is exudative and fre-
quently bloody. The majority of patients exhibit no he-
modynamic consequences; however, tamponade can
occur and requires immediate drainage. Outcome is ex-
cellent; only rarely does acute pericarditis progress to
constriction requiring a surgical procedure for relief of
symptoms (Picardi et al, 1976; Wheat et al, 1983).

Disseminated Histoplasmosis
Although dissemination is common during the course
of most infections with H. capsulatum, symptomatic
dissemination occurs primarily in immunosuppressed
patients and infants (Goodwin et al, 1980; Sathap-
atayavongs et al, 1983; Wheat et al, 1990b; Odio et al,
1999). In persons with HIV-1 infection and histoplas-
mosis, a CD4 count � 150/�L is associated with in-
creased risk of disseminated histoplasmosis (McKinsey
et al, 1997). A rapidly fatal course with diffuse in-
volvement of multiple organs characterizes the infec-
tion in most immunosuppressed patients (Kauffman et
al, 1978; Davies et al, 1978; Sathapatayavongs et al,

FIGURE 18–9. CT scan of a young woman who developed mediasti-
nal granuloma due to H. capsulatum; the multiple enlarged medi-
astinal and left hilar lymph nodes had been present for at least 1 year
at the time this scan was performed.

FIGURE 18–10. Chest radiographs of a young girl showing the natu-
ral course of pericarditis due to H. capsulatum. Initially a huge peri-
cardial effusion, a modest left pleural effusion, and an infiltrate in
the right lung were present; over the next 10 days, both the peri-
cardial and pleural effusions decreased, and 4 months later, the heart
size had returned to normal and the lung fields were clear.



Histoplasmosis 291

1983; Odio et al, 1999). Patients often have dyspnea,
renal failure, hepatic failure, coagulopathy, hypoten-
sion, and obtundation. Chest radiographs show diffuse
interstitial or reticulonodular infiltrates, but may
progress quickly to the findings associated with acute
respiratory distress syndrome.

A chronic progressive course is typical of dissemi-
nated histoplasmosis in nonimmunocompromised 
middle-aged to older adults (Sarosi et al, 1971; Smith
and Utz, 1972; Goodwin et al, 1980). This form of
histoplasmosis is more common in men than women.
A history of recent exposure often cannot be elicited,
and overt defects in immune function have not been
identified in these patients. However, because such pa-
tients are unable to eradicate the organism from their
macrophages, it is presumed that they have a specific
immune defect against H. capsulatum (Goodwin et al,
1980). Fever, night sweats, anorexia, weight loss, and
fatigue are prominent. Pulmonary symptoms may or
may not be present, but usually are not prominent.

In both acute and chronic disseminated histoplas-
mosis, hepatosplenomegaly, lymphadenopathy, and
skin and mucous membrane lesions are frequently
noted. A variety of different skin lesions, including
papules, pustules, ulcers, and subcutaneous nodules,
have been noted in patients with disseminated histo-
plasmosis (See Color Fig. 18–11A and 18–11B in sep-
arate color insert). Oropharyngeal ulcers or less com-
monly, nodules, can be found on the tongue, buccal
and gingival mucosa, larynx, or lips in patients with ei-
ther acute or chronic dissemination (See Color Fig.
18–12 in separate color insert). Patients with dissemi-
nated histoplasmosis can develop adrenal insufficiency
as a result of destruction of the adrenal glands by in-
filtration with H. capsulatum. Addisonian crisis has
been reported as the presenting manifestation of dis-
seminated histoplasmosis. In addition, hypercalcemia
has been associated with dissemintated histoplsmosis,
just as with other granulomatous diseases including tu-
berculosis, coccidioidomycosis and sardcoidosis (Mur-
ray and Heim, 1985).

Laboratory abnormalities noted with disseminated
disease include an elevated erythrocyte sedimentation
rate, pancytopenia, elevation of hepatic enzymes, espe-
cially alkaline phosphatase, and hyperbilirubinemia.
Patients with adrenal insufficiency may have hypona-
tremia, hyperkalemia, and hypoglycemia. Abdominal
CT scans show adrenal enlargement and sometimes
necrosis in those with adrenal involvement (Wilson et
al, 1984) (Fig. 18–13). Bone marrow, liver, and lymph
node biopsy specimens often reveal granulomas.

Disseminated histoplasmosis must always be consid-
ered as a possible cause of fever of unknown origin in
persons who have ever lived in the endemic area. Lym-
phomas, sarcoidosis, and mycobacterial infections must

be differentiated from disseminated histoplasmosis. Of-
ten such patients are treated inappropriately with cor-
ticosteroids without excluding active histoplasmosis.
Although patients may initially appear to improve with
corticosteroid treatment, they subsequently experience
progressive illness and can die of overwhelming histo-
plasmosis (Gulati et al, 2000).

Endocarditis is an uncommon manifestation of dis-
seminated histoplasmosis (Goodwin et al, 1980; Satha-
patayavongs et al, 1983). Both native and prosthetic
valve endocarditis have been reported (Bradsher et al,
1980; Gaynes et al, 1981; Kanawaty et al, 1991), as
well as an infected left atrial myxoma (Rogers et al,
1978). The disease is manifest by major embolic
episodes and poor outcome without surgical removal
of the valve. Histoplasma capsulatum has also been de-
scribed as a cause of infection of an aortofemoral pros-
thetic graft (Matthay et al, 1976).

Specific Organ System Involvement
Central nervous system involvement occurs either as
one component of disseminated infection or as an iso-
lated manifestation of infection with H. capsulatum
(Wheat et al, 1990a). Most often, histoplasmosis of the
central nervous system is manifested as subacute or
chronic meningitis. Basilar meningeal involvement is
typical and can lead to communicating hydrocephalus.
Focal brain or spinal cord lesions can occur in those
with meningitis or as isolated lesions without menin-
gitis (Wheat et al, 1990a; Livas et al, 1995; Klein et al,
1999). In patients with meningitis, the typical CSF ab-
normalities include lymphocytic pleocytosis, elevated
protein, and hypoglycorrachia; in those with focal le-
sions, the CSF findings are either within normal limits
or show slight pleocytosis and elevated protein con-
centrations. Computed tomography or MRI scans show

FIGURE 18–13. Abdominal CT scan showing adrenal enlargement
with central necrosis in a patient with chronic progressive histoplas-
mosis complicated by Addison’s disease.



292 MYCOSES CAUSED BY DIMORPHIC FUNGI

single or multiple enhancing brain lesions in those with
focal infection and meningeal enhancement in those
who have meningitis only (Fig. 18–14). Histoplasma
meningitis must be differentiated from other causes of
chronic lymphocytic meningitis, notably tuberculosis,
coccidioidomycosis and less commonly blastomycosis,
sporotrichosis, brucellosis, and sarcoidosis; mass le-
sions must be differentiated from other infectious
processes as well as tumors (Klein et al, 1999).

Osteoarticular histoplasmosis is not common; typi-
cally, manifestations are those of chronic tenosynovitis
and less commonly osteomyelitis and septic arthritris
of a native joint or rarely, a prosthesis (Darouiche et
al, 1992; Fowler et al, 1998). Infection of osteoarticu-
lar structures must be differentiated from the self-
limited arthralgias and arthritis that are noted during
the course of acute histoplasmosis and that are pre-
sumed secondary to the immune response to H. cap-
sulatum (Rosenthal et al, 1983). Isolated infection of
the GI tract is an uncommon manifestation of histo-
plasmosis. Diffuse infiltration of the bowel wall is usu-
ally noted; abdominal pain and diarrhea are prominent
and malabsorption can result (Orchard et al, 1979;
Lamps et al, 2000). In AIDS patients and perhaps more
often in others than realized, GI tract involvement is
commonly noted as one manifestation of disseminated
histoplasmosis (Suh et al, 2001).

Genitourinary tract infection with H. capsulatum 
can be manifested as epididymal, testicular, or prosta-
tic nodules (Kauffman et al, 1981; Schuster et al, 2000;
Mawhorter et al, 2000). Other sites at which H. cap-
sulatum has been reported to cause focal infection or
involvement has been noted in association with wide-
spread dissemination include kidneys, peritoneum,
omentum, gallbladder, common bile duct, panniculus,

breast, thymus, sinuses, optic nerve, eyes, and ears
(Schwarz, 1981).

Presumed Ocular Histoplasmosis
Ocular histoplasmosis is a diagnosis based on oph-
thalmological findings of discrete yellow-white lesions
in the retina, so-called “histo spots”; these lesions are
sight-threatening when they occur in the macula. How-
ever, there is little scientific evidence linking this syn-
drome to histoplasmosis (Schwarz, 1981). The associ-
ation is based primarily on residence in an area endemic
for histoplasmosis and positive histoplasmin skin tests
and not by demonstration of fungus in the eye. Simi-
lar ophthalmological findings have been noted in pa-
tients who have never lived in the endemic area (Sut-
torp-Schulten al, 1997). Rarely, H. capsulatum can be
recovered from the eye in patients with disseminated
histoplasmosis, but the clinical and ophthalmological
findings are not those described with ocular histoplas-
mosis (Specht et al, 1991).

African Histoplasmosis
Infection with H. duboisii differs from that due to H.
capsulatum in that bone and skin are the two major
organs affected (See Color Figs. 18–15a and 18–15b in
separate color insert). Osteolytic lesions are often found
in association with subcutaneous nodules and ab-
scesses; skin nodules can ulcerate and drain. Lung in-
volvement is more common than previously thought,
and lymphadenopathy can be prominent. The infection
is frequently indolent and not life-threatening, but in
the exceptional patient, widespread visceral dissemina-
tion occurs and the disease resembles progressive dis-
seminated histoplasmosis due to H. capsulatum.

DIAGNOSIS

Culture Methods
The definitive diagnostic test for histoplasmosis is
growth of H. capsulatum from tissue or body fluids.
For patients who have disseminated infection, samples
taken from blood, bone marrow, liver tissue, skin, or
mucosal lesions often yield H. capsulatum. The lysis-
centrifugation (Isolator tube) system is more sensitive
than automated systems for growing H. capsulatum
from blood (Wilson et al, 1993). When sputum or bron-
choalveolar lavage fluid is sent for culture, the labora-
tory should be informed that histoplasmosis is a pos-
sibility; use of a selective medium that uses ammonium
hydroxide decreases the growth of commensal fungi
and increases the yield of H. capsulatum (Smith and
Goodman, 1975).

H. capsulatum may take as long as 6 weeks to grow
at 30°C in the mould phase in vitro. The laborious task

FIGURE 18–14. MRI scan of a woman with isolated CNS histoplas-
mosis; the scan shows meningeal enhancement as well as several en-
hancing lesions in the midbrain.
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of converting the mould phase to the yeast phase in
vitro is no longer required for definitive identification
of H. capsulatum. As soon as growth of a mould has
been detected, DNA probes for H. capsulatum can be
used to rapidly confirm the identification of the or-
ganism. Cultures yield the organism in most cases of
disseminated infection, chronic pulmonary histoplas-
mosis, and acute pulmonary histoplasmosis following
a heavy-inoculum exposure. However, in most cases of
acute pulmonary histoplasmosis and mediastinal gran-
uloma and frequently in meningitis, cultures usually do
not yield H. capsulatum (Wheat, 2001a).

Antigen Detection
Detection of circulating H. capsulatum polysaccharide
antigen in urine and serum has proved extremely use-
ful in patients, especially those with AIDS, who have
disseminated infection with a large burden of organ-
isms (Wheat et al, 1986b; Wheat et al, 1991; Wheat et
al, 1992; Wheat, 2001a). Originally developed as a ra-
dioimmunoassay, antigen detection is now performed
by enzyme immunoassay with greater ease and equiv-
alent sensitivity and specificity (Durkin et al, 1997).
The sensitivity for antigen detection is higher in urine
than in serum. Antigen can be detected in the urine of
approximately 90% and in the serum of approximately
50% of patients with disseminated infection (Wheat,
2001a). Antigen can be detected in urine of approxi-
mately 75% of patients with high-inoculum exposure
acute pulmonary histoplasmosis within the first few
weeks of illness; however, antigen is detected in only
10%–20% of patients with less severe and chronic 
pulmonary histoplasmosis. Antigen detection has also
proved useful in bronchoalveolar lavage fluid from
AIDS patients with diffuse pulmonary infiltrates due to
histoplasmosis (Wheat et al, 1992a). Antigen can be
detected in CSF from some patients with Histoplasma
meningitis, but is less sensitive than assays for antibody
in CSF (Wheat et al, 1985; Wheat et al, 1989).

False positive reactions have been noted in a major-
ity of samples of urine and serum taken from patients
with blastomycosis, paracoccidioidomycosis, or peni-
cilliosis, but not with coccidioidomycosis (Wheat et al,
1997c). The major diagnostic dilemma in the United
States is obviously with blastomycosis. Antigen detec-
tion also can be used to follow a patient’s response to
antifungal therapy. Levels should fall to below the level
of detection with successful therapy; persistence implies
continued active infection (Wheat et al, 1992b), and a
rise in antigen levels is seen with relapse (Wheat et al,
1991).

Serological Tests
Serological tests play an important role in the diagno-
sis of several forms of histoplasmosis (Wheat, 2001a).

The standard assays for antibodies to H. capsulatum
are the complement fixation (CF) test that uses two 
separate antigens, yeast and mycelial (or histoplasmin),
and the immunodiffusion (ID) assay. A fourfold rise in
CF antibody titer or a titer � 1:32 is considered in-
dicative of active histoplasmosis.

Antibodies frequently persist for years after infection;
thus, the presence of a single low CF titer means little
other than that the patient was exposed to H. capsu-
latum at some time. The CF test is less specific than
the ID assay; moreover, cross-reactions with other fun-
gal infections occur in only 5% of cases by ID, but in
18% of cases by CF (Wheat et al, 1986a).

The ID assay tests for the presence of M and H pre-
cipitin bands. An M band develops with acute infec-
tion, is often present in chronic forms of histoplasmo-
sis, and persists for months to years after the infection
has resolved. An H band is much less common, is rarely
if ever found without an M band, and is indicative of
chronic and progressive forms of histoplasmosis. En-
zyme immunoassay methods are poorly standardized
and are not recommended.

Serologic tests are most useful for patients with
chronic pulmonary or disseminated histoplasmosis; in
these forms of histoplasmosis, the chronicity of the in-
fection ensures that sufficient time has elapsed for the
patient to have developed antibodies. For acute pul-
monary histoplasmosis, a rising antibody titer to H.
capsulatum is diagnostic. Serological tests are less 
definitive in patients who have mediastinal lym-
phadenopathy and should always be confirmed by tis-
sue biopsy. False positive CF tests occur in patients with
lymphoma, tuberculosis, sarcoidosis, and other fungal
infections, all of which may present as mediastinal
masses. Because 2 to 6 weeks are required for appear-
ance of antibodies, serological assays are less helpful in
establishing a diagnosis in patients who have severe
acute infection, and they are rarely useful in immuno-
suppressed patients, who mount a poor antibody re-
sponse. A special use for antibody detection is in pa-
tients with Histoplasma meningitis. The presence of CF
and/or ID antibodies against H. capsulatum in the CSF
is adequate to make a diagnosis in the appropriate clin-
ical setting and frequently is the only positive diagnos-
tic test (Wheat et al, 1985).

Histopathological Examination
For the patient who is acutely ill, tissue biopsy should
be done as soon as possible to look for H. capsulatum.
Finding the distinctive 2–4 �m oval budding yeasts al-
lows a presumptive diagnosis of histoplasmosis. Rou-
tine hematoxylin and eosin stains will not show the tiny
yeasts; biopsy material must be stained with Gomori
methenamine silver or periodic acid Schiff. Yeasts are
typically found within macrophages, but also can be
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seen free in the tissues. In patients with disseminated
infection, bone marrow, liver, skin, and mucocutaneous
lesions usually reveal organisms, and in those with a
large burden of organisms, routine peripheral blood
smears may show yeasts within neutrophils (See Color
Fig. 18–16 in separate color insert).

For patients with granulomatous mediastinitis,
biopsy of nodes will often reveal caseous material,
which may contain a few yeast-like organisms typical
of H. capsulatum. It is unusual to find the yeasts of H.
capsulatum on cytological examination of sputum or
bronchoalveolar lavage fluid unless there is a large or-
ganism burden.

In histopathology specimens, the yeast phase of H.
duboisii is distinctly different from that of H. capsula-
tum. Yeast forms of H. duboisii are approximately
fourfold larger than H. capsulatum and may be seen as
short chains in tissues. The distinction between these
two varieties of Histoplasma is clinically relevant only
for a small number of patients who could have either
infection because they lived in areas of tropical Africa
in which both organisms are found.

Skin Tests
Skin testing with histoplasmin antigen is not useful for
diagnostic purposes. In the endemic area, most adults
are skin test positive because of prior exposure to H.
capsulatum. Cross-reactions occur with other fungal in-
fections, especially blastomycosis, and placing a skin
test can falsely elevate CF antibody titers. Patients who
have severe histoplasmosis often are anergic.

TREATMENT

Most patients infected with H. capsulatum are asymp-
tomatic or have mild, self-limited disease and, thus, do
not need treatment with an antifungal agent. However,
patients who have severe acute pulmonary, chronic 
pulmonary, or disseminated histoplasmosis do require
treatment with an antifungal agent. Guidelines for the
treatment of histoplasmosis have been published re-
cently under the auspices of the Infectious Diseases So-
ciety of America and the Mycoses Study Group (Wheat
et al, 2000).

Pulmonary Histoplasmosis
Acute Pulmonary Histoplasmosis. Most patients with
acute pulmonary histoplasmosis do not require anti-
fungal therapy; recovery occurs generally within a
month without therapy. However, some patients do 
remain symptomatic for longer periods of time and
should receive therapy. Oral itraconazole, 200 mg
daily, for 6–12 weeks is recommended in such cases
(Wheat et al, 2000).

Patients who have acute diffuse pulmonary histo-
plasmosis (epidemic histoplasmosis) should receive an-

tifungal therapy. Although most patients will recover,
deaths have occurred and recovery may be protracted.
For those with only moderate illness, oral itraconazole,
200–400 mg daily can be used. For those who are se-
verely ill, initial treatment should be with amphotericin
B, 0.7 to 1.0 mg/kg daily. Corticosteroids, given as an
intravenous bolus of methylprednisolone for several
days or as 60 mg prednisone daily and tapered over 2
weeks, have proved to be helpful in patients with se-
vere disease (Wheat et al, 2000). For most patients, an-
tifungal treatment should continue for approximately
3 months.

Chronic Pulmonary Histoplasmosis. Treatment is in-
dicated for all patients with chronic pulmonary histo-
plasmosis. Without therapy, inexorable progression to
respiratory insufficiency is the rule (Furculow, 1963;
Parker et al, 1970; Goodwin et al, 1976). For many
years, amphotericin B, at a total dosage of 35 mg/kg,
was the preferred agent, but it appears that itracona-
zole 200–400 mg daily is probably equally effective,
much less toxic, and decidedly easier for patients to
take. Ketoconazole, 400–800 mg daily, is effective, but
associated with more side effects than itraconazole 
(NIAID, 1985; Dismukes et al, 1992). Fluconazole is
less effective than itraconazole and should be consid-
ered second-line therapy (McKinsey et al, 1996). The
total length of azole treatment is usually 12–24 months.

Complications of Pulmonary Histoplasmosis. It is not
clear that antifungal agents alter the course of medi-
astinal granuloma. Some patients recover without treat-
ment, and others continue to have symptoms, which
usually leads to the use of antifungal agents. However,
reports of successful therapy with either azoles or am-
photericin B remain anecdotal. It seems reasonable to
give oral itraconazole, 200–400 mg daily, for 6–12
months in patients who have symptoms. If the patient
is severely ill with obstructive symptoms, amphotericin
B should be given initially followed by itraconazole.
Some patients benefit from surgical removal of ob-
structing nodes (Davis et al, 2001).

There is no known effective therapy for fibrosing
mediastinitis. Frequently, however, oral itraconazole is
tried because there is so little else that can be done. Use
of corticosteroids and other antiinflammatory agents is
not recommended. Surgery is controversial in the man-
agement of fibrosing mediastinitis; the operative mor-
tality rates are high, and for many patients, the course
of the disease is changed very little (Loyd et al, 1988;
Mathisen and Grillo, 1992). For some patients, im-
provement occurs with placement of an intravascular
stent to relieve obstruction or angiographic emboliza-
tion of vessels identified as the source of hemoptysis.

Pericarditis is treated with nonsteroidal antiinflam-
matory agents and rarely corticosteroids. Antifungal
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agents are not recommended (Wheat et al, 2000). In
the exceptional case associated with tamponade, peri-
cardiocentesis and creation of a pericardial window are
important therapeutic measures (Picardi et al, 1976).

Disseminated Histoplasmosis
Even though some patients with symptomatic dissem-
inated histoplasmosis clear the infection themselves, as
a general rule, all patients with this form of histoplas-
mosis should be treated with an antifungal agent
(Wheat et al, 2000). Patients with severe acute dis-
seminated infection should be treated initially with am-
photericin B, 0.7–1.0 mg/kg daily. Data from a ran-
domized, blinded comparative study in AIDS patients
show that treatment with liposomal amphotericin B
when compared with standard amphotericin B resulted
in faster resolution of fever and improved survival
(Johnson et al, 2002). However, it is not clear that all
patients should receive this more costly antifungal agent
for initial therapy based only on these data. The entire
course of treatment can be given with amphotericin B;
when standard amphotericin B is chosen, the total
dosage should be 35 mg/kg. (Sarosi et al, 1971; Smith
and Utz, 1972; Goodwin et al, 1980). This regimen is
now uncommonly used. After clinical improvement is
noted, which occurs within 2 weeks in most patients,
therapy is usually changed to oral itraconazole,
200–400 mg daily.

Patients with less severe acute disseminated histo-
plasmosis and most patients with chronic progressive
disseminated histoplasmosis can be treated with oral
itraconazole, 200–400 mg daily (Dismukes et al, 1992;
Wheat et al, 1995). In this group of patients, it is not
known whether an initial course of induction therapy
with amphotericin B should be given. The only data
that address this question are from a retrospective lab-
oratory evaluation of clearance of fungemia and anti-
genemia/antigenuria in AIDS patients enrolled in two
separate trials of treatment with either liposomal am-
photericin B or itraconazole. Patients who received li-
posomal amphotericin B had more rapid clearance of
both fungemia and antigenemia/antigenuria than those
who received itraconazole (Wheat et al, 2001b). These
findings are more impressive when it is noted that pa-
tients in the liposomal amophotericin B trial were more
severely ill than patients in the itraconazole trial. Flu-
conazole is less effective than itraconazole (McKinsey
et al, 1996); this has been most clearly shown in AIDS
patients, in whom relapse rates while receiving flu-
conazole were noted to be unacceptably high (Wheat
et al, 1997b).

The length of therapy depends on the severity of the
infection and the immune status of the host. The min-
imum period of treatment should be 6 months for the
relatively healthy host; most patients probably will be
treated for 12 months. Patients with chronic progres-

sive dissemination may respond slowly to antifungal
therapy; treatment is usually continued for 12–24
months in this group of patients. For patients with
AIDS, lifelong maintenance therapy with 200 mg itra-
conazole has been the standard of therapy (Wheat et
al, 1993), but use of highly active antiretroviral ther-
apy has led some physicians to discontinue secondary
itraconazole prophylaxis when CD4 counts are sus-
tained at levels above 200 cells/�L (Dupont et al, 2000).

Histoplasma endocarditis should be treated with
both surgical replacement of the valve and antifungal
therapy (Bradsher et al, 1980; Gaynes et al, 1981;
Kanawaty et al, 1991). Amphotericin B rather than an
azole should be used for primary therapy. Lipid for-
mulations of amphotericin B are clearly less toxic and
would seem to be ideal for long-term treatment of this
serious infection, but there is little experience reported
for the treatment of Histoplasma endocarditis with any
of the lipid formulations. If for any reason, surgical ex-
tirpation of the valve cannot be performed, lifelong
suppression with itraconazole should be maintained.

Central Nervous System Histoplasmosis
Histoplasmosis involving the central nervous system is
perhaps the most difficult treatment problem. Initial
treatment should be with amphotericin B, and the to-
tal dosage usually administered is 35 mg/kg. Liposo-
mal amphotericin B has been shown to achieve high
concentrations in brain tissue in an experimental ani-
mal model of Candida infection (Groll et al, 2000).
Whether this formulation would be more effective than
standard amphotericin B is not known, but it seems
reasonable to try liposomal amphotericin B in this cir-
cumstance. The most efficacious dosage is not known;
3–5 mg/kg daily has been recommended; the total dose
that should be achieved is not known (Wheat et al,
2000).

Because the relapse rate is high, an azole should be
given following initial therapy with amphotericin B.
Itraconazole does not achieve adequate CSF levels, but
has been used successfully for both cryptococcal and
coccidioidal meningitis. On the other hand, fluconazole
achieves higher CSF concentrations, but is less active
against H. capsulatum than itraconazole. While neither
azole drug is an ideal agent for treatment of Histo-
plasma meningitis, both drugs have been used for this
indication (Tiraboschi et al, 1992; Bamberger, 1999).
In the absence of comparative studies, either itracona-
zole, 200 mg twice daily or fluconazole, 800 mg daily,
could be given for at least 12 months. Some patients,
especially those who do not have normalization of CSF
on therapy, should probably receive life-long suppres-
sive therapy with an azole.

Enhancing mass lesions in the brain or spinal cord
appear to respond to antifungal agents and do not re-
quire excision in most patients. Magnetic resonance 
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imaging scans should be followed to assure resolution
(Wheat et al, 1990a). In those patients who do not have
meningitis, antifungal therapy can perhaps be stopped
a few months after complete resolution of all lesions;
careful follow-up is essential to assess possible relapse
(Wheat et al, 2000).

Treatment of Infections Due to H. duboisii
Controlled trials have not been performed to determine
the most efficacious treatment for H. duboisii. Anec-
dotal experience shows amphotericin B, ketoconazole,
and more recently, itraconazole to be effective (Nether-
cott et al, 1978; Lortholary et al, 1999). There is no
reason to doubt that the response to antifungal agents
would be similar to that with H. capsulatum. Os-
teoarticular involvement, which is common in this form
of histoplasmosis, will be slow to respond and requires
long-term azole therapy.

PREVENTION

Persons who could be at risk for exposure to H. cap-
sulatum through their occupation or leisure activities
should be counseled to take appropriate precautions to
prevent exposure (Lenhart et al, 1997). Workers should
wear a respirator when dismantling known bird or bat
roosts or chicken coops, refurbishing old structures that
are found to have provided roosts for bats or birds,
and moving large quantities of soil in areas known to
be highly endemic for H. capsulatum. Soil or debris can
be treated with formalin to inactivate the conidia prior
to construction work, but this is rarely practical. Im-
munocompromised patients should be counseled to not
undertake activities, such as spelunking or renovation
projects, that might put them at risk for exposure to
the conidia of H. capsulatum.

Prophylactic use of antifungal agents has been stud-
ied only in persons with AIDS. In the population with
CD4 counts � 150 cells/�L, prophylaxis with itracona-
zole, 200 mg daily, is highly effective and should be con-
sidered in areas in which the rate of histoplasmosis ex-
ceeds 10 cases/100 patient years (McKinsey et al, 1999).
However, prophylaxis with itraconazole does not appear
to prolong survival in this patient population.
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Blastomycosis
ROBERT W. BRADSHER

Blastomycosis, one of the endemic mycoses in the
United States, is caused by the dimorphic fungus, Blas-
tomyces dermatitidis. The organism exists in nature in
the mould or mycelial phase and converts to the para-
sitic or yeast phase at body temperature. The fungus
may either produce epidemics of infection after a point-
source exposure or cause disease in a sporadic manner
in the endemic areas. Blastomyces dermatitidis can
cause an infection with a subclinical illness and subse-
quent protection against progressive infection afforded
by cellular immune mechanisms. By contrast, a patient
may present with pneumonia or with extrapulmonary
disease or both. Lung involvement in blastomycosis
may mimic acute bacterial pneumonia, while chronic
pulmonary presentations mimic lung cancer or tuber-
culosis. Skin disease, usually presenting as either ver-
rucous or ulcerative lesions, is the most common ex-
trapulmonary site followed by bone, prostate, and CNS
disease. Diagnosis is often easily made by visualization
of the yeast in smears, or in tissue specimens or by cul-
ture; recognition of B. dermatitidis by smear or culture
provides a definitive diagnosis. Itraconazole has been
shown to be the drug of choice for either pulmonary
or extrapulmonary infection, except in cases of life-
threatening infection when amphotericin B should be
used.

Gilchrist first described blastomycosis in Baltimore
in the 1890s as a skin infection caused by a protozoan
organism (Gilchrist, 1894) and the illness was known
for a time as Gilchrist’s disease. There were some er-
rors in the initial description. For example, blastomy-
cosis is not common in the areas surrounding Balti-
more, and infection of the skin occurs secondarily
rather than primarily. Moreover, the organism is not a
protozoan but a fungus. Gilchrist was the first to re-
fute portions of his own descriptions when he isolated
and named the fungus B. dermatitidis (Gilchrist et al,
1898). Because skin manifestations of blastomycosis
are often very striking, the initial cases were perceived
as mainly dermatologic in nature (Sarosi and Davies,
1979). The concept of primary pulmonary blastomy-

cosis was not recognized until pathologic descriptions
allowed the pathophysiologic mechanisms to be delin-
eated (Witorsch and Utz, 1968). There are rare cases
of cutaneous inoculation of B. dermatitidis in labora-
tory workers and veterinarians, but almost all cases of
blastomycosis are considered to originate from a pul-
monary portal of entry (Sarosi and Davis, 1979).

ORGANISM

Blastomyces dermatitidis is a round, budding, thick-
walled yeast cell with a daughter cell forming a single
bud that has a broad base (Fig. 19–1). Like H. capsu-
latum, this fungus is dimorphic, which means that it
exists as a mycelial form in nature and a yeast form in
tissue. Blastomyces dermatitidis grows in cultures as
mycelia at 25°C and as a yeast at 37°C. The physio-
logic explanation for transformation from mycelia to
yeast has been attributed to heat-related insults with
resultant partial uncoupling of oxidative phosphoryla-
tion (Medoff et al, 1987). The perfect or sexual stage
of the fungus is Ajellomyces dermatitidis, with the im-
perfect or conidial stage named the familiar Blasto-
myces dermatitidis. This imperfect stage grows as a
fluffy white mould on fungal media at room tempera-
ture and as a brown, wrinkled, folded yeast at 37°C.
It may be difficult to differentiate from other mycelia
and that prompted workers to develop tests for differ-
ential exoantigen analysis of mycelial forms taken from
cultures to discriminate early cultures of H. capsula-
tum and B. dermatitidis (Kaufman et al, 1983). The
yeast varies in size from 5 to 15 �m and in the num-
ber of organisms found. Most are round and have a
double cell wall appearance, which actually consists of
the interior and exterior components of a thick cell sur-
face. The yeast may be found inside or outside of
macrophages in the pyogranulomatous tissue response.
Unlike Candida or Aspergillus, colonization of the res-
piratory tract with Blastomyces does not occur. Con-
sequently, detection of Blastomyces by smear, culture
or histology secures a diagnosis of infection (Fig. 19–2).
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EPIDEMIOLOGY AND IMMUNITY

Unlike many fungal infections which are opportunistic,
blastomycosis is usually diagnosed in normal hosts.
Otherwise, blastomycosis has a similar epidemiology to
other endemic mycoses, i.e., histoplasmosis and coc-
cidioidomycosis, although the latter two diseases are
more common. Consequently, greater details are un-
derstood about their epidemiology. For example, histo-
plasmosis was once considered a rare but uniformly 
fatal infection (Parsons and Zaronfontis, 1945). How-
ever, utilizing Histoplasma skin testing within the histo-
plasmosis endemic areas, many persons without a his-
tory of clinical illness were found to be infected with
H. capsulatum (Christie and Peterson, 1945).

The vast majority of patients with reported blasto-
mycosis have had clinically recognized/diagnosed dis-
ease and are located within a fairly well-defined geo-
graphical area of the South and North Central United
States. Many of these patients have a history of recre-

ational or occupational exposure to wooded areas and
often to bodies of water, such as lakes or rivers. The
incidence of blastomycosis depends on the reporting of
clinically diagnosed cases of infection because there are
no simple and reliable markers of previous infection,
such as the histoplasmin skin test for histoplasmosis.
However, it is becoming increasingly apparent that
blastomycosis is similar to histoplasmosis with more
and more patients with subclinical infection being dis-
covered. Patients with acute blastomycosis who recov-
ered without antifungal therapy have been reported; 
the majority of those cases, which are associated with
point-source epidemics such as those at Big Fork, Min-
nesota (Tosh et al, 1974), and Eagle River, Wisconsin
(Klein et al, 1986a) did not require antifungal therapy.
In the Eagle River outbreak of blastomycosis, only 9
of the 44 patients with infection were treated with an
antifungal agent (Klein et al, 1986a). None of the re-
maining 35 untreated patients had relapse or progres-
sive infection. In addition, a group of patients has been
reported who had surgical resection of a solitary pul-
monary nodule that subsequently was found to be
caused by B. dermatitidis (Edson et al, 1981). Since no
other disease manifestation was present, surgical ther-
apy alone was sufficient for cure (Edson and Keys,
1981).

In the Eagle River epidemic, not all of those with im-
mune markers of infection (serology, antigen-induced
lymphocyte transformation) had signs and symptoms
characteristic of blastomycosis (Klein et al, 1986a).
During experiments of specific immunity with cells
from treated blastomycosis patients (Bradsher et al,
1985a; Bradsher et al, 1987a), two control persons with
no history of blastomycosis had evidence of immunity.
Cells from these two control subjects displayed lym-
phocyte responses to a Blastomyces antigen and macro-
phage inhibition of intracellular growth of the fungus
similar to experiments using cells from persons with
culture-proven infections and dissimilar to other con-
trol individuals with no history of exposure. Both con-
trols had potential exposure as long-term avid hunters
in the endemic region for blastomycosis (Bradsher et
al, 1987a). This observation prompted studies of other
persons who had comparable environmental exposures
to patients with clinical blastomycosis, specifically,
forestry workers in areas endemic for blastomycosis but
not histoplasmosis (Northern Minnesota and Wiscon-
sin) (Vaalar et al, 1990). Thirty percent of the work-
ers had in vitro markers of immunity as evidence of
subclinical infection with no question of cross-reactions
due to prior infection with Histoplasma capsulatum
(Vaalar et al, 1990). A mutant strain of B. dermatitidis
(Wuthrich et al, 2000) has been demonstrated that does
not cause systemic infection in animals but does induce
cellular immunity. Subsequent challenge of the animals

FIGURE 19–1. Exudate from sputum treated with KOH revealing B.
dermatitidis.

FIGURE 19–2. Sputum Gram stain demonstrating B. dermatitidis.
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does not cause the lethal lung infection found in con-
trol animals (Wuthrich et al, 2000). Blastomycosis ap-
pears to have comparable patterns of subclinical infec-
tion with development of cellular immunity as the
other, more extensively studied endemic mycoses,
namely, histoplasmosis and coccidioidomycosis.

Endemic or sporadic cases account for the majority
of reported cases of blastomycosis. The endemic area
in North America includes the states bordering the Mis-
sissippi and Ohio Rivers, the Midwestern and Cana-
dian provinces that border the Great Lakes, and a small
area in New York and Canada along the St. Lawrence
River (Sarosi and Davies, 1979). Most cases are re-
ported from Arkansas, Mississippi, Alabama, Ken-
tucky, Tennessee, and Wisconsin. Within these endemic
regions are hyperendemic areas with unusually high
rates of blastomycosis (Vaalar et al, 1990). Several epi-
demics of infection from point sources have also been
described (Sarosi and Davies, 1979) including epi-
demics occurring in North Carolina, Minnesota, Illi-
nois, Wisconsin, and Virginia.

Blastomycosis results from inhalation of spores from
the soil. However, B. dermatitidis has been very diffi-
cult to isolate from soil, in contrast to the ease of grow-
ing H. capsulatum from soil. Blastomyces dermatitidis
was recovered from soil and rotted wood in Georgia
on three occasions (Denton and DiSalvo, 1964). In-
vestigators isolated the yeast phase of the fungus from
bird droppings (Sarosi and Serstock, 1976), and from
a dirt floor in Canada (Bakerspigel et al, 1986). The
organism was recovered without animal inoculation
from a woodpile within a hyperendemic region in Wis-
consin; several dogs in a nearby kennel had been diag-
nosed with blastomycosis (Baumgardener and Paretsky,
1999). Many other investigators have been unsuccess-
ful in recovering the organism from soil including soil
from highly suspicious areas based on epidemiologic
clues to the location of the common-source exposure.
However, B. dermatitidis was isolated from soil in as-
sociation with epidemics in two separate reports (Klein
et al, 1986a; Klein et al, 1987). The isolations were
from wet earth containing animal droppings, proving
that the fungus exists in microfoci in soil. In these epi-
demics, the isolation of the fungus was also noted to
be associated with bodies of water. It has yet to be de-
termined whether water is the primary factor or sim-
ply an explanation for greater exposure potential be-
cause of recreational activities in areas with wildlife or
water (Bradsher, 1987b).

PATHOGENESIS

Infection with B. dermatitidis begins with inhalation of
conidia into the lung followed by clearing of the or-
ganism by bronchopulmonary phagocytes. Alveolar

macrophages have been shown to kill conidia (Sugar
and Picard, 1991), which may explain why some per-
sons are not infected even though they have the same
exposure as an infected individual in an epidemic. As
the fungus undergoes transition to yeast cells, growth
occurs in the lung and the organisms can also spread
to other organs by the bloodstream. With the devel-
opment of immunity, inflammatory reactions occur,
initially as a suppurative response with polymor-
phonuclear phagocytes, and subsequently influx of
monocyte-derived macrophages. This pyogranuloma-
tous response is distinctive of blastomycosis, although
necrosis or fibrosis may also be found. Typically, the
granuloma of blastomycosis does not caseate, as found
in tuberculosis. In the skin lesions of this infection, the
histologic changes may prompt an erroneous diagnosis
of squamous cell carcinoma or keratoacanthoma [Brad-
sher et al, 1990]. Fungal stains would allow the cor-
rect diagnosis, but the misdiagnosis is usually discov-
ered when a second distant site of infection is found.
Despite spontaneous resolution of the pneumonia in
some cases, endogenous reactivation may occur at ei-
ther pulmonary or extrapulmonary sites even after pre-
vious therapy (Landis and Varkey, 1976).

CLINICAL MANIFESTATIONS

General
Frequently, initially blastomycosis is misdiagnosed be-
cause the clinical presentations are multiple and are
similar to other more common conditions. Weight loss,
fever, malaise, fatigue, and other nonspecific com-
plaints are common but not helpful diagnostically. The
stereotypical patient is a young to middle-aged male
who either works in or visits outdoor areas in Arkansas,
Mississippi, or another state in the endemic area. Dogs
are in the same environment as humans and may get
blastomycosis; a clinical clue to the diagnosis of blas-
tomycosis in humans may be a history of a pet dog
having been diagnosed with blastomycosis (Sarosi et al,
1983). Blastomycosis is not routinely transmitted from
animal to human nor is infection typically spread from
person to person. However, there are very rare reports
of a dog with oral lesions transmitting infection to man
via a bite (Gnann et al, 1983), or a man with penile
blastomycotic lesions transmitting infection to a sexual
partner (Farber et al, 1968).

In an outbreak of blastomycosis, women and chil-
dren are as likely as males to be infected. Aside from
an epidemic, only rarely are children diagnosed with
blastomycosis (Steele and Abernathy, 1983). In en-
demic cases, the male-to-female ratio has been reported
from 4:1 to 15:1 in various series (Bradsher, 1988).
Some of these studies, however, were conducted in Vet-
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erans Affairs Medical Centers, which obviously adds
bias to the data. In an observational review of referrals
of 135 patients over a 13-year period in Arkansas, 78
were male and 57 female (Bradsher, 1997). Extrapul-
monary manifestations were found in 47% and 53%
had only lung involvement. Women accounted for only
30% of the extrapulmonary cases while 47% of the
pneumonia cases were in women (Bradsher, 1997).
Greater numbers are required for confirmation, but
men may be more likely than women to have extra-
pulmonary disease, just as occurs in paracoccid-
ioidomycosis.

Since blastomycosis is not a common diagnosis in
most clinical practices, a delay in diagnosis often oc-
curs. The pulmonary manifestations may be diagnosed
as acute bacterial community-acquired pneumonia on
the one end of the spectrum or as tuberculosis or ma-
lignancy on the other. The skin lesions may be diag-
nosed as pyoderma gangrenosum or keratoacanthoma,
while lesions in the larynx, central nervous system, skin,
breast, lymph nodes, or essentially any organ are some-
times mistakenly diagnosed as cancer. Careful histo-
logic investigation enables the correct diagnosis of blas-
tomycosis in such cases.

Pulmonary Disease. The presentation of clinical blas-
tomycosis for most patients is pneumonia with radi-
ography revealing an alveolar or mass-like infiltrate
(Fig. 19–3) as was seen in 16 of 17 patients with ab-
normal X-rays in one report (Halvorsen et al, 1984).
In another series of 46 blastomycosis patients, 32% had
a pulmonary mass lesion and 48% had an alveolar in-

filtrate on chest radiograph (Bradsher et al, 1985b).
Miliary or reticulonodular types of presentations may
also be seen. Hilar adenopathy and pleural effusions
are uncommon (Brown et al, 1991). Although blasto-
mycotic cavitary disease may occur, this pattern is not
as commonly found as in chronic pulmonary histo-
plasmosis or reactivation tuberculosis.

Pulmonary blastomycosis includes acute pneumonia
and chronic pneumonia. Acute pneumonia may present
like acute bacterial pneumonia as with Streptococcus
pneumoniae, causing fever, chills, and a productive pu-
rulent cough with or without hemoptysis (Fig. 19–4).
Blastomycosis presenting as chronic pneumonia may
cause weight loss, night sweats, fever, cough with spu-
tum production, and chest pain, suggesting a diagnosis

FIGURE 19–3. Lobar consolidation in left upper lobe of patient with
pulmonary blastomycosis.

FIGURE 19–4. Acute left lung pneumonia due to B. dermatitidis.

FIGURE 19–5. Chronic destructive blastomycotic pneumonia.
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of tuberculosis or lung cancer (Fig. 19–5). By contrast,
blastomycosis patients with a pulmonary infiltrate may
have no pulmonary symptoms at all; the diagnosis is
made following routine X-rays with continued patient
denial of pulmonary complaints even after extensive
questioning. In one series of 26 pulmonary blastomy-
cosis patients, 2 were asymptomatic, 16 had a chronic
pneumonia picture, and 8 initially had acute pneumo-
nia (Bradsher et al, 1985b).

Lung failure with the adult respiratory distress syn-
drome (ARDS) (Fig. 19–6) may be the presenting fea-
ture of blastomycosis in both immunocompetent and
immunocompromised patients. Meyer and colleagues
reported 10 patients with overwhelming ARDS caused
by B. dermatitidis, and 5 of them died. Six of the pa-
tients had no underlying disease associated with altered
immunity (Meyer et al, 1993). One patient with this
syndrome reported by Evans and colleagues had a tra-
cheal ulcer at the carina on bronchoscopy, prompting
the speculation that a subcarinal lymph node ruptured
into the trachea and spilled enough organisms into the
lungs to cause ARDS (Evans et al, 1982). A number of
cases of blastomycosis associated with ARDS have been
described in immunocompromised hosts, especially
corticosteroid treated patients (Pappas et al, 1993) and
in AIDS patients (Pappas et al, 1992). In immuno-
compromised patients with ARDS, fulminant infection
of the lungs relates to severe T cell dysfunction. Many
patients with blastomycosis and the pattern of diffuse
infiltrates, noncardiac pulmonary edema, and refrac-
tory hypoxemia die very quickly. Early therapy may
improve survival; however, since blastomycosis is an
extremely infrequent cause of ARDS, the diagnosis is
usually not considered initially (Skillrud and Douglas,
1985).

Cutaneous Disease. Skin lesions are the most com-
mon manifestation of extrapulmonary blastomycosis

(Witorch and Utz, 1968; Sarosi and Davies, 1979).
These lesions may be present with or without con-
comitant pulmonary lesions. Cutaneous lesions are ei-
ther verrucous or ulcerative (Schwarz and Salfelder,
1977; Bradsher, 1988). The verrucous, or fungating,
form has an irregular and raised border, often with
crusting and exudate above an abscess in the subcuta-
neous tissue (See Color Figs. 19–7, 19–8, and 19–9 in
separate color insert). Histologically, papillomatosis,
downward proliferation of the epidermis with in-
traepidermal abscesses, and inflammatory cells in the
dermis are features of the verrucous lesions (Schwarz
and Salfelder, 1977; Sarosi and Davies, 1979). The cu-
taneous ulcerative form occurs when the subcutaneous
abscess spontaneously drains; these ulcers demonstrate
the same histologic changes as in the verrucous form
of disease. The borders of the ulcer are usually raised
and distinct (See Color Fig. 19–10 in separate color in-
sert), and the base of the ulcer usually contains exu-
date (See Color Fig. 19–11 in separate color insert).
Polymorphonuclear leukocytes are typically present on
biopsy, even in those patients with little inflammation
clinically apparent in the ulcer. Subcutaneous localiza-
tion with formation of nodules, and only mild ulcera-
tion or verrucous appearance, may rarely be observed
(See Color Fig. 19–12 in separate color insert). Such le-
sions are typically tender and may be confused with
panniculitis or Weber-Christian disease (Maioriello and
Merwin, 1970). Aspiration of the subcutaneous mass
or biopsy will reveal B. dermatitidis organisms on mi-
croscopy and culture.

Skin lesions of blastomycosis may be confused with
a number of alternative diagnoses, including basal cell
carcinoma, squamous cell carcinoma, pyoderma gan-
grenosa, or keratoacanthoma. One patient was re-
ported with what appeared to be condyloma acumina-
tum surrounding the anus (Bradsher et al, 1990). Only
after postoperative suppurative drainage occurred was
the histology reviewed and B. dermatitidis found.

Bone Disease. Bone infection due to B. dermatitidis
infection is reported in as many as one-fourth of ex-
trapulmonary cases and may be the reason the patient
seeks medical attention (Moore and Green, 1982).
Granuloma, suppuration, or necrosis may be found in
the bone biopsy. The vertebrae, pelvis, sacrum, skull,
ribs, or long bones are the most frequently reported
sites of infection, but essentially any bone may be in-
volved (Witorch and Utz, 1968; Saccente et al, 1998).
The radiographic appearance of blastomycosis in bone
is not specific and cannot be discriminated from that
of other fungal, bacterial, or neoplastic disease. De-
bridement may be required for cure but most blasto-
mycotic bone lesions resolve with antifungal therapy
alone, unlike the usual bacterial osteomyelitis.

FIGURE 19–6. Diffuse alveolar opacities (acute respiratory distress
syndrome) in lymphoma patient treated with corticosteroids.
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Joint Disease. Articular blastomycosis is much less
common than osseous blastomycosis, and estimated to
occur in approximately 3%–5% of cases (Bayer et al,
1979). Monoarthritis, especially involving the knee, is
most common. The majority of patients with blasto-
mycotic arthritis also have concurrent disease of the
lungs and skin. Justa-articular osteomyelitis is less fre-
quent. Microscopy or culture of synovial fluid is diag-
nostic in approximately 50% of cases.

Genitourinary Disease. The genitourinary (GU) system
follows lung, skin and bone in frequency of involve-
ment. Because men are more likely to have extrapul-
monary blastomycosis, prostatitis and epididymoor-
chitis have been the more commonly reported forms of
GU involvement (Witorch and Utz, 1968; Sarosi and
Davies, 1979). Genitourinary involvement may be de-
tected in urine collected after prostatic massage (In-
oshita et al., 1983). As is the case with skin or bone
infection, genitourinary blastomycosis will often be
present at the same time as infection in the lung. Chest
radiographs should be performed in every case of ex-
trapulmonary blastomycosis, even in the patient with-
out pulmonary complaints. Examples of female genital
tract blastomycosis, which is less frequently diagnosed,
include endometrial infection acquired by sexual con-
tact with a man who had blastomycosis of the penis
(Farber et al, 1968), tubo-ovarian abscess following
hematogenous disseminaton (Murray et al, 1984), and
tubo-ovarian abscess mimicking ovarian cancer
(Mouzin and Beilke, 1996). Massive endometrial in-
fection that caused uterine hemorrhage has also been
described in one patient (Faro et al, 1987).

Central Nervous System Disease. Blastomycosis is re-
ported to involve the nervous system in 5% to 10% of
cases of disseminated disease. Meningitis, cerebral ab-
scesses, or blastomycomas (granulomatous masses) are
the usual manifestations of central nervous system blas-
tomycosis (Roos et al, 1979; Kravitz et al, 1981). What-
ever the form of disease, it is difficult to identify the
organism. Radiographic imaging should direct the neu-
rosurgeon to biopsy the cranial abscesses or blastomy-
coma, but identification of blastomycosis as the cause
of meningitis is more problematic. Evaluation of lum-
bar CSF is less likely to be definitive for B. dermati-
tidis than ventricular fluid. In one series of 22 cases,
CSF from lumbar puncture provided the diagnosis in
only 2 patients, whereas ventricular CSF specimens
were positive in 6 of 7 cases (Kravitz et al, 1981). A
predominance of polymorphonuclear leukocytes in CSF
is common in blastomycotic meningitis (Harley et al,
1994).

Other Clinical Manifestations. Blastomycosis may in-
volve virtually any organ. Abscesses are most common

in the subcutaneous tissue but, as already noted, may
be found in the brain, skeletal system, prostate, or any
other organ including the myocardium, pericardium,
orbit, sinuses, and pituitary or adrenal gland (Witorch
and Utz, 1968). The reticuloendothelial system has also
been involved with reports of several cases of lymph
node or hepatic disease (Sarosi and Davies, 1979; Brad-
sher et al, 1990; Bradsher, 1997). Splenic abscesses
have likewise been documented (Dubuisson and Jones,
1983).

Lesions in the mouth and oropharyngeal area occur
in blastomycosis but not as commonly as in dissemi-
nated histoplasmosis. Blastomycosis does seem to fre-
quently involve the larynx (Suen et al, 1980; Dumich
and Neal, 1983). Laryngeal biopsy reveals histologic
features similar to those in the skin and the hyperpla-
sia, acanthosis, and fungating appearance of laryngeal
blastomycosis may be confused with squamous cell car-
cinoma. In some cases, fixation of the vocal cords sec-
ondary to fibrosis has led to radiation therapy or total
laryngectomy due to an incorrect diagnosis of neoplasm.

Specific endocrine abnormalities may appear in pa-
tients with blastomycosis (Witorch and Utz, 1968).
Adrenal insufficiency from gland destruction, thyroid
infection, and hypercalcemia, as seen with other gran-
ulomatous diseases, have been reported. A single case
of diabetes insipidus (Kelly, 1982) and another of hy-
perprolactinemia with galactorrhea and amenorrhea
(Arora et al, 1989) are documented.

A number of other unusual clinical manifestations 
of blastomycosis have been described. Two cases in
women with blastomycosis of the breast had abnormal
mammograms with a strong clinical suspicion of car-
cinoma (Farmer et al, 1995). A computerized tomog-
raphy scan that revealed partial destruction of a verte-
bral body consistent with metastatic disease caused one
woman to be considered for cancer chemotherapy 
until a breast biopsy revealed B. dermatitidis on mi-
croscopy and subsequent culture. The breast mass in
both patients resolved with antifungal therapy (Farmer
et al, 1995). Other cases of blastomycosis of the breast
have been reported (Seymour, 1982; Faro et al, 1987;
Propeck and Scanlan, 1996). Seymour reported a pa-
tient with bilateral masses caused by B. dermititidis;
one of these masses had an air fluid level (Seymour,
1982). A presumptive case of blastomycosis of the
breast was reported when a skin lesion revealed blas-
tomycosis and the unbiopsied breast mass resolved clin-
ically and radiologically with antifungal therapy
(Propeck and Scanlan, 1996).

Ocular involvement may assume several forms. A pa-
tient with a blastomycotic mass on the iris prompted a
review of literature with the finding of 11 other cases
of ocular blastomycosis, including iritis, uveitis, endoph-
thalmitis and choroidal disease (Lopez et al, 1994). In
a subsequent report, 2 more cases of choroidal blasto-
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mycosis were described (Gottlieb et al, 1995). Eyelid
involvement has been reported to occur in patients with
systemic blastomycosis (Vida and Moel, 1974; Bartley,
1995), but it is an infrequent occurrence in the experi-
ence of most experts. Ocular disease in canine blasto-
mycosis, endophthalmitis in particular, is very common
while blastomycosis involvement of the human eye is
rare. The reason for this discrepancy is not understood
but may be due to late diagnosis in dogs, allowing more
dissemination of the infection.

Two cases of blastomycotic otitis media with cranial
extension have been reported (Istorico et al, 1992).
Both patients were cured with amphotericin B. One pa-
tient was described with B. dermatitidis infection in a
presumed branchial cleft cyst infection (Bradsher et al,
1990). Surgical removal demonstrated lymphadenopa-
thy and both suppurative and granulomatous inflam-
mation with B. dermatitidis organisms. Sinusitis caused
by B. dermatitidis is rare (Witzig et al, 1994a).

Blastomycosis in Special Population Groups
Several cases of blastomycosis have been reported dur-
ing pregnancy (Ismail and Lerner, 1982; Tuthill et al,
1985; Daniel and Salit, 1989; MacDonald and Alguire,
1990; Maxson et al, 1992; Young and Schutze, 1995;
Chakravarty et al, 1995), including, rarely, mothers
who transmitted blastomycosis to the child via in-
trauterine transfer of the organisms (Tuthill et al, 1985;
Maxson et al, 1992; Chakravarty et al, 1995).

Although blastomycosis may cause infections in im-
munocompromised patients, other endemic fungal in-
fections such as histoplasmosis or coccidioidomycosis
are much more likely to be opportunistic than blasto-
mycosis. Immunosuppressed patients, including those
with AIDS and sarcoidosis, transplantation recipients,
and others receiving corticosteroids, usually develop
blastomycosis following exposure in the environment
or through subsequent reactivation, just as immuno-
competent patients. Blastomyces dermatitidis has been
reported as an opportunistic pathogen following infec-
tion with HIV in a relatively small number of cases
(Pappas et al, 1992; Witzig et al, 1994b). When blas-
tomycosis is seen in a patient with HIV, it may be
widely disseminated and particularly severe.

Pappas and colleagues also described 34 non-HIV in-
fected but otherwise immunosuppressed patients with
blastomycosis. The immunocompromising conditions
in these 34 patients were long-term glucocorticoid ther-
apy in 12, hematologic malignancies in 10, cytotoxic
chemotherapy in 4, solid organ transplant in 3, and
miscellaneous other conditions in 5. These investiga-
tors found an increased frequency of cases of blasto-
mycosis in this patient population from 1978 through
1991 as compared to an earlier period, 1956 through
1977 (Pappas et al, 1993). Although this change in fre-
quency might be due to a bias in referral patterns of

patients, the authors speculated that this difference
more likely reflected the continually expanding popu-
lation of patients with complicated, immune compro-
mising illnesses who have lived in the endemic area for
blastomycosis (Pappas et al, 1993).

Blastomycosis may occur along with other infections
or illnesses. Diabetes mellitus is suggested as a risk fac-
tor for blastomycosis but epidemiologic studies to com-
pare the two illnesses are difficult to perform because
of the relative lack of serologic or other markers of sub-
clinical infection with B. dermatitidis. Blastomycosis
has been described in association with tuberculosis,
histoplasmosis and coccidioidomycosis (Causey and
Campbell, 1992). Similarly, blastomycosis has been re-
ported in association with idiopathic thrombocytopenic
purpura and hemolytic anemia of unknown cause
(Bradsher, 1997). Both patients were treated with cor-
ticosteroids for the hematologic conditions, while the
blastomycosis was treated with antifungal agents.
Steroids were rapidly tapered and the hematologic con-
ditions did not recur after the blastomycosis was cured.
Another patient with both sarcoidosis and blastomy-
cosis was treated effectively with both corticosteroids
and itraconazole with cure of the fungal infection
(Bradsher et al, 1990). As long as effective antifungal
chemotherapy is being given concurrently, steroid ther-
apy may not have the deleterious result that has been
described in undiagnosed or untreated blastomycosis.
A similar observation has been made previously regard-
ing other infectious diseases, particularly tuberculosis.

DIAGNOSIS

If suspected, B. dermatitidis is relatively easy to iden-
tify in tissue or exudates, and the organism is not dif-
ficult to culture within a 2- to 4-week incubation pe-
riod. Either identifying the organism by histopathology
or microscopy or growing B. dermatitidis in culture is
necessary for a firm diagnosis. The fungus is most com-
monly identified on microscopy of exudate, sputum, or
tissue following digestion of human cells with potas-
sium hydroxide (Chapman, 2000a), but cytologic
preparations can also be used for diagnosis (Sutliff and
Cruthirds, 1973). Since the clinical picture of chronic
pneumonia due to blastomycosis may mimic carcinoma
of the lung, cytology specimens should be sent for can-
cer cytology. Identification of B. dermatitidis in ex-
pectorated sputum or BAL washings can diagnose the
infection and thereby eliminate the need for surgical
exploration.

Fortunately, diagnosis by smear, histopathology, or
culture is reliable and relatively easy since serology is
not as useful as in many other infectious diseases. There
are no assays for antigen detection of blastomycosis
such as with histoplasmosis or cryptococcosis or a poly-
ermase chain reaction test as with tuberculosis. With
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blastomycosis, serologic diagnostic techniques, such as
CF for antibodies, have been used as tools for epi-
demiologic assessments, but have not been helpful for
clinical diagnosis. Cross reactivity to antigens of vari-
ous fungi, in particular B. dermatitidis and H. capsu-
latum, limits specificity (Davies and Sarosi, 1987). For
example, persons with culture-proven blastomycosis
are just as apt to demonstrate CF antibodies against
histoplasmin as against blastomycin (Sarosi and Davies,
1979). Immunodiffusion (ID) precipitin band testing of
serum results in sensitivity rates of up to 80% while
even better results have been reported with enzyme im-
munoabsorbant (EIA) techniques using a yeast-phase
antigen (antigen A) (Klein et al, 1986b). In the largest
outbreak of blastomycosis reported to date, Klein and
coworkers described antibody detection by CF, ID, and
EIA techniques in only 9%, 28%, and 77% of patients,
respectively (Klein et al, 1986a). Consequently, the util-
ity of current serologic tests for the diagnosis of blas-
tomycosis is not helpful clinically.

Skin testing with blastomycin is even less useful than
serology as a diagnostic study in individual patients
with potential B. dermatitidis infection. In two series,
100% (Witorch and Utz, 1968) and 59% (Busey, 1964)
of the culture-proven blastomycosis patients had neg-
ative blastomycin skin tests that could be explained
only partially by anergy. Blastomycin, a mycelial-phase
antigen, does not provide sufficient specificity or sen-
sitivity for reliable patient assessment and is no longer
available clinically. Although a commercially available
EIA assay has been marketed recently based on stud-
ies showing high sensitivity and specificity (Bradsher
and Pappas, 1995), visualization of the organism on
smear or in tissue or a positive culture will likely remain
the mainstay of diagnosis for the foreseeable future.

TREATMENT

The Infectious Diseases Society of America has pub-
lished guidelines for the treatment of blastomycosis
(Chapman et al, 2000b). The first consideration for the
patient diagnosed with blastomycosis is whether or not
to use an antifungal agent. Subclinical disease occurs
with this infection just as with H. capsulatum and Coc-
cidioides immitis. Sarosi and others reported patients
infected in an outbreak in 1974 who did not receive
amphotericin B but recovered (Tosh et al, 1974; Recht
et al, 1979). In the largest epidemic of blastomycosis
reported, Klein et al reported that only 9 of the 48 in-
fected with the fungus received antifungal therapy
(Klein et al, 1986a). Subclinical and untreated blasto-
mycosis as detected by tests of cellular immunity (Brad-
sher, 1984; Bradsher et al, 1985a; Vaaler et al, 1990)
suggest many infections resolve without antifungal
therapy. In addition, there have been reports of en-
dogenous reactivation of blastomycosis after a latency

period as long as 40 years (Landis and Varkey, 1976;
Ehni, 1989). It is clear that many persons have infec-
tion with B. dermatitidis and recover without a diag-
nosis ever being made. Therefore, some patients with
blastomycosis recover spontaneously without specific
antifungal therapy just as occurs in the majority of cases
of histoplasmosis and coccidioidomycosis.

The clinical presentation of the patient and the tox-
icity of antifungal agents are the major determinants of
whether or not to observe the infection or use an an-
tifungal agent. This approach of observation without
therapy should be limited to mild pulmonary blasto-
mycosis. If relapse of infection does occur, it may re-
cur in the lung, but also may occur in a disseminated
site such as skin, bone, central nervous system, or gen-
itourinary system. Relapse has been discovered after the
initial pulmonary infection either without or with treat-
ment, so if therapy is not given the patient should be
monitored for a prolonged period. If the patient has
deterioration or progression of the primary pneumo-
nia, antifungal therapy should be initiated. Observa-
tion alone may also be indicated in a patient who has
already improved before the culture was identified as
B. dermatitidis. The presence of pleural disease or any
extrapulmonary manifestations during the course of 
illness requires antifungal treatment. With currently
available antifungal agents that have less toxicity, ob-
servation without therapy is not as commonly done as
formerly when only parenteral and toxic therapies, 
e.g., hydroxystilbamidine and amphotericin B, were
available.

Effective therapy for blastomycosis has been avail-
able since the introduction of deoxycholate ampho-
tericin B in 1956 (Chapman, 2000a). Intravenous am-
photericin B in a total dosage of at least 1.0 g resulted
in cure without relapse in five large series of patients
with blastomycosis: in 77% (Busey, 1964), 84%
(Witorch and Utz, 1968), 91% (Lockwood et al, 1969),
87% (Parker et al, 1969), and 90% (Seaburg and Das-
comb, 1964). A total dosage of 2.0 g has been associ-
ated with cure rates of up to 97% (Abernathy, 1967).
Relapse of blastomycosis following amphotericin B
therapy appears to be dose-dependent and occurs only
very rarely if a full course of drug is given. Relapse oc-
curred in only 2 of 30 patients who received more than
1.5 g total dose of the drug, whereas 5 of 19 patients
who received a smaller dose had relapse (Parker et al,
1969). Most cases of relapse of blastomycosis follow-
ing amphotericin B occur shortly after completion of
therapy. However, patients have had relapse of disease
as long as 9 years following treatment (Landis and
Varkey, 1976).

This high degree of antimycotic activity of ampho-
tericin B is associated with a relatively large amount of
toxicity. In a group of patients with blastomycosis
(Abernathy, 1967), almost 75% experienced a decline
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in renal function and a number of other toxicities in-
cluding anemia, anorexia, and nausea, fever, hypokale-
mia, and thrombophlebitis. Interruption of therapy
during some point in the course was required in 41%
of patients and termination of therapy with ampho-
tericin B before reaching the desired total dose was
mandatory because of toxicity in 14% of the patients
(Abernathy, 1967). Therefore, the primary reason in
the past for withholding or postponing treatment of
blastomycosis was the toxicity of amphotericin B. Lipid
formulations of amphotericin B which are less toxic
than conventional amphotericin B have been used in
anecdotal cases but not in comparative studies. The
high cost of these lipid formulation drugs have limited
their use in other endemic fungal diseases.

Azole antifungal agents have largely replaced am-
photericin B as therapy of choice for most patients with
blastomycosis, especially those with mild to moderate
pulmonary or non-CNS disseminated disease. These
drugs work by disrupting the cytoplasmic membranes
as a consequence of inhibition of the synthesis of er-
gosterol, the major sterol of the fungal membrane
(Como and Dismukes, 1994). Ketoconazole, itracona-
zole, and fluconazole are generally effective and well
tolerated. Ketoconazole has rarely been described to
cause sporadic cases of severe hepatocellular damage
(Como and Dismukes, 1994). At higher dosages of the
drug, hormonal abnormalities of gynecomastia, dys-
functional uterine bleeding and oligospermia may oc-
cur (Pont et al, 1984; Bradsher et al, 1985b). Keto-
conazole may also cause common but less severe
adverse effects including nausea and vomiting when the
drug is taken without a meal, dizziness, pruritus, and
headache. The absorption of ketoconazole and itra-
conazole capsules requires an acidic gastric content;
consequently, concurrent antacids or acid suppression
agents are contraindicated. Neither the oral solution of
itraconazole or the various fluconazle formulations re-
quires acidic gastric pH; as a result, these formulations
do not have the same degree of poor absorption when
used concurrently with acid suppressing agents (Como
and Dismukes, 1994). Azole-drug interactions are a
major concern, especially those related to itraconazole.
Drugs such as rifampin, oral contraceptives, pheno-
barbital, and dilantin may be associated with reduced
efficacy of itraconazole as a result of increased metab-
olism of the antifungal drug. Moreover, itraconazole
may cause substantial increases in the blood levels of
cyclosporine, digoxin, and several other drugs. Ac-
cordingly, careful review of all medications must be
made when itraconazole therapy is planned (Como and
Dismukes, 1994).

Ketoconazole has been effective for therapy of blas-
tomycosis (NIAID, 1985; Bradsher et al, 1985a) but
side effects prompted search for other agents. The
mechanism of action and the pharmacokinetics of itra-

conazole are similar to that of ketoconazole (Como and
Dismukes, 1994). The major theoretical advantage of
itraconazole over ketoconazole was a lower rate of tox-
icity associated with itraconazole in investigational tri-
als (Tucker et al, 1990). In addition, a higher efficacy
rate was observed with itraconazole than with keto-
conazole even though comparative clinical trials were
not performed. In an open-label noncomparative trial,
itraconazole capsules at a dose of 200 to 400 mg per
day were evaluated by the NIAID Mycoses Study
Group (Dismukes et al, 1992). Of the 40 patients with
blastomycosis treated with itraconazole for � 2 months
duration (median 6.2 months, range 3–24 months),
95% of were considered cured. In a second similar trial,
itraconazole was used at a dose of 200 mg per day to
treat 42 other patients with blastomycosis (Bradsher,
1992). While all of the patients showed a rapid initial
response, 5 patients had a less than satisfactory over-
all response. Two had relapse successfully treated with
another itraconazole course, 1 developed central nerv-
ous system disease and was switched to amphotericin
B therapy, and 2 required amphotericin B therapy af-
ter relapse (Bradsher, 1992).

There has been limited experience in B. dermatitidis
infections treated with fluconazole at doses of 200 to
800 mg per day (Pappas et al, 1995; Pappas et al, 1997).
This agent, which is approved by the FDA only for
cryptococcal and Candida infections, should not be
considered equivalent to itraconazole for blastomyco-
sis, but may be useful if itraconazole cannot be used
because of significant azole-drug interactions. Another
possible use of higher dose fluconazole (600–1000
mg/day) would be for central nervous system blasto-
mycosis if amphotericin B cannot be used. Fluconazole
penetrates well into the brain and cerebrospinal fluid
while itraconazole does not.

While an intravenous formulation of itraconazole has
been marketed, relatively few patients with blastomy-
cosis have been treated with this form of the drug. Re-
nal dysfunction is a contraindication for its use because
of the cyclodextrin vehicle, which is cleared almost ex-
clusively by the kidneys. For most patients with blas-
tomycosis, current evidence does not suggest a major
advantage of the intravenous formulation of itracona-
zole over the oral formulation. For the severely ill pa-
tient with blastomycosis, most authorities would initi-
ate therapy with amphotericin B. For the rare patient
who cannot tolerate amphotericin B and who cannot
take oral therapy, intravenous itraconazole may be use-
ful (Slain et al, 2001).

At least 6 months of oral therapy with azole anti-
fungal agents has been recommended by most author-
ities, but there are no trials that have evaluated a shorter
duration of therapy. Comparative lengths of therapy
need to be studied to determine the optimal duration
of therapy. Difficulties in designing suitable trials be-
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tween intravenous amphotericin B and oral azole drugs
have centered on the different routes of administration
and the greater toxicity of amphotericin B versus the
oral azoles.

The efficacy of oral itraconazole therapy of blasto-
mycosis is impressive (Dismukes et al, 1992; Bradsher,
1992). However, in the very ill patient, amphotericin
B 0.7–1.0 mg/kg/day remains the initial treatment of
choice. After improvement of the patient with approx-
imately 500 mg total dose of amphotericin B, a switch
to oral itraconazole for the remainder of the treatment
course is appropriate. One major disadvantage of oral
therapy is the potential of patient noncompliance. For
example, in earlier trials the majority of patients who
failed ketoconazole treatment for blastomycosis had
not taken the drug as instructed, a problem that is usu-
ally not encountered with intravenous therapy with am-
photericin B. In addition, central nervous system blas-
tomycotic infection may develop in patients receiving
itraconazole or ketoconazole since penetration of these
azoles into the brain parenchyma is minimal. For ex-
ample, cases have been reported with clearing of cuta-
neous or pulmonary disease with ketoconazole but sub-
sequent development of central nervous system disease
(Bradsher et al, 1985a; Hebert et al, 1989; Pitrak and
Andersen, 1989).

To summarize, based on available data and experi-
ence, itraconazole, at a dose of 200–400 mg per day
for at least 6 months, is the therapy of choice for most
patients with blastomycosis, especially those who are
compliant and do not have overwhelming, life-threat-
ening or CNS blastomycosis. Because of less toxicity
despite a higher cost, itraconazole has replaced keto-
conazole as first line therapy. For those persons with
life-threatening manifestations of blastomycosis, such
as adult respiratory distress syndrome or central nerv-
ous system disease, amphotericin B remains the initial
treatment of choice (Chapman et al, 2000b).

PREVENTION

Since B. dermatitidis is an infrequent opportunistic
pathogen in compromised hosts and since highly ef-
fective therapy for blastomycosis is available, prophy-
laxis regimens with antifungal drugs are not currently
recommended. In addition, no vaccine against blasto-
mycosis is currently available. However, efforts to de-
velop a vaccine are ongoing. Mice vaccinated with 
an attenuated B. dermatitidis strain (mutation of WI-
1 gene) demonstrated a cell-mediated host response but
no clinical disease (Wuthrich et al, 2000). The poten-
tial target for such a vaccine would include those at
high risk for developing blastomycosis, for example,
certain laboratory workers, woodsmen, veterinarians,

and others living in the endemic area for B. dermati-
tidis who are at risk for complicated disease. Such per-
sons include solid organ transplant recipients, HIV-
infected patients, and other immunocompromised hosts.
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Coccidioidomycosis
NEIL M. AMPEL

Coccidioidomycosis is a disease of the Western hemi-
sphere caused by the dimorphic soil-dwelling fungus
that until recently was recognized as the single species
Coccidioides immitis (see TAXONOMY). First recog-
nized as a clinical entity in Argentina in 1882, the first
case associated with the San Joaquin Valley in Cali-
fornia was reported soon after (Rixford and Gilchrist,
1896). Early cases presented with inflammatory lesions
of the skin, bones, and joints that progressed to death
despite attempts at treatment. By the turn of the cen-
tury, the causative organism was identified as a mould
despite its resemblance in tissue to a protozoan (Ophüls,
1905). For the first 40 years, coccidioidomycosis was
thought to be a relatively rare but disfiguring and usu-
ally fatal disease. However, benign cases of pulmonary
disease associated with erythema nodosum or erythema
multiforme were increasingly observed (Dickson and
Gifford, 1938). This form of illness, called Valley Fever,
led to speculation that not all cases of coccidioidomy-
cosis were fatal and that there was a wide spectrum of
clinical manifestations of infection (Smith, 1940).

These observations ushered in a watershed period in
the understanding of coccidioidomycosis led by Charles
E. Smith and his colleagues. Smith developed the coc-
cidioidin skin test, defined the incidence and prevalence
of infection within the San Joaquin Valley, and de-
scribed the relationship of skin-test reactivity to clini-
cal disease (Smith et al, 1948). He also developed the
coccidioidal serum antibody tests (Smith et al, 1950),
variations of which are still in use today. However,
there was no treatment for coccidioidomycosis until
1957, when Fiese reported the first use of amphotericin
B to manage a case of disseminated disease (Fiese,
1957). Further strides in the therapy of coccidioido-
mycosis using amphotericin B were pioneered and de-
scribed by Winn (Winn, 1959).

Since those times, much more has been elucidated
about coccidioidomycosis, particularly with regard to
immunology, treatment, identification of hosts at risk,
and fungal antigen expression. However, it is as-

tounding how much of the basic epidemiology, pathol-
ogy, clinical expression, and mycology of coccid-
ioidomycosis was established within the first 60 years
of its recognition. This initial progress is eloquently re-
viewed in the monograph by Fiese (Fiese, 1958) and
subsequently updated (Drutz and Catanzaro, 1978a,b).
These early studies remain useful reading for anyone
interested in coccidioidomycosis.

LIFE-CYCLE

Coccidioides is a soil-dwelling fungus in which man is
an incidental and end-stage host. In the soil, the fun-
gus exists as a mould with septate hyphae (Fig. 20–1).
Intervening cells within the hyphal filaments degener-
ate. This arrangement allows for fragmentation of the
hyphae with dislodgement of remaining intact cells,
called arthroconidia, when disturbed. The barrel-
shaped arthroconidia are approximately 2 � 5 �m,
which makes airborne dispersal possible and increases
the probability of reaching the small bronchi after in-
halation into the lung of a susceptible host (Pappagia-
nis, 1988).

Once inside the host, the fungus undergoes a pro-
found morphological change in which the outer wall
fractures, the inner wall thickens and the entire struc-
ture rounds up. Increased temperature, rise in CO2 con-
centration (Klotz et al, 1984), decrease in pH, and in-
teraction with professional phagocytes (Galgiani et al,
1982) facilitate this metamorphosis. The process can
also be induced in vitro using a chemically defined
medium (Converse, 1957). The resulting structure,
called a spherule and unique among pathogenic fungi,
internally segments into multiple uninucleate compart-
ments while growing to a size of up to 120 �m. These
structures, called endospores and 2–4 �m in diameter,
are released into the surrounding tissue in packets if
the spherule ruptures. After release, endospores can
grow to become spherules themselves, repeating the cy-
cle within the host (Sun and Huppert, 1976).
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ECOLOGY

The observation that Coccidioides was a soil-dwelling
organism was first made when it was isolated from soil
near a bunkhouse in association with an outbreak
among farm workers (Stewart and Meyer, 1932). Since
then, there have been several examples of identifying
the organism in the soil in association with human cases
(Winn et al, 1963; Wanke et al, 1999). Unfortunately,
general soil sampling in the endemic area has not been
very productive. Egeberg and Ely tested 500 soil sam-
ples obtained in and around animal burrows in the
southern San Joaquin Valley and detected Coccidioides
in only 35 (7%) (Egeberg and Ely, 1956). Overall, Coc-
cidioides appears to prefer alkaline soils in relatively
warm, dry climates (Maddy, 1965) and it preferentially
grows in soils of high salt content, including borates,
at higher temperatures (Egeberg et al, 1964). There are
compelling data that Coccidioides is not uniformly dis-
tributed in the soil but is concentrated in animal bur-
rows (Egeberg and Ely, 1956; Wanke et al, 1999) or
in other soils containing increased nitrogenous waste,
such as Amerindian middens (Lacy and Swatek, 1974).
Better definition of the coccidioidal habitat is urgently
needed to devise models for risk of acquisition 
(Kolivras et al, 2001).

TAXONOMY

The classification of Coccidioides remains uncertain
but genetic analysis is clarifying this. Studies of 18S ri-
bosomal DNA confirms that Coccidioides is within the
class Ascomycetes and is closely related to the patho-
genic fungi Histoplasma capsulatum and Blastomyces
dermatiditis (Bowman et al, 1992). Among all organ-
isms, it is most closely related to the nonpathogenic
soil-dwelling fungus Uncinocarpus reesii (Pan et al,
1994). While taxonomic analysis has been hampered
by the fact that no sexual stage for Coccidioides has
been identified, Taylor and colleagues have found mo-
lecular evidence for sexual recombination (Burt et al,
1996). This group has also found genetic variability be-
tween clinical isolates from California, Arizona, and
Texas (Burt et al, 1997) but has not linked these dif-
ferences to differences in pathogenicity (Fisher et al,
2000). In contrast, Coccidioides in South America ap-
pears to have been derived from a single population
from Texas and arrived in the continent from 9000 to
140,000 years ago, perhaps coincident with human mi-
gration into the area (Fisher et al, 2001). Recently, Tay-
lor and colleagues have presented genetic evidence that
Coccidioides consistes of two distinct species, C. im-
mitis, found only in California, and C. posadasii, found

FIGURE 20–1. Life cycle of Coccidioides. Based on Kirkland and Fierer (1996).
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elsewhere (Fisher et al, 2002). Because there are no clear
microbiological or clinical characteristics that distin-
guish these species, the genus term Coccidioides will be
used throughout this chapter to refer to both organisms.

EPIDEMIOLOGY

The endemic regions of coccidioidomycosis coincide
with areas in which the fungus inhabits the soil, be-
tween the latitudes of 40°N and 40°S in the Western
Hemisphere. Within this general region, there is great
variability in risk of infection. The endemic regions of
coccidioidomycosis in North America have been asso-
ciated with the Lower Sonoran Life Zone, a geoclimatic
region characterized by hot summers, mild winters, rare
freezes, and alkaline soil. Maddy has associated the 
local growth of the creosote bush (Larrea tridentata)
as portending an increased risk of acquiring coccid-
ioidomycosis (Maddy, 1958). However, there are ex-
ceptions to this association (Durry et al, 1997). In Cen-
tral and South America, there are several geographic
pockets where individuals have acquired coccidioidal
infection (Pappagianis, 1988) including north-central
Argentina, where the disease was first recognized. Re-
cently, there are reports of cases acquired in northeast
Brazil (Wanke et al, 1999). In general, these Central
and South American areas are arid or semiarid.

The initial association of dust exposure and risk of
coccidioidomycosis was made in a study of military per-
sonnel in the San Joaquin Valley (Smith et al, 1946b).
The investigators also found a strong inverse associa-
tion in the frequency of cases and precipitation. That
is, the number of cases waxed during the dry central
California summers and waned during the relatively
wet winters. A similar association has been noted in
Arizona, except that there are two periods of increased
frequency of cases. The first occurs in the spring, after
the winter rains, and the second occurs during the au-
tumn, after the summer monsoon (Kerrick et al, 1985).

There are examples of epidemics of coccidioidomy-
cosis when these patterns are exaggerated. For exam-
ple, in December 1977, high-velocity winds over the
lower San Joaquin Valley induced not only a local dust
storm but also threw dust high into the atmosphere that
blanketed regions to the north and west outside of the
endemic zone, including the San Francisco Bay and
Sacramento metropolitan regions. Within weeks of the
storm, the number of cases of coccidioidomycosis in
California was five times normal, with many cases re-
ported from outside the endemic region (Flynn et al,
1979; Pappagianis and Einstein, 1978). Similarly, in
January 1994, an earthquake-generated cloud of dust,
emanating from the Santa Susana Mountains, dispersed
over Ventura County, California, an area of low coc-

cidioidal endemicity. Within 2 weeks, increasing num-
bers of cases of coccidioidomycosis occurred in Simi
Valley, a city located at the base of the mountains and
in the plume of the dust cloud (Schneider et al, 1997).
In the early 1990s, a nearly 10-fold increase in the num-
ber of cases of coccidioidomycosis was seen in the lower
San Joaquin Valley. In this epidemic, drought, followed
by heavy rains and then another drought, was clima-
tologically associated with the marked increase in cases
(Pappagianis, 1994).

There have also been several focal outbreaks of coc-
cidioidomycosis associated with local conditions (Winn
et al, 1963; Werner et al, 1972; Werner and Pappa-
gianis, 1973; Larsen et al, 1985; Standaert et al, 1995;
CDC, 2000; Cairns et al, 2000; CDC, 2001). These
outbreaks share common traits. First, there was intense
exposure to soil in a confined area, often in associa-
tion with an archeological dig or other soil disturbance.
In addition, those exposed were either young or not
from the endemic region and so could be presumed to
be nonimmune. These outbreaks are notable for their
high attack rate and association with diffuse rash and
extensive pulmonary infiltrates. When calculable, the
incubation period between exposure and development
of active disease was between 2 and 4 weeks. Because
of this, the diagnosis was often established only after
the individuals had returned to their homes outside the
coccidioidal endemic area.

The prevalence and incidence of coccidioidomycosis
in a region can be estimated using skin-test studies
measuring delayed-type dermal hypersensitivity. A
study of the prevalence of coccidioidin skin-test reac-
tivity among naval recruits and others in 1957 did
much to define the coccidioidal endemic area in the
United States (Fig. 20–2) (Edwards and Palmer, 1957).
In this study, highest prevalence was found in the
southern San Joaquin Valley, in south-central Arizona,
and along the western portion of the lower Rio Grande
Valley in Texas. Regions of lesser endemicity included
most of southwestern Arizona below the Mogollon
Rim, southern Nevada and southwestern Utah, south-
ern New Mexico and far western Texas.

In the past, rates of skin-test positivity were quite
high in endemic regions. However, few recent studies
exist. A recent analysis of skin-test responses in high-
school students in the southern San Joaquin Valley
found that the incidence of new skin-test reactions 
had decreased from greater than 10% each year in
1937–1939 to 2% in 1995 (Larwood, 2000). A study
performed in 1985 in Tucson, Arizona found a preva-
lence of positive skin-test response of approximately
30% (Dodge et al, 1985), with an estimated yearly con-
version rate of 3% each year. A third epidemiologic
study of Torreon, a city in northeastern Mexico in the
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state of Coahuila, described a prevalence of 40%
(Padua y Gabriel et al, 1999). These data indicate that
even in the coccidioidal endemic regions, most indi-
viduals have not acquired coccidioidomycosis and re-
main susceptible to infection.

Given the ability of arthroconidia to become air-
borne, it is not surprising that most cases of coccid-
ioidomycosis are due to inhalation with the lung as the
primary site of infection. However, there are occasional
instances of primary cutaneous inoculation coccid-
ioidomycosis. For the most part, these have occurred
as traumatic injuries contaminated with soil or labo-
ratory cultures containing Coccidioides; these skin le-
sions heal spontaneously in most cases (Carroll et al,
1977; O’Brien and Gilsdorf, 1986). Because dissemi-
nated disease so often presents with cutaneous lesions,
Wilson and colleagues have outlined criteria for estab-
lishing primary inoculation as the route of infection
(Wilson et al, 1953). These include development of a
lesion within 1 to 3 weeks of a history of trauma or
inoculation at the site, the rapid development of IgM
but not IgG antibodies in the serum, development of a
positive coccidioidin skin test after the diagnosis, and
local but not distant adenopathy.

A variety of occupations have been associated with
an increased risk of acquiring coccidioidomycosis. Not

unexpectedly, most of these are associated with work-
ing with soil or dust in endemic regions. These occu-
pations include agricultural workers, excavators, mili-
tary personnel (Johnson, 1981), and archeologists
(Werner et al, 1972; Werner and Pappagianis, 1973).
In addition, there are numerous cases of laboratory-
acquired coccidioidomycosis (Looney and Stein, 1950;
Fiese, 1958; Johnson et al, 1964; Johnson, 1981). The
risk occurs because Coccidioides grows readily as a
mould on a variety of artificial laboratory media. With
time, fluffy aerial mycelia form that can easily become
dislodged and airborne. The concentrations of airborne
arthroconidia from artificial media are undoubtedly far
higher than might be encountered naturally. Because of
this, it is recommended that all laboratory procedures
involving manipulation of known cultures of Coccid-
ioides be performed inside a class II biological safety
cabinet under BSL-3 containment. This procedure
would also apply to soil and other environmental sam-
ples. Clinical specimens suspected of containing Coc-
cidioides should be handled under BSL-2 containment
(Warnock, 2000). Care should be taken to avoid per-
cutaneous injury, since several laboratory instances of
primary cutaneous coccidioidomycosis have also oc-
curred (Johnson et al, 1964). Because of the potential
of the mycelial phase for infectivity, Coccidioides is the

FIGURE 20–2. Endemic regions for coccidioidomycosis in the United
States using response to dermal hypersensitivity testing. Increased in-

tensity of shading indicates increased rates of positivity. Based on
Edwards and Palmer, 1957.
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only fungus listed by the U.S. government as a possi-
ble bioterrorist agent (Dixon, 2001).

There is no evidence for person-to-person transmis-
sion of coccidioidomycosis via aerosol spread. How-
ever, interhuman transmission has been reported to oc-
cur via a contaminated fomite. In this case, pulmonary
coccidioidomycosis occurred in six health-care work-
ers who changed the dressings and cast covering an area
of draining osteomyelitis of a patient with disseminated
coccidioidomycosis. Subsequent investigation revealed
Coccidioides growing on the dressings and cast, which
were dry at the time of removal. It was presumed that
mycelial growth occurred on these objects and was the
source of infection (Eckmann et al, 1964). Fomite trans-
mission of coccidioidomycosis has been reported under
a variety of other circumstances. The handling of raw
cotton grown in the endemic area has been noted in
several instances (Fiese, 1958; Gehlbach et al, 1973;
Ogiso et al, 1997). Cleaning of dusty artifacts from an
archeology site obtained from the coccidioidal endemic
region also resulted in infection (Fiese, 1958). Recently,
interhuman transmission has been documented to oc-
cur via transplant of Coccidioides infected organs to
transplant recipients (See Section on SPECIAL HOSTS).

PATHOLOGY

Necrotizing granulomata surrounding coccidioidal
spherules are the classic pathological manifestation of
coccidioidomycosis and suggested to early investigators
a similarity to the reaction seen in tuberculosis (Fiese,
1958). However, it was also recognized that an acute
pyogenic response with polymorphonuclear leukocytes
could occur, particularly in association with rapidly
progressive lesions of disseminated disease. Some ob-
servers have suggested that this latter reaction is to en-
dospores and not to spherules. In many instances, the
two reactions are in close proximity (Huntington,
1980). The concept proposed is that with unrestrained
fungal growth, endospores are released from the
spherule, and there is an intense but nonprotective poly-
morphonuclear response. Soluble extracts of both
mycelia and spherules are chemotactic for polymor-
phonuclear leukocytes and may play a role in initiat-
ing inflammation (Galgiani et al, 1978). This process
may then evolve into a more protective granulomatous
response surrounding the spherule in those individuals
who are able to control their disease (Fiese, 1958).
While in vitro data suggest that polymorphonuclear
leukocytes can inhibit fungal growth (Galgiani et al,
1984), their role in controlling coccidioidal growth in
vivo is unclear.

There have been numerous reports of tissue and pe-
ripheral blood eosinophilia in coccidioidomycosis. Pe-
ripheral blood eosinophilia during primary illness and

eosinophils in CSF in coccidioidal meningitis are com-
mon enough in coccidioidomycosis to suggest the re-
spective diagnoses (Ragland et al, 1993). Pulmonary
eosinophilia due to coccidioidomycosis may resemble
idiopathic eosinophilic pneumonia histologically except
for the finding of spherules in tissue (Lombard et al,
1987). Extreme peripheral blood eosinophilia (� 20%)
has been associated with disseminated disease (Echols
et al, 1982; Harley and Blaser, 1994). The pathologic
finding of eosinophilic abscesses in coccidioidal-
infected tissues has been associated with rupturing
spherules with release of endospores.

The finding of the spherule in tissue is the sine qua
non of coccidioidomycosis. The spherules may be of all
sizes and sometimes can be shown to be rupturing and
dislodging endospores. In addition, there have been sev-
eral reports of mycelia within preexisting coccidioidal
cavities (Putnam et al, 1975; Ragland et al, 1993), a
report of mycelia being found in a coccidioidal
empyema (Dolan et al, 1992), and another report of
mycelia identified in the CSF in a severe case of coc-
cidioidal meningitis (Kleinschmidt-DeMasters et al,
2000). The presumption in these cases is that local con-
ditions allowed the fungus to revert to its saprophytic
phase. There is no evidence that such patients are 
infectious.

Coccidioidomycosis may involve nearly any organ of
the body. The most common symptomatic sites include
the lungs, skin and subcutaneous soft tissue, bones and
joints, and meninges. However, a variety of other or-
gans may also be involved, often silently. These include
the liver and spleen (Fiese, 1958), peritoneum (Chen,
1983a; Ampel et al, 1988), prostate (Chen and Schiff,
1985), epididymis (Chen, 1983b), urethra (Dunne et al,
1986), and female genital tract (Salgia et al, 1982; By-
lund et al, 1986). Two recent reports describe peri-
carditis due to Coccidioides, both resulting in con-
strictive disease (Faul et al, 1999; Oudiz et al, 1995).
Unlike histoplasmosis and tuberculosis, direct involve-
ment of the gastrointestinal mucosa is extremely rare,
if it exists at all (Fiese, 1958). However, there may be
direct extension into the serosal surface of the gas-
trointestinal tract from an adjacent site (Kuntze et al,
1988). In addition, there are reports of direct infection
of the tracheobronchial tree (Polesky et al, 1999). Eye
involvement with coccidioidomycosis has been re-
ported sparingly, mostly as asymptomatic chorioretinal
scars (Rodenbiker et al, 1981) or as a scleritis or con-
junctivitis associated with primary infection and ery-
thema nodosum (Rodenbiker and Ganley, 1980). Ac-
tive iridocyclitis and chorioretinitis have been reported,
usually as part of overtly disseminated disease (Ro-
denbiker and Ganley, 1980).

While the most frequent pathological response to
central nervous system infection by Coccidioides is a
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basilar granulomatous meningitis, a variety of other
processes are seen, including parenchymal granulo-
mata, and vasculitis (Mischel and Vinters, 1995). In-
tracranial coccidioidal abscesses have also been re-
ported (Banuelos et al, 1996). Williams and colleagues
have observed a CNS vasculitis of small and medium-
sized arteries (Williams et al, 1992).

IMMUNE RESPONSE AND 
RELATION TO DISEASE

A strong cellular immune response is critical to the con-
trol of coccidioidal infection. For example, patients
with defects in such defenses, such as those with HIV
infection (Ampel et al, 1993), organ transplant recipi-
ents (Blair and Logan, 2001), and those on long-term
corticosteroid therapy (Ampel et al, 1986), are at in-
creased risk for developing severe symptomatic coccid-
ioidomycosis. In addition, there is an association be-
tween the strength and type of the coccidioidal-specific
immune response and the severity of clinical infection.
Persons with self-limited pulmonary illness usually ex-
press a strong cellular immune response, manifested as
a positive coccidioidin skin test reaction, and tran-
siently produce low titer anticoccidioidal antibodies in
their serum. On the other hand, those with dissemi-
nated coccidioidomycosis tend to lack a cellular im-
mune response and have high and prolonged serum an-
tibody titers (Drutz and Catanzaro, 1978a).

The dichotomous response seen in human coccid-
ioidomycosis is suggestive of an immunological model
in which the T helper lymphocyte response can be cat-
egorized as either Th1 (promoting cellular immunity
and associated with production of the cytokines inter-
feron-gamma [IFN-�] and interleukin-2 [IL-2]), or as
Th2 (promoting a humoral immune response and as-
sociated with production of IL-4, IL-5, and IL-10). An-
imal models of coccidioidomycosis support this con-
cept. It is known that certain inbred mouse strains are
relatively resistant to coccidioidal infection, while oth-
ers are not. Magee and colleagues demonstrated that
the resistant DBA/2 strain produces increased amounts
of IFN-� after pulmonary infection while its suscepti-
ble counterpart, BALB/c, produces predominantly 
IL-4. Moreover, when BALB/c mice are treated with re-
combinant IFN-� or with antibody against IL-4, they
are less susceptible to coccidioidal infection, while
DBA/2 mice are rendered more susceptible if given an-
tibody against IFN-� (Magee and Cox, 1995).

Human in vitro immunological studies have con-
firmed the importance of the cellular immune response
in coccidioidomycosis but have not been able to dem-
onstrate a Th1/Th2 relationship. Peripheral blood
mononuclear cells from subjects with disseminated coc-
cidioidomycosis produce less IFN-� in response to coc-

cidioidal antigen than do cells from healthy, immune
donors (Corry et al, 1996; Ampel et al, 2001), but no
IL-4 or IL-10 (Corry et al, 1996; Ampel et al, 2001).
The addition of IFN-� in vitro to cells from donors
with disseminated disease does not increase the re-
sponse (Ampel and Christian, 1997).

Clinically, the expression of delayed-type hypersen-
sitivity (DTH) after skin testing with a coccidioidal
antigen has been associated with an intact cellular im-
mune response. The lack of such expression, called an-
ergy, has been clearly associated with more severe, dis-
seminated disease (Smith et al, 1946b; Drutz and
Catanzaro, 1978a). This has led to the speculation that
agents that could reverse coccidioidal anergy might
serve as potential treatments for disseminated coccid-
ioidomycosis. A recent report on the use of dendritic
cells in human coccidioidomycosis holds promise
(Richards et al, 2001).

Vaccination of mice with whole, formalin-killed
spherules protects them from subsequent lethal chal-
lenge with Coccidioides (Levine et al, 1960). Unfortu-
nately, the dose used proved to have a high incidence
of local toxicity in humans (Williams et al, 1984). A
double-blind, placebo-controlled study inoculating a
lower dose of formalin-killed spherules in nonimmune
people living in the coccidioidal endemic area showed
a trend toward disease reduction in the vaccine group,
but the differences were not statistically significant
(Pappagianis, 1993). Since this trial, several laborato-
ries have shown that immunization with fungal sub-
units may be protective in mice and could serve as hu-
man vaccine candidates in future studies. These include
the 27K antigen preparation (Zimmermann et al,
1998), recombinant Ag2/PRA (Abuodeh et al, 1999;
Jiang et al, 1999), and recombinant urease (Li et al,
2001).

CLINICAL MANIFESTATIONS OF 
COCCIDIOIDAL INFECTION

Primary Pulmonary Infection
Sixty percent of persons are completely asymptomatic
at the time of initial pulmonary coccidioidal infection
(Smith et al, 1948). Their only indication of infection
is a positive reaction to a coccidioidal skin-test. The
other 40% of those infected manifest a variety of symp-
toms, most commonly cough, usually dry but occa-
sionally blood-tinged, fever, night sweats, pleuritic
chest pain, and headache (Smith, 1951; Drutz and
Catanzaro, 1978b). Fatigue may be prominent and pro-
found. In some cases, there is an evanescent, diffuse,
pruritic rash over the trunk and extremities early in the
course of illness that may be confused with contact der-
matitis or measles (Werner et al, 1972; Hobbs, 1989).
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In up to one-quarter of cases, patients develop either
erythema nodosum or erythema multiforme, usually a
few days to weeks after the initial pulmonary symp-
toms. Erythema nodosum generally occurs as bright
red, painful nodules on the lower extremities, while ery-
thema multiforme tends to occur on the upper trunk
and arms, often in a necklace distribution (See Color
Fig. 20–3 in separate color insert). About one-third of
these cases will also have arthralgias, most commonly
of the ankles and knees, and called Desert Rheumatism
(Fiese, 1958). Primary pulmonary coccidioidomycosis
with erythema nodosum or erythema multiforme has a
predilection for white females and is rarely seen in
African American patients (Smith and Beard, 1946a).
Smith correlated the onset of erythema nodosum with
the development of coccidioidal skin-test reactivity
(Smith, 1940). The development of either of these
rashes during primary coccidioidomycosis is considered
an indicator of a decreased risk for subsequent dis-
semination or chronic active infection (Fiese, 1958; Ar-
sura et al, 1998).

There is great variability in the radiographic findings
of primary pulmonary coccidioidomycosis (McGahan
et al, 1981). Most frequently, a unilateral parenchymal
infiltrate is present. The appearance may range from a
subsegmental patchy alveolar process to a dense lobar
infiltrate with atelectasis (Fig. 20–4). Ipsilateral or bi-
lateral hilar adenopathy or mediastinal adenopathy is
often present (Greendyke et al, 1970). A small pleural
effusion ipsilateral to the pulmonary infiltrate occurs
in approximately one-fifth of cases. Occasionally, large
pleural effusions occur.

Not uncommonly, primary coccidioidal pneumonia
may be confused with a community-acquired bacterial

pneumonia. While at times difficult to distinguish, clues
favoring a diagnosis of pulmonary coccidioidomycosis
include persistent fatigue and headache, failure to im-
prove with antibiotic therapy, hilar or mediastinal
adenopathy on chest radiograph, and peripheral blood
eosinophilia.

Pulmonary Sequelae of Primary 
Coccidioidal Pneumonia

In the vast majority of individuals with symptomatic
primary coccidioidomycosis, the symptoms resolve
spontaneously over a few weeks. However, radi-
ographic abnormalities remain in approximately 5%.
One of the most common is the coccidioidal nodule
(Fig. 20–5). Nodules are benign residual lesions of coc-
cidioidal pneumonia but are problematic because 
of their radiographic resemblance to pulmonary neo-
plasms. While usually single on plain chest radiograph,
multiple lesions are frequently seen on CT of the chest.
They range in size from a few millimeters to more than
5 cm in diameter and may be calcified. Currently, there
is no radiographic way to clearly distinguish coccid-
ioidal nodules from malignancies. Fine needle percuta-
neous aspirate with histological examination appears
to be diagnostic in the majority of cases (Forseth et al,
1986; Chitkara, 1997).

Coccidioidal cavities occur when a pulmonary nod-
ule excavates. In most cases, cavities are asymptomatic,
between 2 and 4 cm in diameter, and their natural his-
tory is to slowly close over time (Hyde, 1968; Winn,
1968). Sputum cultures obtained from individuals with
coccidioidal pulmonary cavities are frequently positive
for Coccidioides. Radiographically, cavities are typi-
cally thin walled but may have a surrounding area of

FIGURE 20–4. Primary coccidioidal pneumonia. Note the dense infiltrate with evidence of atelectasis and
ipsilateral small pleura effusion.
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infiltration (Fig. 20–6). Their course can be compli-
cated. One syndrome is persistent chest pain and cough,
often associated with an air-fluid level within the cav-
ity. The symptoms may be due to coccidioidal infec-
tion per se or to secondary bacterial or fungal infec-
tion within the cavity. Even Coccidioides itself has been
found to secondarily infect coccidioidal cavities (Winn
et al, 1994). Cavities have also been associated with

significant hemoptysis. A unique complication is py-
opneumothorax, due to rupture of a cavity into the
pleural space. Patients complain of abrupt dyspnea and
the chest radiograph reveals a collapsed lung with an
ipsilateral pleural effusion that is inflammatory in na-
ture (Edelstein and Levitt, 1983).

Coccidioidomycosis may result in chronic progressive
pulmonary disease, often associated with bronchiecta-
sis and fibrosis. The patient usually has persistent
cough, fever, positive sputum cultures for Coccidioides,
and persistently elevated coccidioidal serology. The
chest radiograph may reveal biapical pulmonary fibro-
sis, similar to that seen in tuberculosis or histoplasmo-
sis. Without therapy, the process is often chronic and
progressive (Sarosi et al, 1970).

Finally, primary coccidioidomycosis may present as
a diffuse pulmonary process, similar to miliary tuber-
culosis. There are two mechanisms. The first is over-
whelming exposure among immunocompetent persons.
Two such cases have been described in which appar-
ent inhalation of a large inoculum of organisms resulted
in a diffuse pneumonic process and respiratory failure
(Larsen et al, 1985). In addition, other investigators re-
cently reported their experience with diffuse pulmonary
primary coccidioidomycosis among eight immunocom-
petent patients, who represented 1% of all patients hos-
pitalized for coccidioidomycosis (Arsura and Kilgore,
2000). Diffuse pulmonary coccidioidomycosis may also
be a manifestation of dissemination and is often asso-
ciated with fungemia, usually occurring among im-
munocompromised patients. Mortality for this form 
of coccidioidomycosis is exceedingly high (Ampel et al,
1986).

Disseminated Coccidioidomycosis
Dissemination is defined as the spread of coccidioidal
infection beyond the thoracic cavity. In most cases, dis-
seminated disease portends a poorer prognosis than
pulmonary coccidioidomycosis and is associated with
a less vigorous cellular immune response to the fungus
than occurs in those with pulmonary disease. Dissem-
ination usually becomes clinically apparent within the
first few months after pulmonary infection and may oc-
cur in individuals who are either symptomatic or
asymptomatic at the time of initial infection. Indeed, in
many individuals with disseminated disease, there is no
evidence of the primary pulmonary infection. Dissem-
inated coccidioidomycosis is estimated to occur in
fewer than 1% of all those infected. Patients may have
single or multiple sites of dissemination.

The skin is the most common site of extrathoracic
dissemination. Reports of large, verrucous lesions, par-
ticularly of the face, were prominent in the earliest re-
ports on coccidioidomycosis. However, skin lesions can
take on a variety of forms, including papules, plaques,

FIGURE 20–5. Right lower lobe coccidioidal nodule.

FIGURE 20–6. Left upper lobe coccidioidal cavity. Patient acquired
infection while working on archeologic site 2 years previously and
complained of persistent cough and chest pain.
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ulcers, draining sinuses, and subcutaneous abscesses
(Hobbs, 1989). Early in the course of disease, skin le-
sions may appear to be particularly benign. Punch biop-
sies of any suspicious cutaneous lesion in a patient with
coccidioidomycosis should be performed with material
sent both for histopathological examination and for
fungal culture.

Bones are also frequent sites of coccidioidal dissem-
ination. The vertebrae are commonly affected (Kush-
waha et al, 1996). The patient notes persistent back
pain and, on examination, there is point tenderness
and, in some cases, overlying soft tissue swelling. Plain
radiography generally reveals a well-marginated lytic
lesion (Zeppa et al, 1996). When a vertebral body is
involved, there are usually one or more erosive lesions
within the body with preservation of the body height
and no involvement of the intervertebral disk. Mag-
netic resonance imaging reveals signal abnormalities
within the vertebral body (Fig. 20–7) and often par-
avertebral and epidural soft tissue swelling (Olson et
al, 1998). This mixture of bony and soft tissue in-
flammation can be very destructive and result in nerve
root and spinal cord compression. Consequently, neu-
rosurgical consultation is imperative.

Joints may be infected with or without underlying
bone involvement. The knee is the most common site
of coccidioidal synovitis. Patients present with chronic
pain and swelling of the joint (Bayer and Guze, 1979).
Magnetic resonance imaging reveals a thickened and

enhanced synovium and occasional loss of underlying
bone and cartilage (Lund et al, 1996). Arthocentesis
demonstrates an inflammatory process but fungal cul-
ture is rarely positive. Synovial biopsy may be neces-
sary to establish the diagnosis.

Meningitis usually manifests as severe and progres-
sive headache and decreasing mental acuity. Lumbar
puncture reveals a lymphocyte pleocytosis with an el-
evated protein and a markedly depressed CSF glucose
concentration. A distinguishing characteristic is the
presence of eosinophils in the CSF. Fungal culture is
positive only occasionally. The diagnosis is usually es-
tablished by the finding of anticoccidioidal antibodies
in the CSF, although this test may be negative. Prior to
the advent of antifungal therapy, coccidioidal menin-
gitis was invariably fatal (Vincent et al, 1993). In one-
half of patients, meningitis is the only clinically overt
manifestation of coccidioidomycosis (Bouza et al,
1981). Coccidioidal meningitis should always be con-
sidered in the differential diagnosis of chronic lym-
phocytic meningitis, even outside the coccidioidal 
endemic region. A common complication is hydro-
cephalus, either communicating or noncommunicating,
which may occur in the face of appropriate antifungal
therapy. In all patients with coccidioidal meningitis,
neuroradiography should be performed, with MR im-
aging the test of choice (Erly et al, 1999). Some pa-
tients may develop encephalitis or stroke, due to cere-
bral vasculitis (Williams, 2001).

SPECIAL HOSTS

Patients with conditions associated with depressed cel-
lular immune function have been identified clearly as
being at increased risk for developing severe and 
disseminated coccidioidomycosis. Included are those
with underlying lymphoma or cancer chemotherapy
(Deresinski and Stevens, 1975), those on chronic cor-
ticosteroids (Ampel et al, 1986), and those with im-
munosuppression due to HIV infection (Ampel et al,
1993). Because of improvement in antiretroviral ther-
apy with subsequent immune reconstitution, the num-
ber of cases of active coccidioidomycosis in association
with HIV infection appears to be declining (Woods et
al, 2000).

There have been increasing reports of active coccid-
ioidomycosis among those who have received allo-
geneic transplants (Hall et al, 1993; Blair and Logan,
2001). Most cases appear to be the result of reactiva-
tion of a previously acquired infection and emerge at
a time of profound immunosuppression with resultant
dissemination. Patients at risk usually have a history of
prior active coccidioidomycosis or a positive coccid-
ioidal serologic test just prior to transplantation. Anti-
fungal prophylaxis with an azole appears to reduce sig-

FIGURE 20–7. Magnetic resonance image demonstrating coccidioidal
vertebral osteomyelitis. Note nonhomogeneous enhancement in L3
and L4 with lack of involvment of disk space.
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nificantly the risk of active coccidioidomycosis among
such patients (Blair and Logan, 2001). Recently, two
patients developed fatal coccidioidomycosis after re-
ceiving a liver and kidney transplant from a single
donor. A third recipient remained well. Retrospectively,
the donor was found to have active coccidioidomyco-
sis with positive coccidioidal serologies and evidence 
of meningitis (Wright et al, 2001). A case of fulminant
pulmonary coccidioidomycosis due to transplant of an
coccidioidal-infected lung has also been observed (Tri-
pathy et al, 2002). These reports suggest that screen-
ing of potential organ donors as well as recipients for
evidence of active coccidioidomycosis should be con-
sidered prior to organ transplantation.

Male sex and increasing age, particularly over 60
years, have been associated with increased risk of de-
veloping symptomatic coccidioidomycosis, but not nec-
essarily disseminated disease (Arsura, 1997; Ampel et
al, 1998; Gray et al, 1998; Leake et al, 2000). Diabet-
ics may have an increased risk of severe pulmonary dis-
ease with cavitation (Pappagianis, 1988). Numerous
studies have found that African American men are at
markedly increased risk for the development of dis-
seminated coccidioidomycosis when compared to other
groups (Flynn et al, 1979; Williams et al, 1979; Am-
pel et al, 1998; Gray et al, 1998; Rosenstein et al,
2001). For these patients, the clinical presentation is
often stereotypical, with widely disseminated disease
typically involving the skin, subcutaneous tissue and
vertebrae (See Color Fig. 20–8 in separate color insert).
Filipino men have also been suggested to be at similar
risk (Pappagianis, 1988).

Finally, women who acquire coccidioidomycosis dur-
ing the second and third trimesters of pregnancy are 
at increased risk of developing severe, symptomatic,
and often disseminated coccidioidomycosis (Wack et
al, 1988; Caldwell et al, 2000). Women who have sta-
ble or asymptomatic coccidioidomycosis prior to preg-
nancy do not appear to develop worsening disease as
pregnancy advances. Congenital anomalies have been
observed in the newborns of women who received high-
dose fluconazole for coccidioidal meningitis during
their pregnancies (Pursley et al, 1996); thus, it is pru-
dent to avoid high-dose azole therapy during pregnancy.

DIAGNOSIS

In almost all cases of coccidioidomycosis, some defin-
itive laboratory test is required to establish the diag-
nosis. There are three mainstays for this: culture,
histopathology, and serology. Coccidioides grows as a
nonpigmented mould usually after 3 to 7 days of 
incubation at 35°C on a variety of artificial media, 
including blood agar. Any growth suspicious for 
Coccidioides can be formally identified using a com-
mercially available chemiluminescent probe that hy-

bridizes with coccidioidal-specific DNA sequences.
This methodology has a sensitivity and specificity of
99% and 100%, respectively (Stockman et al, 1993).
Sputum or other respiratory secretions are frequently
culture-positive in primary coccidioidomycosis, cavi-
tary disease, and chronic or persistent pulmonary coc-
cidioidomycosis. Biopsy specimens from disseminated
sites are less likely to reveal growth. When coccid-
ioidomycosis is suspected, cultures of fluid or tissue
from involved sites should always be obtained. If pos-
itive, they provide absolute confirmation of the diag-
nosis. As previously mentioned, the growth of Coccid-
ioides on artificial media represents a laboratory hazard
and suspected samples should be handled accordingly
(Warnock, 2000).

Histopathological identification of spherules is an-
other method for establishing the diagnosis of coccid-
ioidomycosis (See Color Fig. 20–9 in separate color in-
sert). In some instances, such as biopsy of pulmonary
nodules, identification of spherules appears to have
greater sensitivity than culture (Forseth et al, 1986;
Chitkara, 1997), while in other instances, such as eval-
uation of respiratory secretions, finding of spherules
appears to be less sensitive (DiTomasso et al, 1994;
Sarosi et al, 2001). For routine biopsies, the Gomori
methenamine silver (GMS) stain or the periodic acid
Schiff (PAS) stain is preferable to the hematoxylin-eosin
method, because spherules can be readily identified in
tissue with these stains. Microscopic examination of
specimens treated with 10% potassium hydroxide
(KOH) has been used in the past to identify spherules
in respiratory fluids. However, this test has a very low
sensitivity. The Papanicolaou stain is much more sen-
sitive (Sarosi et al, 2001).

Serologic tests identifying anticoccidioidal antibod-
ies were developed initially and their clinical use char-
acterized by Smith and his colleagues nearly 50 years
ago (Smith et al, 1956). They remain important today
both in the diagnosis and the management of coccid-
ioidomycosis (Pappagianis and Zimmer, 1990; Pappa-
gianis, 2001). Because of changes in nomenclature and
methodology, coccidioidal serologic tests can be con-
fusing. A simple way of considering coccidioidal serol-
ogy is to divide serologic tests into detection of IgM or
IgG antibodies. IgM antibodies react with a heat-
stable polysaccharide antigen, occur soon after primary
infection or relapse and then wane, are not useful in
the diagnosis of meningitis, and do not predict sever-
ity of illness when quantified. IgM antibodies were first
defined as tube precipitin (TP) antibodies because of
their ability to produce a precipitate in a tube when
combined with soluble antigen. If the test is performed
in agar as a diffusion assay, it is termed an immuno-
diffusion tube precipitin (IDTP) test. Anticoccidioidal
IgM antibodies can also be detected by latex aggluti-
nation (LA), but this test has a significant number of
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false positive results (Huppert et al, 1968). A com-
mercially available enzyme immunoassay (EIA) also de-
tects IgM anticoccidioidal antibodies (Zartarian et al,
1997).

IgG antibody can be detected by the ability of serum
to fix complement when combined with coccidioidal
antigen. This assay, which defined the original com-
plement-fixing or CF antibody test, can also be per-
formed by immunodiffusion (IDCF), with the advan-
tage that it is not affected by anticomplementary serum.
The CF antigen is heat-labile and has been identified
as a chitinase (Zimmermann et al, 1996). EIA may also
be used to detect IgG anticoccidioidal antibodies with
comparable sensitivity to older tests (Zartarian et al,
1997), although the specificity may be less (Pappagia-
nis, 2001). IgG antibodies are detected later than IgM
antibodies but persist in those with continued active
disease. Quantitation of CF antibody has prognostic
significance. Patients with titers � 1:16 are at greater
risk of dissemination. Moreover, detection of IgG an-
tibodies in the CSF supports the diagnosis of coccid-
ioidal meningitis (Pappagianis and Zimmer, 1990).

THERAPEUTIC OPTIONS

Treatment alternatives for coccidioidomycosis must be
tempered with the knowledge that there has never been
a placebo-controlled trial of any antifungal agent in
coccidioidomycosis and only one comparative trial.
Amphotericin B, formulated with deoxycholate, has
been used for the management of severe coccid-
ioidomycosis for nearly 50 years (Winn, 1959). While
no formal study has ever been done, review of pub-
lished cases suggests that intravenous amphotericin B
induces clinical improvement in up to 70% of patients
treated (Hardenbrook and Barriere, 1982). Unfortu-
nately, the well-known adverse events of amphotericin
B have limited its usefulness. In addition, intravenous
amphotericin is ineffective in coccidioidal meningitis,
and intrathecal therapy is required. Because of these
problems, the use of amphotericin B for the manage-
ment of coccidioidomycosis has generally been sup-
planted by the oral azole antifungal drugs. However,
many clinicians still prefer intravenous amphotericin B
as initial therapy for severely ill patients. In addition,
some patients will require amphotericin B if they fail
to respond to azole antifungal drugs. There are several
newer lipid formulations of amphotericin B. To date,
none of these has been shown to have superior efficacy
to the deoxycholate formulation in the treatment of
coccidioidomycosis. At this time, these newer lipid for-
mulations should be reserved for patients at risk for or
with renal dysfunction.

Currently, there are three oral azole drugs available
for the treatment of coccidioidomycosis: ketoconazole,
fluconazole, and itraconazole. Only ketoconazole has

been approved by the Food and Drug Administration
for use in coccidioidomycosis. However, most experts
prefer either fluconazole or itraconazole for the treat-
ment of coccidioidomycosis because of the perception
of increased efficacy and fewer toxicities compared to
ketoconazole. Initial studies performed by the NIAID
Mycoses Study Group and others suggested that the
minimum azole dose should be 400 mg daily and that
relapses are frequent once therapy is discontinued
(Catanzaro et al, 1983; Graybill et al, 1990; Catanzaro
et al, 1995). Recently, a comparative trial of flucona-
zole and itraconazole was completed among patients
with pulmonary and nonmeningeal disseminated coc-
cidioidomycosis. Results demonstrate that the two
azole drugs were comparable in both efficacy (flu-
conazole 50% and itraconazole 63%, p � 0.08) and
rate of relapse (fluconazole 28% and itraconazole 18%,
p � 0.2). However, the response rate was higher with
itraconazole in patients with bone disease, 52% vs.
26%, p � 0.05(Galgiani et al, 2000b).

Oral fluconazole and itraconazole have both demon-
strated usefulness in the treatment of coccidioidal
meningitis (Tucker et al, 1990; Galgiani et al, 1993),
but fluconazole is the azole of choice. Ketoconazole
should not be used to treat coccidioidal meningitis.
Newer azole antifungal drugs, such as posaconazole
and voriconazole, may have a place in the management
of coccidioidomycosis, but comparative clinical studies
are currently lacking (Catanzaro et al, 2000). Although
antifungal susceptibility testing has gained credence as
a useful technique for the management of some fungal
infections, there is no standardized method for per-
forming such an assay with Coccidioides. In fact, in an
animal model of coccidioidomycosis, susceptibility test-
ing failed to predict efficacy of antifungal agents (Gon-
zalez et al, 2001). Based on this study, such testing can-
not be recommended at this time.

Newer classes of antifungals hold promise for the fu-
ture. The 1,3-�-D-glucan synthase inhibitor caspofun-
gin, an echinocandin, was found to have efficacy in the
treatment of murine coccidioidomycosis (Gonzalez et
al, 2001). Nikkomycins, chitin synthase inhibitors, also
may find a use in the future treatment of coccid-
ioidomycosis (Hector et al, 1990). While immuno-
modulating agents such as interferon-gamma would ap-
pear to be useful adjuncts in the management of severe
coccidioidomycosis, there are no current data on use
of these agents.

Although surgery plays a smaller role in the man-
agement of coccidioidomycosis then it did in the past,
surgery still is vital as an adjunctive therapy in certain
instances. It remains the major component of therapy
in the management of pyopneumothorax and is re-
quired occasionally for extirpation of problematic 
pulmonary cavities. In addition, surgery is useful for
drainage and debridement of extrapulmonary sites that
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fail to resolve with antifungal therapy and in the place-
ment of shunt catheters in patients with hydrocephalus
due to coccidioidal meningitis (Romeo et al, 2000). Fi-
nally, many patients with coccidioidal vertebral os-
teomyelitis require surgery in addition to chemother-
apy (Wrobel et al, 2001).

TREATMENT STRATEGIES

Management of coccidioidomycosis is notoriously dif-
ficult because of the tremendous variability in course
of illness among patients with similar types of disease
and because of the multifarious nature of the disease
in any given patient. In spite of these qualifiers, useful
clinical guidelines have been published recently (Gal-
giani et al, 2000a).

Primary Pneumonia and Pulmonary Residua
The goal of therapy for primary pneumonia is to ame-
liorate symptoms. There are no data that such therapy
will prevent dissemination. The vast majority of cases
of primary pulmonary coccidioidomycosis do not re-
quire any therapy. However, it is prudent to follow all
such patients for at least 1 year to document resolu-
tion of the initial process and to ensure that dissemi-
nation has not occurred. Therapy should be considered
in those patients with severe symptoms including pros-
tration, night sweats, and weight loss; in those with el-
evated serum CF titers (� 1:16); or in those with un-
derlying conditions that increase their risk of severe
coccidioidomycosis. If treatment is initiated, it should
be continued for at least 3 to 6 months (Galgiani et al,
2000a). An oral azole, itraconazole or fluconazole, at
a minimum daily dose of 400 mg, is recommended.

Management of pulmonary residua is more complex.
Pulmonary nodules require no therapy. Most pul-
monary cavities will also require no therapy, but anti-
fungal therapy should be considered in those with per-
sistent symptoms, including cough, chest pain, and
hemoptysis. In cavities with an air-fluid level, treatment
for a secondary bacterial infection is warranted. In rare
cases, surgery may be required because of persistent he-
moptysis or an enlarging cavity despite therapy. The
mainstay of management of pyopneumothorax is sur-
gical, but most clinicians would also use adjunctive an-
tifungal therapy. For cases where treatment is indicated,
oral azole therapy similar to that for primary pneu-
monia is appropriate.

Diffuse Pneumonia and Chronic 
Pulmonary Disease

Diffuse pulmonary coccidioidomycosis, whether due 
to high inoculum exposures or to fungemia in an im-
munocompromised host, should always be treated. 
Because of the severity of this manifestation of coccid-

ioidomycosis, most clinicians would begin with intra-
venous amphotericin B, 0.5–0.7 mg/kg/day, plus a con-
comitant azole drug, � 400 mg/day, as initial therapy
and then change to an oral azole antifungal alone once
the patient is clinically stable. Antifungal therapy
should be at least 1 year in duration and many clini-
cians would recommend lifelong therapy, particularly
for the immunocompromised patient.

Chronic persistent coccidioidal pneumonia, consist-
ing of cough, fevers, inanition and other symptoms for
6 weeks or more, also requires therapy. Treatment with
an oral azole, itraconazole or fluconazole, at 400 mg
daily is usually adequate. Therapy for months to years
is the rule. Monitoring symptoms, periodically recheck-
ing sputum cultures for growth of Coccidioides, and
repeated assessment of serum CF titers is helpful in 
determining response. Similar therapy is also recom-
mended for those patients with fibrocavitary disease.
However, many of these patients will have minimal pul-
monary symptoms. In such cases, in the absence of a
positive sputum culture and elevated CF serologies,
many authorities consider it appropriate to withhold
antifungal therapy and observe the patient over time.

Disseminated Nonmeningeal Coccidioidomycosis
With rare exceptions, all forms of extrathoracic dis-
seminated coccidioidomycosis require antifungal ther-
apy. For nonmeningeal disseminated coccidioidomyco-
sis, the type of antifungal therapy will depend on the
clinical severity of disease. In those patients hospital-
ized because of coccidioidomycosis, intravenous am-
photericin B, 0.5–0.7 mg/kg/day, should be initiated.
Many clinicians experienced in the management of coc-
cidioidomycosis would combine this at the outset with
an oral azole, itraconazole or fluconazole, at 400 mg
or more daily. While there is a theoretical risk of an-
tagonism between two classes of drugs, polyenes and
azoles (Sugar, 1995), this phenomenon has not been
observed clinically in coccidioidomycosis. In fact, anec-
dotally, many patients appear to improve on such com-
bined coverage. Once the patient has stabilized clini-
cally, usually over 4 to 6 weeks, the amphotericin B
can be stopped, leaving the patient on oral azole ther-
apy only. However, some patients fail azole therapy af-
ter responding to amphotericin B. In such cases, rein-
stitution of amphotericin B will be required. Because
relapse is frequent, particularly with oral azoles (Gray-
bill et al, 1990; Catanzaro et al, 1995), azole therapy
should be continued for a prolonged period, often
years. Patients should be periodically monitored for ev-
idence of disease activity at the site of dissemination,
either through direct clinical observation or through
imaging. In addition, CF serology should be obtained
at 3- to 6-month intervals. Assessment of coccidioidal-
specific cellular immunity at similar time points is help-
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ful. There are no strict guidelines for discontinuing 
therapy in patients with disseminated nonmeningeal
coccidioidomycosis and some patients may require life-
long therapy. In a retrospective study, Oldfield and col-
leagues found that relapse was more frequent in those
with a peak CF titer of � 1:256 and in those who had
persistently negative coccidioidal skin tests. End-of-
therapy CF titer was not predictive (Oldfield et al,
1997). The risk of relapse is between 15% and 30%
after azole therapy is discontinued. Relapses usually oc-
cur at the site of initial disease and within 1 year of
stopping therapy (Graybill et al, 1990; Catanzaro et al,
1995; Galgiani et al, 2000b). It is reasonable to taper
and then stop antifungal therapy in a patient with dis-
seminated nonmeningeal coccidioidomycosis if there is
minimal or no evidence of clinical disease; if the CF
titer is � 1:2 when the peak CF titer was originally
� 1:256; and if there is evidence of return of cellular
immune response. Such patients should be followed at
3-month intervals to ensure that relapse does not occur.

Coccidioidal Meningitis
Intrathecal amphotericin B was the first effective treat-
ment for coccidioidal meningitis (Einstein et al, 1961).
Unfortunately, this method of administering the drug
is associated with numerous adverse reactions, includ-
ing discomfort due to repeated injections, arachnoidi-
tis, myelitis, inadvertent brain stem puncture, and sec-
ondary bacterial infection. In 1993, a noncomparative
study of oral fluconazole at 400 mg daily demonstrated
a nearly 80% response rate to therapy, including sub-
jects previously on intrathecal amphotericin B (Galgiani
et al, 1993). In an earlier study, itraconazole also ap-
peared to have efficacy (Tucker et al, 1990). Currently,
the vast majority of patients receive an oral azole drug,
preferably fluconazole, as their sole treatment for this
form of disseminated coccidioidomycosis. Some clini-
cians will initiate therapy with doses � 400 mg daily
and then reduce to 400 mg daily once the patient is
stable (Galgiani et al, 2000a). Voniconazole has been
used in a limited number of cases (Kortez et al, 2003).
Current data suggest that the risk of relapse is exceed-
ingly high if azole therapy is discontinued in patients
with coccidioidal meningitis (Dewsnup et al, 1996).
Therefore, therapy should be lifelong. If hydrocephalus
occurs during treatment, a shunt is indicated but no
change in medication is required (Galgiani et al,
2000a). Some clinicians feel that clinical cure may be
possible with the combination of intrathecal ampho-
tericin B (0.01–1.5 mg dosed daily to weekly) and oral
azole (� 400 mg daily) therapy (Stevens and Shatsky,
2001). In addition, the colloidal dispersion formulation
of amphotericin B (ABCD) may be less toxic than the
deoxycholate formulation for intrathecal injection
(Clemons et al, 2001). Unpublished data suggest that

intravenous infusion of liposomal amphotericin B may
have efficacy in coccidioidal meningitis (personal com-
munication, Paul Williams). Future studies should clar-
ify these issues.

PREVENTION

Because coccidioidomycosis is usually acquired envi-
ronmentally, there are no established methods to pre-
vent infection within the endemic area. Measures that
reduce dust, such as paving of roads or wetting soil at
sites of construction, are probably helpful. Individuals
who wish to reduce their risk of becoming infected
should avoid activities that cause them to be exposed
to soil. In addition, there have been recent efforts at at-
tempting to predict when climatic conditions might in-
crease the risk of coccidioidomycosis within certain ar-
eas (CDC, 2003).

As noted above, several antigens have been identi-
fied that have been demonstrated to protect animals
from experimental coccidioidomycosis. In the future,
these antigens could be used to develop a human 
vaccine.
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Paracoccidioidomycosis
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Paracoccidioidomycosis is an endemic fungal infection
of pulmonary origin that disseminates to different sites,
notably oral mucous membranes, adrenal glands, retic-
ulo-endothelial system and skin; other organs may also
be involved. The disease tends to run a chronic course
with acute cases being rare; outbreaks have not been
reported. Four clinical presentations are recognized: re-
gressive subclinical infection, progressive disease that
can be either chronic (adult-type), or acute/subacute
(juvenile-type), and the residual form. This mycosis has
certain peculiarities such as its restricted geographic dis-
tribution to Latin America, the predominance of male
patients and the long periods of latency elapsing from
the time of infection to the manifestations of overt dis-
ease. The etiologic agent is a thermally dimorphic fun-
gus Paracoccidioides brasiliensis which at 35°C–37°C
has a yeast form characterized by a mother cell sur-
rounded by multiple blastoconidia resembling a pilot’s
wheel. At lower temperatures (� 28°C) the fungus
grows as a mould that sporadically gives rise to coni-
dia. The fungus microniche in nature has not yet been
precisely defined. The disease can be successfully treated
although fibrotic sequelae are common. A comprehen-
sive review in l994 describes the various aspects of the
mycosis and its etiologic agent (Franco et al, 1994).

MICROBIOLOGY

Paracoccidioides brasiliensis is a dimorphic fungus that
in host’s tissues and in cultures at 36°C–37°C grows
as a yeast (Y) whereas at lower temperatures (� 28°C),
it develops as a mould (M). This eukaryotic micro-
organism is presently known only in its asexual
(anamorph) state (Lacaz et al, 2002; Lacaz et al, 1998;
Queiroz-Telles F, 1994).

Yeast colonies appear within a week of incubation
at 36°C (range 28°C–37°C); they are soft, wrinkled and
tan to cream. Microscopically, colonies reveal yeast
cells of varying sizes (4–35 �m) and shapes but with
predominance of round to oval structures. The most
characteristic grouping is that a of mother cell sur-
rounded by multiple buds of equal or different sizes re-
sembling a pilot’s wheel; the buds may present a con-

necting bridge with the mother cell. Sometimes single
cells, with one bud or arranged in short chains can be
observed; chalice-, balloon-shaped or broken cells are
not infrequent. The yeast has a thick, refractile cell wall
and contains prominent intracytoplasmic lipid vacuoles
(See Color Figs. 21–1 and 21–2 in separate color in-
sert.) (Lacaz et al, 2002; Lacaz et al, 1998; Brummer
et al, 1993; Queiroz-Telles, 1994).

At temperatures ranging from 19°C to 28°C, P.
brasiliensis grows as a mould; growth is rather slow,
15 to 30 days. It produces white to tan, irregularly
shaped colonies with short hairy-looking mycelia; some
isolates produce a brown pigment. Growth in solid 
media is often accompanied by cracks in the agar. Mi-
croscopic preparations from the mould, grown in the
usual glucose-rich media, reveal only thin, septated hy-
phae with sparse terminal and intercalary chlamy-
dospores. The latter are considered resistant structures
and can also play a role in mycelial (M) to yeast (Y)
transition by becoming yeast cells under the influence
of temperature (Brummer et al, 1993; Lacaz et al, 2002;
Lacaz et al, 1998). When grown under nutritional dep-
rivation certain isolates produce conidia which vary
from centrally bulging arthroconidia, single-celled to
pear-shaped microconidia, all less than 5�m. Conidia
respond to temperature changes, transforming either
into yeast cells at 36°C or producing hyphae at
20°C–24°C. Furthermore, conidia are infectious for
mice and produce a chronic, disseminated process
(McEwen et al, 1987; Cock, 2000). Paracoccidioides
brasiliensis conidia and yeast cells have been shown to
produce melanin-like compounds, both in vitro and in
vivo. This may explain pigmentation in culture and ad-
ditionally, melanin may play a role in pathogenesis
(Gómez et al, 2001).

Under the electron microscope the mycelium’s cell
wall is composed of two layers, the outermost made of
�-1,3-glucan fibrils and the innermost, of rigid chitin
fibrils. The septum comes from a deep invagination of
the latter layer and of the cytoplasmic membrane; their
growth towards the hyphal axis leaves a pore associ-
ated with Woronin bodies (Queiroz-Tellez, 1994). The
yeast has a thicker cell wall composed mainly of �-1,3-
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glucan that at its outermost layer has a slime surface
of complex mucopolysaccharides (Queiroz-Tellez,
1994, San Blas and San Blas, 1994). Differences in cell
wall glucose polymers in the two forms are important
in the host-parasite interactions because macrophages
do not have alpha glucanase and are unable to degrade
the yeast cells (San Blas and San Blas, 1994; San Blas
and Niño-Vega, 2000).

Woronin bodies tend to place P. brasiliensis in the
subphylum Ascomycotina, series Prototunicatae, order
Onygenales family Onygenaceae (Queiroz-Tellez, 1994).
Molecular studies have confirmed this classification,
placing P. brasiliensis close to Blastomyces dermatitidis
and Emmonsia parva in the phylogenetic tree (Bialek
et al, 2000a).

Paracoccidioides brasiliensis electrophoretic kary-
otype indicates a genome within a 45.7 to 60.9 Mbp
size range. Each separate chromosomal band appears
to be diploid (Cano et al, 1998; Montoya et al, 1999).
Paracoccidioides brasiliensis M and Y forms are aero-
bic and require ample oxygen supply for their growth;
however, in residual lesions, yeast cells tolerate oxygen
restriction and can be recuperated only if cultured un-
der microaerobic conditions (Brummer et al, 1993).

The host’s hormones influence P. brasiliensis M to
Y transition. The original studies, which arose in 
response to the observed predominance of male over
female patients (ratio 14/1) (Brummer et al, 1993), re-
vealed that in vitro P. brasiliensis secretes an estradiol-
binding protein that attaches to the female hormone.
Through regulation of protein expression, estradiol
binding hinders the M to Y transformation (Restrepo
et al, 1997). Other investigators have shown female
mice at estrus (higher blood estrogen levels) cleared
yeast from their tissues more efficiently (Sano et al,
1992). Aristizábal and coworkers infected male and fe-
male mice with conidia and observed different re-
sponses; in normal males conidia transformed into
yeast cells and these multiplied actively resulting in pro-
gressive infection, whereas in normal females such tran-
sition was halted, fungal proliferation was inhibited
and the infection was controlled (Aristizábal et al,
1998; Aristizábal et al, 2001). These results further
support a role for 17�-estradiol in the innate resistance
of females to paracoccidioidomycosis.

Isolates of P. brasiliensis are not equally virulent; fur-
thermore they tend to lose virulence upon subculturing
and regain it through animal passage (Brummer et al,
1993). Different P. brasiliensis isolates separated by
random amplified polymorphic DNA analysis (RAPD)
into two different patterns were used to inoculate mice.
One RAPD group elicited a localized infection while
the other gave rise to a disseminated infection (Moli-
nari-Madlum et al, 1999). Virulence factors have not
been completely defined but dimorphism and the yeast

non-degradable �-1,3-glucan cell wall polymer are im-
portant (San Blas and San Blas, 1994; San Blas and
Niño-Vega, 2000). During the M to Y transition, an
hsp70 gene is expressed differentially in the latter, in-
dicating that this step is advantageous for the Y form
as it increases resistance to environmental stress, a re-
quirement for parasite survival in the mammalian host
(Silva et al, 1999).

Isolates of P. brasiliensis from diverse geographical
regions were studied by molecular biology tools (RAPD
and RFLP). A dendogram showed high degree of sim-
ilarity among strains with genetic differences expressed
in clusters related to geographical origin. Five different
groups were sorted, each of which was geographically
distinct and corresponded to present country borders.
The results support the concept that P. brasiliensis in-
fections are acquired from exogenous sources and that
this fungus occupies special niches within the natural
environment (Niño-Vega et al, 2000).

GEOGRAPHIC DISTRIBUTION

Paracoccidioidomycosis is limited to Latin America
where it is regularly reported from Mexico (23°N)
downwards to Argentina (34°S), albeit not with the
same frequency. Brazil is the country accounting for
over 80% of all reports, followed at good distance by
Venezuela, Colombia, Ecuador, and Argentina (Brum-
mer et al, 1993; Blotta et al, 1999). No cases have been
reported in Chile, Surinam, the Guyana, Nicaragua, or
Belize. With rare exceptions (one case each in Trinidad,
Grenada, and Guadaloupe), the Caribbean Islands ap-
pear free of the mycosis (Brummer et al, 1993; Re-
strepo, 1994; Wanke and Londero, 1994).

In countries reporting paracoccidioidomycosis, cases
are diagnosed specifically in regions with significant
rainfall, abundant forests, watercourses and limited
temperature variations (17°C–24°C) (Restrepo, 1994).
In a large series of Colombian cases, the municipalities
implicated by the patients as their birth and permanent
residence represented only 20.3% of the country’s mu-
nicipalities. Several ecological variables were studied at
these sites and the incidence rate ratio was determined
by multivariate analysis. The following ecological vari-
ables fitted the model: altitude from 1000 to 1499 me-
ters above sea level, rainfall from 2000 to 2999 mm,
presence of humid forests and coffee/tobacco crops
(Calle et al, 2001).

The precise microniche of P. brasiliensis has not been
ascertained and its isolation from nature has only been
reported on six occasions (Franco et al, 2000). The fun-
gus has also been cultured from an animal forage pos-
sibly contaminated with soil. Puzzling reports indicate
isolation from bat guano and penguin feces (Franco et
al, 2000). The recognition of the particular site where
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the fungus has its habitat has been hindered by the long
latency periods recognized in patients reported in
nonendemic areas, and by the lack of either epidemic
outbreaks or acute cases (Franco et al, 1989; Brummer
et al, 1993; Restrepo, l994; Restrepo, 2000).

Fifty-three cases of paracoccidioidomycosis have
been reported from countries outside of the recognized
endemic areas; 29 from Europe, l5 from the United
States, 8 from Japan, and 1 from the Middle East
(Brummer et al, 1993; Borgia et al, 2000; Manns et al,
1996; Giovanni et al, 2000; Restrepo, 2000). All of
these patients had either lived or visited the Latin Amer-
ica endemic regions prior to the appearance of clinical
manifestations. In 75% of these cases, the disease was
diagnosed an average of 14 years (range 4 months–60
years) after departure from the endemic zones (Re-
strepo, 1994; Restrepo, 2000). In lymph node biopsies
from patients with active and inactive (residual) lesions,
intact and multiple budding yeast cells were found to
be more numerous (49% and 33%) in active than in
residual lesions (21% and 5%), with aberrant yeast
cells predominating in the latter (76%). The low num-
ber of active cells remaining in walled-off lesions may
have bearing on the prolonged latency of this infection
(Restrepo, 2000).

This long latency clearly indicates that the patient
can acquire the infection in a place different to the one
where the diagnosis is made. Borelli postulated the con-
cept of a reserved area (reservárea), a term that defines
the site where the fungus has its natural habitat and
the primary infection is acquired. By contrast, the en-
demic area is the site where the mycosis is diagnosed
or reported (Borelli, 1972; Restrepo et al, 2001).

Ecology
Search for the habitat has been intense but unreward-
ing (Restrepo, 1994). It has been noticed that anthropic
changes in endemic areas are important source of ex-
posure (Restrepo, 2001). The records of 36 children di-
agnosed in the state of Rio de Janeiro were analyzed
(Blotta et al, 1999). Most (44%) of these patients came
from rural counties where appropriate environmental
conditions were present (Rios-Gonçalves et al, 1998).
These authors noticed that the abundant native forests
had been gradually reduced over the years due to an-
thropic forces. In another study done in two Amazon-
ian states where paracoccidioidomycosis had been rare,
13 childhood cases had been diagnosed. These children
had lived permanently around forested areas where in-
tense human colonization resulted in gradual destruc-
tion of the original ecosystem (Fonseca et al, 1999).

Paracoccidoidin skin testing reagents have not been
standardized and they cross-react with Histoplasma
capsulatum, a fungus well established in the paracoc-
cidioidomycosis endemic regions. Nevertheless, skin
tests have been useful in detecting subclinical infections

(Naiff et al, 1988; Pereira, 1988; Restrepo, 1994). For
instance, investigators used paracoccidioidin in places
of birth and only residence of children with paracoc-
cidioidomycosis. Logistic regression analyses showed
that vicinity to certain water sources, contact with ar-
madillos and work in orchards were associated with in-
creased skin sensitivity (Cadavid and Restrepo, 1993).
In Rio de Janeiro, Brazil, 34% of the children tested
reacted to paracoccidioidin and their distribution by
county of residence indicated that most (74%) inhab-
ited the foothills around a particular sierra (Rios-
Gonçalves et al, 1998).

In the Amazon River basin, positive paracoccidioidin
skin test reactions were significantly higher (43.3%) in
a particular tribe that had adopted novel agricultural
practices (planting coffee) which required the felling of
trees in the forest; this activity increased the likelihood
of exposure to P. brasiliensis (Coimbra et al, 1994).
Similar testing in residents of the Corrientes province,
Argentina, where paracoccidioidomycosis had never
been diagnosed, revealed 11.4% positive reactions.
This province is close to the Brazilian Paraná’s River
dam where construction of a hydroelectric plant
brought great anthropic changes (Mangiaterra et al,
1999). The above data indicate that disturbances in the
reservarea constitute an important factor leading to P.
brasiliensis infection.

The existence of naturally infected animals had not
been proven to satisfaction until l986, when researchers
working in the Brazilian jungles of Pará isolated P.
brasiliensis from the organs of several nine-banded ar-
madillos (Naiff et al, 1986). The corresponding isolates
were shown by immunological and experimental ani-
mal studies to be identical with human P. brasiliensis
isolates (Peraçoli et al, 1999; Silva-Vergara et al, 1999).
Overall, 36% of 100 armadillos examined had P.
brasiliensis in their lungs, spleens, livers and/or mesen-
teric lymph nodes (Bagagli et al, 1998; Silva-Vergara
et al, 1999; Restrepo, 2001; Silva-Vergara et al, 2000).
Recently, a seroepidemiologic study indicated that dogs
can also be infected with this fungus as specific anti-
bodies and skin test hypersensitivity to the dominant
gp43 antigen were demonstrated (Ono et al, 2000).

EPIDEMIOLOGY

Paracoccidioidomycosis may occur as an infection or
as a disease; the former is defined as an asymptomatic
or subclinical infection occurring in normal individu-
als of the endemic areas in whom skin tests with para-
coccidioidin prove reactive. The accidental demonstra-
tion of healed, residual P. brasiliensis-containing lesions
in persons with no signs or symptoms of the mycosis
documents the existence of the subclinical infection
(Angulo and Pollak, 1971; Montenegro and Franco,
1994; Restrepo, 2000). By contrast, overt disease is
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characterized by an array of signs and symptoms (See
Clinical Manifestations).

Since paracoccidioidomycosis is not a reportable dis-
ease, prevalence and incidence rates are difficult to as-
sess. In Brazil annual incidence rates of 1 to 3 per
100,000 inhabitants and a mean mortality rate of 0.14
per 100,000 have been estimated (Coutinho et al, 2002;
Wanke and Londero, 1994). In Colombia, lower but
fluctuating incidence rates (0.05 to 0.22/100,000 in-
habitants) have been recorded during a 30-year period
(Torrado et al, 2000). Extrapolating these figures to
the total Latin American population suggests that over
l0 million persons may have been infected with the fun-
gus. Considering that this mycosis afflicts mostly men
in their productive years, the impact of paracoccid-
ioidomycosis on the region’s economy would be sig-
nificant (Londero et al, 1988; Lacaz et al, 1991; 
Negroni, 1993; Wanke and Londero, 1994; Blotta et
al, 1999).

Demographic Data
Age. Clinically manifest paracoccidioidomycosis is in-
frequent in children, adolescents and young adults who
represent only 5% to l0% of all cases. Most (60%) pa-
tients are 30–50 years old. Subclinical infection meas-
ured by skin tests is also more common in adults al-
though in certain areas, a significant number of children
and youngsters have also been infected (Lacaz et al,
2002; Wanke and Londero, 1994; Londero et al, 1996;
Blotta et al, 1999).

Gender. One of the most peculiar aspects of overt
paracoccidioidomycosis is its distribution by gender.
Although the average male to female ratio is l4:1, in
Argentina, Colombia and Venezuela this ratio can be
higher, 70:1 (Lacaz et al, 2002; Negroni, 1993; Re-
strepo et al, 1997, San Blas and Niño-Vega, 2000).
Noteworthy, in children gender differences are not sig-
nificant, nor does the frequency of subclinical infec-
tions vary according to gender, even in the adult pop-
ulation (Naiff et al, 1988; Pereira, 1988; Restrepo et
al, 1997; Blotta et al, 1999).

Race. Due to the fact that interbreeding is common in
Latin America, race influences are not apparent. Im-
migrants into endemic areas usually develop a severe
disease indicative of their greater susceptibility to P.
brasiliensis (Lacaz et al, 2002). The role of HLA anti-
gens on this mycosis has been studied but no evidence
of a specific association has emerged (Dias et al, 2000).

Occupation. Most (� 70%) patients with this mycosis
have jobs centered in agriculture. In Uruguay, the dis-
ease is recognized as an occupational hazard as most
cases occur in lumberjacks (Londero and Melo, 1988;
Lacaz et al, 2002; Wanke and Londero, 1994).

Other Factors. Inadequate nutrition, smoking and al-
coholism are considered predisposing conditions (La-
caz et al, 2002; Martinez and Moya, 1992; Negroni,
1993; Wanke and Londero, 1994).

HISTOPATHOLOGY

The early manifestations of paracoccidioidomycosis in
man are not known as the time of exposure/infection
cannot be determined. Data derived from animal mod-
els have delineated the initial steps and shown that few
hours after challenge, polymorphonuclear leukocytes
accumulate around fungal propagules. Within a day,
mononuclear cells are noticed, increase progressively
and gradually begin to transform into epithelioid cells.
A week after challenge, granulomas form; epithelioid
and giant cells surround P. brasiliensis and limited
phagocytosis of the organism occurs. Granulomas in-
crease in size and coalesce. Initially, granulomas are
compact and contain only a few yeast cells as if the
host’s defenses had succeeded in restraining fungal mul-
tiplication. However, with progression of the infection,
granulomas become loose and yeast cells enter into ac-
tive multiplication. At this time, marked immunode-
pression can be demonstrated (McEwen et al, 1987;
Singer-Vermes et al, 1993; Camargo and Franco, 2000;
Cock et al, 2000). The epithelioid granuloma is the his-
tological hallmark of paracoccidioidomycosis (Franco
et al, 1994; Montenegro and Franco, 1994; Soares,
2000b; Diniz et al, 2001). In experimental animals 
the presence of loose granulomas composed of large
mononuclear cells is associated with spleen hypoplasia
and depressed immune responses (Soares et al, 2000a).

In animals the initial lung lesion occurs at the alve-
olar level and is exudative or granulomatous (Singer-
Vermes et al, 1993; Lenzi et al, 1994; Burger et al,
1998; Cock et al, 2000). In humans, pneumonic foci
exhibit acute alveolitis accompanied by proliferation of
reticulin fibers and interstitial and peribronchial gran-
ulomatous inflammation surrounded by marked fibro-
sis (Angulo and Pollak, 1971; Tuder et al, 1985; Valle
et al, 1992; Franco et al, 1994; Montenegro and
Franco, 1994). Fibrosis is prominent in the perihilar re-
gion, the main bronchi, their branches and the large
pulmonary vessels. Human autopsy and experimental
animal studies have revealed that fibrosis is the result
of an active, progressive pulmonary infection charac-
terized by strong inflammatory responses centered on
the granuloma. Collagen I and reticulin type fibers are
visible and contribute to transformation of the lungs
into a consolidated structure no longer capable of
proper gaseous exchange.

In lymph nodes, cortical granulomas are formed ini-
tially but with time the inflammatory response involves
the whole structure; in this case fistulae are formed. In-
volvement of the lymph node capsule facilitates coa-
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lescence of neighboring nodes with formation of large
tumor-like masses. In the adrenal glands, lesions may
be restricted or extensive; granulomas, necrosis and fi-
brosis cause marked enlargement and damage to the
glands. Histopathology of the mucosa and skin shows
epithelioid granulomas and intraepithelial abscesses;
pseudoepitheliomatous hyperplasia is common, and
central caseous necrosis may be present. In ulcerated
skin lesions or ruptured lymph nodes, granulomas are
associated with a mixed pyogenic infiltration (Angulo
and Pollak, 1971; Mendes, 1994a; Montenegro and
Franco, 1994).

PATHOGENESIS

Clinically, paracoccidioidomycosis may be cataloged as
an infection or as a disease (Mendes, 1994a). Infection
is contagion in the absence of clinical manifestations
while disease is overt illness. Paracoccidioidomycosis is
regressive if only mild pulmonary symptoms were ex-
perienced and required no medical treatment. The dis-
ease is progressive when clinical manifestations become
apparent such as in the acute/subacute form (juvenile
type) and the chronic adult-type disease. The acute/
subacute form is characterized by predominant dissemi-
nation to the reticulo-endothelial system. Cell-mediated
immunodepression is a regular feature of this form of
disease. As implied by its name, the chronic form has
a more prolonged course (months to years) and is man-
ifested by important lung damage, as well as by extra-
pulmonary manifestations. Cellular immune responses
are variable (Brummer et al, 1993; Negroni, 1993;

Mendes, 1994a; Bethlem et al, 1999). The residual form
of disease is represented by the sequelae, e.g., pul-
monary fibrosis and lymphatic obstruction, at the sites
of formerly active lesions. (Londero, 1986; Mendes,
1994a; Montenegro and Franco, 1994) (Table 21–1).

In paracoccidioidomycosis, the host’s immune re-
sponse defines to a great extent the outcome of the in-
fectious process. Both humoral and cellular immune re-
sponses play prominent roles.

Humoral Response
Almost all patients produce specific anti-P. brasiliensis
antibodies and sometimes in abundance, as demon-
strated by polyclonal activation and production of high
levels of specific IgA and IgG isotype, as well as IgE
antibodies (Mendes-Gianinni et al, 1994; Baida et al,
1999; Souza et al, 2000; Valle et al, 2000; Juvenale et
al, 2001; Mamoni et al, 2001). Anti-idiotypic anti-
bodies are detected in a large proportion of patients
with the acute/subacute form of disease but not in
chronic cases; these antibodies may play a part in the
modulation of the immune response (Souza et al, 2000).
Antibodies do not appear to play a role in host pro-
tection because high titers tend to parallel disease sever-
ity (Restrepo et al, 1983; Brummer et al, 1993; Blotta
and Camargo, 1993; Del Negro et al, 2000; Valle et
al, 2000; Juvenale et al, 2001). However, in high and
low antibody responder mice infected with P. brasilien-
sis, the highest mortality and the most extensive dis-
semination were found in the low responder group
(Soares et al, 2000b). Additionally, mice develop spe-
cific antibody recognition patterns during infection sug-

TABLE 21–1. Paracoccidioidomycosis: Characteristics of the Clinical Forms
Clinical Forms Definition Special Aspects Host Immune Status Immune Responses

Infection Contagion with no clinical Defined by positive Normal Average positive skin 
manifestations skin test reactions: 12%–20%

Disease subdivided Presence of signs and Male to female ratio � 14:1 Variable Inbalance of the
in two broad symptoms two arms of the
categories immune response

1. Regressive (residual) Mild pulmonary symptoms Goes unnoticed but is shown Normal and active Host able to
not requiring medical at autopsy in persons not contain fungal
treatment known to have had disease infection

2. Progressive Disseminated disease Age and immune status Abnormal Humoral response is
involving several influence clinical aspects intense. Cellular
organs/systems immunity is depressed

2a. Acute/subacute or Significant involvement of Common in children, Significant immuno- High titers of
juvenile form the reticuloendothelial adolescents and young depression antiidiotypic

system adults antibodies but
CD4 cells are
inactive

2b. Chronic or adult • Unifocal Often lungs are involved but Normal to depressed Balance of the immune 
type form • Multifocal respiratory symptoms may response tends to be

Defined on number of be minimum preserved
organs affected



Paracoccidioidomycosis 333

gesting their interaction during progressive infection
(Vaz et al, 1992). Circulating immune complexes have
been detected in patients with depressed T-cell re-
sponses and appear to participate in cell-mediated im-
munodepression (Miura et al, 2000).

Cell-Mediated Response
Cellular immunity is crucial in disease control, ex-
plaining in part why patients with the acute/subacute
progressive form are incapable of responding to mito-
gens and/or skin tests (Shikanai-Yasuda et al, 1992a;
Musatti et al, 1994; Calich et al, 1998; Sugizaki et al,
1999; Karhawi et al, 2000; San Blas and Niño-Vega,
2000; Benard et al, 2001; Fornari et al, 2001). A cor-
relation between high antibody titers, lack of T-cell
lymphocyte responsiveness and severity of disease has
become apparent. Adult patients with the progressive
but less severe unifocal disease have low or unde-
tectable anti-P. brasiliensis antibody titers and normal
or slightly depressed cell mediated immune responses.
This pattern is reversed in patients with progressive
multifocal disease who exhibit high antibody levels and
significant depression of cell mediated immune functions.

This disparity between humoral and cellular immune
responses is dependent on the cytokines produced in
response to fungal invasion, as initially demonstrated
in experimental animal infections (Burger et al, 1998;
Cano et al, 2000; Deepe et al, 2000; Kashino et al,
2000; Mendes-Gianinni et al, 2000; Soares et al, 2000a;
Souto et al, 2000). In these models the predominance
of a Th-2 cytokine pattern has been repeatedly demon-
strated. Increased production of Th-2 cytokines (IL-10
IL-2, IL-4, and TNF-�) also occurs in severely ill 
patients whereas Th-1 cytokines, especially IL-2 and
IFN-�, decrease significantly (Musatti et al, 1994;
Karhawi et al, 2000; Kurita et al, 2000; Benard et al,
2001; Diniz et al, 2001; Fornari et al, 2001). TH-2 cy-
tokines appear to also influence the production of spe-
cific antibody isotypes. Thus, IgE and IgG4 production
that depend on IL-4 for switching, are significantly
higher in those patients with severe disease (Baida et
al, 1999). Eosinophils are increased in some patients
with the juvenile form of the mycosis, perhaps reflect-
ing the Th-2 cytokine influence, as eosinophilia is re-
lated to IL-5 overproduction (Shikanai-Yasuda et al,
1992b)

The loss of immune balance observed in acute/suba-
cute patients could also be influenced by the acceler-
ated growth rate of P. brasiliensis in tissues as a heavy
fungal load may down-regulate Th-1 responses, thereby
favoring Th-2 cytokine expression (Musatti et al, 1994;
Sugizaki et al, 1999; Diniz et al, 2001; Fornari et al,
2001). In support of this hypothesis, reduction of fun-
gal load by antimycotic therapy is accompanied by
restoration of the patient’s immune capacity with de-

layed skin hypersensitivity, lymphocyte proliferative re-
sponses and production of Th-1 cytokines, especially
INF-� (Karhawi et al, 2000)

Experimental models mimic human paracoccid-
ioidomycosis and allow modulation of the immune re-
sponses (Singer-Vermes et al, 1993; Calich et al, 1998;
Cano et al, 2000; Deepe et al, 2000; Kashino et al,
2000; Soares et al, 2000b; Souto et al, 2000). Disrup-
tions of the genes coding for certain cytokines (IL-4 and
IL-12, INF-�) have revealed that IL-12 and INF-� are
essential for protection while IL-4 may play a dual role.
In patients, a lack of balance between IL-12 and IL-10
has also been associated with immunosuppression 
(Benard et al, 2001). Thus, active cellular immune re-
sponses can be correlated with an adequate control of
the disease (Mussatti et al, 1994; Sugizaki et al, 1999;
San Blas and Niño-Vega, 2000).

The macrophage is the most important effector cell
in paracoccidioidomycosis but only if activated by 
IFN-�. Otherwise the macrophage is permissive to fun-
gal multiplication (See Color Fig. 21–3 in separate color
insert). Once activated, peritoneal murine macrophages
inhibit the conidia to yeast transition resulting in sig-
nificant propagule destruction (Gónzalez et al, 2000).
Killing is independent of oxygen-related mechanisms
and is accomplished through nitric oxide and the 
L-arginine-nitric oxide pathway. By contrast, nitric ox-
ide inhibitors arrest propagule transition, facilitating
permissiveness of macrophages to intracellular fungal
multiplication. Studies indicate that P. brasiliensis at-
taches to macrophages and facilitates its own uptake
probably through cell wall components, among them
the major glycoprotein (gp43) antigen (Almeida et al,
1998).

Polymorphonuclear neutrophils (PMNs) are also of
great importance in the host–parasite interaction, es-
pecially during the initial stages. As shown in animal
models, PMNs are the first and most prominent cells
in the inflammatory infiltrate and participate actively
in phagocytosis of the infecting propagules (Gónzalez
and Cano, 2001; Kurita et al, 2000). PMNs inhibit and
may even kill P. brasiliensis through the dual influence
of several oxygen reactive intermediates and cytokines
such as IL-1 beta and GM-CSF.

Development of fibrosis is another important facet
of the host–parasite interaction. Fibrosis is mediated 
by fungal adherence to the extracellular matrix com-
ponents. A tridimensional network of collagen, fi-
bronectin, laminin and proteoglycans surrounds fungal
cells in active multiplication. The ability of P. brasilien-
sis to bind to the extracellular matrix components ac-
tivates growth factors and cytokines, reflecting the
complexity of the host–parasite interactions (Lenzi et
al, 1994; Burger et al, 1998; Cock et al, 2000; Mendes-
Giannini et al, 2000).
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CLINICAL MANIFESTATIONS

Paracoccidioidomycosis was first described in l908 by
Lutz in Brazil; Splendore studied more cases but mis-
took the disease for another fungal disease, namely,
coccidioidomycosis. Years later, Almeida differentiated
both fungi and gave P. brasiliensis its present name 
(Lacaz et al, 1991). All evidence indicates that infec-
tion is acquired by inhalation of the mycelium-derived
propagules. For a number of years, many workers ad-
hered to the original concept of traumatic implantation
via contaminated plant materials (Franco et al, 1989;
Lacaz et al, 1991). However, pathological and clinical
data, as well as experimental studies, have made it clear
that inhalation of infectious particles is the mode of
transmission (Giraldo et al, 1976; Londero, 1986; Re-
strepo, 1994; Niño-Vega et al, 2000; Roldán et al,
2001). Figure 21–4 presents the natural history of para-
coccidioidomycosis.

Overt paracoccidioidomycosis is a pleomorphic dis-
ease that may affect any organ or system and resemble
other conditions, thus making diagnosis difficult in
many patients. Almost all patients complain of consti-
tutional symptoms such as malaise, weight loss, asthe-
nia, and sometimes fever, plus an array of organ spe-
cific symptoms as described below. Delay in diagnosis
results in progression of the disease and establishment
of sequelae (Angulo and Pollak, 1971; Londero 1986;
Franco et al, 1989; Lacaz et al, 2002; Negroni, 1993;
Benard et al, 1994; Mendes, 1994a; Bethlem et al,
1999).

Lungs
The lungs are not only the primary site of infection but
also the preferred fungal target. In 30% of the cases
this is the only organ involved although at autopsy,
over 90% of patients reveal lung pathology. The

FIGURE 21–4. Natural history of paracoccidioidomycosis (Adapted from Montenegro and Franco, 1994).
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paucity of respiratory symptoms is remarkable even in
patients with extensive radiographic findings. Physical
examination may also be unrevealing, thus signaling
the characteristic dissociation between scarcity of signs
and symptoms and prominent radiographic abnormal-
ities (Tuder et al, 1985; Londero, 1986; Londero and
Melo, 1988; Restrepo et al, 1989; Valle et al, 1992;
Mendes, 1994a; Tobón et al, 1995; Teixeira et al,
2000).

The most frequent respiratory symptom is produc-
tive cough (57%) and 11% of patients will have blood-
tinged sputum. Chest pain is uncommon but dyspnea
is a major complaint and its progression results in se-
rious disability of the patient. Alteration of the normal
respiratory sounds (rales, rhonchi, hypoventilation) are
regularly detected. Plain chest X-rays reveal mostly in-
filtrative lesions of the alveoli or the interstitium al-
though mixed lesions can also be observed; usually in-
filtrates are bilateral, symmetrical and preferentially
located in the central and lower lobes (Figs. 21–5,
21–6). The apices are involved occasionally. In some
patients the infiltrates are rather small in size and dis-
persed throughout the lungs.

Interstitial lesions may acquire a nodular or fibron-
odular character and persist even after proper treat-
ment (Naranjo et al, 1990; Valle et al, 1992; Tobón et
al, 1995). Cavities can be detected regularly by chest
tomography (Fumari et al, 1999). Fibrosis is observed
in approximately 60% of the cases and is characterized
by honeycombing, often accompanied by bullae and
emphysema (Tuder et al, 1985; Tobón et al, 1995; Fu-
mari et al, 1999). Such lesions constitute the sequelae
of an active mycotic process against which the host re-
sponded immunologically (Lenzi et al, 1994; Cock et
al, 2000). Computerized tomography of the lungs re-

veals bilaterally symmetrical interstitial abnormalities
such as interlobular septal thickness, confluent nodules,
centrilobular and ground glass opacities, pericicatricial
emphysema, and traction bronchiectasis, among oth-
ers. Calcified lesions and hilar and mediastinal lymph
node involvement, common in autopsy series, are also
observed. The latter findings are infrequent in plain
chest x-rays, probably due to masking by extensive
parenchymal damage (Fumari et al, 1999; Teixeira et
al, 2000).

Pulmonary function is altered with predominance of
an obstructive pattern (Valle et al, 1992). Autopsies
have revealed granulomas and fibrosis around the
bronchi, with fibrous septa connecting such structures
to other bronchi and to blood vessels as well (Angulo
and Pollak, 1971; Tuder et al, 1985; Montenegro and
Franco, 1994). Dissemination takes place through the
lymphatic vessels, the blood and/or the bronchi reach-
ing all pulmonary structures and thus causing signifi-
cant damage and various degrees of respiratory inca-
pacity that may lead to cor pulmonale (Angulo and
Pollak, 1971; Tuder et al, 1985; Franco et al, 1989;
Montenegro and Franco, 1994). Specific antifungal
treatment is effective because it reduces alveolar dam-
age, controls extrapulmonary lesions and decreases
fungal load; however, therapy appears to have no ef-
fect on the interstitial disease which may improve in-
dependently of its stage at diagnosis (Naranjo et al,
1990; Valle et al, 1992; Mendes, 1994a; Tobón et al,
1995).

FIGURE 21–5. Chest X-ray from a patient with paracoccidioidomy-
cosis. Bilateral infiltrates in central and lower lobes, with sparing of
the apices. Note bullae at lung bases.

FIGURE 21–6. Chest X-ray from a patient with more severe pul-
monary paracoccidioidomycosis. Infiltrates are extensive and co-
alesced into nodules. Note clear upper lobes.
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Mucous Membranes
Lesions in the mucous membranes of the mouth, the
oropharynx and the larynx are observed in approxi-
mately half of the patients; less common are lesions of
the nasal and anal mucous membranes. Lesions are 
progressive, destructive and associated with pain and
bleeding. Mucous membrane lesions which may mimic
carcinoma are ulcerative, granulomatous, edematous
and covered by small hemorrhagic dots (mulberry-like
stomatitis) (Fig. 21–7). Involvement of the vocal cords,
the epiglottis and the arytenoid and interarytenoid re-
gions can also be observed. Lesions located in the
mouth, larynx and/or pharynx produce hoarseness,
dysphagia, dyphonia, sialorrhea, and gingival inflam-
matory changes resulting in tooth loosening (Lacaz 
et al, 2002; Negroni, 1993; SantAnna et al, 1999;
Mendes, 1994a; Migliari et al, 1998; Bicalho et al,
2001). Many patients with oral mucosa lesions disre-
gard their respiratory symptoms; however, clinical, lab-
oratory and roentgenographic studies often reveal pul-
monary involvement (Restrepo et al, 1989; Correa et
al, 1991).

Skin
Skin lesions are detected in 12% to 32% of patients,
are extremely diverse and may be single or multiple in
number. Lesions are localized more frequently on the
face and especially, in the perioral region. Lesions of
the lower extremities are also observed frequently;
other sites include the neck, trunk, upper extremities
and in males, the external genitalia. Typically, lesions
are ulcerative but ulcero-vegetative and nodular ap-
pearances are also seen (Fig. 21–8). Edema of the lips
is frequent. In rare disseminated cases, multiple papulo-
acneiform lesions may appear (Angulo and Pollak,

1971; Franco et al, 1989; Negroni, 1993; Marques,
1994a). Pulmonary involvement is seen in about 90%
of patients with skin lesions (Correa et al, 1991).

In most cases, P. brasiliensis reaches the skin by
hematogenous dissemination from the initial pul-
monary focus. However, the skin may also be involved
by extension of a previously established mucous mem-
brane lesion or by the rupture of a contiguous lymph
node (Angulo and Pollak, 1971; Marques, 1994a;
Montenegro and Franco, 1994).

Lymph Nodes
Hypertrophied lymph nodes are frequent in children,
adolescents and young adults who show extensive 
involvement of the reticulo-endothelial system (Fig.
21–9). The cervical lymph nodes are most commonly
affected, followed by those in the supraclavicular and
axillary regions. Mesenteric lymph node involvement
may result in the formation of tumor-like lesions that
exert undue pressure on abdominal organs. Lymph
node involvement may be subclinical and demonstra-
ble only by imaging and biopsy. Histopathology reveals
architectural and functional alterations (Benard et al,
1994; Londero et al, 1996; Calegaro et al, 1997; Blotta
et al, 1999; Castro et al, 1999).

Adrenal Glands
Dissemination to the adrenal glands may result in Ad-
dison’s disease in 10% of the cases; minor dysfuction
is observed in another 15%–40% of patients. The
adrenals can be destroyed, resulting in permanent dam-
age and requiring supportive corticosteroid therapy.
However, recovery of gland function may follow spe-
cific treatment (Moreira et al, 1993; Tendrich et al,
1994).

FIGURE 21–7. Mucous membrane lesion. Multiple infiltrative lesions
of the palate with hemorrhagic dots (mulberry-like stomatitis).

FIGURE 21–8. Ulcerative cutaneous lesion of the chest.
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Other Organs
The frequency of abdominal disease varies with the
method of evaluation since focal lesions are usually
asymptomatic; when endoscopy is utilized, 30% of pa-
tients will have ulcerative gastrointestinal lesions.
Esophageal and gastric involvement is rare while le-
sions of the small and large intestine, sometimes simu-
lating neoplastic processes, are more frequent (Mendes,
1994a; Valle et al, 1995; Chojniak et al, 2000). The
spleen and liver are important sites of dissemination
(20%); hepatosplenomegaly may occur and function
may be impaired (Mendes, 1994a; Benard et al, 1994;
Londero et al, 1996; Calegaro et al, 1997).

Central Nervous System
Involvement of the leptomeninges occurs more fre-
quently than previously recognized. Chronic meningi-
tis is the commonest manifestation but expanding, tu-
mor-like lesions can also be observed (Nobrega, 1994;
Silva et al, 2000; Villa et al, 2000). A brain imag-
ing study should be performed when CNS disease is
suspected.

Bone and Joint Lesions
Bone disease occurs mostly in younger patients; the os-
seous structures more frequently attacked are those of
the upper extremities and chest. An intense osteolysis
is seen on radiological examination (Mendes, 1994c;
Amstalden et al, 1996; Doria and Taylor, 1997; 
Miranda-Aires et al, 1997; Nogueira et al, 2001).

Genital Tracts
Involvement of the genital tract is more frequent in
males than in females. In both sexes, however, com-
plications/dysfunction may result (Mendes, 1994a;
Severo et al, 2000).

Sequelae
The most important sequelae of paracoccidioidomyco-
sis are pulmonary fibrosis, adrenal destruction, vocal
cord damage, tracheal stenosis and obstruction of lym-
phatic channels. Lung fibrosis results in cor pulmonale
while lymphatic blockade produces untreatable ascites
(Angulo and Pollak, 1971; Montenegro and Franco,
1994). Rarely, Leriche Syndrome may develop as a
complication (Cherry et al, 1998).

Association with Other Diseases
In 10%–15% of the patients, paracoccidioidomycosis
coexists with tuberculosis and this aggravates the pa-
tient’s condition. The AIDS pandemic, although im-
portant in all P. brasiliensis endemic countries, has not
increased incidence rates of this fungal disease. Ap-
proximately 60 patients with both disorders have been
reported, although probably this number is much
larger. Most patients with AIDS develop the progres-
sive juvenile type of paracoccidioidomycosis associated
with a high mortality (Marques and Shikanai-Yasuda,
1994b; Tobón et al, 1995; Cimerman et al, 1997; San-
tos et al, 1998; Benard and Duarte, 2000; Giovanni et
al, 2000). A few cases of paracoccidioidomycosis, tu-
berculosis and AIDS have also been reported (Marques
and Shikanai-Yasuda, 1994b; Nogueira et al, 1998).
Paracoccidioidomycosis has also been diagnosed in pa-
tients with other immunosuppressive conditions, al-
though rather infrequently (Marques and Shikanai-
Yasuda, 1994b). Paracoccidioidomycosis thus differs
from some other fungal diseases, e.g., cryptococcosis
and candidiasis, which have a more marked oppor-
tunistic character.

It appears that the interaction of HIV and P.
brasiliensis results in a somewhat new paradigm. In
such patients, the manifestations of paracoccid-
ioidomycosis correspond to the severe juvenile type dis-
ease, one that would have been acquired rather re-
cently. The prediction would be that these patients
should have been infected in the past, with their para-
coccidioidomycosis representing endogenous reactiva-
tion of an old focus of infection and manifesting as the
chronic adult form rather than the juvenile type of dis-
ease (Benard and Durante, 2000).

Differential Diagnosis
Depending on the site of lesions and the general con-
dition of the patient, paracoccidioidomycosis can 

FIGURE 21–9. Enlarged cervical lymph nodes in patient with juvenile
type disease.
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be confused with or misdiagnosed as one of several 
diseases including: tuberculosis, lymphoma, neoplastic
processes, leprosy, leishmaniasis, sporotrichosis, and
other mycoses (Londero and Melo, 1988; Franco et al,
1989; Mendes, 1994a).

MYCOLOGICAL DIAGNOSIS

Direct Examination and Histopathology
In clinical specimens P. brasiliensis appears as an oval
to round yeast cell some provided with multiple pe-
ripheral buds (pilot wheel configuration). The cells pos-
sess a thick refractile wall (0.2 to 1 �m) and intracy-
toplasmic vacuoles (Fig. 21–1). Often yeast cells appear
in chains and have single buds; bizarre yeast forms may
also be observed (Lacaz et al, 2002; Brummer, 1993;
Lacaz et al, 1998). Several procedures are adequate to
visualize fungal elements, including fresh or KOH wet
preparations, as well as calcofluor and immunofluo-
rescence methods (Fig. 21–2) (Lacaz et al, 1991; Brum-
mer et al, 1993; Lacaz et al, 1998). Sensitivity of the
direct examinations varies from 85 to 100%.

Histopathologic preparations stained with hema-
toxylin and eosin, Gomori methenamine-silver, Papan-
icolaou or periodic acid-Schiff, as well as direct im-
munofluorescence stains, are very useful. These various
methods reveal the multiple budding yeast elements, 
especially within granulomatous foci (See Color Fig.
21–10 in separate color insert). Short chains and cells
with single buds also may be observed, and, in these
cases, differentiation of P. brasiliensis from Crypto-
coccus neoformans, Blastomyces dermatitidis, and even
Histoplasma capsulatum, must be made (Angulo and
Pollak, 1971; Franco et al, 1989; Montenegro and
Franco, 1994).

Cultures
Isolation of P. brasiliensis from clinical specimens re-
quires a battery of selective and non-selective culture
media and repeated samples. The addition of antibac-
terial drugs and mould inhibitors to the media has re-
sulted in improved recovery rates, around 80% (Lacaz
et al, 2002; Brummer et al, 1993). The use of digestion
and concentration procedures for mucous specimens is
also recommended. Modified Sabouraud’s (Mycocel
agar) and yeast extract agars incubated at room tem-
perature (19°C–24°C) are the best media for isolation.
In bacteria-free specimens (e.g., tissue biopsies, CSF,
bone marrow), media without antibiotics, and incu-
bated at 36°C can also be employed (Lacaz et al, 2002;
Brummer et al, 1993).

At 18°C–24°C, growth is slow and takes 20–30 days.
Microscopically, the mould shows only thin septate hy-

phae (3–4 �m in diameter) and intercallary chlamy-
dospores (15–30 �m). However, in media with no 
carbohydrates and after prolonged incubation (� 2
months), the mould may also produce conidia. The
mycelial form is not distinctive and consequently, di-
morphism must be demonstrated by subculturing at
36°C. At this temperature, P. brasiliensis grows in 8–10
days as a cerebriform, cream-colored colony. Micro-
scopically, oval to spherical yeast cells, 4 to 30 �m in
diameter, can be observed. The large mother yeast cell
bearing multiple buds (pilot’s wheel) is characteristic
of this fungus (Fig. 21–2) (Lacaz et al, 2002; Brummer
et al, 1993; Castillo et al, 1994).

Serology
Various highly sensitive serological tests have been de-
veloped, especially for measurement of antibodies. The
frequency of positive tests varies from 70%–95% de-
pending on the test used and the severity of the disease
process (Blotta and Camargo, 1993; Brummer et al,
1993; Castillo et al, 1994; Mendes-Giannini et al, 1994;
Camargo and Franco, 2000; Del Negro et al, 2000;
Valle et al, 2000).

Due to the fact that antigens prepared from P.
brasiliensis vary greatly in quality depending on fungal
isolate (strain B339 seems the most useful) and many
other factors, attempts have been made to obtain pu-
rified fractions. A specific gp43-kDa glycoprotein frac-
tion, considered the dominant P. brasiliensis antigen,
has been sequenced and cloned but its expression has
proven difficult (Travassos, 1994). A 27-kDa recombi-
nant antigen has also been produced and when tested
by enzyme-linked immunosorbent assay (ELISA), the
sensitivity was 73% and specificity varied from 59 to
87%; the positive predictive value was 90% (Ortiz et
al, 1998). Both a 7-day crude gp43 exoantigen and a
3-day gp43 antigen washed from the surface of fungal
agar cultures (cell-free antigen) display sensitivity and
specificity similar to that of the purified antigen
(Mendes-Giannini et al, 1994; Camargo and Franco,
2000). Immunoblotting techniques have been used to
determine the antigens most frequently recognized by
patient’s sera. Besides the 43-kDa glycoprotein that was
recognized by 100% of patients’ sera, a 70-kDa gly-
coprotein also showed high reactivity (96%); antibod-
ies to both glycoproteins are considered to be markers
of human paracoccidioidomycosis (Camargo and
Franco, 2000; Valle et al, 2000).

Various studies have reinforced the importance 
of immunodiffusion, counterimmuno-electrophoresis,
complement fixation, indirect immunofluorescence and
ELISA techniques for antibody detection in the diag-
nosis and follow-up of patients with paracoccid-
ioidomycosis. Patients with severe forms of the disease
(chronic multifocal disseminated and juvenile) show
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significantly higher antibody levels than patients with
less extensive disease. Only chronic patients with lim-
ited dissemination cleared their antibodies after 1 year
of follow-up while those with more severe disease
needed over 2 years (Camargo and Franco, 2000; Del
Negro et al, 2000).

Antigen detection may be preferred for early diag-
nosis in immunocompromised individuals or when an-
tibody detection is nonconclusive. Monitoring circu-
lating antigens may also be important as a criterion of
cure. An inhibition ELISA was developed via the pro-
duction of monoclonal antibodies against a 87-kDa
antigenic fraction; test sensitivity was 80% and even
higher in severe forms of the disease (Gómez et al,
1997). In patients with severe juvenile disease, follow-
up studies during and after itraconazole therapy indi-
cated that antigen titers dropped significantly after 20
weeks on therapy. In contrast, in those patients who
had the same clinical form of disease but were also HIV
positive, antigenemia persisted at elevated titers even
after 68 weeks of treatment. Patients with chronic mul-
tifocal or chronic unifocal disseminated disease had 
significant decreases in antigen titers after 28 and 40
weeks on treatment, respectively. Antigen decreases
correlated with clinical improvement (Gómez et al,
1998). Parallel testing for antibody levels in the same
patients revealed that antibody titers were rather 
unpredictable.

Attempts at determining the levels of both specific
gp43 antigen and antibodies in saliva, as well as im-
mune complexes, revealed that IgG antibody levels
were elevated in saliva and serum but detection of im-
mune complexes failed to differentiate patients from
controls. Specific IgA antibodies were also detected in
saliva, suggesting a role at the mucosal surface (Miura
et al, 2000). Detection of circulating antigens (70-kDa
and 43-kDa) in urine samples by use of a polyclonal
anti-P. brasiliensis antibody has also been done.
Ninety-one percent of patients had detectable urinary
antigen by ELISA and 75% by immunoblot testing.
Both tests appeared to be specific as neither antigen
was detected in control samples. In specimens collected
during clinical recovery there was a decrease in reac-
tivity, while the 43-kDa antigen persisted or increased
in patients who relapsed (Salina et al, 1998).

Skin Testing
During therapy, conversion from a non-reactive to a
reactive paracoccidioidin skin test signals a good prog-
nosis (Brummer et al, 1993; Negroni, 1993). Never-
theless, as a diagnostic tool, the skin test has no value.
However, the test can be used to determine subclinical
infection in the general population of endemic areas
(Naiff et al, 1988; Pereira, 1988; Rios-Gonçalves et al,
1998).

Gene Probes
DNA probe assays have been prepared for the rapid
identification of P. brasiliensis mycelial or yeast cul-
tures (Sandlu et al, 1997). In addition, several authors
have made use of molecular biology tools, especially
PCR, to detect the presence of P. brasiliensis DNA in
tissues. Results have indicated that the gene probes are
highly specific and useful in diagnosis (Bialek et al,
2000b; Gomes et al, 2000; Lindsley Hirst et al, 2001;
Sano et al, 2001).

TREATMENT

Paracoccidioidomycosis was considered fatal up to l940
when Ribeiro tried sulfonamide therapy; today it can
be effectively treated with a variety of antifungal drugs
plus support via other measures such as adequate nu-
trition, control of anemia, and concurrent use of an-
tiparasitic medications (Naranjo et al, 1990; Mendes
et al, 1994b). Present therapies utilize fungistatic rather
than fungicidal medications and consequently, an in-
tact host immune response is required. Treatment op-
tions include sulfonamides, amphotericin B and azole
derivatives (Table 21–2). Paracoccidioides brasiliensis
is remarkably susceptible to these drugs (Hahn and
Hamdan, 2000). Treatment has two phases, attack and
maintenance.

Sulfonamides
This class of drugs continues to be used by some physi-
cians due to low cost, facility of administration, and
lack of major toxicity. Among the various sulfon-
amides, the rapidly excreted sulfadiazine is preferred
by many; sulfamethoxypyridazine, a slowly excreted
compound, is also employed. The dosages, duration of
treatment, side effects and other pertinent information
are presented in Table 21–2. Approximately 70% of
patients on sulfonamide therapy respond to the initial
course; however, relapses are frequent (25%) during
maintenance therapy, with acquired resistance appear-
ing in l5% of such cases. After clinical and mycologi-
cal improvement, the initial daily dose should be re-
duced by half. Prolonged follow-up has demonstrated
high morbidity (43%) in spite of sulfonamide treat-
ment. The recommended period for maintenance treat-
ment is 2–3 years, a shortcoming because such a pro-
longed period hinders patient compliance. Sulfonamide
levels should be monitored to determine dose and fre-
quency of administration (Mendes et al, 1994b).

Improvement of outcomes (associated with both ini-
tial therapy and rate of relapse) has been obtained with
the combination drug trimethoprim-sulfamethoxazole
(cotrimoxazole)or the combination drug trimethoprim-
sulfadiazine (cotrimazine). For adults, one double-
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strength cotrimoxazole (160 mg of trimethoprim and
800 mg of sulfamethoxazole per tablet) given every 12
hours has proven adequate. Children should be given
half the dose prescribed to adults (Mendes et al,
1994b). Cotrimoxazole can be administered by the
oral, intravenous or intramuscular routes (Mendes et
al, 1994b).

Amphotericin B
This polyene drug is considered by some as the drug
of choice for patients with severe forms of paracoccid-
ioidomycosis and also for those resistant to sulfon-
amides. However, initial treatment with amphotericin
B should be followed by sulfonamide or azole mainte-
nance therapy (Mendes et al, 1994b). The need for in-
travenous administration of amphotericin B and the
known toxic effects of this polyene represent negative
features. Relapses have been observed in 15%–25% of
patients even with appropriate treatment (Mendes et
al, 1994b). The use of the combined amphotericin 
B-sulfonamide or azole regimen should consist of ini-
tial therapy with 1.0–2.0 g cumulative dose of am-
photericin B, followed by maintenance therapy with a
sulfa or an azole drug. With this drug combination,

clinical improvement can be achieved in about 75% of
patients; about 10% fail to respond and the remaining
die during treatment. Amphotericin B lipid formula-
tions have been used sporadically in patients with the
juvenile form of disease with conflicting results (Dietze
et al, 1999).

Azoles
Undoubtedly, the introduction of antifungal azole
drugs for treatment of paracoccidioidomycosis has not
only improved patients’ prognosis but has also greatly
facilitated therapy and compliance (Table 21–2). Ke-
toconazole, itraconazole and fluconazole are highly 
active in vitro against P. brasiliensis with minimal 
inhibitory concentrations of 0.0009–0.015 �g/ml (ke-
toconazole), 0.0009–0.5 �g/ml (itraconazole), and
0.125–0.5 �g/ml (fluconazole) (Hahn and Hamdan,
2000). Ketoconazole, an imidazole, is effective in 90%
of patients at a dose of 200 to 400 mg/day given for a
mean period of 12 months, depending on illness sever-
ity and patient response (Restrepo et al, 1983). Ap-
proximately 8% of the cases do not improve due to in-
adequate absorption and lack of gastric acidity, or low
blood levels secondary to simultaneous administration

TABLE 21–2. Treatment of Paracoccidioidomycosis*
Drug (Route of Duration of Adult
Administration) Treatment (Months) Dose Per Day Major Side Effects Response (%) Relapse (%)

Sulfonamides
Sulfadiazine (po) � 36 4.0–6.0 g/day in 4 doses Crystalluria 69 25

Hypersensitivity reactions
Sulfamethoxy- � 36 1.0–2.0 g/day Crystalluria 60–69 25

pyridazine (po) Reduce dose by half after Hypersensitivity reactions
clinical and mycological
improvement

Trimethoprim (TMP) � 6 160 mg TMP and Same 80 20
plus sulfamethoxazole 800 mg SMX per tablet.
(SMX): TMP/SMX 1 tab bid. for adults,
(po, im, iv) iv 250 ml in 5% glucose

Trimethoprim � 6 410 mg CT bid Same 80 20
plus

sulfadiazine:
Cotrimazine (CT) (po)

Polyene
Amphotericin B (iv) Should be followed 0.5–0.75 mg/kg/day Nephrotoxicity. 70 25

by prolonged Total cumulative dose hypokalemia, nausea,
maintenance treat- 1.0–2.0 g vomiting, headache,
ment with azole fever
or sulfa drug

Azoles
Ketoconazole (po) 6–24 (mean 12) 400 mg/day (attack) Hepatotoxicity 90 11

200 mg/day endocrine problems,
(maintenance) nausea, vomiting

Itraconazole (po) 3–12 (mean 6) 200 mg/day (attack) Hepatotoxicity, 98 � 5
100 mg/day azole-drug interactions

(maintenance)
Fluconazole (po, iv) 12–24 Up to 600 mg/day Minor toxicity 60 45

(not recom-
mended)

*Treatment should not be rigid but tailored according to an individual patient’s needs.
Bid, twice daily; po, oral; iv, intravenous; im, intramuscular.
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of ketoconazole and drugs such as rifampin that ac-
celerate the metabolism of ketoconazole. Relapses oc-
cur in l1% of the cases. Toxicity is relatively low at the
indicated doses although endocrine disturbances, e.g.,
gynecomastia and decreased libido, gastrointestinal
symptoms and hepatotoxicity, have been reported 
(Restrepo et al, 1983). Ketoconazole is the least ex-
pensive of the azole drugs.

The triazole derivative, itraconazole, was first used
in l982 (Naranjo et al, 1990; Tobón et al, 1995). Pa-
tients receive 400 mg as the loading dose, followed by
200 mg per day for periods of 3 to 12 months (aver-
age 6 months). Efficacy has been observed in 98% of
the cases, including patients with severe, juvenile-type
disease. The relapse rate is low, less than 5%. Side ef-
fects are few and consist of transitory elevation of he-
patic enzymes and some gastrointestinal disturbances;
no significant endocrine disturbances have been re-
ported. In spite of this low toxicity profile, itracona-
zole has some problems related to its requirement for
an acid gastric pH, attendant erratic blood levels, and
frequent drug interactions which either hinder absorp-
tion of itraconazole or result in toxicity of other con-
currently administered drugs. The relative high cost of
itraconazole is also an important issue. Even so, itra-
conazole is the drug of choice for most patients with
paracoccidioidomycosis (Naranjo et al, 1990; Mendes
et al, 1994b; Tobón et al, 1995). A new liquid solu-
tion formulation of itraconazole with enhanced ab-
sorption and improved pharmacological profile is now
available (Stevens, 1999).

Fluconazole, another triazole, has been used in some
patients but high doses (400–600 mg /day) and long
treatment periods (over l2 months) are needed to avoid
relapses. Accordingly, fluconazole is not recommended
over ketoconazole or itraconazole (Mendes et al,
1994b). Other compounds such as terbinafine have
been used infrequently (Ollague et al, 2000).

In addition, immunomodulation has been tried in
both humans and experimental models and the results
are encouraging (San Blas and Niño-Vega, 2000). A
group in Brazil has used glucan as a stimulant in pa-
tients with severe paracoccidioidomycosis with appar-
ent good results (Meira et al, 1996).

PREVENTION

Immune protection in mice using a DNA vaccine orig-
inating in the gp43 gene is presently under development
(Pinto et al, 2000). Since the precise niche of P.
brasiliensis has not been established and since many pa-
tients do not develop clinical disease until years after
exposure in the endemic area (prolonged latency pe-

riod), no environmental or occupational preventive
strategies have been proposed.

REFERENCES

Almeida S R, Unterkircher C S, Camargo Z P. Involvement of the
major glycoprotein (gp43) of Paracoccidioides brasiliensis in at-
tachment to macrophages. Med Mycol 36:405–411, 1998.

Amstalden E M, Xavier R, Kattapuran S V, Bertolo M B, Swartz 
M H, Rosenberg A. Paracoccidioidomycosis of bone and joints.
Medicine 75:212–225, 1996.

Angulo A, and Pollak L. Paracoccidioidomycosis. In: Baker R D, ed.
The Pathologic Anatomy of the Mycoses: Human Infections with
Fungi, Actinomycetes and Algae. Berlin: Springer Verlag, 507–576,
1971.

Aristizábal B H, Clemons K V, Stevens D A, Retrepo A. Morpho-
logical transition of Paracoccidioides brasiliensis conidia to yeast
cells: In vivo inhibition in females. Infect Immun 66:5587–5591,
l998.

Aristizábal B H, Clemons, K V, Cock A M, Restrepo A, Stevens D
A. Experimental Paracoccidioides brasiliensis infection in mice:
influence of the hormonal status of the host on tissue responses.
Med Mycol 40:169–178, 2002.

Bagagli E, Sano A, Coelho KI, Alquati S, Miyahi M, Camargo Z P,
Gomes G M, Franco M, Montenegro R M. Isolation of Para-
coccidioides brasiliensis from armadillos (Dasypus novemcinctus)
captured in an endemic area of paracoccidioidomycosis. Am J
Trop Med Hyg 58:505–512, 1998.

Baida H, Biselli P J, Juvenale M, del Negro G M B, Mendes-
Giannini M J, Duarte A J, Benard G. Differential antibody iso-
type expression to the major Paracoccidioides brasiliensis antigen
in juvenile and adult form paracoccidioidomycosis. Microb In-
fect 1:273–278, 1999.

Benard G, Ori N W, Marques H H S, Mendoça M, Aguirre M Z,
Camos A E, Del Negro G M. Severe acute paracoccidioidomy-
cosis in children. Pediatr Infect Dis 13:510–515, 1994.

Benard G, Mendes-Giannini M J, Juvenale M, Miranda E T, Duarte
A J. Immunosuppression in paracoccidioidomycosis: T cell hy-
poresponsiveness to two Paracoccidioides brasiliensis glycopro-
teins that elicit strong humoral immune response. J Inf Dis
175:1263–1267, 1997.

Benard G, Duarte A J S. Paracoccidioidomycosis: A model for eval-
uation of the effects of human immunodeficiency virus infection
on the natural history of endemic tropical diseases. Clin Infect
Dis 31:1032–1039, 2000.

Benard G, Romano C C, Cacere C R, Juvenale M, Mendes-Gianni
M J, Duarte A J S. Imbalance of IL-2, IFN-gamma and IL-10 se-
cretion in the immunosuppression associated with human para-
coccidioidomycosis. Cytokine 13: 248–252, 2001.

Bethlem E P, Capone D, Maranhao B, Carvalho C R, Wanke B. Para-
coccidoidiomycosis. Curr Opin Pulm Med 5:319–325, 1999.

Bialek R, Ibrecevic A, Fothergill A, Begerow D. Small subunit ribo-
somal DNA sequences shows Paracoccidoioides brasiliensis
closely related to Blastomyces dermatitidis. J Clin Microbiol 38:
3190–3193, 2000a.

Bialek R, Ibricevic A, Aepinus C, Najvar L K, Fothergill A W,
Knobloch J, Graybill J R. Detection of Paracoccidioides brasilien-
sis in tissue samples by a nested PCR assay. J Clin Microbiol
38:2940–2942, 2000b.

Bicalho R N, Espírito Santo M F, Aguiar M C F, Santos V R. Oral
paracoccidioidomycosis: a retrospective study of 62 Brazilian pa-
tients. Oral Diseases 7:56–60, 2001.

Blotta M H S L, Camargo Z P. Immunological response to cell-free



342 MYCOSES CAUSED BY DIMORPHIC FUNGI

antigens of Paracoccidioides brasiliensis: relationship with clini-
cal forms of paracoccidioidomycosis. J Clin Microbiol 31:671–
676, 1993.

Blotta M H, Mamoni R L, Oliveira S J, Nouer S A, Papaiordanou
P M, Goveia A, Camargo Z P. Endemic regions of paracoccid-
ioidomycosis in Brazil: a clinical and epidemiologic study of 584
cases in the southeast region. Am J Trop Med Hyg 61:390–394,
1999.

Borelli D. Some ecological aspects of paracoccidioidomycosis. In:
Proc Panam Symp Paracoccidioidomycosis, Washington DC, Pan
American Health Organization Scientific Publication 254:59–64,
1972.

Borgia G, Raynaud L, Cerrini R, Ciampi R, Schioppa O, Dello Ruso
M, Gentile I, Piazza M. A case of paracoccidioidomycosis: expe-
rience with long term therapy. Infection 28:119–120, 2000.

Brummer E, Castañeda E, Restrepo A. Paracoccidioidomycosis: An
update. Clin Microbiol Rev 6:89–117, 1993.

Burger E, Miyahi M, Sano A, Calich V L, Nishimura K, Lenzi H L.
Histopathology of paracoccidiomycotic infection in athymic, eu-
thymic mice: a sequential study. Am J Trop Med Hyg 55:235–
242, 1998.

Cadavid D, Restrepo A. Factors associated with Paracoccidiodes
brasiliensis infection among permanent residents of 3 endemic ar-
eas in Colombia. Epidemiol Infect 111:121–133, 1993.

Calegaro J U, Gomes E F, Rodah J E. Paracoccidioidomicose infan-
til. Relato de dos casos estudados por galio67 (67Ga). Radiol Bras
30:343–346, 1997.

Calle D, Rosero S, Orozco L C, Camargo D, Castañeda E, Restrepo
A. Paracoccidioidomycosis in Colombia: an ecological study. Epi-
demiol Infect 126:309–315, 2001.

Calich V L G, Vaz C A C, Burger E. Immunity to Paracoccidiodes
brasiliensis infection. Res Immunol 149: 407–416, 1998.

Camargo Z P, Franco M F. Current knowledge on pathogenesis and
immunodiagnosis of paracoccidioidomycosis. Rev Iberoam Mi-
col 17:41–48, 2000.

Cano M I, Cisalpino P S, Galindo I, Ramirez J L, Mortara R A, Sil-
veria J F. Electrophoretic karyotypes and genome sizing of the
pathogenic fungus Paracoccidioides brasiliensis. J Clin Microbiol
36:742–747, 1998.

Cano L E, Singer-Vermes T A, Costa T A, Mengel J O, Xidieh C F,
Arruda D C, Andrade C A, Vaz C A, Burger E, Calich V L. De-
pletion of CD8	 cells in vivo impairs host-defense of mice re-
sistant and susceptible to pulmonary paracoccidioidomycosis. In-
fect Immun 68:3532–359, 2000.

Castillo J, Ordóñez N, López S, Castañeda E. Paracoccidioidomicois:
diagnóstico por el laboratorio de 333 casos. Biomédica
14:230–239, 1994.

Castro C C, Benard G, Ygaki Y, Cerrig J. MRI of head and neck
paracoccidioidomycosis. Br J Radiol 72:717–22, 1999.

Cherri J, Freitas M A, Llorach-Velludo M A, Piccinato C E. Para-
coccidioidomycosis aortitis with embolization to the lower limbs.
Report of a case and review of the literature. J Cardiovasc Surg
(Torino) 39:573–576, 1998.

Chojniak R, Viera R A, Lopez A, Silva J C, Godoy C E. Intestinal
paracoccidioidomycosis simulating colon cancer. Rev Soc Bras
Med Trop 33:309–312, 2000.

Cimerman S, Bacha H A, Ladeira M C T, Silveira O S, Colombo A
I. Paracoccidioidomycosis in a boy infected with HIV. Mycoses
40:434–344, 1997.

Cock A M, Cano L E, Vélez D, Aristizábal B, Trujillo J, Restrepo
A. Fibrotic sequelae in pulmonary paracoccidioidomycosis:
Histopathological aspects in BALB/C mice infected with viable
and non-viable propagules. Rev Inst Med Trop S Paulo 42:59–66,
2000.

Coimbra C E A, Wanke B, Santos R V, Valle A C F D, Costa R I

B, Zancope-Oliveria R M. Paracoccidioidin and histoplasmin sen-
sitivity in the Tupí-Mondé Amerindian populations from Brazil-
ian Amazonia. Ann Trop Med Parasitol 88:197–207, 1994.

Correa A L, Franco L, Restrepo A. Paracoccidioidomicosis: Coexis-
tencia de lesiones pulmonares y patología pulmonar silente. de-
scripción de 64 pacientes. Acta Med Col 16: 304–308, 1991.

Coutinho Z, Silva D, Lazera M, Petri V, Oliveira R M, Sabroza P C,
Wanke B. Paracoccidioidomycosis mortality in Brazil (1980–
1995). Cad Saude Publica (Brazil) 18:1441–1454, 2002.

Deepe G S, Romani L, Calich V L G, Huffnagle G, Arruda E E, Moli-
nari-Maldlum E E, Perfect J R. Knockout mice as experimental
models of virulence. Med Mycol 38 (Suppl 1):87–98, 2000.

Del Negro G M B, Pereira C N, Andrade H F, Palacios S A, Vidal
M M, Chartbel C, Benard G. Evaluation of tests for antibody re-
sponse in the follow-up of patients with acute and chronic forms
of paracoccidioidomycosis. J Med Microbiol 49:37–46, 2000.

Dias M F, Pereira A C, Pereira A, Alves M S. The role of HLA anti-
gens in the development of paracoccidioidomycosis. J Eur Acad
Dermatol Venereol 14:166–171, 2000.

Dietze R, Fowler V G, Steiner T S, Pencanna P M, Corey G R. Fail-
ure of amphotericin B colloidal dispersion in the treatment of
paracoccidioidomycosis. Am J Trop Med Hyg 60:837–839, 1999.

Diniz S N, Cisalpino P S, Freire A T, Silva-Teixeira D N, Contigli
C, Rodriguez J V, Goes A M. In vitro granuloma formation, NO
production and cytokines profile from human mononuclear cells
induced by fractionated antigens of Paracoccidioides brasiliensis.
Hum Immunol 62:299–808, 2001.

Doria A S, Taylor G A. Bony involvement in paracoccidioidomyco-
sis. Pediatr Radiol 27:67–69, 1997.

Fonseca E R, Pardal P P, Severo L C. Paracoccidioidomicose em cri-
anças em Belém do Pará. Rev Soc Bras Med Trop 32:31–33, 1999.

Fonseca L C, Mignone C. Paracoccidioidomicose do intestino del-
gado, aspectos anatomo-clínicos e radiológicos de 125 casos. Rev
Hosp Clin Fac Med S Paulo 31:199–207, 1976.

Fornari M C, Bava A J, Guereno M T, Berardi V E, Silaf M R, Ne-
groni R, Diez R A. Hig serum interluekin-10 and tumor necrosis
factor in chronic paracoccidioidomycosis. Clin Diag Lab Im-
munol 8:1036–1038, 2001.

Franco M, Mendes R P, Moscardi-Bacchi M M, Rezkallah-Iwasso
M, Montenegro M R. Paracoccidioidomycosis. Bailliere’s Clin
Trop Med Comm Dis 4:185–220, 1989.

Franco M, Lacaz C S, Restrepo A, Del Negro G, eds. Paracoccid-
ioidomycosis. Boca Raton, FL: CRC Press, 1994.

Franco M, Bagagli E, Scapolio S, da Silva Lacaz C. A critical analy-
sis of isolation of Paracoccidioides brasiliensis from soil. Med My-
col 38:185–191, 2000.

Fumari K, Kavakama J, Shikanai-Yasuda M A, Castro L G, Benard
G, Rocha M S, Cedrri C G, Müller N I. Chronic pulmonary para-
coccidioidomycosis (South American Blatomycosis): high resolu-
tion CT findings in 41 patients. Am J Roentgenol 173:59–64,
1999.

Giovanni E M, Mantessi A, Loducca S V L, Magalhaes M H C G,
Paracoccidioidomycosis in an HIV-positive patient: a case report
with gingival aspects. Oral Dis 6: 327–329, 2000.

Giraldo R, Restrepo A, Gutierrez F, Robledo M, Londoño F, Her-
nandez H, Sierra F, Calle G. Pathogenesis of paracoccid-
ioidomycosis: A model based on the study of 46 patients. Myco-
pathol 58:63–70, 1976.

Gomes G M, Cisalpino P S, Taborda C P, Camargo Z P. PCR for
diagnosis of paracoccidioidomycosis. J Clin Microbiol 38: 3478–
3480, 2000.

Gómez B L, Figueroa J, Hamilton A, Ortiz B, Robledo M A, Hay 
R J, Restrepo A. Use of monoclonal antibodies in the diagnosis
of paracoccidioidomycosis: New strategies for the detection of
circulating antigens. J Clin Microbiol 35:3278–3283, 1997.



Paracoccidioidomycosis 343

Gómez B L, Figueroa J I, Hamilton A J, Díez S, Rojas M, Tobón 
A M, Hay R J, Restrepo A. Antigenemia in patients with para-
coccidioidomycosis: Detection of the 87 kDa determinant during
and after antifungal therapy. J Clin Microbiol 36:3309–3316, 1998.

Gómez B L, Nosanchuk J, Díez S, Youngchim S, Aisen P, Cano L E,
Restrepo A, Casadevall A, Hamilton A J. Detection of melanin-
like pigments in the dimorphic fungal pathogen Paracoccidioides
brasiliensis In vitro and during Infection. Infect Immun 69:5760–
5767, 2001.

González A, de Gregory W, Vélez D, Restrepo A, Cano L E. Nitric
oxide participation in the fungicidal mechanims of gamma inter-
feron-activated murine macrophages against P. brasiliensis coni-
dia. Inf Immun 68:2546–2552, 2000.

Gonzalez A, Cano L E. Participación del polimorfonuclear neutró-
filo en la respuesta inmune contra Paracoccidioides brasiliensis.
Revisión de tema. Biomédica 21: 264–274, 2001.

Hahn R C, Hamdan J S. Effects of amphotericin B and three azole
derivatives on the lipids of yeast cells of Paracoccidioides
brasiliensis. Antimicrob Agents Chemother 44:1997–2000, 2000.

Juvenale M, Del Negro G M B, Duarte A J, Benard G. Antibody iso-
types to a Paracoccidioides brasiliensis somatic antigen in suba-
cute and chronic form paracoccidioiomycosis. J Med Microbiol
50:127–134, 2001.

Karhawi A S, Colombo A L, Salom„o R. Production of IFN-gamma
is impaired in patients with paracoccidioidomycosis during active
disease and is restored after clinical remission. Med Mycol
38:225–229, 2000.

Kashino S S, Fazioli R A, Cafalli-Favati C, Fazioli R A, Caballi-Farati
C, Meloni-Bruneri L H, Vaz C A, Beuger E, Singer M L, Calich
V. Resistance to Paracoccidioides brasiliensis infection is linked
to a preferential Th1 immune response, whereas susceptibility is
associated with absence of IFN-gamma production. J Interf Cy-
tok Res 20:89–97, 2000.

Kurita N, Oarada M, Miyaji M, Ito E. Effect of cytokines on anti-
fungal activity of human polymorphonuclear leucocytes against
yeast cells of Paracoccidioides brasiliensis. Med Mycol 38:177–
182, 2000.

Lacaz C S, Porto E, Martins J E C, Heins-Vaccari E, de Melo N T.
Paracoccidioidomicose. In: Lacaz C S, Porto E, Martins J E C,
eds. Tratado de Micologia Medica Lacaz. Sâo Paulo: Sarvier Pub-
lishers, 639–729, 2002.

Lacaz C S, Porto E, Heins-Vaccari E M, Melo N T. Fungos, Actin-
omicetos, Algas de Interesse Médico. Sao Paulo: Sarvier Publish-
ers, 277–281, 1998.

Lenzi H L, Calich V L, Miyahi M, Sano A, Nishimura K, Burger E.
Fibrosis patterns of lesions developed by athymic and euthymic
mice infected with Paracoccidioides brasiliensis. Braz J Med Biol
Res 27:2301–2308, 1994.

Lindsley Hirst S F, Iqbal N J, Morrison C J. Rapid identification of
dimorphic yeast-like fungal pathogens using specific DNA probes.
J Clin Microbiol 39:3505–3511, 2001.

Londero A T. Paracoccidioidomicose: Patogenia, formas clinicas,
manifestacões pulmonares e diagnostico. J Pneumol (Brazil) 12:
41–57, 1986.

Londero A T, Melo I S. Paracoccidioidomicose. J Bras Med 55:96–
111, 1988.

Londero A T, Rios-Gonçalves A J, Terra G M, Nogueira S A. Para-
coccidioidomycosis in Brazilian children. A critical review
(1911–1994). Arq Bras Med 70:197–203, 1996.

Mangiaterra M L, Giusiano G E, Alonso J M, Gorodner J O. Para-
coccidioides brasiliensis infection in a subtropical region with im-
portant environmental changes. Bull Soc Pathol Exot 92:173–
176, 1999.

Mamoni R L, Rossi C L, Camargo Z P, Blotta M H. Capture en-
zyme-linked immunosorbent assay to detect specific immuno-

globulin E in sera of patients with paracoccidioidomycosis. Am
J Trop Med Hyg 65:237–241, 2001.

Manns B J, Baylis B W, Urbanski S J, Gibb A S, Rabin H R. Para-
coccidioidomycosis: case report and review. Clin Infect Dis
23:1026–1032, 1996.

Marques S A. Cutaneous lesions. In: Franco M, Lacaz C S, Restrepo
A, Del Negro G, eds. Paracoccidioidomycosis. Boca Raton, FL:
CRC Press, 259–266, 1994a.

Marques S A, Shikanai-Yasuda M A. Paracoccidioidomycosis asso-
ciated to immunosuppression, AIDS, and cancer. In: Franco M,
Lacaz C S, Restrepo A, Del Negro G, eds. Paracoccidioidomy-
cosis. Boca Raton, FL: CRC Press, 393–405, 1994b.

Martinez R, Moya M J. The relationship between paracoccid-
ioidomycosis and alcoholism. Rev Saúde Públ São Paulo 26:12–
16, 1992.

McEwen J G, Bedoya V, Patiño M M, Salazar ME, Restrepo A. Ex-
perimental murine paracoccidioidomycosis induced by the in-
halation of conidia. J Med Vet Mycol 25:165–175, l987.

Meira D A, Pereira P C, Marcondes-Machado J. Mendes R P, Bar-
raviera B, Pellegrino J, Rezkallah-Iwasso M T, Peraçoli M T S,
Castilho L M, Tomazini I, Silva C L, Tiraboshi N P, Curi P R.
The use of glucan as immunostimulant in the treatment of para-
coccidioidomycosis. Am J Trop Med Hyg 55:496–503, 1996.

Mendes R P M. The gamut of clinical manifestations. In: Franco M,
Lacaz C S, Restrepo A, Del Negro G, eds. Paracoccidioidomy-
cosis. Boca Raton, FL: CRC Press, 233–258, 1994a.

Mendes R P, Negroni R, Arachevala A. Treatment and control of
cure. In: Franco M, Lacaz C S, Restrepo A, Del Negro G, eds.
Paracoccidioidomycosis. Boca Raton, FL: CRC Press, 373–392,
1994b.

Mendes R P. Bone and joint lesions. In: Franco M, Lacaz C S, 
Restrepo A, Del Negro G, eds. Paracoccidioidomycosis. Boca 
Raton, FL: CRC Press, 331–338, 1994c.

Mendes-Gianinni M J S, Del Negro G B, Siquiera A M. Serodiag-
nosis. In: Franco M, Lacaz C S, Restrepo A, Del Negro G, eds.
Paracoccidioidomycosis. Boca Raton, FL: CRC Press, 345–363,
1994.

Mendes-Giannini M J S, Taylor M L, Bouchara J B, Burger E, Calich
V L G, Escalante E D, Hanna S A, Lenzi H L, Machado M P,
Miyahi M, Silva J L M, Mota E M, Restrepo A, Restrepo S, Tron-
chini G, Vincenzi L R, Xidieh C F, Zenteno E. Pathogenesis II:
Fungal responses to host responses: interaction of host cells with
fungi. Med Mycol 38(Suppl 1):113–123, 2000.

Migliari D A, Sugaya N N, Mimura M A, Cuce L C. Periodontal as-
pects of the juvenile form of paraccoccidioidomycosis. Rev Inst
Med Trop S Paulo 40:15–18, l998.

Miranda-Aires E, Costa Alves C A, Ferreira A V, Moreira, I M, Pap-
palardo M C, Peluso, D, Silva R J. Bone paracoccidioidomycosis
in an HIV-positive patient. Braz J Infect Dis 1:260–265, 1997.

Miura C S N, Estevão D, Lopes J D, Itano E N. Levels of specific
antigen (gp43), specific antibodies, and antigen-antibody com-
plexes in saliva and serum of paracoccidioidomycosis patients.
Med Mycol 39:423–428, 2000.

Molinari-Madlum E E, Felipe M S, Soares C M. Virulence of Para-
coccidioides brasiliensis can be correlated to groups defined by
by random amplified polymorphic DNA analysis (RAPD). Med
Mycol 36:269–276, 1999.

Montenegro M R, Franco M. Pathology. In: Franco M, Lacaz C S,
Restrepo A, Del Negro G, eds. Paracoccidioidomycosis. CRC
Press, Boca Raton, FL: 131–150, 1994.

Montoya A E, Alvarez A L, Moreno M N, Restrepo A, McEwen 
J G. Electrophoretic karyotype of environmental isolates of Para-
coccidioides brasiliensis. Med Mycol 37:219–222, 1999.

Moreira A, Martínez R C, Castro M, Elias L K. Adrenocortical dys-
function in paracoccidioidomycosis: comparison between plama



344 MYCOSES CAUSED BY DIMORPHIC FUNGI

� lipotrophin/adreno-corticotrophin levels and adrenocortical
tests. Clin Endocrinol 36:545–550, 1993.

Musatti C C, Peracoli M T, Soares A M V C, Rezkallah-Iwso M T.
Cell-mediated immunity in patients with paracoccidioidomycosis.
In: Franco M, Lacaz C S, Restrepo A, Del Negro G, eds. Para-
coccidioidomycosis. Boca Raton, FL: CRC Press, 175–186, 1994.

Naiff R, Ferreira L, Barrett T, Naiff M, Arias J. Enzootic paracoc-
cidioidomycosis in armadillos (Dasypus novemcinctus) in the
State of Para. Rev Inst Med Trop S Paulo 28:19–27, 1986.

Naiff R D, Barret T V, Arias J R, Naiff M F. Encuesta epidemiológica
de histoplasmosis, paracoccidioidomicosis y leishmaniasis medi-
ante pruebas cutáneas. Bol Of Sanit Panam 104:35–50, 1988.

Naranjo M S, Trujillo M, Múnera M, Gomez I, Restrepo A. Treat-
ment of paracoccidioidomycosis with itraconazole, J Med Vet My-
col 28:67–76, 1990.

Negroni R. Paracoccidioidomycosis (South American blastomycosis,
Lutz mycosis). Int J Dermatol 12:847–859, 1993.

Niño-Vega G A, Calgano A M, San Blas G, San Blas F, Gooday 
G W, Gow N A. RFLP analysis reveals marked geographical iso-
lation between strains of Paracoccidioides brasiliensis. Med My-
col 38:437–441, 2000.

Nóbrega J P S. Neuroparacoccidioidomycosis. In: Franco M, Lacaz
C S, Restrepo A, Del Negro G, ed. Paracoccidioidomycosis. Boca
Raton, FL: CRC Press, 321–330, 1994.

Nogueria S A, Caiuby M J, Vasconcellos V, Halpern M, Gouveia C,
Thorpe B, Ramparina C, Macicira J M P, Lambert J S. Paracoc-
cidioidomycosis and tuberculosis in AIDS patients: Report of two
cases in Brazil. Int J Infect Dis 2:168–172, 1998.

Nogueira S A, Guedes A L, Wanke B, Capella S, Rodrigues K, Abreu
T F, Morais J C, Lambert J S. Osteomyelitis caused by Paracoc-
cidioides brasiliensis in a child from the metropolitan area of Rio
de Janeiro. J Trop Pediatr 47:311–315, 2001.

Ollague J M, de Zurita A M, Calero G. Paracoccidioidomycosis
(South American blastomycosis) successfully treated with
terbinafine: first case report. Br J Dermatol 143:188–191, 2000.

Ono M A, Bracarense A P F R L, Morais H A S, Trapp S M, Beli-
tardo D R, Camargo Z P. Canine paracococidioidomycosis: a
seroepidemiologic study. Med Mycol 39:277–282, 2000.

Ortiz B, Díez S, Urán M E, Rivas J M, Caicedo V, Restrepo A,
McEwen J G. Use of the 27 kDa recombinant protein from Para-
coccidioides brasiliensis and its use in the serodiagnosis of para-
coccidioidomycosis. Clin Diag Immunol 5:826–830, 1998.

Peraçoli M T S, Sugizaki M F, Mendes R P, Naiff R, Montenegro
M R. Paracoccidioides brasiliensis isolated from armadillos is vir-
ulent to Syriam hamsters. Mycopathologia 148:123–130, 1999.

Pereira A J C S. Inquérito intradérmico para paracoccidioidomicose
em Goiânia. Rev Pat Trop 17:157–186, 1988.

Pinto A R, Oucia R, Diniz S N, Franco M F, Taravasso L R. DNA-
based vaccination against murine paracoccidioidomycosis using
gp43 gene from Paracoccidioides brasiliensis. Vaccine 18:3050–
3058, 2000.

Queiroz-Telles F. Paracoccidioides brasiliensis: Ultrastructural find-
ings. In: Franco M, Lacaz C S, Restrepo A, Del Negro G, eds.
Paracoccidioidomycosis. CRC Press, Boca Raton, FL: 27–48,
1994.

Restrepo A, Gomez I, Cano L E, Arango MD, Gutierrez F, Sanin A,
Robledo M A. Treatment of paracoccidioidomycosis with keto-
conazole. A three years experience. Am J Med 74(Suppl. B):48–
52, 1983.

Restrepo A, Trujillo M, Gómez I. Innapparent lung involvement in
patients with the subacute juvenile type of paracoccidioidomy-
cosis. Rev Inst Med Trop S Paulo 31:18–22, 1989.

Restrepo A. Ecology of Paracoccidioides brasiliensis. In: Franco M,
Lacaz C S, Restrepo A, Del Negro G, eds. Paracoccidioidomy-
cosis. Boca Ratón, FL: CRC Press, 121–130, 1994.

Restrepo A, Salazar M E, Clemons K V, Feldman D, Stevens D A.

Hormonal Influences in the host-interplay with Paracoccidioides
brasiliensis. In: Stevens D A, Vanden Bosche H, Odds F, eds. Top-
ics on Fungal Infections. National Foundation for Infectious Dis-
eases, 125–133, 1997.

Restrepo A. Morphological aspects of Paracoccidioides brasiliensis
in lymph nodes: implications for the prolonged latency of para-
coccidioidomycosis? Med Mycol 38:317–322, 2000.

Restrepo A, McEwen J G, Castañeda E. The habitat of Paracoccid-
ioides brasiliensis: How far from solving the riddle? Med Mycol
39:233–241, 2001.

Rios-Gonçalves A J, Londero A T, Terra G M F, Rozenbaum R,
Abreu T F, Nogueira S A. Paracoccidioidomycosis in children in
the state of Rio de Janeiro (Brazil). Geographic distribution and
the study of a “reservarea”. Rev Inst Med Trop S Paulo 40:11–
13, 1998.

Roldán J C, Tabares A M, Gómez B L, Aristizábal B E, Cock A M,
Restrepo A. The oral route in the pathogenesis of paracoccid-
ioidomycosis: An experimental study in BALB/c mice infected
with P. brasiliensis conidia. Mycopathologia 151:57–62, 2001.

Salina M A, Shikanai-Yasuda M A, Mendes R P, Barraviera B,
Mendes-Giannini M J. Detection of circulating antigen in urine
of paracoccidiodiomycosis patients before and during treatment.
J Clin Microbiol 36:1723–1728, 1998.

San Blas G, San Blas F. Biochemistry of Paracoccidioides brasilien-
sis dimorphism. In: Franco M, Lacaz C S, Restrepo A. and Del
Negro G, eds. Paracoccidioidomycosis. Boca Raton, FL: CRC
Press, 49–66, 1994.

San Blas G, Niño-Vega G. Paracoccidioides brasiliensis: virulence and
host response. In: Cihlar R L, Caldernone R A, eds. Fungal Patho-
genesis: Principles and Clinical Applications. New York: Marcel
Dekker, Inc., 205–226, 2001.

Sandlu G S, Aleff R A, Kline B C, Lacaz C S. Molecular detection
and identification of Paracoccidioides brasiliensis. J Clin Micro-
biol 35:1894–1896, 1997.

Sano A, Miyaji M, Nishimura K. Studies on the relationship between
the estrous cycle of BALB/c mice and their resistance to P.
brasiliensis infection. Mycopathologia 119:141–145, 1992.

Sano A, Yokoyama K, Tamura M, Mikami Y, Takahashi I,
Fukushima K, Miyahi M, Nishimura K. Detection of gp43 and
ITS1-5.8S-ITS2 ribosomal RNA genes of Paracoccidioides
brasiliensis in paraffin embedded tissues. Nippo Ishinkin Gakkai
Zassh 42:23–27, 2001.

Santos J W A, Costa J M, Cechella M, Michel G T, Figereido C W C,
Londero A T. An unusual presentation of paracoccidioidomyco-
sis in an AIDS patient. Mycopathol 142:139–142, 1998.

SantAnna G D, Mauri M, Arrarte J L, Camargo H. Laryngeal man-
ifestations of paracoccidioidomycosis (South American Blasto-
mycosis). Arch Otolatyngol Head Neck Surg 125:1375–1378,
1999.

Severo L C, Kauer C L, Oliveira F D, Rigatti R A, Hartman A A,
Londero A T. Paracoccidioidiomycosis of the male genital tract.
Report of eleven cases and review of the Brazilian literature. Rev
Inst Med Tropical S Paulo 42:38–40, 2000.

Shikanai-Yasuda M A, Segurado A A C, Pinto W P, Segurado A L,
Ponto W P, Nicodemo A C, Sato M, Duarte AJ, Del Negro G M,
Hutzer RH. Immunodeficiency secondary to juvenile paracoccid-
ioidomycosis. Mycopathologia 120:23–28, 1992a.

Shikanai-Yasuda M A, Higaki Y, Uip D E, Mori N S, Del Negro G,
Melo N T, Hutzler R U, Amato Neto V. Comprometimiento da
medula ossea e eosinofilia na paracoccidiodiomicose. Rev Inst
Med Trop S Paulo 34:85–90, 1992b.

Silva S P, Borges-Walmsley M I, Pereira I S, Soares C M, Walmsley
A, Felipe M S. Differential expression of an hsp70 gene during
transition from the mycelial to the infective yeast form of the hu-
man pathogenic fungus Paracoccidioides brasiliensis. Mol Mi-
crobiol 31:1039–1050, 1999.



Paracoccidioidomycosis 345

Silva C E, Cordeiro A F, Gollner A M, Cupolilo S M, Quesada-
Filguerias M, Curzio M F. Paracoccidioidomycosis of the central
nervous system: case report. Arq Neurosiquiatr 58:741–747,
2000.

Silva-Vergara M L, Martinez R. Role of the armadillo Dasypus
novemcinctus in the epidemiology of paracoccidioidomycosis.
Mycopathologia 144:131–133, 1999.

Silva-Vergara M L, Martínez R, Camargo Z P, Malta M H B, Maf-
fei C M L, Chadu J B. Isolation of Paracoccidioides brasiliensis
from armadillos (Dasypus novemcinctus) in areas where the fun-
gus was recently isolated from soil. Med Mycol 38:193–199,
2000.

Singer-Vermes L M, Burger E, Russo M, Vaz C, Calich V L G. Ad-
vances in experimental paracoccidioidomycosis using an isogenic
murine model. Arch Med Res 24:239–245, 1993.

Soares A M V, Peraçoli M T S, Santos R R D. Correlation among
immune response, morphogenesis of the granulomatous reaction
and spleen lymphoid structure in murine experimental paracoc-
cidioidomycosis. Med Mycol 38:371–377, 2000a.

Soares A M, Rezkallah-Iwasso M T, Oliveira S L, Peraçoli M T,
Montenegro M R, Musatti C C. Experimental paracoccid-
ioidomycosis in high and low antibody responder mice. Med My-
col 38:309–15, 2000b.

Souto J T. Figuereido F, Furlanetto A, Pfeffer K, Rossi M A, Silva 
J S. Interferon-� and tumor necrosis factor-� determine resistance
to Paracoccidioides brasiliensis infection in mice. Am J Pathol
156:1811–1820, 2000.

Souza A R, Gesztesi J L, Negro G M B, Benard G, Sato J, Santos 
M V B, Abrahão T B, Lopes J D. Anti-idiotypic antibodies in pa-
tients with different clinical forms of paracoccidioidomycosis.
Clin Diagn Lab Immunol 7:175–181, 2000.

Stevens D A. Itraconazole in cyclodextrin solution. Pharmacother
19:603–611, 1999.

Sugizaki M F, Peraçoli M T S, Mendes-Giannini M J, Soares A M
V C, Kurokawa C S, Mendes R P, Marques S A, Freire-Maia 
D V. Correlation between antigenemia of Paracoccidioides
brasiliensis and inhibition effect of plasma in patients with para-
coccidioidomycosis. Med Mycol 37:277–284, 1999.

Teixeira A B, Echtbehere E C, Lima M C, Santos A O, Pires B C,
Valencia J T, Ramos C D, Camargo E E. Gallium-67 imaging in
a patient with paracoccidioidomycosis. Rev Inst Med Trop S
Paolo 42:167–170, 2000.

Tendrich M, Wanke B, Del Negro G, Wajchenberg B L. Adreno-

cortical involvement. In: Franco M, Lacaz C S, Restrepo A, Del
Negro G, eds. Paracoccidioidomycosis. Boca Raton, FL: CRC
Press, 303–312, 1994.

Tobón AM, Gómez I, Franco L, Restrepo A. Seguimiento post-
terapia en pacientes con paraoccidioidomicosis tratados con itra-
conazol. Rev Colomb Neumol 7:74–78, 1995.

Tobón A M, Orozco B, Estrada S, Jaramillo E, de Bedout C, Arango
M, Restrepo A. Paracoccidioidomycosis and AIDS: report of the
two Colombian cases. Rev Inst Med Trop 40: 377–381, 1998.

Torrado E, Castañeda E, de la Hoz F, Restrepo A. Paracoccid-
ioidomicosis: definición de las áreas endémicas de Colombia. Bio-
médica 20:327–334, 2000.

Travassos L R. Immunochemistry of Paracoccidiodes brasiliensis
antigens. In: Franco M, Lacaz C S, Restrepo A, Del Negro G,
eds. Paracoccidioidomycosis. Boca Raton, FL: CRC Press, 67–86,
1994.

Tuder R M, El Ibrahim R, Godoy C E, de Brito T. Pathology of the
pulmonary paracoccidioidomycosis. Mycopathologia 92:179–
188, 1985.

Valle A C F, Guimarães R R, Lopes D J, Capone D. Aspectos radi-
ológicos torácicos na paracoccidioidomicose. Rev Inst Med Trop
S Paulo 34:107–115, 1992.

Valle A C F, Aprigliano F F, Moreira J S, Wake B. Clinical and en-
doscopic findings of the upper respiratory and digestive tracts in
post-treatment follow-up of paracoccidioidomycosis patients. Rev
Inst Med Trop S Paulo 27:407–413, 1995.

Valle A C F, Costa R L B, Montero P C F, Heldern J V, Muniz 
M M, Zancopé-Oliveira R M. Interpretation and clinical corre-
lation of serological tests in paracoccidioiomycosis. Med Mycol
39:373–377, 2000.

Vaz C A C, Mackenzie D W R, Hearn V M, Camargo Z P, Singer
Vermes L M, Burger E, Calich V L G. Specific recognition pat-
tern of IgM and IgG antibodies produced in the course of ex-
perimental paracoccidioidomycosis. Clin Exp Immunol 88:119–
123, 1992.

Villa L A, Tobón A M, Restrepo A, Calle D, Rosero S, Gómez B L,
Restrepo A. Central nervous system paracoccidioidomycosis. Re-
port of a case successfully treated with itraconazole. Rev Inst Med
Trop S Paulo 42:231–234, 2000.

Wanke B, Londero A T. Epidemiology and paracoccidioidomycosis
infection. In: Franco M, Lacaz C S, Restrepo A, Del Negro G,
eds. Paracoccidioidomycosis. Boca Raton, FL: CRC Press, 109–
120, 1994.



346

22

Sporotrichosis
PETER G. PAPPAS

Sporotrichosis is a chronic pyogranulomatous infection
caused by the thermally dimorphic fungus Sporothrix
schenckii. Infection is usually limited to the skin and
subcutaneous tissues, but can involve virtually any or-
gan in its disseminated form. Less common localized
forms of sporotrichosis include arthritis, osteomyelitis,
meningitis, chronic pulmonary infection, and ocular
disease.

Schenck originally described sporotrichosis in 1898
in a 36-year old man who presented with several dis-
crete indurated lesions extending along the lymphatics
from the index finger proximally to the forearm. The
organism obtained from cultures of the purulent
drainage from one of these lesions revealed heavy
growth of a moderately rapidly growing fungus that 
he designated as possibly related to Sporotrichum spp.
(Schenck, 1898). Subsequently, investigators reported
a second case of sporotrichosis in a 5-year-old boy with
chronic ulceration of the index finger and associated
nodular lymphangitis of the forearm (Hektoen and
Perkins, 1900). Treatment entailed serial incision and
drainage of each subcutaneous nodule followed by lo-
cal wound care resulting in eventual full recovery. The
fungus isolated from this young patient was referred to
as Sporothrix schenckii. However, the more common
designation, Sporotrichum schenckii, was used through
the late 1960s until Carmichael’s observation that the
organism had a different manner of sporulation when
compared to Sporotrichum spp., and the name Sporo-
thrix schenckii was officially readopted (Carmichael,
1962).

After the initial description of sporotrichosis, most
early cases were reported from France. One of the case
reviews from France involved approximately 250 pa-
tients with sporotrichosis and remains one of the largest
reports of this condition to date (de Beurman and
Gougerot, 1912). As knowledge of the disease became
more widespread, fewer cases were identified in Europe
and cases of sporotrichosis began to be reported world-
wide, with the abundance of cases emerging from the
United States, Mexico, and South America.

Sporotrichosis was originally considered a sporadic
infection, though clusters of cases and larger epidemics

were occasionally observed. In the largest of these out-
breaks, almost 3000 cases of sporotrichosis occurred
among South African gold miners between 1941 and
1944. The cause of the initial outbreak was discovered
to be infected mining timbers, and the epidemic was
brought under control by spraying these timbers with
fungicidal agents (Transvaal Mine Medical Officers’
Association Symposium, 1947). Since the report of the
large South African outbreak, many smaller epidemics
have been reported, mostly occurring in North and
South America and Japan (Ellner, 1960; D’Alessio et
al, 1965; Powell et al, 1978; Itoh et al, 1986; Centers
for Disease Control, 1988; Kushuhara et al, 1988;
Kwon-Chung and Bennett, 1992; Barile et al, 1993;
Hajjeh et al, 1997).

MYCOLOGY

Sporothrix schenckii demonstrates thermal dimor-
phism, growing as a mould at room temperature
(25°C–28°C), and as a yeast at 35°C–37°C (Kwon-
Chung and Bennett, 1992). There is evidence to sug-
gest that isolates from fixed dermatologic lesions are
less tolerant to higher temperatures, growing well at
35°C, but either failing to grow or growing only very
slowly at 37°C (Kwon-Chung, 1979). In contrast, iso-
lates from lung, synovial tissue, or lymphocutaneous
lesions and other deep tissues usually grow well at body
temperature. Not all investigators have been able to re-
produce these observations (Mackinnon and Conti-
Diaz, 1962; Mackinnon et al, 1964; Albornoz et al,
1986).

Colonies grow within a few days to 2 weeks when
incubated on Sabouraud’s dextrose agar at 25°C–28°C.
The initial colony is moist and whitish. Within 10 to
14 days, most colonies develop a black or brown pig-
mentation around the periphery of the colony (Kwon-
Chung and Bennett, 1992). The identification of S.
schenckii is based on its colonial and microscopic mor-
phology in the mould phase and its conversion to yeast
phase at 35°C–37°C. The yeast phase of S. schenckii,
while rarely seen in clinical specimens, is acapsular and
has a distinctive oval to cigar-shaped appearance. Dis-
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tinction between S. schenckii and a much less common
pathogen, S. cyanescens, can be difficult, though the
colonies of S. cyanescens produce a water-soluble pur-
plish pigment and thermodimorphism is less readily
demonstrated in this species (Kwon-Chung and Ben-
nett, 1992). Sporothrix schenckii variety luriei has a
distinctive morphologic appearance with a yeast form
that is large, thick-walled, and demonstrates budding.
In addition, the organism can survive as a yeast at 25°C
(Alberici et al, 1989).

Virulence factors for S. schenckii have not been elu-
cidated completely. It is clear that the organism is not
very virulent in many animal models including the
guinea pig, rabbit, mouse, and hamster (Mackinnon et
al, 1964; Dixon et al, 1992; Tachibani et al, 2001). The
organism produces melanin, which is a virulence fac-
tor for other yeasts including Cryptococcus neoformans
(Romero-Martinez et al, 2000). The organism also pro-
duces extracellular proteins, which could possibly play
a role in virulence. In addition, S. schenckii contains
the unique substance, L-rhamnose, which complexes
with other glycoproteins to form rhamnomannans,
which are not found in other fungal cell walls. The po-
tential role of the rhamnomannans as a virulence fac-
tor is not well understood (Kauffman, 1999).

Conditions of growth may also play an important
role in virulence. Recently, Fernandes and colleagues,
using a mouse model, observed that conidia grown for
4 days demonstrated more virulence than conidia
grown for 10–12 days (Fernandes et al, 1999). Ther-
motolerance is also probably an important virulence
factor among selected strains of S. schenckii causing
visceral or lymphonodular disease, as these organisms
tend to multiply at 37°C whereas organisms that are
less thermotolerant tend to be less invasive and cause
chronic fixed cutaneous lesions (Mackinnon and Conti-
Diaz, 1962; Mackinnon et al, 1964; Mackinnon et al,
1969; Kwon-Chung and Bennett, 1992).

EPIDEMIOLOGY

In recent decades, most cases of sporotrichosis have
been reported from the United States, Central and
South America, Africa, and Japan (Ellner, 1960; 
D’Allessio et al, 1965; Ochoa et al, 1970; Velasco-
Castrejon and Gonzalez-Ochoa, 1976; Powell et al,
1978; Itoh et al, 1986; Centers for Disease Control,
1988; Kushuhara et al, 1988; Barile et al, 1993; Haj-
jeh et al, 1997; Pappas et al, 2000). The majority of
cases are sporadic, occurring after direct inoculation
through the skin from an infectious source. There is a
predominance of males among reported cases of
sporotrichosis, probably reflecting occupational expo-
sure. Occupational risk factors include gardening or
farming, forestry, nursery workers, outdoor laborers,

and other activities that involve exposure to S. schenckii
contaminated material such as sphagnum moss, roses,
or other vegetation (Powell et al, 1978; Centers for Dis-
ease Control, 1982; Centers for Disease Control, 1988;
Coles et al, 1992).

The incidence of sporotrichosis varies widely from
country to country based on observational data and
case reports. Few countries have national surveillance
or reporting systems for the deep mycoses, conse-
quently only crude estimates of disease incidence are
generally available. Surveillance data notwithstanding,
the disease appears to have become extremely rare in
Western Europe, with the exception of Italy, where spo-
radic cases are still reported (Barile et al, 1993). In the
Unites States, the incidence is less than one case per
100,000 and probably more accurately approximates
one case per million persons (Hajjeh et al, 1997). Data
from Japan suggest a similar incidence (Itoh et al, 1986;
Kushuhara et al, 1988). The countries of Central and
South America appear to have the heaviest burden of
disease based on scattered reports and few prospective
studies. Observations from some hyperendemic regions
in the Andean highlands of South America suggest that
the incidence of disease is highest among children and
adolescents in rural villages, approximating 1 case per
1000 in some regions (Pappas et al, 2000). Among these
children there appears to be no male predominance in
reported disease.

Transmission of S. schenckii usually occurs through
a traumatic break in the skin and exposure to infec-
tious material. A primary lesion usually occurs at the
site of inoculation, and this may be followed by local
lymphangitic spread or the development of a fixed cu-
taneous lesion. Extracutaneous sporotrichosis may oc-
cur as a result of direct inoculation such as penetrat-
ing trauma into a joint or the eye, or through
dissemination from another site such as the skin or
lungs. Patients with pulmonary sporotrichosis proba-
bly acquire disease through inhalation, as these patients
usually provide no history consistent with cutaneous
disease (Pluss and Opal, 1986).

Several cases of laboratory-acquired sporotrichosis
have been reported (Thompson and Kaplan, 1977;
Cooper et al, 1992). These cases have occurred typi-
cally among persons working with infected laboratory
animals or other contaminated material, with direct in-
oculation to the upper extremities. In two cases, direct
inoculation into the conjunctivae occurred when a sus-
pension of S. schenckii mycelial elements was spattered
into the eyes (Thompson and Kaplan, 1977). Person-
to-person transmission, if it occurs, is exceedingly rare.
There are, however, several reports of sporotrichosis
occurring in family members or persons living in the
same household (Garrett and Robbins, 1960; Yamada
et al, 1990). In most of these instances, disease was felt
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to be due to a common source rather than person-to-
person spread. Sporotrichosis as result of zoonotic ex-
posure to domestic and wild animals has also been well
described (Caravalho et al, 1991; Reed et al, 1993; Sar-
avanakumar et al, 1996; de Lima Barros et al, 2001;
Fleury et al, 2001). Clinical sporotrichosis may occur
in birds, dogs, squirrels, horses, rats, and cats; thus vet-
erinarians and pet owners are at relatively increased
risk for acquiring infection. Recently, several well-
documented cases of feline-transmitted sporotrichosis
have been reported in the United States and Brazil (Car-
avalho et al 1991; Fleury et al, 2001).

Most cases of sporotrichosis are sporadic, though
many outbreaks of sporotrichosis have been reported.
Most outbreaks have been traced to occupational ex-
posure such as workers handling plants, contaminated
sphagnum moss or soil. Forrester was among the first
to suggest an occupational predisposition to sporotri-
chosis in his review of 14 tree nursery workers with
sporotrichosis from Wisconsin in 1926 (Forrester,
1926). More recent epidemics in the United States in
Wisconsin, Florida, Vermont, Mississippi, and a large
multistate outbreak have been reported following ex-
posure to seedlings, other plants, and sphagnum moss
(Ellner, 1960; D’Alessio et al, 1965; Powell et al, 1978;
Centers for Disease Control, 1982). In the largest of
these epidemics, 84 cases of cutaneous sporotrichosis
occurred in persons handling conifer seedlings that had
been packed with sphagnum moss harvested in Wis-
consin (Centers for Disease Control, 1988; Coles et al,
1992). Cases were confirmed in 14 states in this mul-
tistate outbreak.

The most recently documented outbreak of sporotri-
chosis in the United States occurred among nine tree
nursery workers from one nursery in Florida in 1994
(Hajjeh et al, 1997). A case-control study conducted in
parallel with this epidemic suggested that occupational
inexperience and handling sphagnum moss were inde-
pendently associated with an increased risk, whereas
longer work experience and wearing gloves were asso-
ciated with decreased risk of sporotrichosis (Hajjeh et
al, 1997).

CLINICAL MANIFESTATIONS

Lymphocutaneous
Lymphocutaneous lesions are the hallmark of sporotri-
chosis. Disease typically arises at a site of minor trauma
and may begin as a erythematous papule that enlarges
over days or weeks. The lesion may become a fixed
subcutaneous nodule or plaque, or may develop into a
chronic nonhealing ulcerative lesion (See Color Figs.
22–1 and 22–2 in separate color insert). These lesions
are usually painless and systemic symptoms of fever,

malaise, weight loss, and chills are usually absent. Clas-
sically, a “sporotrichoid” eruption of similar-appear-
ing subcutaneous nodules develops along the lymphatic
system of the involved anatomic site (See Color Figs.
22–3a, 22–3b, 22–4a, and 22–4b in separate color in-
sert). Lesions are typically erythematous or violaceous,
and the intervening skin is usually normal. Over time,
these nodules may undergo suppuration, drainage and
ulcer formation, similar to the primary lesion. Sec-
ondary lymphadenopathy may occur, although lymph
nodes are not usually involved directly with S. schenckii
infection, and most cases of enlarged nodes represent
reactive lymphadenopathy.

Some patients present with a fixed ulceration or a
proliferative, plaque-like lesion. These lesions can be
chronic for many months or years, remaining more or
less unchanged (Kauffman, 1999). The propensity for
these lesions to evolve into progressive nodular lym-
phangitis or disseminated disease is very low and may
relate to the observation that many of these S. Schenckii
organisms are less thermotolerant than more invasive
strains (Kwon-Chung, 1979).

Disseminated cutaneous lesions involving multiple
extremities, the face, trunk, and abdomen may occur
in normal individuals after either intense exposure to
the organism, significant autoinoculation, or rarely,
hematogenous dissemination. Patients with dissemi-
nated skin lesions secondary to hematogenous spread
are virtually all severely immunocompromised as a con-
sequence of advanced HIV disease, organ transplanta-
tion, or another significant underlying disorder (Ware
et al, 1999).

Osteoarticular
Osteoarticular sporotrichosis is usually manifest as a
slowly progressive, indolent process involving a major
peripheral joint, typically the knee, elbow, ankle, or
wrist (Altner and Turner, 1970; Crout et al, 1977; Yao
et al, 1986; Chowdhary et al, 1991). Occasionally,
metacarpal or metatarsal joints may be involved either
as a manifestation of dissemination or direct extension
from a cutaneous lesion. Arthritis has also been re-
ported to follow a penetrating joint injury. Frank bony
involvement is a frequent concomitant of sporotrichoid
arthritis, usually at a contiguous periarticular site (Al-
tner and Turner, 1970; Yao et al, 1986). Patients with
osteoarticular sporotrichosis often present with local-
ized pain and swelling without significant fever or other
systemic symptoms. Untreated, the process inevitably
progresses until the joint is destroyed and/or function
significantly impaired.

Sporothrix schenckii is also a cause of granuloma-
tous tenosynovitis, usually presenting in the wrist with
painless swelling and limitation of range of motion. In
severe cases, neurologic or musculoskeletal symptoms
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due to entrapment of the median nerve or tendon rup-
ture can be seen (Stratton et al, 1981; Schwartz, 1989).
Surgical intervention is necessary for decompression,
debridement, and repair of damaged tendons. At sur-
gery, the finding of “rice bodies” in the synovial space
is a nonspecific finding consistent with sporotrichosis,
but can also be seen in cases of granulomatous tenosyn-
ovitis due to other organisms such as mycobacteria.

Pulmonary
Pulmonary sporotrichosis is a rare disorder. In the
largest review of this topic, Pluss and Opal reviewed
51 cases, of which the vast majority were middle-aged
white males presenting with cough, low-grade fever,
weight loss, and upper lobe cavitary disease (Pluss and
Opal, 1986). Preexisting lung disease was common. He-
moptysis occurred in fewer than 20%, but could be sig-
nificant if present.

Chest roentgenographic findings associated with pul-
monary sporotrichosis are nonspecific. Cavitary lung
lesions, which are common with pulmonary sporotri-
chosis, are usually single and often involve the upper
lobes (Wilson et al, 1967; Pluss and Opal, 1986). There
may be extensive surrounding fibrosis, which is indis-
tinguishable from the fibrosis associated with other
causes of chronic necrotizing pneumonia (Fig. 22–5).
The classic single thin-walled cavity associated with
pulmonary sporotrichosis and coccidioidomycosis is
relatively uncommon (Pluss and Opal, 1986).

Among patients with pulmonary sporotrichosis, dis-
ease is usually limited to the lungs, although multiple
organ involvement can occur. Untreated, pulmonary
sporotrichosis leads to slow and inexorable clinical de-
terioration; spontaneous remission is rare.

Disseminated
Sporotrichosis can involve virtually any organ, mani-
festing as disseminated disease in either of two forms:
(1) disseminated cutaneous disease and (2) dissemi-
nated visceral disease (Lurie, 1963; Wilson et al, 1967;
Donabedian et al, 1994; Castrejon et al, 1995). Both
of these disease presentations result from hematoge-
nous dissemination. In the first form, multiple skin 
lesions may occur spontaneously on the extremities,
trunk, abdomen, and head and neck. These lesions are
often small pustules on an erythematous base and not
particularly distinctive. They can be mistaken for the
skin lesions of varicella, disseminated bacterial infec-
tion, or another disseminated fungal infection. The
CNS and the peripheral joints are probably the most
common sites for disseminated visceral disease (Wilson
et al, 1967). Clinically, CNS disease is usually associ-
ated with chronic indolent meningitis, focal cranial
nerve abnormalities, and hydrocephalus. Cerebrospinal
fluid analysis usually reveals evidence of chronic in-
flammation with hypoglycorrhachia, elevated CSF pro-
tein, and mononuclear cell pleocytosis (Wilson et al,
1967; Donabedian et al, 1994). Endophthalmitis due
to S. schenckii may occur either as an extension of a
CNS infection, or independently as a consequence of
hematogenous dissemination or directly from pene-
trating trauma (Kurosawa et al, 1988; Cartwright et al,
1993).

Special Populations
Children. Unlike cryptococcosis and blastomycosis,
sporotrichosis is not uncommon in children (Gluck-
man, 1965; Chandler et al, 1968; Orr and Riley, 1971;
Burch et al, 2001). Indeed, in some populations the
highest incidence of disease is among preadolescent
children (Pappas et al, 2000). Disease manifestations
are similar to those in adults, although multiple cuta-
neous sites and facial lesions are more common in chil-
dren with sporotrichosis, possibly due in part to au-
toinnoculation (Gluckman, 1965; Chandler et al, 1968;
Orr and Riley, 1971; Pappas et al, 2000; Burch et al,
2001). For unclear reasons, extracutaneous and hema-
togenously disseminated cutaneous disease are partic-
ularly uncommon among children.

Immunocompromised Patients. A growing number of
patients with sporotrichosis and HIV/AIDS or other
significant underlying immune disorders have been re-
ported (Kurosawa et al, 1988; Keiser and Whittle,
1991; Donabedian et al, 1994; al-Tawfiq and Wools,
1998; Ware et al, 1999; Edwards et al, 2000). Patients
with these disorders are much more likely to present
with hematogenously disseminated disease, and a dis-
proportionate number of these patients develop com-
plicated S. schenckii infections, including fungemia,

FIGURE 22–5. Chest roentgenogram from a patient with chronic fi-
brocavitary pulmonary sporotrichosis.
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meningitis, endophthalmitis, and multiorgan disease
(Kurosawa et al, 1988; Keiser and Whittle, 1991; Don-
abedian et al, 1994; al-Tawfiq and Wools, 1998; Ed-
wards et al, 2000). Whereas mortality associated with
sporotrichosis among non-immunocompromised pa-
tients is very low, disseminated disease in the im-
munocompromised patient can be rapidly fatal if un-
recognized and untreated.

DIAGNOSIS

The clinical diagnosis of lymphocutaneous sporotri-
chosis can be misleading because sporotrichosis is clin-
ically indistinguishable from other common causes of
nodular lymphangitis (Kostman and DiNubile, 1993).
Lymphonodular sporotrichosis may appear identical to
cutaneous nocardiosis, mycobacterial infections, espe-
cially due to Mycobacterium marinum and Mycobac-
terium chelonae, tularemia resulting from direct cuta-
neous inoculation, and cutaneous leishmaniasis
(Kostman and DiNubile, 1993). Less common causes
of a lymphonodular sporotrichoid eruption include My-
cobacterium avium complex, other mycobacteria, C.
neoformans, B. dermatitidis, and rarely, C. immitis.

The diagnosis of sporotrichosis is confirmed by a
positive culture for S. schenckii from an involved site
(tissue or body fluid). The organism is not considered
a colonizer; thus, its isolation from a clinical specimen
is virtually always considered diagnostic. Optimally,
clinical specimens for culture should be collected from
purulent cutaneous lesions. Alternatively, a skin biopsy
of a suspicious area is usually sufficient. For patients
with suspected pulmonary sporotrichosis, expectorated
purulent sputum can be a source for culture; otherwise,
a bronchoalveolar lavage or a transbronchial biopsy
specimen is necessary (Pluss and Opal, 1986; Farley et
al, 1991). For patients with osteoarticular disease, the
organism is readily recovered from synovial fluid or in-
volved boney or synovial tissue. Isolation of S. schenckii
from blood and other body fluids, including cere-
brospinal fluid, is unusual even among patients with
disseminated disease (Scott et al, 1987).

Direct examination of clinical specimens is usually
unsuccessful in a search for specific histopathologic ev-
idence of sporotrichosis. Owing to the relative paucity
of organisms, yeast forms are seen uncommonly on
biopsy specimens using Gram stain, KOH or other spe-
cial stains. The fungal cell may have a very pleomor-
phic appearance ranging from spherical to elongated.
However, the typical ovoid cigar-shaped yeast forms,
which are most suggestive of the diagnosis, are un-
commonly seen. Similarly, the classic finding of aster-
oid bodies in tissue specimens is uncommon (See Color
Fig. 22–6 in separate color insert). Serologic assays for
the detection of antibodies to Sporothrix schenckii are

neither readily available nor appropriately standard-
ized; thus, this method of diagnosis is not generally use-
ful, although assay of CSF for antibody has been ad-
vocated for patients with suspected Sporothrix
meningitis (Scott et al, 1987).

In many countries, a skin test (sporotrichin test) is
available to detect exposure to S. schenckii. The skin
test antigen, which consists of an extract from labora-
tory-cultured strains of S. schenckii, is not standard-
ized. The test is used as an adjunct to the diagnosis of
cutaneous sporotrichosis among patients with clinically
compatible lesions before culture data are available or
in whom cultures are negative. Although a positive skin
test is generally regarded as evidence of recent expo-
sure to S. schenckii, this diagnostic modality remains
of questionable value, even in areas of the world where
it is readily available. At present, the sporotrichin skin
test is not available commercially within the United
States.

TREATMENT

Supersaturated Solution of Potassium Iodide
Effective therapy for cutaneous sporotrichosis has been
available for almost a century. In the early 1900s, de-
Beurmann noted that iodides were effective in the treat-
ment of this form of sporotrichosis, though the mech-
anism by which iodides act is still not understood
almost 100 years later (Urabe and Nagasthima, 1969;
Sterling and Heymann, 2000). Supersaturated solution
of potassium iodide (SSKI) does not inhibit or kill S.
schenckii directly nor does it enhance killing of the 
organism when combined with neutrophils (Rex and
Bennett, 1990). Nonetheless, a large amount of clini-
cal experience and published data indicate that SSKI is
an acceptable and very effective treatment for uncom-
plicated cutaneous sporotrichosis.

For patients undergoing treatment with SSKI, it is
recommended to begin with 5 drops SSKI in water or
juice 3 times daily, gradually increasing each dose by
5 drops weekly to a maximum of 40 or 50 drops SSKI
3 times daily as tolerated. Administration usually con-
tinues until active lesions have disappeared for at least
4 weeks. Therapy is rarely continued beyond 6 months,
in part because of poor patient tolerance and difficulty
in administration. Recognizing these problems, Cabezas
and colleagues, studying a group of Andean natives in
Peru, found that once daily dosing with SSKI was
equivalent to standard dosing at 2 to 3 times daily,
thereby demonstrating that this was an effective ap-
proach to treatment for many patients with cutaneous
sporotrichosis (Cabezas et al, 1996).

Adverse effects, which are common with SSKI espe-
cially at higher doses, include anorexia, nausea, a metal-
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lic taste, swelling of the salivary glands, rash, and fever
(Kauffman, 1995). Despite these obvious obstacles to
good compliance, SSKI remains the least expensive and
widely used therapy for sporotrichosis. Given that
sporotrichosis primarily occurs in regions of the world
where antifungal therapy with azole drugs is generally
not affordable, SSKI remains the treatment of choice
for individuals in these regions with uncomplicated
lymphocutaneous sporotrichosis. Response to therapy
among compliant patients with uncomplicated disease
is in excess of 90%. Supersaturated solution of potas-
sium iodide is not effective for visceral sporotrichosis.

Hyperthermia
Hyperthermia has been used successfully in the treat-
ment of lymphocutaneous sporotrichosis based on an
observation made originally in 1951 (Thomas et al,
1951). Most of the recent work on hyperthermic ther-
apy for sporotrichosis has been conducted in Japan, uti-
lizing hot baths, hot compresses, and hand-held heat-
ing devices. Hiruma and colleagues reported that 18 of
21 patients were cured when using pocket warmers di-
rectly applied over a fixed lesion for 40 to 60 minutes
daily for an average of 8 weeks. Additional studies eval-
uating infrared therapy have been done, but have been
limited due to the potential for phototoxicity (Hiruma
et al, 1992).

The mechanism by which hyperthermia leads to im-
provement in sporotrichosis remains unknown, but
probably relates to the limited thermotolerance of S.
schenckii. Over 2 decades ago, Kwon Chung demon-
strated the inability of S. schenckii obtained from fixed
cutaneous lesions to survive at temperatures of 37°C
or higher (Kwon-Chung, 1979). Additionally, Hiruma
and Kagawa demonstrated that S. schenckii germina-
tion was markedly decreased when organisms were
heated to � 40°C (Hiruma and Kagawa, 1983). De-
spite clinical evidence to support its use, the role of hy-
perthermia as therapy for sporotrichosis remains very
limited and probably should be restricted to patients
with fixed cutaneous lesions who cannot afford or tol-
erate existing oral therapies.

Azoles
The azole antifungal drugs have become the mainstay
of therapy for most patients with lymphocutaneous
sporothrichosis. Of the three available oral azoles, itra-
conazole is the drug of choice with a success rate ex-
ceeding 90% (Restrepo et al, 1986; Sharkey-Mathis et
al, 1993; Kauffman et al, 2000). Itraconazole should
be administered orally at doses of 100 to 200 mg daily
for at least 1 month beyond resolution of symptoms
and signs. Fluconazole is generally less effective than
itraconazole at similar doses and should be considered
a second line therapy for sporotrichosis among patients

who either have no access to or can not tolerate itra-
conazole, or for whom itraconazole is contraindicated
due to drug–drug interactions (Kauffman et al, 1996).
Fluconazole should be administered orally starting at
doses of 400 mg daily. Higher doses may be more 
effective but are unapproved for this purpose. Keto-
conazole is the least effective of the available oral azoles
and should only be used when access to the other two
agents is limited (Calhoun et al, 1991). If therapy with
ketoconazole is necessary, initial dosing is 400 mg
daily, increasing to 600 mg and 800 mg daily as clin-
ically indicated for unresponsive cases. All of the azole
drugs are better tolerated than SSKI.

For patients with extracutaneous disease, especially
those with osteoarticular disease, itraconazole 200
mg bid provides a good alternative to amphotericin
B (Sharkey-Mathis et al, 1993; Kauffman et al, 2000).
There has been less experience with fluconazole for
this purpose (Kauffman et al, 1996). Ketoconazole is
generally not recommended for the treatment of pa-
tients with extracutaneous sporotrichosis (Kauffman
et al, 2000). Among patients with nonlife-threaten-
ing pulmonary disease, itraconazole provides a rea-
sonable alternative to amphotericin B. For central
nervous system and other forms of disseminated
sporotrichosis, there is little role for initial therapy
with any of the azoles, although they may play a role
as chronic suppressive therapy among those who
demonstrate an initial response to amphotericin B
(Kauffman et al, 2000).

Terbinafine
Terbinafine, a recently licensed allylamine antifungal
agent in the United States, has good activity against
Sporothrix schenckii in vitro and in vivo, and there is
a moderate amount of clinical data supporting its use-
fulness for the treatment of lymphocutaneous sporotri-
chosis (Hull and Vismer, 1992; Hull and Vismer, 1997;
Pappas et al, 2001). In a recently completed random-
ized, double-blinded study involving 63 patients, two
different regimens of terbinafine were compared among
patients with uncomplicated lymphocutaneous spo-
rotrichosis. Patients received either terbinafine 500 mg
or 1000 mg daily for up to 24 weeks. A much better
response was noted among the group receiving higher
dose terbinafine (87% vs. 52%), and the percent suc-
cess rate in the higher dose group was similar to that
seen in patients treated with itraconazole (Pappas et al,
2001). While not approved for this purpose, terbinafine
appears to be a safe, well tolerated, and reasonable 
alternative to itraconazole for patients with lymphocu-
taneous disease. Because there are little data concern-
ing the use of terbinafine in the treatment of extracu-
taneous sporotrichosis, it is not recommended in this
setting.
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Amphotericin B
Amphotericin B, 1.0–2.0 grams total dose, remains the
mainstay of therapy for patients with disseminated or
life-threatening sporotrichosis, including those patients
with CNS disease and moderate to severe pulmonary
sporotrichosis (Kauffman et al, 2000). It is also the
most appropriate initial therapy for immunocompro-
mised patients with disseminated disease. There are lit-
tle data comparing amphotericin B to other forms of
therapy, especially for more serious complications of
sporotrichosis such as pulmonary and CNS disease;
however, the seriousness of these manifestations gen-
erally merit a more aggressive therapeutic approach.
Thus, the recently published treatment guidelines for
sporotrichosis suggest amphotericin B be used as ini-
tial therapy for patients with either meningeal or life-
threatening disease until the condition has been clini-
cally stabilized (Kauffman et al, 2000).

Notably, there are no comparative trials between dif-
ferent agents for the treatment of sporotrichosis. The
largest trials involve pilot studies or dose-ranging stud-
ies to determine a range of efficacy and optimal dos-
ing of a single agent. Furthermore, there are no stud-
ies of combinations of antifungal agents. Limitations
to the study of the treatment of sporotrichosis relate to
its rarity in the developed world.

Surgery
The role of surgery in the treatment of sporotrichosis
is unclear. Among patients with pulmonary sporotri-
chosis involving a well-defined anatomic area and no
more than one lobe, surgery may be a reasonable op-
tion provided there are no contraindications to surgery
and there is no evidence of sporotrichosis involving 
the other lung or other extracutaneous sites (Pluss 
and Opal, 1986; Kwon-Chung and Bennett, 1992). The
only other role for surgery is its use in the debridement
of involved synovial spaces, particularly for synovitis
involving the wrist (Stratton et al, 1981; Schwartz,
1989). The role of synovectomy in this setting is diffi-
cult to assess since most of these patients have received
concomitant antifungal therapy. However, in many in-
stances surgery is performed to preserve or improve
function that has been lost due to progressive destruc-
tion of bones and joints.

PREVENTION

There is no vaccine for sporotrichosis; thus, prevention
of the disease involves avoidance of exposure to the 
organism among individuals involved in high-risk ac-
tivities. In particular, gardeners, nursery workers,
foresters, veterinarians, and construction workers are
at increased risk of developing sporotrichosis as a con-
sequence of direct cutaneous inoculation. Avoidance of

exposure requires the wearing of gloves. There is no
evidence that wearing a mask prevents airborne trans-
mission of the organism. Perhaps the greatest potential
role for prevention is in developing countries where
sporotrichosis remains a significant regional public
health threat. In those settings where lack of sanitation,
poverty, and poor personal hygiene are common prob-
lems, efforts to expand awareness of the disease and
improve personal hygiene might lessen morbidity asso-
ciated with S. schenckii infection.
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Penicilliosis
KENRAD E. NELSON AND THIRA SIRISANTHANA

More than 200 species of the Penicillium genus have
been described. Penicillium organisms are abundant in
nature and are common laboratory contaminants.
However, Penicillium marneffei is the only dimorphic
species. The organism is commonly responsible for dis-
seminated invasive infections in humans with HIV in-
fection or AIDS in the endemic areas of Southeast Asia
and southern China. Penicillium marneffei has also
been found to cause natural infections in several species
of rodents in the endemic areas and rodents can be in-
fected experimentally.

HISTORY

Penicillium marneffei was originally isolated from the
liver of a bamboo rat (Rhizomys sinensis) at the Pas-
teur Institute in Dalat, Viet Nam in 1956. Capponi and
colleagues observed the death of bamboo rats due to
disseminated infections with P. marneffei involving
their reticuloendothelial system (Capponi et al, 1956).
These investigators passed the newly discovered or-
ganism experimentally in mice, and it was sent to the
Pasteur Institute in Paris for further study. At the Pas-
teur Institute, the fungus was characterized by Segre-
tain and named Penicillium marneffei in honor of Dr.
Hubert Marneffe, the Director of the Pasteur Institute
of Indochina (Segretain, 1959a). Subsequently, Segre-
tain became the first known human to be infected with
the organism in 1959 when he accidentally stuck his
finger with a needle he was using to inoculate a ham-
ster. The clinical manifestations of his infection were a
subcutaneous nodule at the site of the inoculation and
lymphadenitis involving the draining auxiliary lymph
nodes. The infection responded to treatment with high
doses of oral nystatin.

The first natural human infection with P. marneffei
was reported in 1973 in a 61-year-old U.S. missionary
who was suffering from Hodgkin’s disease. His infec-
tion was discovered when he underwent a staging
splenectomy for Hodgkin’s disease (Di Salvo et al,
1973). The missionary had visited Southeast Asia after
Hodgkin’s disease had been diagnosed 1 year prior to

the splenectomy. At surgery the excised spleen con-
tained a tan nodular mass, 9 cm in diameter with a
necrotic center, which grew P. marneffei when cultured
on Sabouraud dextrose agar at 25°C. The patient sur-
vived after being treated with amphotericin B.

The second case of penicilliosis was reported in 1984
in a 59-year-old man who had traveled in Southeast
Asia (Pautler et al, 1984). He had recurrent episodes
of hemoptysis and P. marneffei organisms were isolated
from his sputum. Also in 1984, five additional cases
who had been seen at Ramathibodi Hospital in
Bangkok, Thailand between 1974 and 1982 were re-
ported (Jayanetra et al, 1984). Eight cases of P. marn-
effei infection were reported from Guangxi province in
southern China that had occurred between 1964 and
1983 (Deng et al, 1985). Additional cases were recog-
nized from 1985 to 1991 in southern China (Li et al,
1985; Wang et al, 1989; Li et al, 1991). These patients
were not immunocompromised. All cases had occurred
prior to the AIDS epidemic in Southeast Asia.

In the late 1980s and early 1990s several reports of
disseminated penicilliosis in HIV-infected patients were
published; these included patients who were infected in
Southeast Asia but whose infections were diagnosed af-
ter they returned to the United States or Europe (Piehl
et al, 1988; Peto, et al, 1988; Hulshof et al, 1990; Jones
and See 1992; Viviani et al, 1993; Hilmarsdottir et al,
1993; Kronauer et al, 1993; Sobotta et al, 1996). An
HIV-positive Congolese physician developed dissemi-
nated penicilliosis while he was working at the Pasteur
Institute in Paris (Hilmarsdottir et al, 1994). The or-
ganism had not been handled directly by the physician,
but organisms were being cultured in the building
where he was attending a course. This case illustrates
the potential hazard of laboratory acquired infection
and suggests an airborne route of infection.

As the HIV/AIDS pandemic has spread in Southeast
Asia, P. marneffei infection has become a very com-
mon opportunistic infection in HIV-infected patients in
the region (Supparatpinyo et al, 1992a; Supparatpinyo
et al, 1994; Nelson et al, 1999). Infection with this or-
ganism is now the fourth most common opportunistic
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infection in AIDS patients in northern Thailand, ex-
ceeded only by tuberculosis, Pneumocystis carinii pneu-
monia, and cryptococcosis (Supparatpinyo et al, 1994).
A total of 550 cases of penicilliosis and 793 cases of
cryptococcosis were diagnosed at Chiang Mai Univer-
sity hospital in northern Thailand, between 1991 and
1994. Nearly all of these patients were HIV positive
(Chariyalertsak et al, 1996). The endemic area includes
Thailand, Southern China, Hong Kong, Taiwan,
Burma, Laos, Vietnam, Malaysia, and northeast India.

EPIDEMIOLOGY

The natural reservoir of P. marneffei is almost certainly
the soil. However, the organism was first isolated from
Chinese bamboo rats, R. sinensis, in Vietnam in 1956
(Capponi et al, 1956). Since the original isolation, sev-
eral investigators in China and Southeast Asia have cul-
tured rodents and environmental samples in order to
better understand the reservoir. The organism has been
isolated from the internal organs of four species of bam-
boo rats in Asia (Table 23–1). Two investigators re-
ported data from bamboo rats collected from the
Guangxi province of China. Deng and colleagues iso-
lated P. marneffei from the internal organs of 18 of 19
R. pruinosus rats (Deng et al, 1986) and Li and col-
leagues found the organism in 15 of 16 R. pruinosus
rats (Li et al, 1989). These infected animals showed no
signs of illness. However, fatal infections had been ob-
served in bamboo rats that were experimentally in-
fected in Vietnam in 1956 (Capponi et al, 1956; Seg-
retain, 1959b). In another survey in Guangxi province
in China, workers isolated P. marneffei from 39 of 43
bamboo rats (37 of 41 R. pruinosus and 2 of 2 R. sinen-
sis) (Deng et al, 1988). They were also able to isolate
P. marneffei from soil samples taken from 3 burrows
of R. pruinosus rats and from the feces of 3 animals.
Another survey in Southern China isolated P. marnef-
fei from 114 of 179 (63.7%) R. pruinosus rats (Wei et
al, 1987). A study of the prevalence of P. marneffei in-
fections in bamboo rats in central Thailand was done

in 1987 and P. marneffei was isolated from 6 of 8
(75%) R. pruinosus rats and 6 of 31 (19%) Cannomys
badius rats (Ajello et al, 1995). Organisms were cul-
tured from the lungs (83%), liver (33%), and pancreas
(33%) of these animals.

The prevalence of P. marneffei in bamboo rats from
northern Thailand was studied in 75 bamboo rats; P.
marneffei was isolated from the internal organs of 13
of 14 (92.8%) large bamboo rats, R. sumatrensis, and
3 of 10 (30%) reddish-brown small bay bamboo rats,
Cannomys badius (Chariyalertsak et al, 1996). All 51
grayish black C. badius rats were negative on culture.
Among the R. sumatrensis rats, the fungus was most
commonly isolated from lungs (86%), spleen (50%),
and liver (29%). The investigators also studied 28 soil
samples and 67 environmental samples, which had been
collected from the residential areas of patients with clin-
ical P. marneffei infection. These samples were evalu-
ated using a modified flotation method combined with
mouse inoculation to isolate the fungus from the envi-
ronmental samples (Vanittanakom et al, 1995). Peni-
cillium marneffei was isolated from one soil sample ob-
tained from a burrow of R. sumatrensis rats using this
method (Chariyalertsak et al, 1996). The other envi-
ronmental samples were negative.

It is somewhat curious that the prevalence of P.
marneffei infection among bamboo rats is very high in
the numerous surveys that have been reported in the
literature, yet the fungus has not been isolated from
any other animal in nature. This observation might re-
flect the animals that are selected for study, since neg-
ative results have not been reported from other species.
However, in part, this finding might also reflect the fact
that the range of the two genera of bamboo rats, Rhi-
zomys and Cannomys, coincide with the environmen-
tal soil reservoir of P. marneffei (Corbet et al, 1992).
Furthermore, bamboo rats inhabit remote mountain-
ous areas and have extensive soil contact when they
burrow. The common isolation of P. marneffei from
the lungs of infected animals and the rarity of recov-
ery of the organism from the gastrointestinal tract sug-

TABLE 23–1. Prevalence of Penicillium marneffei Infection in Trapped Bamboo 
Rats in Asia
Species Positive/Tested (%) Country References

Rhizomys sinensis 1/1 (100) Vietnam Capponi et al, 1956
(Chinese bamboo rat) 2/2 (100) China Deng et al, 1988

Rhizomys pruinosus 37/41 (90) China Deng et al, 1988
(Hoary bamboo rat) 15/16 (94) China Li et al, 1988

114/179 (64) China Wei et al, 1987
6/8 (75) Thailand Ajello et al, 1995

Cannomys badius 6/31 (19) Thailand Ajello et at, 1995
(Bay bamboo rat or 3/61 (5) Thailand Chariyalertsak et al, 1996a

lesser bamboo rat)

Rhizomys sumatrensis 13/14 (93) Thailand Chariyalertsak et al, 1996a
(Sumatran bamboo rat)
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gests that P. marneffei infection is commonly acquired
by these animals by inhalation of conidia rather then
by ingestion.

A case-control study compared patients with AIDS
who had P. marneffei infections to AIDS patients with
negative P. marneffei cultures in order to help un-
derstand the risk factors associated with infection
(Chariyalertsak et al, 1997). This study included 80 pa-
tients with penicilliosis and 160 control AIDS patients
who were admitted to Chiang Mai University Hospi-
tal in northern Thailand between December 1993 and
October 1995. The main risk factor was occupational
soil exposures, especially during the rainy season. Both
cases and controls often were familiar with and had
seen bamboo rats; 31.3% of cases and 28.1% of con-
trols had eaten bamboo rats but these differences were
not significant. The most tenable hypothesis at present
is that P. marneffei infections, both in humans and
bamboo rats, are acquired from a common soil reser-
voir.

Disseminated P. marneffei infections in northern
Thailand have been markedly seasonal with a doubling
of cases during the rainy season (Chariyalertsak et al,
1996b). This seasonality contrasts with C. neoformans
infection in AIDS patients, which has shown a steady
increase during the 1990s as the number of AIDS cases
has increased, but is not associated with seasonality.
This seasonality suggests that many P. marneffei in-
fections in AIDS patients may be acquired recently.
Also, the environmental reservoir for P. marneffei ap-
pears to expand during the rainy season. Penicilliosis,
while occurring in AIDS patients throughout Thailand,
is much more common in the upper northern areas of
the country (Chariyalertsak et al, 2001). Whereas peni-
cilliosis accounted for nearly 7.0% of AIDS-defining
illnesses in northern Thailand, penicilliosis was seen in
only 0.4%–1.0% of AIDS patients in other regions of
the country.

MYCOLOGY

Penicillium marneffei grows as a mould on Sabouraud
dextrose agar at 25°C. The mycelial form of the or-
ganism is quite variable with green/yellow color with
a reddish center. The reverse side of the colony becomes
red-brown and a soluble red pigment diffuses into the
agar (See Color Fig. 23–1 in separate color insert). Mi-
croscopic examination of the mycelial colony reveals
hyaline, septate, branched hyphae with branched coni-
diophores, or penicilli (See Color Fig. 23–2 in separate
color insert). The conidiophores consist of basal stripes
with terminal verticils of 3 to 5 metulae. Each metula
has 3 to 16 phialides. The conidia are oval, smooth-
walled, and are 3 �m � 2 �m. They are formed
basipetally in chains from each phialide. When the or-

ganism is transferred to brain–heart infusion agar and
incubated at 37°C, white to tan-colored colonies of the
yeast form develop; no diffusible pigment is produced.
Under the microscope the yeasts are unicellular, pleo-
morphic, elliptical to rectangular cells, which are ap-
proximately 2 �m � 6 �m in diameter and divide by
fission. One or sometimes two septae are seen in the
yeast cells.

The organism was first studied in 1959 (Segretain,
1959a). Penicillium marneffei was originally classified
among Penicillium species in the section Asymmetrica,
subsection of Divaricata in Raper and Thom’s taxo-
nomic classification of Penicillium species (Raper and
Thom, 1949). Pitt later placed P. marneffei in the sub-
genus Biverticillium (Pitt, 1979). Recent phylogenetic
analysis of nucleotide sequences of nuclear and mi-
chondrial ribosomal DNA has found that P. marneffei
is closely related to species of Penicillium subgenus
Biverticillium and sexual Talaromyces species with
asexual biverticillate states (LoBuglio and Taylor,
1995). This genetic analysis allowed the design of
unique oligonucleatide primers for the specific ampli-
fication of P. marneffei DNA.

Penicillium marneffei requires an organic source of
nitrogen for mycelial growth. Casein hydrolysate, pep-
tone, and asparagine are utilized whereas NaNO3 and
(NH4)2 PO4 are not. Glucose, lactose, xylose, maltose,
laevulose, and mannitol are used as carbon sources.
The organism is sensitive to cycloheximide (Sekhon et
al, 1982). Investigators have biotyped 32 clinical iso-
lates of P. marneffei and found 17 different biotypes
(Wong et al, 2001). However, none of the biotypes cor-
related with the clinical characteristics of the infection.

PATHOLOGY AND PATHOGENESIS

Penicillium marneffei infection results from the inhala-
tion of infectious spores (arthroconidia) from the
mould form of the organism. At body temperatures
(35°C–37°C), the fungus converts to the yeast form
which is disseminated by hematogenous means. The or-
ganism primarily infects the reticuloendothelial system,
commonly involving liver, spleen, lymph nodes, bone
marrow, bone, skin, and lungs. Similar to other path-
ogenic dimorphic fungi, the initial host response to P.
marneffei is histiocytic in nature. The infected histio-
cytes contain a few to many globose to oval yeast cells
of P. marneffei of fairly uniform size. In the immuno-
competent host, the immune response leads to the for-
mation of granulomata including histiocytes, lympho-
cytes, plasma cells, and multinucleated giant cells. In
patients whose cellular immunity is compromised, tis-
sue necrosis occurs with little or no granuloma forma-
tion. Necrotic lesions are surrounded by histiocytes
containing yeast cells. Also many extracellular yeasts
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are present, which are longer and may be irregular in
shape, compared to intracellular organisms. This
histopathologic appearance is common in patients with
disseminated penicilliosis. As the infection progresses,
the intracellular fungi are released after cellular dis-
ruption and abscess formation and necrosis may occur.

In histologic specimens, neither the cell wall nor the
cytoplasm of P. marneffei cells take up the hema-
toxylin-eosin stain well. Thus, in H and E stained sec-
tions, the organisms may appear to be encapsulated.
However, the cell walls and septa are readily stained
with Gomori methenamine-silver or periodic-acid
Schiff stains. The P. marneffei organisms in histiocytes
may resemble H. capsulatum var capsulatum. How-
ever, when found extracellularly, P. marneffei is usu-
ally considerably larger than H. capsulatum. The 
extracellular P. marneffei organisms are elongated,
sometimes curved, and measure up to 8 to 13 �m in
length. In contrast, yeast cells of H. capsulatum var
capsulatum are smaller in size, measuring 2–4 �m. By
contrast, H. capsulatum var duboisii cells are larger,
measuring 8–15 �m. Penicillium marneffei organisms
characteristically contain a single transverse septum
and divide by schizogony (fission), whereas Histo-
plasma divide by budding (Table 23–2).

Chronic latent infections with P. marneffei are likely
common among persons exposed in areas where the or-
ganism is endemic. This hypothesis is supported, in
part, by analogy with histoplasmosis pathogenesis and
by the long latent periods in some patients between ex-
posure in an endemic area and the onset of clinical in-
fection subsequent to immunosuppression from HIV in-
fection (Jones and See, 1992; Hilmarsdottir et al, 1993).
However, no laboratory methods have been reported
to detect latently infected individuals. The development
of a skin test, or other methods, to detect delayed type
hypersensitivity has not been reported for P. marnef-
fei. The normal host develops a cell-mediated immune
response to P. marneffei (Deng et al, 1988). The role
of T lymphocytes in host defenses against P. marneffei

has been evaluated in mice experimentally depleted of
CD4	 T lymphocytes (Viviani et al, 1993). These mice
developed disseminated infections similar to those seen
in AIDS patients. In addition, the in vitro interaction
of P. marneffei with human leukocytes demonstrated
that monocyte-derived macrophages recognize and
phagocytose P. marneffei even in the absence of op-
sonization (Rongruagruang and Levitz, 1999). How-
ever, serum factors are required to stimulate TNF-a
production. Additional research on the sequence of
phagocytosis and killing or persistence of P. marneffei
is needed in order to better understand the natural his-
tory and pathogenesis of this infection.

CLINICAL FEATURES

Clinically apparent infection with P. marneffei occurs
most frequently in patients who are severely immuno-
compromised from an HIV infection. However, infec-
tions may also occur in healthy persons or in those im-
munocompromised for reasons other than HIV/AIDS.
Serologic evidence of subclinical infection in a labora-
tory technician working with the organism has been
demonstrated (Vanittanakom et al, 1997b). It is likely
that subclinical infections may occur commonly in per-
sons living in endemic areas who are exposed to the
organism in nature. However, there is no method to
document subclinical infections at present. Dissemi-
nated infections have been documented among indi-
viduals who have not had contact with areas where the
organism is endemic for more than a decade (Jones and
See, 1992).

Typical symptoms and signs of disseminated penicil-
liosis include fever, malaise, marked weight loss, gen-
eralized lymphadenopathy, hepatosplenomegaly, and
cough (Supparatpinyo et al, 1994; Nelson et al, 1999)
(Table 23–3). These nonspecific symptoms are com-
monly experienced by patients with other chronic in-
fections, such as tuberculosis and other disseminated
mycoses. In addition, over 70% of HIV-infected pa-

TABLE 23–2. Microbiologic Characteristics of P. marneffei and H. Capsulatum
Characteristic P. marneffei H. capsulatum

Morphologic features Biphasic (mould form at 25°C– Biphasic (mould form at 25°C–
30°C, yeast form at 35°C–37°C 30°C, yeast form at 35°C–37°C)

Distribution Southern China and Southeast Asia Worldwide (N. America, S. America, Asia,
Africa (H. duboisii)

Tissue form Yeast Yeast

Size; intracellular 2–3 � 2–6 �m 2–3 � 2–3 �m
(Macrophages)

Extracellular 2–3 � 8–13 �m, elongated, curved Smaller 3–4 �m, diameter
Septae visible with GMS stain (H. duboisii larger, 6–17 �m diameter)

No septae

Cell division Schizogony (fission) Budding

Specific exoantigen Positive Positive



Penicilliosis 359

tients with disseminated P. marneffei infections present
with skin lesions, which are typically symmetrical le-
sions on the face, chest, and extremities. They appear
originally as papules and subsequently become umbil-
icated, and may become necrotic (See Color Figs. 23–3,
23–4, and 23–5 in separate color insert). Some patients
may have smaller, nearly confluent papules, which re-
semble acne vulgaris or seborrhea. Although skin le-
sions are more common in patients with P. marneffei
infection than in those with histoplasmosis or crypto-
coccosis, the appearance of these lesions is not suffi-
ciently characteristic to be diagnostic. However, a di-
agnosis can be made by examining a Wright’s stain of
a skin biopsy or skin smear. Patients with HIV infec-
tion who have disseminated penicilliosis are usually se-
verely immunosuppressed with CD4	 cell counts be-
low 100 cells/�l; the mean CD4	 cell count in one
series of cases was 63.8 cells/�l (Vanittankom et al,
1997c). Disseminated penicilliosis infections have been
reported in children with AIDS who lived in an endemic
area. However, the incidence appears to be lower in
pediatric than in adult AIDS cases, probably because
of less frequent exposure to an environmental reservoir
among children. One study reported 5 cases of peni-
cilliosis among 157 pediatric AIDS cases diagnosed in
northern Thailand (Sirisanthana et al, 1995).

UNUSUAL CLINICAL MANIFESTATIONS

As the pandemic of HIV/AIDS spreads in Asia and peni-
cilliosis is more widely appreciated, an increasing num-
ber of patients have been reported with unusual man-
ifestations of P. marneffei infections. Patients with
chronic lymphadenopathy resembling tuberculous lym-
phadenopathy have been reported from Hong Kong
(Yuen et al, 1986). Osteomyelitis has been reported in

infected adults and may be more common in pediatric
patients infected with P. marneffei (Chan and Woo,
1990; Sirisanthana et al, 1995). Some patients have
prominent pulmonary symptoms, including localized
bronchopulmonary disease, bronchopneumonia, cavi-
tary lung disease, and pleural effusions (Chan et al,
1989; Supparatpinyo et al, 1994), and a retropharyn-
geal abscess with upper airway obstruction has been
observed (Ko, 1994). One patient had reactive hemo-
phagocytic syndrome characterized by the proliferation
of activated histiocytes throughout the reticuloen-
dothelial system (Chim et al, 1998), and P. marneffei
has been noted rarely to cause oral (Tong et al, 2001)
and genital ulceration (Supparatpinyo et al, 1994).

PENICILLIOSIS IN HIV-NEGATIVE PATIENTS

Although most patients with disseminated penicilliosis
infection are severely immunocompromised due to
AIDS, some patients are HIV negative. Cooper and
Haycocks reviewed 63 penicilliosis cases that had been
reported in HIV-negative patients. Twenty-four of the
63 patients (38%) had other conditions predisposing
them to a systemic fungal infection. The response to an-
tifungal therapy did not differ substantially by whether
or not the patients were HIV infected; patients who
were untreated had very high mortality rates irrespec-
tive of their HIV status (Cooper and Haycocks, 2000).

Investigators from Hong Kong compared the clinical
and laboratory features of 8 HIV-positive and 7 HIV-
negative patients with penicilliosis (Wong et al, 2000).
Most of the HIV-negative patients (85.2%) had un-
derlying diseases including hematologic malignancies
or had received corticosteroids or cytotoxic drugs. The
clinical features were not greatly different in the two
groups of patients. However, HIV-infected patients had
a higher prevalence of fungemia. The investigators, uti-
lizing a P. marneffei-specific mannoprotein, Mp1 EIA,
found that serum antigen titers were higher in HIV-
positive patients, whereas serum antibody levels were
higher in HIV-negative patients.

DIAGNOSIS

The diagnosis of penicilliosis rests on the demonstra-
tion of the organism in the tissues or the isolation of
the organism in cultures from infected patients. The or-
ganism grows readily on routine mycological media,
such as Sabouraud dextrose agar or inhibitory mould
agar. When cultures are incubated at 25°C–30°C, P.
marneffei grows as a mould with typical filamentous
reproductive structures of the genus Penicillium. The
mould form produces a pink or rose-red pigment that
diffuses into the medium (See Color Fig. 23–1 in sep-
arate color insert). Other Penicillium species may also

TABLE 23–3. Signs and Symptoms in 80 HIV-infected
Patients with Disseminated Penicillium marneffei
Infection in N. Thailand
Symptoms Number (%)

Fever 74 (93)
Skin Lesions 54 (68)
Cough 39 (49)
Diarrhea 25 (31)

Signs

Elevated temp � 38.3°C 79 (99)
Marked weight loss 61 (76)
Anemia 62 (78)
Oral candidiasis 59 (74)
Skin lesions 57 (71)
Generalized lymphadenopathy 46 (58)
Hepatomegaly 41 (51)
Splenomegaly 13 (16)
Genital ulcer 5 (6)

Source: Supparatpinyo et al, Lancet 344:110–113, 1994.
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produce a pigment (Viviani and Tortorano, 1998).
Therefore, conversion of an organism to the yeast form
is required before concluding the isolate is P. marnef-
fei. The organism grows as a yeast when incubated at
35°C–37°C. This form does not produce a red pigment.
When incubated at this temperature, the organism un-
dergoes transition into the yeast phase after 12–24
hours or so of incubation. The conidia swell and de-
velop into septate hyphae. These hyphae fragment and
develop single cells that divide by schizogony (fission).
The conversion of the mycelial phase of the organism
into the fission yeast phase at higher incubation tem-
peratures is diagnostic of P. marneffei. No other Peni-
cillium converts to the yeast phase when incubated at
35°C–37°C. In addition, an exoantigen test for P.
marneffei has been described, which can also be used
to identify cultures of the organism (Sekhon et al,
1982a).

The organism has been isolated from several sites in-
cluding skin, blood, bone marrow, lymph nodes, and
sputum (Table 23–4). In a population of patients in
northern Thailand with disseminated penicilliosis, the
organism was isolated from the blood cultures of 76%
of 78 patients (Supparatpinyo et al, 1992a). However,
the blood cultures were positive for gram negative
bacilli (Salmonella choleraesuis, S. enteritidis and
Shigella flexneri) in 9 of the 19 patients whose cultures
did not yield P. marneffei. Since these gram negative
organisms grow more rapidly, they could have out-
grown the fungus and been responsible for a false neg-
ative culture for P. marneffei.

Detection of the organism in biopsies or touch smears
of skin lesions or bone marrow aspirates is often pos-
sible. A presumptive diagnosis can be made if micro-
scopic examination of a Wright or Giemsa-stained spec-
imen discloses intracellular or extracellular basophilic,
spherical, oval, and elliptical yeast-like organisms that
are 3–8 �m in diameter, and if the organisms have a
clear central septation and are dividing by schizogony
(fission) (See Color Fig. 23–6 in separate color insert).
Histoplasma capsulatum can resemble P. marneffei
but H. capsulatum divides by budding and is usually

smaller in size (Table 23–2). Occasionally P. marneffei
can be detected in stained smears of peripheral blood
(Supparatpinyo et al, 1994b).

Immunohistochemical and Serologic Diagnosis
The use of an exoantigen test has been described for
the identification of P. marneffei and its differentiation
from other species of Penicillium (Sekhon et al, 1982;
Sekhon et al, 1989). However, the test is not widely
used because commercial reagents are not available. In-
vestigators have described the use of a monoclonal an-
tibody in formalin-fixed tissues to detect a specific
galactomannan that has an epitope common to P.
marneffei and Aspergillus species (Estrada et al, 1992).
The two invasive fungi must then be differentiated us-
ing morphologic criteria. Workers have also reported
the use of a specific fluorescent antibody, which will
differentiate P. marneffei from other dimorphic fungi
in tissue sections (Kaufman et al, 1995).

Several investigators, using different methodologies,
have reported the detection of antibodies to P. marn-
effei-antigens in infected patients. A study in an HIV-
infected patient found P. marneffei antibodies in serum
specimens using immunodiffusion methods with a
mycelial phase culture filtrate as antigen (Viviani et al,
1993). Similar antibodies were found in immunocom-
petent patients infected with P. marneffei (Sekhon et
al, 1994). Immunodiffusion has been used to detect an-
tibodies to specific fission arthroconidial filtrate anti-
gens. However, only 2 of 17 P. marneffei-infected pa-
tients had antibody responses with this assay (Kaufman
et al, 1996). An indirect fluorescent antibody test for
P. marneffei successfully detected antibodies in 8 in-
fected patients and was negative in uninfected controls
(Yuen et al, 1994). Serum antibodies were detected by
ELISA to a purified recombinant mannoprotein of P.
marneffei in 14 of 17 (82%) HIV-infected patients with
documented infection (Cao et al, 1998). No false-
positive results were found in 90 healthy blood donors,
20 patients with typhoid fever, or 55 patients with tu-
berculosis. The protein antigens of yeast and mould
phases of P. marneffei have been studied by gel elec-
trophoresis and immunoblot assays (Vanittanakom et
al, 1997a). More than 20 yeast phase proteins were de-
tected, of which 10 reacted with IgG in the pooled sera
of 28 AIDS patients with P. marneffei infection. Four
immunogenic proteins of 200, 88, 54, and 50 kDA size
were produced in large quantity by cultures in the early
stationary growth phase. Antibodies to 2 of these pro-
teins, 54 and 50 kDA, were detected by immunoblot
in about 60% of P. marneffei-infected AIDS patients
but rarely (� 5%–10%) in AIDS patients without peni-
cilliosis or other controls. One patient’s sera was
strongly positive 2 months prior to a clinical P. marn-
effei infection and one asymptomatic laboratory

TABLE 23–4. Tissue or Body Fluid Sources of Isolates
of P. marneffei in 80 HIV-infected Patients with
Penicilliosis From N. Thailand
Specimen Number Positive (%)

Blood culture 78 59 (76)
Skin 52 47 (90)
Bone marrow 26 26 (100)
Sputum 41 14 (34)
Lymph node 9 9 (100)
Cerebrospinal fluid 20 3 (15)
Pleural fluid 20 1 (5)

Source: Supparatpinyo et al, Lancet 344:110–113, 1994a.
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worker working with P. marneffei cultures was anti-
body positive. Further studies of these proteins and a
61-kDA antigen after purification found that 86% of
sera from 21 P. marneffei-infected patients recognized
the 61-kDA and 71% and 48% recognized the 54 kDA
and 50-kDA antigens, respectively (Jeavons et al,
1998). Other investigators have identified a 38 kDA
antigen from P. marneffei that was recognized by 45%
of sera from AIDS patients with penicilliosis (Cong-
trakool et al, 1997).

Antigen Detection
Several investigators have described methods to detect
P. marneffei antigens in serum or urine of infected pa-
tients as a method to confirm the diagnosis prior to the
isolation of the organism in culture. Evaluation of im-
munodiffusion and latex agglutination tests to detect
antigenemia in 17 P. marneffei-infected patients yielded
positive results in 58.8% of infected patients with the
immunodiffusion test and 76.5% of patients with the
latex agglutination test (Kaufman et al, 1996). Fifteen
controls and six patients with cryptococcosis and his-
toplasmasis were nonreactive. A solid-phase enzyme
immunoassay utilizing antibody to H. capsulatum var
capsulatum to detect H. capsulatum antigen in the urine
of actively infected patients was cross reactive with P.
marneffei in 17 of 18 patients (Wheat et al, 1997). This
assay also was commonly positive in patients with Blas-
tomyces dermatitidis and Paracoccidioides brasiliensis
infections. Desakorn and colleagues reported the devel-
opment of a method for the quantitation of P. marneffei
antigen in the urine using fluorescein isothiocyanate-
labelled purified rabbit hyperimmune immunoglobulin
G in an enzyme immunoassay (Desakorn et al, 1999).
These investigators studied 33 patients with culture
proven P. marneffei infection and 300 controls, in-
cluding 52 healthy subjects and 248 hospitalized pa-
tients in northeast Thailand with a variety of other in-
fections, including melioidosis (N � 168), other
septicemias (N � 12), other fungal infections (N � 34)
and miscellaneous conditions (N � 34). All of the pa-
tients with penicilliosis had measurable antigen in the
urine, and in all but two patients, the titers were over
1:40; and the median titer was 1:20,480. Whereas 27%
of the hospitalized controls and 6% of healthy subjects
were positive, the titers were usually below 1:40 in
these control groups, leading the investigators to pro-
pose a diagnostic cut-off titer of 1:40, which yielded
an assay that was 97% sensitive and 98% specific and
had a positive predictive value of 84.2% and a nega-
tive predictive value of 99.7%.

Vanittanakom and coworkers have reported the de-
velopment of a polymerase chain reaction/hybridiza-
tion technique for the rapid detection of P. marneffei
DNA in patient serum or environmental samples

(Vanittanakom et al, 1997b). This PCR test was posi-
tive in 5 of 10 patients who had been treated for 1–7
days with amphotericin B. Further evaluation of the
sensitivity of this PCR test in untreated patients and to
monitor responses to treatment is needed.

Finally, several investigators have reported methods
using restriction enzymes to subtype P. marneffei iso-
lates. The use of HaeIII restriction enzymes to digest P.
marneffei DNA yielded two DNA profiles (RFLP types
I and II) (Vanittanakom et al, 1996). More recently,
the use of NotI and pulsed-field gel electrophoresis
(PFGE) was used to study the genomic DNA of 64 
P. marneffei isolates from patients in Thailand (Tre-
watcharegon et al, 2001). A total of 54 distinct
macrorestriction profiles were identified in these pa-
tients. Antifungal sensitivity tests, restriction fragment-
length polymorphism, and randomly amplified poly-
morphic DNA patterns in combination have been
utilized to subtype 24 strains isolated between 1987
and 1998 from patients in Taiwan (Husch et al, 2000).
The investigators identified 8 highly related patterns
and found increased numbers and diversity of strains
isolated between 1996 and 1998 compared to those
isolated prior to 1996.

TREATMENT

Disseminated penicilliosis is usually fatal if not treated
with appropriate antifungal drugs. However, with early
diagnosis and institution of appropriate therapy the
mortality can be reduced to 10%–20% or lower, even
among patients with AIDS. Relapse is commonly seen
after clinical response among immunocompromised pa-
tients unless suppressive doses of antifungal agents are
continued.

The in vitro susceptibility of P. marneffei to anti-
fungal agents has been evaluated by several investiga-
tors (Table 23–5). A study of 30 clinical isolates from
Thailand found that all were susceptible to itracona-
zole, ketoconazole, and miconazole (Supparatpinyo et
al, 1993). The organism was intermediately susceptible
to amphotericin B, and least susceptible to fluconazole.
Some strains were resistant to fluconazole. Clinical re-
sponses to therapy correlate with in vitro susceptibil-
ity. Amphotericin B has been shown to be effective in
the treatment of disseminated penicilliosis (Supparat-
pinyo et al, 1992a). However, the drug needs to be con-
tinued for at least 6–8 weeks. Itraconazole is also ef-
fective clinically but clearance of positive fungal
cultures is often delayed for 8 weeks or more (Suppa-
ratpinyo et al 1992b).

Based upon these clinical results and in vitro data on
the antifungal susceptibility of P. marneffei, an open
label noncomparative study was done to evaluate the
combination of amphotericin B given intravenously for
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2 weeks at 0.6 mg/kg/day followed by itraconazole 400
mg/day taken orally for 10 weeks. This regimen was
evaluated in the hope of minimizing the duration and
toxicity associated with parenteral amphotericin B
while concurrently clearing the fungal cultures more
rapidly than with oral itraconazole alone (Sirisanthana
et al, 1998). Of 74 HIV positive patients with dis-
seminated penicilliosis treated with this regimen, 72
(97.3%) responded. No serious adverse drug effects
were observed. After 2 weeks of therapy, 12 patients
remained febrile and 11 patients still had skin lesions;
by the 4th week of therapy, all patients were afebrile
and had resolved their skin lesions. Fungemia was
cleared after 2 weeks of treatment in the 65 patients
who had a positive blood culture at baseline (Sirisan-
thana et al, 1998).

Despite the favorable initial responses to therapy
with amphotericin B and itraconazole, relapses are
common after antifungal therapy is discontinued in pa-
tients with AIDS (Supparatpinyo et al, 1993; Suppa-
ratpinyo et al, 1992b). Therefore, continued suppres-
sive therapy is required to prevent relapse in AIDS
patients with disseminated penicilliosis who respond to
initial therapy. Suppressive therapy is probably re-
quired in AIDS patients for as long as significant im-
munocompromise persists. In a controlled trial of 71
HIV-infected patients with penicilliosis in Thailand, 20
(57%) of 35 patients assigned to the placebo group re-
lapsed whereas none of 36 patients given suppressive
itraconazole 200 mg once daily relapsed (p � 0.001)
(Supparatpinyo et al, 1998). The therapy was well tol-
erated and the patients in this trial were very compli-
ant with treatment.

In areas where systemic fungal infections, such as P.
marneffei, H. capsulatum, C. neoformans and other
fungal infections, are common AIDS-associated oppor-
tunistic infections, primary prophylaxis against these
infections should be considered. In northern Thailand,
HIV infections are common, involving 2%–3% of the
general population. Moreover, disseminated fungal 
infections, especially those due to P. marneffei, C. neo-
formans, and H. capsulatum are also common, ac-
counting for over a third of the reported AIDS defin-
ing illnesses in this population (Chariyalertsak et al,
2001). In order to evaluate the efficacy of primary pro-

phylaxis to prevent systemic fungal infection in this
population, a clinical trial was done in 129 patients
who were HIV positive, had CD4	 cell counts � 200
cells/�l, and had not experienced a systemic fungal in-
fection. Patients were randomized to receive oral itra-
conazole (200 mg/day) or a matched placebo (Suppa-
ratpinyo et al, 1998). Systemic fungal infections
developed in 1 (1.6%) of 63 patients assigned to itra-
conazole and 11 (16.7%) of 66 patients assigned to
placebo (p � .003). In the placebo group, 7 patients
developed cryptococcosis and 4 had penicilliosis. The
one patient in the itraconazole group who became in-
fected developed penicilliosis.

SUMMARY

Much remains to be learned about the epidemiology,
ecology, and natural history of P. marneffei infections
in humans. The environmental reservoir in nature is
not well understood. Understanding the factors related
to latent infection and developing methods for the de-
tection of latent infection in humans are important
challenges for the future. The unique susceptibility to
P. marneffei infection among several species of bam-
boo rats and humans with HIV infection is also not
well understood. Undoubtedly, future research will lead
to a better understanding of these important charac-
teristics of this emerging infection.
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Superficial cutaneous fungal infections
JEFF WEEKS, STEPHEN A. MOSER, AND BONI E. ELEWSKI

In this chapter, we review cutaneous diseases caused by
a variety of fungal pathogens infecting the skin, hair,
and nails. These diseases are divided into the follow-
ing classification based on level of invasion, host in-
flammatory response, and pathogen: (1) superficial
mycoses, (2) dermatophytoses, (3) cutaneous disease
caused by nondermatophyte moulds, and (4) cutaneous
candidiasis. Superficial mycoses are characterized by
fungal invasion into the superficial stratum corneum
with little to no inflammatory response. Dermatophy-
toses are caused by dermatophytes, which are a closely
related group of fungi that invade the full thickness of
the stratum corneum and result in a host-mediated im-
mune response. Several nondermatophyte moulds pro-
duce infections that mimic dermatophytoses. Cuta-
neous candidiasis results from invasion of deep layers
of the skin by members of the Candida genus.

SUPERFICIAL MYCOSES

Definition
Superficial mycoses are fungal infections of the skin and
hair that invade only the most superficial layers and
cause little or no inflammatory response. These my-
coses include the malassezioses, tinea nigra, black
piedra, and white piedra. Superficial invasion of the
nail plate, so-called white superficial onychomycosis, is
discussed in the Dermatophytoses section.

Etiology and Epidemiology
Current information indicates that the malassezioses
are caused by members of Malassezia genus of which
there are seven recognized species including M. furfur,
M. globosa, M. obtusa, M. slooffiae, M. sympodialis,
M. pachydermatis, and M. restricta. Malassezia globosa
(formerly serovar B of M. furfur) correlates best with
the origial description of Pityrosporum orbiculare and
appears to be the causative fungal agent of tinea versi-
color. Seborrheic dermatitis and dandruff are most of-
ten associated with M. restricta (formerly serovar C of
M. furfur) (Gemmer et al, 2002). These fungal organ-
isms are part of the normal skin flora. Disease is wide-

spread but more common in patients living in warm,
humid climates. The other causative organisms of su-
perficial mycoses are found in the humid, tropical cli-
mates of Central and South America, Africa, and Asia.
Hortaea (Exophiala) werneckii is the cause of tinea ni-
gra, whereas black piedra is caused by Piedraia hortae
and white piedra by Trichosporon species.

Pathogenesis
Malassezia yeasts, previously called Pityrosporum
ovale and Pityrosporum orbiculare, are dimorphic
fungi that can be isolated from the skin of 97% of
healthy adults (Hoeprich et al, 1994). Certain condi-
tions, such as tropical ambient temperatures and hu-
midity, predispose to malasseziosis in genetically sus-
ceptible persons. The organism exists normally in the
round blastophore form and becomes pathogenic after
transformation to the mycelial form. The host’s cell-
mediated immunity may influence the clinical presen-
tation and T-cell deficiencies are associated with ex-
tensive disease.

Unlike Malessezia, Hortaea werneckii and Piedraia
hortae are pathogens acquired from the environment.
Trichosporon species (including T. ovoides, T. mu-
coides, and T. inkiu) are also acquired environmentally,
but may be part of the normal skin flora, particularly
in the axillae and genital areas.

Clinical Presentations
Malassezioses. Malassezia species cause three clinical
forms of disease. Pityriasis (tinea) versicolor presents
as hypo- to hyperpigmented macules or patches with
slight scales on the upper trunk, neck, and upper arms
(See Color Fig. 24–1 in separate color insert). Occa-
sionally, the lesions may be papular, erythematous, or
pruritic. Malassezia folliculitis is characterized by pru-
ritic, follicular papules, and pustules on the upper back,
chest, shoulders, and less commonly, the face and neck.
Seborrheic dermatitis presents as pruritic red patches
with greasy scales on the scalp, eyebrows, nasolabial
folds, ears, presternal area, axilla, and groin. In infancy,
seborrheic dermatitis on the scalp is called cradle cap.
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Tinea Nigra. Although this condition is caused by Hor-
taea (Exophiala) werneckii, which is not a dermato-
phyte, it is called tinea by convention. Tinea nigra is
characterized by asymptomatic, nonscaly, coin-sized,
brown to gray patches on the palms and soles of young
adults. Confirmation of this diagnosis is easily obtained
by the presence of pigmented hyphae on a potassium
hydroxide preparation.

Black Piedra. Piedra is the Spanish word for stone. In
black piedra, superficial infection of hair shafts by
Piedraia hortae results in asymptomatic, stone-like con-
cretions on scalp and facial hair. Alopecia does not oc-
cur but hairs may break at the site of infection.

White Piedra. Trichosporon species including T.
ovoides cause another superficial infection of hair
shafts called white piedra. Concretions in this disease
are white to tan and are found on facial, axillary, and
pubic hair. Infection of perianal hair occurs with in-
creased frequency in HIV-infected patients.

Diagnosis
Malassezioses. The genus Malassezia is comprised of
the M. furfur-complex, a group of related lipophilic
yeasts, and M. pachydermatis. The M. furfur-complex
includes M. furfur, M. sympodialis, M. globosa, M. re-
stricta, M. slooffiae, and M. obtusa, all of which are
dependent upon lipids for growth. In practice, referring
to these as M. furfur complex is adequate. M. pachy-
dermatis is a distinct species, and is also lipophilic but
does not have an absolute requirement for lipids (Mar-
con and Powell, 1992).

Skin scrapings examined with KOH-Calcofluor
white will reveal short, septate, occasionally branching
filaments, 2.5–4 �m in diameter of varying lengths, and
clusters of small, unicellular oval, or round budding
yeast cells (4–8 �m). Referred to by some as “spaghetti
and meat balls,” this finding is considered diagnostic
in this setting. The inexperienced examiner must be
careful not to confuse M. furfur complex with Candida
spp., which can be differentiated by the presence of
pseudohyphae.

Culture from skin scrapings is not necessary if a di-
agnosis is made from direct microscopic examination.
However, if the microscopic appearance is atypical or
if species identification is required, then culture on me-
dia containing antibacterial agents and cycloheximide
overlaid with sterile olive oil incubated at 30°C is re-
quired. When M. furfur is the agent of catheter-
associated fungemia, scant growth on initial subculture
from blood culture bottles onto media without lipid
supplement may occur. Malassezia pachydermatis lacks
the requirement for lipid supplement. Colonies in cul-
ture develop slowly and are cream colored and raised,

consisting of mostly yeasts cells. Microscopically this
yeast is distinguished by the presence of a collarette be-
tween mother and daughter cells.

Tinea Nigra. Hortaea werneckii, the primary cause of
tinea nigra, is found most commonly in the tropical ar-
eas of Central and South America, Asia, and Africa
(Kwon-Chung and Bennett, 1992). Diagnosis can be
made by examination of skin scale with KOH demon-
strating the brown-pigmented hyphae and budding
yeast cells. Growth on Saboraud’s dextrose agar is
slow, initially black and yeast-like, and upon extended
incubation may produce gray–black aerial mycelium.
However, the yeast form remains the predominant mor-
phologic feature.

Black Piedra. Piedraia hortae, the etiologic agent of
black piedra, is found in tropical South and Central
American, Southeast Asia, and Africa. Hairs with vis-
ible nodules should be plucked, treated with KOH and
examined under the microscope. The nodule should be
crushed, taking care not to break the coverslip. The
finding of septate brown hyphae, asci, and fusiform as-
cospores confirms the diagnosis. Culture if done should
be on media with antibacterial agents, as well as me-
dia with both antibacterial agents and cycloheximide.

White Piedra. The etiologic agent of white piedra is Tri-
chosporon species, yeast-like organisms that form true
hyphae, arthroconidia, and blastoconidia. Direct mi-
croscopic examination of hair nodules revealing these
characteristics should be sufficient for diagnosis. If 
culture is performed, colonies appear rapidly (1–2 
days) at 30°C on selective agar containing antibacterial
agents. Species identification can be accomplished us-
ing commercially available assimilation kits, but should
be used in conjunction with morphologic criteria (e.g.,
formation of arthroconidia and blastoconida). Diag-
nosis can be easily confirmed by direct microscopic ex-
amination of KOH mounted scrapings of involved skin
or hair. Pityriasis versicolor can be confirmed when
both round, budding yeast cells and short fat hyphae
(“spaghetti and meatballs”) are observed. Wood’s light
examination may reveal bright yellow fluorescence.
Fungal culture is not helpful because the organism may
occur in normal skin. Pigmented, irregular, septate hy-
phae are observed in tinea nigra. Hair shafts from black
piedra show masses of intertwined pigmented hyphae
and occasional ascospores. In white piedra, there are
masses of hyphae with numerous septa along with plen-
tiful blastoconidia and arthroconidia.

Differential Diagnosis
Although the superficial mycoses all have distinctive
clinical presentations, there are some important dis-
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eases to consider in the differential diagnosis. Vitiligo,
pityriasis alba, pityriasis rosea, cutaneous T-cell lym-
phoma, and even secondary syphilis may resemble
pityriasis versicolor. The red papules and pustules of
Malassezia folliculitis may mimic bacterial or candidal
folliculitis. It is sometimes difficult to distinguish seb-
orrheic dermatitis from atopic dermatitis and psoriasis.
Tinea nigra may resemble lentigo, pigmented seborrheic
keratosis, nevus, or melanoma but is easily identified
with a KOH examination.

Treatment (Table 24–1)
Malassezioses. Numerous topical products are used in
the treatment of pityriasis versicolor (Table 24–1). Ap-
ply selenium sulfide 2.5% or ketoconazole 2% sham-
poo liberally over and beyond the affected areas for 10
minutes once daily for a 2-week period and repeat once
or twice monthly to minimize recurrence. Topical azole
antifungal creams have also been proven effective
against pityriasis versicolor, as has ciclopirox 0.1% so-
lution (Corte et al, 1991) and zinc pyrithione shampoo
(Faergemann and Fredriksson, 1980). When extensive
lesions are present or when topical creams have been
ineffective, systemic therapy may be indicated. Options
include: oral ketoconazole 200 mg per day for 5 to 7
days (Hay and Midgeley, 1984), fluconazole 400 mg
once, repeated in 1 week, and itraconazole 200 mg per
day for 5 to 7 days (Delescluse, 1990). The newer an-
timycotic drugs have a favorable safety profile. Pro-
phylactic usage may decrease the rate of recurrence
(60% in 1 year).

Topical antifungal drugs are generally very effective
in seborrheic dermatitis, which led to the current be-
lief that Malassezia is implicated in the pathogenesis.
Ketoconazole 2% shampoo applied at least twice
weekly has been very successful on the scalp (Faerge-

mann and Fredriksson, 1990). Shampoos containing
zinc pyrithione (Marks et al, 1985) or selenium sulfide
(Shuster, 1984) also work well. Topical steroids may
be effective. However, seborrheic dermatitis often re-
curs quickly after discontinuation of therapy.

Malassezia folliculitis responds well to both topical
and systemic antimycotic therapy. Topical treatment
with an azole cream or shampoo or selenium sulfide is
often sufficient (Ford et al, 1982; Back et al, 1985).
Oral ketoconazole and itraconazole have been used suc-
cessfully in those patients not responding to topical
therapy (Ford et al, 1982). As in all malassezioses, re-
currence is likely and a prophylactic treatment sched-
ule is necessary.

Tinea Nigra. Topical therapy with an azole such as mi-
conazole, clotrimazole, econazole, or ketoconazole is
usually effective. Other effective topical agents include
naftifine, terbinafine, and Whitfield’s ointment. Oral
therapy is rarely needed and griseofulvin is ineffective.

Piedras. Both black and white piedras may be treated
with 2% ketoconazole shampoo. Alternative therapy
includes shaving or clipping off infected hairs.

Prevention
Presence of Malassezia species as part of the normal
skin flora may explain the high recurrence rate. Con-
sequently, prophylactic therapy is generally required.
Oral ketoconazole, fluconazole, and itraconazole,
dosed once or twice monthly, offer one option. Topi-
cal medications can also be intermittently applied, but
compliance issues often develop.

Prevention of infection or reinfection by H. wer-
neckii, P. hortae, and T. ovoides is dependent upon
avoidance of endemic sites.

TABLE 24–1. Treatment of Malassezioses
Tinea Versicolor Seborrheic Dermatitis Malassezia Folliculitis

Topical Agents Topical Agents Topical Agents

• Selenium sulfide 2.5% shampoo* • Ketoconazole 1%–2% shampoo at • Azole cream or shampoo bid
• Ketoconazole 2% least twice weekly • Selenium sulfide shampoo qd

shampoo* or cream • Zinc pyrithione shampoo qd
• Ciclopirox 0.1% solution • Selenium sulfide shampoo qd Oral Drugs
• Terbinafine 1% cream • Mild topical steroids • Ketoconazole• Zinc pyrithione shampoo* (hydrocortisone 1%, • Itraconazoledesonide 0.05%, etc.) bid

Oral Drugs

• Ketoconazole 200 mg/day for 
5–7 days 

• Fluconazole 400 mg once, 
repeated in 1 week

• Itraconazole 200 mg/day for
5–7 days

*Shampoos should be applied to affected areas once daily for 2 weeks, left on 5 to 10 minutes, then rinsed off.
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DERMATOPHYTOSES

Fungi that are able to subsist within the keratinous el-
ements of living skin are called dermatophytes, which
belong to one of three genera, Epidermophyton, Mi-
crosporum, and Trichophyton. Among these genera,
there are 10 common species and greater than 20 other
species that occasionally cause disease. The distribution
of some species is worldwide while others are restricted
to certain geographic locations. The morphology and
pathogenicity of the species are similar. Tinea, an ad-
jective used to describe infections caused by dermato-
phytes, is used as a preface to the Latin designation of
the affected body part. For example, tinea corporis is
an infection of the glabrous skin.

Epidemiology
Dermatophytes are often classified according to the
source of infection. Arthropophilic organisms are ac-
quired from other humans. Infections due to these
pathogens are usually relatively noninflammatory.
Geophilic organisms are acquired from the soil. Infec-
tions due to zoophilic organisms are acquired from an-
imals and tend to be inflammatory. The epidemiology
and etiology of the most common dermatophytoses are
discussed separately.

Mycology
Collection and Transport of Specimens. Depending
upon the body site involved, hair, skin, or nail scrap-
ings are collected for both direct microscopic exami-
nation and culture. Lesions of the skin, scalp, and nail
should be cleaned with 70% alcohol before samples are
collected to reduce the amount of bacterial contami-
nation, which may mask the presence of a fungus in
culture. Specimens should be collected into folded
squares of stiff black paper, which allows for easy vi-
sualization of the specimen and helps to keep the spec-
imen dry until processing. If sending the specimen to a
reference laboratory, it can be contained by folding the
paper and mailing in an envelope. There are commer-
cially available collection and mailing kits that facili-
tate this process (Dermapac, Key Scientific Products,
Round Rock, TX).

SKIN. In glabrous (smooth and bare) skin, the advanc-
ing edge of the lesion provides the highest probability
of finding diagnostic material. Material should be col-
lected by scraping the edge of the lesion with the blunt
edge of a scalpel. For infection of the toe webs, the
soggy skin should be peeled away, and if vesicles are
present, the whole top of the lesion should be removed.

SCALP. Hair from areas of suspected infection must
be submitted with the root end attached, e.g., plucked
not clipped. Hair samples can also be obtained by

brushing the hair and culturing the material directly.
In ‘black-dot’ tinea capitis lesions, the hair becomes
fragile and breaks off at the skin surface. In these cases,
collection should be by scraping with a scalpel as noted
above.

NAIL. The affected nail should be clipped as proxi-
mally as possible through the entire thickness of the
nail, obtaining the maximum amount of crumbly ma-
terial, which is concentrated on the underside of the
nail. The use of a pincer-type nail clipper is the most
effective method. If nail dystrophy is wholly proximal,
a scraping can be taken from the affected portion of
the nail by scraping with a scalpel blade.

Fungal elements may not be numerous or equally dis-
tributed; therefore the quantity as well as the quality
of the specimen is important. As a rule, attempts should
be made to obtain 10–15 mm2 of skin, about twice this
amount of nail, and 4–6 hairs. This will allow for sat-
isfactory microscopic examination and culture.

Microscopic Examination. Rapid detection of fungal el-
ements in specimens from suspected dermatophytoses
can be accomplished using microscopy. Material
(scrapings or hair) is placed on a glass slide; a strong
base is added (20% KOH) and overlaid with a cover
slip. The KOH will digest the host material (the process
is speeded up by gently heating) and reveal the pres-
ence of fungal hyphae, arthroconidia, or yeast cells.
Small numbers of fungal elements may be present and
the addition of Calcofluor white, which binds to the
cell wall of fungi and fluoresces when observed under
ultraviolet light, will increase the sensitivity of the 
procedure.

Culture Methods. Culture, a necessary adjunct to mi-
croscopic examination of specimens, is important from
both a therapeutic and epidemiological standpoint. Al-
though the majority of etiologic agents are dermato-
phytes, other filamentous fungi can be the causative
agents of skin and nail infections and require a differ-
ent therapeutic approach. In addition, determining the
identity of the etiologic agent will allow determination
of the possible source of the infection, e.g., zoophilic
or anthropophilic organisms.

The choice of media for primary isolation should in-
clude both selective and nonselective media. Optimal
isolation of dermatophytes occurs on selective media
containing antibiotics to suppress bacterial growth and
cycloheximide to suppress contaminating saprophytic
moulds. However, some moulds that may be etiologic
agents are inhibited by cycloheximide. Therefore, use
of a general medium is necessary in the case of nail,
palm, and sole lesions in which nondermatophytes such
as Scytalidium spp. may be involved.
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Etiologic Agents
The etiologic agents of dermatophytoses are collectively
referred to as dermatophytes and include members 
of the genera Microsporum, Epidermophyton, and 
Trichophyton. Both asexual (anamorph) and sexual
(teleomorph) stages have been described. Those that
demonstrate a sexual stage are classified in the genus
Arthroderma. From a practical standpoint only the
asexual forms are encountered in the diagnostic my-
cology laboratory. A summary of the major character-
istics of the most common dermatophytes follows. De-
tailed descriptions of these and other related fungi can
be found elsewhere (Kane and Summerbell, 1999).

Microsporum. This genus differs from other dermato-
phytes by the rough (echinulate) surface of the macro-
conidia, which may be an especially prominent feature
as in M.canis (Fig. 24–2A) or more subtle requiring
close examination with oil immersion objective. Mi-
crosporum species sporulate profusely, producing nu-
merous macroconidia as well as lesser numbers of
clavate microconidia (Fig. 24–2B). A notable exception
is M. audouinii, which rarely sporulates. Macroconi-
dia, when formed, are usually borne singularly on coni-

diophores, are multiseptate (1–15 septa), typically
fusiform but range from obovate (M. nanum) to cylin-
drofusiform (M. vanbreuseghemii), are thin or thick
walled, and range from 6 to 160 �m in length and 6
to 25 �m in width.

M. audouinii: This species may be difficult to iden-
tify due to the lack of sporulation. Colonies on Sabo-
raud’s dextrose agar are gray–white, cream to tan with
a red–brown pigment on the reverse side of the culture
plate. The most distinctive microscopic finding is apic-
ulate terminal chlamydospores. Growth on rice grains
is scant and characterized by a brown discoloration of
the rice.

M. canis: This rapidly growing organism is charac-
terized by a granular appearance, buff in color and a
yellow–orange to orange–brown on the reverse side
(See Color Fig. 24–3A in separate color insert) differ-
entiating it from another closely related Microsporum,
M. gypseum (See Color Fig. 24–3H in separate color
insert). Most strains make abundant fusiform, echinu-
late, thick-walled multiseptate macroconidia and few
microconidia (Fig. 24–2A). Occasional isolates may not
sporulate well or are atypical, (M. canis var. distortum)
and additional tests are required for identification.
These tests include the hair perforation and sporula-
tion when grown on rice grains.

Epidermophyton. The single pathogenic species, E.
floccosum, is distinguished by the formation of obo-
vate to broadly clavate multicell (1–9 septa) macro-
conidia (20–60 �m by 4–13 �m) with smooth walls
and by the absence of microconidia (Fig. 24–2C).
Colonies develop slowly, are frequently grainy, and de-
velop folds, suede-like in texture, and range from olive
to yellow or yellow–brown (See Color Fig. 24–3B in
separate color insert).

Trichophyton. The macroconidia of this genus are
multicell (1–12 septa), smooth walled, variable in shape
(clavate, cylindrical, cylindrofusiform), and formed sin-
gularly or in clusters on conidiophores. They may be
abundant, rare, or absent depending on the species or
strain and culture conditions.

T. RUBRUM. The macroscopic colony appearance can
be variable. Typical colonies are white to buff in color,
with or without a wine red color on the reverse side
(See Color Figs. 24–3C and 24–3D in separate color
insert). Some are granular while others are downy in
appearance. The main identifying characteristics are the
presence of club-shaped microconidia arranged along
the hyphae (Fig. 24–2D), smooth-walled macroconidia,
inability to perforate hair in vitro, and lack of urease
production.

FIGURE 24–2. Examples of the microscopic morphology of common
dermatophytes. A: M. canis macroconidia; B: M. gypseum macro-
conidia and microcondida; C: Clusters of E. floccosum macroconi-
dia; D: T. rubrum en terse microconidia; E: T. mentagrophytes var
mentagrophytes en grappe microcondidia; F: T. tonsurans charac-
teristic “balloon” microconidia and a macroconidium. Magnifica-
tions approximately 400�.
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T. mentagrophytes complex. Both zoophilic (var. in-
terdigitale) and anthropophilic (var. mentagrophytes)
strains have been described. Zoophilic strains produce
colonies that are granular, off-white color (See Color
Fig. 24–3E in separate color insert), while anthro-
pophilic strains are white and fluffy (See Color Fig.
24–3F in separate color insert). Pigment on the reverse
side may be present and may resemble that produced
by T. rubrum. The main identifying characteristics of
T. mentagrophytes complex are the production of
rounded microconidia arranged along the hyphae (Fig.
24–2E) and in grape like clusters, smooth-walled
macroconidia, spiral hyphae, positive test for in vitro
hair perforation, and production of urease.

T. TONSURANS. Colonies appear powdery or grainy,
usually with a brown to tan color that may be lost upon
subculture (See Color Fig. 24–3G in separate color in-
sert). The reverse pigment if present has a yellow–
brown or red appearance. The main identifying char-
acteristics include the production of abundant mi-
croconidia of varying shapes, club, or elongated or 
balloon-like (Fig. 24–2F). Some strains make abundant
arthroconidia and chlamydospores. Growth is stimu-
lated in the presence of thiamin.

T. VIOLACEUM. Growth is slow, producing colonies
that are heaped and convoluted, with a violet or laven-
der surface and a purple color on the reverse side. The
main identifying characteristics are the rate of growth,
colony appearance, lack of micro- and macroconidia,
and stimulation of growth by thiamin.

T. SCHOENLEINII. Growth is slow, producing white to
tan, heaped, and convoluted colonies without any color
on the reverse side. Main identifying characteristics in-
clude lack of both micro- and macroconidia, and the
formation of “favic chandeliers,” which are antler-like
structures at the tips of hyphae.

T. CONCENTRICUM. Growth is slow, producing beige
to brown or reddish colonies that are convoluted, be-
coming glabrous. Main identifying characteristics are
the lack of sporulation, stimulation by thiamin (50%
of strains), the geographic location, and the clinical 
picture.

Pathogenesis
Dermatophytes are primary cutaneous pathogens and
comprise the largest group of fungi that cause skin dis-
ease. These fungi appear to be uniquely qualified to in-
vade hair, nails, and skin, in part due to their ability
to produce keratinases, which are enzymes that digest
keratin in vitro. Another factor that may enhance their
pathogenicity is the production of mannans, cell wall

components that are immunoinhibitory in vitro (Blake
et al, 1991). Mannans may also be able to prevent elim-
ination of the dermatophyte from the host by sup-
pressing cell-mediated immunity in vivo. Infection is en-
hanced by damage to the skin surface. For example,
tinea cruris and interdigital tinea pedis frequently oc-
cur in areas that have become macerated secondary to
occlusion. Human genetics also appears to play a role
in the pathogenicity of some dermatophytes. Tinea un-
guium (onychomycosis) may be an autosomal domi-
nant trait in some families. Tinea imbricata, which is
caused by Trichophyton concentricum and thought to
be inherited in an autosomal recessive fashion, is a vari-
ant of tinea corporis.

Several host-mediated factors limit invasion by der-
matophytes. Progesterone has been shown to inhibit
growth in vitro (Heoprich et al, 1994), which may ex-
plain the increased incidence of some dermatophytoses
in men. Unsaturated fatty acids found in sebum also
inhibit dermatophyte growth in vitro. The production
of sebum by adult scalps may be responsible for the in-
frequency of adult tinea capitis. Conversely, the absence
of sebum on the palms and soles could explain the per-
sistence of dermatophyte infection at these sites. Im-
munodeficient patients are more likely to have deep lo-
calized dermatophyte invasion.

Tineas
Tinea Corporis

DEFINITION. Tinea corporis is defined as dermatophy-
tosis of the glabrous skin of the face (excluding the
beard), trunk, and limbs (including the dorsal hands
and feet).

SYNONYMS. Dermatophytosis of the glabrous skin,
ringworm, tinea circinata, tinea glabrosa (Demis, 1999).

INCIDENCE AND EPIDEMILOGY. Tinea corporis is a very
common disease that, although present worldwide, is
more prevalent in persons living in warm, humid cli-
mates. Unlike some other superficial fungal infections,
tinea corporis shows no preference for certain age
groups, races or ethnicities. Patients with systemic dis-
eases such as diabetes mellitus, Cushing syndrome, 
or HIV infection, and those immunocompromised 
for other reasons are predisposed to tinea corporis
(Mandel, 1961; Callaway, 1962). Those patients with
chronic dermatophyte infections at other sites such as
scalp, hands, feet, or nails are at risk of having the in-
fection spread to glabrous skin (Geary, 1960; Rippon,
1988). Other risk factors include outdoor occupations,
close association with animals, and contact sports.

Any of the dermatophyte species are capable of caus-
ing tinea corporis. Worldwide, the anthropophilic
species, T. rubrum, is the most common pathogen (Rip-
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pon, 1988; Elewski and Hazen, 1989). In children, es-
pecially those with a personal or household history of
tinea capitis, T. tonsurans is often the culprit. Persons
with frequent contact with animals, especially kittens,
puppies, horses, cattle, rodents, and fowl, may be ex-
posed to zoophilic organisms such as M. canis and
T. mentagrophytes var. mentagrophytes. Geophilic species,
most often M. gypseum, are more likely to infect gar-
deners or other persons in contact with the soil.

CLINICAL PRESENTATIONS. The clinical presentations of
tinea corporis vary widely from noninflammatory, scaly
plaques to inflammatory pustules. This variation is
somewhat dependent on the infecting organism. The
anthropophilic pathogens are more likely to produce
the classical annular plaque with advancing scale and
central clearing (See Color Fig. 24–4 in separate color
insert). Other noninflammatory lesions may be oval,
circinate, and may or may not have erythema. Geophilic
and zoophilic species are more apt to cause inflamma-
tory lesions that can range from vesicles and pustules to
bulla. All lesions of tinea corporis are usually pruritic.

Invasion of hair follicles results in perifollicular pus-
tules that may resemble a bacterial folliculitis. This may
eventually result in penetration of follicle walls and
granuloma formation (Majocchi’s granuloma) around
fragments of hair or keratin (See Color Fig. 24–5 in
separate color insert). Majocchi’s granuloma is most
often seen in women with onychomycosis or tinea pedis
who shave their legs (Wilson et al, 1954).

Infection by the zoophilic organism, T. verrucosum,
also usually causes an exuberant inflammatory re-
sponse. Follicular pustules with surrounding erythema
present a kerion-like appearance (Powell and Muller,
1982). These lesions frequently cause hair loss and 
scarring.

Tinea profunda, which is another intense inflamma-
tory reaction of the glabrous skin that resembles scalp
kerions, is a rare presentation and more likely to oc-
cur in patients with suppressed cellular immunity. The
verrucous lesions of tinea profunda may resemble those
of North American blastomycosis (Demis, 1999).

DIAGNOSIS. Whenever tinea corporis is suspected, the
diagnosis can be confirmed easily with a microscopic
examination of scale mounted in KOH. Collect the
scale on a glass slide by scraping outward from the ad-
vancing raised edge of the lesion with a scalpel blade
held perpendicular to the skin, and cover the scale with
one or two drops of 10% to 20% KOH and a cover
slip. The KOH breaks down the epithelial cells but
leaves the fungal elements unharmed. Fungal stains,
such as chlorazole Black E or Parker blue–black ink
may be added to the KOH to enhance the visibility of
the hyphae.

The hyphae of all dermatophytes look the same un-
der direct microscopic examination with KOH. Cul-
tures are necessary to identify the particular pathogen.
Collect skin scrapings as detailed above. Commercial
collection packages and mailing envelopes are available
for this purpose. Alternatively, scrapings may be col-
lected in squares of stiff black paper, which are folded
and secured with paper clips. Features of colonies, com-
bined with microscopic examination of the microconi-
dia and macroconidia allow identification of the genus
and species.

DIFFERENTIAL DIAGNOSIS. Multiple conditions should be
included in the differential diagnosis of tinea corporis.
The scaly, less inflammatory lesions must be distin-
guished from those of psoriasis, seborrheic dermatitis,
secondary syphilis, tinea versicolor, and discoid lupus
erythematosus. Annular lesions may resemble the her-
ald patch of pityriasis rosea, nummular eczema, or ery-
thema annulare centrifugum. Majocchi’s granuloma
and other inflammatory lesions involving hair follicles
can be confused with bacterial pyodermas, deep fungal
infections, and tuberculosis (Powell and Muller, 1982).

TREATMENT. Therapy with topical antimycotic agents
is usually sufficient for cure of tinea corporis (Drake et
al, 1996a) (Table 24–2). These medications are applied
to the lesion and to at least a 2.5 cm border of adja-
cent clinically uninvolved skin, once or twice daily as
directed by the manufacturer. Therapy should continue
for 1 to 2 weeks after all signs of infection are cleared.
Most commercially available topical drugs are effective
in tinea corporis. However, nystatin and topical am-

TABLE 24–2. Selected Topical Antimycotic
Drugs for Tinea Corporis
Drug Frequency of Dosing

Allylamines

Butenafine Once daily
Naftifine Once daily
Terbinafine Once daily

Imidazoles

Clotrimazole Twice daily
Econazole Once daily
Ketoconazole Once or twice daily
Miconazole Twice daily
Oxiconazole Once or twice daily
Sulconazole Once or twice daily

Substituted Pyridones

Ciclopirox Twice daily

Other

Tolnaftate Twice daily
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photericin B do not control dermatophytes and should
not be used (Lescher, 1996).

Clinical experience argues against use of topical
steroids for tinea corporis (Drake et al, 1996a). Al-
though they may initially reduce itching and other
symptoms through their antiinflammatory effects, con-
tinued use of topical steroids may suppress the cellular
response to infection and result in extensive disease.
Topical steroids may also change the clinical appear-
ance of the lesion, resulting in “tinea incognito.” Like-
wise, products combining topical antimycotics and
steroids should be avoided.

In some cases, topical antimycotic agents are insuf-
ficient for the treatment of tinea corporis. Patients who
have failed topical therapy, those with inflammatory
infections, those with extensive disease, and those im-
munocompromised by therapy or disease, require oral
antifungal therapy. Suitable medications include gris-
eofulvin, fluconazole, itraconazole, and terbinafine
(Table 24–3).

PREVENTION. In general, treatment of tinea corporis
with effective medications results in a permanent cure.
However, the ubiquitous nature of the fungal infectious
agents makes reexposure and reinfection a constant
possibility. Moist, damp environments such as those in
locker rooms are likely to have high loads of fungal el-
ements and should be avoided. It also is possible for
infected persons to transmit the pathogens to other per-
sons by close physical contact. Thus, it is important to
identify and treat these patients. If zoophilic organisms
are identified by culture, the infected animals should
be identified and taken to a veterinarian for treatment.
When geophilic pathogens are isolated, contact with
the infected soil should be avoided.

Tinea Barbae
DEFINITION. Tinea barbae is dermatophytosis of the

facial beard area of men.

SYNONYMS. Barbers’ itch, ringworm of the beard,
tinea sycosis, trichophytosis barbae (Demis, 1999).

INCIDENCE AND EPIDEMIOLOGY. Historically, tinea bar-
bae was a fairly common condition often transmitted

by contaminated razors at barbershops (Rippon, 1988).
This dermatophytosis is now seen rarely and most 
often acquired from animal sources, explaining the in-
creased prevalence in rural areas. Two of the most 
common causative agents are Trichophyton mentagro-
phytes and T. verrucosum. Both species are usually ac-
quired from animals. Microsporum canis is another
zoophilic pathogen that can rarely cause tinea barbae.
Anthropophilic dermatophytes that may cause this 
disease include T. rubrum, T megninii, T violaceum,
and T. schoenleinii. Many of these pathogens have ge-
ographically restricted ranges. Trichophyton violaceum
is endemic in parts of Europe, Asia, Africa, and South
America but is seldomly seen in the United States. Tri-
chophyton megninii is found in parts of Africa and 
Europe, including Portugal, Sardinia, and Sicily. Africa
and Eurasia are home to T. schoenleinii. In contrast,
the range of T. rubrum is not restricted; hence the or-
ganism may cause disease worldwide (Demis, 1999).

CLINICAL PRESENTATIONS. The infecting pathogens are
partially responsible for the two clinical presentations
of tinea barbae. Zoophilic organisms, such as T. men-
tagrophytes and T. verrucosum, are more likely to pro-
duce the inflammatory pattern characterized by kerion
formation with boggy, elevated nodules, draining pus-
tules, and sinus tracts. Hair in infected areas may be
broken, loose, or absent. The chin and neck are usu-
ally first involved and infection may spread to cover
the entire beard area. However, the upper lip is rarely
affected. This feature helps to distinguish tinea barbae
from bacterial pyodermas, as these infections com-
monly involve the upper lip (Rippon, 1988). Other
symptoms that may be seen with both conditions in-
clude prominent adenopathy, fever, and malaise.

The second clinical presentation of tinea barbae is
the noninflammatory or sycosiform type, the more un-
common of the two varieties. This noninflammatory
type often resembles bacterial folliculitis in that follic-
ular pustules may be discrete. Other lesions may re-
semble tinea corporis. The hair within the affected ar-
eas may be very loose or broken, which helps to
distinguish this presentation clinically from bacterial
folliculitis. Trichophyton violaceum or T. rubrum are
the most likely pathogens.

DIAGNOSIS. Clinical suspicion of tinea barbae should
prompt a direct microscopic examination of infected
hairs. Purulent debris may also contain fungal elements,
but these may be difficult to find in the inflammatory
presentation. Fungal cultures should be obtained to es-
tablish the diagnosis and identify the pathogen. Wood’s
light examination is usually nonproductive unless M.
canis is the causative organism.

TABLE 24–3. Oral Antimycotic Drugs for 
Tinea Corporis
Drug Dose Duration of Therapy

Griseofulvin Microsize 20 mg/kg/day 2 to 4 weeks
Ultramicrosize 15mg/kg/day

Fluconazole 150–300 mg once weekly 2 to 4 weeks
Itraconazole 200 mg/day 1 week
Terbinafine 250 mg/day 1 week
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DIFFERENTIAL DIAGNOSIS. As discussed under Clinical
Pres-entations, tinea barbae often resembles bacterial
folliculitis (Ludwig, 1953). Tinea barbae must also be
differentiated from acne vulgaris, actinomycosis, con-
tact dermatitis, eczema herpeticum, herpes simplex, and
herpes zoster.

TREATMENT. Left untreated, the inflammatory type of
tinea barbae may resolve spontaneously, but alopecia
and scar formation are common. The sycosiform vari-
ant is usually more chronic and spontaneous resolution
is unlikely. For these reasons, treatment is recom-
mended. Since the hair follicles are infected, oral anti-
fungal medications are required (Drake et al, 1996b).
Griseofulvin, fluconazole, itraconazole, and terbinafine
may each be of some benefit. Treatment should be con-
tinued until the infection is cleared and new hair growth
is apparent (Table 24–4).

Several adjunctive therapies may be helpful in tinea
barbae. Warm saline or water compresses may be used
to soften crusts and debris to aid in their removal. Top-
ical 2% ketoconazole shampoo or 2.5% selenium sul-
fide lotion are helpful in removing the debris and may
provide some antimycotic activity. Topical antibacter-
ial agents such as mupirocin can aid in controlling sec-
ondary bacterial infections.

PREVENTION. The majority of tinea barbae infections
are now zoophilic in origin. Contact with infected an-
imals should be minimized. Infected animals should
also be treated.

Tinea Cruris
DEFINITION. Tinea cruris is a dermatophytosis of the

medial upper thighs and the inguinal, pubic, perineal,
and perianal areas. Skin on the buttocks is also involved
at times (Demis, 1999).

SYNONYMS. Eczema marginatum, gym itch, hobie itch,
jock itch, ringworm of the groin, tinea inguinalis.

Incidence and Epidemiology. Although tinea cruris
is more common in tropical climates, it has a world-
wide distribution. Relatively high humidity and ambi-
ent temperature favor the growth of the causative or-
ganisms. Infections usually occur in postpubertal males
but females can be affected. Epidemics have occurred
as a result of crowded living conditions and/or shared
bathing facilities as with members of armed forces, ath-
letic teams, or prisoners. Sweating, tight clothing, such
as shorts or athletic supporters, and wet bathing suits
worn for a long period can predispose to infection.
Other risk factors include obesity and diabetes melli-
tus. The causative pathogens may spread to the groin
area from other dermatophytoses such as tinea pedis,
tinea manuum, and tinea unguium.

The most commonly encountered pathogen is T.
rubrum. Others commonly seen include E. floccosum,
and T. mentagrophytes. Epidermophyton floccosum
was once the major pathogen in tinea cruris and tinea
cruris remains the only dermatophytosis in which E.
floccosum plays a significant role (Rippon, 1988).

CLINICAL PRESENTATIONS. As with other dermatophy-
toses, the causative organisms often determine the clin-
ical manifestations of the disease. Tinea cruris due to
T. rubrum or E. floccosum is more likely to be chronic
and relatively noninflammatory. There may be only
slight erythema and an indistinct active margin. Tri-
chophyton mentagrophytes, on the other hand, is usu-
ally associated with inflammatory disease. In acute
cases, itching is often severe. There may be inflamma-
tion with vesicles at the edge of the lesions. Weeping
and excoriations are sometimes present.

Both presentations are more likely to occur in men,
possibly due to increased moisture in crural folds. Usu-
ally, the first area involved is the intertriginous fold
near the scrotum (Rippon, 1988). The upper, medial
thigh is the most commonly affected area. Infection
may also involve the pubis, perineum, perianal area,
and buttocks. Lesions may be unilateral or bilateral,
symmetrical or asymmetrical. Although dermatophytes

TABLE 24–4. Oral Antimycotic Drugs for Tinea Barbae
Drug Dose Duration of Therapy

Griseofulvin Microsize 20 mg/kg/day Minimum of 4 weeks.
Ultramicrosize 15 mg/kg/day Generally, 6 weeks or longer

required. Continue for at least 
2 weeks after disease resolves.

Fluconazole 150 to 300 mg once weekly (preferred) 4 to 6 weeks
200 to 400 mg daily Up to 4 weeks

Itraconazole 400 mg/day 1 week pulse. A second pulse may be required 
3 weeks after the first is completed.

200 mg/day 2 to 4 weeks

Terbinafine 250 mg/day 2 to 4 weeks
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may colonize the scrotum, they typically do not infect
scrotal skin. When redness or scaling are seen on the
scrotum, the clinician should consider the possibility 
of other conditions such as candidiasis, secondary neu-
rodermatitis, or contact dermatitis (Rippon, 1988;
Elewski and Hazen, 1989).

DIAGNOSIS. The clinical suspicion of tinea cruris
should be confirmed with KOH testing of scale from
the lesion as well as fungal culture. Other causes of in-
tertrigo in the groin, such as candidiasis, erythrasma,
and psoriasis, should be ruled out.

DIFFERENTIAL DIAGNOSIS. Intertrigo is a nonspecific der-
matitis characterized by erythema, burning, itching,
maceration, and sometimes erosions involving the skin
folds. Tinea cruris is only one cause of intertrigo seen
in the groin. Other infectious causes include gram-
positive bacteria, such as Staphylococcus aureus and
Corynebacterium minutissiumum (erythrasma). The
deep red or coral fluorescence produced by the latter
organism on examination with a Wood’s lamp can be
used to differentiate erythrasma from tinea cruris. An-
other difference is the absence of an active margin in
erythrasma.

Candidiasis often resembles tinea cruris. Women are
more likely to have candidal infections than men. Other
risk factors that increase the likelihood of yeast infec-
tion include diabetes, obesity, systemic antibiotic ther-
apy, and the use of oral contraceptives. These factors
also increase the chance of concomitant dermatophyte
and Candida infections. Scrotal involvement is much
more likely in candidiasis. The presence of satellite pus-
tules adjacent to the primary lesion helps to distinguish
candidiasis (in which they are present) from tinea
cruris.

Other conditions to be considered in the differential
diagnosis include seborrheic dermatitis, psoriasis vul-
garis (inverse type), irritant dermatitis, and contact 
dermatitis.

TREATMENT. Most topical antifungal agents are gen-
erally effective in the treatment of uncomplicated tinea
cruris (Brodell and Elewski, 1997; Drake et al, 1996a).
The spectra of the various medications should be kept
in mind when making an empirical treatment choice.
For example, tolnaftate has no effect on Candida and
would not be a good initial choice unless candidiasis
has been ruled out (Demis, 1999). Econazole nitrate
has activity against Candida and some bacteria (Rupke,
2000) and could be beneficial when a secondary can-
didal or bacterial infection is suspected.

When topical agents prove ineffective, oral antimy-
cotic drugs may be necessary. Other indications for sys-
temic therapy include extensive disease, severe obesity,

and compromised immunity. For dermatophyte infec-
tion, ultramicrosized griseofulvin at a dose of 15
mg/kg/day can be given for 2–4 weeks: the microsized
preparation requires a dose of 20 mg/kg/day for the
same period (Lambert et al, 1989). Although griseo-
fulvin is of little help in infections complicated by Can-
dida species or bacteria, both fluconazole and itra-
conazole are effective against dermatophytes and
Candida species. The adult dose of fluconazole is 150
mg/day for 2–3 weeks and the dose of itraconazole is
200 mg/day for 1 week or 100 mg/day for 2 weeks.
Terbinafine at a dose of 250 mg/day for 1–2 weeks is
also effective against dermatophytes (Lesher, 1999).

PREVENTION. The dermatophytes causing tinea cruris
thrive in moist, warm environs. Measures that mini-
mize exposure to these conditions can be preventive.
Tight fitting, nonabsorbent clothing and prolonged ex-
posure to wet clothing, such as bathing suits, should
be avoided. Infected areas should be bathed daily and
dried thoroughly, preferably with a hair drier. After the
primary infection has resolved, absorbent powders con-
taining an antimycotic such as miconazole or tolnaf-
tate may prevent recurrence. Weight reduction may be
beneficial in obese patients. Tinea pedis and pedal ony-
chomycosis may serve as a reservoir for pathogens caus-
ing tinea cruris. Ideally, these infections must be elim-
inated in order to prevent reinfection of the groin.
Suggesting to patients that they put on their socks be-
fore their undershorts may help stop spread of the 
organisms.

Tinea Pedis and Manuum
DEFINITION. Tinea pedis is a dermatophytosis of the

plantar surface of the feet and toe webs. Similarly, tinea
manuum is dermatophytosis of the palmar surface of
the hands and interdigital spaces. Dermatophytoses of
the dorsal hands and feet have a presentation, course,
and prognosis more similar to that of tinea corporis
and are excluded in the strict definition of this disease.

SYNONYMS. Athlete’s foot, ringworm of the feet, ring-
worm of the hands (Demis, 1999).

INCIDENCE AND EPIDEMIOLOGY. Tinea pedis is the most
common dermatophytosis. Approximately 70% of the
population is estimated to have been infected at some
time (Ganor et al, 1963; Rippon, 1988). Males are
more likely to be infected, and incidence increases with
age. Most patients are postpubescent. Tinea manuum
is also a common malady associated with tinea pedis
and the same pathogen causes the hand and foot in-
fections. Chronic disease results and is often associated
with tinea unguium (onychomycosis) of the finger and
toenails.
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Surprisingly, tinea pedis is relatively new to the West-
ern world and its prevalence parallels the migration of
T. rubrum throughout the globe. This common der-
matophyte was originally endemic in three regions:
Southeast Asia, portions of western Africa, and north-
ern Australia. With worldwide travel, T. rubrum spread
to Europe and the Americas in the later part of the
nineteenth century. The first case of T. rubrum tinea
pedis to be reported in the United States occurred in a
Birmingham, Alabama WWI veteran in the early 1920s
(Weidman, 1927). Today, T. rubrum is the most com-
mon dermatophyte worldwide (Rippon, 1988; Elewski
and Hazen, 1989). Interestingly, it does not cause tinea
pedis in the original endemic areas because no footwear
is worn by the local people.

Tinea pedis and manuum are caused predominantly
by T. rubrum and T. mentagrophytes, and less com-
monly by E. floccosum (Rippon, 1988). Trichophyton
rubrum is viable outside the human host for only short
periods of time. However, its prevalence and the pres-
ence of large numbers of arthroconidia in the environ-
ment combine to overcome this shortfall. The arthro-
conidia of E. floccosum, on the other hand, remain
viable in the environment for years. Patients may ac-
quire this organism from fomites, such as carpeting.
Trichophyton mentagrophytes occurs as both zoophilic
and anthropophilic varieties. The zoophilic variety is
more likely to cause an inflammatory presentation. In
children, T. tonsurans is often implicated in tinea pedis,
especially in those with tinea capitis caused by this or-
ganism (Elewski, 1998a).

All of the above named pathogens produce infections
that are generally limited to the stratum corneum, per-
haps due to the antidermatophytic or fungistatic effect
of human serum (Lorincz et al, 1958). Trichophyton
rubrum usually causes a chronic, relatively noninflam-
matory disease. Sebaceous glands are thought to pro-
duce antimicrobial substances and their absence in
palms and soles may account for the increased suscep-
tibility of these areas to chronic infection. Mannan, a
cell wall glycoprotein found in T. rubrum, has been ob-
served to suppress in vitro cell-mediated immune func-
tion (Blake et al, 1991), and may also contribute to the
chronicity of the clinical manifestations. The more in-
flammatory presentation associated with T. mentagro-
phytes may be a result of an allergic or hypersensitiv-
ity reaction. A dermatophytid reaction may also be
associated and manifests as blister(s) on the sides of fin-
gers and palms resembling dyshidrosis.

CLINICAL PRESENTATIONS. The infections produced by
these pathogens generally fall within one of four clini-
cal patterns of tinea pedis: moccasin, interdigital, in-
flammatory, and ulcerative. Moccasin tinea pedis is
usually caused by T. rubrum. Dry, hyperkeratotic scale

may involve the entire plantar surface, extending to the
lateral foot. Erythema is mild and the condition may
be asymptomatic. Occasionally, thick, hyperkeratotic
scale with fissures may develop. One or both feet may
be involved and toenail infection increases with dura-
tion of disease.

The interdigital presentation of tinea pedis consists
of maceration, scaling, and fissuring of the toe webs.
The skin between the fourth and fifth toe is most com-
monly affected. Adjacent areas may become involved
but the dorsal skin usually remains clear. Trichophy-
ton rubrum and E. floccosum are the common causes
(Rippon, 1988). Hot, humid climates increase the
symptoms and hyperhidrosis may increase the risk of
infection. Other microorganisms, such as Corynebac-
terium minutissimum (erythrasma), other bacteria, and
Candida, can also cause interdigital maceration and
should be excluded. Secondary bacterial infections may
contribute to the pathology, resulting in the so-called
“dermatophytosis complex” (Leyden and Kligman,
1978). Bacterial byproducts preclude culture recovery
of dermatophytes. Therapy must include antibacterial
as well as antimycotic medications.

In inflammatory or vesicular tinea pedis, vesicles,
bulla, and/or pustules are seen on the instep or mid-
anterior plantar surface. These usually painful, pruritic
lesions develop rapidly and are more likely to 
occur during summer months. They may also be ac-
companied by a vesicular hypersensitivity (dermato-
phytid or “id”) reaction on the hands. Occasionally the
inflammatory response is incapacitating and includes
cellulitis, adenopathy, and lymphangitis. The zoophilic
organism, T. mentagrophytes var. mentagrophytes, is
more likely to cause such acute reactions.

Secondary bacterial infections may further increase
inflammation and are thought to be responsible for the
interdigital ulcers and erosions typically seen in ulcer-
ative tinea pedis. Cellulitis, lymphangitis, fever, and
malaise are frequent complications. Trichophyton men-
tagrophytes var. mentagrophytes is also the most com-
mon cause of ulcerative tinea pedis (Demis, 1999).

The presentation of tinea manuum is similar to that
of moccasin tinea pedis. The palmar skin develops dry
scale that can be quite hyperkeratotic. Trichophyton
rubrum is the usual pathogen. About half of patients
have only one palm involved, leading to the “one hand
and two feet” presentation. This syndrome is common
but the unilateral involvement of the hands has not
been explained. Some, but not all, of the fingernails on
the involved hand are also frequently infected. When
present, the nail dystrophy is a clue that distinguishes
tinea manuum from other palmar dermatoses.

DIAGNOSIS. Clinical suspicion supported by micro-
scopic examination of scale mounted in KOH is suffi-
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cient to establish the diagnosis. A fungal culture serves
to confirm the diagnosis and identify the pathogen.

DIFFERENTIAL DIAGNOSIS. Differential diagnoses vary de-
pending on the clinical presentation. The dry scaling
plaques of moccasin tinea pedis and tinea manuum re-
semble chronic contact dermatitis, psoriasis, eczema,
and various keratodermas. Nail involvement, which
may be seen in these two dermatophytoses, is a clini-
cal clue. Candidiasis, hyperhidrosis, erythrasma, and
other bacterial infections can produce lesions similar to
those of interdigital tinea pedis. A coral–red fluores-
cence on Wood’s light examination distinguishes ery-
thrasma, and bacterial cultures may be required to dif-
ferentiate the other bacterial causes. Inflammatory tinea
pedis must be distinguished from dyshidrotic eczema,
pustular psoriasis, primary blistering diseases and con-
tact dermatitis.

TREATMENT. Topical and/or oral antifungal agents are
used to treat tinea pedis, depending on the patient and
the clinical presentation. Topical antifungals are gen-
erally effective for interdigital tinea pedis and tinea
manuum not complicated by onychomycosis in immune
competent hosts. Primary or secondary bacterial infec-
tions are often present in interdigital disease. Antifun-
gal drugs with antibacterial activity, such as econazole
or ciclopirox, are good first-line therapy (Rupke, 2000).
Conversely, tolnaftate is not the best choice as it has
little activity against Candida or bacteria (Drake et al,
1996a). Topical agents should be used as directed by
the manufacturer for approximately 4 weeks, but
terbinafine and butenafine may be effective with only
1 week of therapy (Villars and Jones, 1989; Bergstresser
et al, 1993; Savin et al, 1994; Elewski et al, 1995a;
Savin et al, 1997). Emollients containing lactic acid or
urea (e.g., Lac Hydrin or Carmol 40) may be useful ad-
ditions to therapy when extensive scaling or hyperker-
atosis is present.

Oral antifungal drugs are generally required when
treating moccasin and inflammatory tinea pedis, and
tinea pedis or tinea manuum complicated by fungal nail
involvement. Immunocompromised patients and those
with peripheral vascular disease also require oral treat-
ment. When nails are not involved, terbinafine (250
mg/day for 1–2 weeks), itraconazole (100 mg/day for
2 weeks or 400 mg/day for 1 week), or fluconazole
(150–300 mg once a week for up to 8 weeks) may be
effective (Lesher, 1999). Griseofulvin is often ineffec-
tive in tinea pedis (Moossavi, 2001).

When onychomycosis is present, the nail infection
must be cleared to prevent recurrence of tinea pedis or
tinea manuum. Treatment of onychomycosis requires
12 weeks of terbinafine 250 mg/day (Drake et al, 1997).
Itraconazole is also effective and may be given either

as a 200 mg/day dose for 12 weeks or 400 mg/day 
for 1 week per month for 3 to 4 consecutive months
(Elewski et al, 1997b; Scher, 1999). A once-weekly
150–450 mg dose of fluconazole for 6 months is also
effective (Scher, 1999) (Table 24–6).

PREVENTION. Avoidance of exposure to the infective
agent and minimization of risk factors are critical in
the prevention of both tinea pedis and tinea manuum.
Protective footwear should be worn in public facilities
such as hotels, gymnasiums, and locker rooms. To de-
crease the risk of recurrence, measures should be taken
to reduce the amount of foot moisture. The patient
should be instructed to thoroughly dry feet after baths
and apply an antifungal powder or spray. Cotton socks
changed frequently absorb sweat and reduce risk fac-
tors. Antifungal powder applied inside shoes may be
helpful. Finally, prevention and effective treatment 
of tinea pedis are likely to prevent tinea manuum
(Richardson and Elewski, 2000b).

Tinea Unguium (Onychomycosis)
DEFINITION. Tinea unguium is defined as infection of 

fingernails or toenails by dermatophyte fungi. Ony-
chomycosis is a broader term that also encompasses
nail infections by nondermatophyte moulds, yeasts, and
occasionally bacteria.

INCIDENCE AND EPIDEMIOLOGY. Estimates of the preva-
lence of onychomycosis in the general population vary
considerably from approximately 3% to over 13%
(Heikkala and Stubbs, 1995; Elewski and Chaniff,
1997a). Prevalence increases with increasing age. One
study showed that up to 28% of patients over 60 years
of age had culture positive onychomycosis (Elewski 
and Chaniff, 1997a). Possible explanations include de-
creased immune function, poor peripheral circulation,
prolonged exposure to the infective agents, and inabil-
ity to maintain hygienic foot care (Drake et al, 1996c;
Scher, 1996; Elewski and Chaniff, 1997a).

Dermatophytes are the cause of onychomycosis in
over 90% of toenail infections and the majority of fin-
gernail infections without paronychia (Ellis et al, 1997).
The two most commonly isolated species in Europe and
North America are T. rubrum and T. mentagrophytes.
Epidermophyton floccosum is also seen, but less com-
monly (Summerbell, 1997). Trichophyton tonsurans
may occur in children who have had or have been ex-
posed to tinea capitis. Other pathogens include non-
dermatophyte moulds such as Scytalidium spp., Scop-
ulariopsis spp., Aspergillus spp., and Fusarium spp.
Secondary colonization of previously damaged nails ac-
counts for other nondermatophytic infections. Yeasts
such as Candida albicans may also be the infective fun-
gal pathogens in fingernails.
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CLINICAL PRESENTATIONS. Onychomycosis is classified
into four clinical presentations and associated routes of
invasion (Table 24–5). The most common form is dis-
tal lateral subungual onychomycosis (DLSO) in which
the infectious agent invades the nail plate at the hy-
ponychium or lateral nail groove and migrates proxi-
mally. The invasion is accompanied by a mild inflam-
matory response resulting in focal parakeratosis and
subungual hyperkeratosis, leading to separation of the
nail plate from the nail bed (onycholysis) and subun-
gual thickening. Superinfection of the subungual space
by bacteria or moulds often results in a yellowish-
brown discoloration of the nail plate. Distal lateral sub-
ungual onychomycosis is most commonly seen in toe-
nails, in part secondary to the greater incidence of tinea
pedis as compared to tinea manuum. As in tinea pedis,
T. rubrum is the most common cause of DLSO. 
Trichophyton mentagrophytes, T. tonsurans, and E.
floccosum have also been associated with DLSO.

White superficial onychomycosis (WSO) occurs less
frequently than DLSO and is caused by fungal invasion
of the superficial nail plate. Characteristically, well de-
lineated opaque “white islands” are seen on the nail
(See Color Fig. 24–6 in separate color insert). These
“white islands” grow radially and may coalesce to
cover much of the nail. The infection may also move
through the plate into the cornified layers of the nail
bed and hyponychium. Eventually, the nail becomes
rough, soft, and may crumble. As in DLSO, the toe-
nails are more commonly involved. The most common
pathogen is T. mentagrophytes (Elewski, 1998a). Non-
dermatophyte moulds, including Aspergillus terreus,
Acremonium potronii, and Fusarium oxysporum have
also been implicated (Zaias et al, 1996).

Proximal subungual onychomycosis (PSO) (and its
variant, proximal white subungual onychomycosis
[PWSO]), is the least common presentation in the 
immunocompetent population. However, PSO is more
frequent in AIDS patients (Aly and Berger, 1996) and

in patients with peripheral vascular disease (Richard-
son and Elewski, 2000a). The pathogen invades the nail
plate through the proximal nail fold and spreads dis-
tally from the lunula area. This results in subungual
hyperkeratosis, proximal onycholysis, leukonychia,
and eventual destruction of the proximal nail plate. 
Trichophyton rubrum is the most common etiologic agent
and toenails are more often infected than fingernails.

Total dystrophic onychomycosis may be the result of
all three of these primary presentations. The entire nail
plate and bed are involved and the nail becomes thick-
ened and dystrophic. Occasionally, dense creamy white
subungual areas are seen. These are “dermatophy-
tomas,” which are composed of densely packed, some-
what abnormal hyphae, and relatively resistant to sys-
temic antifungal therapy. Debridement of these lesions
is necessary for optimal management (Richardson and
Elewski, 2000a).

DIAGNOSIS. Subungual hyperkeratosis, onycholysis, and
yellow–brown discoloration are characteristic features
of onychomycosis. Risk factors include nail trauma, pe-
ripheral vascular disease, diabetes mellitus, immuno-
suppression, hyperhidrosis, and older age. The presence
of tinea pedis, especially the moccasin type, is an impor-
tant clinical clue to differentiate fungal nail pathology
from inflammatory nail disorders. Only approximately
50% of nail dystrophy is due to fungal infections (An-
dre and Achten, 1987). Direct microscopy and fungal
cultures are helpful in confirming the diagnosis.

DIFFERENTIAL DIAGNOSIS. Several conditions may present
with nail dystrophy that clinically resembles ony-
chomycosis. Psoriasis is probably the most common,
and may cause onycholysis similar to that seen in
DLSO. Characteristics that can distinguish psoriasis in-
clude fine surface pitting, salmon-colored “oil drops”
and family or personal history. Although nails may be

TABLE 24–5. Clinical Presentations of Tinea Unguium (Onychomycosis)
Clinical Common
Presentation Appearance Pathogen(s) Other Pathogen(s)

DLSO Onycholysis and subungual thickening. Trichophyton rubrum T. mentagrophytes
Yellowish-brown discoloration of T. tonsurans
nail plate. E. floccosum

WSO Well-delineated opaque “white islands” Trichophyton mentagrophytes Aspergillus terreus
on nail plate. Acremonium potronii

Fusarium oxysporum

PSO and PWSO Subungual hyperkeratosis. Trichophyton rubrum
Proximal onycholysis.
Leukonychia.

Total Dystrophic Nails are thickened and dystrophic. May be end result of DLSO, WSO,
Onychomycosis or PSO

DLSO, distal lateral subungual onychomycosis; WSO, white superficial onychomycosis; PSO, proximal subungual onychomycosis; PWSO,
proximal white subungual onychomycosis.
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involved exclusively, cutaneous changes of psoriasis are
generally present.

Lichen planus is a less common mimic of onychomy-
cosis. Distinguishing characteristics of lichen planus are
exaggerated longitudinal ridging (onychorrhexis) and
the angel wing deformity in which the central nail is
raised and the lateral areas are depressed (Elewski and
Hay, 1996). Contact dermatitis can also resemble ony-
chomycosis. The presence of contact dermatitis else-
where on the body helps to differentiate this diagnosis.
Onychomycosis rarely involves all 20 nails and 20-nail
dystrophy (trachyonychia) is usually idiopathic. Nail
products containing formaldehyde may cause yellow-
ing and onycholysis in all exposed nails. Repeated
trauma to nails may result in onycholysis with subse-
quent colonization with pigment-producing microor-
ganisms. Clipping of the onycholytic nail in such cases
will reveal a normal-appearing nail bed.

Other conditions in the differential diagnosis of ony-
chomycosis include bacterial infections, idiopathic ony-
cholysis, nail bed tumors, pachyonychia congenita, and
yellow nail syndrome.

TREATMENT. Systemic antifungal agents are generally 
required for treatment of onychomycosis (Drake et al,
1996c). Griseofulvin and ketoconazole are both asso-
ciated with low cure rates and hepatotoxicity. Flu-
conazole, itraconazole, and terbinafine are all effective,
generally safe, and well tolerated (Table 24–6).

Fluconazole is not FDA approved for the treatment
of onychomycosis, but it has been approved for this 
indication in other countries. Fluconazole is effective
against both dermatophytes and Candida (Elewski,
1998b). One study showed an 80%–90% success rate
in toenail onychomycosis with once weekly dosing of
fluconazole over a 6- to 7-month treatment period
(Scher et al, 1998; Scher, 1999). Due to its inhibition
of the cytochrome P-450 enzyme system, fluconazole
has some potentially significant drug interactions.
Other serious adverse reactions include hepatotoxicity
and Stevens-Johnson syndrome among others. These re-

actions are rare and liver function monitoring is not
generally recommended. The most common adverse ef-
fects include nausea and headache but these rarely re-
sult in discontinuation of the drug.

Itraconazole does have an FDA-approved indication
for the treatment of onychomycosis. Its effectiveness
against dermatophytes has been supported by a num-
ber of studies (De Doncker et al, 1996; Odom et al,
1996; Havu et al, 1997; Elewski et al, 1997b; Scher,
1999). Itraconazole may also be effective against some
nondermatophyte moulds and Candida (De Doncker et
al, 1996). This drug, which is contraindicated in pa-
tients with congestive heart failure, inhibits CYP3A4
and has the potential for some significant drug inter-
actions. Hepatotoxicity is also a possible serious ad-
verse effect and hepatic enzyme tests should be moni-
tored in patients with preexisting hepatic function
abnormalities and in those taking the medication for
more than 1 month (Moossavi, 2001).

Like fluconazole and itraconazole, terbinafine has
proven effective in the treatment of onychomycosis due
to dermatophytes and some moulds (Drake et al, 1997;
Scher, 1999). However, it activity against yeasts is vari-
able. Like the two azole drugs, terbinafine can be 
hepatotoxic. The manufacturers recommend that
terbinafine not be given to anyone with preexisting liver
disease, and also recommend obtaining serum ALT and
AST levels before starting therapy and monthly during
therapy.

Topical agents as therapy for onychomycosis are
generally disappointing. A solution of 8% ciclopirox in
a nail lacquer produced a complete cure after 48 weeks
in only 5.5% of patients with toenail onychomycosis
(Dermik Laboratories, 2000). Evaluations of other top-
ical products are now ongoing.

PREVENTION. Measures to limit exposure to fungal
pathogens are necessary to prevent primary nail infec-
tions and relapse. Patients should always wear protec-
tive footwear in public showers and hotel rooms. Man-
icure equipment should not be shared. Use of antifungal

TABLE 24–6. Systemic Antimycotic Drugs for Treatment of Onychomycosis
Drug Dosage Monitoring

Fluconazole 150–450 mg once weekly for 6 months for None
toenails or 3 months for fingernails

Itraconazole Intermittent Dosing 200 mg bid (400 mg/day) LFT’s prior to initiation and periodically 
for 1 week per month for 3 consecutive thereafter when therapy is continued for
months for toenails and 2 months for more than 1 month.
fingernails

Itraconazole Fixed Dosing 200 mg daily for 12 weeks
for toenails and 8 weeks for fingernails

Terbinafine 250 mg/day for 12 weeks for toenails and LFT’s prior to initiation and monthly 
6 weeks for fingernails thereafter

LFT, liver function test.
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powders containing miconazole, clotrimazole, and tol-
naftate in shoes may help prevent recurrence of tinea
pedis and tinea unguium.

Tinea Capitis
DEFINITION. Tinea capitis is a dermatophytosis of the

scalp hair follicle, and is caused by species in the gen-
era Microsporum and Trichophyton.

SYNONYMS. Ringworm of the scalp, microsporosis
capitis (tinea capitis caused by Microsporum species),
trichophytosis capitis (tinea capitis caused by Tri-
chophyton species), and favus (tinea capitis caused by
Trichophyton schoenleinii) (Demis, 1999).

INCIDENCE AND EPIDEMIOLOGY. Although the true inci-
dence of tinea capitis is unknown, it continues to be a
common disease with a worldwide distribution. Tinea
capitis is seen most frequently in prepubescent children.

The most common etiologic agent worldwide is the
zoophilic organism, M. canis. In the United States and
Western Europe, T. tonsurans is the most frequently
isolated pathogen (Richardson and Warnock, 1993;
Elewski, 2000). The prominent causative role of T. ton-
surans has not always been the case. Microsporum au-
douinii was the cause of the tinea capitis epidemics seen
from the 1940s through the 1960s. Now, M. audouinii
is very rarely seen in the United States. In some areas,
other species are endemic. Trichophyton violaceum, for
example, is found only in portions of Africa, Asia, and
Europe, although isolated cases have been reported in
nonendemic seaports. Trichophyton soudanense, T.
gourvilli, and T. yaoundei are endemic to Africa. Al-
though T. schoenleinii was responsible for sporadic
outbreaks of favus in some mountainous areas of
Arkansas and Kentucky in the past, these foci have been
eradicated. Trichophyton mentagrophytes, T. verruco-
sum, T. rubrum, T. megninii, and M. gypseum may
cause sporadic outbreaks of tinea capitis. Rarely, M.
vanbreuseghemii, M. distortum, and M. nanum may be
isolated.

All of these causative organisms may be classified 
according to the pattern of infections (Elewski, 2000).
In ectothrix infections, arthroconidia form a sheath
around the hair shaft. In contrast, arthroconidia are
seen within the hair shaft in the endothrix pattern.
Hairs with favic infections have hyphal fragments in
linear chains along the longitudinal axis. Further clas-
sification schema are based on whether or not fluores-
cence is observed under a Wood’s lamp.

Some causative agents of tinea capitis have specific
geographic distributions, and this is particularly true
with anthropophilic fungi. Tinea capitis due to some
zoophilic fungi may be seen only in the range of the

preferred host. Geophilic organisms are widely dis-
bursed. They can cause disease worldwide.

The etiologic agent involved also influences the inci-
dence of tinea capitis. For example, the incidence of
Trichophyton infection in girls and boys is roughly
equal, whereas M. audouinii infects boys five times
more frequently than girls (Demis, 1999). Microspo-
rum canis also favors boys although the ratio varies
considerably. The male to female rate of infection
changes after puberty. Women are much more likely to
be infected by Trichophyton spp. However, T. schoen-
leinii, the causative agent of favus, infects men and
women equally.

Tinea capitis is most often a disease seen in children,
with the highest incidence occurring between the ages
of 3 and 7 (Williams et al, 1995). Microsporum infec-
tions are rarely seen after puberty. In those persons with
persistent infections, spontaneous cures often occur
shortly after puberty, probably because of chemical
changes in sebum. Trichophyton scalp infections also oc-
cur more often in children, but teenagers and adults may
also be infected and develop a less severe presentation.

The incidence of T. tonsurans tinea capitis is highest
among those of African or Hispanic descent. The rea-
sons for this are not known, although some authors sug-
gest a genetic predisposition and crowded living condi-
tions among other possible explanations (Babel and
Baughman, 1989). Factors other than race may be in-
volved and include hair-care practices and cohabitation.

The factors that allow the spread of tinea capitis are
also not known. The organisms can be easily isolated
from the environment in areas where there is a high in-
cidence of cases. However, most people living in this
environment will not become infected. Even some per-
sons with long, close contact with infected patients may
not become infected. A carrier state in which the in-
fectious organisms may be cultured from the scalp of
clinically asymptomatic patients is known to exist in
some people exposed to infected patients (Vargo and
Cohen, 1993). This finding is more common in adults
but may also be seen in children. Clearly, more than
contact with the organism must be necessary for in-
fection to occur.

CLINICAL PRESENTATIONS. The various dermatophytes
involved in the etiology of tinea capitis often produce
similar clinical manifestations. Lesions range from dry,
scaly patches of alopecia to inflammatory pustules 
and kerions. Posterior cervical and postauricular lym-
phadenopathy, present in many patients with tinea
capitis, is a helpful differentiating factor from other
causes of alopecia. The clinical presentations offer a
practical way of classifying the disease. Tinea capitis
may be divided into four types: gray patch, black dot,
inflammatory, and favus.
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GRAY PATCH TINEA CAPITIS. Gray patch tinea capitis is
sometimes called noninflammatory, although this is a
misnomer in that there is an inflammatory response
present that can be demonstrated histologically. Care-
ful physical examination may also uncover some ery-
thema. Nevertheless, the term is useful in that it dis-
tinguishes this type of tinea capitis from the more
inflammatory type in which pustules, suppuration, and
kerion formation may be seen.

The hallmark of gray patch tinea capitis is a round
or oval, sharply demarcated patch of partial alopecia
(Rippon, 1988). Within the patch, the hair is reduced
to short stubble by the tendency of infected hairs to
break off just above the skin. After starting as a papule,
the lesion enlarges peripherally to form a patch with
only mild inflammation. Scaling is most often seen in
the early phases of the infection while the patch is still
spreading. Some patients have a normal appearing
scalp. Others have minimal amount of scale that may
resemble dandruff. Rarely does a single patch occur.
Patches seldom exceed 6–8 centimeters in diameter.
Several patches may coalesce to form extensive areas
of hair loss. However, it is unusual for the lesions to
cover more than half of the total scalp surface. The lo-
cations of the primary lesions vary according to sex. In
boys, the vertex of the scalp is the most frequent site.
By contrast, girls are more likely to have lesions along
areas where the hair is parted, perhaps because infec-
tious arthroconidia have greater access to the scalp at
these sites.

These gray patch lesions are common in tinea capi-
tis due to Microsporum spp. Although M. audouinii is
now very rarely seen, M. canis is still common world-
wide and M. ferrugineum is common in parts of Africa
and Asia. All three of these Microsporum spp. cause
ectothrix infections and all usually produce a charac-
teristic yellow–green fluorescence under Wood’s light
examination. The use of the Wood’s lamp may reveal
other less conspicuous areas of involvement or isolated
infected hairs.

BLACK DOT TINEA CAPITIS. In this type of tinea capitis,
endothrix infection of hair causes the shafts to break
off at or below the surface of the scalp, leaving only
arthroconidia-laden stubs visible. When the hairs are
black, this results in the appearance of black dots.
Other hair colors produce dots of the same color
(Elewski, 2000). The number of dots may be minimal
and scaling may conceal those that are present. For
these reasons, black dots are not always seen in en-
dothrix tinea capitis.

Trichophyton tonsurans is by far the most common
pathogen seen in black dot tinea capitis; T. violaceum
is sometimes the causative organism but T. rubrum is
only rarely isolated. Other anthropophilic pathogens

endemic to parts of Africa, including T. soudanense, 
T. yaoundei, and T. gourvilii, do not fluoresce under
Wood’s light examination.

The clinical presentation of black dot tinea capitis is
variable. Lesions due to T. tonsurans tend to be smaller
than those produced by Microsporum species in non-
inflammatory gray patch tinea capitis. There are often
multiple, scattered, irregularly shaped patches of alope-
cia with indistinct borders. Scaling may be a prominent
feature. In a pattern sometimes confused with refrac-
tory seborrheic dermatitis, T. tonsurans may produce
mild to moderate scaling with minimal hair loss and
erythema.

As with gray patch tinea capitis, black dot endothrix
tinea capitis is seen more commonly in children, and
only occasionally seen in adults, particularly women.

INFLAMMATORY TINEA CAPITIS. In addition to black dot
tinea capitis, T. tonsurans infections may result in in-
flammatory disease. In fact, all dermatophytes capable
of causing tinea capitis may also produce inflammatory
lesions ranging from pustular folliculitis to kerions.
This is especially true of zoophilic and geophilic or-
ganisms. Kerions are thought to arise secondary to a
hypersensitivity reaction. Kerions, which usually occur
as single lesions and may be tender and painful, begin
as small furuncles, which over a short period, enlarge
and become more inflamed. Follicular abscesses de-
velop and pus may exude from multiple sites. Kerions
may be sparsely covered with broken hairs. In the worst
cases, kerions become a sharply delineated, indurated,
granulomatous tumefaction, sometimes referred to as
a “boggy mass.” Secondary bacterial infections may oc-
cur but this is unusual. The active inflammation gen-
erally lasts from 5 weeks to 5 months. Afterwards, in-
fected hairs are extruded and the scalp appears smooth
with no further sign of infection. The hair may regrow
completely. Occasionally there is a residual scarring
alopecia (See Color Fig. 24–7 in separate color insert).

Several other signs and symptoms are sometimes as-
sociated with inflammatory tinea capitis. Systemic man-
ifestations include adenopathy, fever, and malaise. A
hypersensitivity reaction to the primary infection may
result in skin-colored to violaceous papules or red
papulovesicles; sites most often involved include the
face, neck, trunk, and arms. When present, this “id”
reaction helps to distinguish tinea capitis from bacter-
ial furunculosis. Erythema nodosum has also been as-
sociated with kerions.

FAVUS. Another type of inflammatory tinea capitis is
favus, which is caused almost exclusively by infection
with T. schoenleinii and characterized by the forma-
tion of scutula. These cup-shaped, yellow crusts form
within the hair follicles and are composed of hyphae,
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neutrophils, and epidermal cells. The scutula may be
separate but may also coalesce to cover much of the
scalp. The infected hairs, which have hyphae arranged
in linear chains along the longitudinal axis, are usually
lusterless and may be full-length or broken. Occasion-
ally, these infected hairs produce a bluish-white fluo-
rescence under Wood’s light. Hairs arising within the
affected follicles pierce the scutula and often become
matted. A serous exudate and secondary bacterial in-
fections may be present. In addition, a mousy odor may
be noticeable, especially in the absence of good hygiene.
The condition may progress to atrophy and scarring
alopecia.

Classic favus is a chronic condition that may be ac-
quired during childhood and persist throughout adult
life. As stated previously, it has occurred in the United
States in the past but is now very rare in developed
countries. Favus is still prevalent in parts of Africa,
Asia, and South America.

DIAGNOSIS. In the presence of scaling patches of alope-
cia with broken hairs, the clinical diagnosis of tinea
capitis may seem obvious. However, a wide range of
presentations can be observed. Inflammatory lesions,
such as kerions, can easily be misdiagnosed as bacter-
ial infections. Other conditions are also sometimes mis-
taken for tinea capitis or vice versa (see Differential Di-
agnosis below). In order to more accurately make the
diagnosis, three simple procedures should be performed
on any patient with unexplained hair loss or persistent
scaling. These include (1) Wood’s light examination,
(2) direct microscopic examination of hair, and (3) fun-
gal cultures.

Wood’s light examination in a darkened room will
produce fluorescence in hairs infected with certain der-
matophyte species. Trichophyton tonsurans does not
fluoresce. Occasionally, extensive infections will yield
a silvery fluorescence that will light up the entire scalp.
In contrast, M. audouinii, the pathogen seen during 
the epidemics of the mid-twentieth century, and selected
other Microsporum species, produce a yellow–green
fluorescence. Kerions rarely have fluorescent hairs. The
fluorescence due to M. canis, which is still a common
pathogen, may be present in early infections and dis-
appear as inflammation develops. For these reasons,
Wood’s light examination is insufficient to diagnose
tinea capitis when used alone, but may be helpful in
delineating the infecting pathogen.

Direct microscopic examination of the hair can also
be useful in confirming the diagnosis of tinea capitis
and in characterizing the causative dermatophyte. To
perform this procedure, several hairs are collected,
preferably from noninflamed lesions. In some cases, a
Wood’s light can be used to help identify infected hairs.
In black dot tinea capitis, hair stubs must be used, and

can be obtained by plucking with an epilating forceps
or by prying them out with a needle or scalpel blade.
Other methods include scraping the lesions with a mi-
croscope slide or scalpel blade or vigorous rubbing with
a moistened gauze pad or cotton-tipped applicator. A
toothbrush can also be combed over a lesion to collect
hairs. The hairs are mounted in 10% to 40% KOH
and examined immediately without heating in order to
maintain the relationships of the fungal elements and
hair shafts.

The presence of fungal elements infecting the KOH
mounted hairs confirms the diagnosis. The pattern and
site of invasion helps to speciate the pathogens. In gen-
eral, Microsporum species cause ectothrix infections in
which arthroconidia are found surrounding the hair
shaft. Trichophyton mentagrophytes and T. verruco-
sum also result in ectothrix infections. Trichophyton
tonsurans and T. violaceum produce endothrix infec-
tions in which the arthroconidia are seen within the
hair shaft. Trichophyton schoenleinii invasion results
in the longitudinal arrangement of hyphae within the
hair shaft seen in the favic or favus-type pattern.

Due to the limitations of the above procedures, cul-
tures are often required to establish the dermatophyte
pathogen of scalp infections. Specimens may be col-
lected in a number of ways. The simplest method is to
press the surface of a suitable agar medium directly
against the suspect lesion. When this is not possible, a
sterile toothbrush can be used to scrape the affected ar-
eas. The bristles of the toothbrush are then pressed into
the agar. Another possibility is to press the bristles of
the patient’s own hairbrush into the culture medium.
Aspirates of pustular lesions may be cultured. The scu-
tula lesions in favus type tinea capitis provide an abun-
dant source for culture material.

DIFFERENTIAL DIAGNOSIS. Tinea capitis should be con-
sidered in the differential of any scaling patch of alope-
cia on the scalp. Other conditions that may have sim-
ilar clinical presentations include: alopecia areata,
discoid lupus erythematosus, dissecting cellulitis, folli-
culitis decalvans, impetigo, lichen planus, psoriasis, se-
borrheic dermatitis, and secondary syphilis.

TREATMENT. Tinea capitis requires systemic antifun-
gal therapy (Drake et al, 1996b). Drugs, doses and du-
ration of therapy are provided in Table 24–7. The “gold
standard” and the only medication currently approved
by the FDA for this indication is griseofulvin, which is
available in a 125 mg/5 mL suspension of microsized
particles, in 250 mg and 500 mg microsize tablets, and
in ultramicrosize tablets ranging in strength from 125
mg to 330 mg. The ultramicrosized are better absorbed
than the larger microsized particles, thus requiring a
lower dose. Both formulations are better absorbed in
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the presence of fat and should be taken with meals.
Griseofulvin, which is fungistatic, is deposited in ker-
atin precursor cells and results in gradual replacement
of infected keratin by healthy tissue. Treatment should
be continued until the hair starts to regrow and fungal
cultures are negative.

Alternative systemic drugs for tinea capitis include
fluconazole, itraconazole, and terbinafine. These are
useful when patients are allergic to, cannot tolerate, or
fail griseofulvin therapy. Although the FDA has not ap-
proved any of these drugs for this indication, all three
have been proven effective. Fluconazole, which is es-
pecially attractive for young children, is available in
pleasant-tasting suspensions, has been approved for
children 6 months of age and older for other indica-
tions, and can be taken without regard to meals. The
dosing of itraconazole is more problematic. Itracona-
zole is available in 100 mg capsules and as a liquid so-
lution, but the cyclodextrin vehicle of the solution can
cause complications such as severe diarrhea. Itracona-
zole should be taken with food or a cola beverage to
enhance absorption. Terbenafine is available only in
250 mg tablets. The dosage for children ranges from
one-fourth tablet (62.5 mg) to a whole tablet, admin-
istered with or without food. While 2–4 weeks is the
usual duration of therapy, longer duration (6–8 weeks)
may be required for tinea capitis caused by M. canis
(Moossavi, 2001).

Adjunctive therapy includes periodic usage of 1%–
2% ketoconazole or 2.5% selenium sulfide shampoo
to help reduce shedding of infected hairs and minimize
spread. Some studies have shown upwards of 30% of
adults exposed to T. tonsurans have positive fungal cul-
tures and are thought to be asymptomatic carriers. Top-
ical antifungal preparations applied to involved areas
may also help reduce transfer of infection by stabiliz-
ing infectious particles.

The highly contagious nature of tinea capitis has
made the decision on when an infected child may re-
turn to school somewhat controversial. By the time the
child is seen by a physician for treatment, it is likely

that he has already exposed many other children. In
view of this, it seems unnecessary to stop a child from
attending school if oral and topical antifungal treat-
ments are used regularly. Most authorities permit re-
turn to school immediately after therapy is started.

PREVENTION. The prevention of anthropophilic tinea
capitis involves both minimizing the risk of spread of
the infection and prevention of reinfection. Fomites
such as combs, brushes, and other hair accessories
should be discarded. If applicable, the infected animal
must be treated. Geophilic tinea capitis is generally so
rare and benign that prevention is not an issue.

NONDERMATOPHYTE MOULDS

Definition
A few moulds have the ability to invade keratinized tis-
sue and produce infections that clinically resemble der-
matophytoses. Two of these, Scytalidium dimidiatum
and S. hyalinum, can invade skin and nails (not hair).
A third, Scopulariopis brevicaulis, causes only ony-
chomycosis.

Etiology and Epidemiology
Scytalidium dimidiatum is a plant pathogen endemic to
Africa, Asia, the Caribbean, Central, and South Amer-
ica, and several western U.S. states. Human infection
is thought to result from contact with contaminated
plants or soil. Most infections have occurred in endemic
areas or on travelers to these areas. Scytalidium hyal-
inum is an albino, conidial, asexual variant of S.
dimidiatum that has not been recovered from the en-
vironment.

Scopulariopis brevicaulis, a soil saprophyte with a
worldwide distribution, only causes nail infections.

Pathogenesis
Like dermatophytes, S. dimidiatum and S. hyalinum are
able to infect keratinized tissues of immunocompetent

TABLE 24–7. Treatment of Tinea Capitis
Drug Griseofulvin Fluconazole* Itraconazole* Terbinafine*

Adult Microsize 20–25 mg/kg/day 200 mg/day for 5 mg/kg/day 250 mg/day for 2–4 weeks
Dose for 8 to 12 weeks 3–6 weeks Usually 200 mg/day for M. canis may require 6 to 8 weeks

Ultramicrosize 15 mg/kg/day 4 weeks
for 8–12 weeks M. canis may require 6 to 

8 weeks

Pediatric As above 6 mg/kg/day for 5 mg/kg/day Weight 10–20 kg: 62.5 mg/day
Dose Microsize suspension available 3–6 weeks Most require 100 mg/day Weight 20–40 kg; 125 mg/day

in 125 mg/5 mL strength Available in 10 mg Very small children: 100 Weight � 40 kg: 250 mg/day
and 40 mg/mL mg every other day Available only in 250 mg tablets.
pleasant tasting Liquid formulation available
suspension

*Not approved by FDA for use in tinea capitis.
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hosts. These moulds apparently produce keratinases
that enable viability of the moulds in dry skin scrap-
ings for up to 6 months (Hoeprich et al, 1994). Host
response is noninflammatory, producing infections re-
sembling those caused by anthropophilic dermatophytes.

Scopulariopis brevicaulis is considered a primary
pathogen of nails that may invade a damaged or trau-
matized nail in an opportunistic fashion. Toenails are
more often infected by this common fungus than 
fingernails.

Clinical Presentations
The clinical presentations of infections by S. dimidia-
tum and S. hyalinum are indistinguishable from der-
matophytosis. Infections of palms, soles, and nails oc-
cur, resembling interdigital tinea pedis, moccasin tinea
pedis, tinea manuum, and distal subungual onychomy-
cosis. The onychomycosis may also be a unique lateral
onycholysis followed by nail plate infection. Lesions re-
sembling candidal paronychia may also be seen.

Nail infection by S. brevicaulis is typically confined
to a single toenail that may have been healthy or pre-
viously damaged. The first toenail is most often in-
volved. It becomes thickened and yellow to brown in
color, similar to the yellow to brown appearance of this
mould in culture.

Diagnosis
As with the dermatophytoses, clinical suspicion should
be confirmed with direct microscopic examination of
KOH mounted scrapings as well as fungal cultures. Scy-
talidium dimidiatum and S. hyalinum are identical to
one another and quite similar to dermatophytes on
KOH preparations. Hyphae are seldomly pigmented
and have a unique appearance that may help differen-
tiate them from those of dermatophytes. Scytalidium
hyphae may also be somewhat wider, although the
width is variable. Since cultures must be done on cy-
cloheximide-free media, it is helpful to advise the my-
cology laboratory of the possibility of this infection.

KOH preparations of nails revealing atypical hyphae
may suggest infection by S. brevicaulis. Occasionally,
lemon-shaped conidia may also be seen. Diagnosis
should be confirmed by a fungal culture. Because this
mould may also be a common contaminant, caution
must be used in interpreting mycological results. The
presence of atypical hyphae or conidia on KOH is very
helpful.

Differential Diagnosis
Differential diagnoses for nondermatophyte mould cu-
taneous infections are the same as those of tinea pedis,
tinea manuum, and onychomycosis and include psori-
asis, eczema, keratoderma, and chronic contact der-
matitis, among other conditions.

Treatment
There is no effective topical treatment for these non-
dermatophyte mould infections. Griseofulvin and ke-
toconazole are also ineffective (Gupta and Elewski,
1996). Itraconazole and terbinafine have demonstrated
some efficacy against S. brevicaulis (Gupta et al, 2001).

Prevention
Preventive measures should focus on limiting exposure
to the pathogens. Residents and travelers to endemic
areas should wear protective footwear.

SUPERFICIAL CANDIDIASIS

Definition
Superficial candidiasis is defined as infection of cuta-
neous or mucosal epithelium by Candida species. These
yeast fungi produce blastospores and pseudohyphae.

Etiology and Epidemiology
Candida species cause infections in all age groups but
more commonly in newborns and the elderly. Other
predisposing factors include underlying systemic dis-
ease such as diabetes, immunosuppression by disease
or medication, antibiotic therapy, and disrupted ep-
ithelial barriers. Warm, moist environments favor Can-
dida growth. Candida albicans is the most common
cause of superficial candidiasis. Other species that may
be involved include C. tropicalis, C. parapsilosis, C.
glabrata, and C. guilliermondii (Scher, 1990).

Pathogenesis
Although part of the normal flora of the gastrointesti-
nal and female genital tracts, C. albicans is usually not
found on intact skin. Colonization and infection of the
skin can be promoted by both host and yeast factors.
Candida albicans can be isolated from the skin of im-
munocompetent adults, which has become macerated
secondary to occlusion. Immunocompromised patients,
particularly those with T-cell deficiencies such as
HIV/AIDS, are particularly susceptible to oropharyn-
geal candidiasis. Factors that increase pathogenicity of
the yeast include production of extracellular proteases,
and increased epithelial and mucosal adherence (see
Chapter 11).

Clinical Presentations
Cutaneous Candidiasis

CANDIDAL PARONYCHIA. Persons (such as dishwashers,
food handlers, health-care workers, and children who
suck their thumbs, etc.) who have prolonged exposure
of their hands to moisture have an increased risk of de-
veloping candidal paronychia. Occasionally, manipu-
lation of the cuticle by a manicurist may precede the
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infection. Initially, the proximal nail fold becomes red
and edematous. Damage or loss of the cuticle and a pu-
rulent discharge from the nail fold soon follows.
Chronic infections may result in nail dystrophy.

CANDIDAL ONYCHOMYCOSIS. This common form of can-
didal onychomycosis may follow candidal paronychia
(Scher, 1990). Candida spp. first attacks the soft tissue
around the nail and then invades the nail plate. Infec-
tion of the nail matrix may result in transverse de-
pressions (Beau’s lines), rough, irregular nail plates, and
dystrophy (Andre and Achten, 1987). A second, much
less common form of candidal onycholysis occurs in
chronic mucocutaneous candidiasis. Here the organism
invades the nail plate directly and may affect the entire
thickness of the plate (Elewski et al, 1995b). A third
variety of candidal onychomycosis resembles dermato-
phytic distal subungual onychomycosis, occurs more
often on the hands, and is characterized by onycholy-
sis and distal subungual hyperkeratosis.

CANDIDAL INTERTRIGO. Immunosuppression, diabetes,
obesity, and prolonged antibiotic therapy predispose
patients to candidal intertrigo (Hay, 1999). Moisture
and heat trapping leading to maceration combine to
make intertriginous areas more susceptible to Candida
overgrowth and infection. Frequently infected areas in-
clude the axillae, groin, and skin under a pannus or un-
der pendulous breasts. Candida is also often a cause of
diaper dermatitis. Clinically, the skin becomes bright
red and the epidermis may be denuded with a serous
discharge. Satellite papules and pustules are often seen
beyond a slightly scaly border. In contrast to tinea
cruris, the scrotum may be involved (See Color Fig.
24–8 in separate color insert).

EROSIO INTERDIGITALIS BLASTOMYCETICA. Prolonged ex-
posure of the hands to moisture and trapping of mois-
ture under jewelry may lead to maceration and candi-
dal infection of the interdigital web spaces. This
infection occurs most often between the third and
fourth fingers but occasionally affects the toes. Clini-
cally, the interdigital skin appears macerated. Scale and
superficial erosions or fissures may be present.

Mucosal Candidiasis
OROPHARYNGEAL CANDIDIASIS. Candidal infections of

the oropharyngeal mucosa, tongue, and oral commis-
sures are common in very young or old patients and in
those immunocompromised by disease or medications.
Susceptible patients include those with dentures, dia-
betes mellitus, HIV/AIDS, and on systemic antibiotics.
Pseudomembranous candidiasis (thrush) is the most
common candidal mucosal infection. White, curd like,

friable plaques are seen on the tongue, buccal mucosa,
gums, palate, and pharynx. Scraping easily removes the
plaques to reveal shallow red ulcers. In acute atrophic
candidiasis (candidal glossitis), painful, red, atrophic
patches are seen on the dorsal tongue. Angular cheili-
tis (perleche) is candidiasis of the oral commissures and
is characterized by maceration, erythema, and fissur-
ing. Edentulous patients with redundant folds in the
commissures leading to drooling and maceration are
the most commonly affected. Persons who frequently
lick their lips and children who suck their fingers are
also at increased risk.

VAGINAL CANDIDIASIS AND CANDIDAL BALANITIS.. Candida
species commonly colonize the vagina of immunocom-
petent adults. Overgrowth and infection produce pru-
ritis, edema, erythema and a thick, creamy or cottage
cheese-like vaginal discharge. The infection may spread
from the vulva to the groin and upper thighs where it
causes a candidal intertrigo. Although most patients
have no apparent predisposition, diabetes mellitus,
pregnancy, HIV/AIDS, and antibiotic therapy may be
associated. Uncircumcised males may experience the
same symptoms due to candidal balanitis (Sobel et al,
1998; Hay, 1999).

CHRONIC MUCOCUTANEOUS CANDIDIASIS. Although rare,
chronic candidal infections of skin, mucous membranes
and nails occur and are resistant to treatment. This con-
dition, known as chronic mucocutaneous candidiasis,
is often associated with underlying genetic, endocrine,
or immunologic defects. Inheritance may be autosomal
dominant or recessive. Hypoparathyroidism and hy-
poadrenalism are the most commonly associated en-
docrinopathies (Kirkpatrick et al, 1971). Immuno-
logically, there are defects in T-lymphocyte function
(Kirkpatrick, 1994). Candida albicans is the most com-
mon causative species. Clinical presentations range
from persistent thrush, to red scaly plaques on the scalp
and face, to generalized hyperkeratotic plaques. Nails
may be minimally involved or can become thickened,
friable, and dystrophic.

Diagnosis
The diagnosis of superficial candidiasis is often made
from the typical appearance of the lesions and the pres-
ence of satellite vesicopustules. Clinical suspicion can
be confirmed by examination of KOH-mounted scrap-
ings and fungal culture.

Differential Diagnosis
The differential diagnoses vary depending on the clin-
ical presentation. Paronychias associated with bacter-
ial infections, hypoparathyroidism, Reiter’s syndrome,
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and celiac disease, among others, should be differenti-
ated from candidal paronychia. Onychomycosis may
be caused by Candida, dermatophytes, or nonder-
matophyte moulds. Candidal intertrigo may be con-
fused with tinea cruris, bacterial intertrigo, inverse pso-
riasis, erythrasma, Hailey Hailey disease, or seborrheic
dermatitis. Erythema multiforme, pemphigus, lichen
planus, leukoplakia, and secondary syphilis may pre-
sent with oral lesions resembling those of the atrophic
or ulcerative forms of oral candidiasis. Angular cheili-
tis due to Candida should be differentiated from 
that associated with riboflavin or iron deficiency,
glucagonoma syndrome, and secondary syphilis. Finally,
the lesions seen in chronic mucocutaneous candidiasis
should be distinguished from tinea, bacterial pyoderma,
acrodermatitis enteropathica, and halogenoderma.

Treatment
Generally, superficial candidiasis responds well to top-
ical antifungal agents. However, candidal paronychia
usually requires prolonged treatment. Imidazoles (mi-
conazole and ketoconazole) and polyene (nystatin) an-
timycotic solutions, gels or lotions should be applied
frequently. Sulfacetamide lotion and 4% thymol in
chloroform have also been used (Hay, 1994). Fingers
should be kept dry and warm. Oral fluconazole and
itraconazole have been utilized but their effectiveness
has not been adequately evaluated (Hay, 1999).

Candida onychomycosis confirmed by nail mi-
croscopy, biopsy, or culture often requires systemic
therapy. Oral azoles such as fluconazole and itracona-
zole may be used. Itraconazole has been given in pulsed
doses and fluconazole has been given once weekly, as
in therapy of dermatophyte onychomycosis (Table
24–6).

In contrast, candidal intertrigo and interdigital can-
didiasis rarely require systemic therapy. Topical imi-
dazoles, and allylamines are applied once or twice daily
(Drake et al, 1996d). It is also necessary for patients
to keep the affected areas dry, by using a blow dryer
on intertriginous areas and applying an antifungal pow-
der afterwards. Topical agents are also effective in the
treatment of candidal diaper dermatitis.

Oropharyngeal candidiasis (thrush) responds well to
topical nystatin suspension or lozenge and clotrimazole
troches in immunocompetent patients. Immunocom-
promised patients, such as those with AIDS, often re-
quire treatment with oral fluconazole (50–200 mg/day)
or itraconazole (100–200 mg/day) for 7 to 21 days de-
pending on severity of disease, frequency of episodes,
and state of immunocompromise of the patient.

Topical antifungal agents are usually effective in
treatment of vaginal candidiasis. Nystatin or imidazole
(miconazole, terconazole, etc.) creams, vaginal tablets,

and suppositories are used for 1–7 days. Oral therapy
with fluconazole (150 mg single dose or 100 mg daily
for 5–7 days) and itraconazole (200 mg daily for 3–5
days) is also effective (Sobel et al, 1998; Hay, 1999).

Systemic anti-Candida therapy with fluconazole,
itraconazole, or ketoconazole is usually necessary for
the treatment of patients with chronic mucocutaneous
candidiasis. Prolonged and repeated therapy is often re-
quired. Once a remission is induced, some authorities
recommend that treatment be stopped in order to de-
crease the development of drug resistance (Kirkpatrick,
1994). For more detailed discussion on superficial can-
didiasis and its management, see Chapter 11.

Prevention
Reinfection with superficial candidiasis is a common
problem. Efforts should be made to minimize those pre-
disposing conditions that can be altered. Drying af-
fected areas thoroughly to avoid maceration will help
prevent recurrences in susceptible patients.
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Eumycetoma
BEATRIZ BUSTAMANTE AND PABLO E. CAMPOS

Mycetoma is a chronic subcutaneous infection that de-
velops after one of the multiple etiologic microorgan-
isms is inoculated into a site of skin trauma. Although
mycetoma is primarily a subcutaneous disease, it can
involve bone and lymph nodes by contiguous spread.
Mycetoma show three clinical characteristics: tumor,
sinuses, and grains. The tumor results as a consequence
of a progressive and relatively painless swelling. Si-
nuses, which are very characteristic of the disorder but
can be absent in early stages, drain pus and grains.
Grains are colonies of the causative agent and may be
black, white, or red. The etiological agents can be ei-
ther a variety of fungal agents (eumycetoma) or fila-
mentous, branching bacteria belonging to the aerobic
actinomycetes (actinomycetoma).

Gill first described mycetoma while working in
Madura, India in 1842, and this was subsequently doc-
umented by Godfrey in Madras (Godfrey, 1846). Gill
reported this entity as foot tumor, and Colenbrook in-
troduced the term Madura foot in 1846. Ballingal de-
scribed the microscopic details of the disease for the
first time in 1855; however, he did not define its etiol-
ogy. In 1860, Carter described a fungal disease princi-
pally affecting the foot (Carter, 1860), and assigned a
fungal origin to this disease in 1861. He also intro-
duced the term mycetoma, meaning a fungus tumor,
and extended the concept to include infections with
grains that had colors other than black. During the sec-
ond half of the nineteenth century, mycetomas were di-
agnosed around the world: in Europe in 1888, in Africa
in 1894, and in the United States in 1896.

The hyphomycete isolated from a black grain was
given the generic name Madurella by Brumpt (Brumpt,
1906). In 1913, Pinoy subclassified this disease into
two categories: actinomycosis and true mycetoma, ac-
cording to the type of etiological agent (Pinoy, 1913).
In 1916, Chalmers and colleagues coined the term
maduromycoses for the first time to refer to myce-
tomas of fungal etiology, rejecting the term Madura
foot to include extrapedal localizations of this disease
(Chalmers and Christopherson, 1916; Chalmers and
Archibald, 1916).

Despite the acquisition of considerable new knowl-
edge concerning this disease during the last century,
there are still important gaps in information regarding
several aspects of eumycetoma, mainly related to patho-
genesis and management. The goal of this chapter is to
review the epidemiological and clinical aspects of eu-
mycetoma, also known as eumycotic mycetoma.

ETIOLOGY AND EPIDEMIOLOGY

More than 20 moulds, both hyaline and pigmented, can
cause eumycetoma (Table 25–1). Madurella myce-
tomatis is the worldwide predominant pathogen, fol-
lowed by Scedosporium apiospermium, which is the
anamorph of Pseudallescheria boydii, Leptosphaeria
senegalensis, and Madurella grisea (McGinnis and
Fader, 1988). These four fungi account for approxi-
mately 95% of eumycetoma cases. Hereafter in this
chapter, S. apiospermum will be used in place of P.
boydii.

Although eumycetoma has been reported worldwide,
most of the cases come from tropical and subtropical
regions around the Tropic of Cancer, between 15 de-
grees south and 30 degrees north (Hay et al, 1992),
with sporadic cases occurring in temperate zones. Most
cases are reported from India, Sudan, Senegal, Soma-
lia, Venezuela, Mexico, Yemen, and the Democratic
Republic of Congo. Endemic regions are characteristi-
cally arid with a moderate rainy season (4–6 months),
a rainfall of 50–1000 mm per year, and 30°C to 37°C
of day temperature with small variation between day
and night (Lavalle, 1992).

Temperature, rainfall, type of soil, and prevalent veg-
etation influence the prevalence of specific eumycetoma
agents in a particular region (Boiron et al, 1998), with
rainfall being the most influential factor. Black grain
fungi cause mycetomas in arid regions, whereas white
grain fungi cause mycetomas in regions with higher
rainfall and without a significant dry season (Buot et
al, 1987). Madurella mycetomatis prevails in hot and
dry areas with low rainfall, and can be found in tem-
perate zones, though it is rare in the equatorial zone
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(Mariat, 1963). Scedosporium apiospermum prevails
in areas with hyperprecipitation (2000 mm/year) 
(Mahgoub, 1989; Hay et al, 1992), and has been re-
ported sporadically in the northern temperate zone
among sewage workers (Cooke and Kahler, 1955).

Most eumycetoma agents such as M. mycetomatis,
M. grisea, S. apiospermum, and N. rosatii have been
isolated from soil samples (Borelli, 1962; Thiru-
malachar and Padhye, 1968; Segretain and Mariat,
1968; Segretain and Mariat, 1971), and M. myce-
tomatis and S. apiospermum have also been isolated
from termite mounds. Leptosphaeria senegalensis and
L. tompkinsii are recovered from 50% of acacia dry
thorns in the Senegal River region, but not from green
thorns (Segretain and Mariat, 1968; Segretain and
Mariat, 1971; Segretain, 1972), suggesting that thorns
may play a role as mechanical vectors. Recently, the
use of molecular techniques have facilitated the study
of natural reservoirs of M. mycetomatis. Polymerase

chain reaction-mediated detection followed by RFLP
analysis have demonstrated the presence of the organ-
ism in 23% of soil samples from endemic areas of Su-
dan, and have successfully linked environmental and
clinical isolates (Ahmed et al, 2002).

Reports of eumycetoma affecting animals are un-
usual. Cases due to M. mycetomatis have been reported
in a horse (Van Amstel et al, 1984) and in dogs (Lam-
brechts et al, 1991). Cases due to C. lunata in dogs
(Elad et al, 1991) and an unspecified organism in buf-
faloes have also been reported (Ramachandran 1968).

PATHOGENESIS

Disease usually develops as a result of minor trauma
that inoculates contaminated material (usually soil) 
into the skin or subcutaneous tissue. A history of any
trauma at the site of eumycetoma is uncommon, rang-
ing from 0% to 34% of cases, with the higher figures
reported from endemic areas of Sudan and India (Ab-
bott, 1956; Yu et al, 1993). This observation suggests
that either these fungi do not need deep inoculation, or
that disease occurs after a prolonged incubation period
(Lee et al, 1995).

After inoculation occurs, a poorly defined host re-
sponse precludes the development of free fungal fila-
ments in the infected tissue, and instead leads to the 
development of the characteristic grain. Neutrophil 
mediated–tissue reaction leads to partial grain disinte-
gration, but most of it remains and perpetuates an in-
flammatory response. Macrophages and multinucleated
giant cells clear dead neutrophils and grain fragments,
and an epitheloid granuloma develops (Fahal et al,
1995).

Results of limited immunological studies performed
among patients affected by mycetomas are scarce and
conflicting. Mahgoub and coworkers found moderate
compromise in the cell-mediated immune response
(Mahgoub et al, 1977), while Bendl et al were not able
to demonstrate any immunological alterations in 15 pa-
tients (Bendl et al, 1987).

CLINICAL ASPECTS

Eumycetoma principally affects immunocompetent
men, living and working in rural areas. The male to fe-
male ratio ranges between 3:1 and 5:1. The age of on-
set of the disease ranges from 8 to 69 years, and the
average duration of symptoms ranges between 7.7 and
9.8 years, varying from 1 month to 25 years (Green
and Adams, 1964; Ravisse et al, 1992; Castro et al,
1993). Most patients with eumycetoma are not classi-
cally immunocompromised, although diabetes is a fre-
quent comorbid illness. Indeed, 9 out of 26 mycetoma
patients diagnosed over a 9-year period in the United

TABLE 25–1. Eumycetoma Etiologic Agents and Their
Geographical Distribution
Etiologic Agents Geographic Distribution

Black Grain Eumycetomas

Corynespora cassicola Africa
Curvularia geniculata North America
Curvularia lunata Africa, Asia
Exophiala jeanselmei North, Central, and South 

America, Europe
Leptosphaeria senegalensis Africa, Asia
Leptosphaeria tompkinsii Africa, Asia
Madurella grisea North, Central, and South

America, Africa, Asia
Madurella mycetomatis North, Central, and South  

America, Caribbean, Africa, 
Europe, Middle East, Asia

Phialophora verrucosa Asia*
Pyrenochaeta mackinnonii South America
Pyrenochaeta romeroi Central and South America, 

Africa, Asia

White to Yellow Grain 
Eumycetomas

Acremonium falciforme North, Central, and South
America, Asia, Europe, 
Oceania

Acremonium kiliense Asia
Acremonium recifei South America, Asia
Aspergillus nidulans Africa
Aspergillus flavus North America
Cylindrocarpon cyanescens Asia
Cylindrocarpon destructans Caribbean, West Africa
Fusarium moniliforme Europe
Fusarium oxysporum South America
Fusarium solani South America, Caribbean, 

Africa, Asia
Neotestudina rosatii West Africa
Polycytella hominis Asia
Scedosporium apiospermum North, Central, and South 

(Pseudallescheria boydii) America, Africa, Oceania, 
Europe, Asia

*Thai patients who traveled in Europe, Asia, and North America
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Kingdom had diabetes mellitus as an underlying dis-
ease (Hay et al, 1992). Eumycetoma has been reported
in patients receiving immunosuppressive therapy for re-
nal transplantation (Van Etta et al, 1983; Meis et al,
2000; O’Riordan et al, 2002) and myelogenous
leukemia (Satta et al, 2000). Eumycetoma has also been
reported in a man with idiopathic CD4 lymphopenia
(Neumeister et al, 1995), but has not yet been reported
in an HIV-infected patient.

Male predominance among eumycetoma patients can
be explained by higher rates of exposure to the etio-
logic agents because of a higher tendency towards oc-
cupational cutaneous injury (e.g., farming), similar to
the acquisition of other subcutaneous mycoses such as
sporotrichosis and chromoblastomycosis. Male pre-
dominance could also be a consequence of higher sus-
ceptibility to this disease, an explanation based on an
inhibitory effect of progesterone on the growth of M.
mycetomatis and Pyrenochaeta romeroi in the labora-
tory (Mendez-Tovar et al, 1991).

The incubation period of eumycetoma is not well es-
tablished, with most patients seeking care after long pe-
riods of disease and without recall of the inoculation
event. Clinical characteristics and evolution of eu-
mycetoma lesions are independent of the fungi in-
volved; alterations of the clinical course occur depend-
ing on anatomic location, duration of lesions, and
medical intervention. Lesions begin as small, firm, pain-
less, indurated subcutaneous nodules or plaques that
gradually increase in size. The clinical course is some-
what slower for eumycetoma than for actinomycetoma.
Initially, the lesion is well demarcated and may be 
encapsulated, especially when M. mycetomatis is the
etiological agent. The disease usually runs a chronic
course from several years to decades, with lesions
spreading slowly to adjacent structures by contiguous
spread, and virtually never by hematogenous dissemi-
nation. The tumor develops as a result of the enlarge-
ment of nodules and formation of new ones; generally
it is firm and round but may be soft and lobulated. En-
larged nodules open to the skin through sinus tracts,
discharging sanguineous, seropurulent or purulent ex-
udates that contain grains (See Color Figs. 25–1 and
25–2 in separate color insert). A history of sinus tracts
discharging grains is present in up to 60% of the cases
(Hazra et al, 1998).

Sinus tracts develop relatively early in the course of
disease. At least one-third of patients have sinuses be-
tween 3 and 6 months of disease, and almost all pa-
tients after 1 year (Lynch, 1964). Established sinuses
heal and recur, while new sinuses develop continually.
Sinus tracts are very characteristic of mycetoma and
helpful in support of the clinical diagnosis; however,
other diagnoses must be considered.

Destruction of adjacent structures can be marked and
is characteristic late in the course of the disease. When

present, destructive lesions are relatively painless. Pain,
fever, or other systemic symptoms are not characteris-
tic of eumycetoma, and when present, suggest a sec-
ondary bacterial infection. Bacterial cellulitis should be
ruled out when pain is present, especially when edema
and increasing discharge are evident. Massive fibrosis
occurs after healing of involved tissue, contributing to
the tumor-like appearance and woody texture of the
affected area.

Eumycetoma lesions are located most frequently in
areas with a high frequency of repeated trauma, es-
pecially in the lower limbs. Feet, legs, and hands are
the areas most commonly affected, accounting for 
approximately 90% of black grain mycetomas (Ab-
bott, 1956) and 95% of M. mycetomatis mycetomas
(Destombes et al, 1977). Involvement of the foot is
more common in eumycetomas than in actinomyce-
tomas, and occurs in 75% to 85% of cases (Abbott,
1956; Destombes et al, 1977). Extrapedal eumyce-
tomas appear when repeated trauma over other parts
of the human body occur, including areas such as the
abdominal wall, where it is a common practice to
carry organic products (e.g., vegetables, straw) with-
out any skin protection (Lopez-Martinez et al, 1992).
Rare anatomic sites described for eumycetoma in-
clude: intraspinal (Arbab et al, 1997), scalp (Abbott,
1956), neck (Gumma et al, 1986), mandible (Gumma
et al, 1975a), eyelid (Aldrige and Kirk, 1940), per-
ineum (Hay et al, 1992), testicle (Abbott, 1956), but-
tock (Soni et al, 2000; Ly et al, 2000), and thigh (Hay
et al, 1992).

True multiple eumycetomas, those involving more
than one anatomic site, are rare. The term double eu-
mycetomas, as described in the literature, represents
two lesions in the same anatomic region in most cases
(Ravisse et al, 1992). Eumycetoma caused by more than
one fungus is also a rare clinical occurrence. The cooc-
currence of M. mycetomatis and M. grisea in a foot le-
sion has been reported (Niño, 1962).

Lymphatic spread is uncommon with eumycetomas,
occurring in 0.5% to fewer than 3% of the cases (Mah-
goub, 1985). It appears to be more frequent in actino-
mycetomas, possibly because the grains are smaller in
this condition (Camain, 1968). Among the agents of
eumycetoma, M. mycetomatis has the lowest frequency
of lymph node involvement; only 3 of 578 (0.5%) pa-
tients experienced this complication, possibly because
of the extensive fibrous reaction that often accompa-
nies this agent (El Hassan and Mahgoub, 1972).

Bone involvement occurs by contiguous spread, with
changes occurring first in cortical bone (Sharif et al,
1991). Bone involvement is common, occurs in up to
76% of cases, and trends to greater bone involvement
with longer duration of disease (Abbott, 1956; Castro
et al, 1993). In addition, bone lesions are more frequent
and occur sooner when they are located in body areas
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with thin subcutaneous tissue such as the feet, hands,
and skull.

RADIOLOGY

The most frequent radiological findings in patients with
eumycetomas are soft tissue swelling and osteolytic
changes (See Color Figs. 25–3A and 25–3B), with loss
of the cortical border and external erosion of the bone
as the earliest osteolytic manifestations (Tomimori-
Yamashita et al, 2001; McGinnis and Fader, 1988).
Later, the medullary canal and epiphyses generally are
affected, resulting in bone destruction followed by 
bone remodeling (McGinnis, 1996). Bone lesions can
be manifest radiographically as demineralization, pe-
riosteal reaction, osteolysis, endosteal bone cavitation,
sclerosis, and frank osteomyelitis (Castro et al, 1993).
Osteolytic lesions associated with eumycetoma are usu-
ally few in number and small (Fig. 25–3A), measuring
2–10 mm in diameter, often with well-defined margins.
Grossly, these lesions are filled with necrotic material
and grains (McGinnis, 1996; Boiron et al, 1998). No
particular pattern of bone involvement is associated
with any specific eumycetoma agent. Moreover, it is
not possible to differentiate between eumycetoma and
actinomycetoma using plain X-rays, CT, MRI, or three-
phase bone scans (Czechowski et al, 2001).

Computerized tomography and MRI typically
demonstrate bone lesions earlier than plain X-rays.
Computed tomography should be used to evaluate
pedal mycetomas, whereas MRI is preferred for ex-
trapedal lesions. In addition, CT has greater sensitivity
to detect early bone involvement while MRI easily de-
tects late manifestations as a coarse trabecular pattern,
bone destruction, marrow infiltration, and sequestra
(Sharif et al, 1991).

COMPLICATIONS

The most common complication among eumycetoma
patients is secondary bacterial infection, which occurs
in up to 66% of black grain eumycetoma cases (Ahmed
and Abugroun, 1998). Massive bone destruction in-
duced by eumycetomas can produce pathological frac-
tures (Fahal et al, 1996a). Other complications are 
related mainly to the localized site of disease, e.g., de-
formity of the foot in tumoral pedal eumycetoma. Rare
complications include cutaneo-pleuro-bronchial fistu-
lae (Fahal et al, 1996b) and palatal abnormality 
(Fahal et al, 1996c).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of eumycetoma lesions at any
stage of their evolution should always include actino-

mycetoma and botryomycosis. Aerobic filamentous
actinomycetes produce the former, and nonfilamentous
Gram-positive and Gram-negative bacteria produce the
latter.

Exophytic verrucous eumycetoma lesions of the foot
can mimic verrucous tuberculosis, blastomycosis, chro-
moblastomycosis, and sporotrichosis. More extensive tu-
moral pedal lesions without sinus tracts should be dif-
ferentiated from elephantiasis of the foot, as well as
benign and malignant tumors. When bone involvement
is present, the differential diagnosis should include 
osteomyelitis, osseous tuberculosis, osteosarcoma, and
other malignant bone tumors. Extrapedal lesions should
be differentiated from dermatophytic pseudomycetoma
when the scalp is affected. In addition, cutaneous tu-
berculosis, endemic fungal diseases such as blastomyco-
sis and coccidioidomycosis, and cutaneous nocardiosis
should be excluded.

DIAGNOSIS

When draining sinus tracts are present, these provide
the optimum material for microscopic examination.
Grains in discharged fluid are visible to the naked eye,
and can be collected from dressings covering a drain-
ing sinus tract. If discharged grains are not available,
a deep skin biopsy, taken from a small abscess or
around a sinus tract, is necessary for both culture and
histopathological studies.

Specimens should be submitted for macroscopic and
microscopic examination and cultured appropriately.
Grain color, size, shape, and consistency should be
noted because these characteristics help to guide iden-
tification of the causative fungus. For example, M.
mycetomatis grains are large, black, and hard; L. sene-
galensis grains are large, black, and firm to hard; M.
grisea and P. romeroii grains are small, black, and soft
to firm; and S. apiospermum and A. nidulans grains
are large, white, and soft. After macroscopic exam,
some grains should be placed in a drop of 10%–20%
KOH on a slide, compressed between two slides, and
examined under microscopy. This direct examination
will differentiate the grains of eumycetomas from the
grains of actinomycetomas. Eumycetoma grains con-
tain intertwined, broad hyphae (2–5 �m), and may 
contain large swollen cells (15 �m or more) at the 
periphery.

Culture is essential for etiological diagnosis; how-
ever, culturing mycetoma specimens is laborious and
complicated by a high rate of bacterial contamination.
Prior to culture, grains should be washed several times
with sterile saline solution to reduce bacterial and
mould contamination, then crushed in sterile conditions
and plated on Sabouraud dextrose agar media con-
taining chloramphenicol 0.05 mg/ml. Medium con-
taining cycloheximide should be avoided because it in-
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hibits the growth of some eumycetoma agents, such as
S. apiospermum, some Fusarium spp., and Aspergillus
spp. Specimens should be incubated at room tempera-
ture and at 37°C for 6 to 8 weeks.

Species identification is based on both macroscopic
and microscopic examination of colonies. Other tests
may be helpful. For example, patterns of sugar assim-
ilation and optimal growth temperature differentiate
M. mycetomatis from M. grisea. The former can uti-
lize glucose, galactose, lactose, and maltose, but not su-
crose, and grows well at 37°C. On the other hand, M.
grisea can utilize glucose, galactose, maltose, and su-
crose, but not lactose, and grows well at 30°C (Satta
et al, 2000).

HISTOPATHOLOGY

The basic histopathological picture of eumycetoma is
chronic nonspecific granulomatous inflammation, with
a central focus of acute inflammatory reaction sur-
rounding one or more grains. A zone formed by histi-
ocytes surrounds the central and abscessed focus, and

a peripheral zone consists of new capillaries, isolated
histiocytes, plasma cells, mast cells, and eosinophils.
Lymphocytes characteristically are found infiltrating
the fibrous tissue of the outer zone (Lavalle, 1992; Yu
et al, 1993). The fungal hyphae, which constitute the
main element of the grain, are more easily observed
with the use of periodic acid Schiff or methenamine sil-
ver stains.

As shown in Table 25–2, histopathological charac-
teristics on hematoxylin-eosin stain of black grain eu-
mycetomas can be quite distinctive, and may allow for
more specific presumptive diagnosis (Hay and Macken-
zie, 1982; Hay, 2000). For example, M. mycetomatis
grains, vesicular type, show a dense brown cement-like
substance with hyphae and large chlamydospores in the
periphery (See Color Figs. 25–4A and 25–B in separate
color insert). By contrast, E. jeanselmei grains do not
have cement-like substance. On the other hand, pale
grain eumycetomas have similar histopathological find-
ings, making their differentiation uncertain (Hay and
Mackenzie, 1982). The use of immunofluorescent an-
tibodies may facilitate the identification of the etiolog-

TABLE 25–2. Appearance in Tissue Sections of Eumycetoma Grains for Selected Agents
Chlamydoconidia

Causative Fungus Grain Shape Cement Characteristics Hyphae Arrangement Characteristics

Black Grain Eumycetomas

Exophiala jeanselmei Round or oval Cement absent Hyphae located in the Located in the
with a hollow periphery periphery
in the center

Leptosphaeria senegalensis Round or lobulated Black cement in periphery Irregular network of Large and located
hyphae in the center in the periphery

Madurella grisea Variable Presence variable Homogeneous network Located in the
of hyphae in the center periphery
and dense network in 
the periphery

Madurella mycetomatis Variable Compact type: Hyphae throughout the 
Homogeneous brown- grain
cement throughout the 
grain

Vesicular type: Hyphae located in Large and located
Dense brown-cement in the periphery in the periphery
periphery

Pyrenochaeta romeroi Variable Presence variable Central dense network Absent
of hyphae

White to Yellow Grain 
Eumycetomas

Acremonium falciforme Variable Absent Dense pattern of hyphae Present
Fusarium spp. Oval or lobulated Absent Dense pattern of Rare

interlaced hyphae

Neotestudina rosatii Variable Located in the periphery Hyphae in the center and Located in the center
in the periphery.
Presence of oval or
rounded hyphal
fragments

Scedosporium Polylobulated or oval Absent Dense network of Large
apiospermum interwoven hyphae
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ical agent in tissue sections. A specific fluorescent an-
tibody conjugate for identification of S. apiospermum
is available in some areas (Chandler et al, 1980).

SERODIAGNOSIS

There is no reliable serologic test available for diagno-
sis of eumycetoma. Lack of standardized preparation
of the antigen(s) has hampered performance of such a
test. In addition, many etiological agents of eumyce-
toma require independent testing with several antigens
or the use of a polyvalent antigen preparation. Im-
munodiffusion (ID) and counterimmunoelectrophore-
sis (CIE) have been the most widely used tests for de-
tection of antibodies in eumycetoma patients; both 
have provided inconsistent results (Murray and Mah-
goub, 1968; Gumma and Mahgoub, 1975b; Hay and
Mackenzie, 1983a). Serologic assays may play a role
in the follow-up of patients on antifungal treatment,
after the specific etiology is established. Enzyme linked
immunosorbent assay (ELISA) is more sensitive and 
reproducible than ID and CIE (Wethered et al, 1988),
but has the limitation that patients from endemic ar-
eas may also show elevated antibody titers by ELISA.

TREATMENT

No good evidence-based treatment recommendations
are available for eumycetoma, since no large random-
ized treatment trials have been conducted. Moreover,
the few clinical reports of the use of antifungal agents
in the treatment of eumycetomas often involve a lim-
ited number of patients and fail to establish a definitive
response status due to the limited period of follow-up.

Early surgery can be curative for a small, localized eu-
mycetoma lesion amenable to total excision. For other
lesions, patients should receive at least 6 months of an-
tifungal therapy before surgical intervention (Welsh,
1991). Antifungal therapy may cure some lesions or re-
duce their size prior to surgery. Antifungal therapy may
also reduce the recurrence rate when used following sur-
gical debridement (Mahgoub and Gumma, 1984; Welsh,
1991). The course of chemotherapy is prolonged and
should continue for months after apparent clinical cure.

In vitro and in vivo responses of antifungal drugs
against eumycetoma agents are often conflicting. Al-
though amphotericin B has in vitro activity against M.
mycetomatis, M. grisea, and E. jeanselmei, in vivo re-
sponses are poor, and argue against a role for ampho-
tericin B in the treatment of eumycetoma (Welsh, 1991;
Restrepo, 1994). Liposomal amphotericin B has been
used as treatment of two mycetomas caused by M.
grisea and one by Fusarium spp. (3.4, 2.8, and 4.2 g
total dose, respectively) with temporary remission fol-
lowed by clinical relapses 6 months after therapy was

stopped in all three patients (Welsh et al, 1995). Black
grain eumycetoma agents are sensitive to the older
azoles in vitro, with itraconazole demonstrating the
most activity, followed by ketoconazole, econazole, and
miconazole (Venugopal et al, 1993). Clinical results
have been variable (Welsh, 1991; Lee et al, 1995;
Resnik and Burdick, 1995; Paugam et al, 1997; De-
gavre et al, 1998). In general, ketoconazole and itra-
conazole appear to perform better against black grain
than white grain mycetomas (Poncio-Mendes et al,
2000). Fluconazole 400 mg per day is not effective for
mycetoma caused by M. mycetomatis, M.grisea, and S.
apiospermum (Diaz et al, 1992). Griseofulvin (a non-
azole antifungal drug) appears to have little efficacy in
the treatment of eumycetoma (Drohuet and Segretain,
1960; Mahgoub, 1976).

Ketoconazole is an effective agent for mycetoma as-
sociated with M. mycetomatis and has reported rates
of success of at least 70% (Mahgoub and Gumma,
1984; Welsh, 1991; Hay et al, 1992; Welsh et al, 1995),
especially when moderate doses and duration (400 mg
per day for more than 6 months) are utilized (Poncio-
Mendez et al, 2000). Ketoconazole is not an effective
treatment for eumycetoma caused by S. apiospermum
or Acremoniun species (Hay, 1983b). Although M.
grisea responds in vitro only partially to either keto-
conazole and itraconazole, these agents have resulted
in clinical improvement and reduction in size, allowing
for less extensive surgery (Severo et al, 1999; O’Rior-
dan et al, 2002).

Management of S. apiospermum infections is chal-
lenging because this fungus has intrinsic resistance to
some antifungal agents, including fluconazole and am-
photericin B. Miconazole has the best in vitro activity
among the first generation azoles against this fungus,
but is no longer available in most areas. Ketoconazole
alone or combined with surgery has been tried in the
treatment of S. apiospermum mycetomas with varied
outcomes (Symoens et al, 1980; Drouhet and Dupont,
1983; Hay, 1983b). Similarly, itraconazole alone or
combined with surgery has been effective in some cases
(Queiroz-Telles and Queiroz-Telles, 1988; Lexier and
Walmsley, 1999).

The best therapeutic regimen for Acremonium eu-
mycetoma is unknown due to the scarcity of reports
concerning therapy of this disease. Some eumycetomas
produced by Acremonium species have been treated
successfully with itraconazole. One patient with eu-
mycetoma caused by A. falciforme responded satisfac-
torily to itraconazole 200 mg/day for 10 weeks (Lee et
al, 1995), and a patient with A. kiliense eumycetoma
who had failed 3 years of ketoconazole 400 mg daily
rapidly improved when treated with itraconazole 300
mg daily (Welsh, 1991). In addition, itraconazole is ef-
fective in the treatment of eumycetomas caused by As-
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pergillus species, and Arthrographis kalraei (Degavre et
al, 1997).

The new second generation triazoles, including
voriconazole, posaconazole, and ravuconazole, hold
great promise as potential agents for eumycetoma.
Voriconazole has been approved recently as primary
therapy of invasive aspergillosis and salvage therapy 
for both refractory scedosporiosis and fusariosis.
Voriconazole, which demonstrates good in vitro fungi-
cidal activity against S. apiospermum (McGinnis and
Pasarell, 1998) and most Aspergillus species, has been
used successfully to treat one patient with S. apiosper-
mum meningoencephalitis and another with dissemi-
nated disease (Poza et al, 2000; Muñoz et al, 2000).
To date there are few data involving the use of
voriconazole in the treatment of eumycetoma. How-
ever, voriconazole, available in both oral and intra-
venous formulations, will likely become an important
agent in the treatment of eumycetomas caused by S.
apiospermum, some dematiaceous fungi and Aspergillus
spp. and an oral alternative to existing therapy.

Posaconazole and ravuconazole, both investigational
triazoles, also demonstrate good in vitro activity against
many of the agents of eumycetoma. Preliminary results
from the evaluation of posaconazole as salvage ther-
apy of patients with various fungal infections includ-
ing eumycetomas, resistant or refractory to standard
treatment, are encouraging. Finally, there are promis-
ing results with the use of high-dose terbinafine (up to
1000 mg per day) for the treatment of eumycetoma
(Hay, 1999).

Unsatisfactory response to drug therapy correlates
with duration and extension of disease, susceptibility
of the causative organism, and drug concentration at
the affected tissues. The latter depends on drug phar-
macokinetics and the local blood supply (Fahal et al,
1997). The absence of ischemic changes and necrosis
in mycetoma lesions indicates that blood supply prob-
ably does not contribute significantly to the failure of
medical treatment. Several eumycetoma fungal organ-
isms produce extracellular cement, which prevents
drugs, antibodies, and enzymes from reaching the fun-
gus in tissue (Abbott, 1956; McGinnis, 1996). Also, it
is possible that drugs cannot reach adequate concen-
trations in grains surrounded by fibrotic and abscessed
tissue.

SURGERY

There is little doubt that surgery can be curative for
small and well-delineated lesions of eumycetoma and
removes the greater bulk of the lesion when used as an
adjunct to antifungal treatment. Additional indications
for surgery in the management of eumycetoma are less
well defined. Use of surgery to drain sinuses and re-

move grains, as a measure to reduce pain and swelling
caused by inflammation, is generally discouraged. Cur-
rent recommendations advocate delaying surgery until
several months of antifungal chemotherapy and avoid-
ing radical surgical procedures (McGinnis, 1996).

FOLLOW-UP

An accepted time of follow-up to define cure for eu-
mycetoma has not been established. Some authors con-
sider a patient cured only after 3 years without active
disease (Bendl et al, 1987). Assessment of improvement,
cure, or relapse is based on clinical parameters, such as
decreasing discharge and swelling, healing of fistulae,
and improvement on roentgenographic examination.
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Chromoblastomycosis
JOHN W. BADDLEY AND WILLIAM E. DISMUKES

Chromoblastomycosis is a chronic fungal infection of
the skin and subcutaneous tissues characterized by the
presence of nodular, verrucous lesions often of the
lower extremities. Upon histopathologic examination
of infected tissues, the characteristic finding is single or
multiple sclerotic bodies, which are dark brown sep-
tate fungal cells that resemble yeast forms (See Color
Fig. 26–1 in separate color insert). Sclerotic bodies of-
ten are referred to as muriform cells, with the term mu-
riform designating the presence of vertical and hori-
zontal septa of the cells. While chromoblastomycosis 
is caused by several species of dematiaceous, or pig-
mented, fungi, the most common causative organism is
Fonsecaea pedrosoi. The disease is usually chronic, lo-
calized, and is rarely life-threatening. Surgical resection
and cryotherapy are effective for small lesions, while
antifungal agents, including itraconazole and flucyto-
sine, are sometimes effective in more extensive disease.

For the purposes of this chapter, chromoblastomy-
cosis is defined as a chronic infection of the skin or
subcutaneous tissues caused by dematiaceous fungi and
characterized by the presence of sclerotic bodies on
histopathologic examination. Chromoblastomycosis is
often referred to as chromomycosis, although these
terms are not synonymous. The term chromomycosis
has come to represent not only the classic definition of
chromoblastomycosis, but also additional nonskin and
subcutaneous infections due to dematiaceous fungi
(Fader and McGinnis, 1988; Kwon-Chung and Ben-
nett, 1992). Phaeohyphomycoses represent the broad
group of fungal infections caused by dematiaceous
fungi and are defined by the presence of yeast-like cells,
hyphal forms, or pseudohyphae-like elements in tissue,
but without the presence of sclerotic bodies as seen in
chromoblastomycosis (Fader and McGinnis, 1988).
Phaeohyphomycoses are distinct from chromoblasto-
mycosis and are addressed in a separate chapter (See
Chapter 17.).

MYCOLOGY

The organisms causing chromoblastomycosis are sap-
rophytic fungi found in soil, wood, vegetation, pulp,

and paper (Ridley, 1957; Gezuele et al, 1972). Several
species of dematiaceous fungi cause chromoblastomy-
cosis, and the similarity between organisms lies in the
tissue appearance of sclerotic bodies (See Color Fig.
26–1 in separate color insert). Common etiologic agents
include Fonsecea pedrosoi, F. compacta, Phialophora
verrucosa, Cladosporium carrioni, Rhinocladiella aqua-
spersa, and Botryomyces caespitosus. Additional or-
ganisms reported as etiologic agents include Exophiala
spinifera, E. jeanselmei, and Aureobasidium pullulans
(Naka et al, 1986; Padhye and Ajello, 1987; Barba-
Gomez et al, 1992; Padhye et al, 1996; Redondo-Bel-
lon et al, 1997). A list of reported causative agents,
with synonyms, is provided in Table 26–1.

Dematiaceous fungi causing chromoblastomycosis
are slow growing and usually need to be incubated at
least 4 weeks on standard fungal media, such as
Sabouraud’s dextrose agar. Most species form dark
brown, green, or black velvety colonies upon incuba-
tion. Morphologic differences on media and mi-
croscopy are variable, and have led to placement of the
causative organisms in many different genera. An ex-
ample of the morphology of Phialophora verrucosa is
shown in Color Figure 1–4 in Chapter 1. (See separate
color insert.) The mycology and nomenclature of or-
ganisms that cause chromoblastomycosis have been 
reviewed extensively elsewhere (McGinnis, 1983; Fader
and McGinnis, 1988; Kwon-Chung and Bennett, 1992).

EPIDEMIOLOGY

Chromoblastomycosis occurs worldwide, although the
majority of reported cases are from tropical and sub-
tropical regions of the Americas and Africa. Affected
patients are frequently outdoor laborers, and the mode
of acquisition of infection is traumatic inoculation of
the fungus into exposed skin. Most patients do not re-
call a specific injury, but in a series of patients who re-
membered a traumatic inciting event, inoculation re-
sulted from thorns, wood splinters, or minor cuts from
tools (Minotto et al, 2001).

In certain parts of the world, different organisms are
more likely than others to cause chromoblastomycosis.
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For example, in Brazil, Colombia, Japan, and humid
parts of Venezuela, F. pedrosoi is the predominate
causative agent (Campins and Scharyj, 1953; Velasquez
et al, 1976; Fukushiro et al, 1983) while in Australia
and arid parts of Venezuela, C. carrionii is the most
common cause (Campins and Scharyj, 1953; Leslie and
Beardmore, 1979). Site of involvement also seems to
differ in patients from various geographic locations. In
most countries, the lower extremities are the most fre-
quently affected sites; the exceptions are Japan and
Australia, where upper body sites predominate (Leslie
and Beardmore, 1979; Fukushiro et al, 1983).

Most cases of chromoblastomycosis occur among
males aged 30–60 years old; children are rarely af-
fected. The male predominance probably represents in-
creased exposure rates due to a preponderance of male
outdoor workers in some countries. By contrast, in
Japan, among a large series of cases the ratio of males
to females was equal (Fukushiro, 1983).

CLINICAL MANIFESTATIONS

The cutaneous lesions of chromoblastomycosis are
highly variable, and typically begin at the site of a trau-
matic inoculation of the fungal organism (McGinnis,
1983). Lesions grow slowly, and are asymptomatic in
the majority of cases (Minotto et al, 2001). Symptoms,
when present, include pruritus, and rarely, pain. Le-
sions are usually present months to years before pa-
tients seek medical attention and are diagnosed (Lon-
dero and Ramos, 1976; Queiroz-Telles et al, 1992;
Rajendran et al, 1997; Minotto et al, 2001). In one se-
ries of 100 patients, the mean interval between first
symptoms and diagnosis was 14 years (Minotto et al,
2001).

The most commonly involved anatomical sites are
the lower extremities, particularly the foot, ankle, and
lower leg. However, skin lesions can be present on vir-
tually any part of the body, including the abdomen,
chest, back, upper extremities, neck, face, and rarely,

mucous membranes such as the nasal septum (Naka-
mura et al, 1972; Zaror et al, 1987; Bonifaz et al, 2001;
Minotto et al, 2001). Although involvement of the sub-
cutaneous tissues is common, invasion of muscle or
bone is infrequent. Most skin lesions are localized, but
disseminated disease has been reported in fewer than
5% of patients (Fukushiro, 1983; Minotto et al, 2001).
Spread of lesions may occur by autoinoculation result-
ing from scratching, or lymphatic spread. Hematoge-
nous dissemination is extremely rare, even among im-
munosuppressed patients, but has resulted in brain
abscess and death in several cases (Fukushiro, 1983;
Wackym, 1985; Takase et al, 1988).

The initial lesions of chromoblastomycosis are fre-
quently small papules or nodules that become conflu-
ent to form irregular, verrucous plaques. In 1950, Car-
rion reported a series of agricultural workers with
chromoblastomycosis and described five types of le-
sions seen during the progression of disease: nodular,
tumorous, verrucous, plaque, and cicatricial lesions
(Carrion, 1950). Nodular lesions are soft, pink growths
that can be smooth, verrucous, or scaly. These lesions
may continue to enlarge and form tumorous growths
that appear papillomatous, lobulated, or may enlarge
and resemble cauliflower (See Color Fig. 26–2 in sep-
arate color insert). Verrucous lesions, the most com-
mon type, have a wart-like appearance and are fre-
quently present on the borders of the foot (Fader and
McGinnis, 1988). Plaque lesions are slightly raised,
pink to reddish in color, and are scaly (See Color Fig.
26–3 in separate color insert). Cicatricial lesions, often
large and serpiginous, expand centrifugally while heal-
ing; atrophic scarring occurs in the center of the lesions
(See Color Fig. 26–4 in separate color insert).

Complications of chromoblastomycosis include sec-
ondary bacterial infection, which may present with
fever, pain, edema, and localized lymphadenopathy.
For longstanding lesions, carcinomatous transforma-
tion, particularly to squamous cell cancer, has been 
described (Bayles, 1971; Foster and Harris, 1987;
Minotto et al, 2001). Chronic lymphedema may also
result in elephantiasis.

DIAGNOSIS AND PATHOLOGIC FINDINGS

The diagnosis of chromoblastomycosis is made on the
basis of typical skin lesions and the presence of scle-
rotic bodies on histopathologic examination. Tissues,
including skin scrapings, aspirated exudates, or biopsy
specimens, can be visualized under the microscope and
may demonstrate sclerotic bodies without special stain-
ing. Sclerotic bodies are seen in the dermis, while hy-
phal elements, when present, are confined to epidermal
layers. Culture of the causative organism must be per-

TABLE 26–1. Causative Agents of 
Chromoblastomycosis
Organism (Synonyms)

Fonsecea pedrosoi (Hormodendrum pedrosoi, Phialophora
pedrosoi, Rhinocladiella pedrosoi)

Fonsecea compacta (Hormodendrum compactum, Phialophora
compacta, Rhinocladiella compacta)

Cladosporium carrionii (Cladophialophora ajelloi)
Rhinocladiella aquaspersa (Acrotheca aquaspersa)
Phialophora verrucosa
Botryomyces caespitosus
Exophiala jeanselmi
Exophiala spinifera
Aureobasidium pullulans
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formed on fungal media containing antibiotics, such as
Sabouraud’s dextrose agar with chloramphenicol and
cycloheximide, as bacterial contamination is common.
Cultures should be incubated at 25°C to 30°C, and kept
for 4–6 weeks (McGinnis, 1983; Fader and McGinnis,
1988; Kwon-Chung and Bennett, 1992).

Histopathologic examination of lesions of chro-
moblastomycosis reveals hyperkeratosis and pseudoep-
itheliomatous hyperplasia in the epidermis. In the 
dermis, a mixed pyogenic and granulomatous inflam-
matory process is seen: neutrophils, plasma cells,
eosinophils, lymphocytes, and multinucleated giant
cells. Fibrosis may be evident, particularly in older le-
sions (Uribe et al, 1989). Sclerotic bodies, also referred
to as muriform cells, Medlar cells, or “copper pennies,”
are found in dermal tissue, and range in size from 5–15
�m in diameter (See Color Fig. 26–1 in separate color
insert). The sclerotic bodies are dark brown in color,
have thick walls, are septate, and may be single, in
pairs, or in clusters. Sclerotic bodies may be found ex-
tracellularly among inflammatory cells, and intracellu-
larly, in giant cells, and rarely, macrophages.

Transepithelial migration, or transepithelial elimina-
tion, is a pathologic finding in chromoblastomycosis.
In this process, foreign matter, blood, damaged tissue,
and sclerotic bodies are expelled through the epidermis
as a healing process (Fader and McGinnis, 1988). Ac-
cordingly, transepthelial migration will manifest as
black dots on the surface of lesions, which, upon slide
microscopy with 10% or 20% KOH, reveal clotted
blood and sclerotic bodies (Banks et al, 1985; Fader
and McGinnis, 1988; Goette and Robertson, 1984).

TREATMENT

Chromoblastomycosis is a chronic disease that is diffi-
cult to treat. Spontaneous regression of lesions with
complete resolution is extremely unusual (Howles et al,
1954). Therapy is usually sought for aesthetic or func-
tional reasons, but therapy is also necessary to prevent
associated complications. No single therapy is uni-
formly effective, and treatment modalities for chro-
moblastomycosis have been difficult to evaluate be-
cause of the small number of cases, and variability 
in extent of disease. Multiple therapeutic strategies, 
including surgical intervention, topical therapies
(cryotherapy, applied heat), chemotherapy, or a com-
bination of therapies have been used (Table 26–2). In
a large retrospective review, Minotto and colleagues re-
ported that disease was eradicated with therapy in 57%
of patients (Minnoto et al, 2001). Over the period of
this 30-year study, numerous therapies were used for
different lengths of time, and therefore, an optimal ther-
apy could not be determined. In another retrospective
review of 51 cases, 31% of patients were cured, and
57% improved with various treatments (Bonifaz et al,
2001). The best results were achieved with cryosurgery
for small lesions, and itraconazole for larger lesions.

For small or few lesions, surgical intervention is most
effective (Conway and Berkeley, 1952; Bansal and
Prabhakar, 1989), although adequate comparative
studies are not available. Wide and deep resection to
healthy tissue is necessary in order to prevent relapse,
but as a result, skin grafting may be required. For
larger, more extensive lesions, surgical resection is less

TABLE 26–2. Methods of Treatment for Chromoblastomycosis
Chemotherapy Drug Dosage Selected References

Flucyostine (p.o.) 50–150 mg/kg/day Bopp, 1976; Lopes, 1981
Amphotericin B(i.v.) 0.5–1.0 mg/kg/day Bopp, 1976; Astorga et al, 1981; Restrepo, 1994
Itraconazole (p.o.) 100–400 mg/day Borelli, 1987; Restrepo et al, 1988; Queiroz-Telles et 

al, 1992; Bonifaz et al, 1997
Ketoconazole (p.o.) 200–400 mg/day McBurney, 1982; Drouhet and Dupont, 1983
Fluconazole (p.o.) 200–800 mg/day Diaz et al, 1992
Thiabendazole(p.o.) 25 mg/kg/day Bayles, 1971
Terbinafine (p.o.) 500 mg/day Esterre et al, 1996

Miscellaneous agents

Potassium iodide
Griseofulovin
Methotrexate
Vitamins

Other Therapies

Surgical resection Conway and Berkeley, 1952; Bansal and Prabhakar, 1989
Cryotherapy Pimentel et al, 1989; Bonifaz et al, 1997
Laser Therapy Kultner and Siegle, 1986
Thermotherapy Tagami et al, 1984; Hiruma et al, 1993
Electrosurgery and Restrepo, 1994

curettage
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effective, and is often not possible for functional rea-
sons (Bansal and Prabhakar, 1989).

Alternative procedures to surgical resection include
minor interventions such as cryosurgery with liquid ni-
trogen, carbon dioxide laser therapy, and thermother-
apy, all of which have been used with various degrees
of success (Tagami et al, 1984; Kultner and Siegle,
1986; Pimentel et al, 1989; Hiruma et al, 1993; Boni-
faz et al, 1997). For smaller lesions, cryotherapy is ef-
fective for lesions not in flexion areas, and may be ben-
eficial in larger lesions as an adjunct to chemotherapy
(Lubritz and Spence, 1978; Borelli, 1987; Kullavani-
jaya and Rojanavanich, 1995; Bonifaz et al, 1997;
Bonifaz et al, 2001). Local heat therapy, which may be
applied several times daily with pocket warmers, has
been effective as single therapy in several cases, but may
be more appropriate as an adjunct to chemotherapy or
cryotherapy (Kinbara et al, 1982; Tagami et al, 1984;
Borelli, 1987; Hiruma et al, 1993). Procedures such as
curettage and desiccation are discouraged because of
associated high recurrence rates and the potential for
lymphatic dissemination (Fader and McGinnis, 1988;
Bayles, 1992; Restrepo, 1994).

In general, chemotherapy for chromoblastomycosis
has been minimally successful, and prolonged therapy
is required. Chemotherapy is usually needed in cases
of moderate or extensive disease, or when surgery is
not possible. Chemotherapy may also be required for
lesions in areas of flexion, where cryosurgery is con-
traindicated. The most commonly employed drugs are
amphotericin B, flucytosine, and itraconazole, al-
though there is experience with numerous antimicro-
bial agents (Table 26–2). Intravenous amphotericin B
as single therapy appears to be minimally effective,
and is often associated with adverse events after pro-
longed use (Bopp, 1976; Astorga et al, 1981; Fader
and McGinnis, 1988; Restrepo, 1994; Rios-Fabra et
al, 1994). Amphotericin B is used most commonly in
combination with flucytosine for moderate or severe
chromoblasomycosis (Bopp, 1976; Astorga, 1981;
Fader and McGinnis, 1988; Restrepo, 1994). Treat-
ment with amphotericin B orally, or by intralesional
injection, has been used in several patients with lim-
ited success (Takahashi and Maie, 1981; Iijima et al,
1995).

Oral flucytosine, 50–150 mg/kg per day divided in 4
doses, has been used for up to 1 year with associated
clinical improvement (Bopp, 1976; Lopes et al, 1978;
Leslie and Beardmore, 1979; Uitto and Santa-Cruz,
1979; Lopes, 1981). However, when used as a single
therapy, only partial response with progression of dis-
ease or relapse has occurred, suggesting clinical and 
microbiologic resistance (Oliviera et al, 1975). Subse-
quently, combination therapy with flucytosine and am-
photericin B has been advocated and is sometimes ef-

fective (Bopp, 1976; Astorga et al, 1981; Restrepo,
1994).

Subsequently, other drugs used in combination with
flucytosine include ketoconazole at 200 to 400 mg/day,
or thiabendazole (Silber et al, 1983; Solano et al, 1983;
Atukorala and Pothupitiya, 1985). Both regimens have
been successful in several case reports, but no com-
parative trials have been performed. Two azole agents,
including fluconazole and ketoconazole, have been used
as single therapy to treat chromoblastomycosis in a
small number of patients, but have not been very ef-
fective (Cuce et al, 1980; McBurney, 1982; Drouhet
and Dupont, 1983; Diaz et al, 1992).

Itraconazole, a triazole, appears to be the most prom-
ising chemotherapeutic agent for the treatment of chro-
moblastomycosis; however, the appropriate dosage and
duration of therapy are unknown. Antifungal suscep-
tibility testing of itraconazole against Fonsecaea species
and other agents of chromoblastomycosis shows good
activity (Radford et al, 1997; deBedout et al, 1997;
Johnson et al, 1998; McGinnis and Pasarell, 1998), and
in one study, itraconazole showed better in vitro ac-
tivity than either flucytosine or amphotericin B (deBed-
out et al, 1997). Clinical results with itraconazole have
been variable, depending upon extent of disease, and
length and dosage of therapy (Borelli, 1987; Lavalle,
1987; Restrepo et al, 1988; Queiroz-Telles et al, 1992;
Bonifaz et al, 1997; Bonifaz et al, 2001). In an early
open-label study of 14 patients with chromoblastomy-
cosis, itraconazole was given at dosages of 100–400 mg
daily for 4–8 months (Borelli, 1987). Among 9 patients
with C. carrionii infection, cure was achieved in 8, and
1 improved; among 5 patients infected with F. pedrosoi,
2 were cured, and 3 improved. In the 2 cases of infec-
tion due to F. pedrosoi that were cured, itraconazole
was given in combination with either flucytosine or lo-
cal heat.

In a noncomparative open-label trial of 19 Brazilian
patients with chromoblastomycosis due to F. pedrosoi,
itraconazole at doses of 200–400 mg/day for 3–30.5
months was effective (Queiroz-Telles et al, 1992).
Among 10 patients with mild to moderate disease, 8
achieved complete clinical and biologic cure. Among
the remaining patients who had moderate or severe dis-
ease, all had clinical healing or improvement. Itra-
conazole was well tolerated, and no adverse events were
reported that warranted discontinuation of therapy.

A recent trial evaluated combination therapy with
itraconazole and cryosurgery, itraconazole alone, and
cryosurgery alone in 12 patients with chromoblasto-
mycosis due to F. pedrosoi (Bonifaz et al, 1997).
Among patients with small lesions, cryotherapy ap-
peared more effective than itraconazole alone at a dose
of 300 mg/day. One group, comprised of patients with
extensive disease, was treated with itraconazole until
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lesions maximally improved, followed by cryosurgery.
Among these 4 patients, 2 were cured, and 2 improved.
The authors suggest that cryosurgery may be a useful
adjunct to chemotherapy for patients with extensive
disease.

Newer agents that are potentially useful for the treat-
ment of chromoblastomycosis include third-generation
triazole agents, particulary voriconazole. Voriconazole
has good in vitro activity against the dematiaceous
fungi (McGinnis and Pasarell, 1998), and warrants fur-
ther study. Terbinafine has been effective in the treat-
ment of patients with chromoblastomycosis (Esterre et
al, 1996; Tanuma et al, 2000). In an open-label pilot
study of 43 patients, oral terbinafine at doses of 500
mg/day for 12 months gave very promising results,
namely, mycologic cure in 82.5% of patients, and to-
tal cure in 47% of patients with lesions present longer
than 10 years (Esterre et al, 1996).

Although promising new agents are available for the
treatment of chromoblastomycosis, appropriate com-
parative trials to evaluate therapies remain difficult to
perform due to the rarity of cases, variability of dis-
ease, and the need for prolonged therapy. Combination
therapy with an antifungal drug plus surgical therapy
or cryotherapy represents a potential advance in treat-
ment and an important area for further study.
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Pneumocystosis
CATHERINE F. DECKER AND HENRY MASUR

Although considered an organism of low virulence,
Pneumocystis carinii is an important cause of pneu-
monia in immunocompromised hosts, especially those
with hematologic malignancies, organ transplants,
HIV, certain congenital immunodeficiencies, and those
receiving high-dose corticosteroids. Unfortunately, this
pneumonia has continued to occur despite the recog-
nition in the 1970s that chemoprophylaxis could
greatly reduce the incidence of this disease in the im-
munocompromised host. A dramatic increase in inci-
dence of P. carinii pneumonia occurred as the AIDS
epidemic grew as did our knowledge of the initial man-
ifestations, diagnosis, treatment and prevention of P.
carinii pneumonia. Soon, thereafter, with the imple-
mentation of chemoprophylaxis in the late 1980s for
the HIV-infected population, and with the widespread
use of highly active antiretroviral therapy (HAART) in
1995, there has been a steady decline in cases (Kaplan,
et al, 2000). However, P. carinii pneumonia will con-
tinue to occur in those who do not have access to med-
ical care, those who are unaware they are infected,
those who elect not to treat their HIV infection ag-
gressively, or those who fail to respond to therapy.

MICROBIOLOGY

Pneumocystis was traditionally considered a protozoan
since it was originally identified by Chagas in 1906.
However, recent applications of molecular techniques
demonstrated that the organism shares many charac-
teristics with fungi, especially Saccharomyces (Edman
et al, 1988; Stringer et al, 1989; Cailliez et al, 1996).
However, P. carinii is unusual among fungi in that the
organism lacks ergosterol in its plasma membranes and
is insensitive to antifungal drugs that target ergosterol
biosynthesis.

Based on its morphology, which is similar to that of
protozoa, the life cycle of P. carinii has been divided
into three stages: the trophozoite, found outside the
cyst and believed to be intermediate between the sporo-
zoite and the cyst; the cyst, a spherical or crescent-
shaped form; and the sporozoite or intracystic bodies,
found within the cysts (Barton et al, 1969). Since hu-

man P. carinii is not cultivatable in vitro, the life-cycle
has not been fully elucidated. It has been suggested that
the mode of replication occurs through binary fission
and excystment (Hughes et al, 1977).

Advances in molecular biology have better delineated
the metabolism of this organism. Sites of action and
targets of some of the effective antimicrobial agents
have been cloned, sequenced, and characterized. These
include genes encoding dihydropteroate synthase
(DHPS) and dihydrofolate reductase (DHFR), which
are the targets of sulfamethoxazole and trimethoprim,
respectively, and the cytochrome B locus, which is the
site of action of atovaquone (Edman et al, 1989; Volpe
et al, 1993).

EPIDEMIOLOGY

Serologic data in the United States indicate that most
humans become subclinically infected with P. carinii
during childhood and that this infection is usually well
contained by an intact immune system (Pifer et al, 1978;
Kovacs et al, 1988a; Peglow et al, 1990). Serological
studies also have shown that P. carinii has a worldwide
distribution. The mode of transmission in humans is
likely through the respiratory route. Evidence supports
that disease may be due to primary infection, reinfec-
tion, or reactivation. Reactivation of latent infection
may occur if the host becomes immunosuppressed.

PATHOGENESIS/HOST DEFENSES

Based on the immunologic abnormalities found in pa-
tients who develop P. carinii pneumonia including pa-
tients with B cell defects, children with severe combined
immunodeficiency disease, premature debilitated in-
fants, and oncology patients receiving immunosup-
pressive drugs or organ transplant patients, (Hughes et
al, 1975; Browne et al, 1986; Peters et al, 1987; Sep-
kowitz et al, 1992; Sugimoto et al, 1992; Tuan et al,
1992) both humoral and cell-mediated immunity are
important host defenses against this infection (Roths
and Sidman, 1993). However, cell-mediated immunity
appears to occupy the pivotal role in the prevention
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and control of P. carinii infection. In addition, high-
dose corticosteroid use for long time periods poses a
great risk for the development of P. carinii pneumonia.

For patients with HIV infection, the degree of de-
pletion of CD4	 lymphocytes correlates strongly with
the likelihood of developing P. carinii pneumonia (Ma-
sur et al, 1989; Bozzette et al, 1990; Phair et al, 1990).
Approximately 90% of P. carinii pneumonia cases in
patients with HIV infection have been seen in HIV-
1–infected patients with recent CD4 counts under 200
cells/mm3. The majority of these cases occur at CD4
counts fewer than 100 cells/mm3. Approximately
10%–15% of patients develop P. carinii pneumonia at
CD4 cell counts greater than 200 cells/mm3 (Chu et al,
1995). For patients with immunosuppressive disorders
other then HIV, CD4 cell counts are less helpful.

For patients who have benefited from therapy with
antiretroviral drugs in terms of a rise in CD4 count,
considerable evidence supports the concept that CD4
cell counts continue to be an accurate indicator of sus-
ceptibility to P. carinii (Dworkin et al, 2001). The nadir
of the CD4 cell count fall prior to the institution of
HAART does not influence the predictive value of
counts (Miller et al, 1999; Dworkin et al, 2000; Lyles
et al, 2000).

Pneumocystis carinii is presumably inhaled, bypasses
the defenses of the upper respiratory tract, and is de-
posited into the alveolar space. Individuals with intact
immunity can control this primary infection, but the
organism likely remains latent in the lungs. Disease 
occurs when cellular or humoral immunity becomes 
severely deficient. Organisms proliferate, evoking a
mononuclear cell response. Alveoli become filled with
proteinacous material. The principal histologic finding
is the formation of a foamy vaculoated eosinophilic
alveolar exudate. The alveolar-capillary permeability
increases leading to impairment of gas exchange, not
unlike that seen with adult respiratory distress syn-
drome. Physiologically, hypoxemia occurs with an in-
creased alveolar-arterial oxygen gradient and respira-
tory alkalosis, impaired diffusion capacity along with
alterations in lung compliance and total lung capacity.
As the disease progresses in severity, there may also be
hyaline membrane formation along with interstitial fi-
brosis and edema. Without treatment the disease will
progress to respiratory failure and death.

PNEUMOCYSTIS CARINII PNEUMONIA

Presenting symptoms in patients with P. carinii pneu-
monia are usually nonspecific and include fever, non-
productive cough, dyspnea, substernal chest tightness,
and shortness of breath (Engelberg et al, 1984; Kovacs
et al, 1984). Cough may be similar to that seen with a
viral infection, and the shortness of breath may be no-

ticed only with exertion. Constitutional symptoms and
prolonged prodromal illness may be present for months
before presentation. AIDS patients tend to have a more
indolent course with a longer duration of symptoms
and less hypoxia than patients treated with cytoxic
chemotherapy or corticosteroids (Kovacs et al, 1984).

Physical examination is often unrevealing, except for
fever and tachypnea. Routine laboratory testing is also
unremarkable except for nonspecific elevations of
serum lactate dehydrogenase. The total white blood
count may rise modestly. The radiologic findings are
dictated by the stage of illness at the time the patient
presents for evaluation. The typical chest radiograph is
one of diffuse and symmetrical increased interstitial
markings (Fig. 27–1). However, a substantial number
of patients have atypical chest radiographs. Almost all
types of infiltrates have been described with P. carinii
pneumonia, from the classic diffuse infiltrates to cavi-
ties, upper lobe predominance, and lobar infiltrates.
Some chest radiographs may be normal in HIV-infected
and HIV-uninfected patients (Kovacs et al, 1984; Bren-
ner et al, 1987; DeLorenzo et al, 1987). In patients with
a normal chest radiograph, a high resolution (thin sec-
tion) computed tomography scan of the chest will usu-
ally demonstrate a characteristic ground glass appear-
ance (Gruden et al, 1997). Clinicians should be aware
that the finding of a pneumothorax in an HIV-infected
patient with no other precipitating cause should raise
the possibility of P. carinii pneumonia.

Arterial blood gas abnormalities in patients with P.
carinii pneumonia characteristically include hypox-
emia, hypocarbia, and an increased alveolar–arterial
(A–a) oxygen gradient. Normal arterial blood gases can
be seen in up to 20% of patients who present with very
mild disease, and this finding should not dissuade the

FIGURE 27–1. Chest radiograph showing symmetrical interstitial in-
filtrates typical of Pneumocystis pneumonia.
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clinician from initiating an evaluation in patients with
compatible symptoms and a CD4 cell count lower than
200 cells/mm3.

EXTRAPULMONARY PNEUMOCYSTOSIS

Prior to the HIV epidemic, dissemination of P. carinii
outside the lungs was considered to be a rare occur-
rence. Advances in detection by PCR analysis have af-
firmed the presence of P. carinii in blood (Lipschik 
et al, 1992). Extrapulmonary disease may be more
common than once realized. When abdominal imaging
studies are performed on patients with pneumocystis
pneumonia, lesions in visceral organs can sometimes be
recognized. These lesions, which often disappear dur-
ing therapy, probably represent subclinical cases of dis-
seminated pneumocystosis. However, no systematic
evaluation of a series of patients has been done to de-
termine the frequency of visceral hepatic, splenic, or re-
nal lesions.

Extrapulmonary pneumocystosis occurs predomi-
nately in patients with advanced HIV infection and in
those who are not taking prophylaxis or are receiving
aerosolized pentamidine (Raviglione, 1990; Telzak et
al, 1990). Extrapulmonary disease is generally not 
seen in patients receiving systemic prophylaxis with
trimethoprim-sulfamethoxazole (TMP-SMX), dapsone,
or atovaquone. Reported sites of dissemination include
lymph nodes, liver, spleen, bone marrow, pleura, ear,
choroid of the eye, thyroid, adrenal gland, intestines,
and meninges (Raviglione, 1990; Telzak et al, 1990).
Clinical manifestations of extrapulmonary disease may
occur with or without lung involvement. Pneumocys-
tis carinii can be detected by tissue biopsy or at au-
topsy. While extrapulmonary pneumocystosis is not in-
variably fatal, the mortality rate is difficult to estimate
since extrapulmonary sites are rarely looked for unless
extrapulmonary manifestions are clinically apparent.

LABORATORY DIAGNOSIS

The definitive diagnosis of P. carinii disease requires
the demonstration of cysts or trophozoites within tis-
sue or body fluids. Organisms are recognized via col-
orimetric or immunofluorescent stains since the organ-
ism cannot be cultured. Before the AIDS epidemic, the
diagnosis of P. carinii pneumonia typically required an
open lung biopsy, because of the low number of or-
ganisms and the lack of sputum production in infected
patients. With the development of improved diagnos-
tic techniques, diagnoses can now be established by less
invasive methods. Virtually all patients can be diag-
nosed by careful analysis of bronchoalveolar lavage
fluid (Meduri et al, 1991; Baughman, 1994). Induced
sputum has been shown to be a sensitive, simple, and

noninvasive means to diagnose P. carinii pneumonia
and often precludes the need for bronchoscopy (Bigby
et al, 1986; Kovacs et al, 1988b; Ng et al, 1990; Kirsch
et al, 1992) with reported yields for recovery of the or-
ganism ranging from 70% to 95% at various institu-
tions (Bigby et al, 1986; Pitchenik et al, 1986; Kovacs
et al, 1988b).

The development of monoclonal antibodies has re-
sulted in a rapid, sensitive and easy to perform im-
munofluorescence assay, which often is more efficient
for detecting P. carinii in respiratory specimens than
conventional colorimetric stains (Gill et al, 1987; Ko-
vacs et al, 1988b; Kovacs et al, 1989; Ng et al, 1990).

More recently, molecular assays have been developed
for detecting P. carinii in bronchoalveolar lavage (BAL)
or induced sputum samples. Polymerase chain reaction
(PCR) methods have used a variety of gene targets (Ols-
son et al, 1993; Sandhu et al, 1999), but those with the
highest sensitivity use either a multicopy gene target
(e.g., mitochondrial rRNA, major surface glycoprotein)
(Wakefield et al, 1990; Huang et al, 1999) or a nested
PCR assay requiring 2 amplification rounds (Lipschik
et al, 1992; Lu et al, 1995).

Polymerase chain reaction has also allowed the de-
tection of P. carinii in more easily obtained specimens
such as oral washes or gargles (Helweg-Larsen et al,
1998; Fischer et al, 2001; Larsen et al, 2002). Such
techniques are quite sensitive. Their specificity is rea-
sonable, but several recent studies using PCR to detect
P. carinii have found individuals who are positive by
PCR but negative by stain. While some of these pa-
tients had clinical disease, others did not develop P.
carinii pneumonia, suggesting asymptomatic coloniza-
tion (Leigh et al, 1993; Sing et al, 2000). Quantitative
PCR assays may allow distinction between coloniza-
tion and disease.

TREATMENT

Trimethoprim-sulfamethoxazole and intravenous pen-
tamidine are the most effective therapies for Pneumo-
cystis carinii pneumonia. Both are efficacious in the
treatment of P. carinii pneumonia: their efficacy de-
pends on how hypoxemic patients are, and how im-
munosuppressed they are when therapy is started
(Hughes et al, 1977; Brenner et al, 1987; Sattler et al,
1988; Masur, 1992). (Table 27–1).

Other effective regimens include trimethoprim-dap-
sone (Leoung et al, 1986; Medina et al, 1990; Safrin
et al, 1996), primaquine-clindamycin (Ruf et al, 1991;
Toma et al, 1993; Safrin et al, 1996), trimetrexate (Sat-
tler et al, 1994), and atovaquone (Hughes et al, 1993).

Trimethoprim-sulfamethoxazole is the agent of
choice for initial therapy of acute P. carinii pneumo-
nia. While TMP-SMX is as potent as intravenous pen-
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tamidine, it is less toxic. If a patient has mild disease
(PaO2 greater than 70 mmHg), and is able to tolerate
oral medications, TMP-SMX may be given in the
dosage of 2 double-strength tablets (160 mg TMP and
800 mg SMX) every 6–8 hours. The q 8-hour regimen
is preferred by many clinicians since toxicity would be
expected to be less than with q 6-hour dosing and there
is no evidence that efficacy is improved with the higher
dose. With more severe disease or if the patient is un-
able to tolerate oral medication, intravenous TMP-SMX
(5 mg/kg TMP and 25 mg/kg sulfamethoxazole q 8
hours) should be given. Total duration of therapy is
usually 21 days, but there is no concrete evidence that
21 days of therapy is more effective than 14 days (Cat-
terell et al, 1985). Toxicity associated with TMP-SMX
continues to hinder its use in many patients and occurs
more frequently in HIV-infected patients than in pa-
tients without HIV infection. Toxicities include fever,
rash, headache, nausea, vomiting, pancytopenia, hepa-
titis, and aseptic meningitis. Treatment-limiting toxi-
cities usually occur between day 6 and day 10 of ther-
apy. For AIDS patients, trials suggest that approxi-
mately 25% of patients are unable to tolerate a full
course of TMP-SMX (Hardy et al, 1992; Schneider et
al, 1992). Minor laboratory abnormalities should not
be an indication to switch to a less effective alternative
therapy.

Intravenous pentamidine is the most potent alterna-
tive agent to TMP-SMX as initial therapy in patients
who are sulfonamide intolerant. The standard dose of
pentamidine is 4 mg/kg/day, given intravenously over
at least 1 hour for a minimum of 14–21 days. Small
studies suggest that a lower dose of 3 mg/kg/day may
be less toxic, but equally effective (Conte et al, 1987;
Conte et al, 1990).

Dapsone, as a single agent, is not as effective as other
alternatives in the treatment of P. carinii pneumonia.

Failure rates are approximately 40% in patients with
HIV infection (Mills et al, 1988; Safrin et al, 1991).
However, the combination of dapsone (100 mg/day)
and trimethoprim (15 mg/kg/day) is comparable in ef-
ficacy to TMP-SMX (Leoung et al, 1986). Trimetho-
prim-dapsone is used as an alternative oral regimen in
mild to moderate disease for patients intolerant of
TMP-SMX. Approximately 50% of sulfonamide intol-
erant patients tolerate dapsone. This regimen can only
be given orally and is therefore not suitable for patients
with severe disease or gastrointestinal dysfunction. Be-
cause of the added complexity of taking dapsone and
trimethoprim on different schedules, this regimen is not
as easy to adhere to as TMP-SMX.

The combination of clindamycin and primaquine is
another reasonable alternative for the treatment of P.
carinii pneumonia (Ruf et al, 1991; Toma et al, 1993;
Bozzette et al, 1995). Investigators report success rates
of 75%–80% in open, noncomparative trials with pa-
tients who are intolerant to or failed standard treat-
ment (Ruf et al, 1991; Toma et al, 1993). A random-
ized trial found the combination to be comparable in
efficacy to TMP-SMX or TMP-dapsone in mild to 
moderate disease (Safrin et al, 1996). Clindamycin-
primaquine has also been used as a salvage regimen in
patients with pneumocystosis induced respiratory fail-
ure (Noskin et al, 1992), although many authorities are
reluctant to use an oral agent (i.e., primaquine) in this
setting. Primaquine base of 30 mg is the usual dose.
Clindamycin is given either orally (300 mg to 450 mg
every 6 to 8 hours) or intravenously (600 mg to 900
mg every 6 to 8 hours). Clindamycin alone is not ef-
fective in animal models unless primaquine is given 
concurrently.

Oral atovaquone is effective and well tolerated.
However, atovaquone was associated with a higher rate
of treatment failure and was less effective than TMP-

TABLE 27–1. Drug Regimens for Treatment of P. carinii Pneumonia
Agent Dose Interval Route

Specific Therapy

Trimethoprim/ 5 mg/kg 6–8 hours i.v. or p.o
sulfamethoxazole 25 mg/kg

Pentamidine 4 mg/kg 24 hours i.v.
Trimethoprim plus 5 mg/kg 8 hours p.o

Dapsone 100 mg 24 hours p.o
Clindamycin plus 600–900 mg 8 hours p.o/i.v.

Primaquine 15–30 mg 24 hours p.o
Atovaquone 750 mg 12 hours p.o
Trimetrexate with 45 mg/m2 24 hours i.v.

Leucovorin 20 mg/m2 6 hours i.v.

Adjunctive Therapy

Prednisone or Solumedrol (if room air PaO2 � 70 mmHg 40 mg q 12 hours for 5 days then 40 mg q day for 
within 72 hours of initiating therapy) 5 days p.o. or i.v. then 20 mg qd for 11 days
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SMX in mild to moderate pneumocystosis (Hughes et
al, 1993). In another study, oral atovaquone and in-
travenous pentamidine were found to have similar suc-
cess rates in mild to moderate P. carinii pneumonia in
AIDS patients who were intolerant to TMP-SMX. Ato-
vaquone was better tolerated, but patients receiving
atovaquone failed therapy more frequently and patients
receiving pentamidine had more treatment-limiting 
adverse drug toxicities (Dohn et al, 1994). Low plasma
atovaquone levels are associated with a poor response
(Hughes et al, 1993). Low plasma levels have been in
part due to the poor bioavailability of the drug. Even
with the liquid formulation of atovaquone, absorption
can be unpredictable and steady-state may not be
reached for several days. Atovaquone absorption is im-
proved by ingestion of a fatty meal. Atovaquone has a
role as therapy for patients with mild, stable disease
who have no evidence of gastrointestinal dysfunction.
If neither TMP-SMX nor TMP-dapsone is tolerable and
disease is mild, atovaquone is a reasonable option.

Trimetrexate in combination with leucovorin in pa-
tients with moderate to severe disease is also effective.
However, trimetrexate is less effective and associated
with more relapses than TMP-SMX, and is considered
an alternative agent for patients who are intolerant of
TMP-SMX and who cannot tolerate or do not respond
to intravenous pentamidine (Sattler et al, 1994). Other
agents with promising activity against P. carinii include
analogs of primaquine, analogs of pentamidine, and
echinocandins or pneumocandins.

Once the diagnosis of P. carinii is made, outpatient
therapy with an oral agent, preferably TMP-SMX, is
recommended for mild to moderately severe disease
(PaO2 � 70 mmHg). Other alternatives for oral out-
patient therapy include TMP-dapsone, clindamycin-
primaquine, and atovaquone. Patients who are more
severely ill with moderate to severe disease or who can-
not tolerate oral medications should be hospitalized
and given intravenous TMP-SMX. In sulfonamide in-
tolerant patients, intravenous pentamidine should be
administered.

The use of corticosteroids in conjunction with an-
timicrobial agents has become the standard of care in
the treatment of moderate–severe P. carinii pneumonia
in AIDS patients (The National Institutes of Health,
1990). Three randomized controlled studies revealed
that corticosteroids significantly decreased the fre-
quency of early deterioration in oxygenation and im-
proved survival in patients who had an initial room air
PO2 � 70 mmHg (Bozzette et al, 1990; Gagnon et al,
1990; Montaner et al, 1991). Corticosteroid therapy is
not recommended unless the diagnosis of P. carinii is
confirmed promptly (The National Institutes of Health,
1990). Corticosteroid therapy is logical to use in pa-
tients with disorders other than HIV and for all pa-

tients manifesting a slow response to therapy, although
no prospective trials have documented this efficacy
(Pareja et al, 1998).

Monitoring Therapy
Respiratory rate, arterial oxygenation, ventilation, tem-
perature, and chest radiograph should be assessed to
determine initial clinical status and then assessed seri-
ally to determine response to therapy. The median time
to respond to therapy is 4–10 days. Laboratory tests
should be done to recognize bone marrow, liver, pan-
creatic, or renal toxicity. Many HIV-infected patients
will get worse with a decline in partial pressure of oxy-
gen by 10–30 mmHg during the initial 2–5 days after
initiation of specific therapy before clinical improve-
ment is observed unless adjuvant corticosteroids are in-
cluded in the regimen (Montaner et al, 1991). This de-
cline has been attributed to dying organisms, which
elicit an intense inflammatory response. The initial reg-
imen should probably be continued for at least 5–10
days before lack of response or poor response dictate
a change in therapy. Fluid status should be monitored
carefully. Intravenous TMP-SMX is often given with a
considerable volume load. In addition, P. carinii pneu-
monia may cause increased permeability of alveolar
capillary membranes, which can lead to accumulation
of interstitial and alveolar fluid and respiratory failure.
Concomitant congestive heart failure due to processes
unrelated to pneumocystosis may also occur. HIV-
related or chemotherapy-related cardiomyopathy may
not be evident until the patient is challenged with large
volumes of fluids.

Survival from an episode of P. carinii pneumonia cor-
relates with the pretreatment arterial–alveolar gradient
(Brenner et al, 1987; Dohn et al, 1992). Other factors
that influence outcome include: number of tachyzoites
in bronchoalveolar lavage, degree of chest radiograph
abnormality, level of LDH elevation, and (for patients
with HIV infection low CD4 cell counts) (Kovacs et al,
1984; Brenner et al, 1987; Kales et al, 1987). For a pa-
tient with an initial PaO2 of greater than 70 mmHg
while breathing room air, expected response rates are
60% to 80% in non-AIDS patients and 80%–95% in
patients with AIDS (Hughes et al, 1977; Brenner et al,
1987; Sattler et al, 1988). Evaluation of response to
therapy should be based on clinical parameters (e.g.,
temperature, respiratory rate, oxygenation) and radi-
ographic examination. The use of bronchoscopy to as-
sess response to drug therapy is not helpful in the clin-
ical setting using current quantitative techniques since
cysts and trophozoites are difficult to quantitate accu-
rately. In HIV-infected patients, P. carinii will be pres-
ent in bronchoscopy specimens for many weeks after
initiation of therapy, even in patients who rapidly im-
prove (Shelhamer et al, 1984).
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In a patient who appears to be failing therapy after
4 to 6 days, clinicians need to assess for other concur-
rent pulmonary processes. Cytomegalovirus, fungi, my-
cobacteria, respiratory viruses, or agents of atypical
pneumonia may be present. Noninfectious causes such
as congestive heart failure, embolic disease, or alveolar
hemorrhage should be considered. A Swan-Ganz cathe-
ter may help evaluate for congestive heart failure. Em-
pirical therapy for community-acquired pneumonia
may be a reasonable strategy given the difficulty of di-
agnosing concurrent pneumonia. Prednisone should be
added to the regimen if not already instituted. A change
in therapy to a different agent is usually reserved until
the patient has had 4 to 8 days of first line therapy and
after other pulmonary processes have been investigated.
Most authorities recommend a switch from TMP-SMX
first to intravenous pentamidine and then to trime-
trexate. If a patient is deteriorating or failing to im-
prove on a regimen other than TMP-SMX, strong con-
sideration should be given to using TMP-SMX, even if
desensitization is required in the intensive care setting.

PREVENTION

Historically, the successful use of TMP-SMX in con-
trolled trials for primary prevention of P. carinii pneu-
monia in pediatric oncology patients (Hughes et al,
1977) has been the model for the development of pro-
phylactic strategies in other immunocompromised
hosts at risk for P. carinii pneumonia (Fischl et al,
1988). Prophylaxis for P. carinii pneumonia has been
shown most convincingly to decrease morbidity and
mortality in patients with cancer and patients with HIV
infection. Most authorities believe that it is prudent to
institute primary prophylaxis for groups of patients felt
to be at high risk including patients with organ trans-
plants (especially lung or heart–lung transplants), lym-
phoreticular malignancies, HIV with low CD4 counts,
and primary immunodeficiencies (Gryzan et al, 1988;
Henson et al, 1991; Masur, 1992). Prophylaxis should
be continued for as long as the immunosuppressive con-
dition persists.

In patients with malignant neoplasms or organ trans-
plants, observational studies provide data about when
to initiate prophylaxis, and how long to continue it.
The use of TMP-SMX for P. carinii pneumonia pro-
phylaxis in bone marrow transplant patients has greatly
reduced the incidence of pneumocystosis in this trans-
plant population (Winston, 1993). Current guidelines
for prophylaxis include all allogeneic hematopoietic
stem cell transplant recipients or autologous recipients
with underlying hematologic malignancies (e.g., lym-
phoma or leukemia) who are receiving intense condi-
tioning regimens or graft manipulations or who have

recently received fludarabine or 2-chlorodeoxyadeno-
sine. Prophylaxis should be administered from the time
of engraftment for at least 6 months after transplant
for all recipients. Prophylaxis should be continued for
greater than 6 months after transplant for all persons
who are receiving immunosuppressive therapy (e.g.,
prednisone or cyclosporine) or those who have chronic
graft vs. host disease. Prophylaxis is usually begun 1–2
weeks before transplant (Centers for Disease Control,
2000).

Recommendations formulated to prevent P. carinii
pneumonia in HIV-infected patients are based on large
observational databases and controlled trials. Prophy-
lactic agents should be initiated when an HIV-infected
patient’s absolute CD4 cell count falls below 200
cells/mm3 (Masur et al, 2002) and for patients with
oropharyngeal candidiasis regardless of CD4 cell count.
Prior to the era of HAART, prophylaxis was recom-
mended to be lifelong, once the patient’s CD4 cell count
fell below 200 cells/mm3, the patient had oral candidi-
asis, or the patient had an episode of P. carinii pneu-
monia (Phair et al, 1990; Kovacs et al, 1992; Masur,
1992). Since HAART regimens have been used exten-
sively, numerous studies have supported the cessation
of primary or secondary prophylaxis in patients whose
CD4 cell counts rise to � 200 cells/mm3 as a conse-
quence of HAART (Centers for Disease Control, 1999;
Centers for Disease Control, 2001; Furrer et al, 1999;
Furrer et al, 2001; Ledergerber et al, 2001; Masur et
al, 2002). For some patients with CD4 counts � 200
cells/mm3, it may be prudent, however, to continue pro-
phylaxis in patients with high viral loads (i.e.,
� 50,000–100,000 copies/ml), rapidly declining CD4
cell counts, wasting, oral candidiasis, or a prior episode
of P. carinii pneumonia at CD4 cell counts � 200
cell/mm3.

Trimethoprim-sulfamethoxazole is the preferred
chemoprophylactic agent in patients who can tolerate
it. Trimethoprim-sulfamethoxazole is more effective
than any other regimen (Table 27–2) (Hardy et al,
1992; Schneider et al, 1992; Bozzette et al, 1995;
Podzamczer et al, 1995; Saah et al, 1995). The relative
efficacy and toxicity of TMP-SMX as primary and sec-
ondary prophylaxis compared to other agents has been
best assessed in randomized prospective trials involv-
ing patients with HIV infection. In European and Amer-
ican trials evaluating primary and secondary prophy-
laxis, either high dose (1 double strength [DS] per day)
or low dose (1 single strength [SS] per day) TMP-SMX
was found to be significantly more effective in pre-
venting P. carinii than aerosolized pentamidine (Hardy
et al, 1989; Schneider et al, 1992; Girard et al, 1993;
Bozzette et al, 1995; Ioannidis et al, 1996). However,
the rate of discontinuation of study drug because of
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toxicity was higher in the TMP-SMX groups than in
the aerosolized pentamidine group. The incidence and
types of adverse reactions were similar in both TMP-
SMX groups, but the toxic effects occurred significantly
sooner in the group receiving the higher dose. These
adverse events appear to be partially dose-related
(Schneider et al, 1992).

True breakthroughs of P. carinii pneumonia are un-
usual for patients who are adherent to the recom-
mended regimens of TMP-SMX. There is no evidence
that a single-strength TMP-SMX tablet daily is less ef-
fective than a double strength, although a study ade-
quately powered to prove equivalence has not been
done (Ioannidis et al, 1996). However, it is unclear
whether regimens that employ fewer than 1 DS tablet
daily provide as much efficacy for preventing toxo-
plasmosis or bacterial respiratory infections. There are
data in patients with HIV infection to suggest that in-
termittent regimens (1 DS tablet thrice weekly) may be
less effective than daily regimens. Lower doses of TMP-
SMX are better tolerated than higher doses (El-Sadr et
al, 1999). In children with malignant neoplasms, such
differences were not observed (Hughes et al, 1987).

In a large trial (ACTG 081), 843 patients with HIV
infection were randomized to TMP-SMX (1 DS tablet
bid), dapsone (50 mg bid) or aerosolized pentamidine
(300 mg once monthly). Fewer episodes of P. carinii
pneumonia occurred among patients receiving TMP-
SMX than in the other two arms when patients with
CD4	 counts less than 100 cells/mm3 were considered
but not when patients with higher CD4	 counts were
assessed. In this trial, the efficacy of dapsone appeared
to be better than aerosolized pentamidine. Dapsone
given at doses of 50 mg per day or less was not as ef-
fective as 50 mg bid (Bozzette et al, 1995).

A secondary prophylaxis study in the United States
involved 310 patients with HIV infection who were

randomly assigned to aerosolized pentamidine by a
Respirgard II nebulizer or 1 oral double-strength tablet
of TMP-SMX daily (Hardy et al, 1992). By intent-to-
treat analysis, the recurrence rate of P. carinii pneu-
monia was significantly higher among the patients as-
signed to aerosolized pentamidine (18%) than among
those assigned to TMP-SMX (4%). As expected, pa-
tients who received TMP-SMX experienced consider-
able toxicity resulting in discontinuation of the agent.

Trimethoprim-sulfamethoxazole has advantages not
provided by aerosolized pentamidine including low
cost, oral formulation, and probable protective effect
against disseminated pneumocystosis. In addition, be-
cause of TMP-SMX’s broad spectrum of antimicrobial
activity, it offers protection against toxoplasmosis and
enteric pathogens. In addition, TMP-SMX confers pro-
tection against infection by Haemophilus influenzae
and Streptococcus pneumoniae (Carr et al, 1992;
Hardy et al, 1992).

Aerosolized pentamidine delivered by the Marqest ul-
trasonic nebulizer at a dose of 300 mg monthly has
been the regimen evaluated in most trials. This regimen
is effective, but it is not used as often as other regimens
due to its inferior efficacy, cost, and concern about in-
ducing cough that could disseminate other pathogens
such as tuberculosis. Pentamidine delivered by the
Fisons (Rochester, New York, USA) hand-held ultra-
sonic nebulizer at a dose of 60 mg every 2 weeks (af-
ter 5 loading doses) has also been shown to be highly
effective for prophylaxis in a prospective, randomized
trial (Montaner et al, 1991; Murphy et al, 1991). Other
delivery systems have not been evaluated as extensively
and cannot be recommended.

Aerosolized pentamidine is relatively well tolerated
when delivered by the Respirgard II or the Fisons neb-
ulizer in the indicated dosing regimens. Coughing or
wheezing occurs in 30%–40% of patients, but this re-
action may be diminished or prevented by the admin-
istration of beta-adrenergic agonist such as albuterol
(Conte et al, 1986; Leoung et al, 1990; Montaner et
al, 1991; Murphy et al, 1991). Bronchospasm rarely
necessitates discontinuation of prophylaxis with
aerosolized pentamidine treatment. Patients with reac-
tive airway disease or bullous lung disease may not dis-
tribute aerosolized pentamidine effectively and thus
may not obtain maximum protection. Disseminated
pneumocystosis has been reported in patients receiving
aerosolized pentamidine for prophylaxis (Hardy et al,
1989; Pareja et al, 1998), but it is not clear whether
such cases are truly more frequent in patients receiving
aerosolized pentamidine compared to those receiving
other forms of prophylaxis or no prophylaxis.

Concern has been raised about potential outbreaks
of tuberculosis among health-care workers and HIV-

TABLE 27–2. Drug Regimens for Prophylaxis for 
P. carinii Pneumonia
Agent Total Daily Dose Route Interval

First Choice

Trimethoprim/ 160/800 mg (DS) Oral Daily
sulfamethoxazole 160/800 mg (DS) Oral Twice 

daily
80/400 mg (SS) Oral Daily

Alternatives

Pentamidine 300 mg Aerosol Monthly
Dapsone 100 mg Oral Daily
Pyrimethamine plus 75 mg Oral Weekly

dapsone plus 200 mg Oral Weekly
leucovorin 25 mg Oral Weekly

Atovaquone 1500 mg Oral Daily

DS, double strength; SS, single strength
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infected patients associated with the coughing induced by
aerosol pentamidine. Before administering aerosolized
pentamidine, all patients should be screened for tubercu-
losis and health-care workers should follow guidelines to
minimize the risk of spread of TB to other patients and
health-care workers (Centers for Disease Control, 1990;
Blumberg et al, 1995). Ideally, aerosolized pentamidine
should be administered in individual booths or rooms
with negative pressure ventilation and direct exhaust
to the outside. After the administration of aerosolized
pentamidine, patients should not return to common
waiting areas until coughing has subsided.

Dapsone, an attractive alternative to aerosolized pen-
tamidine because it is oral, convenient, and inexpen-
sive, is considered by some experts to be the best al-
ternative for patients who cannot tolerate TMP-SMX
(Bozzette et al, 1995; Ioannidis et al, 1996). Approxi-
mately 50%–80% of patients who are TMP-SMX in-
tolerant will be able to tolerate dapsone (Holtzer et al,
1998). Dose reduction to improve tolerability is not
recommended, because doses less than 100 mg qd are
considerably less effective than the full-dose regimen.

Weekly doses of dapsone (200 mg) and pyrimeth-
amine (75 mg) are well tolerated, but less efficacy than
TMP-SMX (Lavelle et al, 1991). Dapsone-pyrimethamine
has efficacy as a prophylactic regimen against P. carinii
pneumonia that is similar to aerosol pentamidine but
less effective than TMP-SMX. This drug combination
has been assessed as a daily regimen (dapsone 50 mg
p.o. qd plus pyrimethamine 75 mg weekly) or as a
weekly regimen (dapsone 200 mg plus pyrimethamine
75 mg) (Girard et al, 1993; Opravil et al, 1995). It is
not clear if pyrimethamine truly adds potency against
P. carinii given the results of the ACTG 081 study men-
tioned previously (Bozzette et al, 1995). Dapsone alone
has no antibacterial activity, and it is not clear if dap-
sone has adequate antitoxoplasma activity when used
without pyrimethamine.

Two trials demonstrated that a daily atovaquone
dose of 1500 mg of the liquid suspension has compa-
rable prophylaxis efficacy to aerosolized pentamidine
or oral dapsone (El-Sadr et al, 1998; Chan et al, 1999).
Atovaquone does have activity against toxoplasma, but
the relative efficacy of this regimen for preventing tox-
oplasmosis has not been adequately studied. Atovaqone
has no antibacterial activity. Atovaquone is also much
more expensive than other drug regimens.

Other potential prophylactic agents that have been
used empirically or evaluated in small clinical trials 
include pyrimethamine-sulfadoxine, trimethoprim-
dapsone, parenteral pentamidine and clindamycin-
primaquine. Although these regimens probably have
some efficacy, data evaluating these forms of prophy-
laxis are limited and not yet sufficient to warrant rec-
ommending any of them with confidence.

RECENT ADVANCES

Desensitization to Sulfonamides
The utility of TMP-SMX desensitization, or more ap-
propriately gradual dose escalation has been contro-
versial in terms of prophylaxis or therapy. In uncon-
trolled studies, some patients have been successfully
desensitized to TMP-SMX in attempts to reduce the
likelihood of adverse reactions from occurring in pa-
tients with a history of hypersensitivity-like reaction
(Rubin et al, 1987; Carr et al, 1993; Absar et al, 1994;
Gluckstein and Ruskin, 1995). Two randomized trials
assessing desensitization as a method to improve long-
term tolerance have been completed in patients with
HIV infection. Both suggest that gradual dose escala-
tion is useful when an endpoint of percent of patients
still receiving TMP-SMX after several months is as-
sessed (Para et al, 2000; Leoung et al, 2001).

Of concern are reports about severe systemic reac-
tions in HIV-infected patients that resemble anaphy-
laxis or septic shock in patients who are rechallenged
with TMP-SMX after experiencing toxicity within the
previous 6–8 weeks. Although the mechanism remains
unclear, the reaction has features of cytokine-mediated
effects that are not related to IgE (Kelly et al, 1992;
Martin et al, 1993). Clinicians should be aware that
this syndrome may be due to TMP-SMX rather than
some other process.

Sulfonamide Resistance/Dihydropteroate 
Synthase Mutations

Since P. carinii has been widely exposed to sulfonamide
drugs (the most active component of the combination
drug TMP-SMX), it is reasonable to expect that P.
carinii might develop sulfonamide resistance. Both dap-
sone and TMP-SMX act by inhibiting folate biosyn-
thesis enzyme dihydropteroate synthase (DHPS). Sul-
fonamide resistance results from point mutations in the
DHPS gene. Since human P. carinii cannot be cultured
and hence no sensitivities can be performed, resistance
is elucidated by the indirect method of looking for P.
carinii DHPS gene mutations (Lane et al, 1997). While
the DHPS mutations have been found in patients tak-
ing low doses of TMP-SMX for P. carinii prophylaxis
(Kazanjian et al, 1998; Mei et al, 1998), it is unclear
if this mutation affects the response to therapeutic doses
of TMP-SMX. While a Danish study reports that pa-
tients with mutant DHPS were less likely to survive P.
carinii infections, two other trials recently found that
there was no effect on survival or response to therapy
in those who had mutant DHPS (Helweg-Larsen et al,
1999; Huang et al, 2000; Kanzanjian et al, 2000; Navin
et al, 2001). Whether the presence of these mutations
does, in fact, predict failure of prophylaxis or treatment
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courses remains controversial. Currently there is no
compelling evidence to suggest that resistance testing is
warranted for routine clinical indications.
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Miscellaneous Fungi
JOHN W. BADDLEY AND WILLIAM E. DISMUKES

Over the past decade, rare and unusual fungi, often
common soil saprophytes, have been increasingly re-
ported as causing invasive infections in humans. Possi-
ble reasons for an increased frequency of unusual fun-
gal infections include increasing numbers of patients
with immunosuppression, and increases in environ-
mental exposures. This chapter focuses on unusual and
rare yeast and mould organisms and their disease 
manifestations. Lobomycosis, a chronic skin infection
caused by the yeast-like organism Lacazia loboi, is de-
scribed, followed by infections due to basidiomycetes,
and Emmonsia parva, the agent of adiaspiromycosis.
Finally, rhinosporidiosis is discussed, although recent
evidence indicates that the causative agent, Rhi-
nosporidium seeberi, should no longer be classified as
a fungus.

INFECTIONS DUE TO YEAST-LIKE ORGNAISMS

Lobomycosis
Lobomycosis is a chronic skin infection characterized
by nodules, plaques, and verrucoid or ulcerated lesions.
The agent of lobomycosis, now referred to as Lacazia
loboi (Taborda et al, 1999), is a yeast-like organism in
tissues, and is primarily a human pathogen. Dolphins
(Tursiops truncatus and Sotalia fluviatilis) are the only
nonhuman hosts that acquire natural infection (Migaki
et al, 1971; Dudok van Heel, 1977; Cowan, 1993).
Lobomycosis occurs in tropical and subtropical forests,
and has been reported in South, Central, and North
America, and in Europe (Rodriquez-Toro, 1993). The
majority of cases are from the Brazilian and Colom-
bian Amazonian regions; only recently has a case from
the United States been described (Burns et al, 2000).

The natural habitat of L. loboi is unknown, and is
difficult to investigate because the organism has never
been isolated and cultured in vitro. Most infections oc-
cur on the skin in areas exposed to trauma, suggesting
that the organism is present in soil or on vegetation
(Rodriquez-Toro, 1993). An aquatic source is also
likely, based on reported infections among dolphins
(Migaki et al, 1971; Dudok van Heel, 1977; Cowan,
1993).

Lobomycosis was reported initially in 1930 by the
dermatologist Jorge Lobo (Lobo, 1931), who described
a native of the Amazon Valley who had numerous
plaques and nodules in the lumbo-sacral region. His
disease had slowly progressed for 19 years. Based on
clinical and histologic findings of the case, Lobo be-
lieved that the etiologic fungus was similar to Para-
coccidioides brasiliensis, and referred to the infection
as keloidal blastomycosis.

Since the initial description of lobomycosis, greater
than 300 human cases have been confirmed (Fuchs et
al, 1990; Rodriguez-Toro, 1993). Lesions occur on
cool, exposed areas such as the feet, legs, ears, arms,
elbows, and less frequently the face. Lesions can be lo-
calized or disseminated throughout the skin, resulting
from contiguous extension, autoinoculation, or lym-
phatic spread. A single case has been described which
suggests visceral involvement (Monteiro-Gei, 1971). A
patient with lobomycosis of the leg and knee for 47
years was found to have a presumed testicular tumor;
however histopathology results showed granulomas
with giant cells, and fungi consistent with lobomycosis.

Lobomycosis usually begins as a well-circumscribed,
indurated papule, and as the cutaneous disease pro-
gresses, the lesions enlarge and new lesions appear.
Nodular lesions are most frequent, although macules,
papules, plaques, ulcers, and verrucous lesions may be
present (See Color Fig. 28–1 in separate color insert)
(Rodriques-Toro, 1993). Generally, the disease is in-
sidious, and may progess over a period of 50 or more
years (Pradinaud, 1998).

Diagnosis of lobomycosis is based on clinical features
of the skin lesions and histologic examination with spe-
cial stains of tissues; the organism has not yet been cul-
tured in vitro. Microscopically, the dermis contains
granulomas with foamy macrophages and multinucle-
ated giant cells, without the presence of necrosis. Both
macrophages and giant cells may ingest the fungi
(Kwon-Chung and Bennett, 1992; Rodriguez-Toro,
1993). The fungus, between 5 and 12 �m in diameter,
is yeast-like, lemon-shaped, and forms beads joined to-
gether by thin bridges (See Color Fig. 28–2 in separate
color insert). Cells with multiple budding forms are
seen frequently, and may resemble budding seen with
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Paracoccidioides brasiliensis (Kwon-Chung and Ben-
nett, 1992).

Therapy of lobomycosis is difficult, and treatment
with amphotericin B, ketoconazole, trimethoprim, and
flucytosine has been tried but is often of little benefit
(Lawrence and Ajello, 1986; Caceres and Rodriguez-
Toro, 1991). Miconazole is reported to have cured the
lesions of a dolphin (Dudok van Heel, 1977). For small
skin lesions, cryosurgery or electrosurgery may be cur-
ative. Clofazamine has been used with some success in
addition to surgery (Talhari, 1981; Burns et al, 2000).
For early lesions, surgical removal may be effective
(Baruzzi et al, 1981), but in chronic cases relapse after
surgery is frequent (Baruzzi et al, 1979; Caceres and
Rodriguez-Toro, 1991).

INFECTIONS DUE TO 
MISCELLANEOUS MOULDS

Basidiomycosis
The basidiomycetes, comprising mushrooms and toad-
stools, are distributed widely in nature, with over
16,000 recognized species (Hawksworth et al, 1983).
Basidiomycetes are common plant pathogens or soil
saprophytes, but rarely cause invasive disease in hu-
mans (Greer, 1978). Although basidiomycetes are in-
creasingly recognized as pathogens, their identification
is problematic (Sigler and Abbott, 1997a). On exami-
nation of infected tissues, septate, hyaline hyphae are
seen, and may be confused with those of Aspergillus
species (Sigler et al, 1999). Frequently, cultures of tis-
sue specimens show initial hyphal growth but are dif-
ficult to identify to the genus or species level (Sigler and
Abbott, 1997a). Among basidiomycetes causing human
infection, the most recognized species is Filobasidella
neoformans, the teleomorph (sexual state) of Crypto-
coccus neoformans. Less common, but emerging,
pathogens include Schizophyllum commune, Coprinus
species, Hormographiella aspergillata, and Ustilago
species.

Few cases of confirmed invasive infection due to ba-
sidiomyctes, other than those of Filobasidella neofor-
mans, exist in the literature, but cases and identification
of isolates as basidiomycetes appear to be increasing
(Rihs et al, 1996). Schizophyllum commune, one of the
more common pathogens, has been reported as caus-
ing a palatal ulcer that was treated successfully with
amphotericin B (Restrepo et al, 1973). Other reports
include several cases of invasive or allergic sinusitis
(Kern and Uecker, 1986; Catalano et al, 1990; Rosen-
thal et al, 1992; Clark et al, 1996; Sigler et al, 1997b;
Sigler et al. 1999), and a case of allergic bronchopul-
monary mycosis (Kamei et al, 1994). Recently, a case
of S. commune causing pulmonary disease and brain
abscess was described in a patient receiving corticos-

teroid therapy for presumptive lymphoma (Rihs et al,
1996). The patient improved with amphotericin B and
itraconazole, but later died of bacterial pneumonia and
sepsis. Coprinus cinereus was the caustive agent in a
well-documented case of aortic valve endocarditis
(Speller and MacIver, 1971). No obvious source of in-
fection was identified. Aortic valve tissue grew C.
cinereus, but the patient died during valve replacement
surgery and was not treated. A case of necrotizing bron-
chopneumonia in a leukemic patient was attributed 
to Hormographiella aspergillata, the anamorph of C.
cinereus (Verweij et al, 1997). The patient failed to re-
spond to therapy with amphotericin B and itracona-
zole, and died of respiratory failure. Ustilago species
have been implicated as the cause of skin infection and
a brain lesion (Greer, 1978); however, in neither case
was identification confirmed with culture.

The ideal treatment for basidiomycete infections is
unknown, and the paucity of cases does not allow for
comparisons of outcomes with different antifungal
agents. Amphotericin B has been effective in several
cases, either as single therapy, or in combination with
itraconazole (Greer and Bolanos, 1973; Restrepo et al,
1973; Rihs et al, 1996). Azole agents, particularly 
itraconazole and fluconazole, as single therapy have
achieved mixed results (Marlier et al, 1993; Kamei et
al, 1994). In four cases of sinusitis, surgical therapy
alone was curative (Kern and Uecker, 1986; Catalano
et al, 1990; Rosenthal et al, 1992). Recently, suscepti-
bility data have been reported for approved and inves-
tigational antifungal drugs against a large number of
basidiomycetes, several of which caused invasive infec-
tion (Gonzalez et al, 2001). For the species tested, 96-
hour MICs for amphotericin B, itraconazole, voricona-
zole, and posaconazole were low (0.125–1 mcg/ml),
whereas the MICs were somewhat higher for 5-flucy-
tosine and fluconazole. Correlation between in vitro
data and clinical efficacy is as yet unknown, but may
become important as basidiomycete infections appear
to be emerging.

Adiaspiromycosis
Adiaspiromycosis is an unusual pulmonary mycosis
that affects man and animals, but is most common in
rodents. Infection occurs after inhalation of dust-borne
conidia of the mould Emmonsia parva (recently named
Chrysosporium parvum). Two varieties of this organ-
ism have been shown to be pathogens: E. parva var.
crescens causes disease in man and animals, and E.
parva var. parva causes disease only in animals.

Adiaspiromycosis is a unique mycosis because the in-
haled conidia enlarge but do not germinate or repro-
duce in the host tissues. The conidia form adiaspores,
which resemble spherules, in tissue. Adiaspiromycosis
is diagnosed by the characteristic finding of adiaspores,
ranging in size from 50 to 500 �m, surrounded by gran-
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ulomatous inflammation in tissue (See Color Fig. 28–3
in separate color insert).

The first human case of adiaspiromycosis, in which
an adiaspore was found incidentally in a lung nodule
from a patient with aspergillosis, was described in
France (Doby-Dubois et al, 1964). Since the initial de-
scription, more than 40 human cases have been re-
ported worldwide (England and Hochholzer, 1993).
Pulmonary disease is most common, although adi-
aspiromycosis involving other organs, including peri-
toneum, skin, and bone, has been described (Kamalam
and Thambiah, 1979; Echavarria et al, 1993; Turner
et al, 1999).

A recent review describes the common features of 
infection in 11 cases of pulmonary adiaspiromycosis
(England and Hochholzer, 1993). Lung infection can
be localized (few adiaspores limited to a segment or
lobe of lung), or disseminated (bilateral disease with
multiple adiaspores). Because the inhaled conidia do
not multiply but only enlarge in tissues, severity of dis-
ease and extent of infection may be related to the ini-
tial inoculum of inhaled conidia (Peres et al, 1992; Eng-
land and Hochholzer, 1993).

In patients with localized lung disease, adiaspiromy-
cosis is often an incidental finding in asymptomatic 
patients. In patients with disseminated lung disease,
cough, dyspnea, asthenia, and fever are more frequently
seen (Filho et al, 1990; England and Hochholzer,
1993). Physical examination is often normal, but may
reveal basilar crackles on auscultation. In patients with
disseminated disease, radiographic studies may reveal
a reticulonodular pattern similar to that seen with mil-
iary tuberculosis (England and Hochholzer, 1993).

Diagnosis of adiaspiromycosis is based on histo-
pathologic examination of lung tissue. Culture of the
organism is difficult, and sputum or bronchoalveolar
lavage specimens are rarely culture positive in patients
with disease (Filho et al, 1990; Turner et al, 1999). On
gross examination of lung tissue, nodules, usually white
to various shades of gray, can be seen. On microscopic
exam, adiaspores (spherules) are found within the nod-
ules (See Color Fig. 28–3 in separate color insert). In
some instances the spherules may be confused with par-
asites such as Dirofilaria or Strongyloides, but can be
easily distinguished from the characteristic spherules of
Coccidioides immitis, which contain numerous en-
dospores (Baird et al, 1988; Nicholson et al, 1992; Eng-
land and Hochholzer, 1993).

Adiaspiromycosis often regresses and patients im-
prove without any therapy. In contrast, a few patients
have progressive disease that may contribute to fatal
outcome (Peres et al, 1992; England and Hochholzer,
1993). Given the small number of reported cases of adi-
aspiromycosis, the utility of antifungal treatment in al-
tering disease course is unknown. However, patients

have improved when treated with various antimicro-
bial agents, including amphotericin B plus flucytosine,
ketoconazole, and thiabendazole (Severo et al, 1989;
Filho et al, 1990; Echavarria et al, 1993; Turner et al,
1999). In the rare cases of clinical progression, per-
sistence of disease, or involvement of organs other than
lung, surgical intervention may be required for cure
(England and Hochholzer, 1993).

Rhinosporidiosis
Rhinosporidiosis is a chronic granulomatous infection
of the mucous membranes characterized by the forma-
tion of friable, polypoid masses that most often invlolve
the nose, nasopharynx, or conjunctiva. The etiologic
agent is Rhinosporidium seeberi, which has tradition-
ally been regarded as a fungus on the basis of mor-
phologic and histochemical characteristics. Although
recent evidence suggests that the organism may be a
protistan parasite (Herr et al, 1999; Fredricks et al,
2000), rhinosporidiosis is considered here. Animal in-
fections have occurred, as evidenced by a recent de-
scription of rhinosporidiosis in a domestic cat (Wallin
et al, 2001). Rhinosporidiosis has a worldwide distri-
bution, but most of the reported cases have occurred
in India or Sri Lanka (Amesur, 1949; Karunaratne,
1964). Other geographic regions with a significant
number of reported cases include areas of South Amer-
ica and Africa (Owor and Wamucota, 1978).

The first description of rhinosporidiosis was by Mal-
bran in 1892, after examination of a nasal polyp re-
vealed infection by a parasite. In 1900, Guillermo See-
ber, for whom the organism is named, described the
causative organism in a nasal polyp (Seeber, 1900).
Since the initial description, approximately 2000 cases
of rhinosporidiosis have been reported worldwide. Dis-
ease favors a male predominance (4:1), and usually af-
fects those between 15 and 40 years of age. Nasal 
infection is twice as common as ocular infection
(Karunaratne, 1964).

The precise mode of transmission of rhinosporidio-
sis is unknown, but trauma of the mucous membranes
is probably necessary for most infections to occur (Ash-
worth, 1923). Increased prevalence of disease has been
found among sand workers and divers (Noronha, 1933;
Mandlick, 1937); moreover, in Sri Lanka, many cases
involve rice paddy farmers, suggesting that water may
transmit the organism. In dry areas, infections appear
to increase after dust storms, which suggest that soil
may also be a source of R. seeberi (Kaye, 1938).

Rhinosporidiosis typically involves the mucous
membranes, with formation of red or purple peduncu-
lated, polypoid masses. Lesions may range in size from
small, discrete nodules, to extensive, lobulated masses.
Lesions are friable, irregular, and frequently bleed.
White dots are found on the outside of the lesions,
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which may give a strawberry-like appearance. The
nasal mucosa is most frequently affected, but infection
may also involve the nasopharynx, ocular tissue, ure-
thra, and skin (Mahakrisnan et al, 1981; Sasidharan et
al, 1987; van der Coer et al, 1992; Shrestha et al, 1998).
Disseminated disease is rare (Agrawal and Sharma,
1959; Mahakrisnan et al, 1981). Patients with nasal
mucosal involvement typically present with nasal ob-
struction or epistaxis. These symptoms may be accom-
panied by nasal drainage and pruritus, but seldom is
there nasal pain. Ocular infection usually presents with
tearing, bleeding, or foreign-body sensation (Roberson
et al, 1985). The palpebral conjunctiva is most com-
monly affected, followed by the bulbar conjunctiva,
corneal limbus, and lacrimal sac (Karunaratne, 1964).

Rhinosporidium seeberi has not been successfully
cultured in the laboratory on fungal media, so the di-
agnosis of rhinosporidiosis is based on typical clinical
features and histologic examination with special 
stains. Diagnosis of rhinosporidiosis can be made on
histopathologic analysis of the excised lesion, but it can
also be made after microspcopic analysis of nasal
drainage (Fortin and Meisels, 1974; Chaudhary and
Joshi, 1986). Examination of tissue reveals a variety of
inflammatory cells including neutrophils, multinucle-
ated giant cells, plasma cells, and lymphocytes. Vascu-
larity of the tissue is prominent. On the epithelial sur-
face of the lesion and in the submucosa, numerous
sporangia are seen, ranging up to 300 �m in diameter
(See Color Fig. 28–4 in separate color insert). Fungal
stains, such as Gomori-methenamine silver, and peri-
odic acid-Schiff, are useful to highlight the walls of the
sporangia and small internal spores.

The best therapy for rhinosporidiosis is surgical ex-
cision of the lesions. Electrosurgery has been success-
ful in many cases; however, recurrence of the lesions is
not uncommon (Satyanarayana, 1960). Response to
oral medications such as dapsone, amphotericin B, and
griseofulvin is reported, although the effectiveness of
medical therapy is unknown (Nair, 1979; Job et al,
1993).
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Fungal infections in neutropenic patients
JUAN GEA-BANACLOCHE, ANDREAS H. GROLL, AND THOMAS J. WALSH

Invasive fungal infections (IFIs) are a significant prob-
lem in neutropenic patients. They are common, diffi-
cult to diagnose, and associated with high mortality.
This chapter is organized according to the clinical, di-
agnostic, and therapeutic approaches that are recom-
mended for the management of neutropenic patients at
risk for IFIs. Although any fungal pathogen may po-
tentially cause infection in neutropenic patients (Walsh
and Groll, 1999a), here the focus is on more common
fungal infections with special emphasis on Candida
spp., Aspergillus spp., Fusarium spp., Scedosporium
spp., Trichosporon spp., and the Zygomycetes. The em-
pirical treatment of persistent fever in the neutropenic
patient is also reviewed.

MAGNITUDE AND SCOPE OF THE PROBLEM

The initial description of fungal infections in neu-
tropenic patients was published more than 30 years ago
(Bodey, 1966a). Bodey reviewed the records of all 454
patients with acute leukemia who died at the National
Institutes of Health between 1954 and 1964 and found
that 107 patients (24%) had a major fungal infection
(excluding focal candidiasis). Despite the changes in
clinical practice during the last 4 decades, more recent
autopsy studies continue to show high frequencies of
IFIs in leukemic patients: 25% overall in a study that
included 12 hospitals in Europe, Canada, and Japan
(Bodey et al, 1992), and a striking 58% in a more re-
cent European report (Jandrlic et al, 1995). The fre-
quencies are much lower for patients with solid tumors
(1%–8%). These numbers must be interpreted with
caution because of the selection bias inherent to au-
topsy studies, and the various definitions used in these
series (Krick and Remington, 1976; Fraser et al, 1979;
Wingard et al, 1979). The recent large trials of empir-
ical antifungal therapy in neutropenic fever have doc-
umented relatively low frequencies of IFI (at the initi-
ation of empirical therapy), ranging between 1.5% and
5.9% (Winston et al, 2000; Boogaerts et al, 2001) and
similarly low frequencies of breakthrough infections
during treatment, ranging between 2.6% and 5.5%
(Boogaerts et al, 2001; Walsh et al, 2002). This broad

range of rates reflects in part methodological and def-
inition issues, but also underscores that not all neu-
tropenic patients are at the same risk (Walsh et al, 1994;
Prentice et al, 2000).

The autopsy studies are also consistent on other
points. A large percentage of fungal infections go un-
diagnosed during life. The general frequencies of
pathogens are also fairly similar, with Candida com-
prising roughly 50% of all cases, Aspergillus 40% and
the Zygomycetes, Cryptococcus and other pathogens
accounting for the remainder. The current widespread
use of azole prophylaxis is probably changing the epi-
demiology of IFI: Candida albicans is becoming less
common, and other more resistant species (C. glabrata,
C. krusei) are becoming more prevalent (Abbas et al,
2000; Bodey et al, 2002). At the same time, Aspergillus
is emerging as the more common pathogen in some in-
stitutions, particularly in the setting of hematopoietic
stem cell transplantation, where Aspergillus has re-
placed Candida as the most common fungal pathogen
in a recent series (Martino et al, 2002).

DEFICITS IN HOST DEFENSE PREDISPOSING
NEUTROPENIC PATIENTS TO INVASIVE FUNGAL
INFECTIONS: IMPLICATIONS FOR MANAGEMENT

The difficulties in the diagnosis of IFIs have resulted in
the development of management strategies that take
into consideration the different risks of IFIs in differ-
ent population groups (Walsh et al, 1994). Table 29–1
shows the most important contributing risk factors.

Protracted, profound myelosuppression has been rec-
ognized as a major risk factor for development of IFIs
for more than 30 years (Bodey et al, 1966b). In fact,
Gerson and coworkers found that granulocytopenia
persisting for more than 21 days was the single most
significant risk factor for invasive aspergillosis in pa-
tients with acute nonlymphocytic leukemia (Gerson et
al, 1984). The importance of the duration of granulo-
cytopenia as a major risk factor also has been demon-
strated in more recent studies (Uzun et al, 2001; Rex
et al, 2002). Other risk factors, including the use of
broad spectrum antibacterial agents, corticosteroids,
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central venous catheters, the status of the patient’s un-
derlying disease, and the type of cytotoxic chemother-
apy (especially agents that disrupt mucosal integrity)
also contribute to the development of IFIs in patients
with cancer (Bow et al, 1991).

Candida colonization has been shown to be an im-
portant risk factor for the development of superficial
candidiasis and subsequent invasive infection (Guiot 
et al, 1994; Schwartz et al, 1984). Broad-spectrum 
antibiotics increase the risk of fungal colonization
(Gualtieri et al, 1983), and in this way add to the risk
of IFI. The type and status of the underlying neoplas-
tic process contributes to the duration of granulocy-
topenia and hence the risk for infection. Patients with
hematological malignancies have a much higher fre-
quency of opportunistic mycoses than patients with
solid tumors. In general, patients with acute myeloge-
nous leukemia appear to be at higher risk than patients
with acute lymphoblastic leukemia or lymphoma (Den-
ning et al, 1998), but many confounding factors may
be contributing to this association. Patients with re-
lapsed vs. newly diagnosed neoplastic disease have an
increased risk for infectious complications. The reasons
are multifactorial, and include diminished bone mar-
row reserve and need for more intensive chemotherapy
with increased mucosal disruption and opportunities
for fungal colonization. Disruption of the mucosal bar-
riers is an important factor in establishing disseminated
candidiasis in animal models of granulocytopenia
(Walsh and Pizzo, 1992). Similar findings have been

observed in patients receiving cytarabine for acute
leukemia (Bow et al, 1991). Venous catheters also rep-
resent another portal of entry into the bloodstream for
pathogenic yeasts.

Cancer therapies (radiation and chemotherapy) may
increase the risk of IFIs by a variety of mechanisms.
Corticosteroid use increases the risk of invasive as-
pergillosis, mainly through an inhibitory effect on
phagocytosis (Schaffner and Schaffner, 1987). Their use
also results in defective cell-mediated immunity. Dura-
tion and dose of glucocorticosteroids correlate strongly
with the development of invasive aspergillosis during
allogeneic stem cell transplantation (Ribaud et al,
1999). Many immunosuppressive agents have a less
clear effect on fungal infections. As an example, flu-
darabine seems to be associated mainly with increased
incidence of cryptococcosis (Chim et al, 2000). Radia-
tion therapy also will decrease cell-mediated immunity
and contribute to the disruption of mucosal barriers.

DIAGNOSIS OF INVASIVE FUNGAL 
INFECTIONS IN NEUTROPENIC PATIENTS

Clinical manifestations of IFIs in neutropenic patients
are seldom specific and early laboratory detection of
these infections remains difficult. The methods for de-
tection of IFIs range from the conventional approaches
of direct microscopic examination and culture of spec-
imens to nonculture methods, many of which are 
under active investigation. These methods include the
detection of pathogen-specific antigens, antibodies,
metabolites, and nucleic acid sequences. While many
of these methods are currently being developed, several
have become standard laboratory tools (e.g., detection
of cryptococcal capsular polysaccharide by latex ag-
glutination or enzyme immunoassay).

Standard approaches to the laboratory diagnosis of
IFIs depends upon (1) direct microscopic inspection of
freshly obtained patient specimens for the presence of
organisms, (2) recovery of fungi in cultures of blood,
sterile body fluids, tissues, or other sites, and (3) his-
tological identification of organisms morphologically
consistent with certain species of fungi. Laboratory
identification of Candida and Aspergillus isolates at the
species level carries important implications for both
prognosis and therapeutic choices. Investigative ap-
proaches to nonculture-based methods for rapid detec-
tion of deeply invasive mycoses may permit earlier ini-
tiation of effective antifungal therapy and therapeutic
monitoring.

Clinical Manifestations
Invasive Candidiasis. Deeply invasive candidiasis is dif-
ficult to diagnose in neutropenic patients and is the
cause of substantial morbidity and mortality in hospi-

TABLE 29–1. Host Factors Related to Development of
Invasive Fungal Infections
Host Factors Associated with Increasing Development of 
Invasive Fungal Infections in Granulocytopenic Patients

Protracted Granulocytopenia
Corticosteroid therapy
Broad spectrum antibiotics
Relapsed neoplastic disease
Hematological neoplasias
Previous invasive pulmonary aspergillosis
Central venous catheters
Total body irradiation
Allogeneic bone marrow transplantation

T-cell depletion*
Graft vs. host disease*

Host Factors Associated with Possibly Reducing Development 
of Invasive Fungal Infections in Granulocytopenic Patients

Solid Tumors
Remission of neoplastic disease
Recovery from granulocytopenia related to

spontaneous recovery
recombinant hematopoietic cytokines**
stem cell reconstitution**
granulocyte transfusions**

*Additional host factors further compromising the allogeneic bone
marrow transplant recipient.

**Investigational for reducing development of invasive fungal in-
fections.
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talized patients. Bedside clinical evaluation is critical to
assess a patient with possible invasive candidiasis.
Recognition of the profile of subsets of patients at high
risk for invasive candidiasis is essential. Acute dissem-
inated candidiasis is characterized typically by fever,
with or without sepsis syndrome. The physical exam is
usually nonfocal, but may reveal vitreal opacities (a
hallmark of Candida endophthalmitis in the nonneu-
tropenic host), erythematous maculopapular cutaneous
lesions and/or myalgias (Arena et al, 1981). Chronic
disseminated candidiasis (hepatosplenic candidiasis)
characteristically presents as new fever after recovery
from neutropenia, with alkaline phosphatase elevation
and tenderness in the upper abdomen (See Color Fig.
29–1 in separate color insert) (Kontoyiannis et al,
2000a). Radiological investigations are typically unre-
vealing in acute disseminated candidiasis, but are fre-
quently the key diagnostic test in chronic disseminated
candidiasis, where ultrasound, computed tomography
(CT), and magnetic resonance imaging (MRI) may re-
veal characteristic “target-like” lesions in liver, spleen
and kidneys (Thaler et al, 1988; Sallah et al, 1998; Kon-
toyiannis et al, 2000a) (Fig. 29–2).

Invasive Aspergillosis. The most common clinical pres-
entation of invasive aspergillosis in the neutropenic pa-
tient is persistent or recurrent fever (Walsh and Dixon,
1989; Denning and Stevens, 1990). The respiratory
tract is the most common portal of entry of Aspergillus
spp. and the most common site of invasive aspergillo-
sis. Aspergillus has a strong propensity for invasion of
blood vessels resulting in vascular thrombosis, infarc-

tion, and tissue necrosis, which contribute to many of
the clinical manifestations of pulmonary aspergillosis,
namely, pleuritic pain, nonproductive cough, hemopt-
ysis, and pleural rub (Gerson et al, 1985a; Gerson et
al, 1985b). In the case of sinus aspergillosis, signs and
symptoms include fever, orbital swelling, facial pain,
and nasal congestion (Drakos et al, 1993). Angioinva-
sion by Aspergillus spp. may lead to cavernous sinus
thrombosis. An ulcerated lesion on the hard palate or
gingiva may also be present (Talbot et al, 1991).

Radiographic manifestations of invasive pulmonary
aspergillosis include bronchopneumonia, lobar consol-
idation, segmental pneumonia, multiple nodular lesions
resembling septic emboli, and cavitary lesions (Orr et
al, 1978; Kuhlman et al, 1985; Hruban et al, 1987;
Aquino et al, 1994; Caillot et al, 2001b) (See Color
Fig. 29–3 in separate color insert). The chest roentgeno-
gram may initially appear normal due to the paucity of
inflammatory response. However, early use of CT may
reveal a “halo sign,” which is observed early in the ma-
jority of neutropenic patients with proven invasive pul-
monary aspergillosis (Caillot et al, 2001b). The “halo
sign” has been very well described (Kuhlman et al,
1985; Hruban et al, 1987; Caillot et al, 1997; Caillot
et al, 2001b), and consists of a delicate infiltrate at the
edges of the denser consolidation, possibly represent-
ing edema around the infarcted tissue. This edema con-
stitutes a reversible injury to the lung tissue. With ini-
tiation of antifungal therapy, this process may be
stabilized or reversed (Walsh et al, 1995b); after re-
covery from neutropenia, cavitation, and development
of a “crescent sign” may occur (Caillot et al, 2001b).

FIGURE 29–2. Computed tomography scan showing target-like lesions in liver of patient with chronic disseminated candidiasis.
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The presence of such crescentic cavitary lesions in an
immunocompromised patient with pulmonary infil-
trates is most compatible with invasive pulmonary as-
pergillosis (Curtis et al, 1979; Slevin et al, 1982). Other
early lesions visible on CT scan are peripheral or sub-
pleural nodules contiguous with the pulmonary vascu-
lar tree. Early radiographic recognition of pulmonary
lesions contributes to more prompt and appropriate an-
tifungal therapy (Aisner et al, 1977; Kuhlman et al,
1985; Caillot et al, 1997). Investigators recently found
that performing CT scans on all febrile neutropenic pa-
tients permitted earlier recognition of invasive as-
pergillosis, with improvement in time to detection of
infiltrates from 7 to 1.9 days (Caillot et al, 1997).

Dissemination during invasive aspergillosis charac-
teristically involves the central nervous system (CNS)
and the skin; CNS involvement may be clinically silent,
or can present dramatically as an embolic stroke (Walsh
et al, 1985). Imaging (preferably by magnetic reso-
nance) is indicated when the diagnosis of aspergillosis
is made, even in the absence of symptoms. The neuro-
radiological findings are variable, as the pathological
lesions may be infarction, hemorrhage, or abscess (De-
Lone et al, 1999; Dietrich et al, 2001; Yamada et al,
2002). The CNS lesions may lack ring enhancement,
particularly during neutropenia. Disseminated aspergil-
losis involving the skin is characterized by erythema-
tous nodules with hemorrhagic infarctions. Septate hy-
phae with dichotomous branching are detected in the
biopsy specimen (see Color Fig. 29–3D in separate
color insert).

Fusariosis. Fusarium spp. may cause severe pulmonary,
sinus, or disseminated infections in granulocytopenic
patients undergoing intensive antileukemic chemother-
apy or bone marrow transplantation (Anaissie et al,
1986; Anaissie et al, 1988; Martino et al, 1994a; Bou-
tati and Anaissie, 1997; Segal et al, 1998). Fusarium
solani, F. oxysporum, F. moniliforme, and F. chlamy-
dosporum have been reported to cause disseminated in-
fection in immunosuppressed patients. The portals of
entry of Fusarium spp. include lungs, sinuses, catheters,
and skin, particularly at periungual regions. Fusarium
has become increasingly recognized as a cause of
paronychia in neutropenic patients receiving broad-
spectrum antibiotics. These portals of entry may lead
to widespread dissemination, fungemia (blood cultures
in disseminated fusariosis are positive in approximately
one-half of cases), and occasionally, chronic hepatic in-
fection upon recovery from neutropenia. Findings on
physical examination include nodular cutaneous lesions
as a reflection of disseminated infection (Nucci and
Anaissie, 2002a) (See Color Fig. 29–4 in separate color
insert). Biopsy of these lesions may reveal characteris-
tic hyaline branching septate hyphae, which are not re-

liably distinguishable from those of Aspergillus, and 
extensive necrosis surrounding the fungal elements
(Anaissie et al, 1988).

Scedosporiosis. Scedosporium species cause pneumo-
nia and disseminated infections in neutropenic and
other compromised hosts (Travis et al, 1985; Berenguer
et al, 1989; Walsh et al, 1995c; Jabado et al, 1998;
Walsh and Groll, 1999a; Groll and Walsh, 2001).
Pneumonia due to Scedosporium spp. is clinically in-
distinguishable from that due to Aspergillus spp. As
with pulmonary aspergillosis, dissemination compli-
cating Scedosporium pneumonia often involves the cen-
tral nervous system (Yoo et al, 1985; Berenguer et al,
1989; Nguyen, 2001) or may result in multiple cuta-
neous lesions. Diagnostic procedures and approaches,
including chest CT scan, bronchoalveolar lavage (BAL),
and lung biopsy, are similar to those for invasive pul-
monary aspergillosis. Scedosporium spp. in tissue and
direct smears resembles Aspergillus spp. as angular,
septate, dichotomously branching hyphae. However,
terminal annelloconidia may be observed histologically
in some infected tissues. Definitive microbiological di-
agnosis is established by culture.

Zygomycosis. Zygomycetes constitute a class of organ-
isms characterized by the presence of aseptate or
sparsely septated, broad, ribbon-like hyphae in tissue.
Recent case series from Europe and the United States
have reported the characteristics of zygomycosis over
the last decade (Pagano et al, 1997; Maertens et al,
1999a; Kontoyiannis et al, 2000b; Herbrecht et al,
2001). Rhinocerebral, pulmonary, and disseminated
zygomycosis are the most frequently encountered con-
ditions in immunocompromised patients. Rhinocere-
bral zygomycosis usually begins as an infection of the
paranasal sinuses, especially the maxillary and ethmoid
sinuses, and progresses to invade the orbit, retro-
orbital region, cavernous sinus, and brain. Angioinva-
sion with thrombosis causes ischemic necrosis. A black
eschar on the palatal or nasal mucosa and drainage of
a black discharge from the eye are clinical manifesta-
tions of infarction (Fig. 15–2).

Diagnosis of pulmonary zygomycosis requires a high
degree of suspicion and an aggressive approach (Sugar,
1992; Pagano et al, 1997; Maertens et al, 1999a; Kon-
toyiannis et al, 2000b; Herbrecht et al, 2001). Careful
evaluation of all patients with the pulmonary infarct
syndrome and biopsy of suspicious skin lesions may
improve diagnosis. Computed tomography of the chest
can define the extent of disease and help determine 
the method of diagnosis. Bronchoscopy with trans-
bronchial biopsy and bronchoalveolar lavage are the
preferred methods of diagnosing pulmonary zygomy-
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cosis, but a fine needle aspiration or an open lung
biopsy may sometimes be the only definitive diagnos-
tic procedure for detection of this disease.

Rarely, primary cutaneous zygomycosis may develop
in a neutropenic patient (Wirth et al, 1997), with risk
of subsequent dissemination. Most of the Zygomycetes
causing respiratory infections in immunocompromised
or debilitated hosts have a high propensity for throm-
botic invasion of blood vessels, and are associated with
a rapidly evolving clinical course, high mortality, and
relative resistance to antifungal therapy.

Trichosporonosis. Trichosporon spp. are pathogenic
yeasts that cause fatal disseminated infection in im-
munocompromised patients, particularly those with
neutropenia and mucosal disruption due to cytotoxic
chemotherapy (Hoy et al, 1986; Walsh et al, 1986b).
The portals of entry are the gastrointestinal tract and
vascular catheters; however, investigators are increas-
ingly recognizing that aspiration may lead to a dis-
seminated trichosporonosis or bronchopneumonia. From
these portals of entry, the organism can disseminate
widely, resulting in a characteristic constellation of
findings that include renal failure, pulmonary infil-
trates, multiple cutaneous lesions, and chorioretinitis.
This process, which can evolve into chronic hepatic tri-
chosporonosis among patients who recover from neu-
tropenia, typically follows persistent fungemia despite
administration of amphotericin B.

Detection of Fungal Pathogens in 
the Neutropenic Host

Candida. Direct examination of a specimen provides
information about the cellular composition of any in-
flammatory reaction, the relative amount of Candida
spp. present, and the distinctive morphological features
of the organism, such as the presence of budding yeast
forms, pseudohyphae, and hyphae as well as the pres-
ence of other pathogens. Direct examination of urine
may promptly identify Candida spp. as the cause of a
urinary tract infection. The significance of candiduria
depends upon the immune status of the host and the
presence or absence of specific risk factors for dissem-
inated candidiasis and must be interpreted accordingly
(Goldberg et al, 1979; Lundstrom and Sobel, 2001).
Febrile neutropenic patients with candiduria (in the ab-
sence of an urinary catheter) from a correctly collected
urine specimen should be considered as having a high
probability for invasive candidiasis. There is no lower
limit for the concentration of C. albicans in the urine
below which the diagnosis of upper urinary tract in-
fection can be excluded (Navarro et al, 1997).

Yeasts other than Candida spp. may infect neu-
tropenic patients, and differentiation from other gen-

era is important. The presence of a capsule around ini-
tially cultured yeasts permits early consideration of C.
neoformans, which can be further differentiated from
Candida species by appropriate tests. Trichosporon
may also be urease-positive (like C. neoformans) but is
easily distinguishable by the presence of arthroconidia
and different carbohydrate assimilation reactions. Rho-
dotorula species are urease-positive and have pink to
orange–red colonies (Rusthoven et al, 1984; Samonis
et al, 2001). Malassezia furfur is typically isolated only
after incubation on a blood agar plate with a long-chain
carbon source (e.g., olive oil) (Dankner et al, 1987).

Detection of Candida spp. in the bloodstream of any
patient must be considered significant until proven oth-
erwise. Indeed, even blood cultures growing Candida
spp. from a vascular catheter are not to be considered
as catheter colonization, since vascular catheters may
be the target of fungemia from a distal site or the por-
tal of entry of Candida spp. (Walsh et al, 1986a; Lec-
ciones et al, 1992; Nucci and Anaissie, 2002b). Nega-
tive peripheral blood cultures do not reliably exclude
the diagnosis of disseminated candidiasis. This ques-
tion was addressed by determining the frequency with
which lysis centrifugation blood cultures yielded Can-
dida spp. in patients with autopsy-proven invasive can-
didiasis. Blood cultures were positive in 78% (7/9) of
patients with � 3 organs infected by Candida com-
pared to 28% (5/18) of patients with only 1 organ in-
fected (p � 0.024) (Berenguer et al, 1993), demon-
strating a direct relation between the tissue burden of
Candida and the frequency of detection of fungemia by
lysis centrifugation, and the relatively low sensitivity of
the lysis centrifugation system in detection of fungemia
in early deep candidiasis. Depending on the method
used, blood cultures should be incubated for 5 to 7
days when there is suspicion of fungemia (Masterson
and McGowan, 1988; Varettas et al, 2002). The
BACTEC selective fungal medium has been shown to
be equivalent to lysis centrifugation in detection of can-
didemia in some studies (Archibald et al, 2000). In ad-
dition, a recent comparison considered lysis centrifu-
gation less useful because of a high proportion of
false-positive results (Creger et al, 1998).

The limitations of clinical assessment, blood culture
systems, and other conventional ancillary laboratory
methods in early detection of invasive candidiasis war-
rant development of newer nonculture methods. Such
methods are predicated upon the detection of antigens,
antibodies, metabolites, cell wall elements, and nucleic
acids. These methods should be considered investiga-
tional at this time (Walsh et al, 1995a).

Aspergillus. Although the genus Aspergillus consists of
more than 600 species, only a few of these are patho-
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genic for humans (Rinaldi, 1983). The most common
are A. fumigatus and A. flavus. Other species, such as
A. terreus, A. ustus, and A nidulans, are also known
pulmonary pathogens in humans. Aspergillus niger is
commonly isolated in saprophytic conditions, such as
chronic obstructive pulmonary disease and chronic si-
nusitis, but is seldom proven to be a cause of invasive
pulmonary aspergillosis in cancer patients. Aspergillus
spp. in tissue forms angular dichotomously branching
septate hyphae, which may also be observed in inva-
sive tissue infections, due to Scedosporium spp., Fusar-
ium spp., and several less common fungi. Culture is the
only way to distinguish these invasive fungi.

Aspergillus is an uncommon contaminant in most
clinical microbiology laboratories. One should there-
fore evaluate carefully the significance of Aspergillus
spp. isolated from a diagnostic specimen. Early studies
found that positive nasal surveillance cultures of A.
flavus during the midst of an outbreak of nosocomial
aspergillosis in granulocytopenic patients correlated
significantly with invasive pulmonary aspergillosis (Ais-
ner et al, 1979). These findings have not been corrob-
orated consistently in nonoutbreak settings. Certainly,
the absence of a positive nasal surveillance culture in a
persistently febrile granulocytopenic patient with a pul-
monary infiltrate does not exclude a diagnosis of 
pulmonary aspergillosis. Conversely, isolation of As-
pergillus spp. from the nares does not consistently pre-
dict the development of invasive aspergillosis.

By comparison, isolation of Aspergillus spp. from
respiratory secretions from febrile granulocytopenic pa-
tients with pulmonary infiltrates is strongly associated
with invasive aspergillosis. In a prospective study, Yu
and colleagues found that isolation of Aspergillus spp.
from respiratory secretions of high-risk patients was
highly predictive of invasive pulmonary aspergillosis.
Among 108 consecutive patients from whom Aspergil-
lus spp. were isolated, 17 patients with granulocy-
topenia and/or leukemia had lung tissue examined; all
had invasive pulmonary aspergillosis (Yu et al, 1986).
Invasive aspergillosis was not found in nonimmuno-
suppressed patients or in nongranulocytopenic patients
with solid tumors. Multivariate analysis demonstrated
that granulocytopenia and absence of smoking were the
most significant predictors of invasive aspergillosis in
patients with respiratory tract cultures growing As-
pergillus spp. A retrospective study also underscored
the significance of isolation of Aspergillus spp. from
respiratory secretions in high-risk populations (Treger
et al, 1985). Thus, isolation of Aspergillus spp. from
respiratory tract cultures of febrile granulocytopenic
patients with pulmonary infiltrates should be consid-
ered a priori evidence of pulmonary aspergillosis.

Mucosal eschars may be observed by careful oto-
laryngological examination along the nasal turbinates

or septum in patients with Aspergillus sinusitis. Biopsy
and culture of these lesions may reveal invasive as-
pergillosis and allow prompt initiation of appropriate
antifungal therapy. Similarly, if nasal lesions are not
observed, a sinus aspirate may preclude the need for
bronchoscopy if fungus is demonstrated in the aspirate.
Although Aspergillus is the most common fungus iso-
lated from the sinuses of immunocompromised pa-
tients, other fungi including the Zygomycetes, Fusar-
ium, Scedosporium, Curvularia, and Alternaria may be
recovered.

Bronchoalveolar lavage has been studied by several
investigators and found to yield variable results in 
patients with tissue proven–invasive pulmonary as-
pergillosis—50% to 59% positivity (Albelda et al,
1984; Kahn et al, 1986; Verea-Hernando et al, 1989;
Reichenberger et al, 1999). The combination of mi-
crobiologic culture with cytopathology increases the di-
agnostic yield. While the presence of Aspergillus spp.
in BAL fluid in a febrile granulocytopenic patient with
new pulmonary infiltrates is indicative of invasive as-
pergillosis, the absence of hyphal elements or positive
culture by no means excludes the diagnosis. Indeed, as
few as 30% of patients with invasive aspergillosis have
had negative bronchoscopic studies in some series (Re-
ichenberger et al, 1999). In the case of peripheral nodu-
lar lesions, a fine needle biopsy may have a better yield,
even if morbidity is potentially higher (Tikkakoski et
al, 1995; Jantunen et al, 2000; Jantunen et al, 2002).
If the foregoing methods do not yield a microbiologi-
cal diagnosis to explain new infiltrates in the recur-
rently febrile granulocytopenic patient, then open lung
biopsy should be performed. The surgeon must biopsy
both the peripheral as well as the central areas of ab-
normal lung, since the distribution of organisms may
vary. The presence of hyphal elements in a tissue spec-
imen must be interpreted cautiously due to the similar
morphologic features of many pathogenic moulds. Cul-
ture is the only readily available diagnostic method that
can reliably distinguish between these pathogens.

IMMUNODIAGNOSTIC METHODS FOR INVASIVE ASPERGILLOSIS.
Although immunodiagnostic and molecular methods
for early detection of invasive pulmonary aspergillosis
remain investigational, the latest international consen-
sus conference that provided definitions of IFIs in im-
munocompromised hosts for the first time included
presence of Aspergillus antigen in the CSF, BAL fluid,
or blood (two specimens) as one of the microbiologi-
cal criteria for probable and possible aspergillosis (As-
cioglu et al, 2002). These definitions are for clinical re-
search purposes only, and in no way attempt to define
clinical practice. Galactomannan has been described by
various investigators to have great immunodiagnostic
potential. Early studies reported the presence of galac-
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tomannan antigenemia by counter immunoelectropho-
resis in experimental disseminated aspergillosis
(Lehmann and Reiss, 1978; Reiss and Lehmann, 1979).
Subsequently, galactomannan measured by radioim-
munoassay and an enzyme-linked immunoassay was
found in serum and urine in experimental disseminated
aspergillosis and in invasive aspergillosis in patients
(Dupont et al, 1987). Detection of galactomannan in
urine was more sensitive than serum as a diagnostic
source.

A more recently developed detection system em-
ploying a direct sandwich ELISA appears to be more
sensitive than the latex agglutination (LA) system. This
system has been investigated in experimental as-
pergillosis and in patients with proven or probable as-
pergillosis. Verweij and colleagues compared results of
this ELISA for detecting Aspergillus galactomannan
with that of the Pastorex Aspergillus antigen LA test
in 532 serum samples from 61 patients at risk for in-
vasive aspergillosis (Verweij et al, 1995b). The ELISA
gave positive results earlier in the course of infection
than did the LA test, and the sensitivity and specificity
were greater, 90% and 84% for the ELISA vs. 70%
and 86% for LA. Several reports regarding the appli-
cation of galactomannan in clinical practice have been
published in the last few years (Denning, 2000). A re-
cent prospective evaluation of the galactomannan sand-
wich-ELISA assay in 186 hematological patients at risk
for invasive aspergillosis measured galactomannan lev-
els twice a week (Maertens et al, 1999b). A definitive
diagnosis based on histopathology and culture was
made in 71 patients; 27 had invasive aspergillosis and
44 did not have invasive aspergillosis. The sensitivity
of the ELISA assay was 92.6% and the specificity was
95.4%. The positive and negative predictive values
were also excellent (PPV � 93%, NPV � 95%). In a
follow-up study, the same authors analyzed 362 con-
secutive high-risk episodes, and were able to detect all
proven cases of invasive aspergillosis using the ELISA
methodology in neutropenic patients (Maertens et al,
2001).

Positive and negative predictive values depend on 
the prevalence of the disease. A test with sensitivity of
92.6% and specificity of 95.4%, when applied to a
population where only 5% had invasive aspergillosis
(prevalence 5% or pretest probability � 0.05), would
result in a NPV of 99.5% but a PPV of only 51%.
These estimates are relevant, because the prevalence of
invasive aspergillosis varies in different clinical settings.
Even in high-risk neutropenic populations, as described
in some of the fever and neutropenia trials (Walsh et
al, 2002), the prevalence of aspergillosis seldom reaches
10%. Under these circumstances, the ELISA test for
galactomannan seems extremely useful to rule out in-
vasive aspergillosis: a negative galactomannan makes

aspergillosis very unlikely. A positive result, on the
other hand, has to be interpreted in the context of the
rest of the clinical picture. Most diagnostic tests are less
effective in clinical practice than in the research trials
where they are tested. As an example, the sensitivity of
galactomannan was lower in another European study
that collected 3294 serum samples during 797 episodes
that included adult and pediatric hematological patients
in four groups: those with neutropenic fever, transplant
patients undergoing weekly surveillance, patients with
suspected pulmonary infection, and patients with 
suspected extrapulmonary infection (Herbrecht et al,
2002b).

Caillot and associates studied whether new noncul-
ture strategies, consisting of early CT scanning coupled
with antigen detection by ELISA, could improve diag-
nosis and outcome in neutropenic patients (Caillot et
al, 1997). Twenty-three histologically proven and 14
highly probable episodes of invasive pulmonary as-
pergillosis in 37 hematologic, largely neutropenic, pa-
tients were analyzed retrospectively. Bronchoalveolar
lavage fluid was culture positive for Aspergillus spp. in
22 (69%) of 32 cases and the Aspergillus galactoman-
nan antigen test on BAL was positive in 83% of cases.
Other investigators have also studied the value of test-
ing BAL fluid with the commercially available sand-
wich-ELISA for galactomannan (Verweij et al, 1995a;
Salonen et al, 2000; Seyfartg et al, 2001). The added
utility of galactomannan detection in BAL remains to
be resolved.

The detection of galactomannan by sandwich ELISA
is obviously an important addition to the armamen-
tarium of diagnostic tests that clinicians may use to de-
tect invasive aspergillosis early. The best possible strat-
egy for its use, either as a prospective screening test in
patient populations at high risk for IFIs or as a diag-
nostic test, may differ in different patient populations.
Trials of different strategies with clinical outcomes as
endpoints will be necessary before a firm recommen-
dation can be made. In the meantime, those clinicians
that are able to use this exciting technology should re-
member the described causes of false-positive results
(Gangneux et al, 2002) and the many opportunistic
fungi other than Aspergillus that can cause severe in-
vasive mould disease in the neutropenic host for whom
the galactomannan test may be negative.

Molecular Diagnostic Methods for Invasive Aspergillo-
sis. Polymerase chain reaction methods are being de-
veloped that may also permit early detection of inva-
sive aspergillosis in neutropenic patients (Tang et al,
1993; Hopfer et al, 1993). Initial studies suggested the
utility of identifying A. fumigatus and A. flavus by PCR
from BAL in 4 patients with proven or probable as-
pergillosis, while detecting a positive PCR signal in only
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6 (13%) of 46 BAL specimens from control patients
(Tang et al, 1993). Einsele and colleagues have devel-
oped a PCR assay for the detection and identification
of Candida and Aspergillus species (Einsele et al, 1997).
The oligonucleotide primer pair consists of a consen-
sus sequence for a variety of fungal pathogens and the
species-specific probes used for species identification
were derived from a comparison of the sequences of
the 18S rRNA genes of Candida spp. and Aspergillus
spp. While most PCR systems for detection of as-
pergillosis utilize whole blood or BAL as a source,
serum as a test specimen for PCR detection has also
been evaluated (Yamakami et al, 1996). Employing a
nested PCR method, these investigators utilized two
sets of oligonucleotide primers derived from the se-
quence of the variable regions V7 to V9 of the 18S
rRNA genes of A. fumigatus. The DNA fragment of
interest was detected in the serum of mice with dis-
seminated aspergillosis and in patients with invasive as-
pergillosis. In a separate study, PCR in plasma was
found to be less sensitive than whole blood in a small
group of nine patients (Loeffler et al, 2000).

Fusarium. Fusarium species are frequently detected by
advanced blood culture detection systems, such as ly-
sis centrifugation. Fusarium spp. initially grow on solid
media with hyphae exhibiting phialides and micro-
conidia. The typical plantain-shaped macroconidia ap-
pear in more mature cultures. Consequently, initial cul-
ture reports from the clinical microbiology laboratory
may erroneously report an Acremonium spp. Thus, any
culture report from blood or tissue indicating Acre-
monium spp. from a neutropenic patient should be con-
sidered as possibly an early form of Fusarium spp. Un-
like Aspergillus spp., many isolates of Fusarium spp.
may be highly resistant in vitro and in vivo to ampho-
tericin B and other available antifungal drugs. While
current diagnostic approaches depend upon bedside
evaluation, diagnostic imaging, tissue histopathology
and culture, PCR methods also are being developed for
detection of Fusarium spp. (Walsh et al, 1995a; Kappe
et al, 1996).

Zygomycetes and Trichosporon spp. For a detailed
discussion about diagnosis of infections by these and
other opportunistic fungal pathogens, the reader is re-
ferred to the specific chapters that deal with these or-
ganisms. (See Chapter 13 [Trichosporon] and Chapter
15 [Zygomycetes].)

PREVENTION OF FUNGAL INFECTIONS 
DURING NEUTROPENIA

Established fungal infections have an extremely high
mortality in persistently neutropenic patients and are
difficult to diagnose early. As a result, current practice

is to administer antifungal agents to patients who are
at risk, even in the absence of proven infection. Ulti-
mately, the goal is to prevent morbidity and mortality
caused by IFIs. Different terms have been used to char-
acterize the administration of antifungal agents in the
absence of documented fungal infections. The most
commonly used terms are prophylaxis, empirical treat-
ment, and preemptive treatment. The administration 
of fluconazole to all patients undergoing conditioning
chemotherapy is appropriately called prophylaxis, and
the addition of an antifungal agent to the treatment
regimen of a persistently febrile neutropenic patient is
called empirical therapy. However, in both cases an an-
tifungal agent is being administered to many patients
who do not need the drug, in order to ensure that those
patients who really need treatment receive treatment.
In the first example, prospective studies have been
shown that 10%–15% of patients undergoing bone
marrow transplantation and given placebo will develop
IFI compared with only 3.5% of patients given flu-
conazole as prophylaxis (Goodman et al, 1992; Slavin
et al, 1995). Thus, the use of an agent with very little
toxicity like fluconazole is easily justifiable. In the sec-
ond example, “persistent fever during neutropenia”
acts as a marker for risk and identifies a group of pa-
tients in whom the frequency of fungal infection is
much higher. Although a fungal infection is docu-
mented in only approximately 3%–5% of these patients
(up to 10% in high-risk subgroups), the administration
of a potentially toxic antifungal agent seems justified
because of the extremely high mortality of IFIs. Thus,
empirical treatment has become accepted clinical prac-
tice (Hughes et al, 2002). By contrast, the term pre-
emptive therapy has been used to describe the admin-
istration of antifungal agents to persistently febrile
neutropenic patients with some clinical evidence of fun-
gal infection other than undifferentiated fever (Walsh
and Lee, 1993). The important general concept is that
diverse approaches are used in an attempt to decrease
the morbidity and mortality associated with IFIs dur-
ing neutropenia. From this standpoint, all of these ap-
proaches are preventive strategies.

Prevention of Exposure: Environmental Control
Prevention of exposure is not possible for Candida in-
fections, but is feasible (at least partially) for As-
pergillus. A review of nosocomial aspergillosis found
that the most common sources of clusters and out-
breaks of nosocomial aspergillosis were (1) hospital
construction and renovation and (2) defective and 
contaminated ventilation systems (Walsh and Dixon,
1989). Exposure of patients to Aspergillus conidia can
be decreased significantly by the use of high-efficiency
particulate air filtration (HEPA) filters and positive
pressure rooms (Rhame, 1991). A recent report un-
derscores the effectiveness of environmental control 
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to significantly reduce the incidence of invasive as-
pergillosis (Oren et al, 2001). Aspergillosis developed
in 50% of the patients treated during a 4-month pe-
riod of extensive renovation of a hematology ward, and
decreased to 0% after the installation of HEPA filters.
In addition, the risk of aspergillosis in bone marrow
transplantation patients who were not in HEPA-filtered
rooms was 5.6 times higher in the classic study from
the Fred Hutchinson Cancer Research Center (Wald et
al, 1997). Other data from the International Bone Mar-
row Transplant Registry have confirmed that use of
HEPA and/or laminar air flow (LAF) to prevent fungal
infections decreases transplant-related mortality and in-
creases survival after allogeneic bone marrow trans-
plantation for leukemia (Passweg et al, 1998).

While use of HEPA filters has become more com-
mon, some patients continue to develop nosocomial
pulmonary aspergillosis and other mould infections.
There is growing evidence that contamination of the
water distribution system with Aspergillus (Anaissie et
al, 2002) and other filamentous moulds, e.g., Fusarium
(Anaissie et al, 2001) plays a significant role in the epi-
demiology of hospital-acquired mould infection. Fatal
infections caused by Aspergillus terreus from the soil
of hospital plants have been reported (Lass-Florl et al,
2000). Although this type of event may be rare, expo-
sure to wet soil should be avoided during profound
neutropenia.

Primary Prophylaxis
Different strategies have been used in an attempt to re-
duce the frequency of IFIs. The studies that have used
fluconazole and the studies with agents potentially ac-
tive against moulds are considered separately.

Prophylaxis with Fluconazole. Since Candida is a com-
mon inhabitant of the human gastrointestinal tract, the
majority of invasive Candida infections during neu-
tropenia are postulated to originate after mucosal col-
onization evolves into superficial infection. Coloniza-
tion of multiple sites with Candida as a significant risk
factor for invasive candidiasis is in agreement with this
theory. However, prevention of oropharyngeal candidi-
asis does not necessarily lead to prevention of deeply in-
vasive candidiasis in cancer patients. Patients may have
negative oropharyngeal cultures and stool cultures and
yet still suffer from invasive candidiasis. Invasive can-
didiasis in granulocytopenic patients may be highly fo-
cal along the alimentary tract, allowing invasion into
the GI tract without diffuse mucosal involvement
(Walsh and Merz, 1986c). A common theme among
studies of antifungal prophylaxis is the consistent re-
duction in superficial candidiasis without a concomi-
tant reduction in invasive disease.

A consistent problem among the studies that have
examined the potential usefulness of antifungal pro-

phylaxis has been the relatively low incidence of IFI in
neutropenic patients in general, which limits the power
of the studies to detect a significant difference. As op-
posed to the studies of empirical therapy, where the
presence of persistent fever identifies a subgroup of pa-
tients at high risk of IFI, most studies of prophylaxis
have found a relatively low incidence of IFI and con-
sequently have been underpowered. The studies in
which the populations had substantial risk (e.g., allo-
geneic bone marrow transplantation) have clearly
shown beneficial effects (Goodman et al, 1992; Slavin
et al, 1995). In the study by Goodman and colleagues,
fluconazole 400 mg/day or placebo was initiated on
day 1 of marrow-ablative chemotherapy. Among 356
bone marrow transplant recipients, invasive candidia-
sis developed in 28 (15.7%) of 178 placebo patients
and 5 (2.8%) of 179 fluconazole recipients (p � 0.001).
Other benefits were noted. Fluconazole delayed the ini-
tiation of empiric amphotericin B therapy from day 17
to day 21 (p � 0.004). Infections due to Candida kru-
sei were noted in both arms and their frequency was
not significantly different. However, there was a sig-
nificant reduction in fungal infection-attributable mor-
tality, but no difference in overall mortality. Impor-
tantly, fluconazole was associated with minimal adverse
effects in this setting. Another randomized, placebo-
controlled trial reported by Slavin and coworkers com-
pared fluconazole at 400 mg/day vs. placebo in 300
bone marrow transplant recipients (Slavin et al, 1995).
Fluconazole was administered through the duration of
granulocytopenia and until day +75 after transplanta-
tion. There was a significant reduction in number of
fungal infections among fluconazole recipients (7%)
compared with placebo recipients (18%) (p � 0.004).
Survival was improved in fluconazole recipients; 31
deaths occurred up to day 110 after transplantation
compared to 52 deaths in placebo recipients (p �
0.004). Long-term follow-up of these patients has con-
firmed the benefit in survival (Marr et al, 2000). In a
Canadian multicenter study that included patients re-
ceiving intensive chemotherapy for acute leukemia or
autologous bone marrow transplantation, fluconazole
prophylaxis was beneficial in decreasing superficial fun-
gal infections, definite and probable IFIs (6% vs. 24%,
p � 0.001), and deaths attributable to fungal infection
(6.6% vs. 37.5%, p � 0.04) (Rotstein et al, 1999).
However, in this study there was no difference in the
need for amphotericin B therapy or in overall mortality.

In contrast to the aforementioned studies, other pro-
phylaxis trials have shown no significant difference in
the incidence of IFI or the mortality attributable to fun-
gal infection (Winston et al, 1993; Chandrasekar and
Gatny, 1994; Schaffner and Schaffner, 1995; Kern et
al, 1998). A multicenter, placebo-controlled trial of 257
adults undergoing chemotherapy for acute leukemia
showed decreased fungal colonization and superficial
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infection, but no difference in IFIs between placebo-
treated patients (7.5%) and fluconazole-treated pa-
tients (4%) (p � 0.3) (Winston et al, 1993). The lack
of statistical significance in this large clinical trial may
have been due to a low frequency of proven IFI and
the early usage of empirical amphotericin B. A single-
center trial in patients receiving chemotherapy for acute
leukemias and lymphomas found no difference in IFI
between the fluconazole and the placebo treatment
groups (Schaffner and Schaffner, 1995). However, the
time to starting amphotericin B was longer in the flu-
conazole group, and there was a trend toward reduced
use of amphotericin B in this group (33% vs. 47%, p �
0.08). As in other studies, the incidence of oropharyn-
geal candidiasis was significantly reduced. Another
small single-center study also showed reduced use of
amphotericin B in the fluconazole group (Chandrasekar
and Gatny, 1994). A more recent study failed to show
any benefit of fluconazole over non-absorbable anti-
fungal agents in 68 patients with refractory leukemia
(Kern et al, 1998). Interestingly, this study suggested
increases in bacterial infections and amphotericin B use
in the fluconazole treated group.

More recently, Rex and coworkers have reported a
retrospective analysis of the effect of systemic antifun-
gal prophylaxis in 833 episodes of neutropenia among
322 patients with acute myelogenous leukemia treated
between 1988 and 1992 (Rex et al, 2002). The authors
chose this time period because it spanned the end of
the era when prophylaxis was uncommon (only 38%
of the patients treated between 1988 and 1990 received
any systemic antifungal) and common (80% of the neu-
tropenic episodes that occurred after January 1991 re-
ceived prophylaxis). This comparison between episodes
of neutropenia where prophylaxis (typically flucona-
zole 400 mg/day or amphotericin B 40 mg/day) was
given and episodes of neutropenia where prophylaxis
was not given has the advantages of size and power
that many prospective randomized trials lack. The re-
sults show statistically significant reductions in favor
of prophylaxis for IFIs (5% vs. 13%), empirical use of
amphotericin B (26% vs. 34%), and death within 30
days of the first neutropenic episode (23% vs. 35%).
As expected, the difference in IFIs was accounted for
by a reduction in yeast infections (2% in prophylaxis
group, 8% in no prophylaxis group). There was no dif-
ference in the frequency of mould infections (Rex et al,
2002).

In summary, the beneficial effects of prophylaxis
with systemic antifungal agents are demonstrable in
high-risk neutropenic patients (allogeneic hematopoi-
etic stem cell transplants and acute myelogenous
leukemia) but are difficult to demonstrate in lower risk
neutropenic patients. When the risk is low, most stud-
ies are underpowered. Not surprisingly, a recent meta-

analysis shows that the use of azole or systemic am-
photericin B prophylaxis in oncologic patients with se-
vere neutropenia is associated with significant benefit
regarding four main endpoints: decreased need for ther-
apeutic doses of parenteral antifungal agents, decreased
superficial fungal infections, decreased IFIs, and de-
creased fungal-related mortality (Bow et al, 2002). The
number of patients that require treatment to prevent
one event for each one of these four endpoints are 10,
12, 22, and 52, respectively. In agreement with the
studies highlighted above, the multivariate analysis
identified hematopoietic stem cell transplantation
(HSCT) and prolonged neutropenia as predictors 
of treatment effect. As in a previous metaanalysis
(Gotzsche and Johansen, 1997), there was no differ-
ence in overall mortality and no effect on frequency of
invasive aspergillosis.

Prophylaxis with Itraconazole. Fluconazole has no ac-
tivity against moulds. Conversely, itraconazole has
good activity against Aspergillus spp. and many de-
matiaceous moulds while maintaining the activity of
fluconazole against yeasts. Several studies have com-
pared itraconazole oral solution (in a formulation with
hydroxypropyl-�-cyclodextrin [HD�CD]) with placebo
(Menichetti et al, 1999), itraconazole with oral am-
photericin B (Harousseau et al, 2000), and itracona-
zole with fluconazole, either as itraconazole capsules
(Huijgens et al, 1999) or as oral solution (Morgenstern
et al, 1999).

Itraconazole oral solution (2.5 mg/kg bid) was com-
pared to placebo in a randomized, double-blind, mul-
ticenter study of 405 patients with hematological ma-
lignancies (not undergoing HSCT) (Menichetti et al,
1999). Itraconazole significantly reduced the frequency
of proven and suspected fungal infections (24% in the
itraconazole group vs. 33% in the placebo group). In-
terestingly, four cases of aspergillosis were detected in
the itraconazole recipients and only one in the placebo
group.

Itraconazole oral solution (2.5 mg/kg bid) was not
statistically significantly better than oral amphotericin
B in a double-blind, double-placebo, randomized, 
multicenter European trial among 557 patients
(Harousseau et al, 2000), although trends favoring itra-
conazole were seen for proven IFIs (3.6% vs. 9.4%)
and proven aspergillosis (1.8% vs. 3.3%). Of note, the
median plasma concentration of itraconazole during
the first week was � 0.5 �g/mL. Lower itraconazole
levels have been associated with the occurrence of IFIs
(Lamy et al, 1998; Glasmacher et al, 2000). Low lev-
els of itraconazole may also have played a role in an-
other trial that compared itraconazole capsules (100
mg bid) with fluconazole capsules (50 mg bid) in 213
adult patients with hematological malignancies (Huij-
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gens et al, 1999). This study found no difference be-
tween fluconazole and itraconazole in any of the meas-
ured clinical endpoints.

A comparative trial of itraconazole oral solution (5
mg/kg/day) vs. fluconazole oral solution (100 mg/day)
demonstrated fewer proven IFIs (0.3% vs. 1.4%) in the
itraconazole-treated group. No cases of aspergillosis
were documented in the itraconazole recipients com-
pared to 4 cases in the fluconazole recipients. There
were also fewer deaths caused by IFI in the itracona-
zole recipients (Morgenstern et al, 1999). However, the
oral solution of itraconazole caused significantly more
adverse effects than fluconazole, particularly gastroin-
testinal toxicity (nausea, vomiting, diarrhea) presum-
ably due to HD�CD. The proportion of patients with
serum levels of itraconazole � 250 �g/mL was 76% at
week 1, and 84% and 86% at weeks 2 and 3, respec-
tively.

Prophylaxis with Amphotericin B. Amphotericin B has
been used as prophylaxis by the oral route, inhalation
route, and the intravenous route (Bodey, 1969; Ezdinli
et al, 1979; Menichetti et al, 1994; Harousseau et al,
2000).

Oral Prophylaxis. A study of fluconazole vs. high-dose
oral amphotericin B (2 grams in four divided doses) in
a large population of neutropenic patients showed
equivalent effects of both regimens in preventing deeply
invasive candidiasis (Menichetti et al, 1994). Flucona-
zole, however, was better tolerated. In our opinion, the
lack of patient compliance with oral amphotericin B
and the toxicity of amphotericin B preclude the use of
this agent as a viable prophylactic compound. In addi-
tion, the oral formulation of amphotericin B is un-
available in many areas.

Inhaled Prophylaxis. Aerosolized amphotericin B was
not effective in the prevention of invasive aspergillosis
among neutropenic patients in a large prospective, ran-
domized, multicenter trial (Schwartz et al, 1999). The
frequency of proven, probable, or possible invasive as-
pergillosis was 4% (10/227) in patients who received
aerosolized amphotericin B, not significantly better
than the 7% (11/155) incidence in patients who re-
ceived no inhalation prophylaxis.

Intravenous Prophylaxis. Systemic low dose ampho-
tericin B has been used (Bodey et al, 1994), but has
never shown more efficacy than fluconazole, and has
proven significantly more toxic. Lipid formulations of
amphotericin B as prophylaxis have also been at-
tempted. Kelsey and coworkers performed a random-
ized, double-blind placebo-controlled study of liposo-
mal amphotericin B, 2 mg/kg three times weekly in

neutropenic patients. The lipid drug was well tolerated,
but there was no significant reduction in proven or sus-
pected IFIs, in part due to the very low incidence of
proven IFIs in both the placebo group (3.4%), and the
lipid-drug group (0%) (Kelsey et al, 1999).

In an interim analysis of a prospective study, inves-
tigators found that antifungal prophylaxis with liposo-
mal amphotericin B was no more effective than no pro-
phylaxis (Uhlenbrock et al, 2001). The study was
motivated by the observation of decreased incidence of
IFIs and fungal-related mortality on an oncology ward
following the practice of administering liposomal am-
photericin B 1–1.5 mg/kg/two or three times weekly as
compared to historical controls. Interestingly, the in-
vestigators attributed the original observation to the
more aggressive diagnostic workup that included fun-
gal antigen monitoring by ELISA and frequent CT
scans.

Prophylaxis with Echinocandins. Given that echinocan-
dins have excellent activity against Candida spp. and
significant activity against Aspergillus spp., echinocan-
dins represent a very reasonable option for prophylaxis.
A multicenter trial comparing micafungin, an investi-
gational echinocandin, and fluconazole has recently
been reported. In this double-blind study, 822 patients
undergoing HSCT were randomized to receive mica-
fungin 50 daily or fluconazole 400 mg daily. Prophy-
laxis was more successful with micafungin. Although
both drugs prevented candidiasis, micafungin had a
greater impact on prevention of invasive aspergillosis,
p � 0.07 (van Burik et al, 2002).

Recommendations Regarding Primary Prophylaxis
Systemic antifungal drugs are effective as primary pro-
phylaxis and should be used in groups at high risk. In
the case of neutropenia, prophylaxis applies to patients
with acute leukemia (particularly acute myelogenous
leukemia) and recipients of allogeneic bone marrow or
stem cell transplants. Prophylaxis is recommended in
patients receiving autologous bone marrow transplants
when prolonged neutropenia (� 10 days) is anticipated.

Fluconazole is the treatment of choice, as significant
effectiveness has been shown in high-risk groups
(Goodman et al, 1992; Slavin et al, 1995). Fluconazole-
resistant Candida albicans seldom causes disseminated
infection in neutropenic patients (Marr et al, 1997).
The emergence of non-albicans Candida species, with
decreased susceptibility or intrinsic resistance to tria-
zoles, as occasional causes of breakthrough fungemia
in patients receiving fluconazole is a cause of concern.
Examples are C. krusei and C. glabrata (Abbas et al,
2000; Paterson et al, 2001; Bodey et al, 2002).

The role of itraconazole in prophylaxis in neu-
tropenic patients is unclear. The main reason to choose
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itraconazole over fluconazole is itraconazole’s activity
against Aspergillus spp. Given the problems with ab-
sorption, tolerability of the liquid form, and drug in-
teractions, itraconazole may soon be superseded by
voriconazole and the echinocandins.

Voriconazole has not been tested as a purely pro-
phylactic agent, but highly encouraging results of com-
parative trials with voriconazole vs. liposomal ampho-
tericin B in high-risk patients with persistent febrile
neutropenia (Walsh et al, 2002) and voriconazole vs.
“standard treatment” for invasive aspergillosis (Her-
brecht et al, 2002a) make voriconazole a very attrac-
tive option, However, the use of voriconazole as a 
prophylactic agent remains investigational. Carefully
designed studies are necessary to assess its benefits in
this setting.

Echinocandins, the newest class of antifungal drugs,
offer great promise as prophylactic agents. They have
excellent activity against fluconazole-susceptible and
resistant Candida species (Villanueva et al, 2001) and
also activity against Aspergillus (Maertens et al, 2002)
and Pneumocystis carinii (Ito et al, 2000). The role of
these agents in antifungal prophylaxis remains unde-
fined at this point, although initial data are promising
(van Burik et al, 2002).

Secondary Prophylaxis of 
Invasive Fungal Infections

A patient may be treated successfully for an IFI and
still require further myelosuppressive chemotherapy or
a stem cell transplant. The ultimate objective is to suc-
cessfully treat the patient’s neoplastic disease while pre-
venting breakthrough fungal infection. For example,
the feasibility of continued chemotherapy in the pres-
ence of chronic disseminated candidiasis (hepatosplenic
candidiasis) is addressed below.

In the case of aspergillosis, Karp and coworkers
demonstrated that aggressive antifungal therapy (dur-
ing the neutropenia induced by subsequent courses of
chemotherapy) prevented exacerbation or recurrence of
invasive aspergillosis in patients with acute leukemia
(Karp et al, 1988). Similar strategies have been used in
HSCT (Richard et al, 1993; Martino et al, 1994b; Mar-
tino et al, 1997). Most patients have been treated with
prophylactic antifungal agents, either itraconazole
(Martino et al, 1994b) or amphotericin B. Surgical re-
section of remaining foci of disease prior to myeloab-
lation has been used, but it does not seem to be indis-
pensable (Michailov et al, 1996; Martino et al, 1997).
The largest published systematic study (a retrospective
case series) reported on 48 patients with documented
or probable invasive aspergillosis prior to marrow
transplantation (Offner et al, 1998). Twenty patients
had undergone surgical resection. Sixteen of the 48 pa-
tients (33%) had a relapse, at a median of 15 days af-

ter the transplant (range 0–120 days). Patients receiv-
ing prophylaxis with an absorbable or intravenous an-
tifungal drug had fewer relapses than those not receiv-
ing prophylaxis (28% vs. 57%, respectively). Given the
collective experiences, the use of secondary antifungal
prophylaxis is mandatory in the setting of aspergillosis
and ongoing chemotherapy. Voriconazole should be
considered the drug of choice in this situation based on
the results of prophylactic and therapeutic trials with
this agent (Herbrecht et al, 2002a; Walsh et al, 2002).
Transplantation or a course of potentially curative an-
tineoplastic therapy need not be postponed. In addi-
tion, surgical resection of an isolated pulmonary lesion
may be highly beneficial.

EMPIRICAL ANTIFUNGAL THERAPY

The use of empirical antifungal therapy in the presence
of persistent or recurrent fever during neutropenia is
the last step in an attempt to prevent morbidity and
mortality secondary to IFI before a definitive diagno-
sis is established (Table 29–2). While the majority of
neutropenic patients with persistent fever do not have
an occult fungal infection, the proportion of patients
who do have an IFI increases steadily with duration of
neutropenia (Gerson et al, 1984). At some point the
risk of not administering effective antifungal therapy
outweighs the risks associated with the toxicity of the
drug. Empirical treatment should then be started.
Hopefully, the availability of newer, less toxic agents
should alter this balance and allow earlier intervention.

The evidence supporting the empirical addition of
antifungal agents in persistently febrile neutropenic pa-
tients is less than optimal but reflects the state of the
art of antifungal therapy at the time. Two randomized
studies compared antifungal therapy against no ther-
apy in the setting of persistent fever during neutrope-
nia (Pizzo et al, 1982; EORTC, 1989). Both studies
were performed when CT of the chest was used less
frequently and before the widespread use of flucona-
zole prophylaxis and hematopoietic growth factor sup-
port. Both studies are limited by a small sample size.
In the study by Pizzo and colleagues, 50 patients with
persistent fever and neutropenia after 7 days of broad
spectrum antibiotics were randomized to one of three
treatments: discontinuing antibiotics and reevaluating,
continuing the same regimen, or adding amphotericin
B deoxycholate 0.5 mg/kg/day until resolution of fever
and neutropenia. Several results of this study deserve
emphasis. Deep-seated fungal infections or esophageal
candidiasis were documented in 6% (1 of 18) of pa-
tients who received amphotericin B and 23% (7 of 32)
of patients who did not. Two deaths caused by fungal
infection occurred in patients who did not receive am-
photericin B and one in the amphotericin B treated



TABLE 29–2. Multicenter Randomized Trials of Empirical Antifungal Therapy in Persistently Febrile Neutropenic Patients
Viscoli et al, Prentice et al, White et al, Walsh et al, Winston et al, Wingard et al, Boogaerts et al, Walsh et al,

Study 1996 1997 1998 1999b 2000 2000 2001 2002
Compared Fluconazole vs. L-AMB1 and ABCD vs. Ambisome vs. Fluconazole vs. Ambisome (L-AMB3 Itraconazole vs. Voriconazole 

AmphoB L-AMB3 AmphoB AmphoB AmphoB and L-AMB5) vs. AmphoB vs. liposomal 
vs. AmphoB AmphoB lipid AmphoB

complex

Endpoint(s) Success: 1. Safety Composite endpoint: Composite endpoint: Composite endpoint: Composite endpoint: Success: Composite endpoint:
defervescence 2. Defervescence Success is defined Success defined by Unsatisfactory Success defined by defervescence Success defined by 
and survival without by all of: all of: response defined if all of: and recov- all of:
30 days from breakthrough 1. Survival .7 days 1. No breakthrough any of: 1. Fever resolution ery from 1. No breakthrough
randomization after ending Rx1. fungal infection 1. Persistent fever during neutropenia neutropenia. fungal infection
in absence of 2. No breakthrough 2. Survival .7 days 2. New or progressive 2. Improvement/cure Failure: break- 2. Survival .7 days 
modification of fungal infection after ending Rx fungal infection of baseline fungal through fungal after ending Rx
the antifungal/ 3. No discontin- 3. No discontinuation 3. Change in anti- infection infection, death, 3. No discontinuation
antibiotic uation of of study drug fungal 3. No breakthrough failure to of study drug
regimen. study drug 4. Resolution of fever 4. Discontinuation of fungal infections defervesce, 4. Resolution of 

Failure: death 4. Lack of fever during neutropenia the drug due to 4. No death change in fever during 
within 30 days, on the day of 5. Successful Rx of toxicity 5. No discontinuation therapy neutropenia
persistent fever, discontinuation baseline fungal 5. Withdrawal of study drug due Further outcome 5. Successful Rx 
or any modifi- of Rx infection 6. Death to toxicity analysis using of baseline 
cation of  treat- 6. No administration composite fungal infection
ment after of an alternative endpoint,
randomization antifungal agent similar result

Design Open, randomized, Open, Randomized, Randomized, double- Open label, Randomized, Open-label, Randomized
multicenter randomized, double-blind, blind, multicenter randomized, double-blind, randomized, (stratified), open-

multicenter multicenter equivalence study multicenter multicenter multicenter, label, multicenter
equivalence trial equivalence study

Number of 114 (112) 338 (335) 213 (193) 702 (687) 322 (317) 250 (244) 384 (360) 849 (837)
patients
(n evaluable)

Duration of Not reported Not reported Not reported 6 vs. 7.5 7 vs. 7 before study, 19 vs. 18 (high risk)
Neutropenia 10 vs. 8 during study 13 vs. 12 (low risk)

Time of F&N � 4 days � 4 days � 3 days � 5 days � 4 days � 3 days � 3 days � 4 days
before Rx

(continued )



TABLE 29–2. Multicenter Randomized Trials of Empirical Antifungal Therapy in Persistently Febrile Neutropenic Patients (Continued)
Viscoli et al, Prentice et al, White et al, Walsh et al, Winston et al, Wingard et al, Boogaerts et al, Walsh et al,

Study 1996 1997 1998 1999b 2000 2000 2001 2002

Invasive Fungal 
Infection

Initial 5 vs. 0 NR 11/343 vs. 11/344 10/158 vs. 9/159 1 vs. 0 vs. 1 2 vs. 4 13 vs. 6
Breakthrough 2 vs. 2 11/343 vs. 27/344 6/158 vs. 7/159 3 vs. 2 vs. 3 5 vs. 5 8 vs. 21

Total 0 7 vs. 2 14/98 22/343 vs. 38/344 16/158 vs. 16/159 4 vs. 2 vs. 4 7 vs. 9 21 vs. 27
14/95

Total deaths 3 vs. 2 5 vs. 5 vs. 14 16 vs. 13 25 vs. 36 27 (17%) vs. 5 vs. 2 vs. 11 19 (11%) vs. 33 vs. 25
34 (21%) 25 (14%)

Fungal deaths 0 0 1 vs. 1 4 vs. 1 7 vs. 7 1 vs. 0 vs. 3 2 vs. 4 1 vs. 2

Success Fluconazole 75%, 64 vs. 58 vs. 50% vs. 43% 50% vs. 49% 68% vs. 69% 40% vs. 42% vs. 47% vs. 38% 26% vs. 31%
AmphoB 66% 49 (L-AMB3, 33.3%

L-AMB1,
AmphoB)

Conclusion Fluconazole is less Superior safety No difference in Equivalent in terms of No difference in Similar efficacy, Equivalent in Voriconazole almost
toxic than profile of efficacy, ampho- “successful response” efficacy, flucona- L-AMB less toxic terms of suc- equivalent to
amphotericin B, liposomal tericin B more zole much less cessful response, ambisome overall, 
and may be amphotericin B nephrotoxic, toxic itraconazole but superior in 
equally effective ABCD more much less preventing break- 
in subgroups of infusion-related toxic through fungal
patients toxicity infections and in

toxicity

Comment Insufficient power More efficacy Insufficient power Ambisome had Very low incidence The study centered Most failures in Lower success rate
to detect a only in the to detect a significantly less of aspergillosis primarily on itraconazole than in previous
difference in L-AMB3 difference in proven fungal and fluconazole- toxicity group due to studies secondary to
fungal infections group fungal infections infections (11 vs. resistant Candida switch because short duration of

27) and less toxicity of persistent neutropenia, that
fever precluded condition 

(4) of the composite
endpoint

AmphoB, amphotericin B; L-AMB, liposomal amphotericin B; ABCD, amphotericin B colloidal dispersion; F&N, fever and neutropenia.
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group. These differences were not statistically signifi-
cant but suggested a trend and led to a subsequent ran-
domized trial by the EORTC. This second study ran-
domized 132 patients after 3 days of neutropenic fever
to receive either 0.6 mg/kg of amphotericin B or con-
tinue antibacterial drugs alone. Six IFIs (6.6%) were
documented in the group receiving antibiotics alone
and only one IFI (1.5%) in the group that received am-
photericin B. No fungal-related deaths occurred in the
amphotericin B group vs. 4 deaths in the antibiotics
alone group. The greatest benefits of empiric ampho-
tericin B accrued to those who received no antifungal
prophylaxis (p � 0.04), those who were severely neu-
tropenic (p � 0.06), those with a clinically documented
infection (p � 0.03), and those � 15 years old (p �
0.06) (EORTC, 1989). The EORTC investigators con-
cluded that early amphotericin B in granulocytopenic
patients with continued fever despite broad-spectrum
antibiotics may be beneficial. Moreover, the authors
emphasized this approach would be most beneficial for
selected subgroups of persistently febrile neutropenic
patients. This observation was prescient of subsequent
studies that also have demonstrated the benefits of this
approach in the highest risk patients with prolonged
neutropenia.

It is reasonable to question whether results of these
two studies constitute adequate proof that all neu-
tropenic patients with persistent fever should receive
antifungal therapy (Bennett, 2000). The recognition
that differences exist between neutropenic groups of
patients regarding risk of IFI is well established (Walsh
et al, 1994; Prentice et al, 2000). High-risk patients
with prolonged neutropenia derive the greatest benefit
from empirical antifungal therapy, and the specific 
circumstances of each individual patient should be 
considered before starting antifungal therapy. Recent
Guidelines from the Infectious Diseases Society of
America (Hughes et al, 2002) suggest 5–7 days of per-
sistent fever in the neutropenic patient as the time to
start empiric amphotericin B.

Advances in the field suggest that the decision may
become considerably simplified owing to (1) the use of
newer agents with a much more favorable benefit: tox-
icity profile, and (2) new approaches to diagnosis. The
main reason that empirical antifungal therapy has been
controversial is the high risk of amphotericin-related
toxicity. For example, in a retrospective analysis of 239
patients treated with amphotericin B for suspected or
proven aspergillosis, Wingard and coworkers reported
that the creatinine level doubled in 53% of patients and
14.5% of the patients required dialysis (Wingard et al,
1999). If newer drugs have less toxicity with similar ef-
ficacy, the decision to administer them will be easier.
Conversely, if a group of patients with significantly
higher risk of developing IFI can be identified, even po-
tentially toxic interventions may be justified.

During the last decade several large studies have com-
pared the use of amphotericin B with alternative anti-
fungal agents (Table 29–2). These trials have included
more than 2800 patients, and have demonstrated that
several antifungal agents can be used successfully as
empirical therapy during neutropenic fever. The clini-
cian can choose depending on risk factors and toxicity.

Fluconazole vs. Amphotericin B. Two multicenter
randomized trials have compared fluconazole with am-
photericin B as empirical treatment of neutropenic
fever. As shown in Table 29–2, the first study that com-
pared fluconazole 6 mg/kg/day (up to 400 mg/day) with
amphotericin B 0.8 mg/kg, was terminated after an in-
terim analysis showed excess toxicity in the ampho-
tericin B group (Viscoli et al, 1996). Importantly, pa-
tients with abnormal X-rays, history of aspergillosis, or
colonization with Aspergillus spp. were not eligible. 
In addition, patients were allowed to receive non-
absorbable antifungal prophylaxis before enrollment.
There were no documented fungal infections in this
trial. This finding together with the small sample size
make it difficult to draw any firm conclusions, other
than amphotericin B is more toxic than fluconazole.
The authors emphasized that the population of febrile
neutropenic patients is heterogeneous, and that there
are probably subgroups for whom fluconazole may be
as effective as amphotericin B.

More recently, Winston and coinvestigators con-
ducted an open-label trial in which neutropenic patients
with persistent fever after 4 days of antibiotics were
randomized to receive either fluconazole 800 mg on
day 1, followed by 400 mg daily (n � 158), or am-
photericin B 0.5 mg/kg/daily (n � 159) (Winston et al,
2000). Patients were not eligible if they had been re-
ceiving systemic antifungal agents or if they were col-
onized by Aspergillus. The study used a composite end-
point to define satisfactory or unsatisfactory response
(Table 29–2). Both regimens were similar in terms of
rate of satisfactory responses, 68 and 69% of flucona-
zole and amphotericin B recipients, respectively. The
failures in the fluconazole group were typically related
to persistent fever, whereas in the amphotericin B
group, most failures were due to toxicity. Only 4% of
the patients in each group developed new fungal in-
fections during therapy, and there were no differences
in mortality. Toxicity was less in the fluconazole arm.
The authors concluded that fluconazole may be ap-
propriate empirical therapy in persistently febrile neu-
tropenic patients at low risk for invasive aspergillosis.

Lipid Formulations of Amphotericin B
AMPHOTERICIN B DOLLOIDAL DISPERSION VS. AMPHOTERICIN B.

A double-blind, randomized controlled trial of am-
photericin B colloidal dispersion (ABCD, 4 mg/kg/day)
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compared to amphotericin B (0.8 mg/kg/day) in 213
patients with febrile neutropenia for 3 or more days
was the first large study involving a lipid formulation
of amphotericin B in this population (White et al, 1998)
(Table 29–2). More than half the patients were receiv-
ing cyclosporin A or tacrolimus following an allogeneic
stem cell transplant. A successful treatment outcome
included all of the following criteria: survival for 7 days
after the last dose of study drug; lack of suspected or
documented fungal infection during the study and
within 7 days of the last dose of study drug; no dis-
continuation of study drug because of adverse events;
and lack of fever on the day of discontinuation of ther-
apy. There was no difference in the therapeutic re-
sponse between the two groups: 50% of the ABCD re-
cipients and 43.2% of amphotericin B recipients were
treated successfully. The causes for discontinuation of
the study drug between arms were not different. Al-
though ABCD was associated with significantly less 
renal toxicity, ABCD was associated with more fre-
quent infusion-related toxicities, particularly hypox-
emia. This study lacked the power to detect a differ-
ence in frequency of breakthrough fungal infections.

LIPOSOMAL AMPHOTERICIN B VS. AMPHOTERICIN B DEOXY-
CHOLATE. The NIAID Mycoses Study Group compared
liposomal amphotericin B (L-AMB) (3 mg/kg/day) to
amphotericin B deoxycholate (0.6 mg/kg/day) in a 
double-blind randomized trial that enrolled 689 pa-
tients (Walsh et al, 1999b). This noninferiority study
defined success as a composite of five criteria: survival
for 7 days after initiation of study drug; resolution of
fever during the period of neutropenia; successful treat-
ment of any base-line fungal infection; absence of
breakthrough fungal infections during administration
of the study drug or within 7 days after the comple-
tion of treatment; and absence of premature discon-
tinuation of the study drug because of toxicity or lack
of efficacy (Table 29–2). Similar outcomes were ob-
served in both treatment groups based on the primary
endpoint of success (50% vs. 49%), although there
were significantly fewer proven IFIs in patients receiv-
ing L-AMB (3.2%) vs. conventional amphotericin B
7.8%) (p � 0.009) in the secondary analysis. This dif-
ference was independent of risk category, age, and an-
tifungal prophylaxis. There was also a trend for im-
proved overall survival in the L-AMB group. Moreover,
infusion-related toxicity and nephrotoxicity were sig-
nificantly less for the L-AMB treated patients. This
study unequivocally established L-AMB as a reasonable
alternative to conventional amphotericin B for the em-
pirical management of fever and neutropenia. The trial
was double-blind and adequately powered, and both
the overall outcome and each of the components of the
composite endpoint showed equivalence. Every ex-

ploratory subgroup analysis showed similar results.
Given the significantly lower toxicity of L-AMB, the
only reason to choose amphotericin B after this trial
was cost.

Other investigators compared two different dosages
of liposomal amphotericin B (1 mg/kg/day and 3 mg/kg/
day, L-AMB1 and L-AMB3, respectively) to ampho-
tericin B deoxycholate (1 mg/kg/day) in 204 children
and 134 adults with neutropenic fever. The primary
endpoint was safety, with efficacy as a secondary end-
point. Response was defined as a composite of defer-
vescence for 3 consecutive days and continued defer-
verescence until the end of the study (recovery of
neutropenia), no addition of another antifungal agent,
and no breakthrough fungal infection (Prentice et al,
1997) (Table 29–2). Toxicity was more frequent in the
amphotericin B group (24% of patients doubled their
serum creatinine, compared with 10% and 12% in the
L-AMB1 and L-AMB3 arms, respectively). Among 335
patients evaluated for efficacy, success was noted in
49% of the patients receiving amphotericin B, in 58%
of L-AMB1 patients, and 64% of L-AMB3 pateints.

LIPOSOMAL AMPHOTERICIN B VS. AMPHOTERICIN B LIPID COM-
PLEX. In a large multicenter, randomized double-blind
study comparing the safety of liposomal amphotericin
B (L-AMB) at doses of 3mg/kg/day (L-AMB3) or 5
mg/kg/day (L-AMB5) with amphotericin B lipid com-
plex (ABLC) at a dose of 5 mg/kg/day was initiated in
244 persistently febrile neutropenic subjects (Wingard
et al, 2000) (Table 29–2). The results of this study were
internally consistent, and showed that L-AMB was sig-
nificantly less toxic than ABLC, both in nephrotoxic-
ity (42% of the patients on ABLC experienced dou-
bling of the serum creatinine, compared with 14.1% to
14.8% of the L-AMB-treated patients) and in infusion-
related reactions. The efficacy analysis showed no sig-
nificant differences between the three study arms. Com-
posite success rates were ABLC, 33.3%; L-AMB3,
40%; and L-AMB5, 42%. The reasons for failure were
similar for both drugs, although more patients discon-
tinued ABLC because of drug toxicity. Eight patients
developed breakthrough IFIs.

ITRACONAZOLE VS. AMPHOTERICIN B DEOXYCHOLATE. In an
open-label, multicenter, randomized trial comparing
i.v. and p.o. itraconazole to amphotericin B deoxy-
cholate, 384 patients were enrolled into this study that
was powered to show equivalence (Boogaerts et al,
2001) (Table 29–2). Adult neutropenic patients with
fever that persisted � 3 days while receiving broad-
spectrum antibiotics were eligible. Allogeneic stem cell
transplant recipients were excluded. Other exclusion
criteria included strong suspicion of fungal infections
during previous episodes of neutropenia and current
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treatment with drugs known to interact with itracona-
zole. Itraconazole was administered i.v. at a dose of
200 mg q 12 hours for the first 48 hours followed by
200 mg/day from day 3 to day 14. Oral itraconazole
solution could be substituted after day 7. Amphotericin
B deoxycholate was given at a dose of 0.7–1.0 mg/kg/
day. Most patients had received previous antifungal
prophylaxis. The primary efficacy analysis utilized cri-
teria similar to those of earlier studies (Prentice et al,
1997; Walsh et al, 1999; Winston et al, 2000). How-
ever, patients were considered successful if they defer-
vesced at any time within 28 days of study drug dis-
continuation. A significantly favorable response
(defervescence and recovery from neutropenia) was
documented in 47% of the patients in the itraconazole
group, and 38% of the patients in the amphotericin B
group. Breakthrough fungal infections and mortality
rates in the two groups were similar. The causes of fail-
ure were different in the two groups. For instance, 38%
of patients in the amphotericin B group vs. 19% in the
itraconazole group failed because of intolerance to the
study drug, leading to discontinuation. Furthermore,
20 and 10 patients receiving itraconazole and ampho-
tericin B, respectively, failed because fever persisted af-
ter the resolution of neutropenia. An additional 19 and
1 patient (s) receiving itraconazole and amphotericin
B, respectively, failed because of fever leading to a
change in antifungal regimen (Boogaerts et al, 2001).

VORICONAZOLE VS. LIPOSOMAL AMPHOTERICIN B. In the
most recent published trial, 849 patients were ran-
domized to receive either liposomal amphotericin B 
(L-AMB) or voriconazole after 96 hours of fever and
neutropenia. Voriconazole was given at a dose of 6 mg/kg
q 12 hours � 2 (loading) followed by 4 mg/kg/12 hours
(maintenance); L-AMB was given at the previously
proven dose of 3 mg/kg/day. Patients were stratified ac-
cording to risk, with allogeneic stem-cell transplant and
chemotherapy for relapsed leukemia considered high
risk factors (Walsh et al, 2002) (Table 29–2). The end-
point was success or failure defined according to a com-
posite endpoint that had been validated in previous tri-
als (Prentice et al, 1997; Walsh et al, 1999b; Winston
et al, 2000; Boogaerts et al, 2001). However, the def-
inition of resolution of fever was more stringent than
in previous trials. The study was designed as a nonin-
feriority trial. The overall success rate was 26% for the
voriconazole group and 30.6% for those receiving 
L-AMB (32% and 30% in the high-risk group). The
relatively low success rate can be explained by the in-
clusion of defervescence (defined as temperature
� 38°C for 48 hours prior to recovery from neutrope-
nia) as part of the composite endpoint. As the median
time to recovery from neutropenia was only 5.4–5.5
days, there was very little time available for a patient

to become and remain afebrile for 48 hours. If defer-
vescence is excluded from the composite endpoint, the
success rates become 82% in the voriconazole group
and 86% in the L-AMB group. Although voriconazole
narrowly failed to fulfill the criteria for noninferiority,
there was an impressive difference in breakthrough fun-
gal infections in favor of voriconazole (1.9% vs. 5.0%,
p � 0.02). This difference was even more marked in
the high-risk category (1.4% vs. 9.2%, p � 0.003). The
overall response in the high-risk population (n � 286)
also showed comparability in all criteria. As in other
open-label studies, many more patients discontinued
voriconazole (22 patients) than L-AMB (5 patients) for
persistent fever. There was no difference in the pro-
portion of patients discontinuing the study drug because
of adverse effects. Moderate nephrotoxicity (serum cre-
atinine elevation to � 1.5 � normal) was more com-
mon with L-AMB, but the frequency of severe (serum
creatinine � 2 � baseline) nephrotoxicity was similar.
Visual hallucinations were more frequent in patients
who received voriconazole (4.3% vs. 0.5%). In sum-
mary, this study showed voriconazole to be compara-
ble to L-AMB in overall therapeutic success and supe-
rior in reducing documented breakthrough fungal
infections, particularly in high-risk neutropenic patients
(Walsh et al, 2002).

Recommendations Regarding 
Empirical Antifungal Therapy

Several antifungal agents have been shown in well-
designed clinical trials to be effective for the manage-
ment of persistently febrile neutropenic patients. This
strategy is best utilized in high-risk patients (i.e., pa-
tients with prolonged neutropenia). Fluconazole should
generally not be used, except in lower risk patients
(Bodey, 2000). Lipid formulations of amphotericin B,
and the two triazoles, itraconazole and voriconazole,
have emerged as viable alternatives to standard am-
photericin B deoxycholate with similar efficacy and less
toxicity. Each of these agents may be preferable under
different circumstances.

Lipid formulations of amphotericin B are at least as
effective as amphotericin B (Prentice et al, 1997; Walsh
et al, 1999b; Wingard et al, 2000). In addition, there
is some evidence that the initial high acquisition cost
of L-AMB is offset by the savings associated with 
the prevention of renal toxicity (Cagnoni et al, 2000).
Apart from their equivalent efficacy to amphotericin B
deoxycholate, lipid formulations may also be superior
for the treatment of established fungal infections in
humans (Leenders et al, 1997; Leenders et al, 1998;
Johnson et al, 2002).

The availability of an intravenous preparation of itra-
conazole allows this compound to be considered a rea-
sonable alternative in febrile neutropenic patients. Itra-
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conazole may be less effective than amphotericin B in
animal models of aspergillosis (Berenguer et al, 1994).
The potential cardiotoxicity of itraconazole has been
recently emphasized (Ahmad et al, 2001), but this 
complication has not been shown to be a frequent prob-
lem in oncology patients (Boogaerts and Maertens,
2001). Drug interactions with itraconazole require
careful monitoring, particularly cyclosporin A. Itra-
conazole has not been studied for empirical therapy in
HSCT recipients.

In the randomized trial comparing voriconazole to 
L-AMB, voriconazole was significantly better at pre-
venting breakthrough fungal infections, particularly in
the high-risk group (Walsh et al, 2002). Although
voriconazole is less nephrotoxic than L-AMB, voricona-
zole is more frequently associated with transient visual
disturbances and hallucinations. These findings are 
consistent with those of the randomized trial of voricona-
zole vs. amphotericin B, in which voriconazole demon-
strated a survival advantage over conventional ampho-
tericin B as treatment of invasive aspergillosis (Herbrecht
et al, 2002a). Neither voriconazole nor itraconazole have
activity against Zygomycetes.

In summary, both L-AMB and voriconazole now can
be considered first-line agents for the empirical man-
agement of high-risk patients with persistent fever and
neutropenia. Itraconazole is an alternative when drug
interactions are not an issue, but this drug remains to
be studied in allogeneic HSCT patients.

TREATMENT OF ESTABLISHED 
FUNGAL INFECTIONS

The critical elements of successful management of in-
vasive fungal infections complicating neutropenia are:

1. Early diagnosis (this element of management is
reviewed earlier in this chapter)

2. Initiation of aggressive pharmacological treat-
ment

3. Reversal of immunosuppression (including recov-
ery from neutropenia, discontinuation or reduc-
tion of immunosuppressive agents such as corti-
costeroids, and administration of cytokines or
granulocyte transfusions)

4. Surgical resection of lesions where feasible

Pharmacological Treatment: What Drugs To Use
A full review of antifungal agents and treatment indi-
cations is beyond the scope of this chapter and the
reader should see the appropriate other chapters. Here
the focus is on selected topics in candidiaisis and inva-
sive aspergillosis that pertain specifically to neutropenic
hosts.

Candidiasis
Chronic Disseminated Candidiasis (Hepatosplenic 
Candidiasis). Among the different clinical presentations
of candidiasis, chronic disseminated candidiasis (he-
patosplenic candidiasis) deserves special attention. Al-
though the clinical manifestations characteristically ap-
pear when neutropenia resolves, this disease is a specific
complication of cancer chemotherapy. While most
cases are caused by Candida albicans, C. tropicalis, C.
glabrata and C. krusei have also been reported (Sallah
et al, 1999; Quintini et al, 2001). Several antifungal
agents may be effective therapy for this condition: am-
photericin B deoxycholate (Thaler et al, 1988; Walsh
et al, 1995d; Sallah et al, 1999; Pagano et al, 2002),
lipid formulations of amphotericin B (Lopez-Berestein
et al, 1987) and fluconazole (Anaissie et al, 1991;
Kauffman et al, 1991). At least one case has been
treated successfully with caspofungin (Pagano et al,
2002). In general, fluconazole is the agent of choice if
the patient is clinically stable (Rex et al, 2000). Dura-
tion of therapy seems to be the most important vari-
able related to successful treatment. In a recent series
of 23 leukemic patients with hepatosplenic candidiasis,
the median duration of antifungal therapy was 112
days (range 42–175 days) (Sallah et al, 1999). Very
rarely, splenectomy may be required (Ratip et al, 2002).
Due to the chronicity of this infection, a dilemma of-
ten occurs between treating the underlying neoplastic
disease and the fungal infection. Immunosuppression
could lead to progression of candidiasis or break-
through candidemia. However, cancer chemotherapy
can proceed despite the presence of active hepatosplenic
candidiasis as long as continuous antifungal treatment
and careful monitoring are performed (Anaissie et al,
1991; Katayama et al, 1994; Walsh et al, 1995d). For
example, among 17 patients treated for chronic dis-
seminated candidiasis, all but 2 were treated for their
neoplastic process without progressive disease (Walsh
et al, 1995d). Premature discontinuation of antifungal
therapy during cancer chemotherapy was the likely
cause of progressive candidiasis in these 2 patients.

Aspergillosis
Voriconazole should be considered the treatment of
choice for invasive aspergillosis in neutropenic patients.
The strongest evidence comes from a recent large, open-
label, randomized, multicenter trial that compared
voriconazole (6 mg /kg/12 hours on day 1 of treatment,
followed by 4 mg/kg q12 hours i.v. for at least 7 days,
after which time patients could switch to oral voricona-
zole, 200 mg twice daily) with intravenous ampho-
tericin B deoxycholate (1.0 to 1.5 mg per kilogram once
daily) (Herbrecht et al, 2002a). Patients with intoler-
ance to study drug or no response could be switched
to “other licensed antifungal therapy” and continue to
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be evaluable. Only patients with probable or definite
invasive aspergillosis (Ascioglu et al, 2002) were in-
cluded. The results were the same whether the analy-
sis included the whole intention-to-treat or the “mod-
ified intention-to-treat” population. The proportion of
neutropenic patients (45%) was the same in both
groups. Overall, voriconazole proved superior to am-
photericin B (successful outcome 49.7% vs. 27.8%, re-
spectively), as well as in almost every subgroup analy-
sis, including neutropenia, definite aspergillosis, and
extrapulmonary infection. In the neutropenic patients,
the success rate was 50.8% for voriconazole and 31.7%
for amphotericin B. In addition, voriconazole had bet-
ter survival at 12 weeks (70.8% vs. 57.9%), as well as
fewer adverse events and fewer severe adverse events.
The most common voriconazole-associated adverse
event was transient and reversible visual disturbances,
which occurred in 45% of the patients. These were de-
scribed as blurred vision, altered visual/color percep-
tion, or photophobia.

The results of this important trial are in agreement
with a previously reported observational study that
showed good responses in 48% (14% complete re-
sponse, and 34% partial response) among 116 im-
munocompromised patients who were treated with
voriconazole for invasive aspergillosis (Denning et al,
2002). Results of the Herbrecht et al study are also con-
sistent with in vitro studies (Espinel-Ingroff, 2001), in
vivo animal studies (Chandrasekar et al, 2000; Kirk-
patrick et al, 2000), and the randomized clinical trial
that compared voriconazole with L-AMB for empirical
treatment of fever in neutropenic patients (Walsh et al,
2002). Although voriconazole is now considered the
agent of choice against invasive aspergillosis in neu-
tropenic patients, it must be emphasized that the over-
all satisfactory response rate is only approximately
50%. Clearly new strategies are needed for the treat-
ment of this disease.

Until recently, amphotericin B had been considered
the drug of choice for the treatment of aspergillosis in
neutropenic patients. The disappointing 27.8% success
rate of amphotericin B deoxycholate demonstrated in
the aforementioned randomized trial (Herbrecht et al,
2002a) is within the range previously reported (Patter-
son et al, 2000). Although the lipid formulations of am-
photericin B are less nephrotoxic than conventional am-
photericin B deoxycholate, the value of these agents in
improving the response rate or overall survival in neu-
tropenic patients with invasive aspergillosis is unclear.
Lipid formulations of amphotericin B have been shown
to be at least as effective as conventional amphotericin
B deoxycholate in pulmonary aspergillosis in persist-
ently neutropenic rabbits (Allende et al, 1994; Francis
et al, 1994), and clinical studies are consistent with these
findings (Leenders et al, 1998). Lipid formulations of

amphotericin B have been useful in many cases as sal-
vage therapy (Walsh et al, 1998) and are appropriate
for neutropenic patients who are intolerant of or re-
fractory to voriconazole. Itraconazole, an older triazole,
has also been used to treat invasive aspergillosis, par-
ticularly since the recent development and availability
of an intravenous formulation. Using a regimen of i.v.
itraconazole for 2 weeks followed by oral itraconazole
for 12 more weeks, Caillot and colleagues reported an
overall response rate of 48.5% in 31 immunocompro-
mised patients with pulmonary aspergillosis (Caillot et
al, 2001a). Sixty percent were neutropenic A recent
study of caspofungin demonstrated that this echinocan-
din was an effective alternative for salvage therapy in
patients with refractory aspergillosis, including those
with neutropenia (Maertens et al, 2002).

Surgical Management
Surgical intervention is frequently a critical component
of the management of invasive fungal infections, par-
ticularly during neutropenia. Acute invasive fungal rhi-
nosinusitis during neutropenia should be considered a
surgical emergency and treated aggressively with ex-
tensive debridement and appropriate antifungal agents
(Drakos et al, 1993; Rizk et al, 2000). Blood vessel 
invasion by moulds often causes vascular thrombosis,
tissue ischemia, and infarction of adjacent tissue.
Rhinocerebral zygomycosis usually begins as an infec-
tion of the maxillary and ethmoid sinuses. Involvement
of the ethmoid sinus may progress to invade the orbit,
retroorbital region, cavernous sinus, and brain. A sim-
ilar clinical picture may be caused by Aspergillus, par-
ticularly A. flavus, and Fusarium. Of note, Zygomycetes
are not susceptible to voriconazole. Thus, treatment of
rhinosinusitis in neutropenic patients should include a
high dose of a lipid formulation of amphotericin B
pending definitive identification of the pathogen.

For pulmonary mould infections, surgery has been
used with diagnostic or therapeutic intent. Several se-
ries over the last few years have reported excellent re-
sults with early resection of localized pulmonary fun-
gal lesions (Bernard et al, 1997; Caillot et al, 1997;
Reichenberger et al, 1998; Salerno et al, 1998; Pid-
horecky et al, 2000). The goal of early surgery is to re-
duce the burden of disease and prevent life-threatening
hemoptysis. The indications for surgery in one series
from France, which described 19 patients, were pre-
vention of hemoptysis, definitive diagnosis, or resection
of a residual mass (Bernard et al, 1997). As a rule, the
indications for surgery for invasive pulmonary as-
pergillosis include resection of a large lesion threaten-
ing the great vessels, pericardium, or other mediastinal
structures, hemoptysis from a large cavitary lesion, in-
tractable pleuritic pain, and invasion of ribs and other
chest wall structures. Surgery may also be indicated in
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Aspergillus osteomyelitis, central nervous system dis-
ease, and sinusitis, particularly involving ethmoid si-
nuses, and primary cutaneous ulcerative aspergillosis.

Massive hemoptysis typically occurs during the re-
covery phase after chemotherapy, when the neutrope-
nia has resolved and the platelet count is rising, and is
often fatal (Albelda et al, 1985; Panos et al, 1988;
Pagano et al, 1995; Gorelik et al, 2000). One study
found that aspergillosis was the most common cause
of fatal hemoptysis in patients with acute leukemia
(Panos et al, 1988). Caillot and colleagues perform
emergency surgery to prevent massive hemorrhage
when the CT scan shows a fungal lesion that abuts the
pulmonary artery or its branches (Bernard et al, 1997;
Caillot et al, 1997; Caillot et al, 2001c). In their stud-
ies, the presence of multiple lesions, thrombocytopenia
or neutropenia are not contraindications for surgery.
The most common procedure is lobectomy, plus seg-
mentectomy and angioplasty if required. These same
investigators have reported improved prognosis of their
patients over the years after the introduction of this ap-
proach; 16 of 19 patients (84%) were considered cured
in one of their studies (Bernard et al, 1997).

Other groups in Europe (Baron et al, 1998; Re-
ichenberger et al, 1998) and the United States (Salerno
et al, 1998; Pidhorecky et al, 2000) have reported their
experiences with surgical management of fungal in-
fections during neutropenia. Although the series are
retrospective and relatively small, several conclusions
can be drawn. First, surgery can be performed in com-
promised patients with invasive aspergillosis. Although
significant surgical complications occurred, including
bronchial dehiscence, pleural aspergillosis, and pro-
longed chest tube drainage, the perioperative mortal-
ity was low (11%–14%) and the overall survival rates
compare favorably with a series based on medical
management alone. Second, experience of the surgeon
is essential. In one series, 5 of 18 patients had a non-
fungal process (bacterial pneumonia or abscess).
Third, there is no clear consensus on the indications
for surgery.

When evaluating the surgical series that report high
cure and survival rates, apparently better than average,
one must be aware that the patients who undergo sur-
gery are not representative of all patients with invasive
aspergillosis. In fact, in an analysis of 87 cases of in-
vasive aspergillosis seen between 1982 and 1995 at the
Royal Free Hospital and School of Medicine in Lon-
don, investigators found that the mere presence of at
least 1 lesion with imaging features suggestive of as-
pergillosis was associated with a better prognosis, ir-
respective of surgery (Yeghen et al, 2000). However,
the authors emphasized that survival at 2 years was
36% among 37 patients treated surgically, 20% for 12
patients with unresected pulmonary lesions, and 5%

for 21 patients diagnosed only by isolation of As-
pergillus from respiratory secretions.

Granulocyte Transfusions
Granulocyte transfusions may be useful for the treat-
ment of fungal infections in neutropenic patients under
certain conditions. The effectiveness of granulocyte
transfusions in bacterial and fungal infections in neu-
tropenic animal models was shown 25–30 years ago
(Dale et al, 1974; Debelak et al, 1974; Ruthe et al,
1978). Results of several studies in neutropenic patients
with infection during treatment for acute leukemia ap-
peared to support the use of this intervention, either
prophylactically or therapeutically (Graw et al, 1972;
Boggs, 1974; Higby et al, 1975; Alavi et al, 1977;
Herzig et al, 1977; Clift et al, 1978). Subsequently, the
use of granulocyte transfusions declined during the
1980s because of questionable overall efficacy (Strauss
et al, 1981; Winston et al, 1982) and the occurrence
of some cases of severe toxicity, especially acute respi-
ratory distress syndrome. Wright and coworkers ini-
tially reported severe reactions with acute dyspnea, hy-
poxemia, and interstitial infiltrates in 14 of 22 courses
of granulocyte transfusions when amphotericin B was
administered at the same time as the granulocytes, but
only in 2 of 35 courses when concurrent amphotericin
B was not given (Wright et al, 1981). Some hypothe-
sized that amphotericin B caused aggregation of neu-
trophils and enhanced pulmonary leukostasis (Berliner
et al, 1985). These severe pulmonary reactions were
not confirmed by other investigators (Dana et al, 1981),
and, in retrospect, appear to be explained by a combi-
nation of diverse causes, predominantly alloimmuniza-
tion and infection (Dutcher et al, 1989). Although these
reactions to granulocyte transfusions have been ob-
served seldomly in more recent reports, most investi-
gators recommend separating in time the administra-
tion of granulocytes and amphotericin B.

Over the last decade, several critical reviews and
metaanalyses of the initial reports of granulocyte trans-
fusions have been performed (Strauss, 1993; Vamvakas
and Pineda, 1996; Vamvakas and Pineda, 1997) and
their conclusions are very similar: (1) granulocyte trans-
fusions have demonstrated efficacy in the treatment of
uncontrolled bacterial infections during persistent neu-
tropenia; (2) the data on fungal infections are less con-
clusive, mainly because of a smaller number of patients
treated as well as the presence of confounding factors;
(3) no benefit could be demonstrated in patients re-
ceiving �4–5 � 1010 granulocytes. The technical ad-
vances of the last 15 years, in particular the use of gran-
ulocyte colony-stimulating factor (G-CSF) to mobilize
the granulocytes and the use of continuous flow aphere-
sis techniques for harvesting them, offer potential ben-
efits. These include the promise of much larger neu-



Fungal infections in neutropenic patients 447

trophil numbers, 4–8 � 1010 PMNs/unit, or 2 to 10
times more than the yield that was obtained with cor-
ticosteroids alone in the past (Liles et al, 1997; Strauss,
1998; Stroncek et al, 2001), and higher efficacy.

Reflecting the renewed interest in granulocyte trans-
fusions, several case series or phase I/II clinical trials 
of neutropenic patients treated with G-CSF–mobilized
granulocytes have been reported over the last 5 years
(Dignani et al, 1997; Peters et al, 1999; Price et al,
2000; Lee et al, 2001; Illerhaus et al, 2002). As antic-
ipated, the combination of G-CSF plus dexamethasone
resulted in higher yields than G-CSF alone. The leuco-
cyte concentrates used in these studies contained � 1 �
1010 neutrophils. A measurable response of the pa-
tient’s absolute neutrophil count (ANC) has been ob-
served. In addition, transfused neutrophils have per-
sisted in the circulation with sustained increase in the
ANC after 24 hours, and a cumulative effect of re-
peated transfusions on the ANC has been documented.
The correlation between the administered dose and the
increase in ANC has been poor, although in general
doses � 2 � 109/kg have been associated with incre-
ments of the ANC � 2 � 103/�L (Price et al, 2000).

There are several case reports where granulocyte
transfusions seem to have been life-saving during fun-
gal infection, both in neutropenic patients (Barrios 
et al, 1990; Helm et al, 1990; Catalano et al, 1997;
Samadi et al, 2001) and in others with abnormal neu-
trophil function like chronic granulomatous disease
(Bielorai et al, 2000). A small study of 15 neutropenic
patients with refractory IFI showed very good results
(11 favorable responses), probably due to the high dose
of neutrophils that elicited a mean increase in the ANC
of the recipients of 396/�L 24 hours after the transfu-
sion (Dignani et al, 1997).

Granulocyte transfusions may be life-saving when
given to the appropriate hosts. At the NIH Clinical
Center, selective indications include fungal infection
unresponsive to optimal medical therapy, neutropenia
that is bound to persist for more than 4 or 5 days, and
reasonable chance of ultimate bone marrow function
recovery. Our only prophylactic indication is for pa-
tients with previously documented IFIs who are to un-
dergo profound, prolonged neutropenia. As approxi-
mately 40% of our neutropenic patients exhibit some
degree of respiratory compromise, careful monitoring
and adjustment of the rates and doses of granulocytes
are warranted.

Recombinant Human Cytokines in the 
Management of Established Fungal 
Infections in Neutropenic Patients

While the preceding discussion has emphasized the im-
portance of neutrophil recovery to control IFIs in neu-
tropenic patients, it is logical to recommend the use of

agents that have been shown in controlled studies to
decrease the duration of neutropenia, even if their doc-
umented effect on clinically significant outcomes is un-
clear. The American Society for Clinical Oncology re-
cently updated its recommendations for the use of
hematopoietic colony-stimulating factors (granulo-
cyte—CSF and granulocyte-macrophage—CSF) (Ozer
et al, 2000). Regarding the therapeutic use of G-CSF
or GM-CSF, the weight of the evidence suggests that
the outcome of febrile neutropenia in general is not 
improved. Consequently, the recommendation is that
colony-stimulating factors “should not routinely be
used,” but they may be considered for high-risk pa-
tients, including those with ANC � 100 �L, uncon-
trolled primary disease, pneumonia, hypotension, sep-
sis syndrome and IFI. We would strongly recommend
the administration of recombinant G-CSF or GM-CSF
to persistently neutropenic patients who have a proven
IFI and are not receiving a recombinant colony-stimu-
lating factor.

For more detailed information on these growth fac-
tors and their potential use as adjuvant therapy of fun-
gal infections in nonneutropenic hosts, see a recent re-
view (Root and Dale, 1999). Both G-CSF and GM-CSF
accelerate myelopoiesis and decrease the duration of
neutropenia, but they are different cytokines with dif-
ferent targets and immunomodulatory effects. Both in
vitro and ex vivo, G-CSF, GM-CSF and M-CSF have
been shown to increase the fungicidal action of phago-
cytes against Candida and Aspergillus in a variety of
experimental systems (Roilides et al, 1995a; Roilides et
al, 1995b; Gaviria et al, 1999b). GM-CSF also prevents
dexamethasone suppression of killing of A. fumigatus
conidia by bronchoalveolar and peritoneal macro-
phages in mice (Roilides et al, 1995b; Brummer et al,
2001; Brummer et al, 2002). Interferon gamma may be
superior at enhancing the antifungal activity of phago-
cytes (Roilides et al, 1995a; Gaviria et al, 1999a).

There is some evidence that Th1 immune responses
may be necessary for the optimal control of fungal in-
fections (Brieland et al, 2001; Centeno-Lima et al,
2002). In this regard, immune interventions to polar-
ize the immune response toward a Th1 type may be
beneficial. Two of the main cytokines involved in this
kind of response are IL-12 and interferon gamma. Stud-
ies in animal models show that the administration of
interferon gamma has some protective effect in BALB/c
mice challenged with Aspergillus conidia (Nagai et al,
1995). Evidence of Th1/Th2 dysimmunoregulation in
hepatosplenic candidiasis (Roilides et al, 1998) and in-
vasive aspergillosis (Roilides et al, 2001), characterized
by increased circulating levels of IL-10, has been
demonstrated in humans. These patterns of cytokine
dysregulation provide a rationale for use of GM-CSF
and interferon gamma, alone or in combination, for ad-
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junctive treatment of persistent or progressive IFIs. For
a detailed discussion on adjunctive antifungal therapy,
see Chapter 10.
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Fungal infections in blood or
marrow transplant recipients

KIEREN A. MARR

Blood or marrow transplantation (BMT) has been used
increasingly for therapy of hematological and non-
hematological malignancies. Our understanding of the
basic mechanisms by which transplantation of donor
stem cells yields effective therapy of malignancies 
has evolved over the last few decades, with resultant
changes in conditioning regimens and stem cell prod-
ucts influencing the risks for infectious complications.
Perhaps one of the most important recent changes im-
pacting infectious risks involves the introduction of
nonmyeloablative, or toxicity-reduced transplant regi-
mens. These regimens, which to date have been inves-
tigated primarily in people who are ineligible for stan-
dard myeloablative BMT because of medical conditions
or age, employ lower doses of myeloablative condi-
tioning therapy, with some regimens yielding very lit-
tle neutropenia or gastrointestinal mucositis (Childs et
al, 2000; Garban et al, 2001; Junghanss and Marr,
2002a; Junghanss et al, 2002b). Although the depth
and duration of neutropenia may be dramatically re-
duced, these patients may have a protracted period of
graft-vs.-host disease (GVHD). Graft-vs. host (GVH)
effects result from infused donor-derived immune cells
recognizing host cells, resulting in potentially benefi-
cial antitumor effects and detrimental organ toxicities
(GVHD). Thus, a certain degree of GVH may be de-
sired in order to achieve graft vs. tumor effects. The
major risk periods for fungal infections can thus occur
both early and late after BMT—early risks are associ-
ated with myelosuppression and organ toxicities, and
late risks are associated with GVHD and its therapies.

Recent studies have reported a trend toward late in-
fections in both myeloablative and nonmyeloablative
BMT recipients (Jantunen et al, 1997; Wald et al, 1997;
Williamson et al, 1999; Baddley et al, 2001; Martino
et al, 2001; Grow et al, 2002; Junghanss et al, 2002b;
Marr et al, 2002c). Fungal infections, especially those
caused by filamentous organisms, now occur predom-
inantly during the GVHD period. The results of case-
series and one case-control study published to date sug-
gest that patients who undergo nonmyeloablative BMT

have fewer early bacterial infections associated with
shorter periods of neutropenia, but retain significant
risks for aspergillosis and candidal infections late after
transplant, in association with late CMV infection and
GVHD (Martino et al, 2001; Junghanss and Marr,
2002a; Junghanss et al, 2002b).

Time until engraftment, and severity of GVHD, both
important factors influencing fungal infection risks, are
predictable based on the stem cell product. Recipients
of cord blood have higher risks for early fungal infec-
tions compared to recipients of marrow from HLA-
matched related donors, largely because of low doses
of stem cells and a prolonged period of myelosuppres-
sion (Marr et al, 2002b). Likewise, there have been re-
ports that CD34-selection, a process performed with a
goal of reducing relapse of malignancy, leads to in-
creased risks for CMV and fungal infections in autol-
ogous BMT patients (Holmberg et al, 1999; Crippa et
al, 2002). The severity of risks according to type of
BMT is shown in Figure 30–1.

Infection risks are not stable, but are dynamic vari-
ables that evolve according to the time line of immune
reconstitution and development of other posttransplant
complications. Figure 30–2 diagrams risks for specific
fungal infections according to time after transplant.
Neutropenia and organ toxicities contribute to risks
during the early time period, especially in recipients of
myeloablative BMT (not shown on the diagram). De-
velopment of GVHD and delayed immune reconstitution
dictate the severity of risks during the late time periods.

Table 30–1 lists the risk factors that have been as-
sociated with the development of candidal infections
and filamentous fungal infections in BMT recipients.
These risks may be related to the BMT recipient, type
of BMT, or to complications that arise subsequent to
transplant. Transplantation at an older age increases
the risks for disseminated candidiasis (Goodrich et al,
1991) and aspergillosis (Morrison et al, 1993; Wald et
al, 1997; Marr et al, 2002b). Type of stem cells trans-
fused impacts the risks for early disease which appears
to be primarily due to variable engraftment parameters
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(Marr et al, 2002c). Other posttransplant complica-
tions, such as CMV infection and disease have been as-
sociated with high risks for subsequent candidiasis and
aspergillosis (Marr et al, 2000c; Marr et al, 2002c).
The results of most recent studies evaluating risks us-
ing multivariable modeling emphasize that the impact
of many of these variables may be primarily due to re-
ceipt of high doses of corticosteroids (Baddley et al,
2001; Grow et al, 2002). Whether viral infections con-
fer independent risks for subsequent fungal infection,
or serve as a marker for severe immune suppression is
currently unclear. Clearly the risks for fungal infections,
both candidiasis and those caused by filamentous fungi,
are not only increased by absolute neutropenia, but are
impacted by lymphocyte-mediated immunity as well.
Reconstitution of CD4	 T cells has been implicated in
high risks for CMV and Epstein Barr virus (EBV) in-
fections, and slow recovery at least partly explains the
high risks observed in adult recipients of T-cell depleted

stem cell transplants compared to children (Small et al,
1999). More recently, animal models have demon-
strated that T cell immunity is important for regulat-
ing risks and outcomes of both candidiasis and as-
pergillosis (Cenci et al, 1997a; Cenci et al, 1997b; Cenci
et al, 1998; Cenci et al, 1999; Cenci et al, 2000; Men-
cacci et al, 2001; Cenci et al, 2002). Accordingly, lym-
phocytopenia confers an increased risk for aspergillo-
sis after non-T cell depleted BMT (Marr et al, 2002c),
and full haplotype-mismatched BMT recipients may
have increased risks for fungal infections (Williamson
et al, 1999). One recent study of Aspergillus-specific T-
cell responses in patients with invasive aspergillosis
noted that favorable outcomes correlated with recon-
stitution of Th-1-type cellular immune responses
(Hebart et al, 2002).

Finally, donor variables, such as CMV seropositiv-
ity, may impact risks for infection (Marr et al, 2002c;
Nichols et al, 2002). Recent, unpublished studies have
shown associations between donor polymorphisms
within innate immune response genes and candidiasis
post-BMT. Fungal infection risks are thus impacted by
a composite of donor, host, and posttransplant com-
plication variables. As larger cohorts of patients with
infections are characterized, it may be possible to un-
cover the biological factors underlying each of these as-
sociations.

Recent data suggest that there may be different risks
for different types of filamentous fungal infections. The
observation that Zygomycete infections are most com-
mon late after BMT in people with severe GVHD might
represent the propensity of these organisms to cause
disease in people who have a history of prolonged cor-
ticosteroid use (Ribes et al, 2000). Risks for specific
fungal infections are most certainly impacted by the
host factors outlined, as well as microbial exposure and
the propensity of each of these organisms to cause dis-
ease in a specific milieu. For this reason, elucidation of
virulence properties of pathogenic fungi is a topic of
increasing medical importance.

FUNGAL INFECTIONS: 
PATHOGENESIS AND THERAPY

As mentioned above, fungal infections in BMT patients
are caused predominantly by Candida species and
moulds; infections with other yeasts, such as Crypto-
coccus neoformans and dimorphic fungi, e.g., Histo-
plasma capsulatum, are notably infrequent, even in hy-
perendemic regions (Vail et al, 2002). Whether the low
incidence is representative of type or chronicity of im-
mune dysfunction or receipt of prophylactic antifungal
drugs is unknown. The following section describes clin-
ical manifestations and pathogenesis and focuses pri-

FIGURE 30–1. Severity of risks for fungal infections according to type
of BMT conditioning and stem cell product (Tx, transplant; M, mye-
loablative; NM, nonmyeloablative), (courtesy of M. Boeckh, Fred
Hutchinson Cancer Research Center).
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FIGURE 30–2. Time line of fungal infections and major correspond-
ing risk periods and factors after myeloablative BMT. Day 0 is day
of receipt of stem cell product.
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marily on the two major pathogens of importance 
in BMT recipients, Candida species and Aspergillus
species. Discussion of the less frequent filamentous fun-
gal pathogens follows, preceding a detailed section fo-
cused on therapy.

Manifestations, Pathogenesis, and Diagnosis
Candidiasis. Infections caused by Candida species can
be called acute or chronic, terms that describe differ-
ences in both clinical presentation and pathogenesis.
Acute candidiasis refers to bloodstream infection, or
acute deep tissue infection caused by hematogenous
seeding. Acute infection frequently manifests as fever
and sepsis, with positive blood cultures. One recent
study performed in cancer patients showed that the
most common clinical presentation is fever, which oc-
curred in 99% of patients sampled (Viscoli et al, 1999).
The severity of presentation and frequency of compli-
cations are dependent upon the immune status of the
host and the relative virulence of the Candida species.

Dissemination to specific organs (kidneys, skin, eyes,
heart, central nervous system, and lungs) may result
from hematogenous spread, especially in neutropenic
patients with bloodstream infection with C. albicans.

In BMT recipients, the most frequent mode of ac-
quisition of Candida species is GI tract invasion dur-
ing periods of severe mucositis. The results of several
studies have suggested that certain species are more able
to invade the GI tract mucosal barrier (Cole et al, 1996;
Mellado et al, 2000). Candida albicans and C. tropi-
calis, the most frequent causes of candidiasis among
BMT recipients not receiving any antifungal prophy-
lactic therapy, appear to have a unique ability to in-
vade tissues. One recent study, which examined the
ability of genetically manipulated C. albicans to invade
through mucosal tissues in a murine model, observed
that invasion is tightly linked to the ability of the or-
ganism to form hyphae (Andrutis et al, 2000). Although
other species, notably C. glabrata and C. krusei, are
not able to form hyphae, these organisms can also gain

TABLE 30–1. Factors Described to Either Increase (�) or Decrease (�) the Risk for 
Fungal Infections in Bone Marrow Transplant Patients
Factor Candida Aspergillus Fusarium Zygomycetes

Older age* � �
Underlying disease

CML-chronic phase �
Hematologic malignancy in �

non-first remission
Aplastic anemia �
Myelodysplastic syndrome � �
Multiple myeloma � �

Type of BMT
Autologous �
CD34-selection �
HLA-MM/UR allogeneic � � �

Stem cell product**
HLA-matched PBSC � (early)
Cord blood �

Receipt of total body irradiation �
Transplant in LAF �
Season of transplant �
Construction �
CMV seropositivity (recipient) �
CMV infection or disease � �
Respiratory virus infection �
Prolonged neutrophil engraftment � �
2° neutropenia after engraftment � �
Acute GVHD � � �
Chronic GVHD �
Receipt of corticosteroids �
Prior bacteremia �
Receipt of antibacterial drugs �
Microbial colonization � �

*Age � 18 and � 40 years have been shown to increase risk for infection compared to age � 18.
**Stem cell products were compared to bone marrow.
CML, chronic myelogenous leukemia; BMT, bone marrow transplant; HLA-MM, human lymphocyte antigen-

mismatched; UR, unrelated donor, PBSC, peripheral blood stem cell; LAF, laminar airflow; CMV, cytomegalovirus;
GVHD, graft-vs.-host disease.

Only factors significantly associated with risks in multivariable models are shown.
Sources: Morrison et al, 1993; Jantunen et al, 1997; Wald et al, 1997; Marr et al, 2000b,c; Baddley et al, 2001;

Grow et al, 2002; Marr et al, 2002b; Marr et al, 2002c.
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entrance into the bloodstream through the GI tract, es-
pecially in neutropenic patients who are colonized dur-
ing periods of mucositis.

Although BMT recipients are at high risk for devel-
oping invasive candidiasis via the GI tract, acquisition
through intravascular catheters is common. Candida
parapsilosis is an organism most frequently acquired
through this route. Older reports focused on the epi-
demic nature of C. parapsilosis infections, with several
nosocomial outbreaks identifying contamination of in-
travascular infusates as a potential source (Plouffe et
al, 1977). Recent risk factor analyses performed in
neonates have verified that colonization on the hands
of health-care workers is associated with infection in
this population (Saiman et al, 2000). The precise source
of candidal infection is rarely identified; preventive
measures for controlling infection must include basic
infection control practices such as adherence to strict
hand-washing policies.

Chronic candidiasis is a term frequently used to sig-
nify hepatosplenic disease. As opposed to candidemia,
patients with chronic candidiasis may present with clin-
ical manifestations long after initial infection. Candida
species, which invade the portal vasculature during neu-
tropenia and GI mucositis, seed the liver and/or spleen;
symptoms and signs of abdominal pain, fever, and ten-
derness, plus increased alkaline phosphatase levels, be-
come apparent only after engraftment, concurrent with
a relative degree of immune reconstitution, and in-
flammation of hepatic lesions (Thaler et al, 1988; 
Kontoyiannis et al, 2000a). Pathologic examination of
hepatic candidal lesions typically reveals chronic in-
flammation. Bodey and colleagues described the
histopathological distinction between chronic lesions
with granulomatous inflammation and hepatic candi-
dal abscess formation, comprised predominantly of co-
agulative necrosis (Bodey and Luna, 1998). As with
acute candidiasis, chronic disease is most frequently
caused by C. albicans, although non-albicans species
have been identified as potential causes of disease in an
autopsy study of patients who received azole antifun-
gal prophylaxis (van Burik et al, 1998).

Diagnosis of candidemia relies on identification of
the organism in blood culture. Multiple advances in
blood culture techniques have occurred over the last
decade, and include the lysis centrifugation blood cul-
ture system (Wampole Laboratories, Cranbury, NJ)
and the BacT/Alert Microbial Detection System
(Organon Teknika Corporation, Durham, NC), which
have increased the sensitivity and rapidity of detection
of candidemia (Kiehn et al, 1983; Wilson et al, 1992).
Yield remains somewhat variable, in part because the
frequency of detection of Candida species depends
upon fungal burden, which varies among patients stud-
ied. Efforts are underway to develop culture-independ-

ent methodologies, such as antigen detection and PCR
for identification of organisms as the cause of blood-
stream and/or tissue disease (Walsh and Chanock,
1998). These methods, and the yield of radiography to
diagnose hepatosplenic candidiasis, are discussed in
more detail in Chapter 11.

Aspergillosis. Infections caused by Aspergillus species
typically manifest in the sinopulmonary tract. Most 
frequently, acquisition occurs by inhalation of conidia;
in the absence of effective macrophage-mediated coni-
dial killing, these cells can germinate into potentially
invasive hyphae (Latge, 1999). Hyphal growth occurs
unchecked in the absence of a sufficient neutrophilic
response, potentially resulting in vascular invasion and
hematogenous dissemination.

Although disease is frequently recognized and pre-
sumed to be established in the respiratory tract, case
reports and larger series have documented that As-
pergillus species may invade the GI tract. The GI tract
can serve as a portal of entry, resulting in isolated co-
litis, and in some cases, hepatic lesions in the absence
of apparent pulmonary disease (Catalano et al, 1997).
Filamentous fungi, as well as Candida species, have
been implicated as a cause of neutropenic colitis, or ty-
phlitis, in immunocompromised patients (Ortiz et al,
2000). Retrospective studies have shown that identifi-
cation of Aspergillus species as colonizing organisms in
either respiratory samples or stool of BMT recipients
connotes a high positive predictive value for subsequent
invasive disease (Wald et al, 1997). The exception is A.
niger isolated from stool, which is not associated with
subsequent invasive disease. Whether the risk associ-
ated with Aspergillus species in stool is indicative of a
portal of entry or merely represents the likelihood of
prior sinopulmonary exposure is unknown. Regardless,
isolation of a potentially pathogenic organism from
nonsterile sites in patients at risk should initiate a thor-
ough evaluation for other signs of disease, and consid-
eration of preemptive antifungal therapy.

Aspergillus species can cause multiple sinopulmonary
syndromes, ranging from allergic sinusitis to invasive
sinusitis with extrapulmonary spread to distant organs.
Bone marrow transplant recipients are at risk for the
most severe invasive manifestations. In the most recent
cohort studies, 11% of infections caused by Aspergillus
species were limited to invasive sinusitis; in the vast ma-
jority of patients, these organisms are found to be the
cause of pneumonia, with or without recognized sinus
disease (Marr et al, 2002b). Infections caused by A.
flavus and A. niger are more frequently limited to the
sinuses possibly because these species have larger coni-
dia that get trapped in upper airways more frequently
than A. fumigatus, which can reach the depths of alve-
olar spaces. The pathogenesis of disease, and differ-



460 SPECIAL PATIENT POPULATIONS

ences between Aspergillus species are discussed in more
detail in Chapter 14.

The clinical manifestations of diseases caused by As-
pergillus species are the combined result of microbial
tissue invasion and the host inflammatory responses
elicited to keep the organism in check. Hence, the ra-
diographic presentation of invasive pulmonary infec-
tion can vary from one or more isolated small nodules
(Fig. 30–3a), to cavitary lesions (Fig. 30–3b), to ex-
tensive, unilateral or bilateral infiltrates (Figs. 30–3c,
30–3d). Ground-glass infiltrates are not uncommon
and appear to occur more frequently in BMT recipi-
ents compared to other neutropenic patients. One study
found that diffuse infiltrates caused by Aspergillus
species were most common in BMT patients who de-
veloped disease postengraftment during GVHD (Marr
et al, 2000a). The results of animal models suggest that
these unusual manifestations may result from “dysreg-
ulated” or delayed clearance of mononuclear inflam-
mation, or hemorrhage (Berenguer et al, 1995). More
studies are necessary to determine the pathogenesis of
this broad spectrum of disease manifestations. In the
meantime, clinicians should be aware that even though
certain radiographic presentations may be typical for
invasive pulmonary aspergillosis (i.e., nodular or cavi-
tary lesions), disease may be manifest with a spectrum
of radiographic findings.

Currently, the definitive diagnosis of aspergillosis re-
lies upon histopathologic and/or microbiologic identi-
fication of the organism in tissue. As several studies
have documented that the yield of culture of both tis-
sue biopsies and bronchoalveolar lavage fluid (BALF)
is low, and therapy of proven disease is associated with
the worst outcomes, efforts have been directed towards
establishing methods to more rapidly diagnose infec-
tion (Levy et al 1992; Patterson et al, 2000; Lin et al,
2001; Denning et al, 2002). Multiple diagnostic tests
that rely on detection of circulating antigens are in use
in Europe and Japan. These assays, which can detect
cell wall components such as galactomannan and 
�-glucan, appear to have good sensitivity and speci-
ficity for diagnosis of aspergillosis in BMT recipients
(Miyazaki et al, 1995; Maertens et al, 2001). One study
performed in BMT recipients found that both sensitivity
and specificity of the Platelia galactomannan double-
sandwich enzyme-linked immunoassay (EIA) was at
least 90% (Maertens et al, 2001). Despite the high pos-
itive and negative predictive values, the duration of time
between positive assays and clinical manifestation of
infection may be variable. In the Maertens’ study, 6
days was the median number of days in which a posi-
tive assay preceded initiation of antifungal therapy
based on clinical signs. It may be that the performance
of the assay could be improved by using lower cut-offs
for positivity, especially in this population, given the

high prevalence of aspergillosis and the frequent use of
prophylactic and empiric antifungal therapy. More
studies will be necessary to optimize performance char-
acteristics of these assays in other hosts, especially in
children, who appear to have frequent false-positive re-
sults during GI mucositis and neutropenia (Sulahian et

FIGURE 30–3. Radiographic presentations of aspergillosis in allo-
geneic BMT recipients. Appearance can vary from isolated pul-
monary lesions (a), to cavitary lesions (b), to infiltrates (c and d). In-
filtrates are frequently pleural based (c and d), but ground-glass
infiltrates can appear either surrounding nodular lesions (a), or as
isolated findings (d).
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al, 2001). Other diagnostic assays that have been de-
veloped in multiple centers rely on PCR detection of
circulating nucleic acids (Einsele et al, 1997). These and
other assays currently under investigation are discussed
in more detail in Chapter 14.

Infections Caused By Other Fungi. Other fungi are much
less commonly associated with invasive disease among
BMT recipients. The most common of these pathogens
include the filamentous fungi, Fusarium spp. and the 
Zygomycetes. Infections with other fungi such as Sce-
dosporium spp., Trichosporon spp., Cryptococcus neo-
formans, and dematiaceous moulds, (e.g., Alternaria
spp. and Bipolaris spp.) do occur in BMT patients.
However, these infections are relatively infrequent and
are not reviewed here (Perfect and Schell, 1996; Walsh
and Groll, 1999a; Marr et al, 2002b).

Fusarium species are the second most common fila-
mentous fungal pathogen in BMT recipients, and F.
solani is the most common species (Boutati and
Anaissie, 1997; Marr et al, 2002b). Clinical presenta-
tion of disseminated fusariosis is similar to that of as-
pergillosis. Acquisition is usually through the sinopul-
monary tract, but these organisms can also cause
isolated onychomycosis and gain entry through celluli-
tis involving the extremities (Boutati and Anaissie,
1997). Frequent recovery of these organisms from
blood and tissue, and the propensity to cause dissemi-
nated disease is thought to be due to the ability of
Fusarium spp. to produce adventitious unicellular
propagules in vivo (Schell, 1995). Only a few fungi are
capable of producing adventitious forms or conidia in
vivo, and infection with organisms that have this ca-
pability (Fusarium spp., Aspergillus terreus, Acremo-
nium spp., and Paecilomyces spp.) is characterized by
frequent hematogenous dissemination with skin le-
sions, growth of the organism in blood culture, and a
relative resistance to therapy with amphotericin B prod-
ucts (Perfect and Schell, 1996). Risk factors for fusar-
iosis include neutropenia and GVHD (Boutati and
Anaissie, 1997; Marr et al, 2002b). Patients who re-
ceive BMT from HLA-mismatched or unrelated donors,
as well as people with an underlying diagnosis of mul-
tiple myeloma, appear to be at particularly high risk
(Marr et al, 2002b).

Infections caused by the Zygomycetes such as Rhi-
zopus spp. and Mucor spp., also appear to be increas-
ing in frequency in BMT recipients (Marr et al, 2002b).
These moulds can be acquired through the sinopul-
monary tract, or less frequently through mucosal
breaks in the GI tract, leading to sinusitis, pneumonia,
or lesions in the liver or GI tract (Oliver et al, 1996;
Ribes et al, 2000; Kontoyiannis et al, 2000b). Recent
studies report that the rate of hematogenous dissemi-
nation of Zygomycetes in BMT recipients is roughly

equivalent to that of Aspergillus species, with dissemi-
nated lesions recognized in approximately 25% of
proven or probable infections associated with both
pathogens (Marr et al, 2002b). Zygomycosis tends to
occur later after receipt of allogeneic BMT, with GVHD
as the most important risk factor. In one study, the un-
derlying diagnosis of myelodysplastic syndrome was as-
sociated with significantly higher risk of zygomycosis
in a multivariable risk factor analysis, possibly related
to severity of GVHD in this patient population (Marr
et al, 2002b).

THERAPEUTIC APPROACH

Therapy of invasive fungal infections entails both pre-
ventive strategies as well as treatment of established in-
fection. In BMT recipients, prevention of infection is
critical. It can be argued that the most important ther-
apeutic advances in the supportive care of BMT recip-
ients within the last decade have occurred due to the
effective measures to prevent gram-negative bacterial
infections, CMV disease, and candidiasis. One recent
multivariable analysis of outcomes among unrelated
donor BMT recipients with chronic myelogenous
leukemia found that two important predictors of over-
all survival were receipt of ganciclovir for prevention
of CMV infection, and fluconazole for prevention of
candidiasis (Hansen et al, 1998).

Prevention: Prophylaxis
Strategies to prevent fungal infections may rely on ad-
ministration of antifungals “prophylactically” in high-
risk patients, “empirically” in patients with fever dur-
ing neutropenia, and “preemptively” in patients in
whom a more specific indicator of fungal infection is
detected. There are advantages and disadvantages to
each of these strategies.

Prophylactic administration of azole antifungal drugs
has become common practice in BMT recipients, due
to several randomized trials performed in the early
1990s that showed efficacy in preventing candidiasis
(Goodman et al, 1992; Slavin et al, 1995). The first
large randomized trial comparing fluconazole with
placebo until neutrophil engraftment in both autolo-
gous and allogeneic BMT recipients showed that flu-
conazole was associated with decreased fungal infec-
tion and fungal infection-related death, although there
was no difference in overall survival (Goodman et al,
1992). A second trial compared fluconazole with
placebo, both administered for a longer period of time
during GVHD in allograft recipients (Slavin et al,
1995). The results of this trial, and a subsequent long-
term follow up study of the same randomized cohort,
verified that fluconazole decreases infection, infection-
related death, and the overall mortality of allograft 
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recipients (Marr et al, 2000b). Another study docu-
mented that the prophylactic use of fluconazole de-
creases the incidence of hepatosplenic candidiasis in
BMT recipients (van Burik et al, 1998). Optimal doses
and durations of fluconazole administration continue
to be a matter of debate.

Unfortunately, the successful prevention of fungal in-
fections has been dampened due to the emergence of
azole-resistant Candida species and moulds. Most 
reports suggest that liberal azole use is associated 
with selection of resistant Candida species, namely C.
glabrata and C. krusei (Bodey et al, 2002; Marr et al,
2000c). Perhaps more importantly, the incidence of as-
pergillosis has increased in many centers, with this or-
ganism surpassing yeasts as the cause of infection-
related mortality. The estimated incidence of invasive
aspergillosis approximates 10%–15% in most BMT
centers, with the majority of infections diagnosed late
after engraftment, during GVHD (Wald et al, 1997;
Williamson et al, 1999; Grow et al, 2002). Figure 30–4
shows the one year cumulative incidence of proven or
probable invasive aspergillosis in the largest cohort of
allogeneic BMT patients described to date (Marr et al,
2002c).

Due to this shift in epidemiology, efforts have turned
towards establishing a preventive strategy that will en-
compass moulds as well as yeasts. Several studies have
been performed to determine if itraconazole is better
than placebo (Menichetti et al, 1999), amphotericin B
(Harousseau et al, 2000), or fluconazole (Morgenstern
et al, 1999) for prevention of infection in neutropenic
patients. Although the results of these studies suggested
promise with regards to prevention of aspergillosis, the
studies were not performed in high-risk BMT recipi-
ents. A trial that compared outcomes of BMT patients
who received either itraconazole or fluconazole for 100
days after transplant has been completed recently, and
preliminary results suggest that itraconazole may be
better than fluconazole in preventing Aspergillus infec-

tions (Winston et al, 2001). However, other reports
have suggested that long-term administration of itra-
conazole may be limited by a significant amount of nau-
sea and vomiting, especially in children (Foot et al,
1999). Multiple trials are currently evaluating the util-
ity of newer mould-active triazole antifungal drugs,
such as voriconazole and posaconazole, and echinocan-
dins for antifungal prophylaxis in BMT recipients.

Prevention: Empirical Therapy
One approach to prevention of fungal infections is to
administer antifungal agents to neutropenic patients
with fever that persists despite antibiotics. This prac-
tice was established in the 1980s, with the performance
of two randomized trials that compared outcomes of
febrile neutropenic patients who received either no an-
tifungal therapy or amphotericin B deoxycholate (Pizzo
et al, 1982; EORTC, 1989). Both trials showed that
amphotericin B was associated with fewer fungal in-
fections. Which antifungal is best for treatment of fever
during neutropenia has been the subject of multiple
studies performed subsequently. Most of these studies
did not enroll enough BMT patients to compare effi-
cacy of preventing infection, especially in people al-
ready receiving some type of systemically absorbed an-
tifungal drug as prophylaxis (Marr, 2002a). Evaluation
of toxicity endpoints and composite variables showed
efficacy, but fewer toxicities of empirical therapy with
fluconazole, itraconazole, and lipid formulations of
amphotericin B compared to amphotericin B deoxy-
cholate (Marr, 2002a). Whether the toxicity concerns
are great enough to warrant the use of the more ex-
pensive formulations is a matter of continued debate.
Expense has limited their widespread adoption in many
large cancer centers. Either mould-active triazole anti-
fungal drugs such as voriconazole (Walsh et al, 2002)
or lipid amphotericin B formulations (Walsh et al,
1999b) may be appropriate for treatment of fever dur-
ing neutropenia in BMT recipients who are receiving

FIGURE 30–4. The annual incidence of proven or probable as-
pergillosis among a cohort of allogeneic BMT recipients at the Fred

Hutchinson Cancer Research Center. (Modified from Marr et al,
2002b).
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fluconazole prophylactically. However, fever during
neutropenia is not frequently caused by fungal infec-
tions in patients who are receiving prophylaxis. Recent
studies have found that � 5% of high-risk BMT pa-
tients who are febrile while receiving systemically ab-
sorbed antifungal prophylaxis actually had fungal in-
fections as a cause of their fevers (Walsh et al, 2002).
Whether empirical therapy is necessary in these patients
is not clear. It may be that some of the newer diag-
nostic assays may allow for the development of pre-
emptive strategies in order to avoid high toxicities and
costs associated with empirical antifungal use.

Prevention: Preemptive Therapy
Preemptive is a term used to describe therapy admin-
istered early during the course of infection, in some set-
tings preempting the development of disease. For CMV,
strategies using pp65-antigenemia and PCR to identify
infection in BMT recipients have been very successful
at preventing CMV disease and attributable mortality
(Boeckh, 1999). The development of new diagnostic as-
says for fungal infections may allow for the similar 
development of preventive strategies. To date, studies
have focused on the use of serial CT-scanning to initi-
ate early antifungal therapy. Although one small study
noted that screening with sensitive radiographic tests
may lead to decreased Aspergillus-associated mortality
compared to historic controls (Caillot et al, 1997), the
costs and inability to routinely screen for long dura-
tions after BMT have limited the applicability of this
approach. Other studies have reported that screening
with PCR or antigenemia assays may allow for the es-
tablishment of earlier diagnoses of aspergillosis (Walsh
and Chanock, 1998a). Large, randomized studies are
needed to determine the utility of these assays for pre-
ventive strategies in BMT recipients.

Prevention: Other Methods
Aside from prophylactic or preemptive antifungal ad-
ministration, other methods to prevent fungal infec-
tions in BMT recipients include avoidance of exposure,
and minimizing the severity or duration of risk. As-
pergillus and other moulds are most frequently ac-
quired from the hospital or external environment, al-
though a certain number of BMT patients who develop
disease early after transplant appear to have reactiva-
tion from a previously acquired infection. Efforts to
minimize exposure to Aspergillus species during the 
periods of risk have focused on air filtration, either
through laminar airflow (LAF), or high-efficiency par-
ticulate air filtration (HEPA). No randomized trials
have been performed to measure the utility of these
measures; however, several multivariable models to de-
fine risk factors for aspergillosis have shown that both
may be useful to prevent infection early after transplant
(Sherertz et al, 1987; Wald et al, 1997; Cornet et al,

1999). The important limitation to the use of contain-
ment practices is that they are only useful during the
period of time during which they are employed. Many
experienced clinicians have recently questioned the util-
ity of LAF at a time when disease is most frequently
acquired outside of the hospital, late after transplant.

The environmental source of Aspergillus species
has also been called into question with the results of
several recent studies suggesting that moulds may be a
common contaminant in hospital water supplies
(Anaissie et al, 2001b; Anaissie and Costa, 2001a; War-
ris et al, 2001; Anaissie et al, 2002; Warris et al, 2002).
The findings of Aspergillus species (including A. fumi-
gatus) and Fusarium species in hospital water supplies,
with high amounts of spores recovered in and around
patient bathrooms, has led some clinicians to suggest
that it may be prudent to avoid aerosolization of wa-
ter through showering during the period of high risk.
Other studies have reported outbreaks of hospital-
acquired A. terreus infections with apparent association
with vegetation (plants) within the hospital (Lass-Florl
et al, 2000). Although the exact environmental source
of moulds is rarely determined, even during periods of
outbreaks, most centers have instituted infection-
control practices that focus on air monitoring, patient
avoidance of vegetation and food known to have high
mould content (i.e., pepper), and patient avoidance of
activities that are associated with aerosolization of
conidia (i.e., mowing the lawn, gardening, vacuuming,
etc). More studies are necessary to determine whether
other infection-control practices can minimize infection
late after BMT.

It may also be possible to prevent infection by min-
imizing the severity and the duration of risks. Efforts
to prevent fungal infections have focused on the roles
of immune modulators to decrease neutropenia. Few
placebo-controlled randomized studies employing he-
matopoietic growth factors or granulocyte infusions to
prevent infection have been performed; however, the
results of small randomized trials and risk-factor analy-
ses suggest that minimizing the period of neutropenia
is associated with fewer Candida and Aspergillus in-
fections (Wingard, 1998). Optimizing risk reduction
during the GVHD period is important, and recent risk
factor analyses have shown that factors other than neu-
tropenia, namely corticosteroid exposure, viral (CMV)
infections, and lymphopenia may be the strongest pre-
dictors of postengraftment aspergillosis (Grow et al,
2002; Marr et al, 2002c). Minimizing the use of corti-
costeroids for GVHD is prudent, when possible.

Therapy of Documented Infection
For a long time, clinicians have balanced the need for
establishing a microbial diagnosis of fungal infections
with the desire to minimize complications associated
with invasive procedures. Mould infections are espe-
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cially difficult to diagnose with certainty without per-
formance of some type of invasive procedure, e.g.,
bronchoalveolar lavage (BAL) or lung biopsy. Although
complications are rare subsequent to BAL, lung biopsy
may elicit hemorrhage and infection in neutropenic,
thrombocytopenic patients (Hoffer et al, 2001). One
may treat patients with suggestive radiographic lesions
presumptively with antifungal agents; however, with-
out a definitive diagnosis, there is a substantial risk of
administering misdirected therapy. Establishing a mi-
crobial diagnosis has become especially important now
that multiple effective antifungal drugs other than de-
oxycholate amphotericin B are available for use.

Treatment of Candidiasis
Therapy of infections caused by Candida is dependent
on the causative species. While fluconazole has been
shown to be equivalent with amphotericin B for treat-
ment of candidemia in nonneutropenic patients, can-
didiasis in neutropenic patients and BMT recipients is
frequently caused by azole-resistant organisms, such as
C. glabrata or C. krusei (Viscoli et al, 1999; Marr et
al, 2000c). In these patients, even C. albicans may be-
come resistant to fluconazole through continued expo-
sure during prophylactic therapy (Marr et al, 1997;
Marr et al, 2001). For this reason, and because azole
drugs, especially fluconazole and itraconazole, have not
been evaluated extensively for therapy of invasive in-
fection in severely immunosuppressed patients, stan-
dard therapy of bloodstream infection should include
an amphotericin B formulation, or possibly alternative
therapy with an echinocandin. High doses (� 0.8
mg/kg/day) of amphotericin B deoxycholate or a lipid
formulation of amphotericin B may be best therapy of
infections caused by C. glabrata or C. krusei, as there
is some indication that these organisms are relatively
resistant to amphotericin B (Rex et al, 2000). Use of
newer agents that have good activity against Candida
species, such as echinocandins, should be acceptable
given their in vitro activity (Espinel-Ingroff, 1998). Al-
though experience with these compounds is not yet ex-
tensive, a large, double-blind study comparing caspo-
fungin with amphotericin B for treatment of invasive
candidiasis has been completed (Mora-Duarte et al,
2002). Results of this study suggest comparable effi-
cacy, and fewer toxicities associated with caspofungin
therapy. Duration of therapy for candidemia should
continue for at least 2 weeks after the last positive blood
culture in order to minimize the likelihood of metasta-
tic sequelae such as chorioretinitis and endocarditis
(Rex et al, 2000).

Multiple antifungal drugs have been shown to be ef-
fective for treatment of hepatosplenic candidiasis, in-
cluding fluconazole, as most infections are caused by
susceptible C. albicans. Although no randomized stud-

ies have been performed to identify the best antifungal
for treatment, most clinicians favor the use of an am-
photericin B formulation as initial therapy, followed by
maintenance therapy with an azole antifungal until res-
olution of lesions (Kontoyiannis et al, 2000a). Anec-
dotal success has been reported using echinocandin an-
tifungals for therapy of hepatosplenic candidiasis as
well, which is consistent with the distribution of these
drugs to the liver (Groll and Walsh, 2001). The reader
is referred to a detailed discussion of treatment for Can-
dida infections in Chapter 11.

Treatment of Mould Infections
Historically, the only effective therapy for mould in-
fections was amphotericin B. The introduction of new
triazoles and echinocandins has now challenged this
“gold standard,” with recent evidence that alternative
therapy may be indicated for non-Aspergillus mould in-
fections, and for treatment of infection that does not
initially respond to amphotericin B formulations. No
randomized studies have compared therapy with am-
photericin B deoxycholate to lipid formulations of am-
photericin B, although the latter formulations have
fewer nephrotoxicities and infusion-related toxicities,
both of which may occur at high frequency in BMT re-
cipients (Walsh et al, 1998b; Wingard et al, 2000).

Differentiating infections with Aspergillus species
and other mould pathogens has become critical, as op-
timal therapy for each may differ. While amphotericin
B remains the current therapy of choice for zygomy-
cosis, several retrospective open-label studies suggest
that the best outcomes result from therapy with high
doses of lipid amphotericin B formulations, in con-
junction with aggressive surgical debridement of in-
volved tissue and granulocyte-stimulation or replace-
ment (Herbrecht et al, 2001; Kontoyiannis et al,
2000b). Emerging data indicate that optimal therapy
for Fusarium spp. and Scedosporium spp. may be a new
mould-active triazole antifungal drug. Reports of out-
comes using voriconazole and posaconazole have been
encouraging, leading some experienced clinicians to
suggest that these drugs should now be considered first-
line therapy for these opportunistic filamentous mould
infections.

The standard algorithm for treating invasive as-
pergillosis has been to administer amphotericin B de-
oxycholate as initial (primary) therapy and then to
switch to either a mould-active triazole, an echinocan-
din, or a lipid formulation of amphotericin B should
the patient develop serious toxicities or fail to respond
to initial therapy. Only one randomized, double-blind
study has been performed to evaluate the use of a lipid
formulation of amphotericin B as primary therapy for
invasive aspergillosis. In this study, amphotericin B col-
loidal dispersion (ABCD) at a dose of 6 mg/kg/day was
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equivalent in efficacy to amphotericin B deoxycholate,
1.0–1.5 mg/kg/day, but was associated with signifi-
cantly less nephrotoxicity (Bowden et al, 2002). De-
spite the lack of data to support superior efficacy, the
lipid formulations are favored by many clinicians be-
cause of their potential to deliver high doses of am-
photericin B to target tissues without an increase in tox-
icities. Salvage studies have shown that voriconazole,
posaconazole, and caspofungin are associated with suc-
cessful therapy when used as a second-line agent in ap-
proximately 40% of patients (Denning et al, 2002).

Recently, the algorithm for standard therapy for in-
vasive aspergillosis has been challenged with trials that
compared amphotericin B with voriconazole. Although
the response rates of aspergillosis in allogeneic BMT
recipients using amphotericin B formulations only ap-
proximated 10%–15% (Ribaud et al, 1999; Patterson
et al, 2000; Lin et al, 2001; Denning et al, 2002), re-
sponses were noted in 26% of allogeneic BMT patients
who received voriconazole either as primary or sec-
ondary therapy (Denning et al, 2002). More convinc-
ing evidence that voriconazole may be an effective ther-
apy comes from a recent open label–randomized trial
that compared voriconazole as primary therapy with
the standard algorithm of amphotericin B followed by
the investigator’s choice of other licensed antifungal
therapy. The results of this trial indicate that clinical
outcomes and overall survival are improved with
voriconazole used as primary therapy (Herbrecht et al,
2002). In vitro and in vivo studies suggest that combi-
nation antifungal therapy, employing an echinocandin
with either a mould-active triazole or an amphotericin
B formulation for invasive aspergillosis, may be even
more efficacious. Clinical studies evaluating the safety
and efficacy of the various combinations are in the
planning stage.

Common practice is to continue antifungal therapy
for the duration of time that the patient is receiving 
immunosuppressive drugs. Allogeneic BMT recipients
with pulmonary mould infections should receive pro-
longed antifungal therapy, at least as long as patients
are receiving high doses of corticosteroid therapy for
GVHD. The cumulative dose and duration of corti-
costeroids exposure are closely associated with nega-
tive outcomes of antifungal therapy; consequently,
every effort should be made to minimize exposure to
corticosteroids (Ribaud et al, 1999).

Adjunctive Therapy
The utility of adjunctive therapy using immune modu-
lating agents, such as hematopoietic growth factors or
granulocyte transfusions, continues to be a matter of
debate. No definitive randomized studies have been
performed. Up to now, studies have only justified 
the safety of immunomodulating therapy, with anec-

dotes suggesting efficacy. Granulocyte colony-stimulat-
ing factor (G-CSF) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) are used frequently in pa-
tients who are neutropenic and have invasive fungal in-
fections. Adjunctive immunotherapy may be especially
important for treatment of mould infections character-
ized by a large circulating fungal burden and relative
resistance to antifungal drugs, as with disseminated
fusariosis. In addition, other reports emphasize that
outcomes of therapy for zygomycosis are improved
with rapid resolution of neutropenia (Kontoyiannis et
al, 2000b). The potential utility of neutrophil transfu-
sions as adjunctive therapy has been rejuvenated with
the development of G-CSF primed community donor
transfusions (Hubel et al, 2001). Studies evaluating the
safety and efficacy of such transfusions, and the use of
interferon-gamma for adjunctive therapy of aspergillo-
sis in neutropenic patients are either ongoing or in de-
velopment.

The role of surgical debridement of pulmonary fun-
gal lesions is also a matter of debate, as no random-
ized studies have been performed, and noncontrolled
studies are impacted by selection bias. Anecdotal re-
ports and case series suggest that there is a definite role
for surgical resection in patients who present with se-
vere hemoptysis and fungal lesions abutting large ves-
sels, and in patients in whom further myelosuppressive
therapy is intended (Offner et al, 1998). In many cen-
ters, patients who present pretransplant with isolated
pulmonary fungal lesions undergo resection when pos-
sible. This practice is justified by the results of case se-
ries that suggest that recurrent fungal infection occurs
less frequently in patients who have undergone surgi-
cal resection before myeloablative therapy. As men-
tioned above, surgical resection of infection caused by
Zygomycetes appears to be strongly associated with
successful therapy.

SUMMARY

The risks and time of occurrence of fungal infections
have evolved with new BMT techniques and support-
ive care strategies; however, patients who are im-
munosuppressed for long durations of time during
GVHD continue to have prolonged risks for fungal in-
fections. In this setting, mould infections have emerged
as the primary concern. Preventive strategies that em-
ploy mould-active antifungal drugs for prophylactic
and preemptive administration are being explored.
These new agents have been shown to yield some ben-
efits for therapy of documented infection, especially
when used early after definitive diagnosis. It is possi-
ble that the availability of these less toxic antifungal
agents, combined with new nonmyeloablative BMT
procedures, will curb fungal infection-related mortality
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in years to come. Meanwhile, more innovative ap-
proaches are necessary to tailor preventive and thera-
peutic strategies.
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Fungal infections in solid organ 
transplant recipients

PETER G. PAPPAS

Solid organ transplantation has become an effective
life-sparing modality for thousands of patients with
organ failure syndromes. In spite of important ad-
vances in surgical technique and immunosuppressive
regimens that have made solid organ transplantation
a safer procedure today when compared to previous
decades, there remain substantial risks of infection and
other complications related to the procedure. Among
the infectious complications of organ transplantation,
none is associated with a greater impact on morbid-
ity and mortality than invasive fungal infections (IFI)
(Paya, 1993; Hibberd and Rubin 1994; Hadley and
Karchmer, 1995a; Dictar et al, 2000). Fungal infec-
tions in organ transplant recipients (OTRs) vary in fre-
quency, etiology, and pathogenesis according to the
type of organ transplant procedure. Variations in im-
munosuppressive regimens, surgical technique, infec-
tion control, and exposure history further complicate
evaluation of these patients. Moreover, the incidence
of IFIs among this group of patients varies consider-
ably from center to center, and an understanding of
the overall burden of these infections according to type
of organ transplant is lacking.

Thus, the clinician is faced with a number of chal-
lenges in assessing the OTR with possible IFI. First,
there is a lack of sensitive and specific diagnostic as-
says that might lead to earlier intervention. Second,
once a diagnosis of proven or suspected fungal infec-
tion is established, therapy is frequently toxic, which
may be dose-limiting. Third, significant potential for
drug–drug interactions exists between existing antifun-
gal agents and immunosuppressive agents. Fourth, only
limited data are available that facilitate early identifi-
cation of patients who are at the highest risk for IFI
within each transplant group. This chapter describes
risk factors for developing IFIs among OTRs, reviews
the specific fungal pathogens, and discusses an ap-
proach to the diagnosis, therapy, and prevention of
these potentially devastating infections.

DETERMINING THE “NET STATE 
OF IMMUNOSUPPRESSION”

As advanced by Rubin (Rubin, 1994), the concept of
“net state of immunosuppression” is a useful, albeit
vague assessment of the overall risk of infection in the
OTR. Quantitation of this risk in a reliable and re-
producible manner is difficult. Assessing the net state
of immunosuppression encompasses a number of host
and environmental factors, each of which can impact
host defense (Table 31–1). Included among these fac-
tors are dose, duration, and temporal sequence of spe-
cific immunosuppressive agents; underlying immune
deficiency such as autoimmune disease and other func-
tional immune deficits; integrity of the mucocutaneous
barrier; anatomic abnormalities such as devitalized tis-
sue and fluid collections; neutropenia and lymphope-
nia; underlying metabolic conditions such as renal 
insufficiency, malnutrition, diabetes mellitus, hepatic
failure; and infection with immunomodulating viruses
such as cytomegalovirus (CMV), Epstein Barr virus
(EBV), hepatitis B and C viruses, human herpes virus
(HHV-6), and human immunodeficiency virus (Fish-
man and Rubin, 1998).

While this approach is a useful guide to the assess-
ment of risk for infection in OTRs, it does not take
into account specific risk factors related either to dif-
ferent organ transplants or to surgical technique. A
gross estimate of overall immunologic impairment can
be made, but it does not provide a specific means by
which the physician might more accurately determine
the risk of IFI.

SPECIFIC FACTORS ASSOCIATED 
WITH INVASIVE FUNGAL INFECTION 
IN ORGAN TRANSPLANT RECIPIENTS

The development of IFI following solid organ trans-
plantation is influenced by a number of different vari-
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ables. These include the type and timing of the organ
transplant; the specific immunosuppressive regimen in-
cluding the timing and frequency of rejection episodes;
donor transmitted infections; comorbid conditions and
coinfections in the recipient, especially viral infections;
perioperative fungal colonization; and other factors in-
cluding previous exposure and recent epidemiology.
Each of these variables is discussed below.

Type of Solid Organ Transplant
The risk of IFI varies depending on the organ trans-
planted. Moreover, distribution of causative organisms
also varies with the type of transplant. Some risk fac-
tors are common to all OTRs such as retransplanta-
tion, prolonged ICU stay with mechanical ventilation,
requirement for surgical reexploration, primary graft
nonfunction, and active CMV infection. Other risk fac-
tors are specific to the type of transplant, and may re-
late to the type of anastomosis, differences in intensity
of immunosuppression, or other variables.

Kidney. Kidney transplantation is associated with the
least risk of IFI. The cumulative incidence of IFI fol-
lowing renal transplantation varies between 2% and
14% (Patel and Paya, 1997; Patel, 2001), and the most
common fungi causing infection are Candida spp., fol-
lowed by Aspergillus spp., and Cryptococcus neofor-
mans (Howard et al, 1978; Paya, 1993; Abbott et al,
2001). In geographic regions where Histoplasma cap-
sulatum and Coccidioides immitis are endemic, these
organisms can also be important pathogens in the post-
transplant period. For instance, histoplasmosis was
seen among renal allograft recipients in two large ur-
ban outbreaks in Indianapolis (Wheat et al, 1983), and
coccidioidomycosis was found to be the most common
IFI among renal transplant recipients in Arizona (Co-
hen et al, 1982). Sporadic reports of other fungi caus-
ing significant infection include Fusarium spp. and other
hyalohyphomycetes (Heinz et al, 1996), the zygomy-
cetes (Chkhotua et al, 2001), Trichosporon asahii and
other pathogenic yeasts (Lussier et al, 2000), and the
phaeohyphomycotic agents (Revankar et al, 2002).

Candida infection may be mucocutaneous, urinary,
or deeply invasive. Factors predisposing to urinary tract
infection include bladder catheterization, structural ab-
normalities or disruption of urinary flow, corticos-
teroids, and diabetes mellitus (Gallis et al, 1975).
Asymptomatic urinary tract colonization with Candida
spp. is particularly common in this OTR group and can
be associated with significant consequences. Most com-
monly, renal parenchymal disease may result from as-
cending infection from the bladder (Peterson et al 1982;
Nampoory et al, 1996; Patel 2001). Rarely, urinary
tract colonization can be associated with the develop-
ment of a ureteral fungus ball, leading to obstruction
of urinary flow and threatening allograft survival (Gal-
lis et al 1975). Nosocomial candidemia in renal trans-
plant recipients is most commonly associated with rec-
ognized risk factors for invasive candidiasis among
nontransplanted patients such as indwelling venous
catheter, and can occasionally lead to secondary in-
volvement of the allograft from hematogenous spread
(Hadley and Karchmer, 1995a; Patel, 2001).

Risk factors for the development of invasive as-
pergillosis are less well established in renal transplant
patients. Underlying diabetes mellitus, cadaveric allo-
graft, increased corticosteroid usage, retransplantation,
and recent CMV infection have been associated with
invasive aspergillosis (Paterson and Singh, 1999; Pat-
terson et al, 2000). Involvement of the lungs or dis-
seminated multiorgan disease is most common, but 
focal extrapulmonary disease, e.g., cerebral abscess
(Carlini et al, 1998; Garcia et al, 1998), endocarditis
(Marin et al, 1999; Viertel et al, 1999), tuboovarian
abscess (Kim et al, 2001), and focal prostatic or ureteral

TABLE 31–1. Factors Influencing the “Net 
State of Immunosuppression” in Solid 
Organ Transplant Recipients
Immunosuppressive therapy

Dose and duration of individual agents
Recent rejection episodes
Use of antithymocyte globulin, total nodal irritation

Underlying immune disorders

Autoimmune disease
Antibody deficiency, complement deficiency, and other functional 

immune defects

Integrity of mucocutaneous barrier

Devitalized tissue, undrained fluid collections, hematomas

Neutropenia, lymphopenia

Metabolic conditions

Acute or chronic renal failure
Hepatic failure
Malnutrition
Diabetes mellitus
Alcoholism
Metabolic acidosis

Chronic viral infections

Cytomegalovirus
Epstein-Barr virus
Hepatitis B and C viruses
Human herpes virus 6
Human immunodeficiency virus types 1 and 2
Human T-cell lymphotrophic virus type 1

Adapted from Fishman and Rubin, 1998.
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involvement (Shirwany et al, 1998; Kaplan-Pavlovic et
al, 1999) have been reported.

Among the other fungal pathogens reported among
renal transplant recipients, C. neoformans is the most
common, occurring in approximately 2% of patients
(Husain et al 2001). Zygomycoses, phaeohyphomy-
coses, and hyalohyphomycoses are less commonly re-
ported. Risk factors for the development of these in-
fections are poorly defined, but most occur beyond 4
to 6 months posttransplantation and are often associ-
ated with chronic allograft rejection and higher dose
immunosuppression (Hibberd and Rubin, 1994; Hadley
and Karchmer, 1995a).

Pancreas and Kidney–Pancreas. Invasive fungal infec-
tions among pancreas and kidney–pancreas transplant
recipients occur much more frequently than among re-
nal transplant recipients. The cumulative incidence of
IFIs in this group ranges between 6% and 38%, with
the predominance of these infections due to Candida
spp. (Paya, 1993; Lumbreras et al, 1995; Benedetti et
al, 1996). A much smaller proportion is due to As-
pergillus spp. and other filamentous moulds (Lumbr-
eras et al, 1995; Smets et al, 1997; Patel and Paya,
1997).

The increased risk of IFI in this group largely relates
to surgical and technical issues. Specifically, the type of
surgical anastomosis can be associated with local 
complications and Candida superinfection (Hesse et al,
1985; Benedetti et al, 1996; Pirsch et al, 1998). Blad-
der drained pancreas transplants are associated with a
much higher incidence of urinary tract infections due
to all causes, but especially due to Candida spp. In con-
trast, enterically drained pancreatic transplants are
much more likely to develop enteric leaks leading to
polymicrobial intraabdominal infections in which Can-
dida is an important pathogen (Pirsch et al, 1998). Ex-
perts disagree as to which of these two anastomotic and
drainage procedures leads to fewer postoperative fun-
gal infections, as the published data vary according to
center.

As with other OTRs, the risk of IFI is significantly
greater among patients with recent CMV infection,
graft rejection or failure, surgical reoperation, higher
dose immunosuppression (especially corticosteroids),
and bacterial coinfection.

Liver. Historically, liver transplantation has been as-
sociated with the highest risk of IFI among solid organ
transplant recipients with an incidence as high as 42%
(Wajszczuk et al, 1985). This rate has dropped in re-
cent years to approximately 10%–20% (Viviani et al,
1992; Hadley et al, 1995b; Patel et al, 1996). Changes
in surgical technique, immunosuppressive regimens,
and improved patient selection have led to this signif-

icant decrease in IFI rates. The vast majority of IFIs in
liver transplant recipients are caused by Candida spp.
and usually occur within the first month posttransplant
(Castaldo et al, 1991; Collins et al, 1994; Wade et al,
1995). Aspergillus spp. and the agents of zygomycosis
are much less frequent in this population (Kusne et al,
1988; Hadley et al, 1995b; Patel et al, 1996).

Risk factors for the development of IFI have been
well defined in the liver transplant population. In an
elegant study by Collins and colleagues, several im-
portant and independent variables were related to in-
creased risk of fungal infection in the posttransplant
period (Collins et al, 1994). These included baseline
creatinine � 3 mg/dL, operative time � 11 hours, re-
transplantation, active CMV infection, and an intra-
operative requirement of � 50 units of blood products.
The risk of fungal infection was � 1% without any
risk factor, compared to 67% among patients with two
or more of these risk factors (Collins et al, 1994). 
In addition, choledochojejunostomy anastomosis and
early colonization with a fungal pathogen were strongly
associated with the development of IFI in this study.
Others have identified similar trends among liver trans-
plant recipients and have consistently related prolonged
intraoperative time, requirement for a large number 
of blood products, CMV infection, and choledochoje-
junostomy anastomosis to an increased risk of devel-
oping IFI (Castaldo et al, 1991; Patel et al, 1996; Kusne
et al, 1998).

Heart. There is a moderate risk of IFI following heart
transplantation. The reported rate occurrence ranges
from 4% to 35% (Waser et al, 1994; Kramer et al,
1993), although more recent reports suggest an over-
all rate of less than 10% (Miller et al, 1994; Grossi et
al, 2000). Candida spp. account for at least two-thirds
of the fungal infections with most infections occurring
within the first 2 months posttransplant. Invasive as-
pergillosis is somewhat more common in cardiac com-
pared to liver and kidney transplant recipients for 
reasons possibly related to the degree of immunosup-
pression (Hofflin et al, 1987). Recent data among these
patients suggest that the risk of death due to IFI is sig-
nificantly higher (36% vs. 12%), p � 0.0001) than in-
fections due to either bacterial or viral pathogens
(Miller et al, 1994). Invasive aspergillosis is an espe-
cially important cause of death in heart transplant pa-
tients, accounting for almost 25% of deaths in Euro-
pean studies (Grossi et al, 1992).

Invasive Candida infections among heart transplant
recipients are usually limited to candidemia and its
complications. In addition, preexisting colonization
with Candida spp. of ventricular assist devices is an es-
tablished risk factor for the subsequent development of
invasive Candida infection (Goldstein et al, 1995; Ar-
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genziano et al, 1997). Mediastinitis due to Candida is
another important postoperative complication (Hofflin
et al, 1987). Active CMV infection, the use of anti-
lymphocyte antibodies, and treatment for rejection are
the most common risk factors associated with IFI in
heart transplant recipients.

Lung and Heart–Lung. In most transplant centers, the
rate of IFI among lung and heart–lung transplant re-
cipients is greater than among recipients of heart trans-
plants alone (Dummer et al, 1986, Kramer et al, 1993,
Gordon and Avery, 2001). The cumulative incidence
among this group of transplant recipients ranges be-
tween 10% and 36% with most recent figures sug-
gesting a rate of approximately 15% (Mehrad et al,
2001). Recent data suggest that Aspergillus spp. have
emerged as the dominant pathogens in this population
(Yeldandi et al, 1995). At one institution, among 28
episodes of IFI, 14 (50%) were due to Aspergillus spp.,
12 (43%) due to Candida spp., and 1 each due to C.
neoformans and C. immitis (Kramer et al, 1993).

Invasive aspergillosis occurs in between 3.3% and
16% of lung and heart–lung recipients (Yeldandi et al,
1995; Westney et al, 1996; Cahill et al, 1997; Husni
et al, 1998; Gordon and Avery, 2001). The enhanced
risk of developing invasive aspergillosis among lung
transplant recipients relates to several factors: prior air-
way colonization with Aspergillus spp. (Cahill et al,
1997); CMV infection (Husni et al, 1998); environ-
mental exposure through routine daily activities; and
hypogammoglobulinemia. The latter has been identi-
fied as a potential risk factor, although this observa-
tion has not been confirmed by other investigators
(Goldfarb et al, 2000). In addition, smoking substances
such as marijuana is an additional risk among this
group of patients (Marks et al, 1996). Furthermore, pa-
tients with single lung transplants appear to have a
greater risk of invasive aspergillosis than double lung
transplants, a risk that is likely due to colonization with
Aspergillus spp. in the remaining native lung (Westney
et al, 1996). Interestingly, preexisting Aspergillus spp.
and Scedosporium colonization among patients with
cystic fibrosis is not associated with a significantly in-
creased risk of IFI due to these organisms posttrans-
plantation (Nunley et al, 1998; Cimon et al, 2000). In
fact, among all lung transplant recipients, those with
cystic fibrosis appear to be at a somewhat lesser risk
of invasive mould disease than other lung transplant
recipients.

In addition to nosocomial candidemia, Candida in-
fections complicating lung transplantation include my-
cotic aneurysm involving the aortic anastomosis, me-
diastinal wound infection, and necrotizing bronchitis
at the tracheal anastomotic site (Brooks et al, 1985;
Dauber et al, 1990; Kramer et al, 1993; Kanj et al, 1996).

Pneumocystis carinii pneumonia (PCP) occurs more
commonly in heart–lung and lung transplant recipients
than in any other solid organ transplant group (Dum-
mer et al, 1986). In a prospective study of heart–lung
recipients not receiving TMP/SMX prophylaxis, P.
carinii was identified in 88% of patients utilizing serial
BAL specimens. Thirty-five percent of these patients
were symptomatic, 24% subclinical, and 41% asymp-
tomatic (Gryzan et al, 1988). Pneumocystis carinii
pneumonia is now very uncommon with the wide-
spread use of TMP/SMX prophylaxis.

Small Bowel. There is considerable risk of IFI follow-
ing small bowel transplantation, ranging between 33%
and 59% (Reyes et al, 1992; Kusne et al 1996). In ad-
dition to risk factors common to other OTRs, intra-
operative complications include small bowel anasto-
motic leak as the unique risk factor associated with this
type of transplantation. Not surprisingly, Candida spp.
constitute the majority of fungal pathogens in small
bowel transplant recipients, with Aspergillus and other
moulds playing a lesser role. Prospective data among
small bowel transplant patients are limited given the
relative rarity of this transplant procedure, which has
largely been limited to children with congenital small
bowel disorders and highly selected adult patients
(Reyes et al, 1998).

Timing of Invasive Fungal Infection 
in Organ Transplant Recipients

Despite the differences in frequency and distribution of
pathogens among the various transplant groups, the
timing of these infections following organ transplanta-
tion is similar. As such, the posttransplant period can
be divided into three intervals when assessing the risk
and type of IFI: 0–1 month, 1–6 months, and beyond
6 months posttransplant (Fig. 31–1). Understanding the
temporal relatedness of the posttransplant interval to
the risk and type of IFI can be very useful to the clini-
cian in formulating a specific diagnosis and guiding em-
piric therapy. It also highlights the differences in patho-
genesis for IFI during these intervals (Rubin, 1994;
Patel and Paya, 1997; Fishman and Rubin, 1998; Pa-
tel, 2001).

Infections in the first month posttransplant are dom-
inated by Candida spp. and are usually related to tech-
nical and surgical problems in addition to traditional
nosocomial risk factors. Thus, anastomotic leaks, early
graft failure, reoperations, central venous catheter-
associated fungemia, and catheter-associated urinary
tract infections are common. In one study among liver
transplant recipients, over 50% of IFIs occurred within
the first 10 days posttransplant, almost all of them
caused by Candida spp. (Collins et al, 1994). In the ab-
sence of early graft failure, retransplantation, signifi-



FIGURE 31–1. Timeline of fungal infections in solid organ transplant recipients.
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cant pretransplant immunosuppression, or other miti-
gating circumstances, mould infections, especially those
due to Aspergillus spp., are uncommon during this pe-
riod. Donor-related infections, especially those due to
Candida spp. and Aspergillus spp., often present dur-
ing this first interval, 0–1 months posttransplantation.

During the second interval, 1–6 months posttrans-
plantation, the effects of intense immunosuppression
become manifest as the impact of nosocomial and 
surgical-related infections diminish. This second phase 
is dominated by mould infections, especially asper-
gillosis, zygomycosis, scedosporiosis, and less common
mould diseases. Pneumocystis carinii pneumonia is also
common during this period among patients not receiv-
ing TMP/SMX prophylaxis. The peak incidence of 
aspergillosis is between 1 and 4 months, but there con-
tinues to be small risk of invasive aspergillosis through-
out the posttransplant period (Hibberd and Rubin,
1994; Hadley and Karchmer, 1995a; Husain et al
2001). The development of IFI during this time inter-
val often follows evidence of active disease with an im-
munomodulating virus such as CMV, HHV-6, EBV, or
hepatitis B and C.

The interval beyond 6 months posttransplantation is
generally considered to be the period during which IFI
is least likely to occur. Nonetheless, especially among
patients with chronic rejection, graft dysfunction, late
CMV infection, and other transplant-associated viral
infections, IFI may occur. The late posttransplant pe-
riod is dominated by fungal infections due to C. neo-
formans, regionally endemic mycoses, and some of the
more unusual pathogens including the phaeohypho-
mycotic agents. However, mould infections due to As-

pergillus spp. and the agents of zygomycoses may oc-
cur at any time in the posttransplant period (Peddi et
al, 1996; Singh et al, 1997b; Husain et al, 2001).

Immunosuppressive Regimen
The most important factor effecting the risk of IFI af-
ter the first month of transplantation is the intensity
and duration of immunosuppression produced by the
agents used to prevent organ rejection. Most OTRs cur-
rently receive either a cyclosporine or tacrolimus-based
immunosuppressive regimen. This is perhaps the most
important change in immunotherapy over the last sev-
eral years, and allows clinicians to reduce the level of
glucocorticosteroid exposure. Reduction in overall glu-
cocorticosteroid exposure has had a significant impact
on decreasing the overall incidence of IFI among OTRs.

Immunosuppression is initiated at high levels in the
immediate posttransplant period when the risk of graft
rejection is greatest. Currently, such regimens employ
the use of cyclosporine or tacrolimus in combination
with mycophenolate mofetil or azathioprine and glu-
cocorticosteroids in most patients. Typically, these reg-
imens are continued at higher doses in the early post-
transplant period, and gradually tapered to a chronic
maintenance regimen within 6 months in the absence
of significant rejection (Denton et al, 1999). In selected
patients, antithymocyte globulin (e.g., OKT3, ATG) is
administered during the early posttransplant period to
prevent acute rejection. The administration of these
agents increases the risk of CMV infection and subse-
quently IFI. No doubt this approach to immunother-
apy in OTRs will continue to evolve as safer and more
effective agents are developed.
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Studies among liver transplant recipients comparing
cyclosporine and tacrolimus have not demonstrated any
clear difference with respect to incidence of IFI (Kusne
et al, 1992; The U.S. Multicenter FK506 Study Group,
1994; Hadley et al, 1995b). Similarly, studies among
renal transplant recipients comparing regimens utilizing
mycophenolate mofetil or azathioprine have not demon-
strated any significant difference in rate of IFIs (Bern-
abeu-Wittel et al, 2002). Moreover, recent data suggest
that use of the calcineurin inhibitors (cyclosporine,
tacrolimus, and sirolimus) has led to decreased rates and
severity of IFI because of their modest in vitro antifun-
gal activity. Thus, the recent reduction in IFIs associ-
ated with the calcineurin inhibitors may not only relate
to a glucocorticosteroid-sparing effect, but also to mod-
est antifungal activity.

Some of the more convincing data concerning the re-
lationship between the use of cyclosporine and decrease
in observed frequency of IFIs come from the Stanford
Cardiac Transplantation Group in a study involving
110 patients. In this study, 26% of patients who re-
ceived primarily corticosteroids vs. 14% of patients on
cyclosporine-based regimens developed IFI (Hofflin et
al, 1987). Other groups have made similar observa-
tions, and the general consensus has emerged that there
has been a marked decrease in the overall burden of
fungal disease among OTRs maintained on calcineurin-
based immunosuppressive regimens.

The timing and frequency of rejection episodes as it
relates to intensification of immunosuppressive regi-
mens is also an important factor associated with IFIs
in OTRs. Pulse-dose glucocorticosteroids are commonly
administered in this setting, usually coupled with an
overall intensification of immunosuppressive therapy.
In addition, specific antilymphocyte therapy is often
administered in this setting. Together, these interven-
tions invariably lead to a higher rate of CMV reacti-
vation and a concomitant increased risk of IFI.

Donor-Related Fungal Infections
The vast majority of donor-related transplant infections
are viral in origin. Well-documented donor-related in-
fections are CMV, EBV, hepatitis B, hepatitis C, and
HIV. Donor-related fungal infections are much less
common; often the source of the pathogen is suspected
to be the donor, but convincing proof is lacking.
Nonetheless, several very well-documented cases of
donor-transmitted fungal infections have been re-
ported, including cases of histoplasmosis (Wong and
Allen, 1992; Limaye et al, 2000), coccidioidomycosis
(Wright et al, 2001; Tripathy et al, 2002), cryptococ-
cosis (Kanj et al, 1996), candidiasis (Battaglia et al,
2000), and aspergillosis (Keating et al, 1996).

Among donors from areas that are endemic for histo-
plasmosis and coccidioidomycosis, a suspicion for la-

tent disease must be maintained. However, transmis-
sion of the two pathogens, H. capsulatum and C. im-
mitis, has been very uncommon. Of more concern is
the risk of donor associated Aspergillus infection
among lung transplant recipients, where colonization
of the donor lung with Aspergillus spp. is common
(Cahill et al, 1997). Similarly, there is significant po-
tential for lung donor–related cryptococcosis among
donors who have unrecognized asymptomatic pul-
monary nodules or granulomatous disease.

Comorbid Conditions and 
Infections in the Recipient

Underlying diseases in the host contribute to the “net
state of immunosuppression,” and no doubt influence
the risk of IFI. Factors that have most commonly been
associated with an increased risk include renal dys-
function and the need for peritoneal or hemodialysis,
diabetes mellitus, neutropenia, malnutrition, mechani-
cal ventilation, admission to an intensive care unit, and
recipients of chronic immunosuppressive therapy pre-
transplant (Fishman and Rubin, 1998). The degree to
which these factors individually influence risk has been
difficult to discern.

Among viral infections that increase the risk of IFI,
CMV is clearly the most common. Ample evidence
from large retrospective studies relate active CMV dis-
ease to increased risk of fungal infection in OTRs
(Collins et al, 1994; Hadley et al, 1995b; Patel et al,
1996; Husni et al, 1998). Additional data suggest ac-
tive hepatitis C infection is an important risk factor for
IFI. Recently, Rogers and colleagues demonstrated an
association between HHV-6 seropositivity and a sig-
nificantly increased risk of IFI by a multivariate analy-
sis. In this study, 32% percent of HHV-6 culture-
positive liver transplant recipients vs. 4% of HHV-6
culture-negative transplant recipients developed IFI
(p � 0.0009) (Rogers et al, 2000).

SPECIFIC FUNGAL PATHOGENS

Candida species
Candida spp. are by far the commonest invasive fun-
gal pathogens among OTRs. Virtually all of the com-
mon Candida spp., including C. albicans, C. glabrata,
C. tropicalis, C. parapsilosis, C. krusei, C. lusitaniae,
C. rugosa, C. kefyr, and C. gulliermondii have been re-
ported in this population. Candida albicans is the com-
monest species, accounting for approximately 50% of
invasive infections. Candida glabrata, C. tropicalis, and
C. parapsilosis are the next most frequent species. In
contrast to hematopoetic stem cell transplant recipients,
Candida krusei is a relatively uncommon pathogen in
OTRs. The emergence of the nonalbicans species as
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pathogens among OTRs is not entirely understood, but
appears to parallel their emergence in the nontransplant
setting. Clearly, the broad use of prophylactic and em-
piric antifungal therapy, particularly with the azoles,
has played an important role in the transition from pre-
dominantly C. albicans to a significant proportion of
non-albicans Candida isolates. Factors leading to can-
didemia are similar among OTRs and nontransplant
patients, but the rate of complicated infection as evi-
denced by disseminated disease appears to be greater
among OTRs than among non-transplanted patients
(Meunier et al, 1992; Rubin, 1994).

Intraabdominal infections secondary to Candida in-
fections are significantly more common among liver,
pancreas, and small bowel transplant recipients com-
pared to other OTRs. The former patients undergo dis-
ruption of the normal anatomy of the small bowel,
common bile duct, and/or pancreatic duct with the po-
tential for intraabdominal anastomotic leakage. In-
traabdominal infectious complications usually occur
within the first month posttransplant and are frequently
polymicrobial. Sternal wound infections among heart
and heart–lung transplants due to Candida spp. have
been reported, and can be associated with significant
morbidity and mortality (Brooks et al, 1985; Hofflin
et al, 1987; Dauber et al, 1990). Among lung trans-
plants, anastomotic infections secondary to Candida
spp. have been reported (Kanj et al, 1996).

Urinary tract infections due to Candida are common
among OTRs owing to the need for bladder catheteri-
zation during the period of hospitalization, particularly
in the immediate postoperative period. Candiduria 
is a particularly worrisome complication among renal
transplant recipients where it can be a harbinger of
complicated upper tract disease. Thus, candiduria is
usually regarded as a significant urinary infection or as
an important predictor of increased risk of invasive can-
didiasis (Collins et al, 1994; Patel et al, 1996). An un-
usual complication of Candida urinary tract infection
in OTRs is the development of a ureteral fungus ball
due to Candida spp, (Gallis et al, 1975). While this
complication is most often seen in renal transplant re-
cipients, it can be seen in any OTR, and may clinically
mimic fungus ball due to less common urinary
pathogens such as Aspergillus spp.

Another important syndrome due to Candida spp.
relates to vascular anastomotic infections. True “my-
cotic” aneurysms occurring at the site of the vascular
anastomosis due to Candida spp. have been reported
among pancreatic (Ciancio et al, 1996), renal (Potti et
al, 1998), and heart–lung transplant recipients (Dowl-
ing et al, 1990). Although rare, these represent a very
significant and highly lethal postoperative complica-
tion. Less common complications of Candida infection
include septic arthritis, chronic meningitis, endocardi-

tis, and rarely, pneumonia (Ralph and Hussain, 1996;
Choi et al, 2000).

Aspergillus
Invasive aspergillosis is reported among all transplant
groups; however, lung transplant recipients seem to be
uniquely predisposed to infections with Aspergillus spp.
As many as 10% of lung transplant recipients will de-
velop significant infection with Aspergillus and another
10% develop Aspergillus colonization posttransplanta-
tion (Paterson and Singh, 1999). Among other OTRs,
the risk of invasive aspergillosis is substantially less in-
cluding heart (6% to 7%), liver (2% to 3%), and re-
nal transplant recipients. Aspergillus fumigatus is the
most common causative species; however, infections
due to A. flavus, A. niger, A. terreus, A. nidulans, A.
glaucus, A. ustus, A. versicolor, and other less common
species have been reported. Moreover, multiple species
may be isolated from the same patient.

Aspergillus spores are ubiquitous in the environment,
and infection often begins as a result of inhalation, re-
sulting in lower respiratory tract colonization. Disease
may be confined to the lungs or may disseminate to
virtually any organ, but most commonly the skin, cen-
tral nervous system, heart, and the endocrine glands,
especially the thyroid (Denning, 1998; Patterson et al,
2000). Disseminated disease is associated with a mor-
tality of greater than 80% (Lin et al, 2001).

Ulcerative tracheobronchitis due to Aspergillus is a
recently described syndrome among lung transplant re-
cipients (Kramer et al 1991). This disease is character-
ized by superficial invasion of the tracheobronchial
tree, typically at the site of an anastomosis, but may
occur virtually anywhere within the proximal airway.
The disease has been reported among other transplant
groups (Sayiner et al, 1999), but is distinctly uncom-
mon outside of lung transplant recipients. Patients with
this form of aspergillosis are usually either asympto-
matic or minimally symptomatic with chronic nonpro-
ductive cough. Bronchoscopy reveals single or multiple
ulcerative lesions, usually at the anastomotic site.

Aspergillus spp. frequently colonize the upper air-
ways, which makes it difficult to distinguish between
invasive disease and asymptomatic colonization among
certain patients. However, the detection of significant
Aspergillus colonization in the upper airways is strongly
predictive of invasive disease in most OTRs with a pos-
itive predictive value of at least 60% (Horvath and
Dummer, 1996; Brown et al, 1996; Cahill et al, 1997;
Perfect et al, 2002). Thus, a preemptive approach to
therapy among colonized, high-risk patients may be
warranted.

Other manifestations of invasive aspergillosis in
OTRs include sinusitis, thoracic empyema, and an-
gioinvasion at virtually any site (Paterson and Singh,
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1999; Patterson et al, 2000). Furthermore, Aspergillus
has been reported as a cause of urinary tract fungus
ball and prostate abscess in renal and liver transplant
recipients (Shirwany et al, 1998; Kaplan-Pavlovcic et
al, 1999).

Invasive aspergillosis usually occurs between 1 to 4
months posttransplantation, but may occur several
years following transplantation, especially among pa-
tients undergoing intensification of immunosuppressive
therapy or receiving higher dose corticosteroids for al-
lograft rejection. Additional risk factors for invasive as-
pergillosis include CMV infection and early graft fail-
ure (Peterson et al, 1982; Husni et al, 1998). Among
lung transplant recipients, those who receive single
lungs are at greater risk of developing invasive as-
pergillosis than double lung recipients (Gordon and Av-
ery, 2001).

The source of Aspergillus infection can be difficult
to discern. Recent studies have suggested that nosoco-
mial transmission occurs, although the frequency of this
event is unclear (Patterson, 1999; Patterson et al, 2000).
Also, the recipient may serve as his own reservoir for
Aspergillus, especially among single lung transplant re-
cipients (Westney et al, 1996). Community-acquired in-
fection occurs, but its relative importance compared to
nosocomial acquisition remains unknown. Donor-related
infection has been reported, but its relative importance
compared to other sources of infection is not known
(Keating et al, 1996).

Cryptococcus
Cryptococcus is the third most common IFI in OTRs,
and usually occurs in the late posttransplant period
(Husain et al, 2001). Disease is most commonly due to
C. neoformans var. neoformans, although disease due
to C. neoformans var. gattii, C. albidus, and C. lau-
rentii has been reported. Manifestations of cryptococ-
cal disease are similar among OTRs and HIV-infected
individuals. Primary infection usually occurs following
inhalation (Kapoor et al, 1999), although there are spo-
radic reports of direct primary cutaneous disease pos-
sibly resulting from direct inoculation (Hunger et al,
2000; Nosanchuk et al, 2000). Most patients present
with nonspecific respiratory symptoms, unexplained
fever, or an asymptomatic nodule on chest roentgen-
ogram. Asymptomatic infection with C. neoformans is
common; thus, it is unclear how often extrapulmonary
dissemination occurs in OTRs. The central nervous sys-
tem is the most common extrapulmonary site of cryp-
tococcal disease in OTRs, followed by involvement of
the skin and subcutaneous tissue, bones, and prostate.
Cutaneous involvement is more common in OTRs than
among nonimmunocompromised patients. Atypical cel-
lulitis is the most common cutaneous manifestation in
this population, and must be distinguished from cel-

lulitis due to common bacterial and mycobacterial
pathogens (Anderson et al, 1992). Among OTRs, liver
transplant recipients appear to be at a somewhat
greater risk of developing cryptococcosis with an over-
all incidence of 1% to 3.5% (Kusne et al, 1988; Wade
et al, 1995; Singh et al, 1997a). Cryptococcemia is es-
pecially common in this group and is generally associ-
ated with a worse clinical outcome (Dromer et al, 1996;
Pappas et al, 2001).

Donor transmission of C. neoformans has been sug-
gested in rare instances. A recent report in a lung trans-
plant recipient from whom C. neoformans was isolated
from a bronchial washing obtained 2 days postopera-
tive strongly suggests a donor source of infection (Kanj
et al, 1996).

Recent experience among OTRs with cryptococcosis
suggest that outcomes are at least as good as among
patients who are otherwise normal hosts (Dromer et al,
1996; Pappas et al, 2001). This paradox is not well un-
derstood, but could relate to the intensity with which
patients are followed after organ transplantation and
the ability to make a diagnosis earlier in the course of
infection. Corticosteroids may have an ameliorating ef-
fect early in the course of cryptococcosis, particularly
when the central nervous system is involved. Lastly, the
use of the calcineurin inhibitors, especially tacrolimus,
which possess not only modest in vitro antifungal ac-
tivity, but also excellent CNS penetration, may have a
beneficial effect on the natural history and severity of
CNS cryptococcosis in OTRs. Investigators also sug-
gest that a relative increase in cutaneous expression of
disease may be the result of poor antifungal activity of
tacrolimus at lower temperatures found in cutaneous
tissue (Husain et al, 2001).

Zygomycetes
Zygomycetes has been reported in all organ transplant
recipients. Disease may be due to several Zygomycetes
including, but not limited to, Rhizopus spp., Mucor
spp., Cunninghamella bertholletiae, Absidia spp., and
Conidiobolus coronatus. Risk factors for invasive Zy-
gomycosis include neutropenia, ketoacidosis, renal fail-
ure, and treatment of chronic rejection, especially with
high-dose steroids. Clinical disease often involves the
paranasal sinuses leading to destructive lesions and cen-
tral nervous system involvement by direct extension.
Thus, the classical presentation of rhinocerebral zy-
gomycosis involvement is the most readily recognized
disease manifestation among OTRs. The lungs are also
a commonly involved site, although virtually any or-
gan can be involved (Singh et al, 1995; Demirag et al,
2000; Lee et al, 2001; Jimenez et al, 2002). Multiple
organ involvement consistent with hematogenous dis-
semination is reported, but is less common than that
due to invasive aspergillosis, even though the patho-
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genesis of both disorders involves angioinvasion. Coni-
diobolus coronatus, a Zygomycete effecting patients
living in tropical areas, has been reported as a cause of
disseminated disease (Walker et al, 1992).

The typical clinical finding associated with zygomy-
cosis is a necrotizing, locally invasive process. Necro-
tizing wound infections have been associated with Zy-
gomycetes (Jimenez et al, 2002), and infection of a renal
allograft has also been reported (Chkhotua et al, 2001).
In addition, localized gastrointestinal zygomycosis
characterized by giant gastric and/or colonic ulcers have
been reported (Sheu, 1998; Ju et al, 2001; Timmoth et
al, 2001).

Phaeohyphomycoses
The agents of phaeohyphomycosis consist of over 100
pigmented moulds and a growing number of these
species have been reported to cause disease among
OTRs (Singh et al, 1997b; Revankar et al, 2002). The
clinical spectrum of these infections includes invasive
sinusitis, pneumonia, endophthalmitis, skin and mus-
culoskeletal involvement, CNS disease, gastrointestinal
involvement, and disseminated disease. Disease due to
Exophiala spp., Dactylaria constricta, Alternaria spp.,
Bipolaris spicifera, Curvularia spp., Cladophialophora
bantiana, Colletotrichum crassipes, Phaeocremonium
parasiticum and Fonsecaea pedrosoi has been reported
(Gold et al, 1994; Salama et al, 1997; von Eiff et al,
1997; Mesa et al, 1999; Malani et al, 2000; Castro et
al, 2001; Magina et al, 2001; Halaby et al, 2001). In
a recent review of disseminated phaeohyphomycosis in
OTRs, Revankar and colleagues noted that only 16%
of patients survived despite therapy (Revankar et al,
2002). In another review of the same disease, Singh and
colleagues noted that cutaneous and synovial involve-
ment was usually caused by Exophiala spp., whereas
systemic infections including CNS involvement were
caused by less common organisms such as Ochroconis
gallopavum and Cladophialophora bantiana (Singh et
al, 1997b). Phaeohyphomycotic infections are usually
late-occurring, and specific risk factors for development
have not been clearly delineated.

Endemic Fungi
Infections due to C. immitis and H. capsulatum are not
uncommon among OTRs who have lived in endemic
areas. The true incidence of these infections is un-
known, but estimates range between 0.3% and 6%
with most cases occurring within the first year post-
transplant (Davies et al, 1979; Wheat et al, 1983; Holt
et al, 1997). A history of prior infection without evi-
dence of active disease does not exclude potential
donors or recipients at most centers. Nonetheless, the
potential for donor-related transmission with either of
these organisms remains a concern in endemic areas.

One recent report clearly documenting donor-related
H. capsulatum transmission to two kidney recipients
residing in geographically diverse nonendemic areas
underscores this point (Limaye et al, 2000). Another
report of two donor-related cases of coccidioidomyco-
sis in one liver and one renal transplant recipient with-
out evidence of prior exposure further emphasizes the
need to ascertain evidence of disease activity among
donor patients with a previous history of coccid-
ioidomycosis or histoplasmosis (Wright et al, 2001).

Histoplasmosis is the most commonly reported en-
demic mycosis among OTRs. The majority of reports
have been described among renal transplant recipients
although histoplasmosis has also been described in
liver, heart, and lung recipients (Peddi et al, 1996; Shal-
lott et al, 1997; Vinayek et al, 1998; Jha et al, 1999;
Bacal et al, 2001). Transmission from the donor organ
has been documented in several of these cases (Hood
et al, 1965; Watanabe et al, 1988; Wong and Allen,
1992; Botterel et al, 1999; Limaye et al, 2000). Histo-
plasmosis in OTRs usually presents as disseminated dis-
ease although focal involvement of the central nervous
system (Karalakulasingam et al, 1976; Livas et al,
1995), skin (Farr et al, 1981), renal papilla (Superdock
et al, 1994), and gastrointestinal tract has been de-
scribed. In addition, cecal and ileal perforation associ-
ated with gastrointestinal histoplasmosis has been de-
scribed (Zainudin et al, 1992; Brett, 1988).

Coccidioidomycosis following organ transplantation
has been reported in up to 6% of OTRs living in the
endemic area of the desert in the southwest United
States (Cohen et al, 1982). Disease is probably due to
either recent environmental exposure or to reactivation
of a latent infection, as there is less documentation of
donor-related transmission. Clinical features of coccid-
ioidomycosis in this population vary from pneumonia
to disseminated disease involving skin, musculoskeletal
structures, and the central nervous system (Cohen et 
al, 1982; Holt et al, 1997). The majority of cases of
posttransplant coccidioidomycosis have been reported
among renal, heart, and liver transplant recipients.

In contrast to histoplasmosis and coccidioidomy-
cosis, blastomycosis is distinctly uncommon among
OTRs, even among patients residing in endemic areas.
There has been no evidence to suggest donor-related
transmission of B. dermatitidis, and fewer than 15 cases
of transplant-associated blastomycosis have been re-
ported (Serody et al, 1993; Pappas 1997). Disease man-
ifestations in this group tend to parallel those of the
normal host; however, disseminated disease including
involvement of the central nervous system is more
commonly observed. Overall, mortality among OTRs
and other immunocompromised hosts with blastomy-
cosis has been significantly higher than among other-
wise normal patients (Pappas et al, 1994).
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Sporotrichosis due to Sporothrix schenckii and S.
cyanensis has been reported sporadically among OTRs
(Agarwal et al, 1994; Grossi et al, 2000). There is no
evidence to suggest donor-transmitted infections, and
most cases have been reported in conjunction with rec-
ognized environmental exposure. Disease has been lim-
ited to the skin and subcutaneous tissue in most cases,
although pulmonary and disseminated disease have
been reported (Gullberg et al, 1987).

Other Fungi
Disease due to other pathogenic yeasts and moulds has
been reported sporadically among OTRs. Fusariosis
due to F. solani, F. oxysporum, F. moniliforme, and F.
sacchari has been reported (Heinz et al, 1996; Guarro
et al, 2000; Sampathkumar and Paya, 2001). Infection
due to Fusarium spp. is often associated with prolonged
periods of neutropenia, although fusariosis can present
among OTRs without neutropenia. Unlike aspergillo-
sis, patients with fusariosis are frequently fungemic
(Boutati and Anaissie, 1997). Localized infection in-
volving the sinuses, lungs, skin, and soft tissue, as well
as disseminated disease are reported. Another ubiqui-
tous hyalohyphomycete, Paecilomyces lilacinus, is a
rare cause of cutaneous and sinus disease in OTRs
(Clark, 1999; Blackwell et al, 2000; Hilmarsdottir, et
al, 2000).

Trichosporonosis due to T. asahii (formerly T. bei-
glii), a pathogenic yeast often associated with intra-
venous catheter-related infections, may cause dissemi-
nated disease in OTRs. In addition, funguria due to T.
asahii has been reported among OTRs (Lussier et al,
2000). Fatal fungemia due to Trichoderma harzianum
has also been observed (Guarro et al, 1999).

Pneumocystis carinii
Infection due to Pneumocystis carinii is reported in all
organ transplant recipients, although it is most com-
mon among lung and heart–lung transplant recipients
(Gryzan et al, 1988; Janner et al, 1996; Gordon et al,
1999). The incidence of P. carinii pneumonia (PCP) is
greatest within the first year after transplantation. Gor-
don and colleagues suggested an eightfold higher inci-
dence of PCP in the first year following transplant com-
pared to the combined incidence in all subsequent years
among OTRs at one institution (Gordon et al, 1999).
For patients with PCP associated with transplantation,
recent receipt of antithymocyte globulin, CMV infection,
and therapy for organ rejection are considered impor-
tant risk factors (Hardy et al, 1984). In the absence of
antimicrobial prophylaxis, up to 17% of solid organ
transplant recipients may develop PCP (Gordon et al,
1999). The lungs are the primary target of P. carinii, al-
though extrapulmonary disease similar to that seen
among patients with AIDS can occur. The widespread

use of antimicrobial prophylaxis with TMP/SMX, 
sulfadoxime/pyrimethamine, or other antipneumocystis
agents in the first few months posttransplantation has
led to dramatic decrease in the incidence of documented
PCP disease (Torre-Cisneros et al, 1999).

APPROACH TO DIAGNOSIS

A diagnosis of IFI is often elusive in OTRs, relating in
part to the relative paucity and nonspecificity of the
signs and symptoms associated with IFI in immuno-
compromised patients generally, and in OTRs specifi-
cally. Thus, a high index of suspicion and an aggres-
sive approach to diagnosis is warranted in clinically
compatible situations. The basis of a diagnosis of IFI
depends on: (1) the isolation of a pathogenic organism
from a properly obtained clinical specimen, usually as-
sociated with clinical or radiographic evidence of dis-
ease; (2) the demonstration of fungal organisms in 
cytologic or histopathologic studies; or (3) serologic de-
tection of a specific antibody or fungal antigen from
blood, serum, urine, cerebrospinal fluid, or bron-
choalveolar lavage fluid.

Culture of certain fungi from any site virtually al-
ways suggests disease, even in the absence of clinical
signs and symptoms. Examples include H. capsulatum,
C. immitis, B. dermatitidis, S. schenckii, and P. brasi-
liensis. Isolation of C. neoformans from specimens
other than sputum is almost always indicative of inva-
sive disease. In rare circumstances, isolation of C. neo-
formans from the sputum can represent colonization
only, but the recovery of this organism from respira-
tory secretions in an OTR must always be accompa-
nied by an aggressive diagnostic approach (chest CT
and/or bronchoscopy) directed at evaluating the possi-
bility of parenchymal lung disease.

Isolation of Candida spp. from the blood should al-
ways be considered a true infection, even in the absence
of clinical signs and symptoms (Rex et al, 2000). Con-
troversy persists over the relative value of positive
blood cultures obtained from a peripheral vein vs. those
obtained through a central venous catheter, although
most experts agree that any positive blood culture for
Candida spp., regardless of the site from which it was
obtained, should be regarded as a true positive. Isolates
of Candida from other normally sterile sources should
similarly be regarded as indicative of invasive disease.
Candida spp. isolated from drains, urinary catheters,
sputum, and other nonsterile sites often represent col-
onization only, and must be interpreted in the clinical
context of the individual patient. The main value of
isolation of Candida from a nonsterile site is in help-
ing to predict the future development of invasive can-
didiasis, and guiding empiric therapy in patients who
are perceived to be at high risk.
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Isolation of Aspergillus spp. from blood cultures is
uncommon, although disease due to Fusarium spp.,
Paecilomyces lilacinus, and other rare moulds may be
associated with fungemia. The isolation of a mould
from other clinical specimens such as sputum, BAL, or
tissue biopsy are best interpreted with clinical, radi-
ographic, and histopathologic correlation. Nonetheless,
a positive culture for Aspergillus spp. from respiratory
secretions is associated with a 60% to 80% positive
predictive value of invasive disease among transplant
recipients (Horvath and Dummer, 1996; Cahill et al,
1997; Mehrad et al, 2001; Perfect et al, 2001).

Direct visualization of an organism on a histopatho-
logic specimen is an indispensable means of establish-
ing tissue invasion. The demonstration on biopsy of
fungal elements invading tissue often distinguishes a
proven from a possible or probable case of invasive
mould disease in an immunocompromised patient. Spe-
cial stains such as Gomori methanamine silver (GMS),
periodic acid Schiff (PAS), and Fontana-Masson can
help to demonstrate fungal organisms in tissue.

Varieties of serologic tests have been used success-
fully in the early detection of fungal infections. Among
the approved tests, detection of cryptococcal antigen in
serum or cerebrospinal fluid remains the most reliable
of these serologic assays, maintaining a high sensitiv-
ity and specificity. The measurement of Histoplasma
antigen in serum and urine has also been useful in the
diagnosis of histoplasmosis in immunocompromised
patients (Wheat et al, 2000). The urine Histoplasma
antigen assay has a sensitivity of at least 90% among
immunocompromised patients with disseminated dis-
ease. In addition, among AIDS patients with dissemi-
nated histoplasmosis, serial urine Histoplasma antigens
have been utilized to follow response to therapy and to
predict relapse (Wheat, 1994). Among the other en-
demic fungi, reliable serologic testing is available for
C. immitis. The detection of antibodies by complement-
fixation or ELISA is a sensitive and specific marker of
coccidioidomycosis (Galgiani et al, 2000).

New serologic assays directed at detecting early evi-
dence of invasive candidiasis and invasive aspergillosis
are under development (Verweij et al, 2000; Odabasi
et al, 2002). Tests to detect fungal-associated 1-3 beta-
D-glucan in serum have been advocated for detection
of invasive candidiasis, although at present, this assay
is investigational (Odabasi et al, 2002). Several assays
to detect Aspergillus galactomannan antigen as evi-
dence of invasive aspergillosis are currently used in Eu-
rope, but none are currently approved in the United
States (Verweij, 2000). While the use of these assays
and the interpretation of test results in the clinical set-
ting remain controversial, it is likely that at least one
of these assays will be widely available in the near 
future.

ANTIFUNGAL THERAPY

Approaches to the prevention and treatment of IFIs in
OTRs continue to evolve. Not only are there several
new agents for which a specific role in organ trans-
plantation has yet to be defined, but there are also new
ways of administering older agents (e.g., inhaled lipid
formulations of amphotericin B for the prevention of
fungal pneumonia in lung transplant recipients). A de-
tailed approach to specific therapy for each fungal
pathogen is not discussed in this section, and the reader
is referred to the treatment sections in the specific chap-
ters dealing with each pathogen. A general approach
to therapy for established disease, preemptive antifungal
therapy, and antifungal prophylaxis is discussed below.

Proven and Suspected Disease
Invasive Candidiasis. Among patients with life-threat-
ening invasive candidiasis including patients with com-
plicated intravenous catheter-associated infections, am-
photericin B deoxycholate at doses of 0.6 to 1.0 mg/kg/
day is advised (Rex et al, 2000). The lipid formulations
of amphotericin B are all less nephrotoxic than the par-
ent compound and have been adopted as primary ther-
apy for invasive candidiasis in some medical centers.
These lipid agents are particularly attractive alterna-
tives among patients who are receiving other nephro-
toxic agents such as cyclosporine or tacrolimus. Among
patients requiring parenteral antifungal therapy, the
echinocandins, e.g., caspofungin, hold promise as ef-
fective agents in this clinical setting. Recent data among
patients with invasive candidiasis indicate equivalence
of caspofungin and conventional amphotericin B for
treatment of this disorder (Mora-Duarte et al, 2002),
suggesting that caspofungin will be an effective alter-
native to amphotericin B for invasive Candida infec-
tions. This approach would be particularly attractive
among OTRs because the echinocandins are relatively
nontoxic, lacking any significant nephrotoxicity, and
can be given concomitantly with the calcineurin in-
hibitors and other immunosuppressive agents.

Fluconazole remains a mainstay of antifungal ther-
apy for nonlife-threatening invasive Candida infections
for which there is little concern about antifungal re-
sistance. Fluconazole is well tolerated parenterally and
orally, but has significant drug–drug interactions with
cyclosporine, tacrolimus, and sirolimus, leading to 
increased levels of these immunosuppressive agents.
Among the expanded-spectrum triazoles including
voriconazole, posaconazole, and ravuconazole, only
voriconazole is currently approved. This azole has yet
to be evaluated extensively for the treatment of inva-
sive candidiasis in OTRs.

Length of therapy with any of the above agents for
invasive Candida infection should be dictated by spe-
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cific clinical circumstances including clinical response.
Generally, therapy lasting no less than 14 days beyond
the last positive culture and resolution of related symp-
toms is warranted, consistent with recently published
guidelines (Rex et al, 2000).

Invasive Aspergillosis. Historically, amphotericin B de-
oxycholate, 1.0–1.5 mg/kg/day, has been regarded as
the “gold standard” for treatment of invasive as-
pergillosis and the role of the lipid formulations of am-
photericin B has been relegated to salvage therapy.
However, at many centers, the lipid agents have be-
come the drugs of choice for proven or suspected in-
vasive aspergillosis because of their reduced nephro-
toxicity. Convincing data to suggest superior efficacy
have not been demonstrated. Among patients with in-
vasive aspergillosis, doses of the lipid formulations 
between 4 and 6 mg/kg/day have been advocated (see
Chapter 14).

Voriconazole has excellent activity against most
Apergillus spp., is considered fungicidal against As-
pergillus spp., and is an effective first line agent for pa-
tients with invasive disease. In a recently completed
study, voriconazole was superior to amphotericin B de-
oxycholate and other licensed antifungal therapy
among patients with proven or suspected invasive as-
pergillosis, including a significant number of OTRs
(Herbrecht et al, 2002). Caspofungin also has demon-
strated promising activity as salvage therapy for pa-
tients with invasive aspergillosis. The more interesting
use of the echinocandins may relate to their potential
as combination agents with either an expanded spec-
trum triazole (voriconazole, posaconazole, or ravu-
conazole) or a lipid formulation of amphotericin B.
Data evaluating combination therapy in vitro and in
animal models have been conflicting, but the theoreti-
cal advantage of combination over monotherapy has
led to preliminary use of this therapeutic approach in
some patients with proven and probable invasive as-
pergillosis.

Cryptococcosis. The treatment of cryptococcosis in
solid OTRs varies little from that in other immuno-
compromised patients including those with AIDS. For
patients with central nervous system disease, at least 2
weeks of induction therapy with an amphotericin B for-
mulation, with or without flucytosine, followed by con-
solidation therapy with oral fluconazole at a dose of at
least 400 mg daily is preferred by many authorities
(Saag et al, 2000). The duration of maintenance ther-
apy with fluconazole is debated, with some investiga-
tors suggesting discontinuation within 6 months fol-
lowing negative cerebrospinal fluid cultures and clinical
recovery from infection as opposed to chronic lifetime
suppressive therapy (Pappas et al, 2001). Neither ap-

proach has been studied in a prospective manner, but
it is clear that clinical and mycologic relapses follow-
ing 6 months of successful therapy have been very un-
common in OTRs. The optimal treatment of extra-
neural cryptococcosis is not clearly defined. For many
patients, an initial course of an amphotericin B prepa-
ration is advised to gain control of the disease, followed
by fluconazole, at least 400 mg/day, for several months.
Among clinically stable patients who are not crypto-
coccemic, initial therapy with fluconazole is acceptable.
The role of the newer expanded spectrum triazoles re-
mains unclear as there are only limited published data
on treatment of cryptococcosis with these agents.

Endemic Mycoses. The treatment of histoplasmosis,
coccidioidomycosis, and blastomycosis have recently
been reviewed and guidelines have been established for
management of these infections (Wheat et al, 2000;
Chapman et al, 2000; Galgiani et al, 2000). Among
OTRs, a more aggressive initial approach with an am-
photericin B preparation as “induction” therapy fol-
lowed by itraconazole is advocated by most experts.
Fluconazole plays a lesser role in treatment of these en-
demic mycoses with the exception of patients with coc-
cidioidal meningitis.

Pneumocystosis. Trimethoprim/sulfamethoxazole is
the agent of choice for treatment of PCP and extra-
pulmonary pneumocystosis. Therapy is administered at
15–20 mg/kg/day of trimethoprim and 75–100 mg/kg/
day of sulfamathoxazole divided into 3 or 4 daily doses.
Pentamidine is the preferred alternative among patients
who cannot tolerate TMP/SMX or in whom this com-
bination is contraindicated. Pentamidine is given at a
dose of 3–4 mg/kg/day. Other alternative regimens in-
clude atovaquone 750 mg two times daily, and com-
bination therapy with clindamycin 600 to 900 mg every
6 to 8 hours and primaquine 15–30 mg daily. Corti-
costeroids as adjunctive therapy among patients with
PCP have not been evaluated prospectively in OTRs,
and their role in this setting has been questioned (Fish-
man, 1995).

Other Fungi. Published guidelines for the treatment of
less common IFIs in transplant recipients are not avail-
able. Therapy of these infections in OTRs should re-
flect accepted therapy for these infections in other im-
munocompromised patients.

Preemptive Antifungal Therapy
Preemptive antifungal therapy is defined as therapy ini-
tiated among patients who are at very high risk of de-
veloping IFI based on an assessment of individual risk
factors, which may include fungal colonization, type of
surgical anastomosis, renal failure, retransplantation,
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extended intraoperative time, early graft failure, and
other conditions. With the exception of liver transplant
recipients, there are limited studies in other OTRs. In
an observational study of 33 patients with renal insuf-
ficiency undergoing liver transplantation, 36% of pa-
tients who did not receive preemptive antifungal ther-
apy vs. 7% of patients who received preemptive therapy
with a lipid formulation of amphotericin B developed
an IFI (Singh et al, 2001). A recently completed but un-
published study evaluating the effectiveness of flu-
conazole 400 mg/day or lower dose liposomal ampho-
tericin (2 mg/kg/day) as preemptive therapy in high-risk
liver transplant recipients should more accurately ad-
dress the appropriateness of this approach in a well-
defined population.

Some authors have advocated preemptive therapy in
discreet clinical situations that include pulmonary col-
onization with Aspergillus spp. shortly after transplan-
tation, following excision of focal pulmonary nodules
due to C. neoformans or H. capsulatum without evi-
dence of other disease, and asymptomatic candiduria
in the renal transplant recipient (Hibberd and Rubin,
1994). In a prospective, nonrandomized and open-
label study of preemptive antifungal therapy, 26 lung
transplant recipients with fungal colonization of the
tracheobronchial tree were given either fluconazole or
itraconazole until the surgical anastomoses appeared
normal and cultures were consistently negative. Only
2(8%) of 26 patients in this study developed Aspergillus
tracheobronchitis (Hamacker et al, 1999).

Prophylactic Antifungal Therapy
Antifungal prophylaxis is widely practiced but inade-
quately studied in liver, pancreas, lung, and heart–lung
transplant recipients (Mora et al, 1991; Villacian and
Paya, 1999). The largest study to date compared flu-
conazole 400 mg daily to placebo given for the first 70
days posttransplant among 212 liver transplant recip-
ients in a randomized, double-blind study. In this study,
6% vs. 23% of fluconazole and placebo recipients, re-
spectively, developed IFI, but neither regimen reduced
mortality (Winston et al, 1999). In a small, random-
ized, double-blind study of 86 liver transplant patients,
0% vs. 16% (p � 0.01) of recipients of a lipid formu-
lation of amphotericin B vs. placebo, respectively, de-
veloped IFI in the first month posttransplant (Tollemar
et al, 1995). More recently, in an observational study
of 200 low-risk liver transplant recipients who did not
receive antifungal prophylaxis, the incidence of IFI was
3.6% during the first 100 days posttransplant, sug-
gesting that antifungal prophylaxis in a low-risk pop-
ulation is unnecessary (Karchmer et al, 2002).

Recent studies among lung transplant recipients have
examined the use of inhaled amphotericin B prepa-
rations for primary prophylaxis of invasive fungal

pneumonia and bronchitis. These uncontrolled studies
demonstrate the safety of a nebulized lipid agent and
amphotericin B deoxycholate and efficacy in prevent-
ing IFI in the early postoperative period (Reichen-
spurner et al, 1997; Palmer et al, 2001; Monforte et al,
2001). Aside from these recent studies, there are few
data that address the best approach to antifungal pro-
phylaxis in OTRs. As such, antifungal prophylaxis is
largely practiced in a center-to-center approach based
on local experience, epidemiology, and perceived risk
of IFI.

SUMMARY

Despite advances in surgical technique and refinements
in immunosuppressive regimens, fungal infections con-
tinue to be a significant cause of morbidity and mor-
tality among OTRs. It is important to establish the risk
of IFI following transplantation based on the knowl-
edge of the type and timing of transplant, immuno-
suppressive regimen, rejection episodes, donor history,
recipient comorbidities and coinfections, and recent
epidemiology. Invasive candidiasis, aspergillosis, cryp-
tococcosis, zygomycosis, and pneumocystosis consti-
tute the majority of IFIs in this population, and a high
index of suspicion must be maintained in order to es-
tablish early diagnosis. Newer antifungal drugs, espe-
cially the broad spectrum triazoles and the echinocan-
dins, offer promise for the treatment of IFIs. However,
targeted prophylaxis for high-risk individuals and early
diagnosis offer the best hope to these OTRs who are
uniquely susceptible to serious complications from IFI.
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Fungal infections among patients with AIDS
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Fungal infections are the most frequent opportunistic
diseases during the course of HIV infection. Those my-
coses, which are usually controlled by cellular immu-
nity, are most commonly observed. However, in pa-
tients with AIDS, the immune deficit is complex
(Spellberg and Edwards, 2001) and worsens with time
in nontreated patients, allowing uncommon mycotic
diseases to develop (Cunliffe and Denning, 1995; Per-
fect et al, 1993). Pneumocystis carinii (recently classi-
fied as a fungus), Candida albicans, responsible for mu-
cosal candidiasis, and Cryptococcus neoformans, the
most frequent cause of meningitis, are the three major
fungal pathogens in patients with AIDS. In endemic ar-
eas, infections due to dimorphic fungi also represent 
an important group. Histoplasma capsulatum, Coccid-
ioides immitis, and Penicillium marneffei are the most
important endemic pathogens. In some AIDS patients,
mycotic disease is often the consequence of a reactiva-
tion several years after a primary infection (Wheat,
1995).

The time of occurrence of opportunistic fungal in-
fections parallels the intensity of the immune deficit.
Fungal infections can be the initial sign of HIV infec-
tion, are a good marker of the severity of the immune
deficit, and often have prognostic value. Some fungal
infections are relatively benign such as oropharyngeal
candidiasis while others are severe and have a poor
prognosis such as cryptococcal meningitis or invasive
aspergillosis. Since 1996 the use of highly active anti-
retroviral therapy (HAART) has markedly reduced the
incidence and the severity of opportunistic fungal in-
fections in patients living in countries that can afford
the high costs of HAART. Several helpful reviews are
devoted to fungal infections in patients with AIDS 
(Diamond, 1991; Wheat, 1995; Ampel, 1996; Dupont
et al, 2000).

PNEUMOCYSTOSIS

This chapter does not address Pneumocystis carinii in-
fections in AIDS patients. For a detailed discussion on
this topic, see Chapter 27.

CANDIDIASIS

Mucosal candidiasis is the most prevalent infection in
HIV-positive patients, and nearly all AIDS patients will
develop some clinical manifestations of candidiasis dur-
ing the course of their illness (Klein et al, 1984). Among
Candida species, C. albicans is almost exclusively re-
sponsible for clinical disease. Other species such as C.
glabrata, C. tropicalis, C krusei, or C. parapsilosis may
be associated with C. albicans in culture; however these
non-albicans species are often present in low number
and their pathogenic role is doubtful and rarely proven.
Candida dubliniensis may be mistaken for C. albicans;
the former has been isolated from the oral cavity par-
ticularly in patients suffering from recurrent episodes
of infection (Sullivan and Coleman, 1998). Beside im-
pairment of cellular immunity and of Th1 type re-
sponse, a lack of integrity of host tissue and an alter-
ation in equilibrium of the oral flora predispose to
oropharyngeal candidiasis. Antimicrobial drugs given
for a bacterial or a parasitic infection may represent an
additional predisposing factor. An increase in colo-
nization preceeds infection. HIV-positive patients can
be heavily colonized without clinical signs or symptoms.

Clinical Manifestations and Treatment
Oropharyngeal candidiasis (OPC) is the most common
disease and will occur in � 90% of HIV-infected pa-
tients if they do not receive HAART. The lower the
CD4 cell count, the higher the risk of developing OPC,
although OPC can occur in patients with CD4 counts
of 200–400 cells/mm3. Thrush, or acute pseudomem-
branous candidiasis, is the most common clinical form
of OPC, and characterized by the presence of white
patches on an erythematous mucosa. Patches can be-
come confluent, with white pseudomembranes gener-
ally spread throughout the oral cavity, involving the
dorsal and ventral parts of the tongue, gums, cheeks,
and hard and soft palate. The membranes are adher-
ent to the underlying mucosa and can be removed by
scraping, revealing a raw erythematous base. Symptoms
vary from patient to patient and may not be propor-
tional to the intensity of the intraoral disease. Some pa-
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tients are symptomless, while others will complain of
a furrowed tongue, mouth pain, odynophagia, dys-
phagia, or burning. Mycologic examination in wet
preparations of scraping or swabbed specimens shows
numerous blastospores and pseudohyphae with few
polymorphonuclear leukocytes. Heavy growth of Can-
dida species is obtained by culture in 2 days.

Any patient with thrush must be tested for HIV in-
fection. Presence of thrush allows classification of the
patient into clinical group B (symptomatic HIV disease)
of the Centers for Diseases Control (CDC) classifica-
tion (CDC, 1993). Other clinical forms of OPC include
atrophic erythematous candidiasis, which involves the
tongue and/or palatal mucosa, is less frequent than
thrush, possibly underdiagnosed, and can precede the
appearance of typical thrush. Angular cheleitis is gen-
erally associated with thrush present on the adjacent
buccal mucosa. A sabbural tongue, also called “dirty
tongue,” may be difficult to differentiate from thrush
and mycological sampling of the mouth is useless as
HIV-positive patients are often heavily colonized with
Candida in the absence of disease. From a clinical view-
point, thrush is rarely exclusively localized to the
tongue. Hairy leucoplakia due to EBV and often asso-
ciated with thrush is characterized by white parallel ver-
tical stria localized on both sides of the tongue. Sab-
bural tongue and hairy leukoplakia do not disappear
with antifungal treatment.

Treatment of the first episode of oral thrush or other
forms of OPC may be with topical antifungal agents,
formulated so as to allow prolonged contact with the
affected mucosa. Topical medications should be given
4–6 times a day, administered apart from meals, swal-
lowed after several minutes contact with the lesions,
and continued for 2 to 3 weeks. Suitable topical drugs
include the polyenes—amphotericin B and nystatin, and
the azoles—clotrimazole and miconazole. Numerous
commercial formulations are available in different
countries as suspensions, powders, oral gels, and tablets
for chewing or sucking. In cases of relapsing or chronic
OPC, topical treatment is less likely to be effective and
may in fact be refused by the patient. Oral ketocona-
zole is a suitable alternative; however, poor gastroin-
testinal absorption and liver toxicity are concerns. The
treatment of choice is oral fluconazole, 50–100 mg per
day for 7 to 14 days. The oral solution of itraconazole,
100–200 mg per day, is an effective alternative. In pa-
tients with inadequate response, the daily dose of flu-
conazole or itraconazole can be raised. While chronic
suppressive therapy with fluconazole is effective in the
prevention of relapse, emergence of azole resistance is
a concern (Rex et al, 2000). See below for discussion
of management of OPC refractory to azole therapy.

Esophageal candidiasis, typically observed in patients
with more advanced immunosuppression than is OPC,

classifies the patient into group C, AIDS indicator con-
ditions (CDC, 1993). While oral thrush is almost al-
ways present in patients with esophagitis, this may not
be true in patients treated with a topical oral agent.
Esophagitis may be latent and discovered by an endo-
scopic examination performed for a nonspecific gastric
disturbance. The most suggestive symptom of esophageal
candidiasis is dysphagia. Some patients complain of nau-
sea or vomiting, especially with esophageal bleeding. Pa-
tients may have fever, odynophagia, and occasionally
posterior thoracic pain. Endoscopic examination of the
esophagus reveals characteristic confluent white plaques
adherent to the erythematous mucosa, sometimes cov-
ering the entire mucosal surface. A stratification of sever-
ity can be established, based on extension of lesions,
presence of ulcerations, and narrowing of the lumen.
In a patient with oral thrush and retrosternal dyspha-
gia, an endoscopic examination of the esophagus is not
mandatory to prove the diagnosis of esophageal can-
didiasis. Following failure of systemic antifungal ther-
apy, endoscopic examination is useful to rule out azole
resistance and other etiologies such as herpes simplex
virus, cytomegalovirus, atypical mycobacterial ulcera-
tion, or idiopathic ulcer (Wilcox, 1992).

Systemic therapy is required to effectively treat
esophageal candidiasis. Oral fluconazole 100–400 mg
per day for 2–3 weeks is the drug of choice (Rex et al,
2000). Itraconazole, caspofungin or voriconazole are
alternative therapies and less toxic than iv amphotericin
B. In cases of failure due to resistance to fluconazole,
these therapies may be especially effective (Ally et al,
2001; Villanueva et al, 2001).

Other forms of candidiasis in HIV-infected/AIDS pa-
tients are less frequent. Laryngitis should be suspected
in a patient with thrush and hoarseness and is some-
times diagnosed during a bronchoscopy. Symptomatic
vulvovaginitis is much less frequent than OPC. Anitis
or balanitis is uncommon. Candida intertrigo and
paronychia are more frequent than in HIV-negative
persons. Candida does not seem to play an etiologic
role in diarrhea in HIV-infected patients. However,
Candida OPC and/or esophagitis may contribute to
malnutrition in symptomatic patients who decrease
their alimentation. Systemic candidiasis in AIDS pa-
tients is rare. Candidemia may occur in some patients
and while possibly due to functional defects of poly-
morphonuclear leukocytes (Szele et al, 1992; Pitrak et
al, 1993) is more likely due to the presence of an in-
fected intravenous catheter. However, candidemia is
still a rare event in HIV/AIDS patients (Launay et al,
1998). Anecdotal reports have been published describ-
ing cholecystitis, prostatitis, or osteitis due to Candida.

Oropharyngeal candidiasis and esophagitis have a
tendency to recur in patients with a low CD4 count.
Consequently, these patients are often treated with pro-
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tracted or repeated courses of systemic antifungal
agents. Cases refractory to fluconazole were reported
in up to 15% of patients with advanced AIDS before
the era of HAART. Low CD4 count (� 50/mm3), fre-
quent courses of azole therapy, and prolonged treat-
ment have been shown to predispose to clinical resist-
ance (Maenza et al, 1996; Walmsley et al, 2001).
Fluconazole MICs � 16–32 �g/l are often correlated
with clinical failure (Redding et al, 1994; Revanker et
al, 1998). Clinical resistance has been reported in pa-
tients not previously exposed to fluconazole but who
were sexual partners of patients who were receiving
this antifungal agent and harboring Candida strains
with a high MIC (Dromer et al, 1997). Molecular bi-
ology studies indicate that a majority of patients carry
the same clone of Candida for many years (Redding et
al, 1994). The main mechanism of resistance to flu-
conazole is an efflux of the drug from the yeast cell
through the activation of efflux pumps, which are se-
lective for fluconazole or the azole class (responsible
for cross resistance to all azole drugs). Since the advent
of HAART there has been a marked decrease in all
forms of candidiasis in HIV-infected patients. Resis-
tance of Candida to antifungal drugs in AIDS patients
appears to be less common than in the early to mid-
1990s.

For more detailed discussion of candidiasis, see
Chapter 11.

CRYPTOCOCCOSIS

Traditionally, the encapsulated yeast Cryptococcus neo-
formans has had two varieties: C. neoformans variety
neoformans with two serotypes, A and D, and C. neo-
formans variety gattii with two serotypes, B and C.
Serotype A has been recently associated with a new va-
riety, C. neoformans variety grubii, which is ubiquitous
in temperate and tropical climates and is present in soil
particularly when enriched with bird droppings (Fran-
zot et al, 1999). Serotype D is present in Europe and to
a lesser degree in North America (Dromer et al, 1996).
Serotype B and C are present in tropical and subtrop-
ical areas. Serotype B has been isolated in the vicinity
of Eucalyptus trees: E. camaldulensis and E. tereticor-
nis particularly in Australia, California, and Florida
(Speed and Dunt, 1995). The ecological niche of
serotype C, only rarely isolated from patients and from
almond trees in Columbia, is still unknown.

Virtually all cryptococcal infections in HIV-positive
patients are caused by C. neoformans var. neoformans;
this is true even in areas where both varieties C. neo-
formans and C. gattii are equally prevalent (Kwon-
Chung et al, 1990). By contrast, in Sao Paulo, Brazil,
non-HIV-associated cryptococcosis is equally due to
var. neoformans and var. gattii. However, almost all

HIV-associated cases are due to var. neoformans. There
are strong arguments to indicate that clinical crypto-
coccosis results from reactivation of a previous primary
infection; however, disease may follow recent primary
infection in some patients. Alveolar macrophages, cel-
lular immunity and Th1 type immune response are the
main lines of defense against Cryptococcus. In the
1980s, HIV infection became the leading predisposing
factor for cryptococcosis, occurring with an incidence
of 6% to 12% in the United States, 3% to 8% in 
Europe and 15% to 35% in Central and South Africa
or South East Asia (Mitchell and Perfect, 1995). In
France from 1985 to 1993, 83% of 1013 reported cases
of cryptococcosis occurred in HIV-positive patients
(Dromer et al, 1996). Since 1996 with the introduction
of HAART, there has been a decrease of approximately
70% in the number of cases. Cryptococcosis, an AIDS-
defining opportunistic infection (CDC, 1993), gener-
ally occurs in persons with a CD4 count below 50/mm3.

Clinical Manifestations
The most common site of C. neoformans infection at
the time of diagnosis is the meninges. Moreover, C.
neoformans is the principal cause of meningitis in AIDS
patients (Zuger et al, 1986; Chuck and Sande, 1989;
Clark et al, 1990; Dismukes, 1998). Cryptococcal
meningitis or meningoencephalitis, which may be as-
sociated with lung disease, disseminated disease, or be
the only site of clinical disease, carries a poor progno-
sis with a 20% to 25% death rate despite appropriate
treatment. Symptoms of meningitis are typically suba-
cute, occasionally acute, with fever and headache as 
the most common manifestations, followed by nausea,
vomiting, and malaise. Neck stiffness is not common.
Delay between first symptom and diagnosis is often sev-
eral weeks. With time, more symptoms are manifest.
The presence of fever and altered mental status or cra-
nial nerve palsy is more suggestive of meningoen-
cephalitis. Paresis of limbs or seizures are less frequent.
The patient can present with change of mood, person-
ality changes, memory loss, visual and auditory dys-
function, obtundation, or coma.

Pulmonary symptoms are present in 40% to 50% of
AIDS patients with cryptococcosis and can precede the
occurrence of meningeal symptoms. The lung is the site
of the initial infection with C. neoformans. Pulmonary
symptoms vary from asymptomatic to dyspnea, pro-
ductive cough, and sometimes respiratory distress. There
is no specific picture on chest radiograph; findings in-
clude segmental or lobar infiltrates, nodules, and en-
hanced interstitial markings (Cameron et al, 1990). In
some patients a mixed infection is present, for exam-
ple, pneumocystosis and cryptococcosis. The diagnosis
of cryptococcal lung disease can be confirmed by iso-
lation of the typical encapsulated yeasts in sputum or
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more frequently in bronchoalveolar lavage (BAL). The
use of selective medium is useful to recognize a few
colonies of Cryptococcus among a large number of
Candida colonies present in sputum or in BAL. Detec-
tion of cryptococcal polysaccharide antigen in BAL or
serum is diagnostic.

Aside from lung and CNS disease, cryptococcosis can
involve many other organs (Zuger et al, 1986; Chuck
and Sande, 1989; Clark et al, 1990). Approximately
10% of patients have skin lesions, which are protean,
may mimick Molluscum contagiosum umbilicated pap-
ulonodules, or present as an ulceration or acneiform
rash. Any recent suspicious cutaneous lesion in a pa-
tient with HIV or AIDS must be biopsied for culture
and/or histology to check for C. neoformans. Adenopa-
thy, splenomegaly, or hepatomegaly can be present.
Urinary tract infection, typically prostatitis, is 
generally latent. Fever may be the only symptom of
cryptococcal disease and occasionally a patient may
present as fever of unknown origin; in such case, the
detection of cryptococcal antigen in serum may be the
only marker of infection. In this setting, a positive
blood or urine culture is diagnostic.

A diagnosis of cryptococcosis makes sampling of CSF
mandatory even in the absence of any neurological
symptoms. Other studies in a patient with suspected
cryptococcosis should include: blood culture, chest ra-
diography, skin examination, and testing for crypto-
coccal antigen in blood and CSF. The CSF opening
pressure should always be recorded before removal of
CSF, and has important prognostic value. An opening
pressure more than 25 ml of water necessitates lower-
ing of pressure via decompression with repeated lum-
bar punctures or other approaches (Graybill et al,
2000). Cerebrospinal fluid is usually clear and may
have normal or mildly abnormal values (white blood
cell count, protein, and glucose) reflecting a minimal
inflammatory response. Hypoglycorrhachia, if present,
is highly compatible with cryptococcal meningitis. Ex-
amination of CSF with India ink shows the typical en-
capsulated yeasts in 68%–88% of cases. Culture of CSF
will be positive within 3 to 7 days in 95%–100% of
cases. Antigen detection is present in almost 100% of
AIDS-associated cases, sometimes with very high titers
(> 1/10000). Moreover, the result is immediate.
(Mitchell and Perfect, 1995). In case of meningitis,
serum antigen detection is positive in more than 90%
of cases and represents a screening test for the diagno-
sis of cryptococcosis in patients with unexplained fever
or recent headache. Although the detection of crypto-
coccal antigen in urine or BAL is not well validated, a
positive result should alert the practitioner to the pos-
sibility of cryptococcosis. The typical encapsulated
yeast of C. neoformans can be seen in fluids (BAL,
urine) or in tissue (skin, lymph node, or bone marrow).

Computed tomography scan of the brain is usually
normal and is useful to rule out other central nervous
system opportunistic diseases such as toxoplasmosis or
lymphoma, which cause ring-enhancing mass lesions.
Cryptococcal brain abscesses (cryptococcomas) are rare
and less frequent than in HIV-negative patients. How-
ever, C. neoformans var. gattii, serotype C, although
unusual in AIDS, has a propensity to produce chronic
mass lesions in brain or lung (Speed and Dunt, 1995).

Treatment
The results of several comparative trials with a large
number of patients facilitate a general consensus on the
treatment of cryptococcal meningitis. The regimen of
choice is induction therapy with combination iv am-
photericin B 0.7–1.0 mg/kg/day and oral flucytosine
100 mg/kg/day given for at least 2 weeks. In patients
stable or improving, a switch to consolidation therapy
with oral fluconazole 400 mg/day for an additional
8–10 weeks is recommended (van der Horst et al,
1997). A lumbar puncture for a CSF sample is useful
at week 2 and week 10, the end of this primary treat-
ment. A negative CSF culture at week 2 has good prog-
nostic value. The relatively high dose of amphotericin
B (0.7–1.0 mg/kg/day) has aided in reducing the early
mortality reported with lower amphotericin B dose
(0.3–0.4 mg/kg/day) (Saag et al, 1992). Induction ther-
apy utilizing flucytosine at a dose of 100 mg/kg/day is
well tolerated and appears to reduce the relapse rate
during subsequent maintenance therapy (Saag et al,
1999). Itraconazole can replace fluconazole during the
consolidation phase of therapy; however, the erratic ab-
sorption of itraconazole and more frequent itracona-
zole-drug interactions make fluconazole easier to use.

Following successful primary induction and consol-
idation therapy, maintenance therapy with 200 mg flu-
conazole daily is necessary to avoid relapse (Saag et al,
1999). Fluconazole is superior to itraconazole and to
iv amphotericin B as maintenance therapy (Powderly
et al, 1992). Maintenance treatment is prescribed life-
long; without such therapy the relapse rate is � 50%,
indicating that cure is not obtained despite clearance
of yeasts. In patients who are treated successfully with
HAART, it may be possible to stop the maintenance
therapy without adverse consequences (Masur et al,
2002). Limited data support this approach (Aberg et
al, 2002; Mussini et al, 2001).

The same treatment approach as described above for
cryptococcal meningitis can be used for extra CNS
cryptococcosis. Alternative regimens as primary treat-
ment include fluconazole 400–800 mg daily with or
without flucytosine 100–150 mg/kg/day. Lipid formu-
lations of amphotericin B can be used in patients in-
tolerant of conventional amphotericin B (Coker et al,
1993; Leenders et al, 1997). In vitro resistance to am-
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photericin B is extremely rare. High MICs to flucona-
zole are common but there is no good correlation be-
tween in vitro susceptibility and clinical results. Serial
clonal isolates in relapse patients treated with flucona-
zole may exhibit a progressive increase in MICs. In such
cases it seems logical to increase the dose of flucona-
zole to 800–1000 mg daily and/or to add flucytosine
or to switch to itraconazole plus flucytosine. However,
experience with such regimens is limited and anecdotal.
There are no data from large studies with new anti-
fungal drugs or new formulations of existing drugs re-
garding therapy of cryptococcosis.

An elevated CSF opening pressure � 25 cm of wa-
ter is an indication to withdraw 30 ml CSF daily or
two or three times a week until improvement (Graybill
et al, 2000). In refractory cases, a lumbar or ventricu-
lar shunting procedure is necessary. Treatment with
corticosteroids appears deleterious in this setting. Per-
sistent or late intracranial hypertension due to impaired
resorption of CSF or obstruction to circulation of CSF
may benefit from a ventriculoperitoneal shunt (Liliang
et al, 2002). There is no specific treatment for visual
loss or deafness aside from palliative measures to re-
duce intracranial hypertension.

Primary prophylaxis with 200 mg fluconazole daily
in HIV-infected/AIDS patients can reduce the incidence
of cryptococcosis; however, this approach is expensive,
predisposes to the emergence of resistance in oppor-
tunistic yeasts, Candida and Cryptococcus, and does
not improve survival (Powderly, 2000). The incidence
of cryptococcosis in the United States or Europe does
not justify prophylaxis with fluconazole. However, the
incidence is much higher in tropical countries includ-
ing Africa (Dupont et al, 2000). Data from Thailand
indicate that itraconazole, 200 mg daily, reduces 
the incidence of penicilliosis, cryptococcosis, and histo-
plasmosis (Chariyalertsak et al, 2002).

For more detailed discussion of cryptococcosis, see
Chapter 12.

COMMON DIMORPHIC FUNGAL INFECTIONS

Among fungal infections due to dimorphic fungi, only
three are frequent in AIDS patients: histoplasmosis,
coccidioidomycosis, and penicilliosis (Wheat et al, 1990;
Supparatpinyo et al, 1994; Ampel, 1996; Warnock et
al, 1998).

Histoplasmosis
Histoplasmosis due to Histoplasma capsulatum is en-
demic in the eastern and central United States and Cen-
tral and South America. In HIV-positive patients living
in endemic areas such as Indianapolis, Indiana in North
America, the incidence of histoplasmosis varies from
1% to 25% (Wheat et al, 1990; McKinsey et al, 1997).

Disease can be due to primary infection following an
exposure event, or reactivation of a latent infection.
Outside endemic areas, disease usually represents reac-
tivation occurring several years after the primary in-
fection, particularly the case in Europe (McKinsey et
al, 1997; Warnock et al, 1998; Dupont et al, 2000). It
is important to obtain a travel history including brief
trip in tropical countries, caves or other geographic ar-
eas endemic for histoplasmosis. Histoplasmosis, which
generally occurs in patients with a low CD4 counts,
usually less than 100 cells/mm3, is an AIDS-defining ill-
ness in its disseminated form (McKinsey et al, 1997).

Clinical Manifestations
The disease is often disseminated and fever is frequent
(75%), accompanied by weight loss, fatigue, and
sweats. Pneumonia is present in 50%–60% of cases,
and hepatomegaly, spleno-megaly, or lymphadenopa-
thy in 25% of cases. Central nervous system involve-
ment occurs in approximately 15% of patients, either
as meningitis or a space-occupying lesion (Wheat et al,
1990). Signs and symptoms of septic shock or respira-
tory failure are seen in 10% of cases and are associ-
ated with a poor prognosis (Wheat et al, 2000a). Pan-
cytopenia is found in 20% of patients at presentation.
Various cutaneous lesions are seen including macu-
lopapular rashes, pustules, papules, and skin or oral 
ulcers. These lesions are nonspecific, but provide easy
access to tissue for biopsy and diagnosis. Histoplas-
mosis-associated mediastinal fibrosis and chronic fi-
brocavitary lung disease are unusual in this population.
Gastrointestinal masses, chorioretinitis, endocarditis,
and pleural effusion have been reported.

The chest radiograph demonstrates patchy infiltrates
or diffuse interstitial pneumonia in severe cases. Blood,
bone marrow aspirate, urine, BAL fluid, and CSF cul-
tures may yield Histoplasma. The typical yeasts can be
seen in these samples and in smear of buffy coat or
whole blood in patients with disseminated disease.
Histopathology of skin, lymph node, lung, or bone
marrow can provide presumptive evidence of histo-
plasmosis. Serodiagnostic tests by immunodiffusion or
complement fixation are often negative but may be
helpful when positive. Histoplasma antigen detection
in blood, urine, or CSF is a specific and sensitive test,
particularly among patients with disseminated disease.
Antigenuria correlates well with response to therapy
and is useful to detect relapsing histoplasmosis (Wheat
et al, 1990).

Histoplasmosis due to Histoplasma capsulatum va-
riety duboisii does not occur frequently in AIDS pa-
tients. This form of histoplamosis is seen exclusively
among patients living in or who have travelled to Cen-
tral and West Africa. Histoplasmosis due to H. duboisii
is probably underdiagnosed in its endemic area.
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Treatment
Amphotericin B and itraconazole are effective against
both H. capsulatum and H. duboisii (Wheat et al, 1990;
Wheat et al, 2000b). Among patients with severe dis-
ease including diffuse pneumonia, septic shock, or any
life-threatening complication, first line treatment is am-
photericin B 0.7–1.0 mg/kg/day. In stable and improved
patients after 10–14 days, this regimen can be switched
to oral itraconazole 400 mg/day for 12 weeks (Lortho-
lary et al, 1999). Mild forms of histoplasmosis can be
treated initially with itraconazole with a loading dose
of 300 mg twice daily for 3 days then 400 mg daily for
12 weeks. Fluconazole is less effective than itracona-
zole at similar doses; however, fluconazole is a rea-
sonable therapy at 400–800 mg/day in selected patients.
Maintenance therapy is necessary to avoid relapses in
AIDS patients (Wheat et al, 2000b). Itraconazole at 200
mg/day lifelong is the drug of choice, and is superior
to amphotericin B (1 mg/kg) once or twice a week. Ke-
toconazole is less effective than amphotericin B. Re-
cently available data support that stopping mainte-
nance therapy is appropriate in patients treated
effectively with HAART (Dupont et al, 2000; Masur
et al, 2002). Primary prophylaxis should be considered
in areas where the incidence of histoplasmosis is high-
est (McKinsey et al, 1999).

For more detailed discussion of histoplasmosis, see
Chapter 18.

Coccidioidomycosis
This disease, which is endemic in the southwestern
United States and in parts of Mexico, Central, and
South America, is acquired by inhalation of arthro-
conidia present in the soil. The lung is the primary tar-
get organ. In highly endemic areas such as Arizona, the
annual rate of infection is as high as 27% among pa-
tients with AIDS vs. fewer than 4% in non-AIDS pa-
tients (Bronnimann et al, 1987). In the majority of
cases, disease probably occurs following reactivation
rather than as a primary infection. Extrathoracic coc-
cidioidomycosis involving sites other than lungs and hi-
lar or cervical lymph nodes is an AIDS-defining illness
(CDC, 1993).

Clinical Manifestations
The most common symptoms of coccidioidomycosis in
AIDS patients are fever, cough, and weight loss. Chest
radiography reveals a variety of abnormalities in more
than 60% of patients including focal pulmonary alvelo-
lar infiltrates, discrete nodules, hilar lymphadenopathy,
and pleural effusions. In 40% of patients, a diffuse
reticulonodular infiltrate is present. Approximately
12% of patients develop meningitis and 5% present
with cutaneous disease and concomitant pulmonary in-
volvement. Subcutaneous abscesses have been espe-

cially associated with AIDS patients. Nine percent of
patients present with localized extrathoracic lymph
node or liver involvement. Fungemia, thyroiditis, peri-
tonitis, and adrenal, bone, joint, and prostate disease
have been reported (Bronnimann et al, 1987; Fish et
al, 1990; Galgiani and Ampel, 1990).

The CD4 cell count is usually below 200 cells/mm3

and often below 50 cells/mm3. Definitive diagnosis re-
lies on (1) visualization of the typical spherules con-
taining numerous endospores in clinical specimens, and
(2) isolation of C. immitis in culture. Because of the
risk of laboratory contamination, this fungus should be
handled with caution, in accordance with safety regu-
lations. Serology with complement fixation testing of
serum and CSF may remain negative in 25% of AIDS
patients with active coccidioidal disease. Cerebrospinal
fluid analysis typically shows leukocytic pleocytosis, de-
creased glucose, and increased protein. Culture for C.
immitis in CSF is positive in � 50% of cases (Fish et
al, 1990).

Treatment
The drug of choice for severe life-threatening coccid-
ioidal infection, including diffuse reticulonodular lung
involvement, is iv amphotericin B at � 1 mg/kg/day.
When the disease is controlled, generally after 2 or 3
weeks, switching to an oral triazole drug should be con-
sidered. Fluconazole 400–800 mg/day is a good alter-
native, particularly in patients with meningitis; itra-
conazole 400 mg/day has also given good results,
especially in patients with skeletal disease (Fish et al,
1990; Galgiani et al, 2000a; Galgiani et al, 2000b). For
patients with meningitis, intrathecal amphotericin B
may be added to parenteral amphotericin B. Flucona-
zole is the currently preferred treatment of coccidioidal
meningitis (Galgiani et al, 2000b). Lifelong mainte-
nance therapy with a triazole (fluconazole 400 mg/day
or itraconazole 400 mg/day) is necessary to avoid re-
lapse in AIDS patients (Masur et al, 2002). The impact
of HAART is beneficial with regard to the incidence of
new cases but has had little impact on the overall man-
agement of coccidioidomycosis (Dupont et al, 2000).

For more detailed discussion of coccidioidomycosis,
see Chapter 20.

Penicilliosis
Penicillium marneffei is a dimorphic fungus present in
soil in Southeast Asia, including northern Thailand,
south China, Laos, Cambodia, and Vietnam. A few
cases of penicilliosis have also been reported in Hong
Kong, India, and Indonesia. A probable autochthonous
case was reported in Africa. Penicillium marneffei is as-
sociated with several species of bamboo rats; however,
contact with soil seems the most important risk factor
regarding exposure to this fungus. In northern Thai-
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land, penicilliosis has become the third most common
AIDS-defining opportunistic disease, following tuber-
culosis and cryptococcosis (Deng et al, 1988; Drouhet,
1993; Supparatpinyo et al, 1994; Sobottka et al, 1996).
Penicilliosis probably occurs as a silent primary infec-
tion and only becomes clinically apparent following re-
activation years later when cellular immunity is pro-
foundly depressed due to advanced HIV disease.

Clinical Manifestations
The portal of entry is the lung in most reported cases.
As with histoplasmosis, disseminated penicilliosis is
very common at presentation and CD4 counts are uni-
formly very low, usually below 50 cells/mm3. In one
study of 92 patients with disseminated penicilliosis seen
at Chiang Mai University Hospital in Thailand, 86
(93%) were HIV infected (Supparatpinyo et al, 1994).
The clinical characteristics of these patients included
fever (93%), anemia (78%), pronounced weight loss
(76%), skin lesions (68%), generalized lym-
phadenopathy (58%), hepatomegaly (51%), cough
(49%), diarrhea (31%), splenomegaly (16%), and jaun-
dice (8%). Skin lesions, especially a generalized papu-
lar rash, are very suggestive of the diagnosis of peni-
cilliosis in patients at risk. Some of the papules with
central umbilication mimick lesions caused by Mollus-
cum contagiosum. Subcutaneous nodules, acne-like le-
sions and folliculitis may also be present. Genital ul-
cers (6%) or palatal papules have been reported. The
mean duration of illness before patients presented for
care in this study was 4 weeks (range 1 day to 3 years);
most patients were young men. Several AIDS patients
had other simultaneous opportunistic infections in-
cluding oral candidiasis, tuberculosis, cryptococcosis,
and cerebral toxoplasmosis. Chest radiography is ab-
normal in almost 30% of patients with disseminated
penicilliosis. Diffuse reticulonodular opacities and lo-
calized alveolar opacities are most common. Diffuse
alveolar infiltrates and pleural effusion are less com-
mon (Deng et al, 1988; Drouhet, 1993).

Imported cases of penicilliosis are generally diag-
nosed earlier in the course of disease. Fever, with or
without pancytopenia, skin and/or lung lesions should
also suggest a diagnosis of leishmaniasis or dissemi-
nated histoplasmosis. For any HIV-positive patient, a
history of living in or previous travel to Southeast Asia
is the first clue towards considering a diagnosis of peni-
cilliosis (Warnock et al, 1998; Dupont et al, 2000).

In the Chiang Mai series, diagnosis of penicilliosis
was made by culture of the fungus in blood (76%), skin
lesions (90%), bone marrow aspirate (100%), sputum
(34%) and other sites including CSF, pharynx, and
pleural fluid (Supparatpinyo et al, 1994). The culture
at 25°C shows a filamentous fungus growing in 2 days.
The organism belongs to the Penicillium genus, has a
symmetric or asymmetric biverticillium structure, and

produces a red pigment that diffuses into the surface
and depth of the culture medium. The organism grows
as a yeast when incubated at 35°C–37°C. The galac-
tomannan test for detection of Aspergillus antigen
cross-reacts with P. marneffei; however, the diseases
are clinically different and direct examination of cul-
ture easily distinguishes between the two organisms.
Presumptive diagnosis of penicilliosis can be made by
histopathologic examination of sputum, bone marrow,
skin or lymph node, and finding the typical oval or
elongated, nonbudding P. marneffei yeasts, 3–8 �m in
length, with a characteristic septation.

Treatment
At present, itraconazole and amphotericin B are the
mainstays of therapy for penicilliosis in all patients, re-
gardless of their immune status. A combination regi-
men of induction treatment with amphotericin B 0.6
mg/kg/day for approximately 2 weeks followed by con-
solidation treatment with itraconazole 400 mg/day for
10 weeks is highly effective in � 95% of patients
(Sirisanthana et al, 1998). This combination regimen
clears fungal cultures more rapidly than a course of
itraconazole alone. Chronic maintenance (suppressive)
therapy is recommended for all patients with persist-
ent immunocompromise. Itraconazole 200 mg/day is
the drug of choice (Supparatpinyo et al, 1998). In ge-
ographic areas where P. marneffei and other oppor-
tunistic fungal pathogens are endemic, primary pro-
phylaxis with itraconazole 200 mg/day is also
recommended to prevent penicilliosis, histoplasmosis,
and cryptococcosis (Chariyalertsak et al, 2002).

For more detailed discussion of penicilliosis, see
Chapter 23.

ASPERGILLOSIS

Invasive aspergillosis is usually seen among neutropenic
cancer patients and patients treated with corticos-
teroids. AIDS is not considered a major risk factor be-
cause the cellular defect in HIV-infected patients mainly
impacts T lymphocytes and less so neutrophils or
macrophages, the main defense against Aspergillus spp.
Nevertheless, since 1990 invasive aspergillosis has been
reported among patients with advanced HIV disease,
especially in patients with CD4 cell counts below
50/mm3 (Denning et al, 1991; Lortholary et al, 1993;
Khoo and Denning, 1994). The classical risk factors for
invasive aspergillosis, namely, neutropenia and corti-
costeroid therapy, are absent in approximately 50% of
reported Aspergillus infected AIDS cases.

Clinical Manifestations
The lungs are the most common site of infection. In a
study of 33 AIDS patients with invasive aspergillosis,
mainly pulmonary disease, fever was always present,
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with a median temperature of 39°C; cough and dysp-
nea were present in 97% and 80% of cases, respec-
tively, and chest pain and hemoptysis in 20% and 17%,
respectively (Lortholary et al, 1993). Radiographically,
nodular lesions or cavitary infiltrates were common and
suggestive of aspergillosis although not specific. Bilat-
eral interstitial infiltrates were also noted. Invasive
necrotizing tracheobronchitis manifested by acute dys-
pnea and wheezing is a clinical form of aspergillosis also
seen in AIDS patients (Lortholary et al, 1993). Bron-
choscopy reveals necrotic ulceration of the trachea with
pseudomembranes (Kemper et al, 1993). Obstructing
bronchial aspergillosis with chest pain, hemoptysis, and
dyspnea may precede necrotizing tracheobronchitis
(Denning et al, 1991). A majority of patients have a his-
tory of prior pulmonary infection and preexisting cys-
tic pulmonary lesions or bullae may represent a risk fac-
tor for invasive pulmonary aspergillosis among patients
with AIDS. Extrapulmonary metastatic Aspergillus dis-
ease occurs and the CNS and heart are most often in-
volved. Aspergillus endocarditis and sinusitis have been
reported among patients with AIDS.

There is a good correlation between a positive BAL
culture for Aspergillus and histologically proven diag-
nosis in immunocompromised patients, including AIDS
patients. The Aspergillus spp. most often implicated in
disease are A. fumigatus, A. flavus, A. niger, and A.
terreus. Detection of galactomannan antigen and/or
PCR for Aspergillus may help to establish diagnosis;
however, their roles remain unclear. Prognosis of in-
vasive aspergillosis in AIDS patients is poor with a
mean survival � 2–4 months despite antifungal treat-
ment. This opportunistic infection is very unusual
among patients receiving and responding to HAART.

Treatment
Therapy consists of amphotericin B � 1.0 mg/kg/day,
one of the lipid formulations of amphotericin B 3–6
mg/kg/day, or oral itraconazole 400–600 mg/day. How-
ever, the disease is rapidly progressive among most
AIDS patients despite systemic antifungal therapy. Al-
though no large body of data supports use of newer an-
tifungal agents for invasive aspergillosis in patients with
AIDS, it is reasonable to assume that voriconazole and
the echinocandins, as well as immunomodulating
agents, may have a role in this clinical setting. No pro-
phylaxis approach is applicable (Stevens et al, 2000).

For more detailed discussion of aspergillosis, see
Chapter 14.

OTHER FUNGAL INFECTIONS

Paracoccidioidomycosis,
Blastomycosis, and Sporotrichosis

These mycoses that are felt to be contained by T cell-
mediated host defenses have been described in AIDS

patients, but their reported incidence has not increased
in parallel with the other mycoses (Wheat 1995;
Dupont et al, 2000). The scarcity of reported cases 
of paracoccidioidomycosis in AIDS patients in Latin
America remains unexplained. In a review of 27 cases
(Goldani and Sugar, 1995), paracoccidioidomycosis
occurred mainly in patients with advanced AIDS who
were not receiving prophylaxis with trimethoprim-
sulfamethoxazole for Pneumocystis carinii. In areas en-
demic for P. brasiliensis, HIV positivity has been lim-
ited mostly to larger towns and paracoccidioidomyco-
sis limited to more rural areas. Almost all reported cases
of AIDS-associated paracoccidioidomycosis have oc-
curred in Brazil, with only one case reported from
Venezuela. In the series reported by Goldani and Sugar,
the overall male to female ratio was 3.5:1, which is
lower than the sex ratio of 13:1 observed in the HIV-
negative population. Reactivation of latent disease
probably accounts for most cases, but among patients
living in rural areas primary infection cannot be ex-
cluded (Benard and Duarte, 2000). Most of the re-
ported patients had advanced AIDS with CD4 cell
counts well below 200/mm3.

In 70% of AIDS patients with paracoccidioidomy-
cosis, disease is widely disseminated. About two-thirds
of patients have lung involvement with often severe
cough and dyspnea. Chest radiography is usually non-
specific, revealing diffuse interstitial infiltrates in most
patients. Approximately 50% of patients have skin le-
sions that include a disseminated maculopapular rash
and nodular or ulcerative lesions. Adenopathy is pres-
ent in approximately one-third of patients. Prolonged
fever, weight loss, hepatomegaly, and splenomegaly are
common. Meningitis is rare (Goldani and Sugar, 1995;
Wheat, 1995).

The diagnosis of paracoccidioidomycosis is usually
made by direct microscopic examination and culture of
clinical specimens, most commonly skin and lymph
nodes. Cultures of blood, bone marrow, and CSF may
also be positive. Antibody detection is positive in a
small number of patients. An assay for P. brasiliensis
antigen and PCR for P. brasiliensis DNA are promis-
ing diagnostic tools in these patients. Histopathologic
findings are characterized by a granulomatous reaction
with macrophages, lymphocytes, and giant cells.

Although there is no consensus regarding the opti-
mal treatment, aggressive therapy may likely reduce 
the high overall mortality. Therapeutic options include
sulfonamides, amphotericin B, and the azole drugs—
ketoconazole, and itraconazole, as primary treatment
followed by lifelong maintenance therapy with
trimethoprim-sulfamethoxazole, ketoconazole, or itra-
conazole (Mendez et al, 1994).

Blastomycosis, a relatively common endemic myco-
sis in immunocompetent persons, is an uncommon dis-
order among HIV-positive patients (Pappas, 1992;
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Wheat, 1995). Over 30 cases of blastomycosis have
been reported in patients with AIDS, and most have
CD4 cell counts well below 200/mm3. Pulmonary in-
fection, asymptomatic or symptomatic, develops fol-
lowing inhalation of infectious spores. Reactivation dis-
ease also occurs as evidenced among patients with AIDS
and other patients who have been out of the endemic
area for several years. Localized pleuropulmonary dis-
ease is present in approximately 50% of cases; extra-
pulmonary dissemination is equally common, includ-
ing spread to the skin and the central nervous system.
Disseminated disease is associated with a high early
mortality.

Amphotericin B is considered the initial treatment of
choice, particularly for patients with severe disease. For
patients who are improved or stable after 2–4 weeks
of amphotericin B, it is reasonable to switch to oral
itraconazole 200–400 mg/day and maintain chronic
suppressive therapy with itraconazole indefinitely in
those patients who remain severely immunosuppressed
(Pappas et al, 1992; Chapman et al, 2000). The risk of
CNS relapse must be considered among patients re-
ceiving chronic therapy with itraconazole, given its
poor CNS penetration.

Sporotrichosis usually manifests as a localized lym-
phocutaneous disease in the immunocompetent host.
Disseminated disease occurs most frequently in severely
immunocompromised individuals. In a review of 16
cases of disseminated sporotrichosis among HIV-
infected patients, all patients presented with diffuse ul-
cerative skin lesions (Al-Tawfiq and Wools, 1998).
Other sites of disease included the CNS, joints, eyes,
spleen, and bone marrow. Sporothrix schenckii funge-
mia was noted in two patients. Fifteen of the 16 pa-
tients were men. The mean CD4 cell count was
73/mm3. Six of these patients died despite therapy. A
second series of cases of sporotrichosis in AIDS patients
has recently been reported (Rocha et al, 2001).
Histopathology and culture of cutaneous lesions, syn-
ovial fluid, sputum, or CSF usually leads to the diag-
nosis. Examination of purulence from involved areas
may demonstrate typical cigar-shaped yeast forms;
however, the organism may appear atypical with large
round elements reaching 8 �m in diameter, simulating
C. neoformans (Rocha et al, 2001).

The optimal therapy for disseminated sporotrichosis
in HIV-positive patients has not been determined. Par-
enteral amphotericin B for the most severe cases fol-
lowed by itraconazole appears to be the most reason-
able approach to therapy. Itraconazole should be
considered for long-term maintenance therapy among
those patients with severe disease manifestations and
who remain significantly immunosuppressed (Kauff-
man et al, 2000).

For more detailed discussion of paracoccidioidomy-

cosis, blastomycosis, and sporotrichosis, see Chapters
21, 19, and 22, respectively.

UNCOMMON FUNGAL DISEASES

A variety of uncommon fungi also cause invasive my-
coses in AIDS patients. Among many of these patients,
risk factors other than HIV/AIDS include intravenous
drug use, alcoholism, chronic hepatitis, catheter-asso-
ciated infections, neutropenia, and trauma (Perfect et
al, 1993; Cunliffe and Denning, 1995).

Zygomycosis is usually encountered among AIDS pa-
tients with other risk factors including diabetic ke-
toacidosis, neutropenia, hemodialysis, and intravenous
drug use. Three cases of zygomycosis with isolated re-
nal infections in AIDS patients occurred in two intra-
venous drug users (Smith et al, 1989; Santos et al,
1994), and another patient had a massive renal infarc-
tion (Vesa et al, 1992). In three cases of cerebral zy-
gomycosis, basal ganglia masses were reported (Hop-
kins et al, 1994). Other cases of zygomycosis in AIDS
patients include three patients with brain abscesses (Mi-
cozzi and Wetli, 1985; Cuadrado et al, 1988); and sin-
gle patients with rhinocerebral disease (Blatt et al,
1991); cutaneous disease (Hopwood et al, 1992); post-
traumatic cutaneous and knee joint infection (Mostaza
et al, 1989); pharyngeal ulceration (Chavanet et al,
1990); and gastric infection (Brullet et al, 1993). The
causative organisms of zygomycosis in AIDS patients
have included Absidia corymbifera, Cunninghamella
bertholletiae, and Rhizopus arrhizus.

For more detailed discussion of zygomycoses, see
Chapter 15.

AIDS patients with infections due to Scedosporium
apiospermum (Pseudallescheria boydii) have been de-
scribed with pneumonia (Cunliffe and Denning, 1995;
Rollot et al, 2000); renal and pulmonary infection
(Scherr et al, 1992); endocarditis (Raffanti et al, 1990);
meningitis and brain abscess (Montero et al, 1998); and
sinusitis (Eckburg et al, 1999). Scedosporium prolifi-
cans was responsible for a case of cutaneous and pul-
monary disease (Cunliffe and Denning, 1995).

For more detailed discussion of scedosporiosis, see
Chapter 16.

Five cases of infection due to Saccharomyces cere-
visiae in AIDS patients have been reported including
three with pulmonary disease (Al-Tawfik et al, 1989,
Perfect et al 1993; Cunliffe and Denning, 1995). In ad-
dition, three cases caused by Trichosporon spp. have
been reported in AIDS patients with catheters, includ-
ing two with central venous catheter-associated
fungemia and one with peritonitis and a peritoneal
catheter. Outcome was favorable in each case with an-
tifungal treatment and withdrawal of the catheter (Leaf
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and Simberkoff, 1989, Parsonnet, 1989, Barchiesi et al,
1993).

For more detailed discussion of Saccharomyces and
Trichosporon infections, see Chapter 13.

As is shown in the following list, rare cases of fun-
gal disease in AIDS patients have also been attributed
to very uncommon fungal pathogens:

• invasive alternariosis (Wiest et al, 1987)
• hepatic abscesses caused by Aureobasidium pullu-

lans (Yarrish et al, 1991)
• disseminated adiaspiromycosis (Echavaria et al,

1993) and pulmonary adiaspiromycosis (Turner et
al, 1999)

• disseminated cutaneous Emmonsia pasteuriana in-
fection (Gori et al, 1998)

• invasive Fusarium infections involving lung (Del
Palacio-Hernanz et al, 1989a), sinuses (Bossi et al,
1995), and oral cavity (Paugam et al, 1999)

• systemic infection caused by Penicillium decum-
bens (Alvarez, 1990)

• CNS infection caused by Rhinocladiella atrovirens
(Del Palacio-Hernanz et al, 1989b)

• fungemia and catheter infection due to Rhodoto-
rula rubra (Lui et al, 1998)

• Sporobolomyces infection (Morris et al 1991)
• chronic sinusitis due to Schizophyllum commune

(Rosenthal et al, 1992; Marlier et al, 1993)
• Scytalidium dimidiatum cutaneous infection (Mar-

riott et al, 1997)
• suppurative lymphadenitis and chronic sinusitis

due to Lecythophora hoffmannii (Marriott et al,
1997).

IMPACT OF HIGHLY ACTIVE ANTIRETROVIRAL
THERAPY ON FUNGAL INFECTIONS

Highly active antiretroviral therapy has had a triple im-
pact on the natural course of opportunistic infections
in AIDS patients: (1) led to a marked decrease in the
number of infections; (2) made it possible to stop the
primary prophylaxis for many fungal infections; and
(3) made it possible to stop chronic maintenance ther-
apy of established fungal infections (Detels et al, 2001).
The routine use of HAART has resulted in dramatic
declines in morbidity and mortality among HIV-
infected patients with advanced immune dysfunction
(Palella et al, 1998). In effectively treated patients, the
incidence of opportunistic infections has decreased at
least 50% to 70%. Highly active antiretroviral therapy
has had an especially important impact on the incidence
of P. carinii pneumonia, M. avium complex disease, cy-
tomegalovirus infection, mucosal candidiasis, crypto-
coccosis, dimorphic fungal infections, and invasive 
aspergillosis. Highly active antiretroviral therapy asso-

ciated immune reconstitution has made it possible to
withdraw primary prophylaxis against P. carinii and to
stop the chronic maintenance therapy for relapsing mu-
cosal candidiasis and other fungal diseases (Soriano et
al, 2000). Clinical resistance to fluconazole in patients
with OPC and esophageal candidiasis has almost dis-
appeared in patients responding to HAART.

A successful response to HAART is characterized by
a marked reduction in viral load and a subsequent in-
crease in CD4 cell count. However, the partial restora-
tion of cell-mediated immunity and possibly other im-
mune effectors (Sempowski and Haynes, 2002) may
facilitate the development of an inflammatory reaction
at the site of previous infection, which can mimick re-
activation of the opportunistic disease. This paradoxi-
cal effect has been reported in AIDS patients with CMV
retinitis, atypical Mycobacterium infections, cryptococ-
cosis, and histoplasmosis (Blanche et al, 1998; Woods
et al, 1998; DeSimonne et al, 2000; Cheng et al, 2000;
Memain et al, 2000). Such immune reconstitution re-
actions raise the diagnostic challenge of a relapse of the
initial opportunistic infection vs. a new opportunistic
disease and raise the issue of timing of the initiation of
HAART following initial treatment of an acute op-
portunistic infection. In cases of immune restoration,
treatment with an antiinflammatory drug, including
corticosteroids, may be effective without necessitating
a change in HAART or the antiinfective treatment.
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desensitization, 414
for entomophthoramycosis, 249
for paracoccidioidomycosis, 339–40,

340t
for pneumocystosis, 409–10, 410t

after organ transplantation, 481
prophylaxis, 412–13, 413t

resistance to, 414–15
dihydropteroate synthase mutations,

414–15
toxicity, 410

Trimetrexate, plus leucovorin, for
pneumocystosis, 410t, 411

Tubo-ovarian abscess, blastomycotic, 
304

Tumor necrosis factor-�, biologic
properties, 127, 126t

Ulcers, mucous membrane/skin
in blastomycosis, 303, Color Figures

19–10 and 19–11
oropharyngeal, in histoplasmosis, 291,

Color Figure 18–12
in paracoccidioidomycosis, 336, 336f
in phaeohyphomycoses, 274, 276t
in tinea pedis, 377

Urinary tract infections. See also
Genitourinary tract

Candida, 159–61, Color Figure 11–10
after organ transplantation, 476
treatment, 171

S. cerevisiae, 209
Ustilago spp., 421

Vaginal discharge, in vulvovaginal
candidiasis, 153, Color Figure
11–5



Vaginitis
Candida. See Vulvovaginal candidiasis
S. cerevisiae, 209

Ventriculoperitoneal shunt, for
cryptococcal meningitis, 201,
492

Verrucous skin lesions
in blastomycosis, 303, Color Figures

19–7 to 19–9
in chromoblastomycosis, 400, Color

Figure 26–2
Vertebral osteomyelitis, in coccidioido-

mycosis, 319, 319f, Color 
Figure 20–8

Vincristine, azoles and, 69
Viral infections, post-transplant fungal

infections and, 457
Visual disturbances, from voriconazole, 

73
Vitrectomy, for Candida endophthalmitis,

171
Voriconazole, 64–80

adverse effects, 72–73, 72t
chemistry, 64–65, 65f
drug interactions, 67–69, 68t
indications

for aspergillosis, 79, 233
after blood or marrow

transplantation, 465
after organ transplantation, 481
in neutropenic patients, 444–45

for blastomycosis, 76–77
for candidiasis, 74, 167
for cerebral aspergillosis, 229
for chromoblastomycosis, 403
for coccidioidomycosis, 78, 323
for empirical therapy, febrile

neutropenic patients, 438–41,
439t, 440t, 443

for eumycetoma, 396
for fusariosis, 80, 257–58
for neutropenic fever, 439t–40t,

442–43, 444
for paracoccidioidomycosis, 78
for scedosporiosis, 80, 260
for trichosporonosis, 213

mechanism of action, 65–66
pharmacokinetics, 66–67, 66t
prophylaxis, 80

in neutropenic patients, 438
resistance to, 71–72
spectrum of activity, 69–71, 70t, 112t
susceptibility testing, 71, 112t

Vulvovaginal candidiasis, 151–53, 386,
387

azoles for, 73t, 74
in HIV-AIDS, 168
pathogenesis, 151–53, 152f
recurrent, 152–53, 169

prevention, 174
sexual transmission theory, 152
treatment, 169
vaginal relapse theory, 152–53

symptoms, 153, Color Figure 11–5
treatment, 73t, 74, 167–69, 168t

Wangiella dermatitidis, 276t, 278
Warfarin, azoles and, 69
Water contamination, aspergillosis from,

25, 463
White blood cell transfusions

for chronic mucocutaneous candidiasis,
169

complications, 39, 134, 446
G-CSF–stimulated, in neutropenic

patients, 132–34, 133t, 446–47,
447, 465

indications, 134, 446–47

White piedra, 211, 367, 368, 369
White superficial onychomycosis, 379,

379t, Color Figure 24–6
White to yellow grain eumycetoma, 391t,

394, 394t. See also Eumycetoma
Wood’s light examination, in tinea capitis,

383
Wright’s stain, 6

Yeast-like organisms, infections due to,
206–14, 420–21

Yeasts
characteristics, 3
phenotypic identification, 8–9
susceptibility in vitro

to amphotericin B, 34, 112t
to anidulafungin, 90, 90t, 112t
to azoles, 70, 70t, 71, 112t
to caspofungin, 92, 92t, 112t
to flucytosine, 60, 112t
to liposomal nystatin, 53–54, 53t
M27-A2 refence method, 15–17
to micafungin, 95–96, 96t, 112t
to terbinafine, 104–5, 105t

Zygomycetes, class
Mucorales, 241
Entomophthorales, 241
taxonomy, 241, 242t

Zygomycoses, 241–49
after blood or marrow transplantation,

461, 464
after organ transplantation, 474, 477–78
entomophthoramycosis, 247–49
in HIV-AIDS, 496
mucormycosis, 241–47
in neutropenic patients, 430–31
treatment, 246–24, 249

Zygomycota, 4
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