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An experiment comprises of dynamic observations made after addition, deletion, 
or modification of one or more components within the study perimeters. “Nature’s 
experiment” is a term used to define experiments where humans do not plan addi-
tion, deletion, or modification processes or the components of study perimeters. 
Nature’s experiments range from the evolution of domesticated dogs from wolf 
ancestors to the extermination of dinosaurs. In medicine, the term has been used 
to identify observations of human growth made after genetic defects to the study 
of etiological agents in disease epidemics. While such experiments are usually the 
basis of creativity and innovation, the uncontrolled nature of dynamic processes 
leaves us vulnerable to undesirable consequences. Any experiment where unde-
sirable effects exceed the benefit of the observation is essentially an experiment 
“gone wrong.” Nature’s experiments are no exception to such a rule.

The Ebola virus infection may have started as a disease within nonhuman 
primates, initially termed as “green monkey fever,” in order to maintain the fine 
balance between the number of nonhuman primates and resources available. 
The competition for survival among nonhuman primates is fierce among the 
rain forests of Africa as the habitat continues to succumb to the ever-increasing 
human incursion. Within this “experiment,” less-virulent forms of infectious 
agents are likely to persist because transmission requires diseased primates to 
survive long enough to contact one another. Most virulent forms of infectious 
agents may be their own worst enemy by exterminating the very life sources 
necessary for survival.

But why did the experiment to preserve the African rain forest habitat go so 
wrong? Why did the Ebola virus start a pandemic in a world already lured to a 
false sense of security after its victory over smallpox and polio viruses? Why 
could no one make a vaccine against the virus, centuries after West Africans 
had developed and practiced smallpox inoculation and well before the colonial 
rule started using variolation? A West African woman described her childhood 
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experience in 1890s, “they used to scratch your arm until the blood came and 
then they got the fluid from someone who had the smallpox and rubbed it in”?1 
During the smallpox epidemic of 1954, Director General Sanner of the Public 
Health for French West Africa stated, “Time is the only means to diminish the 
ransom being paid by the people” while awaiting for a cure.1 In contemporary 
times, the world would also face a rude awakening that it could not stop the 
growing Ebola virus disease epidemic.

THE FIRST GLOBAL PANDEMIC

Leonardo Giovanni was the only physician within the fleet of ships that sailed 
out of Kaffa, Crimea into the Caspian Sea, March 1347. The Italians aboard had 
a lot to celebrate because they were the lucky few who managed to escape the 
besieged trading post. The Mongols had launched an attack on Italian merchants 
in Southern Russia in March 1346. The attack culminated in the siege of last 
trading station in the region, Kaffa (today Feodosia) in Crimea.

The port stayed in Italian hands due to cold winters and mysterious dis-
ease decimating the ranks of the Mongol armies. Leonardo had seen numerous 
funeral proceedings among the besieging armies from the walls of the port town 
and had attributed these occurrences to the wrath of God and cold weather. But, 
the winters had been an ideal breeding ground for disease due to close proxim-
ity among individuals huddled in close quarters with limited aeration to survive 
the cold. Leonardo would also be a witness to perhaps the first biological war-
fare effort with dead corpses infected with disease being catapulted across the 
walls by the Mongols. His friend Gabriele de’ Mussi summarized the events as 
“Whereupon the Tartars (Mongols), worn out by this pestilential disease, and 
falling on all sides as if thunderstruck, and seeing that they were perishing hope-
lessly, ordered the corpses to be placed upon their engines and thrown into the 
city of Kaffa. Accordingly were the bodies of the dead hurled over the walls, so 
that the Christians were not able to hide or protect themselves from this danger, 
although they carried away as many as possible and threw them into the sea.”2

For now, Leonardo rejoiced with his companions as they approached the port 
of Constantinople in May 1347. Three of the sailors were sick and one had died 
during the journey and Leonardo had been responsible for the care of these sail-
ors. After transferring the sick sailors to local infirmaries, Leonardo chose to 
spend a few days in the city. It had been a long and arduous winter followed by a 
hectic and rushed journey and Leonardo had numerous reasons to feel exhausted.

By the third day, Leonardo was exhausted and weak beyond reasons and had 
developed a high fever and chills. He noticed prominent and painful swelling in 
his groin and axillary regions. He felt utterly unable to walk and his compan-
ions took him to the local infirmary. Leonardo recognized the person lying on 
the next bed as one of the sailors that he had taken care of who now appeared 
moribund. The sailor’s fingers were black-colored and the skin had started to 
erode from nails onward. Leonardo saw himself as a mirror image of his patient.
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By evening, Leonardo slipped in and out of consciousness. He was able to 
piece together that he had acquired the disease by direct contact with sick sail-
ors. There were others out there who had helped him care for his crew members 
and they needed to be warned of the impending risk. But Leonardo did not 
live to warn his companions. He was found dead in the infirmary by the next 
morning.

Leonardo did not witness the horrifying events that were to follow as the 
disease spread through his companions and their contacts into Constantino-
ple. By July, ships arriving in Alexandria from Constantinople had spread the 
 disease into North Africa and the Middle East. By the second week of September, 
ships arriving at the port of Marseilles from Constantinople carrying Leonar-
do’s peers sealed the fate of Europe. The Black Death also known as bubonic  
plague had come to ravage Europe like no natural calamity or wars to follow. 
The initial descriptions refer to this plague as the “great pestilence.” In a poem 
composed around 1350, Simon de Covinus described the great pestilence as 
the mors atra (literally black or terrible death).3 In the coming centuries, the 
term “Black Death” will be coined either because of translation of the term 
mors atra or from the identification of blue–black spots that developed on the 
skin of infected persons.3,4 Cities like Pistoia in Italy tried to implement rules 
and regulations on city inhabitants, closely resembling present principles of 
quarantine. Travel to any plague-infected area and return was forbidden. No 
linen or woolen goods were imported into the city and no corpses were bur-
ied in the city. However, the city succumbed to Black Death despite strict 
enforcement of such rules. Today, historians wonder why the disease spread 
so quickly, a phenomenon that cannot be explained by direct contact or travel 
routes. The disease overcame natural and man-made fortifications with con-
siderable ease. By the time, plague died down, 25 million people, 60% of all  
European population, had perished with it.5–7

What caused the plague would continue to mystify researchers and philoso-
phers alike in the centuries to come. The disease was caused by the bacteria Yersinia 
pestis transmitted by fleas.8 The bacteria would be discovered by Alexandre 
Yersin in Hong Kong in 1894. A member of the French Colonial Health Service 
investigating the outbreak, he isolated from buboes the bacteria that was later 
named Yersinia pestis after him.

MANKIND VULNERABLE NO MORE?

The next 600 years would see the development and availability of advanced 
hospital care, highly trained personnel, antimicrobial agents, infection-control 
strategies, and global coordination efforts turn the world into an impregnable 
fortress against mass spread of diseases called epidemics. The global eradica-
tion of smallpox symbolized the ultimate victory of mankind over disease. The 
World Health Organization, Resolution WHA33.3 on May 8, 1980, declared, 
“the world and its peoples have won freedom from smallpox, which was a most 
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devastating disease sweeping in an epidemic form through many countries since 
the earliest time, leaving death, blindness and disfigurement in its wake and 
which only a decade ago was rampant in Africa, Asia, and South America.”9–11

But skeptics wondered whether scientific advancements were enough to 
keep up with a world that now comprised of population-dense cities cloaked 
with pollution and a world that has overcome barriers to rapid travel across con-
tinents, the ideal breeding ground for disease with no boundaries.

AND THEN CAME EBOLA VIRUS PANDEMIC

It was a quiet Monday morning on March 17, 2014, with the darkness of the 
night withering into the dusk of dawn. Mahmood was finishing his shift as part 
of his requirements for completion of his medical school studies. The attending 
physician asked Mahmood if he could evaluate a patient that had just arrived 
and was waiting in the emergency room. Mahmood walked into the emergency 
room like he had done numerous times during his rotations. He found a young 
woman presenting with fever, agitation, conjunctival hyperemia, dyspnea, and 
blood clot obstructing the nasal cavity. The examination was based on standard 
practice and did not require any precautionary measures during direct contact 
with the patient.

Mahmood reported the findings of his examination to the attending physi-
cian and made arrangements for hospital admission. The patient’s condition 
had deteriorated by the time an attending physician made his evaluation. Due to 
worsening dyspnea, the attending physician placed an oxygen mask and chest 
electrodes for monitoring electrocardiographic recordings. At 11 am, on March 
18, 2014, the patient was dead.

It was the fourth day since Mahmood had evaluated the woman in the 
emergency room. Mahmood was feeling sick with fever, headache, nausea, 
and generalized weakness. Mahmood first noticed the fever and fatigue, 
which was not usual for him given the very active life he lived. He felt too 
sick to go to work in the hospital. His first thought he had was the most com-
mon disease among any medical practitioner living in West Africa: malarial 
infection. Mahmood made his way to the local pharmacist and purchased 
antimalarial medication. The initial dose of antimalarial medications, how-
ever, did not appear to help him.

Mahmood made his way to the national hospital Ignace Deen and received 
intravenous fluids. He continued to experience worsening headaches, nausea, 
and weakness. He felt that the best way was to call the ambulance driver of 
his hospital to bring him to his hospital for admission. When he arrived at the 
hospital, tensions were high in the hospital because the attending physician and 
three nurses who were part of the care team in and after Mahmood’s shift had 
been admitted with similar symptoms. Two of the nurses were close friends 
and had been caring for the first patient as a team since her admission. Another 
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physician, a neurologist, was admitted the same day with similar symptoms, and 
traced his contact to evaluation and treatment of a sick child at a private clinic. 
All of the medical professionals involved were being transferred to Donka 
National Hospital for isolation and treatment.

On March 23, 2014, the WHO was notified of an outbreak of Ebola virus 
disease in Guinea.12 Unfortunately, Mahmood and his medical colleagues were 
exposed during the time when Ebola virus infection was just emerging. The 
threat to medical professionals was poorly recognized and medical profession-
als were caught off guard.

Mahmood was admitted to the isolation unit and was treated with Orasel 
(oral rehydration solutions), intravenous fluids, metronidazole (for fever and 
diarrhea caused by parasites), and paracetamol (for pain and fever). Lack of 
appetite and nausea were quite prohibitive in maintaining adequate nutritional 
supply. The last days of Mahmood’s hospitalization were complicated by delir-
ium. Some of the patients in the isolation unit notified Mahmood that he was 
verbalizing words that did not make any sense and acting in a nonpurposeful 
manner. Another patient told Mahmood that he noticed Mahmood wanting to 
jump over an imaginary fence a few hours prior. Mahmood later recalled other 
patients who appeared delirious in the third week of hospitalization. The most 
memorable moment was when a delirious patient started demonstrating aggres-
siveness and even tried to pull away the mask of one of the physicians trying to 
feed him.

By the fourth week, Mahmood’s ordeal was over. A polymerase chain reac-
tion test demonstrated that he was infection free. He left the isolation unit to 
go home on April 11, 2014. His mother called him and asked him to come and 
live with her for a few days. On April 12, Mahmood traveled to the town of 
N’zérékoré to spend time with his family. Mahmood continued to suffer from 
severe fatigue and weakness and, at times, delirium. It took weeks of rest before 
Mahmood was able to return to work. His colleagues were not so lucky. Mahmood 
would be the only one to survive among the six medical professionals concur-
rently admitted to Donka National Hospital.

Mahmood would live to see the outbreak spread and become ranked as 
the largest outbreak of Ebola virus disease by June 18, 2014.13 On August 8, 
WHO declared the epidemic to be a “public health emergency of international 
concern.”12 Mahmood would be one of the approximately 1000 people who 
would survive the Ebola virus infection among 3343 confirmed Ebola virus 
disease cases in Guinea, Liberia, Nigeria, and Sierra Leone as of September 
14, 2014.12 Today, Mahmood provides medical care to patients with Ebola 
virus infection admitted to the isolation unit of Donka National Hospital with 
unparalleled courage and dedication. Mahmood would become the head of the 
“Ebola Children Orphans” program in Guinea and the program would strive to 
provide support to the orphans who have suffered the loss of their parents due 
to Ebola virus disease.



6 Ebola Virus Disease

REFERENCES

 1.  Schneider WH. Smallpox in Africa during colonial rule. Med Hist 2009;53. [cited 12/17/2014]. 
Available from: http://journals.cambridge.org/download.php?file=%2F4263_3226190007041
DC3FB45484B935E6211_journals__MDH_MDH53_02_S002572730000363Xa.pdf&cover=
Y&code=340c456c17a9d0992cf84720c13bb8d5.

 2.  Jones K. The siege of Kaffa and the black death history in an hour. 2011. [cited 12/17/2014]. 
Available from: http://www.historyinanhour.com/tag/black-death/#sthash.05xrQ4En.dpuf.

 3.  Jones K. The black death: exposing the myths and lesser-known facts. 2011. [cited 12/17/2014]. 
Available from: http://www.historyinanhour.com/2011/01/24/the-black-death-exposing-the-myths-
and-lesser-known-facts/.

 4.  The black death [cited 12/17/2014]. Available from: http://www.theblackdeath.co.uk/.
 5.  Olea RA, Christakos G. Duration of urban mortality for the 14th-century Black Death epi-

demic. Hum Biol June 2005;77(3):291–303. PubMed PMID: 16392633. Epub 2006/01/06. eng.
 6.  Tsiamis C, Poulakou-Rebelakou E, Tsakris A, Petridou E. Epidemic waves of the Black Death 

in the Byzantine Empire (1347–1453 AD). Infez Med September 2011;19(3):194–201. PubMed 
PMID: 22037442. Epub 2011/11/01. eng.

 7.  DeWitte SN, Wood JW. Selectivity of black death mortality with respect to preexisting health. 
Proc Natl Acad Sci USA February 5, 2008;105(5):1436–41. PubMed PMID: 18227518. 
Pubmed Central PMCID: PMC2234162. Epub 2008/01/30. eng.

 8.  Hawgood BJ. Alexandre Yersin (1863-1943): discoverer of the plague bacillus, explorer 
and agronomist. J Med Biogr August 2008;16(3):167–72. PubMed PMID: 18653838. Epub 
2008/07/26. eng.

 9.  Langefeld TW, Engel J, Menges T, Hempelmann G. Small pox–infection, therapy and anaes-
thesiological management (part 1). Anasthesiol Intensivmed Notfallmed Schmerzther July 
2003;38(7):445–55. PubMed PMID: 12822115. Epub 2003/06/25. Pocken–Klinik, Therapie 
und anasthesiologische Aspekte (Teil 1). ger.

 10.  Jezek Z. 20 years without smallpox. Epidemiol Mikrobiol Imunol August 2000;49(3):95–102. 
PubMed PMID: 11040489. Epub 2000/10/21. Dvacet let bez nestovic. cze.

 11.  Strassburg MA. The global eradication of smallpox. Am J Infect Control May 1982;10(2):53–9. 
PubMed PMID: 7044193. Epub 1982/05/01. eng.

 12.  Gbandia S. Ebola spreads to Sierra Leone capital of Freetown as deaths rise: Bloomberg. 
2014. [cited 12/03/2014]. Available from http://www.bloomberg.com/news/2014-07-12/ebola-
spreads-to-sierra-leone-capital-of-freetown-as-deaths-rise.html.

 13.  Dixon MG, Schafer IJ. Ebola viral disease outbreak–West Africa, 2014. Morb Mortal Wkly Rep 
June 27, 2014;63(25):548–51. PubMed PMID: 24964881. Epub 2014/06/27. eng.

http://journals.cambridge.org/download.php?file=%2F4263_3226190007041DC3FB45484B935E6211_journals__MDH_MDH53_02_S002572730000363Xa.pdf&cover=Y&code=340c456c17a9d0992cf84720c13bb8d5
http://journals.cambridge.org/download.php?file=%2F4263_3226190007041DC3FB45484B935E6211_journals__MDH_MDH53_02_S002572730000363Xa.pdf&cover=Y&code=340c456c17a9d0992cf84720c13bb8d5
http://journals.cambridge.org/download.php?file=%2F4263_3226190007041DC3FB45484B935E6211_journals__MDH_MDH53_02_S002572730000363Xa.pdf&cover=Y&code=340c456c17a9d0992cf84720c13bb8d5
http://www.historyinanhour.com/tag/black-death/#sthash.05xrQ4En.dpuf
http://www.historyinanhour.com/2011/01/24/the-black-death-exposing-the-myths-and-lesser-known-facts/
http://www.historyinanhour.com/2011/01/24/the-black-death-exposing-the-myths-and-lesser-known-facts/
http://www.theblackdeath.co.uk/
pmid:16392633
pmid:22037442
pmid:18227518
pmid:18653838
pmid:12822115
pmid:11040489
pmid:7044193
http://www.bloomberg.com/news/2014-07-12/ebola-spreads-to-sierra-leone-capital-of-freetown-as-deaths-rise.html
http://www.bloomberg.com/news/2014-07-12/ebola-spreads-to-sierra-leone-capital-of-freetown-as-deaths-rise.html
pmid:24964881


7
Ebola Virus Disease. http://dx.doi.org/10.1016/B978-0-12-804230-4.00002-9
Copyright © 2016 Elsevier Inc. All rights reserved.

Chapter 2

A Personal Journey

Chapter Outline
Arrival in Conakry, Guinea 7
Tour to Ebola virus disease  
isolation units 11
A visit to the villages 17
Time to bid farewell 19

Return home and the cold  
welcome 20
Final thoughts 21
References 22

The enduring legacy of any effort is not what we have achieved, but what we have 
become as a consequence. Therefore, the shortest effort or journey may not provide 
the most enduring legacy.

Qureshi AI. Core of Wisdom. AuthorHouse, Bloomington, IN, 2007

ARRIVAL IN CONAKRY, GUINEA

Doctors Adnan I. Qureshi and Morad Chughtai were driving in the car to get to 
Donka National Hospital, Guinea. They had left the hotel at 9 am after a nice 
breakfast. It was a warm but humid morning and the sky appeared hazy with 
clouds in front. The visiting physician had left a chilly autumn climate behind 
in Minnesota, United States. Both had successfully made the trip from Paris to 
Conakry the night before on 747 jet from Air France after a quick layover in Mau-
ritania. The crowded airport and traffic jam on the muddy road from airport to the 
hotel made their final arrival to the hotel even more satisfying. Both had survived 
the night in Guinea including a mosquito barrage during an outdoor dinner. The 
intermittently working air conditioner had provided a comfortable night.

As the car passed through the front door of Donka National Hospital  
(Figure 2.1), both the physicians were able to recognize the entrance, which 
they had seen in photographs on various Web sites. At this point, adrenaline 
began to concentrate. The reality of entering the realm of an Ebola virus disease 
isolation unit was enticing. The anxiousness from arriving at the Donka Airport 
suddenly seemed like a child’s play in comparison to what lay ahead.

Fortunately, Dr Oumar Bailo Niane, one of the leading pharmacists in 
Guinea, accompanied both of them to the hospital. He was instrumental in guid-
ance for their mission. His presence provided some comfort as he helped them 
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navigate the Ebola virus-stricken region. It was clear that he had a fear of Ebola 
virus instilled in him as he offered the foreign doctors a hand sanitizer from his 
pharmacy several times, explaining to them that the mainstay of Ebola virus 
infection prevention in Guinea was hand washing.

The group’s first stop was office of the administrator of the Donka National 
Hospital, Dr Hadja Fatou Sikhi Camara. At this point, Dr Camara was not available 
and had actually left the premises to attend a meeting with World Health Organiza-
tion (WHO) representatives. From the balcony of the second floor office, the first 
view of the isolation unit could be visualized. Smoke was going into the air above 
the unit as Ebola virus-riddled equipment was being burned. Dr Ahmed Malik, one 
of the team members from St. Cloud, Minnesota, had already established contact 
through e-mail with Dr Kezley, the chair of neurosurgery at the Donka National 
Hospital. Dr Malik was scheduled to accompany Drs Qureshi and Chughtai to 
Guinea but his visa did not get approved in time. Dr Kezley was a dynamic and 
highly qualified person. He had done neurosurgery training in Moscow, Russia, 
and yet had returned back to Guinea, to provide service to his people. Dr Kezley 
had already outlined the plan to meet the key leaders, involved nationally in 
management of the Ebola virus disease epidemic.

Our first stop was Dr Moumier Barry (Figure 2.2), the head of infectious 
diseases at Donka National Hospital. He had the overall responsibility of super-
vising the response to the Ebola virus outbreak at Donka National Hospital and 
any affiliate facilities that transferred patients to Donka National Hospital. He 
had a friendly and welcoming personality and they had not received many visi-
tors from the United States. Their main liaison had been with Institute Pasteur 
in Paris, France, and Doctors Without Borders teams that had been in Donka 
National Hospital for the last 6 months.

FIGURE 2.1 Dr Morad Chughtai standing outside the Donka National Hospital.
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Communication, however, appeared to be an issue because neither Dr Qureshi 
nor Dr Chughtai spoke French and Dr Malik, the colleague with fluency in French, 
was not able to come on the trip. The communication transpired with broken Eng-
lish and none-the-less was quite productive. Dr Barry patiently answered all of 
the visitors’ questions and thanked the visiting physicians for their efforts to step 
forward and help in the control and treatment of Ebola virus infection in Guinea. 
He was also kind enough to explain the national response in terms of identified 
patients or suspected patients of Ebola virus infection and the pathway in terms 
of notification, ascertainment, and transfer of the patients to the Donka National 
Hospital facility.

The Donka National Hospital was the main hospital of two hospitals 
designated for the treatment of patients with Ebola virus infection. Dr Barry 
provided a detailed overview of the current setup in Guinea. The first sta-
tion was at Donka National Hospital, Conakry, and the second one was in 
Gueckedou for Ebola virus disease patients located far away from Conakry. 
The Donka National Hospital had an 85-bed treatment facility (Figure 2.3) 
and is primarily managed by Doctors Without Borders. Conakry has a popu-
lation close to 2 million1 and is thought to contain a quarter of the entire 
country’s population. Gueckedou is an area in Guinea where it is bordered 
by Sierra Leone (Kenema) and Liberia (Foya) and also houses an 85-bed 
facility. The population in this area is close to 250,000.1 Both of these centers 
have established laboratories.

A transit center in Macenta, east of Gueckedou, is a 35-bed center. The 
patients admitted to this facility are eventually transferred to Conakry or Guecke-
dou. This transit center has no laboratory and a 30-bed treatment unit in Macenta 

FIGURE 2.2 Outside department of infectious and parasitic diseases, Donka National Hospital, 
Conakry, Guinea. Left to right: Dr Kezley Beavogui, Dr Morad Chughtai, Dr Moumier Barry,  
Dr Adnan I. Qureshi, and Dr Oumar Bailo Niane.
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is currently in progress, but should be ready by the end of 2014, and hence may 
serve as a third-field station. Although there are no current laboratories being built 
for this center, Dr Barry explained the current challenges and also blessed any 
efforts to promote health care for patients with Ebola virus infection.

Soon after Dr Kezley was able to contact a trainee of his, Dr Oscar Loua, 
who was a neurosurgery resident and fortunately fluent in French and English. 
He had self-taught himself English, and now also performed duties for the 
United States Embassy providing translations for meetings and documents. 
His addition to the group enhanced the quality of communication immensely. 
He had no clinical responsibilities during the outbreak because his mentor,  
Dr Kezley, did not want him to enter the hospital to protect him from acquiring 
Ebola virus infection. Although Dr Loua’s courage tremendously increased the 
productivity of the group, his break from clinical responsibility made it clear 
that Ebola virus disease continued to ravage Guinea.

The next stop was a meeting with Dr Sidiki Diakité, the head of the national 
Ebola virus infection response in Guinea and the personal liaison to the presi-
dent of Guinea. Dr Kezley pulled in front of the hospital with his car and  
Drs Chughtai, Qureshi, and Loua got in. The whole group drove through the 
busy streets of Guinea and finally made it to the office of the headquarters for 
the Ebola virus infection response in Guinea. The building was small, made 
up of bricks with patches of different colors. The group was quickly led to the 
office of Dr Diakité (Figure 2.4).

Dr Diakité had been kind enough to spend time with the team although he 
had an impending meeting with the president of Guinea to update him on the 
situation in the country. Dr Diakité was kind enough to listen to the objectives of 
the visit and provided blessing for their efforts. The group spoke about develop-
ing protocols for pain and agitation control. Dr Qureshi explained some of his 

FIGURE 2.3 View of Ebola virus disease isolation unit (high-risk zone).
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experience in developing such protocols based on his training background in 
neurocritical care in the United States. Dr Diakité personally thanked the visi-
tors for the visit and answered the specific questions in terms of a bigger picture 
response in Guinea. He also informed the team about the recently approved trial 
vaccine against Ebola virus infection, sponsored by the WHO. The meeting was 
quick and concluded with a group photograph to serve as memorabilia. It was 
time to go back to the hotel and Dr Kezley was kind enough to drop the visiting 
physicians, Drs Chughtai and Qureshi, to their respective destination hotel. The 
tentative plan was laid out for the next day.

TOUR TO EBOLA VIRUS DISEASE ISOLATION UNITS

The next day was initially cloudy with intermittent spurts of rain; however, as 
Dr Chughtai and Dr Qureshi finished breakfast and moved toward the car, the 
weather appeared to have cleared up. The hotel was a premium resort for visi-
tors coming to Guinea for vacation and pleasure. Unfortunately, because of the 
Ebola virus infection scare, the hotel appeared empty (Figure 2.5). The break-
fast hall that was usually crowded in the morning hosted only Dr Qureshi and 
Dr Chughtai.

The car ride to the Donka National Hospital took around 15 min, and upon 
arrival, Dr Loua was already in front of Dr Kezley’s office on the fourth floor of 
the hospital. Dr Kezley appeared shortly after and all members of the group went 
into his office to exchange greetings. A few minutes later, Dr Elhadj Ibrahima 
Bah joined the meeting (Figure 2.6). He was the man in charge of care of Ebola 
virus disease patients admitted at the Donka National Hospital. Additionally, 
he acted as the main liaison between the Donka National Hospital and Doctors 

FIGURE 2.4 Meeting at Ministry of Health, Conakry, Guinea. Left to right: Dr Kezley Beavogui, 
Dr Adnan I. Qureshi, Dr Sidiki Diakité, and Dr Morad Chughtai.
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Without Borders, an organization that had overall command of the medical care 
in the Donka National Hospital isolation unit. Dr Bah was an energetic man, 
but obviously under a lot of pressure. He took his mission very seriously and 
was willing to take risks that came with the job. It was clear that he was facing 
pressures from being the main liaison to the Doctors Without Borders personnel 
and from his family and relatives who did not accept him working in the Donka 
National Hospital Ebola virus disease isolation unit.

FIGURE 2.5 A once full dining hall at the Mariador Palace Hotel now empty because of the Ebola 
virus disease outbreak and travel warning to endemic areas.

FIGURE 2.6 A meeting with Dr Bah to discuss Ebola virus disease research. Left to right: Dr 
Adnan I. Qureshi, Dr Kezley Beavogui, Dr Elhadj Ibrahima Bah, and Dr Tokpagnan Oscar Loua.
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Dr Bah accompanied the visitors to the whole Ebola virus disease isolation 
unit set in the center of Donka National Hospital. The group entered through an 
entrance point following the mandatory hand wash with 0.05% chlorine solu-
tion and the shoes were sprayed with 0.5% chlorine solution. The group pro-
ceeded inward over a muddy track impregnated with bricks and gravel. The 
central track zigzagged through the center of the isolation unit and numerous 
health workers glanced at the visiting team. There was a customary exchange of 
greetings with the physicians of Doctors Without Borders. Dr Bah explained the 
risk and social stigma that each of these health workers faced when they worked 
at the Donka National Hospital Ebola virus disease facility. These risks included 
being shunned from their families and even hostile behavior from their relatives 
and fellow villagers. Therefore, great effort was made not to identify the health-
care workers and to avoid photographs that may reveal identifying features.

Dr Bah led the visitors to an enclave where various components of the isola-
tion unit (Figure 2.7) could be clearly visualized. The acute care of Ebola virus 
disease patients was conducted in this isolation ward, which comprised of a 
single-level building structure, an open area delineated by temporary fencing, 
and an encampment in front of the building serving as the entry and exit points. 
On the right was the outdoor encampment consisting of several tents which 
housed suspected Ebola virus disease patients and those who had recent contact 
with Ebola virus disease patients. Each person was observed there for a few 
days and was required to have three polymerase chain reaction (PCR) tests for 
detection of Ebola virus infection. If all the three tests did not detect any evi-
dence of infection, the person was free to leave the encampment. A young man 
was departing from the encampment after being declared free of Ebola virus 

FIGURE 2.7 Inside Ebola virus disease isolation unit (low-risk zone), Donka National Hospital, 
Conakry, Guinea. Left to right: Dr Adnan I. Qureshi, Dr Morad Chughtai, and Dr Tokpagnan Oscar Loua.
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infection and the signs of relief were obvious on his face as he passed the visit-
ing physicians. If these patients were confirmed with Ebola virus infection, they 
would have move to the closed building in front of the enclave.

All confirmed Ebola virus disease patients had beds within the building. 
Patients were located and shifted based on several criteria but mainly avail-
ability. Protective gear up prior to the entry and gear down upon exit from the 
building was undertaken at the encampment. The open area had a section for 
Ebola virus disease which confirmed patients to come out and meet visitors. 
Two Ebola virus disease patients, a middle-aged woman and young man, could 
be seen sitting in the visiting area conversing with family members whose backs 
were toward the visitors. The visiting physicians looked at the two patients from 
a distance and were pleasantly surprised not to see any obvious signs of the 
disease in any of them. The visitor seating was separated by 10 feet temporary 
fences, and there was an adjacent open location where the fully geared mem-
ber of the treating team came out and loudly read the notes regarding each 
patient including vitals, medication administered, and any new developments. 
The notes were being dictated by two health-care personnel sitting 10 feet away.

Dr Bah went over the day-to-day working within the isolation unit. All 
patients within the isolation unit had been confirmed as having the Ebola virus 
infection by means of a PCR test. The PCR test is done at two places in Guinea, 
Gueckedou and Donka Hospital, and the results are available after 2 h. The 
number of PCRs performed vary on a daily basis depending upon the number 
of patients admitted that day. There were 46 Ebola virus-infected patients in the 
acute care unit at the time of visit, which included two medical students, two 
physicians, and two nurses. Acute care was provided in three shifts starting from 
7am to 2pm, followed by 2–8pm, and 8pm–7am. There were five teams within 
each shift, which rotated across the isolation unit in a sequential manner result-
ing in one team within the unit at a given time. The team members were doc-
tors, nurses, psychologists, and hygienists. Each team member were protective 
gear, including headgear, gloves, goggles, boots, and apron. The team members 
washed hands at several locations prior to entry with chlorine solution (0.05%). 
The protective gear was decontaminated by spray of chlorine solution (0.50%) 
upon exiting the isolation unit. Any item that entered the isolation unit is con-
sidered contaminated and cannot be brought back out. The patients’ excreta and 
clothes were burned (Figure 2.8).

The patients’ symptoms were broadly grouped into three categories: fever 
and headaches, vomiting and diarrhea, and bleeding which can occur from any 
part of the body. There were occasional symptoms of confusion, restlessness, 
and agitation. Blood pressure and pulse rate were measured four times daily 
using cuff measurements and manual palpation within the unit, respectively. 
There were no mechanical ventilator available and supplemental oxygen via 
face mask was the only option for respiratory distress. There were no antivi-
ral medication, vaccine, or exchange transfusion from survivors in use. Blood 
transfusions were very rarely used and no intravenous medications (which were 
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routinely available in intensive care units in the United States) were available 
to treat low blood pressure. Laboratory tests such as complete blood count and 
serum electrolyte measurements were not performed because samples had to be 
sent out to routine laboratories in other parts of the hospital where the risk of 
contamination and infection spread cannot be contained.

Each patient was treated with antimalarial agents, which was a combi-
nation of artemether and lumefantrine (Figure 2.9). The treatment focused 
on the symptom relief, which included oral acetaminophen for fever, head-
ache, and severe joint and muscle pains. Tramadol was also used for pain 
control and intravenous or intramuscular morphine sulfate was infrequently 
used when other medication failed. Oral hydration formulation was the 
preferred route for maintaining adequate hydration. Intravenous hydration 
using intravenous fluids rich in dextrose (glucose) or electrolytes was used 
to treat dehydration, low blood pressure, and malnutrition. Nutritional care 
for Ebola virus-infected patients was based on food provided by families, 
inspected at the Ebola treatment center, and subsequently administered to 
patients. Patients who were not able to tolerate oral intake rely on caloric 
intake from intravenous fluids rich in glucose. There were no other nutrition 
formulations in use that could be administered intravenously.

The average stay within the isolation unit was 2 weeks. If a patient was with-
out any fever, afebrile, or asymptomatic for 3 days, a PCR test was performed 
and, if negative for the presence of virus, the patient was discharged. The sur-
vival of confirmed Ebola-infected patients was 60% with most survivors being 
discharged home. The discharge symptoms included fatigue, anorexia, and per-
sistent joint pains. Infrequently, patients were transferred to other units in the 
hospital after being infection free because of other acquired infections such as 

FIGURE 2.8 View of the Ebola virus disease isolation unit showing sandbags surrounding fire pit 
where contaminated disposable materials are burned daily.
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pneumonia. The most common cause of death in Ebola virus-infected patients 
was severe dehydration and low blood pressure, a condition commonly referred 
to as hemodynamic shock.

Owing to the busy schedule of Dr Bah, a second meeting was planned in 
the afternoon. The visitors walked past the most visible landmark within the 
encampment, a large tree with unclear origin. The whole encampment was over-
shadowed by a large tree with a trunk that was several feet thick and the lush 
green foliage provided a soothing and calm environment within the encamp-
ment. If the tree had eyes, it would have been in tears having witnessed death 
and tragedy within the encampment on a daily basis.

As the group exited through the encampment, some of the health-care 
workers requested a portion of the hand sanitizer from the bottle hanging 
like a necklace from Dr Chughtai’s neck. A 50-cent bottle of hand sanitizer 
in the United States available from any retail store was in demand in Guinea.  
Dr Chughtai carefully dispensed doses of the hand sanitizer to those who 
requested for it. It was evident in his dispensation technique that he was trying 
to avoid direct skin contact with anyone. He may have been generously dispensing, 
but was meticulously avoiding potential contact with individuals with possible 
contact with infected individuals.

The second meeting was again held in the encampment in the central 
enclave, which was within the encampment but not an isolation area. Dr Bah 
introduced the group to a young woman: the third patient admitted to the 
Donka National Hospital at the beginning of the epidemic. She was one of the 
seven people in her family who had contracted the Ebola virus infection and 
one of the three who had actually survived the infection. Today, she volun-
teered her time to provide care to the patients who were infected with Ebola 

FIGURE 2.9 A dose pack of artemether and lumfantrine (drugs used to treat malaria) lying on the 
streets of Conakry.
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virus infection, serving as a spokesperson for hope. Her survival was a proof 
to each patient admitted to the isolation wards that their outcome was not 
a death sentence. Survival and return to normal life were still a possibility.  
Dr Bah went over the patient charts and explained the charting process, which 
included vital signs and any new development in clinical symptoms or signs. 
The cool night within the encampment was enlightened by electrical bulbs 
and the mosquitoes flew around in dozens. The fires within encampment were 
visible and almost mesmerizing as the undesirable products were incinerated 
in large holes dug within and around the encampment. It was almost like a 
bonfire celebrating another day of the epidemic moving behind them, despite 
its ongoing nature. There was a clear reduction in the chaotic buzz that the 
isolation unit usually gave off during the day.

A VISIT TO THE VILLAGES

Our second to last day in Guinea proved to be as exciting as the previous 
ones. Several reports indicated that the incidence and even prevalence of 
Ebola virus disease were higher in the forest regions. Whether such higher 
prevalence was a result of unique eating habits of certain tribes and con-
sumption of what is called as bushmeat or essentially just a consequence 
of routine close contact between individuals in these villages remained 
unclear. The group wanted to visit the villages to gain better understanding 
of the potential inciting causes of higher incidences of Ebola virus infec-
tion in the forest. However, the villages that were affected the most were 
around 800 km away from Conakry and a single day of travel was not pos-
sible. These villages did not have airports to accommodate short flights and 
the ground transportation appeared to be only practical way to get to these 
villages. There were villages that were closer to Conakry and the group 
decided to visit those villages (Figure 2.10) to gain better understanding of 
the conditions that exist there.

The road trip leaving the capital was an exciting one. The driver navigated 
skillfully through roads that were partially formed, sometimes of mud and 
sometimes of concrete and most of the time a mixture of both. The paths that 
acted as roads were uneven; sometimes it was as if the car was tilted 45° to 
one side. It was easy to see that the people who complain about driving in high 
traffic region such as New York City and New Jersey perhaps need a drive on 
the roads in and outside Conakry to fully appreciate their blessings. Despite 
the difficult driving conditions, the scenes of Guinea outside the city were 
spellbinding. The lush, green rain forest was both enchanting, and enormously 
addictive.

The group drove on for over an hour and finally exited the road to enter the 
village. The drive through mud inroads was slow and painstaking. The village 
appeared to be a combination of mud brick buildings and straw huts. Cen-
tral gathering of individuals within the village was a common routine. It was 
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not uncommon to witness hostility of the individuals in the villages because 
of widespread anger due to media exploitation during the current epidemic. 
As the group proceeded through the village, villagers strongly opposed using  
the camera for taking the photographs. Dr Loua’s gentle interference was 
able to calm matters with the villagers. The group proceeded farther into the 
bush forest and the road conditions got worse. The driver skillfully navigated 
through the thick foliage and uneven roads without showing any exasperation 
or stress.

After 45 minutes drive into the hard mud roads, the group came to a point 
where all the other cars turned back. The drivers said that a body had been 
found two miles from here and the authorities sealed off the area due to con-
cerns that the person had died under uncertain circumstances. The first thought 
in everybody’s mind including the visiting physicians from the United States 
was it might be an Ebola virus infection victim who had died in the village. 
While scientific curiosity prompted the visiting physicians to go farther, the 
desire was overshadowed by concerns of not violating the isolation policy of 
the existing law enforcement officials and an investigation that was already 
occurring in the village.

The group turned around and went into a different direction until a point 
was reached where the river was flowing rapidly enriched by continuing rain-
fall (Figure 2.11). Drs Loua, Qureshi, and Chughtai walked across the river 
on stepping-stones. Members of the group were able to see some of the local 
practices of using these rivers for bathing and other water-based necessities. 
Of most interest were the tourist groups from the Middle East who were hav-
ing a barbecue along the banks of the river. Another young person was sit-
ting under a tree away from the main crowd smoking what appeared to be 

FIGURE 2.10 A visit to a village in Guinea.
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Marijuana. He appeared very calm and at peace with his surroundings. He 
stared into the river as if it was his only getaway from the daunting pressure of 
Ebola virus disease devastating his nation. The Ebola virus disease epidemic 
had obviously not dampened the enthusiasm for life among tourists and the 
local population.

TIME TO BID FAREWELL

The last day in Guinea was uneventful but sad. The electricity was in and 
out throughout the day and Drs Qureshi, Chughtai, and Loua spent the after-
noon in the shades of the balcony of the hotel. There was an unescapable 
lure to the people of Guinea and the work that remained to be done within 
the Donka National Hospital. We planned continued collaboration with the 
doctors there.

Dr Niane came to say goodbye to the hotel. That was a tough day for him 
because one of his relatives had died from Ebola virus disease at the Donka 
National Hospital. He was in the midst of arranging the funeral proceedings 
to be carried out in the mosque in front of the Donka National Hospital. His 
relative had contracted Ebola virus disease in Sierra Leon but had returned to 
his village in Guinea despite the blockade to road travel between countries. 
One of Dr Niane’s uncles had notified him and Dr Niane had arranged for 
local authorities to meet and transport the relative to the hospital. Unfortu-
nately, the isolation had not happened early enough and the wife and mother 
of the diseased relative had also contracted the disease and were admitted to 
the Donka National Hospital. We gave him our condolences and felt sad that 
we were leaving without visiting them.

FIGURE 2.11 Drs Qureshi and Loua pose for a photograph on river bank.
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The drive to the Conakry Airport was short and the airport was less crowded 
than the day of the arrival. Dr Loua accompanied Drs Qureshi and Chughtai and 
bid farewell at the doors of exit control. A last mandatory chlorine solution hand 
wash was necessary to enter through exit control and there were two screening 
posts within the airport to screen every person departing from Guinea for the 
presence of fever. A cutaneous swap was performed and both Drs Qureshi and 
Chughtai were declared free of fever. Dr Chughtai was given an additional full 
body thermal scan that was being tested experimentally.

Inside the departure area, an unexpected meeting took place with two mem-
bers from the United States Centers for Disease Control and Prevention (CDC) 
who were visiting the airport to ensure that methods were in place to contain 
the disease within travel zones. Both were members of a three- member team 
from the CDC, placed in Guinea for a one-month tour. Both were originally 
from Atlanta, like many other members of the CDC, and Dr Qureshi shared 
some of his experiences when he was a visiting scientist in the organization almost 
two decades ago. None of them had visited a hospital or had any direct contact 
with Ebola virus disease patients, and there were two other teams in Sierra 
Leon and Liberia. The last stop prior to boarding the plane required another 
temperature check and fortunately none of the passengers were detained due 
to fever.

RETURN HOME AND THE COLD WELCOME

The return back to the United States was not pleasant. Dr Qureshi returned to 
Minneapolis St. Paul International Airport where his name was on the entry 
control list due to his travel to Guinea. After full declaration, the Transportation 
Security Administration and passport control personnel provided a printed set 
of instructions to identify symptoms of Ebola virus disease and to report to the 
hospital in vicinity in the event of any symptoms. In the absence of symptoms, 
quarantine was not considered necessary. Dr Chughtai entered from Dulles 
International Airport and had a similar set of instructions provided to him.

Dr Qureshi experienced many more hostilities in the next few days. His 
academic employer, the University of Minnesota, reported to the Minnesota 
Department of Health that he had human brains in his possession, a rumor 
spread to discredit his efforts. In desperation, the director of Employee Health 
Clinic requested Dr Qureshi to not come to the University of Minnesota prem-
ises for at least 21 days. The director acknowledged that there were no medical 
grounds for such a request, but was merely for the psychological satisfaction 
of employees at the University of Minnesota. At St. Cloud Hospital, the vice 
president of medical affairs called a meeting and openly criticized Dr Qureshi, 
questioning his judgment.

Despite Dr Qureshi demonstrating his compliance with the existing federal 
and state regulations, he was now a pariah within the hospital. His hopes of 
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sending unused medical equipment to the Donka National Hospital in Guinea 
were a thing of the past. No one was interested in learning about his experiences 
and what each of them as an individual or as a group could do to help people in 
need. It appeared that funding efforts seem to be misguided, more-so focused 
on preventing Ebola virus disease from reaching the United States, rather than 
directly improving the mortality rate in Africa. The level of airport screening 
seemed unnecessary and had not proved to detect travel-associated Ebola virus-
infected cases. The screenings were done to comfort the general United States 
population.

The money going into funding airport “comfort measures” could have 
saved many lives. Research shows that electrolyte and other laboratory 
findings in the blood can effectively guide precision of treatment for dehy-
dration and malnutrition. A monitoring setup based on automated blood 
pressure, electrocardiographic monitoring, and electronic displays within 
the isolation unit and secondary distant station can allow early detection of 
hypotension and institution of corrective measures. Availability of point-of-
care laboratory testing for hemoglobin, coagulation parameters, and electro-
lytes within the isolation unit can guide treatment including blood product 
transfusions and electrolyte replacements. Availability of blood products for 
transfusion with appropriate processing and storage capabilities within the 
unit and provision for intravenous medication administration and mechani-
cal ventilator support can reduce fatalities. But these measures were not 
available in isolation units of West Africa and additional funding could have 
made a difference.

FINAL THOUGHTS

The United States is blinded to the social effects of Ebola virus disease. There 
are children with no surviving family members who become pariahs in their 
communities, orphaned by the stigma of being around someone who has already 
passed from the disease; issues as such should be prioritized over comforting 
unaffected nations. Many in the United States were caught in a frenzy of self-
preservation, unable to distinguish between fear and actuality in regards to their 
risk of contracting Ebola virus disease. To such medical professionals, despite 
taking the Hippocratic oath, the ravages of the Ebola virus disease epidemic in 
Africa thousands of miles away from the United States meant nothing more than 
a reason to protect their own lives.

Undeterred, Drs Qureshi and Chughtai continued to remain in communica-
tion with their comrades in Guinea and plan to return within the next few months 
with medical equipment and needed supplies. In the subsequent months, they 
would work closely with Drs Kezley and Loua to lay the foundations of Zeenat 
Qureshi Clinical Neurosciences Institute in Donka National Hospital, Conakry 
(Figure 2.12).
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After all it really is all of humanity that is under threat during a pandemic.
Margaret Chan, Director-General of the World Health Organization (WHO)

THE HISTORY OF EBOLA VIRUS DISEASE OUTBREAKS

How exactly do we define a pandemic? By most accounts, it is an epidemic of 
an infectious disease that has spread through human contact to multiple coun-
tries or continents. The World Health Organization (WHO) first developed pan-
demic phases in 1999, namely for the influenza virus, and these phases were 
later revised in 2005. According to the WHO, there are six phases that occur 
during a pandemic and three subsequent phases called recovery phases.

Phases 1, 2, and 3 are combined into one called the Uncertain probability of a 
pandemic. Phase 1 is further described as a period of time when there is no animal 
to human transmission. Phase 2 occurs when an animal, either domesticated or 
wild, has shown transmission to a human. Phase 3 occurs when an animal or a 
human-animal virus has caused a small cluster of disease in people but disease has 
not yet been transmitted from human to human. Phase 4, which is the Medium 
to High probability of a pandemic, is described as human to human transmission 
of an animal or human virus, which has caused a sustained community-level out-
break and has been verified. Phase 5, the High to Certain probability of pandemic, 
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occurs when the same virus has caused a continuous community-level outbreak 
in at least two countries in one WHO region. Finally, Phase 6 is called pandemic 
in progress and is when the same virus has caused a continuous community-level 
outbreak in at least one other country in a second WHO region. The last three 
phases which could be described as recovery phases are named by WHO as the 
Post-Peak period, Possible New Wave, and Post-Pandemic Period.1

So how does Ebola virus disease, which was previously thought to be an 
epidemic strictly present in Equatorial Africa, now come under the definition of 
a pandemic (Figure 3.1)? The growing concerns, fears, and recent news about 
newly diagnosed patients in the United States and other countries have spread 
fear among many residents of these countries. The use of the word “pandemic” 
gives a face to people’s fears and provides hope that most humanity will unite 
together to fight against the disease. But where did it all start and were there 
ever other cases reported outside of Africa in the past?

“Ebola virus,” is a household term, but few recognize it as a filamentous 
virus that has a negative sense ribonucleic acid genome. The term “virus” origi-
nates from a Latin word simply meaning “slimy fluid.” Virions are cylindrical or 
tubular structure containing a viral envelope, matrix, and nucleocapsid compo-
nent, and are approximately 80 nm in diameter and 800–1000 nm in length. Over 
a century, this definition has evolved from the first identified human virus, which 
caused yellow fever reported in 1901 by the US Army physician Walter Reed. 
The work followed after pioneering work in Cuba by Carlos Finlay, proving that 

FIGURE 3.1 Geographic locations of Ebola virus disease (1976–2008).



Ebola Virus: The Origins Chapter | 3 25

mosquitoes transmitted the deadly disease. The Chamberland–Pasteur filter had 
been developed in 1884 in Paris by Charles Chamberland, who worked with 
Louis Pasteur. But it was Dmitri Ivanowski in St. Petersburg in Russia in 1892 
who used porcelain filters to isolate and characterize what we now know to be a 
virus. The name Ebola is derived from the name of the Ebola River near a town 
called Yambuku in the Democratic Republic of Congo (previously Zaire) where 
the first outbreak was identified.2 There have been five subtypes identified, 
namely, Ebola-Zaire, Ebola-Sudan, Ebola-Bundibugyo, and Ebola-Taï Forest. 
The fifth which was called Ebola-Reston never actually infected any humans.2

MARBURG VIRUS DISEASE EMERGENCE (1967–1975)

The Ebola virus has characteristics that are very similar to another virus from 
filoviridae family of viruses called the Marburg virus. This virus was first described 
in summer of 1967 when an outbreak of unknown disease occurred in Germany 
and Yugoslavia. It was also a filamentous RNA virus source of which was traced 
to the vervet monkeys (Cercopithecus aethiops) imported from Uganda.3

There was another case of Marburg virus diagnosed in a young man who was 
admitted to a hospital in South Africa in 1975. About a year later, a hemorrhagic 
outbreak of unknown origin began in the areas bordering Uganda (from origins 
of the previously mentioned 1967 outbreak in Germany), namely, Zaire and 
Sudan. The patients presented identical symptoms to those seen in patients with 
the Marburg virus infection. Samples of the patients’ blood were sent to labo-
ratories in England, Belgium, and the United States to identify the responsible 
pathogenic agent. Although a virus with the same morphology as the Marburg 
virus was extracted, the viral proteins such as glycoprotein, which are structural 
components of virus, were different.4

EBOLA VIRUS DISEASE IN SUDAN AND ZAIRE (1976–1977)

It remains unclear where the first actual case of Ebola virus disease occurred 
because the first actual outbreak occurred simultaneously in Sudan and Zaire 
(now the Democratic Republic of Congo) in 1976. The first identifiable case of 
Ebola virus disease was reported in Sudan in 1976. In total, out of 24 reported 
outbreaks of Ebola, 3 have occurred in Sudan during the years 1976, 1979, and 
2004 according to the WHO (Figure 3.2).

While the first case of Ebola virus disease was reported in Southern Sudan, the 
country was in the midst of a hot summer with an average daily high temperature 
of 102–105 °F. Sudan was in political turmoil in July of 1976 due to the failed 1976 
Mercenary Invasion by Al-Sadiq al-Mahdi and Ansars. Sudan’s strain of the Ebola 
virus was first described in 1977.5 The disease was then described as the Ebola 
hemorrhagic fever in 1978 by the WHO, which detailed the virus type in the 1976 
outbreak.3 After the 2002 outbreak, the term was later changed and called the Sudan 
Ebola virus. The virus was designated as the Sudan virus as its final name in 2010.6
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The first patient was an employee of a cotton factory in Nzara township 
who became ill on June 27, 1976.3 Five days later, he died, and by July 6th, a 
second case had also died. Two other people from the same cotton factory also 
developed the disease and eventually passed away due to hemorrhagic manifes-
tation of the disease.3 The three people who died from the cotton factory were 
cared for by loved ones who eventually also got the disease and died. One of the 
workers from the cotton factory who died had a brother who cared for him and 
also subsequently felt ill and had traveled to Maridi a small town in South Sudan 
where he was admitted to the Maridi Hospital on August 7, 1976, but he even-
tually died.3 This eventually triggered the spread of the disease to neighboring 
villages. The difference between the two outbreaks was that the Nzara outbreak 
was spread from workers in the cotton factory to their families and the Maridi 
outbreak was spread through the hospital setting and health workers.3

In total, there were 284 cases: 67 in Nzara, 213 in Maridi, 3 in Tembura, 
and 1 in Juba, which were neighboring villages. One hundred and fifty-one of 
these patients died as a direct result of the infection characterized as a “mystery 
epidemic” in Sudan and news began to appear on the pages of the “Guardian” 
from October 1, 1976.

A week later, health officials at the Heathrow Airport had been alerted to check 
on travelers from Sudan and Zaire. WHO admitted that it was having difficulty in 

FIGURE 3.2 Map of the first-ever Ebola virus disease outbreak in towns of Sudan and Zaire (now 
the Democratic Republic of Congo).
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identifying the virus, although on the 14th of October it claimed that the virus in 
question was the Marburg virus disease. Strict isolation procedures were set up 
by WHO in collaboration with the Sudanese government and sufficient supplies 
of protective gear were donated by the Center for Disease Control and Prevention 
(CDC) in Atlanta, Microbiological Research Establishment in Porton, England, 
and the Government of the Federal Republic of Germany. The last recorded infec-
tion in Nzara was on October 27, 1976. By the end of the month, it was reported 
that the mysterious green monkey disease had disappeared.

The first known case of Ebola virus disease in Zaire was a 44-year-old school 
instructor who was admitted to Yambuku Mission Hospital on August 26, 1976, 
with fevers presumed to be malaria at that time.7 He was suspected of having 
malaria and treated with a parenteral injection of chloroquine. By September, 
nine other cases occurred in at the same hospital, suggesting that infection was 
active within the Yambuku Mission Hospital.7 The outbreak was traced back 
to contaminated needles at a hospital, where only five syringes were used each 
day to treat all the patients. In 1976, a group of researchers headed by Belgian 
scientist Peter Piot traveled to the remote village of Yambuku in the Republic of 
Zaire to study what they thought to be the Marburg virus—a hemorrhagic fever 
virus that was discovered a few years earlier.

The laboratory in Antwerp discovered Ebola virus disease after a blood 
sample from a Belgian nun who had fallen mysteriously ill in Zaire was given 
to Peter Piot. On October 13, 1976, Frederick A. Murphy, a virologist for CDC 
and an expert in photographing viruses took the first photograph of the virus. 
A few days prior to the incident, a blood specimen from the infected patient in 
Zaire was delivered to the CDC. At that time the culprit was thought to be the 
 Marburg virus. While in transport, the tubes with blood specimens had been 
shattered, but a virologist by name of Patricia Webb managed to salvage some 
of the remaining blood, which was subsequently mixed with monkey kidney 
cells. Days later, she noticed the monkey cells looked damaged so she gave 
Murphy the samples to visualize under a microscope. At the time, Murphy was 
the only expert at the CDC who had looked at another virus called Marburg. 
Only three people had been allowed to study it because it was so dangerous, and 
two had left the agency. Murphy called Webb and Karl Johnson, head of CDC 
Special Pathogens. After a couple of hours and additional tests, Webb confirmed 
that the virus was not Marburg, but something entirely new.

Two groups worked simultaneously on this newly emerging virus which had 
caused devastation in both Zaire and Sudan in 1976. The first group focused more 
on the isolation of the virus and the effects of inoculation of the virus on both adult 
and newborn mice. Blood samples were taken from a 42-year-old woman who 
was infected in Yambuku, Zaire. Serum from the blood was then inoculated into 
six adults and two litters of newborn mice both intracerebrally (meaning in the 
brain) and into vero cell cultures (which are cell lineages used in cell culture). The 
virus was found to be very lethal in that it killed two adult mice on the fourth and 
fifth day; after which brain biopsy samples were taken from both dead and sur-
viving mice. In the newborn litters, only one survived from first litter and second 
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litter had three left including one dead, one paralyzed and one very sick. Samples 
were also taken from these mice. In vero cells, cytopathic (damage of host cell by 
virus) effects were seen by the 12th day. Electron microscopy showed what might 
have been the very first visualization of the Ebola virus and its effects.8

The second group, which was performing research during the same time, had 
isolated this new unknown virus and observed it under an electron microscope. 
Visualizations showed that this virus was about 199 nm in diameter and varied 
between 300 nm and more than 1500 nm. It had surface projections of about 
10-nm long and internal cross striations which showed a helical core or spiral-
like structure after staining. The structure was very similar to the Marburg virus. 
Laboratory technicians observed an interesting difference in the Zaire strain: it 
had more branching of its filamentous particles and also a more continuous enve-
lope which extended beyond its rigid internal structure. Blood and postmortem 
liver samples were taken from patients in Zaire.9 This new virus was then named 
Ebola virus similar in morphology to Marburg virus, but antigenically (process of 
changing its surface protein in order to evade host immune response) different.

The Health Ministry of Zaire announced in 1976 that the virus responsible 
for the recent epidemic of green monkey fever that claimed several hundred 
lives will be known as the Ebola virus, named after a river in the north. A total 
of 318 cases of confirmed Ebola virus disease were identified between Sep-
tember 1, 1976 and October 24, 1976, out of which 280 died from the disease 
resulting in a case fatality rate of 88%, one of the highest for any epidemic in 
recent years. Since the Yambuku Mission Hospital was one of the only major 
hospitals in Zaire responsible for managing Ebola virus disease patients at that 
time, the inability to contain the disease within the hospital led to repeated 
exposures in patients who were inflicted with other diseases and more likely to 
die due to multiple concurrent illnesses.7 To date, out of 24 recorded outbreaks 
of Ebola virus, 9 have occurred in the Democratic Republic of Congo (Zaire) 
during 1976, 1977, 1995, 2001–2002, 2003 (January–April), 2003 (November–
December), 2005 2007, 2008, and 2012 according to the WHO.10

A year later in 1977, there was an isolated case of Ebola hemorrhagic fever 
that was discovered in Tandala, Zaire. It was discovered in a 9-year-old girl who 
presented hemorrhagic fever-like symptoms resembling Ebola virus disease. The 
child was from a village by the name of Bonduni and she was taken to the Tan-
dala Mission Hospital located in the northwestern area of Zaire’s Congo basin. 
The girl eventually died from the disease and postmortem specimens were taken 
to isolate the virus. The interesting part of this isolated case was that the girl had 
never traveled to any endemic areas of previous outbreaks nor had any family 
member or village member been sick with a similar disease. Even after her death 
no family members became ill.11 Although the first outbreak might have been 
recorded in 1976, the evidence of Ebola hemorrhagic fever previously existing 
in the area of Democratic Republic of Congo has been suggested.

When the 1977 isolated case occurred in the Tandala hospital, there was a 
group of missionaries who were working in the northwestern areas of Zaire, 
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which included hospital staff members from Tandala. Serums were collected from 
them and tested for the Ebola virus. One of those specimens from a physician 
came back positive for Ebola virus disease. It was later learned that the doctor had 
performed an autopsy in May of 1972 on a student from the Bible School who 
died of a hemorrhagic fever-like illness which was thought to be yellow fever.11

EBOLA VIRUS DISEASE OUTBREAK IN NONHUMAN PRIMATES 
IN COTE D’IVOIRE (1994)

In 1994, there was a troop of chimpanzees who had contracted the virus and 
demonstrated hemorrhagic manifestations and eventually died in the Tai 
National Park located in Cote D’Ivoire (Figure 3.3). A Swiss ethnologist who 
was one of three people performing necropsy on chimpanzees, contracted the 
Ebola virus disease. In 1994, a new strain of the Ebola virus was isolated from 
a Swiss researcher with a dengue-like syndrome, who had likely been infected 
during the necropsy of a chimpanzee.12 The animal had been found dead in the 
Taï National Forest (Côte d’Ivoire) during a 2-year epidemic that killed half of 
the population of chimpanzees. The patient recovered after being treated and, 
despite lack of containment measures and quarantine, there were no transmis-
sion of the disease. Since there was such a high number of fatality in these  
chimpanzees, they were not thought of as being reservoirs of the disease.12

EBOLA VIRUS DISEASE IN GABON (1994–1996)

Between 1994 and 1996, Gabon located in the west coast of Central Africa experi-
enced three different outbreaks which had fatality rates of 60%, 68%, and 75%.10 

FIGURE 3.3 Location of Ebola infected chimpanzees in the Tai National Park, Cote D’Ivoire. (Arrow)
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The Gabon outbreak started in 1994 when there were unexplained deaths reported 
from gold-mining sites. A total of 32 sick people from the three forest encamp-
ments were identified, 23 of which were from Mekouka, 4 from Andock, and 
5 from Minkebe. They subsequently traveled to a nearby  hospital at Makokou. 
While widely speculated that a local population of primates (i.e., chimpanzees 
and gorillas) also contracted the virus and had died, the dead primate bodies were 
never recovered or found. There were additional cases that occurred after these 
primary cases, but they were mostly due to the lack of strict containment and 
quarantine of patients who had arrived from the gold-mining camps. The virus 
killed 45 out of the 60 cases detected in the capital Libreville and Booue in 1994.

There were two additional epidemics in Gabon in the spring and fall of 1996. 
In February of 1996, 18 people became ill in the village of Mayibout, Gabon 
which is 40 km south of Mekauka and Andock where the first outbreak reported 
previously occurred. The affected had symptoms suggesting Ebola virus infec-
tion (fever, headache, and bloody diarrhea); 4 out of 18 died 48 h after the symp-
tom onset. These people had allegedly skinned and chopped up chimpanzee 
cadavers. In October of 1996, there were samples of blood from patients in a 
hospital in Booue that tested positive for the Ebola virus. A retrospective inves-
tigation showed that this epidemic likely started as early as July with the death 
of a hunter in a logging camp near Booue. In the next 2 months, two other hunt-
ers were also infected. One of these escaped from medical authorities at Booue 
and died in the village of Balimba where he was being treated by a nganga 
(spiritual healer) who also contracted the disease and subsequently died.

The epidemic ended in March of 1997 with total of 60 cases and 45 deaths. 
These were unrelated to the previous gold mine epidemic, but were interest-
ingly correlated to primates due to their involvement with hunting or skinning 
chimpanzees who also were suspected of having the Ebola virus disease.13 After 
this outbreak, there was an additional outbreak reported in Gabon from 2001 to 
2002 in which the case fatality was 82%.10

EBOLA VIRUS DISEASE IN THE DEMOCRATIC REPUBLIC  
OF CONGO (1995)

One of the most detailed studies done for an Ebola outbreak was during the 
1995 Kikwit outbreak in the Democratic Republic of Congo (DRC) with an 
estimated 317 people being infected, 245 unfortunately died. It was suspected 
to have lasted from January to June of 1995. Initially it was thought that the 
bloody diarrhea symptoms were caused by an outbreak of Shigella species  
(a bacterium which causes bloody diarrhea). After processing 97 blood samples, 
out of which 23 were actually blood stained upon microscopic examination, 
only 4 were positive for Shigella species.

Experts suspected that the cause was a nosocomial (originating from hospital) 
infection with the index case supposedly being a 36-year-old laboratory techni-
cian who underwent laparotomy at Kikwit General Hospital for suspected bowel 
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perforation. He underwent two laparotomies after which he ended up dying on 
April 14, 1995. Medical personnel involved in the surgical procedure also became 
ill, most likely due to contact with blood products of the patient, which led them 
to believe the infection might be viral in origin. This diagnosis was confirmed 
when blood from 14 acutely ill patients was sent to CDC by the Institute of Tropi-
cal Medicine. Out of those 14 samples, 1 had Ebola virus antigen, 2 had Ebola-
specific IgM antibodies, and 12 had Ebola virus RNA, which was detected by 
using reverse transcriptase polymerase chain reaction (which is a technique used 
in molecular biology to detect genetic data such as RNA expression).

Control measures were then initiated to limit disease spread. On May 4, 1995, 
all hospitals, laboratories, and health centers were closed throughout Kikwit; all 
patients who were in contact with suspected Ebola virus disease patients were iso-
lated and quarantined in a separate building. Some patients and hospital staff fled 
the hospital due to the fear of being quarantined. The Zairian government declared 
that an epidemic outbreak had occurred and requested help from the WHO. Pro-
tective equipment was given to all health-care workers who were to take care of 
Ebola virus infected patients. All health-care workers were also trained in the 
proper use of protective clothing when dealing with potential Ebola virus disease 
cases. Even burials of patients who had succumbed to the disease were taken care 
of by trained Red Cross volunteers who wore protective gloves and clothing and 
disposed of all the bodies in plastic bags to make sure traditional rituals were not 
used, which often required cleaning of the body by family members and kissing 
and touching the body, both of which would have spread the disease further.14

Patient care was mostly symptomatic before the diagnosis of Ebola virus 
infection in the 1995 Kikwit outbreak. Patients were thought to have malaria 
and given antimalarial agents and those suspected gastrointestinal infections 
were given multiple antibiotics, all of this done by the health personnel without 
proper protective gear. This lack of preventive measures was one of the main 
reasons for initial spread of the disease. After the epidemic was recognized, 
health-care personnel took charge of control measures.

Except for the emergency department, which continued its normal functions, 
all other activities were focused on controlling Ebola virus disease spread. Isola-
tion wards were cleaned by calcium hypochlorite 2% solution, mattresses were 
covered with plastic, and bodies of dead patients were disinfected and disposed 
of in plastic bags. Patients were only treated symptomatically by giving them 
paracetamol for pain and fever, metoclopramide and haloperidol for nausea, 
vomiting, and hiccups, and diazepam in case of agitation and epilepsy symp-
toms. This was also the first time an algorithm for Ebola virus disease patients 
was developed for an emergency department. Patients with obvious Ebola virus  
disease symptoms were admitted to an isolation unit. Patients suspected of  having 
Ebola virus disease remained in emergency department for 24 h under observa-
tion for development of further symptoms and then moved to an isolation unit.

Conjunctival redness was also apparently highly predictive of the Ebola 
virus infection, which was noticed by nurses and other health-care  personnel. 
Since eye redness was not routinely seen in diseases such as malaria and 
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gastroenteritis, patients who presented such eye redness were also isolated. 
Patients with hemorrhagic manifestations were transferred to isolation units. It 
was difficult to differentiate from other clinical diseases due to the lack of rapid 
diagnostic tests for Ebola virus infection in patients.15

During the last week of the epidemic, there were about 25 patients with the 
disease. Control measures had been well organized by that time and adequate 
protective equipment was also readily available. Nurses and physicians took 
daily detailed notes. Dehydrated patients were given intravenous fluids using 
disposable butterfly needles, a process which had previously been more conta-
gious. All patients were also better nourished by providing protein-rich foods. 
The last Ebola virus disease patient was transferred out of the isolation unit and 
discharged from the Kikwit General Hospital on July 31, 1995.15

During this whole ordeal there were about 55 patients out of the total 317 in 
whom exposure source was not known, and remained unknown after an exten-
sive epidemiologic evaluation. All cases were identified using various techniques: 
death registry, retrospective, prospective view of clinic and hospital records, door-
to-door case findings, and rumor. Patients were interviewed using a questionnaire, 
which categorized cases into those with or without reported sources of exposure. 
A probable case of Ebola hemorrhagic fever was defined as having an unexplained 
hemorrhage or fever and previous contact with another Ebola-infected person, or 
fever accompanied by any three of these symptoms headache, nausea, vomiting, 
anorexia, intense fatigue, abdominal pain, myalgia, arthralgia, dysphagia, dys-
pnea, or hiccups. Confirmed cases were further tested for Ebola antigens or anti-
bodies using an enzyme-linked immunosorbent assay (ELISA—a test which uses 
antibodies and color change to identify a substance) or the detection of viral RNA 
using a reverse transcription polymerase chain reaction.

Only those patients who were identified with an unknown source of exposure 
were included in the study. If the patient was found to be deceased, a household 
member or close relative was interviewed. These proxies were identified up 
using a hierarchical system. The first proxy chosen was from the same house as 
the deceased knew the patient well, next from a different household who knew 
the patient, and the last chosen were those residing in the same area (i.e., land-
lord or close neighbor). Results of the study showed that 55 of the 316 patients 
had no reported source of exposure at the beginning of the investigation. Of 
these, four patients had survived the illness and were able to participate in the 
survey. Proxies for the remaining 40 patients provided information for them.

A likely source of infection was identified in 32 (73%) of 44 patients. Seven 
had visited someone sick with Ebola virus disease symptoms, nine had been 
admitted to a health-care center in 3 weeks preceding onset of Ebola virus  disease 
symptoms, and six had both risk factors. Out of the 23 who had visited an ill 
friend or relative with Ebola, 4 resided in the same house, 14 reported touching 
the ill patient, and 5 visited without touching the patient. The 12 patients who 
did not have any kind of contact or exposure were used to study the role of social 
customs, occupational activities, and dietary habits in the acquisition of Ebola 
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virus infection. Of the 23 patients who had previous exposure to a case of Ebola 
virus disease, 19 had only visited the patient and were not involved in care. None 
of these according to them had any contact with blood, feces, vomitus, urine, or 
saliva, but 14 did touch the patient. It remains unknown from this study how the 
remaining five patients who became infected acquired the disease.16

The final aspect of the Kikwit outbreak was to ascertain the potential natu-
ral history of the disease and/or natural reservoirs. This was done when back-
ground investigation isolated the index case to be a probable 42-year-old man who 
had come in contact with the natural reservoir of the disease, before previously  
mentioned disease outbreak was made known to the outside world in April 1995.13 
Although the natural reservoir of this virus was suggested to be in bats, there was 
no evidence against the transmission through arthropods in one study.17 Species 
of arthropods that were collected included mosquitoes, bedbugs, ticks, sandflies, 
fleas, nonbiting flies, lice, and tsetse flies. Results of the study after collecting 
34,985 arthropod specimens, out of which 27,849 were selected for virus isola-
tion. No Ebola virus was isolated from any of the species that were collected.17

This outbreak managed to attract unprecedented publicity, which led to an 
even larger interest by researchers and scientists to study the disease and out-
break. Outcomes of this disease outbreak included of better management, control,  
and patient care, but the mystery of the disease origin still remains unexplained. 
Control measures may have led to the end of disease spread, but how and when 
it started still remain unclear and mysterious.

EBOLA VIRUS DISEASE IN UGANDA (2000–2001)

On October 8, 2000, the Ministry of Health in Uganda received a report from a 
remote village Rwot-Obillo 14 km north of the Gulu town district about patients 
who had manifested symptoms that were very similar to hemorrhagic fever. 
Teams were dispatched immediately to investigate the outbreak and after collec-
tion of specimens they were sent to the National institute of Virology in South 
Africa. The results confirmed the outbreak to be due to Ebola-Sudan serotype.18

In October of 2000, the morbidity and mortality weekly report by the CDC 
published an article about an unusual febrile illness that had started to occur in 
the Uganda population. The outbreak was described as having hemorrhage and 
fevers with a very high mortality rate. The cases were reported to the Ministry 
of Health in Kampala by the superintendent of St. Mary’s Hospital in Lacor, 
and the District Director of Health Services in the Gulu District. There were 
additional cases found in the Gulu Hospital, which was the regional hospital in 
that area. Ebola hemorrhagic fever was confirmed when specimens taken from 
infected patients were sent to the National Institute of Virology in Johannes-
burg, South Africa.19

Control measures were initiated by setting up surveillance teams and clini-
cal case management teams geared toward stopping the spread of the disease. 
A separate Ebola hemorrhagic fever surveillance system was set up to assess 
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the magnitude of the actual outbreak. Many of the prevention strategies were to 
follow up with confirmed cases for a period of 21 days, educate about avoidance 
of traditional burial methods, establish trained burial personnel teams, prevent 
large public gatherings, and set up isolation wards. It was later confirmed that 
virus was the Ebola-Sudan strain.19

By January of 2001, there were approximately 425 presumptive cases and 224 
deaths occurred with a 53% mortality rate. The Ebola virus disease was recorded 
in 3 districts in Uganda: 393 patients from Gulu, 27 from Masindi, and 5 from 
Mbarara. The major symptoms reported in 62 of the Ebola virus infected patients 
were diarrhea, asthenia, anorexia, headache, nausea and vomiting, abdominal 
pain, and chest pain. Bleeding occurred in about 12 (20%) patients.19 Of all the 
recorded Ebola virus disease outbreaks, this was by far the largest. On February 
27, 2001, Uganda was declared officially to be free of Ebola hemorrhagic fever, 
following a 42-day period, twice the maximum incubation period, during which 
no new cases had been reported.

One of the reasons for rapid and effective control of this outbreak compared 
with all the others was the rapid response that was initiated by the Ugandan 
government and early involvement of WHO with setting up field offices and 
laboratories at outbreak sites. After this outbreak, Uganda had four smaller out-
breaks compared with the initial one in 2000. The other outbreaks occurred in 
2007, 2011, and two outbreaks in 2012 with attack rates of 25%, 100%, 71%, 
and 57% respectively (Figure 3.4).10

SPORADIC OCCURRENCES OF THE EBOLA VIRUS DISEASE

Over the years, there have been isolated cases of Ebola virus disease. On 
November 5, 1976, an investigator at the Microbiological Research Establish-
ment, Porton, England, accidently inoculated himself with needle being used to 
take samples from guinea pigs inoculated with the serum from patients in Sudan 
outbreak.3,4 There patient experienced symptoms of the disease but survived.

CASE FATALITY DIFFERENCES BETWEEN EBOLA VIRUS  
DISEASE EPIDEMICS

Why is there such a difference in mortality among some of the Ebola virus 
strains? The difference between the Marburg and Ebola viruses as previously 
mentioned was not morphological but serological. A study done in 1979 identi-
fied another difference between the two viruses that the Marburg virus had an 
outer coat which was more resistant to erosion by negative staining while the 
Ebola virus was not.18 Specific strains of Ebola virus were then suspected due 
to the differences in mortality between strains. It was noticed that the mortality 
rate of the Zaire strain initially was a more higher than that of the Sudan strain. 
Some might have attributed that to better control of the disease, but difference 
at a molecular level could also be plausible.
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FIGURE 3.4 Timeline of major Ebola virus disease outbreaks over the years: DRC, Democratic Republic of Congo; , year of outbreak; N, number of cases.
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A comparative study published in 1980 interestingly showed that the Zaire 
strain proved to be much more fatal than the Sudanese strain in both humans 
and animals. Even monkeys that had recovered from the Sudanese strains and 
developed high levels of antibodies to the Sudanese strain became viremic and 
eventually died when infected with Zaire strain.5 This lack of immunity could 
have also been due to the Zaire strain showing extensive branched form and 
long filaments in its structure compared to the Sudan strain which showed less 
branching and irregular in its structure.18 These structural differences could give 
us some insight into why the Zaire strain is so much lethal than the Sudan strain 
of Ebola virus. There were qualitative differences among the strains of Ebola 
virus but a more quantitative differences were also identified.

The quantitative studies took blood, serum, and biopsy specimens from 
patients of both the Zaire and Sudan strains to further study the differences in 
its infectivity process. The samples were taken from acutely ill patients in both 
Zaire and Sudan who had initially manifested the disease. The results of the study 
showed that fewer than 10 infectious particles of the Zaire strain were lethal com-
pared to nearly 10,000 infectious particles of the Sudan strain, which even then 
failed to kill any of the animals used in testing.20 A similar study was also done 
in which researchers used the same materials and methods as the previously men-
tioned study and they also had comparable results.21 In this study, they showed 
that there were antigenic differences in both virus strains (Sudan and Zaire). The 
antiserum of the Ebola virus Sudan strain reacts less aggressively with the Ebola 
virus Zaire strain than does the Ebola virus Zaire strain with the Sudan strain.21

These studies suggest that, though some patients do recover from the Ebola 
virus disease they may still be at risk of reinfection from a different strain that is 
more virulent and causes more debilitating disease. Such viruses do exist which 
have similar properties of changing antigenicity to cause reinfection in people 
who might have already had the infection or have even been immunized such as 
the influenza virus and also certain types of herpes simplex virus types.

REFERENCES

 1.  Pandemic influenza preparedness and response: a WHO guidance document. Geneva: World 
Health Organization; 2009.

 2.  Zhang L, Wang H. Forty years of the war against Ebola. J Zhejiang Univ Sci B September 
2014;15(9):761–5. PubMed PMID: 25183030. Pubmed Central PMCID: PMC4162877. Epub 
2014/09/04. eng.

 3.  Ebola haemorrhagic fever in Sudan, 1976. Report of a WHO/International study team. Bull 
World Health Organ 1978;56(2):247–70. PubMed PMID: 307455. Pubmed Central PMCID: 
PMC2395561. Epub 1978/01/01. eng.

 4.  Emond RT, Evans B, Bowen ET, Lloyd G. A case of Ebola virus infection. Br Med J August 27, 
1977;2(6086):541–4. PubMed PMID: 890413. Pubmed Central PMCID: PMC1631428. Epub 
1977/08/27. eng.

 5.  Bowen ET, Lloyd G, Harris WJ, Platt GS, Baskerville A, Vella EE. Viral haemorrhagic fever in 
southern Sudan and northern Zaire. Preliminary studies on the aetiological agent. Lancet March 
12, 1977;1(8011):571–3. PubMed PMID: 65662. Epub 1977/03/12. eng.

pmid:25183030
pmid:307455
pmid:890413
pmid:65662


Ebola Virus: The Origins Chapter | 3 37

 6.  Kuhn JH, Becker S, Ebihara H, Geisbert TW, Johnson KM, Kawaoka Y, et al. Proposal for 
a revised taxonomy of the family Filoviridae: classification, names of taxa and viruses, and 
virus abbreviations. Arch Virol December 2010;155(12):2083–103. PubMed PMID: 21046175. 
Pubmed Central PMCID: PMC3074192. Epub 2010/11/04. eng.

 7.  Ebola haemorrhagic fever in Zaire, 1976. Bull World Health Organ 1978;56(2):271–93. 
PubMed PMID: 307456. Pubmed Central PMCID: PMC2395567. Epub 1978/01/01. eng.

 8.  Pattyn S, van der Groen G, Courteille G, Jacob W, Piot P. Isolation of Marburg-like virus from 
a case of haemorrhagic fever in Zaire. Lancet March 12, 1977;1(8011):573–4. PubMed PMID: 
65663. Epub 1977/03/12. eng.

 9.  Johnson KM, Lange JV, Webb PA, Murphy FA. Isolation and partial characterisation of a 
new virus causing acute haemorrhagic fever in Zaire. Lancet March 12, 1977;1(8011):569–71. 
PubMed PMID: 65661. Epub 1977/03/12. eng.

 10.  Organization WHO. Table: Chronology of previous Ebola virus disease outbreaks [cited 
12.02.14]. Available from: http://www.who.int/mediacentre/factsheets/fs103/en/.

 11.  Heymann DL, Weisfeld JS, Webb PA, Johnson KM, Cairns T, Berquist H. Ebola hemorrhagic 
fever: Tandala, Zaire, 1977–1978. J Infect Dis September 1980;142(3):372–6. PubMed PMID: 
7441008. Epub 1980/09/01. eng.

 12.  Formenty P, Boesch C, Wyers M, Steiner C, Donati F, Dind F, et al. Ebola virus outbreak among 
wild chimpanzees living in a rain forest of Cote d’Ivoire. J Infect Dis February 1999;179(Suppl. 1): 
S120–6. PubMed PMID: 9988175. Epub 1999/02/13. eng.

 13.  Georges AJ, Leroy EM, Renaut AA, Benissan CT, Nabias RJ, Ngoc MT, et al. Ebola hemor-
rhagic fever outbreaks in Gabon, 1994–1997: epidemiologic and health control issues. J Infect 
Dis February 1999;179(Suppl. 1):S65–75. PubMed PMID: 9988167. Epub 1999/02/13. eng.

 14.  Muyembe-Tamfum JJ, Kipasa M, Kiyungu C, Colebunders R. Ebola outbreak in Kikwit, 
Democratic Republic of the Congo: discovery and control measures. J Infect Dis February 
1999;179(Suppl. 1):S259–62. PubMed PMID: 9988192. Epub 1999/02/13. eng.

 15.  Guimard Y, Bwaka MA, Colebunders R, Calain P, Massamba M, De Roo A, et al. Organization 
of patient care during the Ebola hemorrhagic fever epidemic in Kikwit, Democratic Repub-
lic of the Congo, 1995. J Infect Dis February 1999;179(Suppl. 1):S268–73. PubMed PMID: 
9988194. Epub 1999/02/13. eng.

 16.  Roels TH, Bloom AS, Buffington J, Muhungu GL, Mac Kenzie WR, Khan AS, et al. Ebola 
hemorrhagic fever, Kikwit, Democratic Republic of the Congo, 1995: risk factors for patients 
without a reported exposure. J Infect Dis February 1999;179(Suppl. 1):S92–7. PubMed PMID: 
9988170. Epub 1999/02/13. eng.

 17.  Reiter P, Turell M, Coleman R, Miller B, Maupin G, Liz J, et al. Field investigations of an outbreak 
of Ebola hemorrhagic fever, Kikwit, Democratic Republic of the Congo, 1995: arthropod studies. J 
Infect Dis February 1999;179(Suppl. 1):S148–54. PubMed PMID: 9988178. Epub 1999/02/13. eng.

 18.  Okware SI, Omaswa FG, Zaramba S, Opio A, Lutwama JJ, Kamugisha J, et al. An outbreak 
of Ebola in Uganda. Trop Med Int Health December 2002;7(12):1068–75. PubMed PMID: 
12460399. Epub 2002/12/04. eng.

 19.  Outbreak of Ebola hemorrhagic fever Uganda, August 2000–January 2001. Morb Mortal Wkly 
Rep February 9, 2001;50(5):73–7. PubMed PMID: 11686289. Epub 2001/11/01. eng.

 20.  McCormick JB, Bauer SP, Elliott LH, Webb PA, Johnson KM. Biologic differences between 
strains of Ebola virus from Zaire and Sudan. J Infect Dis February 1983;147(2):264–7. PubMed 
PMID: 6827142. Epub 1983/02/01. eng.

 21.  Richman DD, Cleveland PH, McCormick JB, Johnson KM. Antigenic analysis of strains of 
Ebola virus: identification of two Ebola virus serotypes. J Infect Dis February 1983;147(2): 
268–71. PubMed PMID: 6827143. Epub 1983/02/01. eng.

pmid:21046175
pmid:307456
pmid:65663
pmid:65661
http://www.who.int/mediacentre/factsheets/fs103/en/
pmid:7441008
pmid:9988175
pmid:9988167
pmid:9988192
pmid:9988194
pmid:9988170
pmid:9988178
pmid:12460399
pmid:11686289
pmid:6827142
pmid:6827143


39
Ebola Virus Disease. http://dx.doi.org/10.1016/B978-0-12-804230-4.00004-2
Copyright © 2016 Elsevier Inc. All rights reserved.

Chapter 4

Ebola Virus Disease Epidemic  
in Light of Other Epidemics

Chapter Outline
Common features of epidemics 40
Spanish flu epidemic (1918–1920) 41
Spanish flu and Ebola virus  
disease pandemics 42
Finding the culprit behind  
the pandemic 43
Development of vaccines and  
the quagmire of pseudovaccines 44
Role of general preventive  
strategies 46
Encephalitis lethargica  
(von Economo’s encephalitis)  
epidemic (1915–1926) 47
Ebola-like hemorrhagic fevers  
in Mexico 49
The epidemic of Cocoliztli in 1576 50
How Cocoliztli differed from  
other major diseases 53
Epidemics in modern times 53

Severe acute respiratory  
syndrome (SARS) in  
Southeast Asia 53

Introduction 53
“A walk through the course  
of the SARS epidemic” 54

Factors that promoted the  
global spread of SARS 56
Steps that were effective in control  
of SARS epidemic 56

Preventive and control  
measures in China 56
Preventive and control  
measures in Hong Kong 56

Dengue fever in Asia and  
South America 57
Transmission and spread of  
Dengue fever 57
Global burden of Dengue fever 58
The story of quarantine 58
Symbols of quarantine 59
Global faces of quarantine 60
Early American quarantine 61
Late nineteenth century 62
Public Health Service Act 62
Reorganization and expansion 62
From the inspection to  
intervention 62
Social implications of quarantine 62
References 63

All epidemics are based on an outbreak of disease caused by virus or bacteria, 
which might or might not be new to humans, and spread through various meth-
ods, ranging from contaminated food to person-to-person transmission.
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COMMON FEATURES OF EPIDEMICS

According to previous research,1,2 several factors can start an epidemic includ-
ing the following:

 1.  Disasters (e.g., wars, famine, floods, and earthquakes)
 2.  Temporary population settlements
 3.  Preexisting diseases in the population
 4.  Ecological changes like floods and cyclones
 5.  Resistance potential of the host (i.e., nutritional and immunization status of 

the host)
 6.  Damage to public utility and interruption of public health services

There are three patterns of disease continuity in epidemics. The “sawtooth” 
pattern is where there are intermittent outbreaks of a disease that recede in inten-
sity, but the disease is not eradicated from the population. The smallpox epidemics 
in Africa during the 1920s–1950s would be an example of such a pattern. The 
“tooth necklace” pattern is where the disease is eradicated from the population, but 
pathogen species is kept alive under controlled circumstances for preparation of 
vaccines and biological studies. While the escape of pathogen from confinements 
of laboratories has been the subject of numerous conspiracy theories, vaccination 
with live attenuated viruses is more likely to be the string to maintain the continuity.

The third pattern is the “tooth eruption” pattern where, like the tooth hidden 
within the gums and emerging independent of other teeth, the pathogen emerges and 
is exterminated without any relation to previous occurrences. The Ebola virus is one 
of the pathogens following the “tooth eruption” pattern where the disease emerged 
in Sudan and the Democratic Republic of Congo (DRC) in 1976, disappeared, and 
then reemerged in Uganda between September 2000 and February 2001, only to 
mysteriously disappear. It emerged again in December 2013 in Guinea.3

What is far more perplexing is why epidemics die their deaths, a phenom-
enon noticed since the beginning of humanity. While it is convenient to believe 
that measures such as vaccination of at-risk individuals, quarantine of diseased 
persons, and acute and timely treatment are the cause of epidemic eradication, 
the facts do not support such a conclusion. In fact, the largest epidemics, such as 
the Peloponnesian War Pestilence, Antonine Plague, Plague of Justinian, Black 
Death of the fourteenth century, and Spanish flu, came to an end without wide-
spread use of any of those strategies.

There are three main theories for the spontaneous remission of epidemics:

 1.  There are two types of people within the exposed population: some more 
vulnerable and some more resistant. The people who may be resistant to 
the disease may be so because of previous exposure to viruses with similar 
structures resulting in the development of immune responses that are adequate 
for multiple pathogens. They might also be resistant due to superior health, 
including age and nutritional, and occupational advantages. The virus might 
eventually be faced with a population that is completely resistant to the infection.
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 2.  Changing environment within habitats that are not conducive to the survival 
or propagation of viruses or other pathogens. Weather changes, including 
temperature and humidity fluctuations, may significantly influence the 
survival or propagation of a virus outside the body. Elimination of reservoirs 
that carry pathogens including animals, insects, food, or water, by chance or 
design, may disrupt the cycle of propagation. Such elimination of infection 
is less likely to occur within an epidemic because of diverse factors and 
geographical areas involved.

 3.  The most likely explanation is the “Sand Filter Theory,” a term coined by 
Adnan I. Qureshi, MD. This theory reflects the similarity between retention 
of particulate matter during filtration based on density of sand particles, 
which can be compared to pathogens within a population based on population 
density. Most epidemics are composed of diseases that require close contact 
between diseased and healthy individuals for continued propagation of 
pathogens. Unlike natural disasters, such as hurricanes, floods, volcanoes, and 
changes in climate that exist independent of population density, epidemics 
depend upon population density, a feature shared with reproduction rates, 
migrations, and predation. After population density reduces below a critical 
limit, such contact may not be available enough for continued propagation 
of pathogens.

SPANISH FLU EPIDEMIC (1918–1920)

One of the most monumental of twentieth-century epidemics, the “Spanish 
flu” influenza pandemic in 1918, infected 25–30% of world’s population and 
resulted in death of almost 40 million people.4 The world had seen flu epidem-
ics before. The influenza epidemic occurred in Europe in 1580s, started in Russia  
and spread to Continental Europe and Africa followed by another epidemic in 
1743.5 A more devastating flu epidemic happened in 1830–1833. The term “Span-
ish flu” was a misnomer because the disease did not originate in Spain. The disease 
was rampant in Germany, Britain, France, and the United States; wartime censors 
minimized early reports of illness and mortality in these countries.6 During the 1918 
flu pandemic, Spain’s king, Alfonso XIII (1886–1931), became very ill. His illness 
and recovery from the disease was reported to the world because Spain was neutral 
and was not under wartime censorship restrictions, while outbreaks of flu in other 
belligerent countries were concealed. This created the wrong impression that Spain 
was most affected and caused the pandemic dubbed as the “Spanish flu.”7 Even 
President Woodrow Wilson (1856–1924) reportedly contracted the flu in early 1919 
while negotiating the Treaty of Versailles, which ended World War I.8

The epidemic appeared in two phases. The first one appeared in late spring of 
1918, known as the “3-day fever,” without any warning and resulted in few deaths 
and victims recovered after a few days. The typical symptoms of the flu were chills, 
fever, and fatigue resulting in a low number of deaths. During that same year in the 
fall, however, a highly contagious and deadly wave of influenza emerged. Victims 
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died within hours or days of symptom onset. Their skin turned blue, and patients’ 
lungs filled with fluids. The flu did not discriminate between rural and urban areas 
ranging from densely populated East Coast to sparsely populated parts of Alaska. 
Young adults were among the hardest hit group, a group that usually remains 
unaffected by this type of epidemic. About 25% of the United States was affected 
within 1 year and resulted in a drop of 12 years in United States life expectancy.9

SPANISH FLU AND EBOLA VIRUS DISEASE PANDEMICS

There were similarities between the flu epidemic of 1918 and current Ebola virus 
disease epidemic. The 1918 pandemic mostly killed healthy, young individuals 
compared to most influenza outbreaks that killed juvenile, elderly, or already 
weak patients. In this regard, the Spanish flu epidemic shares the same age range 
of most affected population subset with Ebola virus disease epidemic. Older adults 
may have had partial protection in 1918 from their earlier exposure in 1889–1890 
flu epidemic, but it is unclear whether older adults during the Ebola virus disease 
outbreak had partial exposure to Ebola virus infection. Both epidemics share the 
unique vulnerability of pregnant women to infection. The fatality of Spanish flu 
virus was attributed to cytokine storm, a consequence of excessive stimulation 
and activity of the immune system.10 An overactive immune system has been 
implicated in tissue injury seen in Ebola virus-infected patients as well. Younger 
patients have a more robust immunological response, which might explain the 
higher vulnerability and fatality seen in this age group during both the flu epi-
demic and Ebola virus disease epidemic. Another oddity was that the Spanish flu 
outbreak was widespread in the summer and autumn, which is a similar pattern 
seen with Ebola virus infection epidemic. Open quarters and outdoor dwelling 
permitted by warm weather did not reduce the incidence of either disease.

There were notable differences between the flu epidemic of 1918 and current 
Ebola virus disease epidemic. The Spanish flu epidemic had the necessary pre-
requisites for an epidemic. Massive troop movements and close quarters during 
World War I accelerated the epidemic, probably increasing transmission and the 
mutation. The virus’ lethality might have been increased by war. These soldiers’ 
susceptibility might have been increased by their immune systems weakening 
through malnourishment, stresses of combat, and chemical attacks.11 The pat-
terns of influenza pandemics have many atypical features. Pandemic emergence 
can follow one of these two patterns: de novo emergence of completely unique 
avian-descended virus or modification of a circulating human-adapted virus by 
importation of a novel neuraminidase (NA) (e.g., the 1957 H2N2 pandemic) via 
genetic assortment, of a novel HA hemagglutinin (HA), either with concomitant 
importation (e.g., the 1968 H3N2 pandemic).12

France was at the center of 1918 flu pandemic with a major troop staging 
and a hospital camp in Étaples identified by a British team’s investigative work. 
This team was headed by a virologist John Oxford from St Bartholomew’s 
Hospital and the Royal London Hospital. The virus was harbored in the birds 
there that mutated and passed on to pigs, kept near the front line.13 During World 
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War I, 96,000 Chinese laborers were mobilized to work behind the British and 
French lines on the Western Front. This high population density could be the 
cause of the pandemic. In a recent report, Humphries found archival evidence 
that a respiratory illness struck Northern China in November 1971, identified by 
Chinese officials as identical to Spanish flu a year later.14,15 But the Ebola virus 
disease epidemic did not have any identifiable predisposing causes.

FINDING THE CULPRIT BEHIND THE PANDEMIC

Unlike the discovery and characterization of the Ebola virus in the 1970s aided 
by modern marvels such as electron microscopes, the influenza virus evaded 
researchers for decades. During the 1892 influenza pandemic, German phy-
sician Richard Pfeiffer isolated bacteria from lungs and sputum of influenza 
patients and labeled bacteria as the cause of influenza. Bacteria came to be 
known as Pfeiffer influenza bacillae and later Bacillus influenzae (Haemophilus 
influenzae). However, the controversy continued because strains of streptococ-
cal, pneumococcal, and other bacteria could be found in sputum of patients suf-
fering from the flu, and B. influenzae could not be found in samples from many 
patients with influenza. Bacillus influenzae could be found in healthy individu-
als and in those patients suffering from measles, scarlet fever, diphtheria, and 
varicella (chicken pox). In one article, the authors wrote “There seems to be no 
justification for the belief that the epidemic was due to the influenza bacillus, 
which is probably a secondary invader and bears about the same relation to the 
influenza cases as to respiratory infections of a different sort.”16

In 1918, veterinarian J.S. Koen noted similarities of influenza symp-
toms in pigs while he was treating the symptoms of Spanish flu epidemic 
in humans. In 1928, researchers N. McBryde and Robert Shope carried out 
experiments to identify the transmission mechanism of influenza in pigs. They 
took mucus from infected pigs using bacterial filters to remove any bacteria 
and then inserted virus-loaded mucus into healthy pigs’ nostrils to infect them. 
McBryde failed, but Robert Shope succeeded in transmitting the infection. 
His experiments finally proved that the influenza infection was indeed due to 
a virus.5

Finally, in 1933, researchers Wilson Smith, Christopher Andrews, and Pat-
rick Laidrow identified the influenza virus in humans.5 In the decades to come, 
the complete genome of the influenza virus would be characterized from a 
virus derived from the lung tissue of 1918 influenza epidemic victims. The tests 
showed that the pandemic virus contained genes derived from avian-like influ-
enza virus strain.4 Almost 90 years later, in December, a University of Wisconsin 
researcher, Yoshihiro Kawaoka reported that three genes (termed PA, PB1, and 
PB2) had been identified within the genome of the influenza virus from 1918 
(isolated from lung and brain tissue samples of British politician and diplomat, 
Sir Mark Sykes).17 These genes enabled the virus to produce three different 
types of proteins within infected cells, weakening the protective lining of the 
victim’s bronchial tubes and lungs and clearing the way for bacterial pneumonia. 
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An enzyme, neuraminidase, enhances bacterial growth and bacterial dissemina-
tion.18 A second proapoptotic protein enhances the inflammatory response by 
unclear mechanisms.18 And a third protein increased the production of interleu-
kin-10 (IL-10), reducing the function of white blood cells in the lungs.18

DEVELOPMENT OF VACCINES AND THE QUAGMIRE  
OF PSEUDOVACCINES

We have the same challenges in developing a vaccine against Ebola virus that 
we had against influenza virus. While initial challenges faced by researchers 
were predominantly due to lack of identification of the appropriate causative 
organism, this issue will not trouble modern-day researchers. William H. Park, 
MD, from New York City Health Department, was convinced that B. influenzae 
was the cause of the outbreak and he set about devising a vaccine and antiserum 
against it. This antiserum was completed on October 17, 1918. In Philadelphia, 
Paul Lewis worked on refining the pneumococcal vaccines. As a result, Phila-
delphia municipal laboratory released thousands of vaccines (a mix of strep-
tococcal, pneumococcal, and B. influenzae) on October 19, 1918. Physicians 
at the Naval Hospital on League Island, Pennsylvania (the Philadelphia Naval 
Shipyard) made the vaccine from Micrococcus catarrhalis (now Moraxella 
catarrhalis) and B. influenzae and strains of Pneumococcus, Streptococcus, 
Staphylococcus. Each vaccine, administered in four dose regimens, contained 
100,000,000 and 200,000,000 bacteria per cubic centimeter. These scientists 
noted that nonvaccinated individuals and health-care workers became sick even 
though strict preventive measures like use of masks and gloves were taken. 
From the group of ill patients vaccinated therapeutically, no one developed 
pneumonia-like symptoms like those seen in the unvaccinated group. Investiga-
tors noted,

The course of the disease [in those treated therapeutically]…was definitely 
shortened, and prostration seemed less severe. The patients apparently not 
benefitted were those admitted from four to seven days after the onset of their 
illness. These were out of all proportion to the number of pneumonias that 
developed and the severity of the infection of the control cases. The effects were 
always more striking the earlier the vaccine was administered.16

Finally, they concluded, “The number of patients treated with vaccines and 
the number immunized with it is entirely too small to allow of any certain deduc-
tions; but so far as no untoward results accompany their use, it would seem 
unquestionably safe and even advisable to recommend their employment.”16

In San Francisco, another group of researchers studied vaccines use. They 
mentioned that Spanish influenza did not reach San Francisco until October 1, 
1918, therefore, staff at the training station had enough time to prepare a pro-
phylactic vaccine even there was a great debate as to the pandemic’s cause.16  
The vaccine was made of Streptococcus hemolyticus (Streptococcus pyogenes), 
100 million, B. influenzae, 5 billion bacteria; Pneumococcus types I and II, 3 billion 
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each and Pneumococcus type III, 1 billion bacteria. It was first tested in guinea 
pigs and then five laboratory volunteers. After vaccination, the serum from the 
Guinea pigs and volunteers agglutinated when mixed with B. influenzae in vitro 
(meaning that their blood had antibodies that reacted with the bacteria). The vac-
cine was administered to 11,179 military personnel and civilians, including some 
at Mare Island (Vallejo, CA), San Pedro, and San Francisco associated with Naval 
Training station. In vaccinated personnel, the rate of influenza was lower com-
pared to rates seen in unvaccinated persons. The rate of influenza in the control 
group was 1.5–33.8% and in the vaccinated group was 1.4% and 3.5%.

Another vaccine was used in Washington, USA, at the Puget Sound Navy 
Yard,17 where 4212 people were vaccinated with streptococcal bacteria-
derived vaccine. The rate of influenza in vaccinated persons ranged from 2% 
to 57% and 1.8% to 19.6% in those who received the vaccine. Investigators 
stated, “We believe that the use of killed cultures as described prevented the 
development of the disease in many of our personnel and modified its course 
favorable in others.”16 They noted that B. influenzae did not play any role in 
the outbreak.

The use of mixed bacterial vaccine was reported by E. C. Rosenow (Mayo 
Clinic) in Rochester, Minnesota. In the initial study, three doses of vaccine were 
given to 21,000 people. He concluded that,

The total incidence of recognizable influenza, pneumonia, and encephalitis in the 
inoculated is approximately one-third as great as in the control uninoculated. 
The total death rate from influenza or pneumonia is only one-fourth as great in 
the inoculated as in the uninoculated.16

He decided to test his vaccine in nearly 100,000 people.16 The results of such 
studies, however, were viewed with caution and skepticism. The medicine edi-
tors of the Journal of the American Association cautioned “the data presented 
are simply too inadequate to permit a competent judgment” about vaccine effec-
tiveness in an editorial entitled “Prophylactic Inoculation Against Influenza,”16 
in particular, they addressed Rosenow’s paper as follows:

To specify only one case: The experience at a Rochester hospital—where fourteen 
nurses (out of how many?) developed influenza within two days (how many 
earlier?) prior to the first inoculation (at what period in the epidemic?), and only 
one case (out of how many possibilities?) developed subsequently during a period 
of six weeks—might be duplicated, so far as the facts given are concerned, in the 
experience of other observers using no vaccines whatever. In other words, unless 
all the cards are on the table, unless we know so far as possible all the factors 
that may conceivably influence the results, we cannot have a satisfactory basis 
for determining whether or not the results of prophylactic inoculation against 
influenza justify the interpretation they have received in some quarters.16

In the 1930s, researchers finally concluded that influenza was, in fact, 
caused by a virus and not a bacterium. At the University of Michigan, Thomas 
Francis Jr. and his team of researchers along with U.S. army made a vaccine by  
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using killed cells through stimulating body’s specific immunity against influ-
enza virus, two decades later in 1944. The virus loses its virulence when cul-
tured in fertilized hen’s eggs showed by Thomas Francis Jr. Earlier work of 
Frank Macfarlane Burnet became the basis for Thomas Francis Jr.’s effort.5

The story of vaccine development may have lessons for investigators involved 
in vaccine development for the prevention of Ebola virus disease. A 2010 article 
described the performance of 13 bacterial vaccine studies conducted from 1918 to 
1919. The authors concluded that, despite the limited number of bacterial strains 
in the vaccines, the pneumonia attack rate could have been reduced by some vac-
cines after viral infection through cross-protection from multiple related strains.11 
Vaccinologist Stanley A. Plotkin, MD, was more skeptical and posits, “the bacte-
rial vaccines developed for Spanish influenza were probably ineffective because 
at the time it was not known that pneumococcal bacteria come in many, many 
serotypes and that of the bacterial group they called B. influenzae, only one type 
is a major pathogen.”16 In another sense, vaccine developers had limited ability 
in identifying, isolating, and producing all potential disease-producing strains of 
bacteria. Today’s pneumococcal vaccine is protective against 13 serotypes, and 
the adult vaccine protects against 23 serotypes of that bacteria.16

There are similar concerns with the Ebola virus that, due to fulminant spread 
and viral replication, several serotypes of the virus may exist. When DNA is 
copied in a cell, enzymes called “polymerase” do the building, adding nucle-
otide after nucleotide until the DNA is copied. Normally, cellular machinery 
proofreads the DNA, getting rid most of the bad copies, and keeping the muta-
tion rate very low. But, when a virus like Ebola or influenza hijacks the cell to 
make copies of itself, it uses the host RNA polymerases. RNA polymerases 
make copies of genes in the DNA in the form of RNA, which is then read by 
the cell protein factories (ribosomes) to assemble proteins. Unfortunately, RNA 
polymerases do not proofread well, so lots and lots of mutations slip through. 
That is the reason flu shots are administered yearly, because the influenza virus 
(RNA virus) mutates rapidly. The rapid spread of the Ebola virus gives it more 
opportunity to mutate rapidly. As a result, it becomes hard to treat it. That is 
why cures and vaccines are difficult to develop when the targets keep changing. 
Targeting one serotype may not provide the desired protection by vaccination.19

ROLE OF GENERAL PREVENTIVE STRATEGIES

There is great interest among health-care professional to prevent and treat the 
current Ebola virus infection epidemic and to understand general preventive 
strategies that were effective in 1918–1919 and how they can be applied in cur-
rent settings. However, such a search may be not a rewarding one.

In Philadelphia after the second wave in late 1918, new flu case appearances 
dropped abruptly to almost nothing.10 Most people would like to believe that 
medical professionals improved strategies in preventing and treating the bac-
terial pneumonia that developed along with the viral infection, and therefore,  
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the fatality was substantially reduced. In the United States, spitting was banned 
in public places, and covering mouth was made mandatory while sneezing. 
Cities and counties began to recommend that citizens should wear masks, but 
influenza cases continued even in the communities wearing the masks. In 1918, 
during an epidemic to slow the transmission of the flu epidemic, the New York 
commissioner ordered that businesses should be opened and closed on stag-
gered shifts to avoid subways overcrowding. People seen spitting on the street 
were approached by Boy Scouts in New York City who gave them cards reading 
“You are in violation of the Sanitary Code.”20

To prevent disease from spreading, quarantine was imposed in many com-
munities in the United States. Theaters, schools, saloons, pool halls, and 
churches were closed. Some physicians suggested that drinking alcohol could 
prevent infection, which caused a high demand on supplies of alcohol. Public 
health officials censored newspapers and simple directives to stop the rising 
panic about influenza disease, but posters and cartoons were allowed to warn 
people about influenza. The posters, however, were exclusively printed in Eng-
lish despite knowing the fact that much of the nation’s large population did not 
speak or read English. Even the native speakers found posters and directions 
confusing. Many folk healers prescribed to wear a special amulet type or a small 
bag of camphor as preventive measures against influenza. None of these prac-
tices proved to be beneficial in preventing a pandemic.21

ENCEPHALITIS LETHARGICA (VON ECONOMO’S ENCEPHALITIS)  
EPIDEMIC (1915–1926)

Encephalitis lethargica literally means “inflammation of the brain that makes 
you tired.”22 Encephalitis lethargica has also been known as von Economo’s 
encephalitis, lethargic encephalitis, sleeping sickness, epidemic encephalitis, 
sleepy sickness, von Economo’s disease, Schlummerkrankheit, Schlafkrankheit, 
or simply Economo’s disease. Kinnier Wilson and Bernard Sachs named the 
disease on the basis of the brain region involved such as mesencephalitis and 
basilar encephalitis, respectively. This illness spread through Europe in a man-
ner consistent with an epidemic, beginning in the winter of 1916–1917. Spo-
radic appearances of cases continued till 1930.22

Doctors Russell Dale and Andrew Church reported that the disease was 
related to a particular strain of bacteria called diplococcus, a known cause of 
sore throat. The actual neurological manifestations were thought to be due to 
exaggerated immune responses to the bacteria particularly targeting neural tis-
sue (cross reactivity). Other researchers, however, believe that the cause of the 
disease is a viral infection or post-viral disease.22 There was no evidence that 
the disease spread by direct contact. The cases were isolated and seemed to 
appear simultaneously. Most of the physicians did not consider the disease as 
being contagious. Children and adults were affected and died at the same ratio 
of 1:2. Only 2% of cases were over the age of 60 years in one report.23
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Ref. 22.

Young people are most vulnerable to the disease, though it infects people of 
all ages. The disease typically manifests as sore throat, headache accompanied 
by fever, double vision, and severe weakness. Within hours, it will progress 
to episodes of tremors, intense myalgias, involuntary movements, and fatigue. 
Behavioral changes included psychosis and hallucinations, followed by steadily 
increasing lethargy and drowsiness. Many patients will eventually become com-
pletely unresponsive and comatose. Survivors tended to remain in a vegeta-
tive state or coma. Many of those who were affected with the disease, even 
after some recovery time, continue to experience vision problems, personality 
changes, difficulty swallowing, and intermittent psychosis.22 Symptoms and 
signs of Parkinsonism or persistent catatonia with varying severity of cognitive 
deficits may be seen in postinfectious period.22

The disease was first reported at the beginning of 1917 in Austria by von 
Economo. One case was noted in each of the months of January, February, and 
March of that year. In spring of 1918, the disease reached France and England 
and the following winter, cases were reported in Italy. In February 1919, the dis-
ease first appeared in Portugal, in November in India, and in early part of 1920 
in Spain. In the United States around the end of 1918, disease first appeared on 
the Atlantic Coast and in October 1919, on the Pacific Coast. The first case of 
that year occurred in New York. Subsequently, there were 3 cases in October,  
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7 cases in November, 10 cases in December 1919; and during 1920, there were 
19 cases in January, 35 cases in February, 61 cases in March, 12 cases in April, 
5 cases in May, and no reported cases in the month of June. In all of the United 
States, Public Health Service (PHS) received notification of 222 cases. After the 
investigation, 39 cases were eliminated as unrelated to the disease.23

Cases were reported in South America and Uruguay. The disease was also 
reported in Australia in March 1919.23 A short-lived outbreak occurred in three 
communes of Western Flanders, Belgium, during summer of 1919. In Denmark, 
from July 1919 to April 1920, 58 cases were reported along with 13 deaths. 
In England and Wales during 1919, 535 cases were reported, and another 202 
cases were reported up to April 10, 1920. Most of the cases occurred during 
the winter in England, suggesting a seasonal pattern of the disease. A major-
ity of the cases occurred in individuals under the age of 35 years. It was rare 
for cluster of cases to occur in the same household.23 In Peru, three cases were 
reported in 1919. In Poland, cases of encephalitis lethargica were reported in 
February 1920 when disease notification was made compulsory by the Ministry 
of Health. Two suspected cases and one confirmed case were reported from 
Tunis.23 Since January 1, 1919, encephalitis lethargica has become a notifiable 
disease in England and Wales.23

Netter reported the occurrence of the disease in France at the end of 1918. 
Since that time, the number of cases started to increase, especially during the 
winter of 1919–1920 according to French delegate, Dr Pean. In about 2 months, 
321 cases were reported out of which 100 died with an estimated case fatality 
rate of about 30%. During 1918 in Italy, sporadic cases were registered and a 
considerable number of cases occurred from 1919 to 1920. The greatest number 
of the cases were reported from the Central and North Italy, while south of the 
country remained entirely disease-free, suggesting that the maritime climate 
conferred a certain immunity.23

In 1928, the encephalitis lethargica epidemic disappeared with the complete 
absence of any new cases. Previously affected patients required institutional-
ization and constant care. In 1969, over 40 years after the occurrence of infec-
tion, some catatonic patients showed dramatic improvement in their mobility 
when treated with levodopa. But recovery was short-lived and most patients 
deteriorated into catatonic states with repeated or increasing dosages being 
ineffective.22

EBOLA-LIKE HEMORRHAGIC FEVERS IN MEXICO

Another epidemic in the sixteenth-century Mexico bore similar characteristics 
to the hemorrhagic variant of the Ebola virus disease. In 1545, after 24 years 
of Spanish rule over the Aztec empire, a disease appeared in the highlands of 
Mexico that had never been seen before. The disease was characterized by an 
acute fever, dizziness, severe headaches, bleeding from nose, mouth, and ears 
along with yellow color of skin (jaundice), and chest pain. The disease persisted 
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for 3–4 days and led to death in a high proportion of the affected persons.  
The disease only afflicted the native population, sparing the Spanish population for 
reasons that no one understood until the present day. The Spanish had not experi-
enced any disease like the one that was rampant in Americas, but nonetheless had 
immunity to the disease. The epidemic of 1545 in Mexico caused about 800,000 
deaths in Mexico Valley alone and lasted for 4 years. At that time, the population 
of Mexico was about 6.6 million. The epidemic was so severe that about 80% of 
the native population died by the time the disease outbreak had ended.24

The disease was named cocoliztli, a word for pestilence in Nahuatl, a Uto-
Aztecan language widely spoken in Central and Western Mexico. The epidemic 
of hemorrhagic fevers was the first in a series of epidemics that devastated 
Mexico from 1545 to 1815, a period that coincides with Spanish colonial period 
in Mexico. Such temporal coincidences implicate the Spanish invaders as the 
harbinger of the disease, although, in the absence of previous exposure, no such 
association can be confirmed. Another group that could have carried the disease 
was slaves transported from Africa into the Americas. The inevitable question is 
whether the disease was a precursor or variant of Ebola hemorrhagic fever seen 
in Africans in current times. Eleven more outbreaks of cocoliztli were reported, 
but information about them is scarce. They occurred in 1555, 1559, 1566, 1587–
1588, 1592–1593, 1601–1602, 1604–1607, 1613, 1624–1631, 1633–1634, and 
1641–1642.24

THE EPIDEMIC OF COCOLIZTLI IN 1576

One of the largest epidemics of cocoliztli occurred in 1576 from a population 
of 4.4 million, causing 2 million deaths in Mexico and a mortality rate to 45% 
of the entire population. At this time, there were intense changes taking place 
in Mexico. Diseases like smallpox, measles, mumps, and typhus were taking 
their toll in the native population. Slaves were being brought from Africa; hard 
work and high taxes were being imposed on native population; deforestation 
was intense for the construction of Spanish cities; the Spanish introduced new 
industries like silver mining, domestic animals, and crops; and constant wars 
were waged with Indians of the North and conversion to Catholicism was an 
ongoing process. Under these circumstances, cocoliztli reappeared 31 years 
after the first outbreak.24

The presence of hemorrhagic fever was first reported in June 1576 and 
quickly became a source of death in just 3 months all over the country. Tepeaca, 
a city 150-km southeast Mexico City with a preepidemic population of 60,000 
was converted into an 8000 postepidemic population and lost 86% of its citi-
zens. Cholula, 95-km east of Mexico City, saw a decline from 15,000 inhabit-
ants to 9000 with a 40% death rate. Nochistlan, a town, 450-km northwest of 
Mexico City suffered from 66.7% loss in its inhabitants secondary to the dis-
ease. The overall mortality caused by this epidemic was a loss of about 2 million 
people from its original 4.4 million. Young indigenous adults suffered the most 
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during this epidemic. The data from the census of Cholula epidemic indicate 
that 75% of deaths were among individuals 25 years or older. The infant mortal-
ity remained unchanged from previous years. In regards to population segment 
afflicted, the disease shared features with flu and Ebola virus disease epidemics 
that came five centuries later. During this epidemic, weather remained cloudy, 
cold, and foul; the rainy season started 2 months earlier than it was expected and 
was intense.24

Fray Juan de Torquemada, a Franciscan historian, described epidemic of 
1576 in Mexico City magnitude as follows.

In the year 1576, a great mortality and pestilence that lasted for more than a 
year overcame the Indians. It was so big that it ruined and destroyed almost the 
entire land. The place we know as New Spain was left almost empty. It was a thing 
of great bewilderment to see the people die. Many were dead and others almost 
dead, and nobody had the health or strength to help the diseased or bury the dead. 
In the cities and large towns, big ditches were dug, and from morning to sunset the 
priests did nothing else but carry the dead bodies and throw them into the ditches 
without any of the solemnity usually reserved for the dead, because the time did 
not allow otherwise. At night, they covered the ditches with dirt… It lasted for one 
and a half years, and with great excess in the number of deaths.24

Martin Enriquez wanted to know the number of missing people in New 
Spain. After searching in towns and neighborhoods, it was found that the num-
ber of deaths was more than 2 million.24

Dr Francisco Hernandez, the protomedico (physician-in-chief) of New 
Spain and former physician of King Phillip II of Spain wrote:

The fevers were contagious, burning, and continuous, all of them pestilential, in 
most part lethal. The tongue was dry and black. Enormous thirst. Urine of the 
colors sea-green, vegetal-green, and black, sometimes passing from the greenish 
color to the pale. Pulse was frequent, fast, small, and weak—sometimes even null. 
The eyes and the whole body were yellow. This stage was followed by delirium and 
seizures. Then, hard and painful nodules appeared behind one or both ears along 
with heartache, chest pain, abdominal pain, tremor, great anxiety, and dysentery. 
The blood that flowed when cutting a vein had a green color or was very pale, dry, 
and without serosity. In some cases gangrene and sphacelus invaded their lips, 
pudendal regions, and other regions of the body with putrefact members. Blood 
flowed from the ears and in many cases blood truly gushed from the nose. Of those 
with recurring disease, almost none was saved. Many were saved if the flux of blood 
through the nose was stopped in time; the rest died. Those attacked by dysentery 
were usually saved if they complied with the medication. The abscesses behind 
the ears were not lethal. If somehow their size was reduced either by spontaneous 
maturation or given exit by perforation with cauteries, the liquid part of the blood 
flowed or the pus was eliminated; and with it, the cause of the disease was also 
eliminated, as was the case of those with abundant and pale urine. At autopsy, the 
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liver was greatly enlarged. The heart was black, first draining a yellowish liquid 
and then black blood. The spleen and lungs were black and semi-putrefacted. 
The bile was observed in its container. The abdomen dry. The rest of the body, 
anywhere it was cut, was extremely pale. This epidemic attacked mainly young 
people and seldom the elder ones. Even if old people were affected they were 
able to overcome the disease and save their lives. The epidemic started in June 
1576 and were not over in December, when I am writing these lines. Of all New 
Spain, the disease invaded cold lands (highlands) in the perimeter of 400 miles, 
and had a lesser effect in lowlands. The disease attacked primarily regions 
populated by Indians here and there, then regions of mixed population of Indians 
and Spaniards, later the Ethiopians, and now, finally the Spaniards. The weather 
was dry and quiet, and disturbed by earthquakes, the air was impure, filled with 
clouds but without resolving into rain… Very few with abdominal distention were 
saved. In the beginning, the blood was expelled by some without severe disease, 
then by very few. Vital energy was consumed quickly.24

Dr Hinojoso made some additional observations, mentioning that the dis-
ease lasted 3–4 days from onset to death and that on the second or third day the 
patient became insane and irritated, eyes were red, thirst was insatiable, and 
nodules behind the ears and neck were so big that they covered entire neck and 
half of face. Patient fevers were very high, and autopsies showed extremely 
large and hard livers and also identified the splenomegaly.24

The striking aspect of this epidemic was its selective vulnerability of the 
native population. The selective vulnerability of the indigenous people was 
not limited to cocoliztli, but also seen with smallpox, chicken pox, measles, 
and mumps infections. With those diseases, however, an explanation was more 
forthcoming. The Spanish population had acquired a protective immunity to 
these diseases due to exposure in Europe at a young age. The native popu-
lation developed some degree of immunity to those diseases about 20 years 
later.24

In 1576, the time of the second epidemic of cocoliztli, many of the Spanish 
settlers who helped the sick natives were then between 0 and 54 years, but none 
of them died of disease. Why did the Spaniards who grew up in the new colo-
nies continue to manifest immunity seen in those who had come from Europe? 
Immunity is not inherited and therefore it is unlikely that, 55 years later, the 
immune status of Spanish immigrants played any role in epidemic selection. A 
possible explanation for this selection could lie in the socioeconomic status of 
that indigenous and colonizing Spanish population as the majority of the native 
population lived in poverty and were undernourished.24

Cristobal Godinez, a government official, reporting on the epidemic wrote:

The reason so many Indians die of the pestilence is a God secret. I do not find any 
better answer than that in the past the Indians were not as badly mistreated and 
oppressed as they are today with heavy workloads. They are skinny and delicate, 
the disease finds them overworked and without resistance, so they are finished.24
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Under those conditions, the pattern of cocoliztli epidemic is well explained 
by the presence of an infectious agent favored by poor living conditions or nutri-
tional deficiencies.24

HOW COCOLIZTLI DIFFERED FROM OTHER MAJOR DISEASES

What was cocoliztli? It was a disease that does not exist today or a variant of 
the present diseases. Cocoliztli differed from epidemic typhus (tabardete) in that 
rashes were absent. The lack of respiratory symptoms in cocoliztli resulted in the 
dismissal of influenza, pertussis, or diphtheria infection. Fever caused by malaria 
runs in spikes, whereas a cocoliztli fever ran continuously high. Symptoms in 
intestinal anthrax infections predominantly consisted of gastrointestinal tract 
symptoms such as diarrhea and vomiting, while in cocoliztli there were no such 
symptoms. Patients of cocoliztli had severe yellow discoloration of the skin (jaun-
dice), severe bleeding, and injected eyes, which are not classical description of 
bubonic plague. The absence of rash, high fever, and high prevalence of enlarged 
liver and liver failure in cocoliztli made the possibility of infection by filoviruses 
such as Ebola and Marburg virus less likely but certainly a possibility. The true 
etiological agent for cocoliztli is still unknown. The illness ran uncontrolled and 
caused devastating damage to Indian population for about a century.24

EPIDEMICS IN MODERN TIMES

Severe acute respiratory syndrome (SARS) in Southeast Asia

Introduction
Severe acute respiratory syndrome (SARS) is a highly infectious disease caused 
by coronavirus. This previously unknown virus was first identified in Asia in 
early 2003 and named as “SARS-associated coronavirus” or SARS-CoV. Since 
October 2012, SARS-CoV has been under the care of National Select Agent 
Registry that monitors the handling and possession of bacteria, viruses, or tox-
ins that have the potential to be a severe threat to public health and safety.25 The 
initial cases of SARS appeared in last part of 2002 in Guangdong Province of 
China. The contagious nature of the disease and delayed public response caused 
the epidemic to spread around the globe very rapidly.25

Disease manifestations varied considerably depending on the age and physi-
cal status of the patient. Fever and dry cough are the most common symptoms 
although not specific to SARS.1 At the beginning of the third week, young 
patients especially did improve from infection. About a fifth of all patients 
would have progressive pulmonary involvement requiring mechanical ventila-
tion and 10% of affected patients would die. Deaths, far more prevalent in those 
aged over 65 years of age, might be due to SARS virus alone or in combina-
tion with secondary infections. Investigators also imply a role of exacerbated 
immune response in pulmonary injury.1
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“A walk through the course of the SARS epidemic”

The first known case appeared on November 16, 2002, in Guangdong Province, 
China. On February 13, 2003, 300 cases including five deaths in Guangdong 
Province due to “acute respiratory syndrome” were reported by the Chinese 
Ministry of Health. On March 11, an outbreak of SARS among hospital work-
ers was reported in Hong Kong. On March 15, SARS was confirmed as a 
“worldwide health threat” by World Health Organization (WHO). Possible 
cases were identified in Canada, Indonesia, Philippines, Singapore, Thailand, 
and Vietnam. WHO issued an advisory for travelers going to Southeast Asia 
about the SARS. By March 19, SARS cases emerged in the USA, UK, Spain, 
Germany, and Slovenia. On March 27, WHO recommended the screening of 
travelers arriving from worst-affected areas. On March 29, Carlo Urbani, one 
of the WHO officials who identified SARS, died from the disease. On April 
2, WHO recommended the postponement of all nonessential travel to Hong 
Kong and Guangdong Province of China. By April, the slow response and 
release of only selected information by Chinese officials became apparent, 
leading to a public apology. On April 9 and 17, the first SARS cases were 
reported in Africa and India, respectively. On April 14, Canadian scientists 
confirmed that they had sequenced the genome of the SARS virus. On April 
23, WHO recommended postponement of nonessential travel to Toronto, 
Canada.26

As the infection spread, more radical measures were put into place. All 
schools are shut down in Beijing for 2 weeks to halt the spread of the disease. 
On April 26, 13 East and Southeast Asian countries’ health ministers met in 
Malaysia to call for all international travelers to be screened for SARS. On April 
27, all entertainment venues, including theaters, cinemas, and karaoke bars, 
were ordered by the Beijing authorities to be closed down until the outbreak 
was determined to be an end. On May 5, 10,000 people were quarantined in 
eastern city of Nanjing, China, by authorities. On May 11, spitting was banned 
in public places in southern Chinese city of Guangzhou to control SARS. On 
May 15, in China anyone who broke the quarantine rules was threatened with 
execution or imprisonment for life. On May 22, the infection reached its peak in 
Taiwan, with emergence of 65 new cases in one day.26

The first hope of epidemic control appeared on April 28, when Vietnam 
was deemed to have contained the spread of infection with no new cases 
reported for 20 consecutive days. On May 31, WHO declared Singapore 
SARS-free. On June 5, WHO announced that the outbreak had peaked the 
World including China. On June 13, WHO withdrew its travel warnings for 
Chinese provinces of Hebei, Inner Mongolia, Shanxi, and Tianjin but main-
tained the warning for Beijing. On June 17, the travel advisory was removed 
for travel to Taiwan. On June 23, China and Hong Kong were removed from 
the WHO list of SARS-infected areas. On July 2, after 20 consecutive days 
without SARS new cases, Toronto was declared SARS-free by the WHO. On 
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July 5, Taiwan was the last country to be removed from WHO list of SARS-
infected areas.26

Sporadic cases of SARS reemerged in Asia. On September 9, Singapore 
announced a new SARS case, but was never confirmed by WHO. On December 17, 
a medical researcher at Taipei military hospital contracted the virus, according 
to Taiwan health officials. On January 5, 2004, a 32-year-old man in southern 
Guangdong Province had developed SARS as confirmed by Chinese health offi-
cials. On January 16, 2004, WHO said that it found the evidence suggesting that 
civets do carry SARS. Plans were announced to slaughter thousands of civet 
cats to prevent the spread of the disease. On January 17, 2004, Chinese authori-
ties confirmed two new cases in Guangdong Province. On April 26, 2004, the 
Chinese health officials said that it was investigating at least four new suspected 
cases and all new cases are connected to a confirmed patient who worked at a 
SARS research laboratory. On May 19, 2004, the WHO had declared that China 
had contained the latest outbreak of SARS.26

The political ramifications continued in the months that followed. In July 
2004, Li Liming, the director of China’s main disease control center resigned 
over the April outbreak, which happened at one of its laboratories. On July 7, 
2004, Yeoh Eng Kiong, the Hong Kong health secretary at the time, resigned 
after being criticized over his handling of the 2003 SARS crisis. He was accused 
of paying too little attention to SARS when it first appeared in China and about 
issuing the misleading statements to Hong Kong public.26

Geographic distribution of SARS occurrence.27
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FACTORS THAT PROMOTED THE GLOBAL SPREAD OF SARS

There are two main reasons why SARS spread in China. First, is because of 
the close interaction of Chinese people with wildlife. Second, in many parts 
of China, people’s diets are selenium-deficient and this deficiency may play a 
role in the emergence of new viral strains. A team led by Melinda Beck of the  
University of North Carolina at Chapel Hill observed very high mutation rates of 
flu viruses when they infected selenium-deficient mice. Beck issued a statement 
saying that “The fact that China has widespread selenium-deficient areas, may 
play a role in the emergence of new viral strains.”25 SARS spread to Hong Kong 
when a doctor from Mainland China visited there. Unfortunately, he brought 
the infection from China, and the infection spread to seven other people who 
had been staying at the same hotel. Out of these seven people, three were from 
Singapore, two were from Canada, one was from Vietnam, and one was a local 
person. Each of these people carried the virus to their respective countries.28

STEPS THAT WERE EFFECTIVE IN CONTROL OF SARS EPIDEMIC

Preventive and control measures in China

The government got involved by sending supervisory teams to all 31 provinces 
to examine the implementation of local control measures. Thus, SARS control 
measures got incorporated into the legal framework through these legislative 
efforts. After April 20, 2003, SARS data were reported, analyzed, and man-
aged through national disease reporting and management information system. 
Close contacts of SARS-infected patients were put under medical observation 
for 2 weeks to ensure early detection, reporting, isolation, and treatment. In all 
provinces, special fever clinics and designated SARS hospitals were set up and 
medical and technical expertise were improved.29

A central budget was allocated to treat the farmers and urban residents who 
had financial difficulties. SARS patients’ feces, secretions, dead bodies, and 
other medical wastes were disinfected diligently. Passenger observation, moni-
toring, registration, and follow-up systems were set up in civil aviation, railway, 
long-distance bus, boat, and other public transport systems. The Ministry of 
Science and Technology coordinated national scientific research into SARS to 
improve knowledge and understanding of the disease.29

Preventive and control measures in Hong Kong

The Department of Health of the Hong Kong Special Administrative Region 
Government passed legislation making SARS a notifiable infectious disease. 
SARS patients were isolated in hospitals and family or close contacts were kept 
under surveillance. Public health workers undertook investigations to identify 
the source of infection, tracing the contacts, and promoting application of con-
trol measures. The government, in May 2003, established three committees: one 
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responsible for the overall cleansing campaigns; one to revitalize city economy 
including tourism, employment, and trade one to devise ways to promote commu-
nity involvement in improving the physical, social, and economic environments 
of the city. The government strengthened collaboration and communication with 
Mainland China and WHO. Funds were approved to support research on diagno-
sis, treatment, and SARS vaccine development.28

DENGUE FEVER IN ASIA AND SOUTH AMERICA

Dengue fever is a mosquito-borne virus disease that has rapidly spread to sev-
eral regions in recent times.30 Dengue fever presents with high-grade fever, 
headache, mouth nose bleeding, muscle joint pains, vomiting, rash, diarrhea, 
gastrointestinal bleeding, altered consciousness, seizures, and itching.31 The 
disease spread throughout the tropics with local variations, influenced by rain-
fall, unplanned rapid urbanization, and temperature. In 1950s, during dengue 
epidemic in the Philippines and Thailand, a severe form, known as dengue hem-
orrhagic fever, was first recognized, and has become a leading cause of death 
among children in Asian and Latin American countries.30 Unlike the Ebola 
virus infection, which causes a depletion of coagulation proteins by affecting 
the liver, dengue fever causes hemorrhages by depleting the platelets within the 
circulation.32

About 500,000 dengue fever cases require hospitalization worldwide each 
year with large proportion of whom are children. Close to 2.5% of those 
affected with dengue fever will die from the disease.30 There are four serotypes 
of dengue fever virus. Recovery from one serotype does not provide complete 
immunity against other serotypes. A subsequent infection by the other serotype 
increases the risk of developing dengue hemorrhagic fever.30

TRANSMISSION AND SPREAD OF DENGUE FEVER

The virus gets transmitted by female mosquitoes, mainly by the species Aedes 
aegypti and, to a lesser extent, by Aedes albopictus. Infected humans are the 
main multipliers and carriers of the virus, a source of acquisition of the virus 
for uninfected mosquitoes. After the first appearance of their symptoms, the 
patients can transmit the infection for 4–5 days (maximum of 12 days) through 
Aedes mosquitoes. The A. aegypti mosquito breeds mostly in man-made con-
tainers and lives in the urban habitats. It is a daytime breeder and its peak biting 
periods are early morning and in the evening before dusk. During each feeding 
period, female A. aegypti bites multiple people. Aedes albopictus is the second-
ary dengue vector in Asia.30

International trade in products like lucky bamboo led to the spread of  
A. albopictus from Asia to North America and Europe. Aedes albopictus is 
highly adaptable and able to survive in cooler, temperate regions of Europe. 
It can tolerate temperatures below freezing by hibernation and can shelter in 
microhabitats.30
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GLOBAL BURDEN OF DENGUE FEVER

Geographic Distribution of Dengue Fever 
Cases Occurrences – 2005

Ref. 33.

The dengue fever incidence has recently increased dramatically. There appears 
to be a slowly increasing incidence with intermittent outbreaks consisting of large 
regional clusters of cases. The actual number of cases is underreported and many 
are misclassified. One recent estimate shows that 390 million dengue virus infec-
tions occur per year, of which 96 million infections have clinical manifestations. 
In 2013, 37,687 cases of hemorrhagic fever were reported within WHO member 
states across Americas, Western Pacific, and Southeast Asia, of which 2.35 million 
cases were related to the dengue virus.30

Local dengue fever transmission was reported in France and Croatia in 2010 
for the first time, and, in three other European countries, new cases among immi-
grant populations were detected. In 2012, dengue fever outbreak on the Madeira 
Islands of Portugal resulted in over 2000 cases. Cases among immigrants were 
detected in mainland Portugal and 10 European countries.30 New cases were iden-
tified in Florida (United States of America) in 2013 and Yunnan (a province of 
China). South American countries, importantly Costa Rica, Mexico, and Hondu-
ras, also identified new cases. After a lapse of many years, Singapore also reported 
an increase in new cases, and Laos reported an outbreak. Trend analysis in 2014 
indicated an increase in the number of cases in Pacific Island countries notably the 
People’s Republic of China, Fiji, Malaysia, Vanuatu, and the Cook Islands. After 
a lapse of 70 years, dengue fever was reported in Japan.30

THE STORY OF QUARANTINE

Quarantine is a state of enforced isolation used to separate and restrict the move-
ments of persons who may have possibly be exposed to a communicable disease.34 
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The concept of quarantine can be seen as early as the Old Testament. Under the 
Mosaic Law among the Israelites, as recorded in the Old Testament, infected peo-
ple were separated to prevent the spread of disease.35 The quarantine period could 
be very long such as Mary Mallon (also known as Typhoid Mary, a typhoid fever 
carrier who spent the last 24 years of her life under quarantine), or it could be very 
short, such as in the case of suspected anthrax attack (the person is allowed to 
leave as soon as he or she sheds his or her potentially contaminated clothes and 
undergoes a decontamination shower).36

The Italian words quaranta giorni meaning “40 days” gave origin to quaran-
tine. To protect coastal cities from plague epidemics, this practice began during 
the fourteenth century. Ships arriving from infected ports to Venice were bound 
to sit at anchor for 40 days as a quarantine measure.36

The Black Death annihilated about 30% of Europe’s population along with 
a significant percentage of Asia’s population between 1348 and 1359. Newcom-
ers entering the city had to spend 30 days (a trentine) in an isolated place (nearby 
islands) waiting to see if the symptoms of Black Death would appear, as stated 
in the original document from 1377 kept in the Archives of Dubrovnik. Later 
on, it was prolonged to 40 days, changing the term from “trentine” (30 days) to 
“quarantine” (40 days).37

At the start of Black Death in 1348, three guardians of public health were 
appointed in Venice, Italy, to check the spread of plague. The next record of 
preventive measures comes from Reggio in Modena in 1374. Venice founded 
the first lazaret (quarantine station for maritime travelers) on a small island 
adjoining the city in 1403. The old leper hospital of Marseille was converted 
into a plague hospital when Genoa, Italy, followed Venice’s example in 1476. 
Perhaps a complete lazaret of kind, “The great lazaret of Marseilles” was 
founded on the island of Pomègues in 1526. At all the Mediterranean lazarets, 
the practice did not differ from the English procedure in the Levantine and 
North African trade. In 1831 at the western ports, new lazarets were set up 
during the approach of cholera in 1831, showing the continued use of this 
system for disease outbreaks.36

SYMBOLS OF QUARANTINE

To represent disease, green, plain yellow, and even black flags have been used 
on ships and ports. The yellow color has longer historical precedent as being a 
color for marking houses of infection and maritime marking color for disease. 
The present flag used is the “Lima” (L) flag, mixture of yellow and black flags, 
also called “Yellow Jack.” The disease yellow fever probably derived its name 
from the flag not from the color of the victim. The plain yellow flag (“Quebec” 
or Q) probably derived its letter symbol from its initial use in quarantine, but, 
in present times, it means the opposite, declaring a ship free from quarantinable 
disease and requesting boarding and routine port inspection. The signal flag 
“Lima” also called the “Yellow Jack” showed that ship is under quarantine.36 
The simple yellow now indicates that ship is free of a disease.37,38
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Yellow Jade Flag Plain Yellow Flag

Refs. 36 and 38.

GLOBAL FACES OF QUARANTINE

With the aim of keeping infection out of east and preventing its spread within 
Europe, many conferences involving the European Powers have been held since 
1852. All these conferences were primarily focused on limiting the spread of 
cholera, but that of 1897. Conferences at Paris (1852), Constantinople (1866), 
Vienna (1874), and Rome (1885) were fruitless. Each international sanitary 
convention aimed to make governments follow a uniform set of minimum of 
preventive actions. The individual countries could have further restrictions.

 1.  Quarantine rules in Australia

There are many pets and diseases present in Southeast Asia and the Pacific not 
present in Australia. Due to its proximity to these regions, quarantine is very impor-
tant in Northern Australia. For this region to protect all Australians, quarantine acti-
vation is very important in the region from Cairns to Broome—including the Torres 
Strait. Due to being isolated geographically for millions of years from major conti-
nents, Australia has a distinct ecosystem devoid of many pets and diseases present 
in other parts of the world. Border inspection of any products that might damage 
the Australian environment is the responsibility of the Australian Quarantine and 
Inspection Service. Visitors are bound to fill out the card correctly to declare what 
food and any other products they bring back with them. Failure to do so will result 
in quarantine fine of 220 Australian dollars or facing criminal convictions of fining 
100,000 Australian dollars and 10 years of imprisonment.39

 2.  Quarantine rules in Canada

Canadian Parliament has passed three quarantine acts: Quarantine Act 
(humans), Health of Animals Act (animals), and Plant Protection Act (vegeta-
tion). In the case of health emergency under the Quarantine Act, the council 
governor is empowered to block the importation of unnecessary items. If border 
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service officers have reasonable belief that a traveler might be a source of com-
municable disease or is refusing to answer to necessary questions regarding the 
public safety, a quarantine officer must be called to isolate that person. In the 
case of a refusal to be isolated, any peace officer can arrest without a warrant. 
A quarantine officer who has sufficient belief that traveler might be a source 
of communicable disease can order treatment after medical examination and 
detain any traveler who refuses to comply with his or her orders under the law.40

 3.  Quarantine rules in Hong Kong

Health officers may hold the articles he or she believes to be infectious or 
contain infectious agents under the Prevention and Control of Disease Ordi-
nance (HK Laws. Chapter 599). Failure to submit themselves to a health officer 
when requested is against the law and will result in arrest and prosecution. The 
health officer is legally allowed to detain, isolate, and quarantine anyone or 
anything he or she believes to be infected and restrict any article from leaving 
the designated quarantine area. Prohibition of the landing or leaving, embarking 
or disembarking of an aircraft through Civil Aviation Department can also be 
ordered by him or her.41

 4.  Quarantine rules in the United Kingdom

The quarantine rules in the United Kingdom require that dogs and most 
other animals must spend 6 months at an HM Customs and Excise pound in 
quarantine in order to reduce the risk of introduction of rabies from continental 
Europe. This practice was abolished in 2000 in favor of documentation known 
as pet passports. Under this scheme, if there is documented proof of animal vac-
cinations, quarantine can be avoided.42

 5.  Quarantine rules in the United States

The rules imply that, if a disease gets traced back to a particular shipment 
or product, the United States can put quarantines into effect immediately. In 
the case of disease outbreak in other countries, all imports will be quarantined. 
At a number of US ports, small quarantine facilities are operated by the Divi-
sion of Global Migration and Quarantine (DGMQ) of the Centers for Disease 
Control and Prevention (CDC). It includes one land crossing (El Paso, Texas) 
and 19 international airports such as Anchorage, Atlanta, Boston, Chicago, Dal-
las/Ft. Worth, Detroit, Honolulu, Houston, Los Angeles, Miami, Minneapolis, 
New York JFK, Newark, Philadelphia, San Diego, San Francisco, San Juan, 
Seattle, and Washington, D.C. (Dulles). Other ports of entry are also responsible 
to quarantine potentially infected travelers in their assigned regions.43,44

EARLY AMERICAN QUARANTINE

In 1878, continued outbreaks of yellow fever finally pushed Congress to pass 
quarantine legislation. This paved the way for federal involvement in quarantine 
activities while conflicting with states’ rights.45
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LATE NINETEENTH CENTURY

Reinterpretation of the law happened in 1892, providing federal government 
the liberty to impose quarantine requirements following cholera outbreaks from 
passenger ships arriving from Europe. Control of local quarantine stations was 
handed over to the US government. Following this, the government built addi-
tional federal facilities and increased the number of staff to provide a better cov-
erage. Transferring control of the last quarantine station to the US government 
in 1921 made the quarantine system fully nationalized.44

PUBLIC HEALTH SERVICE ACT

In 1944, the Public Health Service (PHS) Act fully implemented the federal 
government’s quarantine policy for the first time. This gave the U.S. PHS 
responsibility to prevent the introduction, transmission, and the spread of com-
municable diseases from foreign countries to the United States.45

REORGANIZATION AND EXPANSION

In 1967, quarantine was transferred to an agency known as CDC. The con-
sists of 55 quarantine stations, located at every international airport, port, and a 
major border station with 500 staff members.45

FROM THE INSPECTION TO INTERVENTION

In 1970, the CDC trimmed the quarantine program by changing its focus from 
routine inspection to enhanced surveillance system based on monitoring the 
onset of epidemics abroad and modernizing the inspection process for meeting 
the changing needs of international traffic.45 In 2003, after the SARS epidemic, 
the CDC upgraded the quarantine system with 18 stations and greater than 90 
field employees.45

SOCIAL IMPLICATIONS OF QUARANTINE

Quarantine and other public health practices have always been perceived as 
intrusive and accompanied by suspicion, distrust, and riots in every age and 
under all political regimes despite being effective and valuable ways to control 
the communicable diseases. Standard-Times senior correspondent Steve Urbon 
describes such temporary quarantine powers, “Civil rights activists in some 
cases have objected to people being rounded up, stripped and showered against 
their will. But Capt. Chmiel said local health authorities have ‘certain powers to 
quarantine people.’”46 Political, economic, social, and ethical issues are always 
being raised by these strategic measures. Individual rights have often been tram-
pled in the name of public good. The liberty of outwardly healthy persons from 
lower classes has frequently been violated by isolating or segregating persons 
suspected of being infected. Marginalized groups of different ethnicities and 
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races have been stigmatized and discriminated against. Quarantine has a line of 
continuity from the time of plague to the influenza A pandemic in 2009.46

During plague and cholera outbreaks, the fear of discrimination and man-
datory quarantine pushed the lowest social class and minorities to flee from 
affected areas. This contributed to a more rapid and wider spread of the disease 
as this regularly occurred in towns affected by deadly disease outbreak. In this 
global world, the fear caused by mass media can spread the disease farther and 
faster, playing a larger role than in the past. Entire populations or segments of 
populations are at the risk of being stigmatized. In the light of new challenges 
posed by twenty-first century that can lead to the spread of infectious diseases, 
quarantine, along with other public health tools, retains importance for pub-
lic health preparedness. Vigilant attention is required to avoid the intolerance 
and injustice while implementing these measures. Regular, transparent, and 
comprehensive communications should be used to gain the public trust. Valu-
able lessons from the past must lead to successful responses to public health 
emergencies.46
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EBOLA VIRUS DISEASE OUTBREAK: GUINEA 2013–2014

Guinea, officially known as the Republic of Guinea, is a West African country 
that has an estimated population of 10.5 million with a population density of 
46.6 persons per square kilometer according to the United Nations 2012 data. 
The population density of the United States is 35 persons per square kilome-
ter to provide a reference for comparison. The most recent outbreak of Ebola 
virus infection was suspected to have occurred in a 2-year-old boy who died on 
December 6, 2013, in a small village in southeastern Guinea called Guéckédou. 
Further spread of the disease occurred when one or more of the mourners at the 
funeral got infected and the disease continued on their families and friends.1

West African countries have seen their share of epidemics throughout the 
early and mid-1900s. One of the most iconic of which is the smallpox epidemics 
that plagued Colonial African countries during those times. The prevention of 
this epidemic started early in the 1920s, yet it remained a place where smallpox  
was endemic for a long time. The average cases per year ranged around  
15,000–30,000 in Africa from 1928 to 1966. During World War II, Colonial 
Africa saw another sharp rise in number of smallpox cases. Even by the end of 
Colonial rule, Guinea still had approximately 1 case per 1000 according to the 
World Health Organization (WHO) Expert Committee on Smallpox in 1964.2 
Guinea was a region which showed higher prevalence of the disease even though 
similar climate regions in the same area had lower incidence of the disease.

On March 23, 2014, the Ministry of Health of Guinea had notified the WHO 
about the emergence of an outbreak of Ebola hemorrhagic fever in forested 
areas. By March 22, 2014, there were total of 49 cases with 29 of these 49 
patients dying from the disease resulting in case fatality rate of 59%. The cases 
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were found in Guéckédou, Macenta, Nzerekore, and Kissidougou districts as 
well as three suspected cases and two deaths occurred in Conakry. Blood sam-
ples were taken from patients and sent to the Institut Pasteur in Lyon, France. 
Ebola virus was detected by polymerase chain reaction (PCR), confirming the 
virus disease outbreak in Guinea. The Ministry of Health in Guinea with the 
help of WHO set up multiple measures to help control the spread of the disease. 
They collaborated with viral hemorrhagic fever laboratory in Donka National 
Hospital, Institut Pasteur in Lyon, the Institut Pasteur in Dakar, and Kenema 
Lassa Fever Laboratory in Sierra Leone.3 All measures were taken to limit dis-
ease spread to neighboring countries like Sierra Leone and Liberia that bordered 
Guinea districts with confirmed Ebola cases.

The outbreak was declared an epidemic on August 8, 2014. By September  
14, there had been an estimated 4507 probable and confirmed cases out of  
which deaths have occurred in 2296 patients.4 This outbreak has been larger 
than all the previously mentioned outbreaks combined in regards to number 
of persons infected. The disease had already spread to neighboring countries 
including Liberia, Nigeria, Senegal, and Sierra Leone. The spread may be attrib-
uted to the geographical location of the village where first cases were identified. 
The village is located at the border of Sierra Leone and Liberia with easy access 
for villagers through borders to both countries.1

There are two designated facilities for treatment of Ebola virus disease 
patients. One is located at Donka National Hospital (Conakry) and second one 
is at Guéckédou for Ebola virus disease patients located away from Conakry. 
The Donka Hospital Treatment Facility has an 85-bed treatment center and 
is primarily managed by Medecins Sans Frontieres, which is an international 
independent medical humanitarian organization that delivers emergency aid  
to areas struck by epidemics, natural disasters, and conflicts. It was founded  
in Paris, France, in 1971. Conakry has a population close to 2 million (2014 
census) and is thought to contain a quarter of the entire country’s population. 
Guéckédou is an area in Guinea where it is bordered by Sierra Leone (Ken-
ema) and Liberia (Foya) and also houses an 85-bed facility. The population 
in this area is close to 250,000 (2008 census). The border is close to Kenema  
and Foya and both these centers have established laboratories. A transit  
center in Macenta (east of Guéckédou) is a 35-bed center. These patients are 
eventually transferred to Donka National Hospital or Guéckédou. The transit 
center has no laboratory. A 30-bed treatment unit in Macenta is currently in 
progress and should be ready by mid-November and may serve as a third field 
station, although there are no current laboratories being built for this center 
for now.

As of December 4, 2014, there have been a total of 2186 cases of Ebola virus 
disease, according to the Centers for Disease Control and Prevention (CDC).  
Of these, 1949 cases were confirmed by laboratory tests documenting the presence  
of virus in the blood. There were 1349 deaths in Guinea attributed to Ebola virus 
disease.5
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EBOLA VIRUS DISEASE OUTBREAK: LIBERIA 2013–2014

Liberia is another country situated in the West African region known officially 
as Republic of Liberia. It borders Sierra Leone to the west and Guinea to the 
north as well as Ivory Coast to the east. It has an estimated population of 4 mil-
lion people with a population density of 37.6 persons per square kilometer, 
according to the 2012 United Nations data. Fear of spread of this Ebola virus 
disease outbreak led to controlled travel across the 350 miles (560 km) border 
between Guinea and Liberia. Despite these restrictions, authorities could not 
control the spread of the disease to Liberia as many people cross each day and strict  
checks did not catch all the travelers, and many of the roads in and around border  
are underdeveloped dirt roads. On March 30, 2014, the Ministry of Health in 
Liberia disclosed information stating that there were seven serum samples from 
adult patients that had tested positive by PCR to be Ebola Zaire virus. Two of 
the seven adults had already died.6

Most recent news out of Liberia reports that, as of November 2, 2014, Liberia  
had reported the largest number of cases with a total 6525 infected persons, 
which is the largest number among all affected countries in West Africa. A total 
of 2697 deaths have occurred related to Ebola virus disease.6 The outbreak’s 
earliest recorded case was in March of 2014, when a patient had returned from 
Guinea and presented with disease in Lofa County, Liberia. Later, catastrophic 
waves of outbreak broke out in multiple counties in Liberia, peaking in the 
months of July and September 2014. In June of 2014, the first cases in aggre-
gate were from a densely populated area called Montserrado County with an 
estimated population of 1.5 million people.

Multiple Ebola virus disease treatment units and Ebola virus laboratory testing 
areas were set up in and around the counties which had confirmed cases. Such efforts 
were made possible by a joint collaboration between the Ministry of Health and 
Social Welfare in Liberia and many other organizations such as WHO, Red Cross, 
CDC, Samaritan’s Purse Liberia, Pentecostal Mission Unlimited, United Nations 
Population Fund (UNFPA), and United Nations Children’s Fund (UNICEF). On 
September 20, Liberia opened a new 150-bed treatment clinic in  Monrovia the 
capital city for Ebola virus disease patients. By late September, there were about 
three clinics in Monrovia for the treatment of Ebola virus disease patients. Other 
clinics set up for Ebola virus infection outbreak control and patient care include a 
160-bed facility by Doctors Without Borders in Monrovia; JFK clinic, a 35-bed 
clinic expanded to 75 beds; and on November 10, the United States opened its first 
of 17 Ebola virus infection treatment clinics in Tubmanburg.7–9

The Ministry of Health and Social Welfare of Liberia also made a task force 
to reach out to rural areas that were not easily accessible and could have also 
been case-harboring locations. Many of these areas were not reachable even by 
road, which required strategies such as preparing teams to visit those locations 
with proper protective gear and transportation so that quick action could be 
taken to bring all suspected cases to the nearest Ebola treatment units.6
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As of December 4, 2014, according to the CDC there have been a total of 7650  
cases of Ebola virus disease, out of which 2805 were confirmed by laboratory 
testing. There had been a total of 3155 deaths in Liberia which was the largest 
number for any country affected in West Africa.5

EBOLA VIRUS DISEASE OUTBREAK: SIERRA LEONE 2013–2014

Sierra Leone is another country situated within West Africa that shares borders 
with Guinea and Liberia. There is an estimated population of 6 million per-
sons residing in Sierra Leone, according to the 2011 United Nations’ estimate 
with a population density of 82.7 persons per square kilometer. The outbreak in 
Guinea that occurred in the small village situated on the border lines of Sierra 
Leone and Liberia that stretches approximately 405 miles (653 km). Up until 
beginning of May 2014, according to the WHO, there were no reported cases of 
Ebola virus disease in Sierra Leone. It appeared that Sierra Leone had escaped 
the initial outbreak.

The outbreak in Sierra Leone is suspected to have started when a tra-
ditional tribal healer returned from Guinea after attempting to treat Ebola 
virus disease patients. He would develop Ebola virus disease and succumb 
to the disease.10 The traditional burial methods in West Africa are to wash 
the body and perform other rituals which involve touching and kissing the 
body before burial. This particular practice is thought of as the reason for 
spread of the disease in villages in Sierra Leone. By the end of May, offi-
cials had reported 16 cases of Ebola virus disease and 5 of these cases had 
died. The outbreak in Sierra Leone was reported in a town called Kailahun, 
capital of Kailahun District in the Eastern Province of Sierra Leone that 
borders Guinea and is located not far from the site of the initial outbreak 
that occurred in Guinea.11

By July 11, 2014, the disease spread further when it was diagnosed in a 
patient who traveled from Kenema which is considered the largest city in the 
country. Further cases were identified in Eastern Province up to the capital of 
Sierra Leone, Freetown. The health ministry reported in July 2014 that there 
had been 99 deaths related to Ebola virus disease in Sierra Leone, among which 
315 patients were confirmed to have the Ebola virus infection.12 It was at that 
time, a doctor considered a hero among health-care workers in Sierra Leone fell 
sick and was diagnosed with Ebola virus disease while treating patients with the 
hemorrhagic fever. One of the most controversial events occurred when he was 
rushed to an Ebola treatment unit run by Medecins Sans Frontieres, who had 
the only known potential treatment at the time for Ebola, ZMapp. However, the 
medication was not given to the “hero doctor” Sheik Umar Khan and he subse-
quently died on July 29, 2014.10

The situation in Sierra Leone could be described as the worst of the cur-
rent outbreak. As doctors desperate for basic supplies and medicine battled 
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the deadly disease, health officials were only able to isolate patients waiting to 
travel to official treatment centers such as the one located in Kenema. The cen-
ter was started by the United Kingdom, and the United Kingdom government  
will be assisting Sierra Leone by building four new Ebola virus infection treat-
ment facilities near urban centers.13 On July 12, 2014, Médecins Sans Fron-
tières stated that they have treated more than 70 patients with symptoms of the 
deadly virus in an Ebola virus disease treatment center located in eastern Sierra 
Leone town called Kailahun. To further assist in the large-scale inpouring of 
patients, they have also expanded the clinic from 32 to 65 beds.14 According to 
the WHO Ebola Response Roadmap Situation Report, on September 21, 2014, 
Sierra Leone needs an additional 532 beds to treat the overwhelming number of  
Ebola virus disease cases.15

As of December 4, 2014, according to the CDC, there have been total of 
7420 Ebola virus disease cases, out of which 6039 have been confirmed by lab-
oratory testing. The proportion of patients with confirmed Ebola virus disease 
is higher than other countries where a large proportion of cases are suspected 
but without laboratory test confirmation. A total of 1609 patients have died due 
to Ebola virus disease.5

EBOLA VIRUS DISEASE OUTBREAK: SENEGAL, NIGERIA,  
AND MALI (2013–2014)

Other countries in and around West African region that have been affected with 
confirmed cases are Nigeria and Mali. Nigeria, according to the CDC as of 
December 4, 2014, has had 20 cases with the diagnosis of Ebola virus infection;  
confirmation was by laboratory tests in 19 cases. 8 of the 20 cases died as a 
consequence of the disease. Mali has seen a total of eight cases with Ebola virus 
disease and six of them have died.5

Senegal, another West African country, has one of the largest populations 
in the region with a total of 13 million people. Senegal authorities reported to 
WHO of its first and the only case of Ebola virus disease on August 29, 2014. 
The blood test, which confirmed the diagnosis of Ebola virus infection, was 
performed in a laboratory at the Institut Pasteur in Dakar, the capital city. The 
patient was a 21-year-old man who was a native of Guinea arriving in Dakar on 
August 20, 2014. He sought medical care for typical symptoms suggestive of 
Ebola virus disease on August 23, 2014. On August 27, the authorities at Cona-
kry in Guinea sent out an alert about a person who was in close contact with 
a confirmed Ebola virus disease patient and had escaped. This patient was the 
only reported and laboratory confirmed case in Senegal to date.16 So far it seems 
that Senegal has been the luckiest country dodging the Ebola virus disease bul-
let with a single case and no deaths despite the fact that the patient spent time 
with his family in Senegal.



72 Ebola Virus Disease

INTERNATIONAL SPREAD OF EBOLA VIRUS DISEASE 2014

According to WHO, the CDC, and Doctors Without Borders, the Ebola virus 
disease has been exported to countries beyond the African continent into coun-
tries including the United States, France, Britain, Spain, Germany, and Norway, 
none of which have ever experienced Ebola virus disease outbreaks. Most infec-
tions occurred in health-care workers who had been exposed to the disease in 
West Africa.1
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A SMALL VILLAGE

Rolling hills, green pastures, and cozy huts dot the landscape. Farmers tend to 
their crops and shepherds herd their sheep. Lush green forests are not far from 
this quaint and peaceful town. Triangularly shaped with rounded edges, some 
would say that this town is actually an oasis of human civilization in the midst 
of the dense forests that surround it from almost all directions. It is a picturesque 
landscape that brings to mind the pastures of a small and thriving European 
village from the early times. This village, though, is not a European tourist des-
tination where people from bustling metropolises from all over the world come 
to marvel at a country life they fancy in some distant daydreams. Getting to the 
destination is no easy task. This is the once relatively unknown town of Melian-
dou in the southeastern part of the West African nation of Guinea (Figure 6.1).

As picturesque as it may seem, this very town would transform, over the 
course of a few weeks to a few months at the end of 2013 and the beginning 
of 2014, into a town that resembles the fictitious and horrific abandoned town 
depicted in the movie The Hills Have Eyes. Some of its inhabitants would be 
shunned by outsiders and fellow inhabitants, not because they are mutants 
attacking normal people, but because they are at the epicenter of the worst Ebola  
virus disease epidemic to date, and because these villagers would appear to the 
rest of the world as violent attackers of health-care workers. Accentuating its 
infamy is the fact that here the borders of Guinea, Liberia, and Sierra Leone 
come together1 making Meliandou the prime location for the spread of the wild-
firelike epidemic (Figure 6.2).
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A burning question in many people’s minds has been, “How did it all 
begin?” The unfortunate truth is that, to date, no one knows how the devastating 
epidemic really came to life. Meticulous research published in the New England 
Journal of Medicine has revealed, what medical science refers to as, “patient 
zero” or the first person who contracted the virus.2 Yet there are no clues as to 
how he acquired the infection.

THE RADIO’S LAST BROADCAST

It was an ordinary day, like any other, on December 2, 2013. Emile Ouamouno, 
a 2-year-old boy, could probably be found enjoyably listening to a portable 
radio—bright red in color, which his father would later longingly describe as  
a favorite past time of the 2-year-old.3 Not far from Emile, we would likely see 
his older sister, Philomène, dancing around and playing with a ball—intriguing 
Emile to join her in her games.3 For Etienne, the father of Emile and Philomène, 
this was to become the beginning of the most devastating of his days. That day, 

FIGURE 6.1 A satellite image from Google Earth of Meliandou in the Guéckédou Prefecture of 
Guinea.

FIGURE 6.2 Satellite image, acquired from Google Earth, of the village of Meliandou, the sur-
rounding hills, and the Guinea–Liberia border.
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Emile developed a fever, black stools, vomiting, and bleeding.1 In a matter of 
4 days, on December 6, 2013,a 2-year-old Emile passed away.

To the distress of Etienne, a week later, on December 13, 2013, the mother 
of the two children passed away after showing signs of bleeding.2 Two weeks 
and two days later, Philomène, the 3-year-old sister, passed away after having 
developed fever, vomiting, and diarrhea 4 days earlier. In a matter of weeks, 
Meliandou was devoid of the laughter of Emile and Philomène playing outside 
with their ball or the bright-red portable radio that Emile had taken a liking to. 
Closely following the death of Philomène, on January 1, 2014, Emile’s grand-
mother also died after having experienced the same symptoms.2

Instead of celebrating the beginning of a new year and talking about resolu-
tions and happily anticipating the year ahead, the people of Meliandou gathered 
to mourn the loss of another life in Etienne’s family. At this point, no one knew 
what was ravaging the town and decimating so many members of the same fam-
ily. Perhaps, the world would shrug it off as a minor illness whose effects had 
been accentuated by the prevalent poverty and lack of health-care accessibility 
and awareness.

From there, on January 29, 2014, a nurse who had been at the funeral of 
Emile’s grandmother began having fever, diarrhea, and vomiting, and, on Feb-
ruary 2, 2014, she also passed away.2 A midwife at the village, began having a 
fever on January 25, 2014. She was hospitalized in the Guéckédou Prefecture 
and died there on February 2, 2014.2 Before succumbing to the fatal disease, this 
midwife would pass on the virus to the people of her village, Dandou Pombo—
also in the Guéckédou Prefecture, and to the health-care worker treating her, 
resulting in six deaths.4 At the funeral of Emile’s grandmother, there were two 
other people who contracted the illness and spread it to Dawa, another village 
in the Guéckédou Prefecture. Then, once the floodgates of the disease opened, 
there was no way to contain the ravaging waves of death that followed.

DURING THE DEADLY MARCH WE FIND HEROES

Doctors in Guinea began searching for the cause. Doctors Without Borders 
(Médecins Sans Frontières) were already in the country dealing with a malaria 
outbreak. They realized that this disease outbreak was out of the ordinary and 
contacted an expert in Geneva. The expert suspected something sinister such as 
the Marburg virus or the Ebola virus.1 Guinea’s Ministry of Health did not stand 
idly by. Samples were sent to Institut Pasteur (Pasteur Institute) in France. The 
result: the causative agent was indeed Ebola virus as confirmed by polymerase 

a It is important to note that while the article published in the New England Journal of Medicine 
gives this timeline, the World Health Organization (WHO)’s Global Alert and Response (GAR) 
Web site begins the timeline on December 26, 2013 (http://www.who.int/csr/disease/ebola/ebola-
6-months/guinea/en/).
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chain reaction tests on six of seven samples.5 To add to the fear, this was the 
Zaire strain, which is the most lethal strain of Ebola virus.1

On March 23, 2014, the Ministry of Health of Guinea notified the World 
Health Organization (WHO) of an outbreak of Ebola virus disease.6 The out-
break was considered the largest outbreak of Ebola virus disease by June 18, 
2014.7 On August 8, the WHO declared the epidemic to be a “public health 
emergency of international concern.”6 The epidemic was declared on August 
8, 2014. By September 14, there had been an estimated 4507 probable and 
confirmed cases and 2296 deaths.6 This outbreak has been larger than all the 
previous outbreaks combined, which has also caused the spread of the disease 
to neighboring countries, namely Liberia, Nigeria, Senegal, Sierra Leone, and 
Mali. The spread may be attributed to the geographical location of the Guéckédou 
Prefecture, as it is located close to the border of Sierra Leone and Liberia with 
easy access through borders to both countries.8

The most problematic cases of the disease came from Liberia. This was not 
because of any difference in the strain but because of the manner in which the 
patients were discovered as patients of Ebola virus disease. One was the late 
Thomas Eric Duncan who presented symptoms in Texas—the first case to be diag-
nosed in the United States. The second problematic Liberian case actually became 
the first case in Nigeria and thus, what medical science calls, the index case of 
Nigeria. His name has been written in infamy: Patrick Sawyer. A dual citizen of 
the United States and Liberia, Sawyer had flown into Nigeria, “already sick” and 
“he should never have been allowed on the plane,” according to an online BBC 
article.9 An ambulance had brought him from the airport as he had collapsed on the 
tarmac after “getting sick and vomiting on a flight from Liberia.”10 Sawyer was 
a “Senior Diplomat from Liberia,” according to meticulous medical records writ-
ten at First Consultant Hospital in Nigeria, and published in an online allAfrica 
article.10 Sawyer had left Liberia to attend a meeting of the Economic Community 
of West African States (ECOWAS) in the coastal town of Calabar, Nigeria.11

Health-care workers in Nigeria had never experienced a case of Ebola virus 
disease and, consequently, the disease was not first on the list of possible diagno-
ses. Instead, Sawyer was thought to have malaria, a common ailment in Africa.11 
It was at this critical stage of the disease process in Nigeria, when a national 
“everyday hero” was born by many accounts.12 Dr Ameyo Adadevoh saw Saw-
yer during her rounds the day following his admission.12 She noted that while 
laboratory tests confirmed malaria, the patient was not responding to treatment 
and instead began developing hemorrhagic (bleeding) symptoms.13 Dr Adade-
voh immediately questioned him about exposure to the Ebola virus disease. 
According to The Guardian, Sawyer “denied contact with an Ebola patient.”12

At this point in the story, we can find conflicting reports of whether Sawyer 
was aware of the fact that it was the Ebola virus disease that had caused the demise 
of his sister, who he had been taking care of in Liberia before arriving at First 
Consultant Hospital in Nigeria. According to the New Republic online magazine,  
Sawyer was cognizant of the fact that his sister had the Ebola virus disease.10  
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However, an online CNN Health article paints a different picture: “Sawyer had 
been caring for his Ebola-stricken sister in Liberia … though at the time he didn’t  
know she had Ebola.”14 Interestingly, the account given in The Guardian lets 
the reader read between the lines, “the Liberian had denied contact with an 
Ebola patient, even though his sister had died of the virus barely two weeks 
before his arrival in Nigeria.”12 If the majority opinion could be used to answer 
this question, we might be left with no choice but to agree with the African 
online publication, Vanguard, “Like Sawyer, Duncan also tried to conceal the 
fact that he might have been infected with the disease from medical authorities 
who sought information on this from him.”15

Such discrepancies, however, should not detract us from highlighting the 
heroism of Dr Adadevoh and the difficult disease process that Sawyer was suf-
fering. Perhaps his disease had advanced to the stage of confusion and irritabil-
ity and he could not hold himself back from acting irrationally. According to 
Jonathan Cohn, “at one point, Sawyer ripped out his intravenous lines as he 
tried to get away, forcing Adadevoh and her staff to restrain him physically in 
order to keep him in place.”10 The struggles of Dr Adadevoh were not to end 
there. She had ordered a test for the Ebola virus disease and it had returned 
positive. Sawyer was not willing to accept the diagnosis and refused quarantine.  
Dr Adadevoh remained steadfast and succeeded in keeping him under her care. 
She went on to contact the local health authorities and prepared for the long road 
ahead. In fact, some accounts describe how the Liberian government officials got 
involved and began pressuring Dr Adadevoh to discharge Sawyer.11 “The Liberian 
ambassador started calling Dr Adadevo, putting pressure on her and the institu-
tion” reported an online BBC article.9 Dr Adadevoh refused.

In the end, her determination and her clinical acumen made all the difference 
in containing the spread of the Ebola virus disease in Nigeria. Unfortunately, 
Sawyer did not survive and died on July 25, 2014, 5 days after he had been 
admitted to First Consultant. The damage had been done. Dr Adadevoh and the 
other health-care professionals who had helped Sawyer were now in danger 
as they had attended to Sawyer before they knew that he had contracted the 
Ebola virus disease. An online BBC news article reported that “Dr Adadevoh 
and eleven of her colleagues caught the virus.”9 All the cases of Ebola virus 
disease in Nigeria can be traced back to Sawyer and this tremendously helped 
in containing the spread of the disease. In an online article on the New Republic 
Web site, Jonathan Cohn, after complaining of not being able to rely on the US 
journalists, sums up the disease-controlling effects of isolating Sawyer,

The decision to isolate Sawyer likely prevented him from spreading the disease 
to many more people in Lagos, a city of 18 million people with large slums. An 
outbreak in that environment is the scenario public health officials fear most. 
Tracing known contacts and isolating them—the time-tested strategy that Nigerian 
and U.S. officials later used to contain the disease—would have been much more 
difficult, maybe even impossible, in such a dense and disorganized place.10
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Of the 20 cases in Nigeria, there were 8 fatalities. On August 19, Dr Adadevoh 
succumbed to her illness and became one of the eight. She left behind a legacy 
of hard work, dedication, and determination in the fight against the Ebola virus 
disease. Other factors that aided Nigeria in achieving an adequate response to 
the epidemic were the prior establishment of disease control organizations such 
as the Nigerian Center for Disease control (NCDC) and the Disease Surveillance 
and Response Program of 1998, and previous experience in managing Lassa 
fever, another viral infection that leads to bleeding.16

In the midst of tracing “patient zero” and the “index case,” we lose track of the 
fact that these patients are people as well. At times, the media can inadvertently 
demonize them. We can only surmise what was going through Sawyer’s mind—
after all, he was a diplomat and we would expect him to have some understanding  
of the serious nature of the disease. Some reports claimed that he was searching for  
a “cure from one of the so-called miracle pastors” in Nigeria.9 Given the mysteri-
ous nature of the disease, the loss of his sister to the disease, and the knowledge that 
there is no cure, one can imagine how even a well-educated person could decide 
on the most seemingly inappropriate course of action. The online CNN Health 
article was one of the few, which tried to humanize him. Sawyer was one stop 
away from “heading home to Minnesota to celebrate his daughters’ birthdays.” 
The 40-year-old was survived by 3 young daughters, aged 1, 4, and 5 years.14

NO COUNTRY WILL BE EBOLA VIRUS-FREE

The sixth West African country to confirm a case of Ebola virus disease was 
Mali.17 Similar to Nigeria and Liberia, the index case was not a patient indigenous 
to Mali; like Guinea, the first infected person in Mali was a 2-year-old child, Fanta 
Condé.18 Fanta and her family lived in Beyla, Guinea, and an incredible story sur-
rounds her arrival to Mali. While in Guinea, a large number of her family began 
dying of unknown causes. The first of these was her father, who was a health-care 
worker at a private clinic and a Red Cross volunteer.19 Fanta’s father had been 
in contact with a farmer who had visited the clinic with his two daughters, all of 
whom died of undiagnosed causes. When Fanta’s father fell ill, the residents of 
Beyla shunned him and attributed his sickness to witchcraft.19 As a result, he left 
Beyla and returned to his native village, where, on October 3, 2014, he died. Back 
in Beyla, the paternal grandfather of Fanta lost his wife to an unknown disease. On 
October 9, 2014, two of his other sons became ill and were referred to an Ebola 
transit center set up by Doctors Without Borders (Médecins Sans Frontières) in 
Macenta. Blood samples taken from these two tested positive for Ebola virus 
infections. Unfortunately, both brothers died, and one on the way to the hospital.19

On October 17, 2014, the paternal grandfather’s blood samples tested positive  
for the Ebola virus infection after he visited a hospital for treatment of rheumatoid 
arthritis. On October 20, 2014, he died at the Ebola virus disease treatment center in 
Guéckédou. Following the earlier deaths, a relative living in Kayes, Mali, decided 
to visit Beyla, Guinea, to offer her condolences. This was a maternal grandmother 
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of Fanta, the index case of Mali. On October 19, the grandmother decided to travel 
back to Mali and took the 2-year-old child along with her.19 Fanta was exhibiting 
what the WHO site refers to as hemorrhagic symptoms but no vomiting or diar-
rhea. To make matters worse, the child and grandmother traveled some 1200 km 
(approximately 746 miles) through Mali on public transport.19 Once in Kayes, the 
grandmother and Fanta sought care from two traditional healers. It was the second 
healer, who referred them to a retired nurse, and it was the nurse who suspected 
the Ebola virus disease as the cause of the child’s 40 °C fever.19

Fanta was admitted to the hospital in Kayes, and on October 23, she was 
diagnosed with Ebola virus disease. Despite being placed in isolation and receiv-
ing care, this 2-year-old died on October 24, 2014, and became the index case 
of Mali. However, the epidemic was better controlled in Mali as Malian health 
officials, the WHO, US Centers for Disease Control and Prevention (CDC), Doc-
tors Without Borders (Médecins Sans Frontières), the International Federation 
of Red Cross and Red Crescent Societies, and a number of other organizations 
worked diligently to trace the contacts of Fanta.19 A total of 108 contacts were 
identified: 33 were health-care workers. As of November 2014, 25 of the 108 
were followed for 21 days and were released from the surveillance system.19

Unfortunately, right when Mali was getting ready to declare that it was free 
of the Ebola virus disease outbreak, a second outbreak occurred and it was seen 
as “larger and more threatening.”18 The second outbreak was discovered when 
a nurse at the Pasteur Clinic, not associated with the Institut Pasteur, fell ill. On 
November 10, 2014, doctors ordered an Ebola virus detection test on the nurse 
and discovered that she had contracted the Ebola virus disease. Her contact was 
traced back to a religious leader from Kourémalé, a town straddling the Guinea–
Mali border.18 This man had fallen ill on October 17, 2014, and had traveled to 
Mali for better treatment. It was at the Pasteur Clinic that he was found to have 
kidney failure and the nurse came into contact with him. Sadly, the private clinic 
failed to diagnose Ebola virus disease as the underlying cause of his kidney failure 
and thus, the Ebola virus was granted access to the nation of Mali once again.18

Situations like these led people to consider various steps to prevent the 
import and spread of disease. Closing the border of Mali was one such consid-
eration. However, long traditions of hospitality and welcoming strangers (called 
diatiguiya and pronounced JAH-tih-GEE), along with the repercussions of the 
arbitrary French colonial division of nations, made closing of borders an option 
not worth the time or effort.18 Other efforts to stem the spread of the disease are 
ongoing. At the forefront of the effort in Mali, as in the other West African coun-
tries, has been Doctors Without Borders (Médecins Sans Frontières). In coor-
dination with Mali’s national disease center, CNAM, Doctors Without Borders 
(Médecins Sans Frontières) has been training local health-care workers in the 
management of Ebola virus disease patients. It also oversees implementation of 
ambulance services to transport patients and organizes safe burials.

As time progressed, many more people in Liberia, Sierra Leone, and Sengal 
contracted the Ebola virus disease and succumbed to its effects. Just in the week 
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of September 14, 2014, Sierra Leone had 210 cases, Liberia had 400 cases, and 
Guinea had 90 cases of Ebola virus disease.6 There was also a greater disturbing 
rise in cases in Liberia over the course of the epidemic as compared to Guinea 
and Sierra Leone.6 As of February 9, 2015, Liberia had the highest number of 
reported cases (8864) despite the fact that in August 2014 the Liberian Ministry 
of Health and Social Work (MOHSW) had enlisted the help of a number of 
international organizations including the CDC and the WHO.20 There are vari-
ous possible explanations for the rise of cases in Liberia: the nation’s health-care 
workers were already frustrated and had gone on strike, the level of prepared-
ness for any major disease outbreak was dismal, and initially the government 
and people were in denial.21 In addition, there are many areas that are hard to  
access and thus led to unreported and undiagnosed cases. These villages were  
prone to more outbreaks as a result of “travelers from affected areas (such as 
Monrovia) returning to their rural homes” and infecting other people, all of 
whom would remain undetected until suffering fatal consequences.22 Geleyan-
siesu is a prime example of one such village; it is only accessible by “canoe and 
several hours walking.”22 The progression of the Ebola virus disease was rapid  
in most of the regions. According to the WHO, as of February 15, 2015, there 
were “a total of 23,253 confirmed, probable, and suspected cases of Ebola 
(virus disease) and 9380 Ebola (virus disease)-related deaths from the three 
West African countries (Guinea, Liberia, and Sierra Leone) where (the) Ebola 
virus (disease) transmission has been widespread and intense.”23 At the onset of 
the epidemic, Meliandou alone had become the site of 14 graves. At the  
epicenter of it all, one can only imagine the pain that Etienne had to endure after 
the death of his son, wife, daughter, and, then his children’s grandmother and 
the potential stigma that might have been created around him.

BURN THEIR MATTRESSES, BURN THEIR THINGS!

While we, on the outside, were able to read about the reaction of the local people 
to outsiders (the foreign health-care workers or educators visiting them), there 
was little, if any information, on how the people of Meliandou, and the other  
towns in the Guéckédou Prefecture where the Ebola virus disease first spread, 
were reacting to the virus and to the infected people within their own towns. One 
online CNN Health article reports that “Residents, out of fear, also burned…
mattresses and other possessions,” of the people who had died of Ebola, and that 
they rejected “the infected children and the other infected family members.”4 
This was in stark contrast to their strong tribal cultures and customs, where 
extended family was known to take in orphans.4 In fact, according to Fassou 
Isidor Lama, a Child Protection Officer of UNICEF, as a result of the virus, 
one could see “people flee their villages, and abandon their families and their 
children.”4 Fear, suspicion, death, and misery had become rampant in Melian-
dou and the other towns of the Guéckédou Prefecture. Even local health-care 
employees were frightened and the hospital director of a treatment center in 
Guéckédou had to “persuade his employees to come to work.”8
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In Liberia, Ebola virus-infected people could be seen lying in the streets; 
sometimes bodies of people who had died of Ebola virus disease could be seen 
abandoned in the streets. This fear was only to grow and transfer, paradoxically, 
against outside health-care workers and educators working to stop the epidemic 
(Figures 6.3 and 6.4).

BURN THEM AT THE STAKE!

An unwritten and unspoken axiom is that if someone comes to help you out 
of a hole, you do not turn around and hurl stones at them. However, just like  
the peculiar and unpredictable nature of this Ebola virus disease epidemic, this 
axiom was turned on its head in West African Sahara, where the epidemic was 
wreaking havoc. Contrary to the image presented in the media, the villagers’ 
reactions were not based on a barbaric fear of health-care workers or the dislike 
for unknown outsiders. Their reactions were born out of anger and frustration. If 
there is no cure, why were their sick being taken off to a distant location?

For some villagers, then, these health-care workers were responsible for the 
disease and they were the ones spreading it. In the village of Kolo Bengou, 
Guinea, the New York Times reported of a 17-year-old Faya Iroundouno lead-
ing the campaign of a group of youth against aid groups. “We don’t want any 

FIGURE 6.3 A child stops on a Monrovia street Friday, September 12, to look at a man who is 
suspected of suffering from Ebola virus disease. From CNN World.37

FIGURE 6.4 A body, reportedly a victim of Ebola virus disease, lies on a street corner in 
Monrovia on Saturday, August 16. From CNN World.37
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contact with anyone” he said. “Wherever those people have passed, the com-
munities have been hit by illness.”24 At the sight of a Westerner, these villagers 
would become anxious and would run away, seeing them as the cause of the 
disease. “Ebola, Ebola!” they would say while running away.24 In Wabengou, 
another village in Guinea, the villagers blocked the road to outsiders with a tree. 
The chief, Marcel Dambadounou, explained, “We don’t accept their presence 
at all. They are the transporters of the virus in these communities”24 (Figures 
6.5 and 6.6). The most terrifying reaction was that of the villagers in Womey, 
Guinea, in September 2014. A delegation of eight officials and local journalists 
were sent to the village to warn of the dangers of the Ebola virus disease. They 
were all killed by a mob and their dismembered bodies were dumped in a septic 
tank.25 However, this was not the default reaction of every village.

For a large number of villagers, it did not make sense for their sick to be 
taken away to a distant hospital. These villagers had seen how most patients, 
who were taken to the hospitals, would end up dying anyway. A nurse work-
ing at the Doctors Without Borders (Médecins Sans Frontières) treatment center 
in Guéckédou succinctly described this sentiment, “Here, if the people come 

FIGURE 6.5 Acquired from Zen Garden Inspiration Gallery.38

FIGURE 6.6 Acquired from Leadership, Nigeria’s most influential newspaper.39
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in, they don’t leave alive.”26 A village elder complained about this irony as 
well, which further explained the apprehension villagers had in sending their 
sick family members away, “We refused them, because of what was being said; 
people said that if you send 20 away, 19 would die.”25

In the major cities, the reaction was slightly different. Many people were 
angry and a number of them did not want to believe that the Ebola virus dis-
ease was real (Figure 6.7). In Liberia, people were skeptical of the so-called 
“Ebola treatment centers” (Figure 6.8). One center in the capital of Monrovia 
was attacked by a mob and led to the escape of a number of Ebola virus-infected 
patients. The mob could be heard angrily saying, “there’s no Ebola.”27

THE UNITED STATES AND EUROPE STANDBY

Eventually, in some corners of society, the initial sentiment of distrust morphed 
into an overall skepticism with the response of the United States and the rest of the 
world. Vanguard, an online Nigerian newspaper, published an article titled, “Ebola 
Virus Disease and America’s Funny Hypocrisy.” In this article, author Rotimi 
Faan complained about the fact that before the arrival of Ebola virus disease to the 
United States by way of Thomas Eric Duncan, “for the first three months after the 
outbreak of the disease, the matter was more or less regarded as the local problem 

FIGURE 6.7 A cartoon published in the online Liberian newspaper, Liberian Observer.40

FIGURE 6.8 A cartoon published in the online Liberian Observer.40
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of the affected African countries. Even in Nigeria not many paid any attention to 
Ebola virus disease until Sawyer berthed in the country in the third week of June 
and several medical personnel quickly came down with the disease.”15

Adding to the frustration was the fact that a new drug, ZMapp, had become 
available in the United States and was being used to treat Ebola virus disease 
patients there. “It was successfully used for the American,” Faan wrote, “but 
thereafter America would not permit its use elsewhere for different reasons, the 
major (one) being that it was yet to pass the stage of clinical trial.” The same 
article further stated, “At a time the rest of the world, specifically Africa, reeled 
with fear of possible annihilation America hoarded its ZMapp and other vaccines 
that could have alleviated the suffering of thousands of people. They thought  
nothing of the fact many were dying and many more could die”15 (Figure 6.9).

According to one cartoonist based in Lisbon, André Carrilho, “People in the 
African continent are more regarded as an abstract statistic than a patient in the 
U.S. or Europe.”28 In order to drive the message home, Carrilho, drew a cartoon 
showing how one white person gets more attention than the large number of 
black people infected with the Ebola virus (Figure 6.10).

FIGURE 6.9 A sick Africa is calling for help, but the world is asleep. When Africa mentions the 
epidemic reaching the West, the world wakes up.41

FIGURE 6.10 “One Powerful Illustration Shows Exactly What’s Wrong with How the West Talks 
about Ebola” an article in World Mic published this cartoon, by André Carrilho, online.26
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Adding to this skepticism was the fact that the international community brazenly 
divided the task of aiding the West African countries based on historical colonial 
divisions. The United States was responsible for helping Liberia, a nation that was 
founded in 1822 by freed American slaves; Britain was responsible for its former 
colony, Sierra Leone; and France was responsible for its former colony, Guinea.29

TOO LATE, TOO LITTLE TO BE EFFECTIVE

At the same time, the West African countries began realizing the dimensions 
of the problem. Different measures were put in place to control the spread of 
Ebola virus disease. Many education campaigns sprouted up in Guinea, Liberia, 
Sierra Leone, and Nigeria. In addition, steps were taken by the governments to 
reign in the epidemic. Across various city and village streets, posters and signs 
were put up warning against Ebola virus disease and informing people of the 
necessary precautions one should take (Figures 6.11 and 6.12). In some cases, 
famous personalities spoke about the epidemic and helped mitigate the “fear 
of the unknown.” Some of these measures were met with the worst resistance. 
Others paved the way for a better response.

FIGURE 6.11 A street in Monrovia, Liberia, with “Stop Ebola” painted on a wall. The image was 
published on the allAfrica online news Web site.42

FIGURE 6.12 Street art depicting the signs and symptoms of Ebola virus disease.43
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The Liberian government, in August 2014, began enforcing a mandated 
quarantine in the West Point neighborhood of the capital city of Monrovia. 
This step was taken in the hopes of keeping travel to a minimum and allowing  
health-care workers to move around freely and investigate Ebola virus disease 
cases and trace contacts. However, like the other problematic aspects of the 
Liberian epidemic, this was no easy task. People were infuriated as those who 
relied on travel to other neighborhoods for their livelihoods could no longer 
work. The New York Times article, “Clashes Erupt as Liberia Sets an Ebola 
Quarantine,” quoted a resident complaining, “There is nowhere to go for our 
daily bread.”30 One resident aptly asked, “You fight Ebola with arms?”30 Unfor-
tunately, the anger was not limited to furious statements. When some of the 
angry residents began hurling rocks and trying to storm the barbed wire barri-
cades, soldiers responded with live ammunition rounds. Expectedly, there were 
injuries. Luckily, there were no reported deaths (Figure 6.13).

On the other hand, some slow but steady measures by the Liberian MOHSW 
in conjunction with the CDC, WHO, and other organizations did lead to a gradual 
improvement in diagnosing and reporting of the Ebola virus disease. MOHSW 
“developed a national task force and technical expert committee to oversee the 
management of the Ebola-related activities.”31 The CDC further strengthened 
the response efforts by instituting principles of the incident management system 
(IMS) that is in place in the United States for, among other things, manag-
ing responses to public health emergencies. The IMS consists of defined roles 
for command, operations, logistics, planning, and finance/administrative func-
tions, and additionally includes the scientific/public health response role.31  
A national strategy, Rapid Isolation and Treatment of Ebola (RITE), was instituted 
in October, which consisted of the formation of local health teams responsible 
for the investigation, follow-up, and isolation of Ebola virus disease outbreaks 
in remote villages.20 This strategy resulted in some improvement of the disease 
burden on the nation of Liberia. In the six outbreaks before the start of RITE, 

FIGURE 6.13 A youth wounded in clashes lay by the roadside in West Point neighborhood. 
Soldiers fired live rounds when a crowd tried to break through a barricade.44 Image from “Clashes 
in Liberia After Ebola Quarantine Order” slideshow on the New York Times Web site.
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the median time from an outbreak to an alert reaching the local health team was 
40 days.20 For the six outbreaks after the institution of RITE, the median time 
from an outbreak to an alert reaching the local health team was 25 days.20

In Guinea, a famous French soccer player, Lilian Thuram, was visiting 
the country on a book tour. In an interview with Jeune Afrique, he was asked 
why he was visiting the country when most foreign visitors were avoiding all 
travel. His response was simple, “On entend effectivement beaucoup de choses 
dans la presse, mais on sait aussi que cette dernière n’est pas toujours réaliste. 
Souvenez-vous du traitement médiatique de la crise des banlieues en 2005 par 
les télévisions américaines... On avait l’impression que la France était en ple-
ine guerre civile! Dans le cas de la Guinée, il faut donc relativiser les choses. 
Certes, il y a des gens malades, mais ceux-ci sont traités dans les hôpitaux et 
les modes de transmission de la maladie sont très spécifiques.” Roughly trans-
lated, Thuram said, “One hears a lot of things in the media but one knows, 
also, that is not always the reality. You know about the media treatment of the 
crisis in the suburbs in 2005 by the American television…One had the impres-
sion that France was at civil war! The same is the case in Guinea, it is neces-
sary to put things into perspective. Certainly, there are sick people, but they are 
being treated at hospitals and the modes of transmission of the disease are very 
specific.”32

Although Nigeria had a low rate of Ebola virus disease cases, there was a  
strong campaign to educate people about the dangers of the Ebola virus infec-
tion and the modes of transmission. One such campaign was in the form of an 
eight-page info comic called “Ebola Man” (Figure 6.14).

As is the case with all events that become news-worthy, the pop-culture 
industry also jumped on the campaign bandwagon. Various singers and actors 
from a number of West African countries began writing and performing songs 
about the Ebola virus disease and how it spreads. “Be reassured, the doctor will 
help you if you have Ebola” is a line in the French-language song, “Africa Stop 
Ebola.”33 A well-known artist in the region, Peter Cole, put his other projects 
on hold to release a song titled “Ebola is Real.” “Don’t Deny it; Don’t Defy It; 
It’s a danger for your community,” he sings in the hopes of encouraging people 

FIGURE 6.14 A page from the info comic, “Ebola Man.”45



90 Ebola Virus Disease

to bravely come to terms with the reality of the disease. Cole’s song came at an 
optimal time, as Senegal had just reported their first case in August 2014. Cole 
was also looking into doing a video of the single, “I hope to find footage of 
Ebola management and have it in a video together with the song.”34

We might never know whether these campaigns alone succeeded in convinc-
ing people of the existence of the Ebola virus disease. We might also never 
know if it was solely these campaigns that convinced some villages to open 
their doors.

OUR DOORS ARE OPEN; COME TAKE OUR SICK

There most certainly was a noticeable correlation between the increased cam-
paigns and village chiefs opening their doors to health-care workers. In Dan-
dano, Guinea, that is exactly what happened. A November 2014 New York Times 
article reported on the arrival of a Red Cross team and the interaction with the 
villagers. “‘Bring out your sick!’ the chief shouted angrily at the crowd, shaking 
his fist and warning of illness and death for the whole village if it did not obey. 
‘Don’t hide them!’ he yelled. ‘If you don’t expose them, you will suffer!’”25 
This was a big relief, as Dandano is located in the district of Macenta, which, as 
of November 2014, was the worst-hit region in Guinea. One can only imagine 
how much courage it must have taken for village elders to open their doors to 
a perceived—albeit incorrectly—enemy and transmitter of the deadly disease. 
Even more courageous was their willingness to publically accept that their ini-
tial reaction was flawed: “We were wrong. But we didn’t understand the cause 
of this sickness.”25

In some parts of West Africa, the openness of the villagers may be attributed 
to some success stories of patients in treatment centers. In the city of Bo, Sierra 
Leone, Doctors Without Borders (Médecins Sans Frontières) reported of the 
successful management of three Ebola virus disease patients, who they referred 
to as “three miracles.”35 One of the patients, given the pseudonym Hassan, was 
in grave condition and was described as “almost dead.”35 He was in a state of 
confusion, lethargy, and disorientation, and he had “constant diarrhea.”35 The 
nurses dedicated half an hour at a time to feed him and give him water. As a 
result, one day he was talking again and told his doctor that he would start walk-
ing tomorrow. Sure enough, the next day he began walking again.35

His friend, given the pseudonym Mohamed, was also admitted to the treat-
ment center at Bo, Sierra Leone. One night, he became angry and confused and 
began threatening other patients. Monica Arend-Trujillo, the doctor chronicling 
the recovery of these patients described the fear that is associated with this state, 
“It’s usually a very bad sign when people develop mental problems.”35 That 
night, an antipsychotic drug had to be administered to calm Mohamed down. 
When he woke up, he was calm again and recovered well enough to start play-
ing cards with Hassan and other recovering patients. In a few days, both Hassan 
and Mohamed were discharged, free of the Ebola virus disease.
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Admitted with Hassan was his 10-month-old niece and her Ebola virus-
infected mother. The niece was being breastfed and had arrived with her mother 
and other Ebola virus-infected patients in an ambulance. Despite this, the child 
survived; she was placed in a separate cubicle and when she developed fever she  
was given antibiotics. Fortunately, her Ebola virus detection test returned nega-
tive and she was cleared for discharge.35

In addition to the work of Doctors Without Borders/Médecins Sans Frontières, 
the West African nations received assistance from the CDC, and the United States 
Agency for International Development (USAID). USAID activated a Disaster 
Assistance Response Team (DART) with members in Monrovia, Liberia and Cona-
kry, Guinea.36 The public health and medical response positions on the DART were 
staffed by the CDC.36 In Monrovia, the United States began building a 25-bed critical 
care hospital with capabilities to manage Ebola virus disease patients. This hospital 
was to be staffed with US-licensed medical professionals.36 A CDC study showed 
that in Liberia, the CDC’s work in creating an IMS and sending out health workers 
to remote and inaccessible areas greatly improved the situation, although the effect 
was noted after the Ebola virus disease had already caused much damage.20

The most unique response of outside nations was the deployment of troops. 
The United States deployed 2400 troops to Liberia to build treatment centers,  
establish mobile blood laboratories, and transport Ebola virus treatment sup-
plies around Liberia.29 This had led people to ask if the United States would 
consider sending troops to other affected nations such as Sierra Leone. Britain 
deployed close to 800 soldiers in Sierra Leone and according to British officials 
they were building new treatment centers and training medics.

Despite these positive signs, the epidemic continues to ravage West Africa 
and people have become weary of the effectiveness of these measures. Those 
who have contracted the disease still have no “magic,” “cure-all” drug and their 
family members do not know what to expect. In the midst of this, we are sure 
to see continued confusion and a myriad of repercussions, including economic 
and political consequences.
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Ebola virus disease, a rare, viral entity only known for outbreaks localized to 
remote parts of Africa, for the first time in history, has reached the United States 
soil and is now a topic of commotion and chaos, wreaking havoc in the minds of 
the United States citizens. Although a rare complication, the virus is best known 
for making an individual bleed from all orifices of the body and killing victim it 
infects. All major news stations have covered the ill-fated germ. Ebola appears 
to have infected the media, causing uproar of concern and paranoia among the 
population in the United States.

JULY 2014: FIRST RESPONSE TO AFRICAN OUTBREAKS

The Centers for Disease Control (CDC) issues a level 3 travel warning to  
travelers planning to go to the West African nations of Guinea, Sierra Leone, 
and Liberia, meaning that one should avoid all nonessential travel to these 
regions. This is a subtle indication of the worsening Ebola outbreak in Africa. 
Fifty members of the CDC are going to make their way to affected regions 
to help with the outbreak. Although there is some awareness, the Ebola virus 
disease still is not causing a media bonanza that proved to happen at a later 
point.
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AUGUST 2014: EBOLA VIRUS STRIKES  
A UNITED STATES CITIZEN

The CDC issues a level 2 travel warning to Nigeria, due to a spread of infection 
to the neighboring country. A single case of Ebola virus disease is reported in 
Senegal, yet another indicator of the disease is spreading like wildfire. Over 50 
CDC staff members are now in West Africa assisting with the Ebola virus dis-
ease outbreak. Their jobs include training and coordinating health-care workers, 
as well as collecting and analyzing data. CDC laboratory technicians train lab 
workers to create laboratories for Ebola virus disease testing. Some CDC work-
ers serve to educate locals on the prevention and importance of getting medical 
care early if they develop symptoms of Ebola virus disease. Other CDC health 
professionals work with border and airport employees in West Africa. The CDC 
has also posted infection prevention and control guidelines for the United States 
hospitals in the case of an Ebola virus disease patient walks through their doors.

The real uproar seemed to have started when the United States missionary, 
Dr Kent Brantly, 33 years old, was flown out of Liberia on August 2, 2014. His 
arrival at Emory University Hospital was shortly followed by US aid worker 
59-year-old Nancy Writebol on August 5, who was also servicing in Liberia. 
Although these US aid workers do not remember the specific event that led to 
them contracting the virus, they remember points in time where it could have 
been possible. A 3-week stay at Emory, world-class care, and experimental 
Ebola virus infection therapeutics all seemed to contribute to their recovery 
after 3 weeks of admission. These were the first two cases of Ebola virus disease 
that were treated on the United States soil. Although their care on the United 
States grounds caused concern of spread to other individuals, their treatments 
and isolation proved successful, with the patients fully recovered and no others 
infected as a result of their admission.1,2

The first patient, Dr Kent Brantly, being a father of two and husband of 
Amber Brantly, is considered a loving family man. Although Ebola virus dis-
ease caused him much pain, he believed his mission trip to Liberia was ordained 
by God. Brantly has always been a helping hand since he was young. He worked 
as a family physician in Texas, helping people day by day, and even directed the 
group’s Ebola consolidated Case Management Center in Liberia. He has even 
donated his serum to a number of Ebola-infected patients in the United States. 
He is the type of person who sees the glass half full rather than half empty, 
believing that his experience with Ebola was not a tragedy, but a blessing.1,2

SEPTEMBER 2014: THE NUMBER OF PATIENTS  
IN THE UNITED STATES INCREASES

The CDC appears to have realized that the Ebola virus disease is successfully 
outpacing their efforts. It is clear that despite the help provided at this point, 
there is a severe lack of resources and funding. The window of opportunity to 
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help halt the outbreak continues to narrow despite responses from the United 
States and CDC. On the bright side, it appears that the caseload in Nigeria and 
Senegal appears stable, despite the exponentially rising cases in Guinea, Sierra 
Leone, and Liberia.

A third US aid worker, Dr Rick Sacra, aged 51, was admitted to the Univer-
sity of Nebraska Biocontainment Unit on September 5.3 He remembers doing 
many cesarean sections, working as an obstetrician in Liberia and could have 
contracted the virus during the procedures. There are no other details as to how 
he may have contracted the virus. After nearly 3 weeks of intensive care, two 
serum transfusions from Dr Kent Brantly, and experimental Ebola therapeu-
tics, Dr Rick Sacra was discharged from the University of Nebraska, his blood 
virus-free. A fourth US aid worker, and the third patient to be treated at Emory 
University, was admitted on September 9 and has remained under the radar as 
far as identification. All that is known is that this patient has the longest known 
admission for Ebola virus disease and was discharged on October 19, virus-free.

Sacra, having to overcome the tremendous virus, did not talk much about 
himself during interviews. Being a very thoughtful and caring man, Sacra was 
worried about the others who have been affected by Ebola and how they were 
feeling. Even though he contracted his infection in Liberia, he hopes to go back 
and improve the country’s health system. Sacra says he is grateful that he was 
able to benefit from Brantly’s serum transfusions and is not sure whether he 
would have been able to recover without them.3

To be completely clear, the four aforementioned cases were all diagnosed in 
Africa, and the patients were then transferred to the United States for treatment. 
These patients, in their fight with Ebola, have not passed the infection to any other 
persons in the United States. These cases made history, as they were the first cases 
of Ebola virus disease diagnosed in Africa to be treated in the United States.

On September 25, a man by the name of Thomas Eric Duncan, aged 42 years, 
was admitted to Texas Presbyterian Hospital, with the symptoms of abdominal 
pain and fever of 103°F, which began on the night of the 24. He was discharged 
home that same day on antibiotics, despite telling the nurse he recently had 
traveled to Liberia. He was diagnosed with a “common viral disease,” and sent 
home on antibiotics, despite antibiotics having no action against viral illnesses. 
He began vomiting on September 28 and was readmitted again to the same hos-
pital. During this admission, he was suspected to have Ebola virus disease and 
was confirmed to have tested positive on September 30. Thomas was the first 
ever case of Ebola virus disease to be diagnosed on the United States grounds. 
Duncan came to the United States to visit family and friends, specifically his 
son and the mother of his son. Duncan started showing symptoms 4–5 days after 
the trip. Sadly, Duncan was diagnosed too late, slimming his chance of survival, 
and passed away on October 8, 2014.4

The CDC knows that this single case is a cause of major concern, as now the 
possibility of spread to the United States has become a reality. The CDC’s antic-
ipation and preparation for this first case included implementing surveillance 
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and laboratory methods in each state to detect cases, creating tools and proto-
cols for health departments to conduct public health investigations, providing 
recommendations for infection control among other measures for prevention 
of disease spread, guiding airports and flight crews in the event of a suspected 
case, creating emergency medical services at airports, asking border protection 
and customs officers about reporting suspected cases to the CDC, and making 
up-to-date information available to the public, travelers to international areas, as 
well as public health partners.

OCTOBER 2014: GAPS IN THE UNITED STATES HEALTH SYSTEM

Duncan was thought to have contracted Ebola from a pregnant woman in Liberia,  
whom he had helped into a vehicle. It was reported that he was unaware she had 
Ebola virus disease and thought her difficulties were related to her pregnancy. 
Duncan’s condition quickly deteriorated. Experimental therapeutics was not 
employed until several days after his admission, when he was already intubated 
and in critical condition. He was offered blood from the Ebola virus disease 
survivor, Kent Brantly, but unfortunately was not a biological match. He passed 
away on October 8. Questions arose as to whether his care was suboptimal. 
Duncan was the first ever case of Ebola diagnosed in the United States and the 
first ever death from Ebola in the United States.4

Duncan’s case prompted major concern across the country, such that the 
CDC implemented arrival screening at five major US airports, as these airports 
receive about 94% of travelers from affected countries. Screening includes trav-
elers from Guinea, Liberia, and Sierra Leone to be escorted to an area of the 
airport set aside for screening where trained airports staff observe for signs of 
illness, ask incomers a series of questions, provide information regarding Ebola, 
and give reminders to look out for symptoms. Temperature of these travelers 
will be taken with a noncontact thermometer. If a fever or symptoms are present 
or the health questionnaire points to possible exposure, a CDC quarantine-sta-
tion public health officer will evaluate them. The officer will repeat a tempera-
ture reading and make a public health assessment. Travelers who are deemed to 
require further evaluation or monitoring will be taken care of by the appropriate 
public health authority. Travelers from these countries who have no indications 
of exposure will receive health information on Ebola.4

Two days before Duncan’s death on October 6, an NBC news cameraman, 
Ashoka Mupko, was the second person admitted to Nebraska medical center, 
and the fifth person to contract Ebola in Africa and be flown to the United States 
for treatment. He remembers being around many sick people the week before he 
became symptomatic, but cannot remember a specific moment where he could 
have contracted the virus. He was declared Ebola-free on October 22.5

Duncan’s case remained controversial, especially regarding possible sub-
optimal treatment. Something that definitely proved to be suboptimal was the 
biohazard protocol that was employed at the Texas Presbyterian Hospital, as two 
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nurses that cared for Duncan were confirmed to have Ebola virus disease. Their 
names are Nina Pham and Amber Joy Vinson.

Nina Pham, a 26-year-old nurse, was the second case of Ebola virus dis-
ease diagnosed in the United States, and the first case of transmitted Ebola 
virus disease in the United States. Nina Pham spiked a fever on October 10 
and subsequently admitted herself into Texas Presbyterian Hospital. She was 
diagnosed with Ebola virus disease on October 12 and was transferred to the 
National Institute of Health on October 14 for further treatment. She received a 
plasma transfusion from Kent Brantly. She does not remember an event where 
she could have contracted the virus. On October 24, Nina was discharged from 
the National Institute of Health, virus-free.6

Pham, fully recovered, was very excited to see her best friend, a cocker 
spaniel named Bentley after his quarantine shortly after her diagnosis. He is 
doing well and not displaying any signs of Ebola. His stool tested negative for 
Ebola once and was tested again before his release from quarantine on Novem-
ber 1.7 “Bentley re-entering my life is another reminder of hope and encourage-
ment for me moving forward and living my life to its fullest with my best friend 
at my side again,” said Pham.7

Amber Joy Vinson, a 29-year-old nurse, is the second case of Ebola virus 
disease through transmission on US soil. She was also one of the nurses to 
have treated Duncan. She reported a temperature the morning on October 14 of 
100.3°F to the Department of Health, and then admitted herself to Texas Presby-
terian Hospital. She was on a flight returning from Dallas 1 day prior to report-
ing a fever. She was transferred to Emory University Hospital on October 15, 
becoming their fourth Ebola admission. On October 23, Amber was declared 
virus-free and was discharged on October 28, 2014.8

Before Vinson contracted Ebola virus disease, she was preparing for her 
wedding. Instead of planning for her big day, she had to stay in isolation.8 Many 
family members and friends consider Vinson to be sweet and kind, telling the 
press that Vinson was drawn to the idea of becoming a doctor since she was 
young, and has always been considered generous and compassionate. “She’s 
a very good person who did very good work and deserves to be honored, not 
detained, for it,” said Hyman, her lawyer. Vinson is now happy and is working 
to becoming healthier and stronger after Ebola struck her system.8

On Monday, October 20, the CDC tightened the protocol for care of infected 
patients. This appears to have been a result from controversy in light of the 
aforementioned cases of Ebola being transmitted to the two nurses who cared 
from Duncan. Hospitals have begun implementing the new guidelines. The new 
guidelines include using personal protective equipment (PPE) that covers every 
part of the health-care provider’s skin. Equipment prior to this kept areas, such 
as the neck, significantly exposed. Another major change is that the use of PPE 
be monitored, along with designated areas for putting on and taking off PPE. 
The CDC vows to send Ebola response teams to any hospital in the United 
States with a confirmed case.
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The CDC has decided to step up airport checks for people returning to the 
United States. Although there are temperature checks when departing from a 
West African country, the United States health authorities have decided to also 
perform temperature checks upon arriving at airports across the country. The 
five major airports implementing Ebola screening upon entry are at New York’s  
John F. Kennedy International Airport, New Jersey’s Newark Liberty Airport,  
Virginia’s Washington Dulles Airport, Chicago O’Hare Airport, and Atlanta’s 
Hartsfield Jackson Airport. These are the designated airports because around 
95% of those returning from West Africa will pass through these locations. 
These airports will implement a few basic layers to this approach. Each person 
arriving to will receive health information about Ebola virus disease, indicating 
the symptoms to look out for. They will also have to answer questions, have 
their temperature taken, and be observed for signs of Ebola. In the event that 
they are deemed to possibly be suffering from Ebola virus disease, they will be 
isolated and taken to a hospital for evaluation, testing, and treatment.

NOVEMBER 2014: EBOLA VIRUS DISEASE REACHES  
ITS FIRST PEAK

Craig Spencer is the second case of travel-associated Ebola virus disease in the 
United States, second to Duncan. He is a 33-year-old American doctor who 
works at New York Presbyterian Hospital. He was working in Guinea and was 
a Missionary for Doctors Without Borders (Medecins Sans Frontieres). He 
arrived back to the United States at John F. Kennedy Airport on October 17. On 
October 23, he reported a fever. He was confirmed to be positive for the deadly 
virus. From the time of his arrival in New York, until the day he spiked a fever, 
he was in contact with only a few people, and had done things like get a ride 
in an Uber cab service vehicle, and gone bowling. Many people criticize him 
for going out into the public and enjoying his time back, but the facts show that 
the virus can only be transmitted once a patient is symptomatic, which Spencer 
was not.

Spencer was treated at Bellevue Hospital, was discharged on Tuesday, 
November 11, 2014, and is now Ebola-free. A press release statement from the 
Doctors Without Borders (Medecins Sans Frontieres) Web site was released by 
Dr Craig Spencer. He outlines his thanks to the Bellevue medical team, espe-
cially to his attending physician, Dr Laura Evans. He states that, although his 
treatment was exceptional at Bellevue Hospital and has had endless media atten-
tion, it is important to remember the real problem lies in West Africa. Efforts 
and attention should be focused to those who are in the real heat of danger.9

Along with Spencer being quarantined, his fiancé Morgan Dixon, age 30, 
was quarantined. Both are doing great now and are preparing for their wed-
ding, which will be happening fall 2015. Since Spencer’s ordeal occurred in the 
New York City, New Jersey Governor, Chris Christie, wrongly forced isolation 
on Kaci Hickox, a nurse who treated Ebola victims in West Africa. This is yet 
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another sign of Ebola paranoia growing as political figures set rules on Ebola 
despite having no background in the medical field or using scientific facts to 
justify the cause. It could be argued that the Governor does not have the ability 
to make clear decisions and is trying to win over his community by feeding the 
fire of their fear, a questionable stunt for votes. A health-care worker who goes 
in the line of duty to help people intuitively has the ability to be cautious with 
their own health and, more importantly, to keep the infection from spreading.9

In the midst of her time in New Jersey, Dixon decided to head to Maine 
to live with her boyfriend. She was welcomed to Maine with more ignorance 
from Governor Paul LePage, who ordered her to be quarantined despite testing 
negative for the virus. Despite his decision, she defied his orders, reminding the 
nation of her civil liberties. Governor LePage’s nonsense was overturned when 
a judge ordered that her restrictions were too stringent and to only continue her 
regular monitoring.10

Forced quarantine can be discouraging for health-care workers to volunteer 
in West Africa, where the source of the issue is. Without fighting this battle at 
the source, it will only continue to ravage and grow. It is frightening to realize 
that there are political leaders in the United States who do not realize the con-
sequence of their forced quarantine. Their actions may have influenced many 
volunteers to back out of the fight. In essence, some people, who could have 
been saved in West Africa, may have died because of a lack of volunteers. Politi-
cal figures must think before they speak because their actions may have cost the 
lives of others.

The second patient to die from Ebola virus disease in the United States hap-
pened in November 16, 2014. Dr Martin Salia, aged 44, contracted the virus while 
in Sierra Leone. He worked as a general surgeon at Kissy United Methodist Hos-
pital. It is believed that he did not contract the Ebola virus disease from the hos-
pital he worked in, but in other facilities where he volunteered. After landing in 
the United States on November 15, 2014, Salia received treatment in Nebraska 
Medical Center’s Biocontainment Unit. Doctors treating Salia claimed that he 
was already in a very critical condition when he arrived to the center. Salia was 
given the experimental drug ZMapp, a drug given to two Ebola survivors. He also 
received a serum transfusion from an Ebola virus disease survivor, which was 
supposed to help his immune system fight this battle. Sadly, Salia passed away 
on November 16, 2014, and will be missed by his family members, especially 
his wife, Isatu Salia and his children. On the same day, the CDC added Mali to 
the list of Ebola-affected areas for which monitoring and enhanced screening 
methods will be implemented upon entry into the United States.11

THE NATIONAL RESPONSE TEAMS STEP UP EFFORTS  
FOR RECOGNITION AND PREVENTION

Given the pressure of increasing number of cases in the United States, the CDC 
has implemented many new methods for Ebola preparedness and created a 
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dedicated Ebola team that will attend to any location where there is a patient 
who requires treatment. Online learning modules have been offered to hospi-
tal across the nation. Caregivers identified as leaders for Ebola treatment have 
taken 3-h classes that provide hands-on training. In some hospitals, the elec-
tronic medical records system had been updated to contain tools that help pro-
viders screen and triage Ebola virus disease patients. An example of instructions 
given by the learning module is to place a banner on patient charts notifying 
others that a patient has risk factors for Ebola virus disease.

The measures for PPE have also been further updated by the CDC. It now 
includes two tiers of protection. Tier one being less protective, for setting like 
clinics and ambulatory care. Tier two being for patients exhibiting symptoms of 
vomiting and diarrhea where risk of transmission through bodily fluid is likely. 
Many hospitals have had their leading infectious disease experts give grand 
rounds, which is the largest educational lecture that a hospital can provide to 
its staff, on Ebola virus disease in an effort to further educate its health-care 
providers.

Despite all the Ebola events in the United States, only a fifth of the nation 
that was randomly polled in October seems to be actually concerned about 
Ebola. As far as trusting the United States with Ebola preparedness, Pam Neary, 
aged 59 years, a former Afton Democrat who served the Minnesota Legislature 
from 1993 to 1994 says “This is like the fear of flying to me, You have to say 
to yourself, I don’t think this pilot wants to go down any more than I do, so I’m 
just going to have to trust him.”12
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In order to understand how the Ebola virus disease can be treated and what can 
be done to invent or discover treatment options, it is important to have a clear 
understanding what we are fighting against, what Ebola virus is made of, how it 
survives, and how it replicates in human body.

EVOLUTION IN OUR UNDERSTANDING OF VIRUSES

In 1892, Dmitri Ivanovsky studied tobacco mosaic virus disease. He noticed 
that the agents that caused this disease were so small in size that they passed 
through porcelain filters that stopped bacteria. In 1898, Marcus Beijerinck made 
the identical observation and proposed that the agent causing this disease must 
be a new creature unknown to the world yet different from bacteria and fungi.1 
Investigators were clear about one fact: viruses are small in size and can pass 
through porcelain filters. The virus got its name from Latin word virulentus 
meaning “slimy liquid” or “poison.”

Viruses are not animals, plants, or bacteria and are not living organisms in 
the literal sense of the word. Viruses are dependent on their host to carry out 
their life-sustaining functions and reproduce. They cannot manufacture proteins 
because they lack ribosomes and must use ribosomes from the host cells to 
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produce their own proteins with the help of viral messenger ribonucleic acid 
(RNA). Ribosomes are present within the cells and are involved in protein for-
mation. Viruses cannot generate energy but derive it from host cells in the form 
of adenosine triphosphate. These energy molecules are then used to form build-
ing materials such as amino acids, nucleotides, and lipids (fat).

In the1930s, ultracentrifuge was developed in Sweden by Theodor Sved-
berg.2 E.G. Pickels and J.W. Beams in the United States made further advance-
ments in the practical use of ultracentrifuge techniques.3 The ultracentrifuge 
was a revolution in two important ways; it not only enabled scientists to perform 
physical analysis of proteins, but also made it possible to purify almost any par-
ticulate material, protein, or virus by spinning at high speed. With the help of 
centrifugation techniques, scientists were able to calculate molecular weights of 
viral particles, which led them to the conclusion that virus particles are objects 
that may contain large protein molecules.

In 1935, Wendell Stanley in the United States further discovered and pub-
lished the first proof of the tobacco mosaic virus causing tobaccos’s mosaic 
disease which could be crystallized. He also reported the small amount of 
phosphorous contamination within the protein “crystals.” Using physical tech-
niques, he found that protein of tobacco mosaic virus composed of large regular 
particles and had a very high molecular weight.4 Norman Pirie and Frederick 
Bawden challenged the composition of tobacco mosaic virus being made up of 
only protein. They showed that RNA, which consists of ribose sugar molecules 
linked by phosphate groups, could be isolated from tobacco mosaic virus cells 
as well as other plant viruses, accounting for phosphorus “contamination.” 
This discovery led to the realization that tobacco mosaic virus and other par-
ticles of plant virus (virion) were actually the proteins linked with nucleic acid 
or nucleoproteins (NPs).5

In 1939, Gustav Kausche, Edgar Pfankuch, and Helmut Ruska made the first 
electron microscopic image of tobacco mosaic virus. Helmut was the brother 
of Nobel Prize winner, Ernst Ruska, who developed the electron microscope. 
Helmut was the one who first imaged the virus particles by deflecting off the 
beam of electron over the virus particles coated in heavy metal atoms. On June 
7,1908, Helmut Ruska was born in Heidelberg, the sixth of seven children of the 
historian of science Julius Ruska (1867–1949). He graduated as a doctor in 1932 
after studying medicine in Berlin, Innsbruck, and Heidelberg where he prepared 
a biochemical thesis under the supervision of Ludolf von Krehl (1861–1937). 
From 1933 to 1940, he served as a doctor in several hospitals in Heidelberg and 
Berlin. In Berlin, he began to focus on the applications of electron microscopy, 
particularly on the biomedical problems. From 1938 through the early 1940s, he  
imaged and showed that virions consist of regular and sometimes complex par-
ticles. He imaged virions of poxviruses, tobacco mosaic virus, varicella-zoster 
herpes virus, and bacteriophages. In 1940 while working in the Siemens &  
Halske Laboratory, H. Ruska, Pfankuch and Kausche published two short papers 
showing the first pictures of bacteriophages in the world literature.6 Ruska 
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showed that bacteria were surrounded by large numbers of round particles in 
broth culture, where bacteria were mixed with a phage suspension at a magnifi-
cation of 14,000 times. These images caused considerable excitement in Europe. 
At a magnification of 22–25,000 times, Pfankuch and Kausche observed phage 
particles appearing as round particles of 60 nm in diameter. These observations 
were confirmed by Helmut Ruska and he proposed to name those morphologi-
cal complex particles as “Herellen,” which had club-like structures with heads 
of 90–110 nm and tails of 25–250 nm in length.6

UNDERSTANDING THE GENETIC MATERIAL  
(NUCLEIC ACIDS)

Ancillary structures supported the virus as being made up of genetic material 
(nucleic acids). A German biochemist, Ludwig Karl Martin Leonhard Albrecht 
Kossel (September 16, 1853–July 5, 1927) won the Nobel Prize for Physiology 
or Medicine in 1910 for isolating and determining the chemical composition 
of nucleic acids: adenine, cytosine, guanine, thymine, and uracil (nucleic acid 
building molecules).7 But the platform kept these building molecules in a par-
ticular configuration.

Phoebus Levene, a Russian immigrant to America, gained his MD from  
St. Petersburg in 1891, enrolled in classes at Columbia University, New York, 
and subsequently joined the Rockefeller Institute for Medical Research in 1905.8  
He discovered that the platform was composed of sugar, which helped building 
molecules together in an organized manner. But the sugar in nucleic acid was not 
ribose as it lacked one oxygen atom—so he called it deoxyribose. Subsequent 
research would divide nucleic acid into deoxyribonucleic acid (DNA) and RNA.8 
RNA is single-stranded (ss) and has the sugar ribose, and DNA is double-stranded 
(ds) and the deoxyribose sugar. Primary storage of genetic information for all 
cells is deoxyribonucleic, which stays in the nucleus. RNA molecules travel from 
the nucleus to the cytoplasm to assist in the execution of the instructions from 
DNA. Synthesis of RNA from one strand of DNA is called transcription. The 
genetic information from DNA is carried by messenger RNA to the ribosomes 
to synthesize new functional proteins. Unlike living cells, RNA may only be the 
bearer of its genetic material in the viruses and are therefore called RNA viruses.8

STRUCTURE OF VIRUSES

All viruses contain nucleic acid (the genetic material), either DNA or RNA. 
Nucleic acid is enclosed by a protein envelope, a covering made from combina-
tion of fat and proteins that can also surround the whole virus. A virion is a virus 
particle outside the host cell but still capable of infecting other cells. In a virion, 
nucleic acid can produce specific proteins that can serve as infecting agent for 
the virus. Proteins strongly integrated with nucleic acid can form a virus-like 
particle known as “prions.”
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The basic viral structure is composed of the following three components:
Nucleic acid—Genetic information required for the production of proteins 

and other structural and function components is stored in nucleic acid. Only a 
few groups of viruses use DNA. Most viruses preserve all their genetic infor-
mation with the ssRNA. There are two types of RNA-based viruses: a plus or 
positive-strand RNA can directly serve as a code in the formation of proteins 
and enzymes needed by the virus; a negative-stranded RNA needs to be pro-
cessed by an enzyme to form messenger RNA, which then can be used for 
protein synthesis.

Capsid—Nucleic acid is enclosed in a shell of proteins called a capsid. Pro-
teins are arranged in subunits known as capsomeres and then tightly integrated 
within nucleic acid giving it a shape of polygon-like sphere or a helix. Function-
ally, the capsid has three roles:

 1.  It serves as a shield for the genetic material against the action of digestive 
enzymes.

 2.  With the help of some special sites in its structure, it aids in attachment to 
the host cell membrane.

 3.  It contains enzymes, or proteins, enabling the virion to penetrate host cell 
membranes and transports nucleic acid inside the cells.

The capsid enclosing nucleic acid is referred to as nucleocapsid, which can 
be considered as an infectious and functional virus.

Envelope—In some viruses, the nucleocapsid is covered with another layer 
of proteins and fats called as glycoproteins. This envelope is composed of pro-
teins sandwiched between two layers of lipids or fats. Sometimes, it can also 
contain parts of host cell membranes as virus leaves host cells during the bud-
ding process. Lipids or fats are generally taken from host cells, and the virus 
incorporates its own manufactured proteins in it to provide structural stability. 
Glycoprotein spikes can also be present on the envelope, which help to anchor 
the virus into host cell membranes.

VIRUS AND HOST CELL

The interaction of viral and host cell nucleic acid is mandatory in order to 
manufacture proteins needed for virus replication and other functions. Viral 
nucleic acids enter the nucleus of host cell, where the DNA is decoded into 
the messenger RNA. This process is called transcription. After transcription, 
messenger RNA makes its way out of nucleus to the cytoplasm where with the 
help of ribosomes it utilizes amino acids to construct proteins. A simple way to 
think of this process is to think of virus nucleic acid as a USB disc that attaches 
to the computer (nucleus) and the data are integrated with the program of the 
computer, sent to the printer through cable (RNA), and the printer (ribosomes) 
prints out the data (proteins).
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EBOLA VIRUS STRUCTURE

Having discussed the viral structures and components in general, the following 
section will focus specifically on Ebola virus structure, mechanism of entry into 
human cells, replication and immune system evasion.

The Ebola virus is a member of Filoviridae family. Viruses in that fam-
ily consist of single, linear, negative-sense ssRNA genomes. The Filoviridae 
family gets its name from the Latin work meaning filum, meaning thread-like, 
because viruses in this family have thread-like appearance under an elec-
tron microscope. Cuevavirus, Ebolavirus, and Marburgvirus are the three 
genera that are placed under this family.9 Baltimore classification system 
was devised by David Baltimore, a biologist who won Nobel Prize. Current 
virus classification is based on the International Committee on Taxonomy of 
Viruses classification system and the Baltimore classification system. The 
Baltimore classification of viruses is based on the mechanism of messenger 
RNA (as discussed earlier). Messenger RNA can also has the ability to repli-
cate itself. Viral genomes may be ssRNA/DNA or dsRNA/DNA. Viruses can 
or cannot use reverse transcriptase.10

Dr Peter Piot, codiscoverer of the Ebola virus, wrote the details of how the 
Ebola virus got its name in his memoir “No Time to Lose.” In 1976, a team of 
scientific investigators was working in pursuit of Ebola virus disease outbreak. 
They decided to name the virus that had already taken a large number of lives 
after the village where the virus began: Yambuku. Dr Joel Breman, who was 
working for Center for Disease Control and Prevention (CDC) objected to this 
idea because naming the virus Yambuku would spread the terror in the village 
and the village could become a symbol of devastation. In Nigeria in 1969, Lassa 
virus was named after it emerged in a village called Lassa and it created many 
problems for the settlers. Another researcher, Karl Johnson, who was also lead-
ing the research team, suggested to name the virus after a river, to obscure the 
focus on a specific area. The team of investigators decided to look at the map 
and name the virus on the name of closest river. So on the map it appeared that 
Ebola River was the nearest one to the Yambuku village. In local language, 
Ebola means “Black River”. Later, it was realized that the map they used was 
not accurate and the Ebola River was not the closest river.11

The actual structure of Ebola virus was described by two groups supervised 
by Dr K.M. Johnson and Dr Stephan Pattyn. Dr Johnson at CDC studied the 
tissue samples of patients with Ebola virus infection. During the Ebola virus 
disease outbreak in Southern Sudan and Northern Zaire, Dr S Pattyn sent blood 
and tissue specimens to the CDC in Atlanta, USA. There Dr Johnson and his 
team inoculated these specimens into African green monkey cells. Under elec-
tron microscope, large number of filamentous virus particles were visualized. 
They were 100 nm in diameter, and length varied from 300 nm to more than 
1500 nm. These particles had 10-nm-long projections on their surface. Dr Johnson 
described these particles as indistinguishable from Marburg virus particles 
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studied in 1967 (isolates from Germany) and 1975 (isolates from South Africa). 
They noticed two prominent characteristics in the 1976 Zaire isolated speci-
mens: there was more branching of filamentous particles and the envelope con-
tinued beyond the ends of rigid internal structure. The diameter of Ebola virion 
is around 80 nm and the length is 800 nm.12 In the center of the particle is the 
viral nucleocapsid which consists of the helical RNA genome wrapped around 
the viral proteins. Glycoproteins are a class of proteins that have carbohydrate 
groups attached to the polypeptide chain. Between the capsid and envelope are 
viral proteins 40 and 24.13

Ebola virus helical SS-RNA has a sequence of genes in a specific pattern. 
These genes are responsible for the formation of virus proteins. The gene 
releases mRNA within the host cell and mRNA integrates with the genes of 
host cells. This alteration in host cell genetic material results in the production 
of viral proteins within the host cell. A special glycoprotein is formed within the 
host cell and expressed at the cell surface. This envelope protein is responsible 
for further membrane fusion and viral attachment. It has also been shown as 
the crucial factor for Ebola virus pathogenicity. Pathogenicity can be defined 
as the disease-causing ability of the virus. Glycoproteins are actually processed 
by the enzyme known as protein convertase furin, which leads to the forma-
tion of two glycoprotein 1 and glycoprotein 2 subunits. Glycoprotein 1 allows 
for attachment to host cells, while glycoprotein 2 mediates fusion of viral and 
host membranes.14 This protein on the viral envelope plays an important role to 
merge the two membranes.15

Two proteins are located under the viral envelope and help maintain struc-
tural integrity. One of them, viral protein 40, is involved in filovirus budding by 
inducing its release from cells in the absence of all other viral proteins.16 The 
second matrix protein, viral protein 24, has been shown to suppress interferon 
(IFN) production. IFNs are chemicals produced by human cells in response to 
infection or foreign invaders. Viral protein 24, along with viral protein 35 and 
NP, are sufficient to form nucleocapsid structures.17 Nucleocapsid is the virus 
genetic material enclosed in a membrane of proteins. It is essential for virus 
function that all the components and proteins that form nucleocapsid must be 
arranged in the right manner, which is where viral protein 24 plays its role. 
Viral protein 35, NP, and RNA polymerase L are some other proteins that, along 
with viral protein 24, function to form nucleocapsid. These NP proteins func-
tion in dual way during the viral replication cycle. They not only form struc-
tural components, but also replicate and transcribe the genome. As evidenced 
by all of these proposed mechanisms, viral protein 35 makes Ebola virus a 
lethal virus. A second matrix protein, viral protein 24, suppresses the natural 
defense mechanism of IFN production as well. Normally, signal transducer and 
activator of transcription complexes or STAT complexes are transported to the 
nucleus where they initiate signals for the production and release of IFN. Viral 
protein 24 disables the STAT transport system to the nucleus of cell, thus ren-
dering human cells unable to produce IFN.18
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VIRAL ENTRY INTO THE HOST CELL

The process of viral infection starts with the entrance of the virus into host cells. 
This happens when the host cells come into direct contact with virus, which inserts 
its genetic material into the host cells. The Ebola virus must enter the host cell to 
survive and replicate. How Ebola enters the host cells is not exactly known yet. 
Many enveloped viruses, similar to Ebola virus, rely upon the endocytosis to 
enter cells. The host cells engulf virus as if they are food particles. This process 
of engulfment can be referred as endocytosis. Cells that utilize surface recep-
tors to transport resources from the environment into the cells usually have the 
potential to engulf viruses as well.

While the cell membrane was initially viewed as a randomly arranged 
lipid bilayer, now cholesterol-enriched regions known as lipid rafts have been 
identified. These lipid platforms also serve as a site for the intimate reac-
tions (landing sites) of Ebola virus proteins required for entry and departure.19 
These lipid rafts (landing sites) may also impact viral pathogenicity and host 
immune response by acting as a catalyst. Lipid rafts contain molecules that 
can merge into the envelope of budding virions and used to ensure more effi-
cient replication.19 Ebola virus enters the cells through large, heterogeneous 
vesicles known as macropinosomes. The process starts with outward exten-
sions of the cell membrane (outer layer of the cells) around the virus. Distal 
ends of the membrane fuse leading to the formation of a ring “macropinosome”  
around the virus.20

The process appears like a person greeting someone with arms open and 
subsequently hugging the visitor. Even though the process is not completely 
understood, it most likely involves the interaction of viral surfaces of glycoproteins  
with cell-surface receptors. Most viruses rely on the presence of specific 
proteins, clathrin (CME), and caveolin (CavME) for endocytosis. At the  University 
of Texas Medical Branch, Galveston, Dr Mohammad F. Saeed and his team of 
researchers demonstrated that the Ebola virus can enter cells even when the pro-
duction of these proteins was inhibited.21 After making entry into the cell, the 
virus now exits in the ring or macropinosome and starts its process of replica-
tion and infection.22 Low pH in the cytoplasm is the factor that signals the Ebola 
virus to come out of vesicle.23 The virus then moves into the cell cytoplasm at a 
site where replication optimally proceeds.

EBOLA VIRUS TRANSCRIPTION

Transcription is the process of copying the genetic code of the virus into the 
mRNA of the host cells (interaction between genetic material of virus and 
host cell), which can then work with a set of enzymes to form viral proteins. 
This messenger RNA can also serve as a code to replicate the virus’s genetic 
material. Polymerase complexes bind special sites in the genome to initiate the 
transcription process. The complex then slides along the RNA and sequentially 
transcribes the individual genes in a particular order.24
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The process resembles fingers moving over a set of piano keys. Each key 
represents a single gene in this process of stepwise interaction. Polymerase com-
plexes are enzymes or molecules that assist in the process of replication. Viral 
protein 30 is considered an important protein in the transcription process crucial 
to virus life cycle. Interestingly, there are certain viral proteins that inhibit its own 
replication and transcription. This interference could be significant in converting 
the viral genetic structure from a transcription or replication-competent form to 
one that is ready for virion assembly.25 Viral budding is the phenomenon by which 
virus particles leave infected host cells. These particles use host cell membranes 
as their temporary home and leave to infect more cells and organs in the body.

THE BODY’S IMMUNE SYSTEM

White blood cells

White blood cells, also known as leukocytes or leucocytes, are the backbone of 
the immune system responsible for protecting against all harmful agents that 
infect the human body. In mid-eighteenth century, William Hewson was among 
the pioneers to identify white blood cells. He used the term “colorless cells” 
for white blood cells. He described that the white blood cells are produced in 
lymphatic system, where from they are transported to the blood circulation via a 
specialized duct system. He further proposed that, in blood vessels, white blood 
cells are converted into red blood cells. He used serum instead of water to dilute 
the blood and further investigate white blood cells.

During that time, stains were not yet developed so that he could study white 
blood cells in more detail. It was not until the nineteenth century, when Paul 
Ehrlich stained cells using dyes, which helped him to differentiate among vari-
ous types of blood cells and red cell changes in diseases and also identified 
the various types of white blood cells. Elie Metchnikoff discovered neutrophils 
when he pricked starfish larvae with a rose thorn and noticed the accumulation 
of these cells at the site of injury.

Generally, the mode of transmission for Ebola virus is direct contact with 
skin or body fluids of infected human or animal. White blood cells respond by 
releasing large amounts of proinflammatory cytokines. If leukocytes are con-
sidered police officers, proinflammatory cytokines will be the bullets used to 
stop the perpetrator virus. Unfortunately, proinflammatory cytokines (almost 
like stray bullets hitting normal habitat) damage and increase the leakiness of 
the blood vessels, facilitating easier entry into the virus’s secondary targets, 
endothelial cells. Ebola virus causes considerable damage to liver cells, which 
lose normal functioning adding to a plethora of problems.26

INTERFERON PRODUCTION

IFNs are proteins manufactured and released by our cells when they get infected 
with agents such as viruses, bacteria, parasites, or tumor cells. IFNs protect against 
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viral infections by interfering with viral replication. If proinflammatory cytokines 
are bullets used by leukocytes, IFNs are the bullets used by the host cells that are 
falling victim to the virus. Normally, IFNs are released from cells infected with 
the virus. That, in turn, enhances defense mechanisms against viral invasion.

Alick Isaacs and Jean Lindenmann were the two scientists who described 
IFNs at the National Institute for Medical Research in London who designed an 
experiment to inhibit the proliferation of live influenza virus in chicken embryo. 
This experiment showed that a protein inhibited the growth of live influenza 
virus. Due to its ability to interfere viral replication, in 1957, they named that 
protein an “interferon.” Many viruses have devised mechanisms against this 
antiviral function of IFNs. They not only stop IFN production, but also disable 
proteins that are activated by IFNs.27

EBOLA VIRUS MESSING WITH THE BODY’S  
IMMUNE RESPONSE

Ebola virus is unique because of its ability to interfere with or avoid the human 
immune system. During infection, leukocyte subtypes called monocytes are 
the cells that get attacked by the virus. Since these cells are very important in 
the acute phase of inflammatory response against the virus, their incapacita-
tion allows the virus to evade early containment and destruction. Nitric oxide is 
released in an excessive amount from infected macrophages. Nitric oxide is a 
gaseous hormone that normally functions in cell communication. However, in 
high concentrations, nitric oxide causes programmed cell death (apoptosis) in 
adjacent natural killer cells, further weakening the initial response to the virus.26 
Large amounts of proinflammatory cytokines secreted from macrophages lead 
to massive damage in blood vessels as mentioned previously.

DISRUPTION OF BLOOD VESSELS AND VIRUS  
ENTRY INTO THE TISSUE

The wall of the capillaries is sealed by a layer of endothelial cells bound by extracel-
lular matrix just like a layer of bricks held together by cement. Ebola virus disrupts 
the endothelial cell, making the wall leaky and allowing blood to seep outside. The 
expression of Ebola virus glycoproteins in cultured cells causes a disruption in cell 
adhesion, resulting in a loss of cell-to-cell contact. Ebola virus infections are asso-
ciated with an alteration of surface (cell membranes) of the inner lining of cells that 
break open the existing binding between cell and extracellular matrix.28,29

THE FUTILE LEUKOCYTE CHASE

Leukocytes move out of blood vessels to the location of tissue damage in a 
movement known as extravasation. Pathogens activate macrophages in the 
infected tissue, which then release certain chemicals called cytokines. These 
cytokines send signals to the endothelial cells (layer of cells that form the inner 
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lining) of blood vessels near the site of infection. The endothelial cells express 
adhesive molecules on their surface called selectins and become sticky. Chemo-
kines signal white blood cells to migrate toward the area of virus infection where 
they stick to the blood vessel walls. Leukocytes pass through spaces between 
blood vessel cells and the process from attachment to transport across the wall 
of the blood vessels is called diapedesis. Diapedesis is followed by movement 
of leukocytes toward the areas of infection marked by high concentration of 
inflammatory proteins. The small glycoproteins released by virus-infected cells 
prevent leukocytes from entering the tissue (transmigration process) to attack 
the virus. Leukocytes appear to stick within the blood vessels, unable to reach 
the site of infection.30

Stuck leukocytes continue to release a cocktail of proinflammatory cytokines 
that destroy the surrounding blood vessel walls, but also activate the coagulation 
cascade. It is as if the police (leukocytes) has arrived through the roads alerted 
by the noise and commotion (chemokines and cytokines) inside the house but 
the doors of the house are stuck (endothelial cell barriers) due to glue (glycopro-
tein) injected by the perpetrators (virus) forcing the police to gather outside on 
the road watching helplessly as the perpetrators (virus) continue their destruc-
tion unchecked. The gathered police continue to fire bullets (proinflammatory 
cytokines) into the walls, which cause a lot of damage to the house but do not 
prevent destruction that continues within the house.

SUMMARY

Viral replication and defective immune responses make Ebola virus infections 
lethal. Delay in defensive responses against early Ebola virus infections is 
responsible for this catastrophe. Blood transports the virus to different tissue 
in the body. The virus makes its way through the blood vessels to many organs 
where it causes all the damage. For many reasons, blood vessels repair them-
selves and thus do not allow white blood cells to pass to the locations where 
they can counteract the virus.
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A TYPICAL CASE OF EBOLA VIRUS DISEASE

A 33-year-old man was working in Liberia as a health-care worker since October 
2013. He took his daily prophylaxis against malaria infection. By April 2014, 
he and his team had established an Ebola treatment unit in Monrovia, Liberia. 
In July 2014, he woke up feeling feverish and tired. He measured his tempera-
ture and found that he was slightly febrile with a temperature of 37.8 °C when 
measured through a thermometer placed in the mouth (the normal temperature 
is 37.4 °C). He informed his colleagues of his illness and stayed at his local 
residence in Liberia. Two rapid malaria tests were negative for identification of 
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malaria infection. With the passage of time, his fever got worse, heightening to 
a body temperature of 38.6 °C. He also felt nauseated.

Polymerase chain reaction (PCR) tests for Lassa fever, yellow fever, and 
Ebola virus disease were all negative at the time. As his fever continued, he was 
treated with intravenous fluids and antibiotics. On day 4 of his illness, tests were 
repeated for malaria, Lassa fever, yellow fever, and Ebola virus. This time, the 
test demonstrated that he had Ebola virus disease. It is not uncommon for initial 
tests to be negative in very early Ebola virus infection because the amount of 
virus is too small to be detected in the blood.1

On day 6, he developed a petechial (spotty bluish) rash on his arms and 
chest. These rashes usually represent bleeding from small blood vessels under 
the skin. His fever spiked to an all-time high of 40 °C. He had severe abdominal 
pains and diarrhea. He had an episode of bloody stool and was subsequently 
transfused with a single unit of blood. Later on, his rash has turned into a macu-
lopapular rash (a mix of flat and raised red bumps like lesions).1

On day 7, he was vomiting blood for which he was given another blood 
transfusion. He also received a unit of convalescent whole blood from an Ebola 
virus disease survivor. Despite the convalescent whole blood transfusion, his 
condition continued to worsen. For his fever and muscle pains, he received a 
gram of generic Tylenol every 6 h. He was given Tang and Gatorade to hydrate 
himself by mouth because of concerns regarding dehydration in the face of 
continuing vomiting and diarrhea. He appeared malnourished partly due to the 
severe anorexia.1

On day 9, a dose of intravenous Zmapp was administered, an experimental 
antibody-based treatment described in more detail in other chapters. Within 8 h of 
administration of Zmapp, he reported improvement in his energy level to the point 
that he was able to walk. The extent of his rash had decreased significantly as well. 
The professionals caring for him reported improvements in his fever and level of 
alertness.1

On day 10, he was transferred to Emory University’s Communicable Dis-
eases Unit in Atlanta, Georgia, for treatment. On day 11, he had slight fever with 
a  temperature of 38.8 °C, heart beating fast with 120 beats per minute, and an oxygen  
saturation of 91%. Oxygen saturation is measured through a monitor taped  
to one of the fingers and measured the approximate concentration of oxygen 
in blood by measuring the wavelengths of light passed through arterial blood. 
The normal value is 95–99%. He was started on 2 L of supplemental oxygen 
administered via inhalation and resulted in improvement in saturation to 93%. 
Normally, a resonating sound is heard when lungs are percussed, but there was a 
dull sound coming from his lungs on percussion, indicating that the low oxygen 
reading could be a result of inadequate oxygenation of blood because the lungs 
were not working well. He was severely dehydrated, and low blood pressure and 
rapid heart rate were recorded every time he stood up. His physical examination 
showed no obvious bleeding but the persistence of the same petechial rashes. 
He described pain after a manual pressing of the abdomen during examination, 
specifically in the right upper quadrant. His liver was not enlarged.1
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He had some abnormalities detected on laboratory analysis. His interna-
tionalized normal ratio (a test of coagulation parameters) was 1-3, which is ele-
vated and means that blood coagulation was delayed. He was found to have low 
potassium in serum, commonly seen with diarrhea, which was normalized with 
oral supplementation. Intravenous and oral fluids were continuously adminis-
tered to treat dehydration. He received oral protein drinks and a multivitamin 
pill to improve his nutritional status.1

On days 12 and 15 of his illness, he received additional doses of Zmapp 
without any side effects. On day 15, his fever disappeared. Between days 14 and 
17, the watery diarrhea was resolving, and volume and frequency of his bowel 
movements were normalizing. On day 17, the diarrhea had completely resolved 
and he no longer required intravenous fluids.1 Polymerase chain reaction (PCR) 
tests were performed on his blood and it came back consistently negative. After 
negative PCR tests, it was decided on day 29 to remove him from isolation unit. 
He was discharged home the following day.1

The case presented above displayed certain characteristics that are seen in 
patients suffering from Ebola virus disease. A typical case will occur in a patient 
with no significant past medical history. The patients may report having been in 
contact with a stranger suffering from Ebola virus disease or a sick loved one. Since 
exposure, the patient will usually begin displaying symptoms within 8–12 days, 
although there is a possibility that the virus infection may not show symptoms for 
up to 21 days. The disease begins abruptly, patients feeling vague symptoms, a 
general sense of being unwell, and warm or under-the-weather. Patient can trans-
mit disease to the people around them when these features are present.1

Within a short period of time, typically 1–4 days after initial symptoms, the 
patient will begin to complain of high fever, chills and shakes, profound weak-
ness, and muscle pain. Some may describe these new occurrences as intense 
shaking. Weakness is sometimes so severe that the patient cannot even walk to 
the restroom. The muscle pain can be so severe that the patient does not want 
to move. Early signs of infection can be evident in the blood as the white blood 
cell count becomes elevated. White blood cells are elevated because, after being 
exposed to the infectious agent, the body signals a boost to the defense system. 
The white count rise is a marker of bodily response to combat the virus.1

Immediately after these symptoms and around 4–8 days after the symptoms ini-
tially start, patients can develop diarrhea, vomiting, abdominal pain, red eyes, bleed-
ing, and, rarely, a rash. Patients can lose 20 L of body fluid a day from the severity of 
the diarrhea and vomiting, causing severe dehydration. The nausea is so bad that the 
patient can barely take fluids or food by mouth, making replacement of lost fluids 
and dehydration a challenge. The laboratory measurement of blood urea nitrogen 
and creatinine provides an estimate of the severity of the dehydration. These sub-
stances can be thought of as normal wastes that the body makes. These wastes are 
delivered to the kidney by the fluid portion of blood. After these wastes reach the 
kidneys, the kidneys dump these out of the body into the urine.

When there is severe dehydration, as there is in patients with Ebola virus 
disease, these wastes are not delivered to the kidneys and build up in the blood, 
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hence the reason for their elevation in patients with Ebola virus disease. Nor-
mal electrolytes such as sodium, potassium, and chloride tend to be decreased 
in patients with Ebola virus disease due to enormous loss of fluid when the 
patients are constantly vomiting and having diarrhea. Potassium is mostly lost 
with diarrhea, and chloride is mostly lost with vomiting.1

About one in five patients may progress to experience massive bleeding 
between 6 and 16 days, which can manifest as blood in vomit or blood in diar-
rhea, making dehydration even more severe. The main blood cell responsible for 
blood clotting, platelets, start decreasing in the body due to Ebola virus disease. 
Platelets normally serve to initiate a temporary plug at a site of bleeding. With-
out platelets, there is a higher chance of bleeding, which explains the bleeding 
symptoms in Ebola virus disease patients.

At this point in the virus, blood vessels are damaged and a severe drop in 
blood pressure can lead to multiorgan failure known as hypovolemic shock. 
This is the point at which the patient is nearing his or her death. Signs of liver 
failure may be evident in blood tests with accumulation of normally produced 
liver enzymes such as aspartate aminotransferase (AST) and alanine amino-
transferase (ALT), which are normally made inside liver cells. When liver cells 
are diseased, the cells die and dump AST and ALT into the blood, increasing the 
concentration of these enzymes. The elevation in Ebola virus disease patients 
may be either due to the direct attack of virus of these cells or severe dehydra-
tion that does not allow for enough blood to be delivered to the liver cells, caus-
ing them to die.

EBOLA VIRUS INFECTION AND SPREAD WITHIN THE BODY

A small group of invaders found their way through the walls of the fort. Iso-
lated and too small in numbers to cause any commotion, they moved silently to 
overwhelm and confiscate the resources of the unsuspecting defending army’s 
mobile units. Although the invaders were not going to receive any reinforce-
ments, they were multiplying in numbers within the comfort of the confiscated 
resources at a rate that was unprecedented and out of this world. As the invaders 
rapidly traveled through the country under the guise of their victims, the defend-
ing armies were unable to mount a targeted offense to contain and destroy the 
invaders. The communications between defending units remained sporadic and 
ineffective. When the defending armies responded with massive artillery bar-
rage, but without clear targets, the damage inflicted upon their own comrades 
exceeded the damage suffered by the invaders. The towns were left vulnerable 
and were quickly overrun by the ever-increasing numbers of invaders; these 
turned into ghost towns devoid of life and hope. Such was the story of the Ebola 
virus invaders as they unleashed themselves in the face of a disintegrated and 
ineffective response by armies of healthy cells.

Ebola virus can enter the body through many pathways: it can be a tear in 
skin or mucous membranes or it can be transferred from a blood transfusion 
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infected with virus. Once in the body, Ebola virus can infect a large spectrum 
of cells including circulating white blood cells (that form the inner lining of 
several organs and blood vessels), fibroblasts and epithelial cells (important 
components of skin and muscles), and hepatocytes and adrenal cortical cells 
(secreting cells within the liver and adrenal glands).2

Usually circulating white blood cells, such as macrophages and dendritic 
cells, are the first cells to be infected irrespective of the point of entry into 
the human body. These cells become the vehicle of viral transport into various 
organs but, unfortunately, are not immune to the destructive effect of the virus. 
Ebola virus replicates rapidly within these cells, leading to their deaths with 
subsequent releases of large numbers of new viral particles into the extracellular 
fluid upon cell destruction.3,4 Regional lymph nodes, which usually function 
to trap any infectious agent, capture the virus but things get worse when virus 
continues to replicate in lymph nodes, eventually leading to the destruction of 
this important defense line.

After that virus continues its rampage by taking down some other war-
riors of the body, like dendritic cells and macrophages, ultimately spreading to 
important organs such as liver, spleen, and kidney. Important protective arms of 
human body such as interferon and lymphocytes are suppressed by Ebola virus, 
which gives the virus the liberty to replicate and attack any site with any level of 
severity.4 Studies have shown that the infected dendritic cells fail to mature and 
cannot produce antibodies. Lack of support signals from dendritic cells cause 
lymphocytes to undergo self-destruction that makes the body defense system 
even worse. With the progression of the disease, adrenal cortical cells, hepato-
cytes, fibroblasts, and many other cell types also become infected, resulting in 
extensive cell death and tissue necrosis.

The body unfortunately mounts a chaotic defense using expression and 
secretion of certain chemicals produced from macrophages infected with Ebola 
virus that are toxic to living cells. Peripheral blood samples have been taken 
from macaques infected with Ebola virus and these chemicals, along with some 
other compounds, have been found in an increased amount. Necrotic cells also 
signal the release of such chemicals. This response kills more of the body’s 
cells than the virus, resulting in extensive tissue damage and inducing a sys-
temic inflammatory syndrome.3,4 High concentrations of such compounds in 
the blood lead to dilation of blood vessels, pooling of blood into various blood 
vessels, and exudation of fluid into the tissue, causing life-threatening loss of 
blood pressure and subsequent multiorgan failure as adequate perfusion to such 
organs is not possible. The condition is also referred to as septic shock to denote 
the etiological basis of a profound drop in blood pressure. Vomiting is another 
bodily defense mechanism and leads to loss of body fluids. Due to vomiting, 
patients are unable to take oral fluids and the psychological stress causes loss 
of appetite. In addition to the above-mentioned inflammatory substances, these 
are some other important factors that can contribute to the critical decrease in 
blood pressure.
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The Ebola virus infection is noted for excessive bleeding as blood is unable 
to clot and thus the term “hemorrhagic fever” is used. Coagulation requires 
a combination of circulating proteins and adequately functioning blood cells 
called platelets. Platelets are specialized cells that function to prevent bleeding 
in the body. Ebola virus infection macrophages also produce some chemicals 
medically known as cytokines. Cytokines also induce production of tissue fac-
tors. Cytokines and tissue factors cause inappropriate and false activation of 
platelets and other proteins that are involved in blood clotting. This false activa-
tion leads to blood clotting that ultimately consumes a lot of platelets and other 
proteins. Due to depletion of platelets and proteins involved in normal clotting 
process, the body becomes prone to excessive bleeding and hemorrhages. As 
the disease progresses, liver injury may also cause a decrease in plasma levels 
of certain coagulation factors. This whole sequence is called disseminated intra-
vascular coagulation.

INCUBATION PERIOD

In medicine, the time from the moment of exposure until signs and symptoms 
of the disease appear is called the incubation period. Onset of symptoms typi-
cally occurs 8–12 days after exposure to Ebola virus.2,5 Patients who do not 
have symptoms of infection but are in their incubation period are not believed 
to transmit infection. However, there is clear evidence that virus can be commu-
nicated to other people from a symptomatic patient; therefore, precautions must 
be taken against exposure if a person is symptomatic with Ebola virus infec-
tion.6 The clinical manifestation of Ebola virus disease starts with nonspecific 
influenza-like symptoms and progresses into a life-threatening picture with the 
involvement of multiple bodily functions and organs. The most common signs 
and symptoms reported from West Africa during the 2014 outbreak included 
diarrhea, vomiting, fatigue, fever, and anorexia or lack of appetite.2

CLINICAL MANIFESTATIONS

Ebola and Marburg virus infections have similar clinical manifestations in 
humans. Marburg virus is considered to be less lethal in terms of case fatality 
and severity of symptoms. Bleeding is not a common feature of Ebola virus 
disease, with most patients’ only bleeding during the terminal phase of the 
infection.

The term “Ebola hemorrhagic fever” was replaced with the term “Ebola virus 
disease” in modern-day scientific literature. There have been many instances 
where Ebola virus was confused with another disease that had similar signs 
and symptoms. Initially, in 1976 when the first Ebola virus disease outbreak 
occurred, it was thought to be Marburg virus due to the fact that an outbreak had 
occurred the prior year. In other instances, Ebola virus infection was thought 
to be either Lassa fever or Yellow fever due to the fact that these diseases have 
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similar symptoms. Back in 1995, during the Kikwit outbreak, many patients 
were believed to be infected with Shigella, which is a bacterium that can also 
cause bloody diarrhea.7 Clinical characteristics of Ebola virus disease are dis-
cussed below. See Table 9.1 for a comparison of clinical symptoms in Ebola 
virus disease patients from Donka National Hospital in 2014, Kenema Govern-
ment Hospital in 2014, and Kikwit General Hospital in 1995.8

TABLE 9.1 Demographic and Clinical Characteristics of Hospitalized 
Patients With Ebola Virus Disease at Donka National Hospital, Conakry, 
Guinea (March 25–August 5, 2014), Kenema Government Hospital, Sierra 
Leone (May 25–June 18, 2014), and Kikwit General Hospital, Democratic 
Republic of Congo (January 6–July 16, 1995)

Characteristics
Donka National 
Hospital 2014

Kenema 
Govern ment 

Hospital 20149

Kikwit General 
Hospital 199510

Mean age (years) 34.0 NR 34.7

Men 63 42 47

Fever 66 89 NR

Headache 50 80 73

Weakness 79 66 78

Diarrhea 43 51 74

Abdominal pain 26 40 56

Vomiting 50 35 70

Conjunctivitis 9 31 34

Cough 4 20 NR

Rash 1 3 NR

Myalgia and/or 
arthralgia

20 NR 51

Anorexia 49 NR 73

Dyspnea 0 NR 25

Hiccup 9 NR 14

Any bleeding 19 NR 40–5011

Melena 6 NR 14

Hematemesis 3 NR 13

Abbreviations used: NR, not recorded; all values are represented as percentages.
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Nonspecific flulike symptoms—Infection initially comes with symptoms 
consistent with common cold. Patients can have weakness, body aches, runny 
nose, fever with chills, and headaches. Lower back pain and aches in muscles 
surrounding the abdomen and back are also commonly seen.12 Like typhoid 
fever, high-grade fever and decreased heart rate may also be noticed. The throat 
is inflamed and swollen, and patients complain of feeling a painful lump in the 
throat. At this stage, the infection cannot be differentiated from any other viral 
infection that involves the respiratory system including influenza.

Rash—By days 5–7 of the illness, a diffuse red rash may appear on the skin. 
The rash can cover massive body areas, starting from face and extending down 
to the trunk with some ulceration of skin as well.7,12–14

Gastrointestinal—Watery diarrhea, nausea, vomiting, and abdominal pain 
usually develop after many days of initial symptoms. The gastrointestinal symp-
toms and rash provide the first hints that the infection is more extensive than 
what would be expected in a respiratory viral illness.14

Hemorrhagic manifestations—Bleeding is not an early feature of the dis-
ease, not always present, and, therefore, may not be helpful in the diagnosis of the 
infection. In the later stages of the infection, excessive bleeding may be evident 
as ecchymosis/bruising, petechial, oozing from venipuncture sites, and mucosal 
hemorrhages from nose and gastrointestinal systems. Frank hemorrhages such as 
bleeding from the nose, rectum, and vagina are seen most commonly in the ter-
minal phase of illness. In the current outbreak, not less than 20% of patients have 
suffered bleeding, with gastrointestinal tract bleeding being the most common.2,14

Myalgia, arthralgia, and fatigue—All viral diseases produce myalgia and 
fatigue of varying severity. The severe myalgia and fatigue may be secondary 
to dehydration and uremia seen in acute kidney failure. Poor nutritional status 
is another contributor to such manifestations. Antigen–antibody complexes are 
formed during the recovery phase, which may lead to acute arthralgia and other 
symptoms similar to those seen in autoimmune arthritis.3

Psychological symptoms—Ebola virus disease, like any other untreatable 
condition, has devastating psychological stress on patients. With its high mortal-
ity rate and no proven treatment, patients are more likely to suffer from depres-
sive symptoms. Lack of family support due to the risk of exposure increases the 
load of mental health problems. Major depression, social withdrawal, loss of 
appetite, suicidal ideations, and attempts to commit suicide have been reported 
in patients suffering from Ebola virus disease.15

Miscellaneous findings—Ebola virus disease can present with findings such 
as difficulty in breathing, pain in the chest, headache, hiccups, confusion, sei-
zures, and swelling in the brain. Redness of eyes and redness of the soft palate 
are common findings.13 Several of these manifestations are a result of multiorgan 
failure rather than the direct effect of virus dissemination into muscles or the cen-
tral nervous system. Spontaneous miscarriages may occur in pregnant women.

Patients demonstrate signs of improvement as early as first 6 days after 
the onset of symptoms in nonfatal infection.2 Severe symptoms early on in the 
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course of disease with progression to septic shock reflect a bad outcome in 
terms of survival. In severe Ebola virus disease, death ensues between days 6 
and 16 predominantly due to shock.

LABORATORY DIAGNOSIS OF EBOLA VIRUS INFECTION

Because of the clinical presentation of Ebola virus disease being similar to 
several other viral and parasitic infections, diagnosis of Ebola virus infection 
depends on identifying sources of exposure and confirming virus antigens in 
serum. Fever in African countries is very frequently due to endemic malaria, 
typhoid, or Lassa fever and therefore, an unreliable symptom of Ebola virus 
infection. United States Centers for Disease Control and Prevention (CDC) and 
the World Health Organization (WHO) recommended some guidelines after the 
outbreak of Ebola virus disease in west part of Africa. Guidelines were pro-
vided to screen and manage persons who have been recently exposed to Ebola 
virus.2,16–20 The approach depends on the severity of risk exposure and presence 
of sign and symptoms consistent with Ebola virus disease.

Because significant amounts of a sample of deoxyribonucleic acid are nec-
essary for molecular and genetic analysis, studies of isolated pieces of deoxy-
ribonucleic acid are nearly impossible without PCR amplification. The Nobel 
Prize was awarded to Kary B. Mullis, the creator of PCR. PCRs are very sig-
nificant in a number of laboratory and clinical techniques, including detection 
of bacteria or viruses (particularly AIDS), DNA fingerprinting, and diagnosis of 
genetic disorders.

To amplify a segment of DNA using a PCR, DNA is first denatured by heat-
ing to separate into two pieces of single-stranded DNA. Then, an enzyme “Taq 
polymerase” uses the original strand as a template to synthesize two new strands 
resulting in duplication of original DNA. Two new strands can be created from 
each of these strands and so on. This cycle of denaturing and synthesizing new 
DNA is repeated to create billions of exact copies of the original DNA segment. 
The entire cycling process of PCR is automated, which can be completed in just 
a few hours. A machine called a thermocycler is designed to alter the temperature 
of the reaction in alternating manner to allow DNA denaturing and synthesis.

Reverse transcription PCRs (RT-PCRs) take only 3–10 days to detect Ebola 
virus after the onset of symptoms. The PCR is performed on the serum of sus-
pected individuals. Reverse transcriptase can reverse the isolates and transcribe 
Ebola virus ribonucleic acid into deoxyribonucleic acid, which is then further 
amplified by the PCR, generating thousands to millions of copies of a particular 
deoxyribonucleic acid sequence.

Patients with symptoms of less than 3 days duration may need repeat  testing.21 
Within the first 3 days, Ebola virus ribonucleic acid concentration may not be 
significantly high in blood circulation and obtaining a sample for viral detec-
tion may produce false-negative results. Enzyme-linked immunosorbent assay 
can detect viral antigens and specific ribonucleic acid sequences by RT-PCR.  
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Acute infections can be detected by RT-PCR. After the onset of symptoms, viral 
ribonucleic acid is generally detectable within 3–10 days by RT-PCR.21 Sensi-
tivity of RT-PCR can be affected by genomic variability and changes in ribo-
nucleic acid sequence of Ebola virus.22 Antigen detection may be used for an 
immediate diagnosis as a confirmatory test.23

The likelihood of exposure to Ebola virus and symptoms and/or basic 
laboratory tests suggestive of Ebola infection are the factors that determine 
which individual should be tested for Ebola virus infection.2,16,20 Testing 
for IgG or IgM antibodies to Ebola virus can be used to identify to evaluate 
for past infection and/or immune response over time. PCR testing is also 
useful to determine whether a patient has recovered from Ebola infection. 
According to WHO, individuals without sign and symptoms of Ebola virus 
disease and two negative PCR tests on whole blood, at least 48 h apart, can 
be discharged as “infection free”.24

ANCILLARY LABORATORY FINDINGS

Laboratory testing and phlebotomy should be limited to tests that are required 
for care.25 Routine blood tests, such as complete blood counts, serum electro-
lytes, and urea and glucose, allow for quantification of the severity of dehydra-
tion and kidney and liver failure. Reduced levels of platelets and white blood 
cells may provide insights into the severity of blood coagulation impairment and 
immune suppression. Such tests may allow for early detection and monitoring 
of such manifestations and determine the response to therapeutic interventions.

Leukopenia—Decrease in number of white blood cells. It is followed by 
an increase in neutrophil cell count, with an increased percentage of imma-
ture cells. In 1967, Marburg outbreak caused many patients to have prominent 
decrease in the number of white blood cells with counts as low as 1000/μL at 
the time of clinical presentation.2

Thrombocytopenia—Platelet counts reach a nadir around days 6–8 of ill-
ness and are usually stay in the range of 50,000–100,000/μL in contrast to nor-
mal counts, which are usually in range of 150,000–350,000/μL.2,12

Elevated transaminases—Ebola virus invades hepatocytes (liver cells) and 
leads to necrosis of these cells. Elevated serum AST rises more than ALT levels. 
These enzymes are spilled in blood circulation when liver cells die due to viral 
invasion.9,24

Coagulation abnormalities—Fibrin degradation products are elevated, 
prothrombin and partial thromboplastin times are prolonged, consistent with 
disseminated intravascular coagulation. These changes are most prominent in 
severe cases of Ebola virus disease.

Renal abnormalities—Proteins in blood circulation do not filter through 
kidneys in urine. Due to damage to kidneys, plasma proteins start to seep 
through kidneys and excrete through urine of the patient. Renal insufficiency 
occurs with the progression of the disease.
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FACTORS PREDICTING SURVIVAL OR DEATH AFTER EBOLA 
VIRUS INFECTION

Prognosis can be assessed on the basis of clinical and laboratory findings. 
Certain clinical manifestations such as increased respiratory rate, loss of urine 
formation, delirium, coma, and shock secondary to impaired oxygen delivery, 
intravascular volume depletion, and metabolic disturbances are associated with 
high fatality rate of the disease.26 The clinical course of the disease also pro-
vides insights into the chances of recovery as clinical improvement is noted by 
second week in those who are likely to survive. In such patients, Ebola virus 
RNA concentrations drop and antibodies to Ebola virus appear during the sec-
ond week.27,28

VIRAL PERSISTENCE

The virus can persist for some time in certain bodily fluids, including semen and 
breast milk. Persistence of virus in breast milk has also been noticed even after 
peripheral blood is tested negative for the presence of Ebola virus RNA.29 Two 
children who were breast-fed by Ebola-infected mothers contracted and died of 
the disease even though the mothers were declared infection-free. Mothers of 
these babies recovered completely from Ebola infection, but during the course 
of infection they breastfed the babies.

Studies showed that reverse transcriptase PCR could easily detect viral RNA 
sequences in the semen of male patients for the period of up to 3 months, and 
infectious virus was recovered from one patient, 82 days after symptom onset.30 
During the 1967 Marburg outbreak, one case caused the transmission of virus 
through sexual contact because of viral persistence in semen.13,31

CONVALESCENCE OR RECOVERY PERIOD

It signifies the later stage of an infectious disease when the patient recovers, but 
may still be a source of infection even if patient started feeling better. Ebola virus 
disease has a prolonged convalescence period, which is characterized by exten-
sive sloughing of skin and hair loss most likely due to necrosis of sweat glands.28

CDC GUIDELINES

Risk assessment of Ebola virus disease—Ebola virus disease risk should be 
evaluated if clinical finding suggestive of Ebola infection is present and there is 
a possibility of Ebola virus exposure within prior 21 days.2,16,20

Clinical findings—Severe headache, weakness, muscle pain, vomiting, 
diarrhea, abdominal pain, or unexplained hemorrhage are the symptoms that 
raise suspicion for Ebola virus disease.

Exposure—The level of exposure varies from high risk to low risk to no 
known exposure.
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Individuals who are at risk for Ebola virus disease include:

 l  Contact with blood, body fluids, or any human remains of an individual known 
or suspected to have Ebola virus disease

 l  Residence in or the recent travel to an area with Ebola virus transmission
 l  Direct handling of rodents or primates from endemic areas.

As per the recommendations by the CDC, any of the following can be con-
sidered close contact:

 l  Being within the proximity of 3 feet or 1 m to an Ebola virus disease patient
 l  Being within the room of an Ebola virus disease patient for a prolonged 

duration without wearing protective equipment
 l  Contact with the patient while not wearing protection equipment
 l  Moving through a hospital, walking by a person, or providing care to a patient 

with Ebola virus disease.

Strict precautionary measures should be taken during the evaluation of 
patients suspected of Ebola virus infection. Suspected patients should be iso-
lated in a room with a private bathroom, doors should be closed all the time, 
and health-care teams should wear protective gear to avoid any direct contact or 
transmission through droplets or body fluids. Gloves, face masks, gowns, and 
eye protection can be helpful in the prevention of virus transmission. The appro-
priate staff, the hospital infection control program, and state health departments 
should also be notified.

FURTHER EVALUATION

High-Risk Exposure—The CDC recommends testing for Ebola virus infec-
tion for all individuals with onset of fever within 21 days of having a high-risk 
exposure.2,20 High-risk exposure persons without fever can have the same rec-
ommendation if there are other compatible clinical sign and symptoms present 
and/or laboratory findings are abnormal (i.e., raised transaminases and/or low 
platelet count, <150,000 cells/μL).

Any of the following includes high-risk exposure24,25:

 l  Mucous membrane or even percutaneous exposure to blood or certain body 
fluids of a person with Ebola virus disease

 l  Direct physical contact with skin, blood, or certain body fluids of an Ebola 
virus disease patient

 l  Processing blood or certain body fluids from a patient with diagnosed Ebola 
virus disease without appropriate personal protective equipment or standard 
biosafety precautions

 l  Having a direct contact with a dead body (including during funeral rites) 
without appropriate protective precautions in a country where an outbreak of 
Ebola virus disease is occurring.
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Low-risk exposure—For persons with low-risk exposure who develop fever 
or other clinical findings consistent with Ebola virus disease, the CDC recom-
mends some additional medical evaluation to check for Ebola virus disease.16,19 
The decision to test the individual is based upon the severity of illness, laboratory 
findings (e.g., platelet counts), and the likelihood of an alternative diagnosis.

A low-risk exposure includes16,19:

 l  Brief contact with an Ebola-infected patient without exposure to blood or 
other certain body fluids

 l  Another close contact with the Ebola virus disease patient in community 
settings or health-care facility.

Asymptomatic (or symptoms not meeting clinical criteria)—Symptoms 
and signs of Ebola virus disease should be monitored for certain asymptomatic 
individuals, as well as for those who do not meet the above clinical criteria. This 
includes individuals who have:

 l  Traveled in a country where an outbreak of Ebola virus disease has occurred 
within the past 21 days

 l  A high- or low-risk exposure.

Such individuals have to be monitored for 21 days after the last known expo-
sure to a patient (or after leaving the country if no exposure is known) and 
should immediately report the onset of fever or other symptoms indicative of 
Ebola virus disease. Whether travel restrictions and/or monitoring by a pub-
lic health authority are warranted depends upon the risk level of exposure, as 
described in the CDC recommendations for the monitoring and movement of 
individuals with Ebola virus exposure.2

WHO and CDC have almost similar recommendations. The WHO considers 
a person to be at high risk for infection if they have had sexual intercourse with 
a person recovering from Ebola virus disease or with a sick person.17,19,32 PCR 
testing is also useful to determine whether a patient has recovered from Ebola 
virus infection. According to the WHO, individuals without signs and symp-
toms of Ebola virus disease can be discharged if they have two negative PCR 
tests on whole blood at least 48 h apart.24

BIOSAFETY AND BIOSECURITY CONSIDERATIONS WITH 
EBOLA VIRUS DISEASE

Direct interaction through skin abrasions or contact through mucous membranes 
of the nose and eyes can lead to spread of Ebola virus infection in health-care 
settings. Another source of spread is through exposure to blood or body fluids 
of Ebola virus disease-affected persons and through contaminated needles or 
syringes. According to the CDC guidelines, personal protective equipment can 
reduce the risk of self-contamination to health-care workers at risk of exposure. 
The description and levels of personal protective equipment are presented in 
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Tables 9.2 and 9.3. For effective implementation of these protective guidelines, 
the role of health-care facilities is essential. To safeguard health-care workers 
while taking care of Ebola virus disease patients, rigorous safety methods needed 
to be followed while putting on and taking off personal protective equipment.

TABLE 9.2 Types of Personal Protective Equipment in Health-Care 
Settings33,34

Types of Personal 
Protective Equipment Designated Use

Gloves Protects health workers’ hands from exposure to infectious 
agents

Respirators and masks Protects the respiratory tract from airborne infectious agents

Goggles Protects the eyes of the health-care workers to reduce risk  
of potential splashing or spraying

Face shields Protects face, mouth, nose, and eyes

Aprons and gowns Protects the contamination of skin or clothing of health-care 
workers

TABLE 9.3 Levels of Personal Protective Equipment in Health-Care 
Settings35

Levels of Personal 
Protective 
Equipment Indications Examples

Level A Required for the greatest 
level of protection to skin, 
respiratory tract, and eye

Positive pressure, full-face piece 
self-contained breathing apparatus, 
disposable protective suit, gloves, 
and boots

Level B When highest level of 
respiratory protection is 
required

Positive pressure, full-face piece 
self-contained breathing apparatus, 
inner and outer chemical-resistant 
gloves, and face shields

Level C Required when the 
concentration and type of 
airborne substances is known

Full-face air-purifying respirators, 
hard hat, escape mask, and inner 
and outer chemical-resistant gloves

Level D Used when minimum 
protection is required

Gloves, safety glasses, chemical-
resistant, steel-toe boots, or shoes
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PRINCIPLES OF PERSONAL PROTECTIVE EQUIPMENT

According to the CDC guidelines, health-care workers must follow basic prin-
ciples to ensure efficient use of personal protective equipment, most essential 
of which is the exposure of skin to virus, which should be avoided at all times. 
While entering the patient care area, it is essential to put on the personal pro-
tective equipment in a correct manner and order. It cannot be readjusted after 
entering the patient care area because any further manipulation with the protec-
tive equipment can result in breach of barriers against virus. A trained observer 
should monitor this activity to ensure proper compliance.

After handling the body fluids of the infected person, the gloved hands should 
be disinfected using an alcohol-based hand rub. During patient care activities, if 
the health-care worker experiences a partial or total breach of their personal pro-
tective equipment (through glove separation from sleeves leaving exposed skin, 
a tear in an outer glove, or a needle stick), then the health-care worker should 
be moved instantly to the designated area to evaluate the degree of exposure. If 
indicated during evaluation, the facility’s exposure plan should be implemented 
emergently. In comparison to putting on protective gear, the removal of used 
personal protective equipment is a high-risk process that requires an organized 
approach, a trained observer, and a selected area for removal to warrant protec-
tion. This procedure should be slow and vigilant to reduce the probability of 
self-contamination.

During direct patient care and the personal protective equipment removal 
process, an additional layer of protection is provided by double gloving method. 
However, any further addition of layers will cause restraint in movements and 
lead to an excessively hot environment within the equipment, thus making 
patient care a challenging assignment. It is strongly suggested by the CDC to 
train and practice, in case any health-care facility decided to alter and enhance 
protective procedures with extra personal protective equipment. During the 
disposal process of used personal protective equipment, human error or omis-
sion can be expected. To prevent such occurrences, every step is read aloud to 
the health-care worker from the procedure worksheet, and each completed step 
is visually established and documented by a trained observer. The exclusive 
responsibility of a trained observer during entire put-on and takeoff process 
is to ensure the safety of the health-care worker and to make sure the facility 
is not compromised. The trained observer should have all the right knowledge 
about personal protective equipment recommendations documented in facil-
ity’s protocol, including proper donning and doffing procedures, disposal of 
used personal protective equipment in order to provide right guidance to related 
health-care worker. In the event of an unintentional breach in procedure, the 
trained observer should be aware of exposure management plans.

Facilities should have a design that permits for a clear demarcation between 
clean and possibly contaminated areas. There should also be clearly visible signs 
to separate these distinct areas and to ensure a one-way movement of care from 
clean areas (area where personal protective equipment’s donned and unused 
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equipment is stored) to the patient room, and then to the protective equipment 
removal area where equipment is removed and discarded.36

HANDLING OF BIOLOGICAL SPECIMENS SUSPECTED  
OF CONTAINING EBOLA VIRUS

While handling specimens from the patients, it is necessary for the laboratory 
staff to strictly follow safety protocol in order to prevent the transmission of 
bloodborne pathogens.37 The only possible method to ascertain the etiology of 
a suspected case will be through a laboratory test, since the early signs of the 
Ebola virus disease can be vague.38 Unquestionably, Ebola virus is a highly 
pathogenic agent; therefore, all laboratories should assess their resources and 
methods along with analyzing the training procedures and skills of their staff 
so as to conduct a comprehensive biohazard risk assessment. Implementation of 
correct procedures is necessary to lessen the possibility of the risk.37

Each of the laboratories should design a suitable workflow for processing 
suspected “Ebola virus-infected” samples to protect health-care providers and 
laboratory personnel. Specimens should be handled using an “enhanced chain 
of custody” algorithm. For example, having a designated staff for the shipping 
and supervision of the specimens within the laboratory is required to make 
sure that preanalytical, analytical, and postanalytical techniques are correctly 
tracked to amplify safety to personnel.39 Ebola viruses are categorized as risk 
group-4 pathogens (see Table 9.4 for levels of pathogens), demanding Labora-
tory Biosafety Level (BSL)-4-equivalent control for isolation of virus.

Only if the virus has been inactivated in a BSL-3 facility (see Table 9.5 
for definitions), an on-site molecular analysis can be done. BSL-4 or BSL-3 

TABLE 9.4 Categories of Pathogens According to Risk Group40

Risk Group 
Pathogens Definition Examples

Risk group 1 Microorganism causing no or low 
individual and community risk

Escherichia coli, Bacillus 
subtilis, Yeast

Risk group 2 Pathogen causing moderate 
individual risk, low community 
risk

Hepatitis B and C virus, 
human immunodeficiency 
virus (HIV), Salmonella typhi

Risk group 3 Pathogen causing high individual 
risk, low community risk

Mycobacterium tuberculosis, 
severe acute respiratory 
syndrome (SARS)

Risk group 4 Pathogen causing high 
individual and community risk

Ebola virus
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facility-lacking countries should assure the transportation of the specimens to 
an established WHO Collaborating Center.22,38

GUIDELINES FOR THE HANDLING OF LABORATORY 
SPECIMENS FROM SUSPECTED OR LABORATORY CONFIRMED 
EBOLA VIRUS DISEASE PATIENTS

 l  Personal protective equipment such as double gloves, impermeable laboratory 
gown, fluid-resistant gown worn over the laboratory coat or a combination 
of a sanctioned particulate respirator (e.g., N95 or N100), and eye protection 
(e.g., goggles/face shields/shroud), or a powdered air-purifying respirator use 
is strongly suggested, to be put on by the laboratory personnel while handling 
the samples from suspected Ebola virus disease patients.

 l  It is necessary to make sure adequate supplies of personal protective 
equipment and United Nations specimen triple packaging systems is 
currently available.42

 l  The samples collected from the suspected Ebola virus disease patients should 
not be handled in an open area.

 l  Procedures like pipetting, aspiration, slide preparation having the possibility 
to create infectious aerosols should be carried out in a biological safety cabinet 
in a minimum Containment Level-CL2 laboratory.

 l  The risk of aerosolization is higher with procedures like centrifugation of 
infectious material and should be carried out using sealed safety cups or sealed 
rotors that are only opened and unloaded in the biological safety cabinet.

TABLE 9.5 Grades of Biosafety Level41

Biosafety 
Levels (BSL) Criteria Examples

BSL-1 Agents that pose minimal threat 
to laboratory workers; does not 
cause disease in healthy adults

Baculovirus

BSL-2 Agents causing human diseases, 
thus posing moderate hazard

Equine encephalitis viruses, 
human immunodeficiency 
virus (HIV)

BSL-3 Agents that are strictly 
controlled, can cause lethal 
disease via aerosol transmission

Yellow fever virus, St. Louis 
encephalitis virus, West Nile 
virus

BSL-4 Agents that are extremely 
dangerous and can pose a high 
risk of life-threatening disease

Ebola virus, Lassa virus
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 l  Use of glass or sharp instruments should be limited wherever necessary 
and laboratory personnel should be adequately trained in regular practices, 
including biosafety.

 l  Before collecting patient samples, label the tubes.
 l  Requisitions tested need to be stamped as “Ebola virus disease suspect,” and 

labeling should be done on the exterior of the container.
 l  Make sure that all the specimens are safely stored and the accessibility should 

be limited only to authorized staff members.
 l  Trained staffs skilled in collecting blood should perform phlebotomy.
 l  During specimen processing, try to avoid unnecessary activities and minimize 

staff in that area.
 l  Prior to packaging for shipping to further testing, the surface of the specimen 

containers should be decontaminated by an effective disinfectant.
 l  To avoid contamination of the skin and hair, personal protective equipment 

should be removed in a proper manner. Any contact with the soiled and 
contaminated items (e.g., gloves, gowns, respirators) should be avoided.

 l  Proper sterilization is necessary for contaminated clothing and personal 
protective equipment before discarding, reuse, or removal from the laboratory.

 l  As soon as the personal protective equipment is removed, wash hands 
thoroughly.

 l  The spongy paper towels should be covered with disinfectant and left to soak 
for 15 min before cleaning up the accidental spills of potentially contaminated 
material.

 l  Specimens should be placed in a durable, leak-proof secondary container 
for transport within a facility. The external surface of a container should be 
disinfected with 3% sodium hypochlorite.

 l  Even for shipping within a facility, samples should be placed in a durable, 
leak-proof secondary container.

 l  Never use any pneumatic tubes for shipping the samples of suspected Ebola 
virus disease so as to avoid the risk of breakage or leaks.43

 l  All specimens should be stamped with a distinct patient ID. It should also be 
supplemented with a documentation sheet including at least patient’s unique 
ID, date/time/place of sampling, type of specimen, test requirements, clinical 
data, along with travel history, and exposure to a suspected or confirmed 
Ebola virus disease case.44

 l  With regards to laboratory waste management during handling the specimens 
infected or contaminated with Ebola virus, the solid waste generated during 
laboratory testing should be steam sterilized (autoclaving), as the waste 
treatment process will inactivate the virus.45

 l  For handling Category A infectious substance like Ebola virus specimen, 
laboratories should have a Biological Safety Cabinet Certification.45

 l  If the specimen needs to be tested at the hospital laboratory which is the 
common laboratory for other hospital and patient-related activities, then the 
specimen should be double bagged, placed in a biohazard transportation 
container, and hand-carried to the laboratory37 (Figure 9.1).
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BIOSAFETY RECOMMENDATIONS FOR LABORATORIES 
CONDUCTING DIAGNOSTIC TESTING FOR EBOLA VIRUS 
DISEASE WITH APPROPRIATE BSL-3/BSL-4 FACILITIES

 l  A virus should only be isolated in a maximum containment BSL-4 laboratory. 
To prevent accidental or deliberate release of virus isolates, make sure the 
specimens are properly handled and safely stored.

 l  According to the detection protocol, the specimens should be inactivated only 
under BSL-3 conditions.

 l  Testing procedures like RT-PCR and enzyme-linked immunosorbent assay 
(ELISA) for noninactivated samples can be done at BSL-3 laboratory.

 l  For inactivated samples, testing procedures like RT-PCR and ELISA testing 
can be done at a BSL-2 laboratory.

BIOSAFETY RECOMMENDATIONS FOR LABORATORIES 
CONDUCTING DIAGNOSTIC TESTING FOR EBOLA VIRUS 
DISEASE WITHOUT APPROPRIATE BSL-3/BSL-4 FACILITIES

 l  Testing procedures like PCR or ELISA for samples should be done in a 
biosafety cabinet (glove box)-Class III in an isolated laboratory area.

FIGURE 9.1 Flowchart for handling of samples derived from suspected Ebola virus disease 
patients. World Health Organization (WHO). Algorithm for handling of samples from suspected 
Ebola virus disease. 2014.
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 l  Once specimens are inactivated, they can be removed from the biosafety cabinet-
Class III and the rest of the procedures can be done under BSL-2 conditions.

 l  All the collected samples can be kept under refrigeration at 2–8  °C up to a 
week. The biological samples should not be stored under BSL-2 conditions 
beyond the timeline of necessary shipment.38

Thus, the above-documented guidelines recognize existing precautionary 
measures and biosafety procedures within laboratories that are satisfactory 
enough to safeguard the laboratory personnel during most testing procedures.39
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As I waited for the signs and symptoms of Ebola to develop, I could not sleep. I was 
very worried about leaving my children as orphans. I knew that once I got Ebola, 
it meant I would die. So I just sat there, almost too paralyzed to do anything, as I 
waited for the outcome. I felt defeated. I had nothing to do. This feeling of helpless-
ness continued for some time. I would think all the time.

Data Display 6.4.3: Living under the Threat of Ebola: A Phenomenological Study.

Such was the gravity of the epidemic that it has not only affected the lives of the peo-
ple physically, but has also caused a significant impact on the psyche of the affected 
individuals and communities. This chapter highlights the psychological and social 
implications of the current epidemic and widespread fear, panic, hysteria, and chal-
lenges faced by the people affected by Ebola virus disease, the survivors, their fami-
lies, and the health-care workers. The United Nations (UN) Security Council has 
declared Ebola virus disease a global threat.1 The affected nations from the Ebola 
virus disease outbreak have been branded as “infectious countries.” This has led to 
decline in the economy of these countries. Their agricultural production and trade 
have become stagnant; thus, creating a large magnitude of economic losses along 
with fear aggravating the medical consequences of the disease itself.
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THE PSYCHOLOGICAL STRESS AND RESPONSE

Psychological stress and manifestations in acute period

Even in the presence of best health care, Ebola virus disease victims were 
vulnerable to extreme fear, which was most likely due to the dreaded experi-
ence. The magnitude of terror, fear, and anxiety felt by the Ebola virus disease 
patients upon hearing the news of their diagnosis was far greater in comparison 
to that of human immunodeficiency virus (HIV)2 infection. When caregivers 
witnessed the extreme pain and suffering of their patients, it exacerbated the 
fear of these caregivers becoming infected by the Ebola virus disease.3 Wendo4 
argues that such anguish might have been due to mass media’s portrayal of 
the disease, which was further fueled by the existing social and cultural stig-
mas. This fear and panic led to the stigmatization and ostracism of Ebola virus 
disease patients, their families, survivors, and health workers. Two important 
aspects that are frequently exaggerated include contagiousness and mortality 
rate of the disease, which, in the minds of nonmedical and medical personnel 
alike, approached 100%.

Symptoms in 70 consecutive patients with Ebola virus disease admitted 
to Donka National Hospital, Conakry, Guinea, included arthralgias (12.86%), 
myalgias (14.29%), headache (35%), vomiting (50%), fever (46%), and diar-
rhea (42.86%).5 These symptoms can be related to underlying psychiatric and 
psychological processes3,6–8 and are commonly exacerbated by such underlying 
processes.9–11

The Ebola virus disease has similarities to HIV/AIDS (acquired immune 
deficiency syndrome)-related stigma which led to avoidance of health care, 
reduced adherence to antiretroviral medications, increased HIV symptomatol-
ogy, and the emergence of mental health pathologies including depression.12–14 
This behavior has not only led to shattered familial, social and economic rela-
tionships, and infrastructures, but has also created vast barriers for implementa-
tion of access, prevention, and treatment strategies (Figure 10.1).15–20

FIGURE 10.1 A Red Cross worker disinfects the hospital room of an Ebola virus disease-affected 
patient. Source: AFP.
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Psychological stress and manifestations in postinfectious period

An interesting psychological aspect among Ebola virus disease survivors is the 
manner in which they responded to hearing the initial news of being declared 
disease-free. Due to constant suffering caused by physical symptoms of the 
illness, some expressed distrust of the news disease survival. The label of “sur-
vivor” was received with cautiousness and hesitation.3

A study conducted by Matua and Locsin21 in Gulu District, Uganda, found 
the survivors had “disbelief in their survival” when declared disease-free. Even 
Kibale22 participants considered their survival as “impossible” given the fact 
that no specific medicine had been given to the patients. Even during the survey 
conducted among survivors of 1995 Kikwit Ebola epidemic by Dee Roo, Ado, 
Rose, Guimard, Fonck, and Colebunders23 found a similar incidence of “denial” 
by those who survived.

People exposed to life-threatening illness such as Ebola virus disease, HIV, 
or cancer often suffer from several negative psychological symptoms often clas-
sified under posttraumatic stress disorder (PTSD). This mental trauma leads to 
severe psychiatric problems in affected individuals. According to Van der Kolk 
et al.,24 when individuals recovering from a traumatic event fail to transcend their 
negative experience, it could be an indication of a more severe psychological 
problem, identified as PTSD. Kibale survivors, Dee Roo et al.,22,23 have reported 
the psychological effect of the survivor during 1995 Kikwit outbreak, where 
there was a widespread fear, discrimination, shame, and stigmatization observed.

Whenever I am reminded about Ebola, I find I cannot control crying because 
recalling my situation stresses me. And when I reflect about my experience, 
sometimes I think a lot because the illness didn’t leave me the way I was before. 
The illness has left me with many weaknesses…

Data Display 6.3.3.; Living under the Threat of Ebola: A Phenomenological Study.

A study on survivors from the Ebola virus disease outbreak in Mbarara, 
Uganda, found that contacts would experience unusual headaches and a fever-
ish sensation when simply asked about their Ebola virus disease experience. 
It appears, therefore, psychosomatic disturbances may persist long after being 
infection-free.3

A survey among 34 survivors from Ebola virus disease survivors in Kikwit  
General Hospital in 1995 outbreak focused on psychological symptoms. In  
summary, the study defines experiences of the 1995 Ebola epidemic survivors in 
Kikwit, Democratic Republic of Congo. Before falling ill, most survivors took 
care of a sick family member and none of them had ever heard of Ebola virus 
disease before they developed symptoms. This is part of the reason why they 
never suspected that they would get infected by the virus. In the beginning of the 
Ebola virus disease outbreak, they experienced fear, denial, and shame. Their 
belief in God helped them through the phase of suffering. Their most horrible 
experience was seeing their own people dying in the isolation ward of Kikwit 
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Hospital along with the hesitancy of health-care workers to treat the affected. 
Therefore, more attention is needed to address the psychological consequences 
during Ebola virus disease epidemic.23

There was a study conducted on 105 Ebola virus disease survivors when 
discharged from Ebola isolation unit at Donka National Hospital described 
“post-Ebola virus disease syndrome” that was a combination of physical and 
psychological symptoms. In those who were in subacute period of recovery 
reported symptoms of anorexia, chronic joint, and muscle pains along with 
several other symptoms like difficulty in short-term memory, headaches, sleep 
difficulties, insomnia, dizziness, abdominal pain, constipation, decreased exer-
cise tolerance, decreased libido, and sexual dysfunction. The most notice-
able psychiatric symptoms seen among them were the change in the level of 
self-confidence due to constant exposure to rejection and ostracism within the 
community.25

HEALTH-CARE RESPONSE

This psychological stress was further augmented by the absence of a structured 
psychological support system and the lack of well-trained mental health pro-
fessionals to cope with these challenges. A classic example would be that, in 
Liberia and Sierra Leone, each of them has only one practicing psychiatrist, 
more than a few dozen mental health nurses, and about 100 trained paramedi-
cal professionals for the management of common mental disorders.26 Hence, 
it is very important to assess the situation and identify the necessary measures 
needed to cope with those challenges.

First, there is a need for rapid assessment of outbreak-related mental stress-
ors within the general public and related health workers, which can be done by 
using trauma signature analysis, an evidence-based method that helps in analyz-
ing populations exposed to an extreme event, thus providing an actionable path-
way for highly targeted support programs.27 The technique of trauma signature 
analysis was used in a major disaster like 2011 Japan tsunami, where the fea-
tures of the event was identified, a hazard profile was created, and the severity 
of the exposure and related mental risk factors was assessed.28

Next, in cases of emergency situations like the Ebola virus disease outbreak, 
an Inter-Agency Standing Committee (IASC) guidelines on mental health and 
psychological support should be adopted.29 These guidelines provided support 
in extreme situations like Syrian war refugees, Philippine typhoon survivors, 
and Nepalese survivors of political violence. The main features of IASC guide-
lines are (1) to restore security and basic services to the people affected, (2) 
to consolidate family and community networks, (3) to provide support to dis-
tressed individuals, and (4) to offer specialized mental health intervention for 
severely affected survivors. Lastly, the target populations for the intervention 
should include stigmatized survivors, mourning family members, ostracized 
orphans, and related health-care workers.30
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ESCALATION BY MEDIA

The media has also played a major role in escalating the fear among the general 
population under the guise of sensationalism. The front page of the newspaper 
headlines stating “Ebola claiming Gulu Hospital head” (IRIN News, December 6, 
2000) and “The disease of year 2000 was the Ebola fever” (New Vision, January 8, 
2001) are examples of sensationalism prior to the current outbreak (Figure 10.2).

In a workshop symposium titled “Disease, Communication, and the Ethics 
of (In) Visibility,” participants identified instances where historical representa-
tions of certain medical conditions raise questions about the ethics of spec-
tatorship. The workshop also focused on the tribulations that arose from the 
ongoing necessity to evoke empathy in the representation of individuals’ suffer-
ing while striving not to perpetuate social and economic inequalities. Finally, 
the lecture also considered the intersection of visibility with the complex nexus 
of health, sexuality, and global/national politics. Such considerations highlight 
the relationship between the necessity of making diseases visible, the mech-
anisms of legal and visual censorship, and the overall ethics of viewing and 
spectatorship.31

RESPONSE OF OFFICIALS AND SPOKE PERSONS,  
AND PUBLIC RITUALS

Another important factor that had influenced this epidemic is the manner in 
which the officials handled the situation. Accordingly, the amount of informa-
tion and misinformation regarding the Ebola virus disease deeply impacted the 
psychology of the nation (West African countries).32 According to Meredith 
Stakem, a health and nutrition advisor for Catholic Relief Services in West 
Africa, one of the lesser known psychological factors that has triggered an even 
greater reaction among the ignorant community is the fact that health workers 
respond to the Ebola virus disease by wearing head-to-toe protective gear that 
looks like “space suits.”

FIGURE 10.2 A man reads a local newspaper with headline “Ebola Virus Kills Liberian in 
Lagos,” Saturday, July 26, 2014. AP Photo/Sunday Alamba.
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The previous largest Ebola virus disease outbreak was first reported in 
the year 2000 in the surroundings of Lacor Hospital in the northern Ugan-
dan town of Gulu.33 A Medical Superintendent at Gulu Hospital, Uganda, 
described the situation as “very wild.” Following this statement 4 days later, 
the mourners at a funeral of an Ebola virus-affected person stripped them-
selves naked and left their clothes at the funeral, fearing that they might carry 
virus to their respective homes. In response to this, the Ministry of Health 
responded, “sometimes the response is extreme, but it shows that people are 
taking the message.” This response was taken to extremes by the local people, 
who started to drink and bath in “Jik” bleach (a substance promoted during 
the epidemic as an effective disinfectant against the virus) “in a desperate 
attempt to rid themselves of Ebola.”34

The public display of stigmatization increased substantially within the com-
munity after outbreak, with one of the affected villagers of Gulu town, Uganda, 
described “people eyeing each other suspiciously, suspecting everybody else 
to be a carrier of the killer virus.” On the 19th day of the outbreak, there was a 
traditional Acholi ritual performed in which the people of Gulu “erupted in wild 
shouting, jumping, and running,” which was intended to “exorcise” their land 
of the virus.34 Such activities promote stigmatization not just to the affected 
individuals, but also to the survivors. McEwen10 as cited in Major and O’Brien11 
agrees that people who experience stigmatization and ostracism have a greater 
risk of developing mental and physical health problems in comparison to non-
stigmatized populations.

THE HEALTH-CARE WORKERS AND CAREGIVERS

Even though health-care workers have in-depth knowledge regarding the dis-
ease and well-developed protocols to ensure safety, the magnitude of exposure 
and direct visualization of the disease manifestations pose unique challenges. 
Health-care workers struggle with the sense of responsibility while constantly 
facing the fear of becoming victims themselves. A good example is the story 
of a young male health-care worker who contracted Ebola virus disease while 
taking care of a patient and was admitted to the isolation ward of the infectious 
disease hospital in Lagos, Nigeria. Three weeks following the admission, he 
appeared confused and was sleeping poorly, talking vaguely, and displaying 
unruly, disruptive behavior toward those taking caring of him. After a mental 
status examination, the health-care worker was found to be restless, agitated, 
and fearful about the outcome of his illness. His attention and concentration 
were affected. A diagnosis of adjustment disorder with mixed disturbances of 
emotion and conduct was made.35 Reports of other health-care workers acquir-
ing infection during performance of duties create constant psychological stress 
for workers and families. Dee Roo et al.23 reported that witnessing the death of 
friends and colleagues in the isolation unit was the most negative psychological 
feeling experienced by medical staff.
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Nonmedical personnel, such as family members in West Africa, might also 
provide a large part of Ebola virus disease victim care. These caregivers reported 
that witnessing the death of their loved ones was one of the worst psychological 
experience leading to sleeplessness, anxiety, and despair.3 Caregivers also found 
it hurtful to have persistent memories of the deceased relatives, which contin-
ued to linger in their minds. Overall, the Ebola virus disease has affected the 
community in different ways, which include social stigma, social withdrawal, 
lingering negative experience, obliteration of sufferers’ actualities and possibili-
ties, and the reality that nearly everyone is at risk for infection (Figure 10.3).3

Acceptance into the society

Thanks be to God, I am cured. But now I have a new disease: the stigmatization 
that I am a victim of. I should have died. Now, everywhere in my neighborhood, 
all the looks bore into me like I’m the plague

The previous statement was from an Ebola virus disease survivor who 
was not just a regular survivor, but a doctor from Guinea who had beaten the 
odds and survived Ebola virus disease and now faces a second disease called 
“Stigma” that still lingers even after he completely recovered from the physical 
effects of a deadly disease.36 This extreme level of stigmatization and ostracism 
toward the Ebola virus disease-affected individuals, survivors, their families, 
caregivers, and related health workers is based on the fear that has gripped the 
affected regions and exacerbated by suspicion and rumors.

Many of our neighbors won’t come to our house now… My friends don’t visit, 
thinking that if they come near our house, they’ll catch the virus.

Survivor Fudia Sesay of Sierra Leone.

During Kikwit outbreak in 1995, the 190 Ebola virus disease survivors who 
returned home found that the people from the community had burned their 
clothes, beds, and even their huts. In some instances, their family members had 

FIGURE 10.3 Health-care workers wearing protective gear at Medecins Sans Frontieres’ (MSF) 
Ebola virus disease treatment center. Source: Kjell Gunnar Beraas/MSF/AP.
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fled and people even refused to trade with them.34 The fear among the people in 
the community was so great that, even children suspected of having Ebola virus 
disease, when found to be seronegative or infection-free, were not adopted by 
their own families out of fear of getting infected.37 In another scenario in Sierra 
Leone during the Kikwit outbreak, Ebola virus disease survivors were branded 
as “witches” for surviving. Even after emerging from what can be described as 
a “glimpse of hell,” these survivors could not find an easy life on the other side 
of the Ebola virus disease ward.38

Another important aspect of behavior among the community is the way a 
suspected Ebola virus disease patient was handled. Mason39 described obser-
vations from 2007 Ebola Bundibugyo outbreak, where Ebola virus disease 
patients and their families were forcibly quarantined by the community to an 
extent where the members of labeled families were stoned if they try to leave 
their homes, for the fear of spreading Ebola virus disease. While, on the one 
hand, the epidemic control protocols succeeded in minimizing the spread of the 
infection, on the other hand, the dehumanizing actions, especially the manner 
in which the suspected persons were handled, increased the panic in the pub-
lic as they started to believe the possibility that they might also be humiliated 
in the same way. The spread of infection, fear, and stigma among the general 
population has also increased to an extent where the attendance in church and 
mosques tumbled. The clergy abandoned age-old rituals involving direct body 
contact that, although it helped to minimize the spread of infection, increased 
the anxiety levels and fear of divine abandonment.

The stigmatization and ostracism in society follow from cultural beliefs and 
practices that are heavily influenced by the past. McLaughlin and Braun40 stated 
that cultural values influence patient’s attitudes about obtaining and seeking 
treatment information. The individual’s selection of care, including the conduct 
and reaction to the disease or illness, is influenced by the cultural practices and 
beliefs the individual follows.3 Interestingly, a very small percentage of children 
are affected by Ebola virus disease. This low number could be due to cultural 
practices in which children are kept away from sick family members in regions 
with long-standing histories of infectious disease outbreaks, thereby reducing 
the transmission of such infections to children.41,42

The social stigma around the disease has caused the further spread of infec-
tion because of false information provided by those who may have been exposed, 
because “people don’t want to be associated with the health crisis. When you ask 
them about their travel history they give you false information” (Ebola Survivor, 
Sulaiman Kanneh Saidu, Health worker, Sierra Leone, who caught the disease 
during the examination of a sick woman who lied about her contact with the dis-
ease).43 Barret and Brown44 reported that ignorance and lack of understanding of 
a disease could contribute significantly toward escalating fear, stigma, and ostra-
cism. A classic example is the incidence of “ignorance-induced fear and panic” that 
occurred in the city of Surat, Western part of India, where in 1994 the “pneumonic 
plague” epidemic resulted in over a half million people fleeing from the city.44–46
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INTERACTION OF HEALTH-CARE WORKERS WITH SOCIETY

Even the caregivers reported negative experiences associated with caring for 
close relatives and friends diagnosed with Ebola virus disease, characterized by 
social isolation, rejection, and discrimination. These experiences were similar 
to those experienced by survivors. The fear of getting infected, high rates of 
Ebola virus disease-related deaths, and extreme caution used by the epidemic 
response team increased the antisocial incidents directed toward Ebola virus 
disease patients, along with their caretakers and family members. Even during 
the epidemic in 2000 and 2001, several instances of harassment and abandon-
ment were observed.47

VIOLENT BEHAVIORS WITHIN SOCIETY

This stigmatization has reached to such an extent where some even believe 
the ongoing epidemic is due to “divine retribution” for past sins. In April 
2014, a rumor spread that foreigners were spreading the disease led to an 
attack on a Doctors Without Borders (MSF) clinic in rural Guinea, forcing 
them to abandon its mission. Even in Sierra Leone, few local leaders spread 
rumors that “the white people” were conducting experiments that had caused 
the disease.48

There have been several more instances reported like the incidences 
reported in Butagira’s49 article “Bundibugyo Residents Shun Ebola Survi-
vors” (Daily Monitor Newspaper, December 21, 2007) and Mugisa’s article 
“Ebola isolation center closed over violence” (New Vision, December 9, 
2007). Thawite, Ssengendo, Etengu, and Kagiri50 describe villagers vandal-
izing an Ebola virus disease isolation unit; this fear-driven “mob action” was 
viewed as a necessary action to protect the community from the “infection 
source” (i.e., the patients).

There was also anger among the public about how Ebola virus disease 
patient burials were handled. Their loved ones who had died from the disease 
were not buried according to their usual traditions. Their typical tradition of 
burial includes bathing the dead person and then burying them which involves 
direct contact. Because of the outbreak, the government officials have taken 
up the job of burial through trained health workers. Although such precautions 
were necessary to any direct contact with the people affected, the perception 
among families was different. In one district of Guinea, police fired tear gas at a 
mob that was trying to raid the morgue in order to give their loved ones proper 
burials despite the risk of contagion (Figures 10.4–10.7).48

SOCIAL STIGMA IN THE UNITED STATES

It is strange that this fear, stigmatization, and ostracism are not limited to under-
developed countries, but are also seen in developed nations like the United 
States. During intensified news coverage in October 2014 in relation to cases of 



148 Ebola Virus Disease

FIGURE 10.4 Encouraging message to bring awareness in the community in Liberia. Source: 
Ahmed Jallanzo/EPA; The Irish Times.

FIGURE 10.5 The residence of Ebola virus disease survivor burnt during the 2003 DRC Ebola 
outbreak. Source: Ebola in Congo: virus, poacher and fetish, Mbomo © Epelboin 2004.

FIGURE 10.6 Ebola virus disease survivors tell their stories at the Survivors Conference in 
Kenema, Sierra Leone-WHO, October 2014. Source: WHO/S.Gborie.

Ebola virus disease in the United States, circumstantial observations suggested 
that many Americans were found to be anxious about the Ebola virus disease. 
Given the insignificant risk of infection, their apprehension was perhaps driven 
by apparent rather than actual risk.51

If I’m on the metro, I don’t talk. If I’m on the bus, I don’t talk. If people hear the 
accent, they think you are Liberian, Then you have Ebola.
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This was the response of a Liberian-American Charles Roberts when speak-
ing to ABC News. There have also been reports of Liberians in Washington being 
instructed to temporarily leave work. This situation was seen all over the coun-
try where Liberians experienced stigmatization just because they were closely 
associated with a country currently facing an Ebola virus disease outbreak.52

Fear in a country of 316 million people with less than 10 patients who have 
actually contracted the disease was driven by distrust, leading to panic, dis-
crimination, and even violence. People began to doubt experts, criticize health 
officials for any perceived mistake, and wonder why more attention was not 
being paid to prepare for worst-case scenarios. This distrust extended beyond 
the health-care system when people became suspicious about their safety in 
the workplace, worrying about the protection of their children at schools, and 
looking sideways at the person next to them on the subway, on the bus, or in 
neighboring houses.

To alleviate this tension, the best approach requires government officials to 
join with respected health-care leaders and organizations to address the pub-
lic.53 To curb negative feelings among the general public, a large number of 
awareness campaigns have been conducted, including on social media like 
Twitter, where tweeted pictures of Liberians were presented holding up sign-
boards (Figure 10.8).

CONCLUSION

One of the biggest challenges extends beyond finding a better way to not only 
stop the Ebola virus disease transmission, but also stop the stigmatization and 
ostracism that rapidly develops within the community. Hence, it remains critical 
to understand and anticipate the societal reaction to the Ebola virus disease and 
other pandemic outbreaks. Health-care organizations must implement strategies 
in order to prevent and resolve such occurrences within the society (Figure 10.9).

FIGURE 10.7 A health worker sprays the body of a man thought to have died of Ebola virus 
disease in Monrovia, Liberia. Source: AP Photo/Abbas Dulleh.
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Dissemination of accurate information to communities affected by the Ebola 
virus disease can be done by educating and training highly respected commu-
nity leaders who have ability to influence the community to fight the stigma.2 
Multilevel community involvement that includes accurate information about 
disease, counseling, and testimonials from persons who have survived the dis-
ease, along with caregiver stories, can help decrease the stigma in the society 
(Figure 10.10).54

Collective strategies, including empathy-based contact that promotes 
programs dedicated to skill building, training local health workers, distrib-
uting pamphlets, door-to-door campaigns, and visiting religious places and 
religious leaders can be beneficial in reducing the fear and stigma within 
communities.55–57

FIGURE 10.8 People using social media to fight against stigmatization using the hashtag cam-
paign #IamALiberianNotAVirus. Source: Shoana Cachelle/Cachelle Photography.

FIGURE 10.9 A car drives past a public health advertisement against the Ebola virus disease in 
Monrovia, October 8, 2014 (Reuters/James Giahyue).
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Even in the United States, there is a need for a science-based risk commu-
nication strategy to counter the tendency of the media to exacerbate fear felt 
by the public. According to researchers, even indirect exposure to events like 
September 11 and Boston Marathon Bombing through the media outlets is suf-
ficient enough to generate anxiety and elevate risks for common psychological 
disorders.58 Therefore, it is important to provide precise and reassuring public 
health message.30

Pamphlets being distributed to the general public as a part of Ebola virus 
disease awareness campaign. (Source: AP/BBC News.)

Another powerful method to fight the stigma is the “way the health-care 
workers treat a discharged patient” said Corinne Benazech, representative of 
Doctors without Borders (MSF) in Guinea. “The patient never leaves alone” 
when discharged; all of the health-care workers individually shake hands with 
the survivor. The discharged patients then receive a certificate that they are com-
pletely cured (Figure 10.11).36

The way country leaders treat survivors also affects the attitudes of the com-
munity. For example, at a global level, President Obama’s public hug with Ebola 
virus disease survivor Nina Pham was symbolic of tackling the stigma within 
the community, whereas President Koroma of Sierra Leone avoided physical 
contact with the survivors he met.59 The international response is hence very 
crucial in mobilizing the people to change their outlook toward the dreadful 
disease. In one statement, the Liberian president Elle Johnson Sirleaf said when 
American doctors were sent to Liberia, “You can’t imagine the difference it 
made in the hopes of the people. It inspired them to do more.”

The role of the print media in presenting the situation to the public also 
plays a major role. Emphasizing the positive aspects of the situation will bring 
in a sense of hope and may help in changing the attitude of the people, which 
can eventually calm down the excessive negative reactions within the commu-
nity. Researchers recommended that entertainment programs which capture the 
mind are particularly effective as people are more absorbed in a play are more 
open to both receiving and to consider a change in the attitude and behavior.  

FIGURE 10.10 Health-care workers demonstrating on the streets to bring in awareness in the 
community. Source: CNN.
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The viewers sometimes develop a personal bond with the imaginary characters 
in programs. This occurrence is called “parasocial interaction.” Therefore, com-
bining entertainment education in radio, television, and social networking sites 
can create a greater impact among the population.60

There was a campaign started by UN wherein they launched a smartphone 
application called #ISurvivedEbola. Survivors in Guinea, Sierra Leone, and 
Liberia were given smartphones so that they could share their stories, in effect 
helping to fight the existing stigma. There is a study done by Pew Research Cen-
ter (The George Washington University School of Media and Public Affairs) 
revealing a relationship between electronic news media publishing and Twitter 
activity around significant events such as the Ebola virus disease. The influence 
of electronic news and social media should be used to the advantage of health-
care organizations to develop social media campaigns that can create a positive 
impact on the general public.

In a random sampling of tweets, it was observed that there was a high fre-
quency of Ebola virus disease-related tweets in association with negative emo-
tions, nervousness, rage, swearing, and discrepant thinking61 in comparison 
to influenza. These Twitter data can provide public health practitioners with 
a measurable indication of anxiety, anger, or negative emotions in the general 
public. This indicator could help to lessen nervousness and correctly communi-
cate facts about Ebola virus disease risk.51

Above attempts to slow the transmission of the virus by providing soaps and 
chlorine households and training local authorities to take up the responsibility 
of the burial process of the victims could be of great help to disease prevention. 
The government could provide better health-care facilities to hospitalized Ebola 
virus disease patients, early detection of the cases, a plan to handle Ebola virus 
disease orphans and survivors, and psychiatric counseling to survivors dealing 
with PTSD and mental trauma due to stigmatization (Figure 10.12).

The involvement of anthropologists to build a new collective platform 
(like the Ebola Response Anthropology Platform) and networks (like the 
Ebola Anthropology Initiative discussion board and Listerv) will help Ebola 
virus disease research and intervention by providing data analysis capabilities, 

FIGURE 10.11 Ebola virus disease survivor holding a discharge certificate at Medecins Sans 
Frontieres’ (MSF) treatment center. Source: Martin Zingg/MSF.
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organizing academic institutional resources, sharing actionable recommen-
dations, providing expertise and technical information, and collaborating on 
research initiatives that will eventually help in avoiding wasteful replication of 
effort.62,63 There is also a strong need for integration of social sciences during 
global health crisis that can rapidly mobilize all experts during Ebola virus 
disease response and can bring relevant local contextual, medical, epidemiological, 
and political information on global health emergencies.63,64

There is also a need to learn lesson from AIDS/HIV epidemic when tackling 
the Ebola virus disease. These epidemics are similar in that they display a mix 
of scientific ignorance and fear in the public reactions to the return of health-
care workers from the front lines in West Africa. When these individuals return 
to their home countries from fighting the Ebola virus disease, politicians and 
media sources magnify these reactions by perpetuating the fear-driven doubt 
and exclusion of whole classes of people. These responses are similar to the 
emergence of AIDS/HIV in the 1980s.65

The Sierra Leone Ebola Emergency Operations Psychosocial Consortium 
(consists of members of the Sierra Leone government, nongovernmental orga-
nizations, and donor agencies) assessed survivors’ health, psychosocial, and 
financial needs and their interest in supporting the Ebola virus disease response. 
In October 2014, the consortium assessed survivor needs in three districts (Bo, 
Kenema, and Bombali). Assessment included (1) convening a National Survivor 
Conference in the Kenema District where they conducted five focus groups with 
36 survivors, (2) conducting in-depth interviews with 12 survivors, (3) conduct-
ing five additional district-specific focus groups with a total of 51 survivors, 
and (4) observing six survivor wellness center counseling sessions. The focus 
group discussions and in-depth interviews included assessing survivor experi-
ences around postdischarge support, their feelings about surviving the Ebola 

FIGURE 10.12 Medecins Sans Frontieres’ (MSF) 1000th survivor—Ebola virus disease survivor 
Kollie James and his father Alexander, MSF health promotion officer in Foya, at the guest house in 
Foya after his discharge. Source: Katy Athersuch/Courtesy of Doctors without Borders.
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virus disease, and specific jobs or tasks survivors could perform. On comple-
tion of the evaluation, findings were shared with select district-level Emergency 
Operations Center staff and partners involved in the response to improve and 
organize survivor services.

This process helped survivors considerably in improving their mental stabil-
ity and positive attitude and has generated self-advocacy, eventually leading 
survivors to share their stories directly with their local communities, with Ebola 
virus disease patients, and with a larger audience through radio and other broad-
cast media. They also expressed interest in participating in Ebola virus disease 
care (treatment support and direct care), along with providing moral support to 
other Ebola virus disease patients to give them hope. Many indicated that sup-
porting themselves with this work would help restore their own dignity.

The Sierra Leone Ebola Emergency Operations Psychosocial Consortium 
also is coordinating partners and districts to improve the initial and ongoing 
psychosocial support for survivors. A counselor–client flipbook is in develop-
ment, containing a series of pictures with information to help change health 
behaviors, and will serve as an aid for counselors to ensure steady and compre-
hensive discharge planning and counseling for all survivors throughout Sierra 
Leone. Likewise, a comprehensive survivor packet has been designed to ensure 
the consistent provision of resources to survivors upon discharge. The packet 
includes a mattress, bed sheets, a blanket, a towel, a pillow, a water bucket, a 
cell phone, utensils, a cooking pot, laundry soap, bar soap, a toothbrush and 
toothpaste, a mosquito net, a set of clean clothes and under garments, plastic 
sandals, food, cash, condoms, and multivitamins.

To assist with survivor reintegration in the community, the consortium rec-
ommends that counselors accompany survivors when returning to their home 
villages to facilitate reunification and reintegration of survivors into their com-
munities. The reintegration process also includes trained counselors speaking 
with local traditional authorities and other community members about the sur-
vivor’s status, the importance of survivor acceptance, and ways in which the 
community can support the survivor. In addition, stigma mitigation educational 
materials targeting the community have been developed and implemented.66
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“We are in an unusual situation in this outbreak. We have a disease with a high 
fatality rate without any proven treatment or vaccine,” says Dr Marie-Paule Kieny, 
assistant director-general at the World Health Organization (WHO). “We need to ask 
the medical ethicists to give us guidance on what the responsible thing to do is.”1

WHO published a report on the ethics of using unregistered interventions to 
treat Ebola virus disease, where they concluded “In the particular context of the 
 current Ebola outbreak in West Africa, it is ethically acceptable to offer unproven 
 interventions that have shown promising results in the laboratory and in the 
 animal models but have not yet been evaluated for safety and efficacy in humans 
as potential treatment or prevention.”1

THE EVOLUTION OF ANTIVIRAL AGENTS

Viruses, unlike other microbes, are not made of cells. They are actually genetic 
material wrapped in a case of proteins. They have no function as long as they are 
outside of cells. Viruses enter cells when their protein case comes into contact 
with the outer surface of a human cell, and only then, they can take over cell 
function. The virus, once inside a cell, hijacks the machinery of a cell to rep-
licate, and eventually replicates so many copies that the cells burst and release 
many copies of that virus only to wreak havoc in adjacent cells.

William Herman Prusoff (June 25, 1920–April 3, 2011), a pharmacologist, 
was among the first to develop an effective antiviral agent, approved in the 
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1960s by Food and Drug Administration (FDA).2 Dr Prusoff spent most of his  
career in studying thymidine, a building block of deoxyribonucleic acid (DNA).3  
In the latter part of the 1950s, for the first time a clinical antiviral drug was 
shown as having selective antiviral activity when used properly. William  
Prusoff developed the first thymidine look-alike, 5-iododeoxyuridine, and 
Professor Herbert E. Kaufman showed the compound to be an effective  
treatment for herpes of the eye by disrupting the virus’ ability to reproduce 
in topical form. It worked by acting as a decoy genetic material. This decoy 
material does not allow the cells machinery to work properly, hence rendering 
the virus ineffective and serving as a treatment. So if a virus was replicating 
in a human, the drug would stop it in its tracks. This discovery was a big 
scientific breakthrough as it opened doors for a new era of antiviral therapy.

A drug by the name of acyclovir was the next big antiviral agent in the 
game. The drug worked by stopping the virus from using its mechanisms to 
replicate its genome. It was derived from a sponge that resides in the Caribbean 
seas, Cryptotethya crypta. Howard Schaffer and Robert Vince codiscovered the 
compound, which proved to have promising antiviral activity, and patented by 
Schaffer in 1979. A researcher by the name of Richard Whitely would be the 
first to use the drug in patients. Acyclovir is still used today, especially for infec-
tion by Herpesviridae.4

Therapeutic development was a challenge, especially for specific agents tar-
geting Flivovirus group, Ebola, and Marburg viruses even as early as in the 
1990s. On the other hand, other viral hemorrhagic fevers like Lassa fever and 
Crimean–Congo hemorrhagic fever responded to a drug called ribavirin. Riba-
virin works by acting as a decoy viral genome and, when incorporated into the 
genetic material, does not allow for further manufacturing of viral copies. Since 
ribavirin was effective against other hemorrhagic fevers, it made sense to run 
an experiment to see if it had potential use as a therapeutic against Ebola virus. 
Unfortunately, looking at its activity in laboratory viral cultures, it proved to be 
useless against the Ebola virus.5

In August of 2011, the Massachusetts Institute of Technology (MIT) discov-
ered a drug that would only attach virally infected cells. They would call this drug 
Double-stranded RNA Activated Caspase Oligomerizer (DRACO). The drug 
would program only virally infected cells to die. It proved to work against all 15 
viruses it was tested against, including viruses like polio virus and dengue fever.6,7

ANTIVIRAL AGENTS FOR EBOLA VIRUS

Now that the Ebola virus disease has spread across West Africa and to different 
continents, therapeutic intervention is desperately needed. Since Ebola virus 
disease is extremely rare, its rarity has not allowed for proper testing of effec-
tive treatment. Now that were in the largest outbreak to date and the entire globe 
is at risk, rather than just a remote village in Africa, the race to develop drugs 
against Ebola virus is on.
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The most notable antiviral agent to date is the drug brincidofovir discov-
ered by Dr Hostetler, a professor of medicine at the University of California, 
San Diego School of Medicine. Chimerix, founded by Hostetler in 2002,8 
announced that brincidofovir would be one of two investigational agents clini-
cally tested in West Africa in patients with Ebola virus disease. This drug had 
actually been developed for the treatment of another virus, cytomegalovirus, 
which is well known for its infection in patients with weak immune systems. It 
is currently in Phase 3 trial for the treatment of adenovirus and cytomegalovirus 
after proving to have a good safety profile and works by stopping the replica-
tion process of viruses, specifically DNA viruses. Paradoxically, it has been 
shown to be effective against Ebola virus, which is an RNA virus. Essentially, 
the reason it interferes with Ebola virus survival is unknown. Brincidofovir has 
also been stockpiled by the United States as potential use as a biodefense agent, 
especially against smallpox.

How exactly did this drug come into the Ebola virus disease scene? The Center 
for Disease Control and Prevention (CDC) and the National Institutes of Health 
asked a drug manufacturer, Chimerix, to give them large quantities of antiviral 
drugs to test in virus cultures in a laboratory setting. Incidentally, brincidofovir was 
a potent inhibitor of Ebola virus in culture.8 In October 2014, the FDA provided 
emergency authorization for use of this agent in patients with Ebola virus disease.9 
Although there are many other antiviral agents being developed for the Ebola virus 
disease, brincidofovir had moved ahead of the pack because of its established 
reputation. The drug has already been used in hundreds of human subjects includ-
ing children, and health professionals know its properties. Brincidofovir has been 
used in two patients thus far, Thomas Duncan and Ashoka Mukpo and, although 
no evidence reports its efficacy in humans, the drug company is ready to start trials 
for patients. Unfortunately, Duncan received the therapeutic agent when he was 
already critically ill and passed away. Ashoka Mukpo fortunately survived.

Another drug developed by Tekmira (Tekmira Pharmaceuticals Corporation) 
called TKM-Ebola, is already being tested in a Phase 1 trial.1 However, the trial 
was put on a partial hold because some subjects had a flu-like response to the 
medication. The medication can still be used with expanded access in patients 
with Ebola virus disease.

Other investigators have proposed that since Ebola virus disease causes the 
victims to bleed, why not just stop the bleeding? With that in mind, a publica-
tion in 2012 described using a drug that was derived from nematodes. This 
drug works by acting on the mechanisms in blood that control the balance of 
its inherent clotting properties. Since Ebola virus disease patients are likely to 
bleed, it made sense to use a drug that gives the blood a tendency to clot in order 
to counterbalance the bleeding. The drug resulted in survival in three of nine 
rhesus monkeys.10 In the same publication, the development of two new thera-
peutic agents AVI-7537 and AVI-7288 were described. Both of these agents are 
actually small strands of genetic material developed by Sarepta Therapeutics 
Inc. These drugs worked by stopping the virus from making important products 
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essential to the virus’s inherent function, therefore, rendering it nonviable. The 
drug had a promising safety profile in one study, but further studies could not be 
done, possibly due to a lack of funding.10

VACCINES

Vaccines, in general, are used to prevent infection. Vaccines are theoretically 
effective before an individual is infected with an agent, in this case, Ebola virus. 
Now how are vaccines made? And how do they work? The answer lies in the 
structure of the Ebola virus.

The Ebola virus, as mentioned above, is made of genetic material wrapped 
in a protein coat. The components, when broken down, are essentially harmless 
to humans, it is the entirety of the intact virus inside that raises hell during an 
infection. The body recognizes the various components of the virus and pro-
duces a reaction to those components. With those facts in mind, why not have 
some drug companies obtain samples of Ebola virus, break the virus down into 
harmless components, and inject the “component” particles into humans, so that 
we can mount a reaction to them?

These are the basic questions asked when a vaccine needs to be made. Once 
the body is exposed to Ebola virus particles, it will make antibodies that react 
to them, as if it is actually fighting the virus. Antibodies need to be “specific” 
when attacking an invader. The body has to manufacture a different set of them 
for each unique infection. Once the body has fought off the infection, it “learns 
or remembers” the structure of the invader it has fought off, so that, in the event 
it invades again, there is stored ammunition against it. A vaccine is a mock of 
the virus that does not cause infection, but do allow the body to manufacture the 
necessary ammunition in the event of a true Ebola infection ensues.

The U.S. National Institute of Allergy and Infectious Diseases (NIAID) and 
GlaxoSmithKline (GSK) have teamed up to create vaccines that are currently 
being tested.11 The vaccines have completed their first phase of testing on 20 
healthy individuals in the United States to determine their safety and immune 
response. This vaccine was actually made from a virus that causes colds in mon-
keys. The cold-causing adenovirus was engineered to express components of 
Ebola virus, hence “mimicking” Ebola virus. A similar vaccine was also made 
for another strain of Ebola virus and is currently being tested in Mali, the United 
Kingdom, and Switzerland. The investigators also tested different doses in the 
individuals and found that there are more antibodies made when a higher dose 
is given compared to a lower one.

CHALLENGES TO VACCINE DEVELOPMENT: LESSONS 
FROM MALARIA AND HIV INFECTION

Challenges in developing vaccines for Ebola virus infection can be explained 
by lessons learned from the past. The challenges originate from many areas; 
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perhaps the most challenging are the properties of the intruder itself. A good 
example of this is malaria. The malaria parasite, which is transmitted by 
mosquitoes to humans, infects over a couple million people and kills just 
under a million people per year. Scientists have been searching for a vaccine 
for years, but the solution has evaded them. The real issue lies in a mecha-
nism the parasite possesses called antigenic variation. Antigenic variation 
means that the parasite is able to change the way it looks to the immune sys-
tem. Anytime the immune system attempts to mount a response to the para-
site, the parasite will change itself like a chameleon (Chamaeleonidae). The 
lizard has the ability to change colors according to the surrounding habitat 
and go undetected. Similarly, the malaria parasite can go totally undetected, 
therefore, continuing to thrive and devour its host. Since vaccines are basi-
cally decoy intruder molecules, developing a vaccine for something that 
has no true constant recognizable identity to the immune system remains a 
challenge.12 Because of their complex life cycle, complicated genome, and 
the poorly understood response of the human immune system to malaria, the 
fight to develop a vaccine continues.13

Another virus that we just cannot seem to develop a vaccine for is human 
immunodeficiency virus (HIV), despite it being around for over 30 years. 
Even with the NIAID’s worldwide effort to create a vaccine, there have been 
no effective vaccine. HIV is a bit different from most viruses, in the sense 
that the human body can never rid itself of HIV. Other viruses, like the flu 
and Ebola viruses, can be cleared by the human system, and often patients 
develop immunity to the viruses. The antibodies that the body produces 
against HIV are not effective in fighting the virus and the other arms of the 
immune system that do not use antibodies to fight infection are attacked by 
the HIV virus itself. Not only is the immune system not effective against 
the virus, but HIV attacks the immune system itself, making the body more 
prone to other infections, which is often the cause of death in HIV-positive 
patients.14 Even if a vaccine were to be developed, the complex life cycle of 
HIV poses a challenge because HIV is a “retrovirus.” Retroviridae have the 
unique ability of being able to incorporate their genome into the genome of 
the host. Meaning that HIV basically can hide within the genome of human 
cells, making it extremely difficult to target.

Now that the potential challenges have been explained, let us discuss 
the Ebola virus vaccine. The first and foremost issue is the rarity and com-
bined lethality of the virus. The outbreaks tend to be small and in remote 
areas of Africa, usually self-limiting after a hundred cases or so. Subse-
quently, information, the priority of research and therapeutic development 
has not entered the priority of big player pharmaceuticals, at least until this 
outbreak. Another deterrent is the daunting process of development. Once 
someone has come up with a potential candidate vaccine, the rigorous pro-
cess of testing and approval ensues. Some drug trials can take up to 10 years, 
if not longer. The safety and efficacy has to be thoroughly tested for the 
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vaccine to be approved. Although the process is long and arduous, it is in the 
best interest of vaccine recipients.

But what happens when the situation demands a vaccine for a deadly hem-
orrhagic virus spreading with no regard for life and has essentially become a 
global threat? Even with this current scenario, “fast-track” development projec-
tions for current vaccines are going to take a year or so. And although this is 
exceptionally fast in comparison to other therapeutic approvals, is it fast enough 
to stop or slow the Ebola virus disease? Only time will tell.

Although the current vaccine has proved to induce development of antibod-
ies in humans, we still do not know that these antibodies are going to be effec-
tive. Is Ebola virus going to be like a chameleon and change itself to evade the 
immune response? We already know that the Ebola virus can target the immune 
system, rendering it ineffective. There are multiple strains of Ebola virus. Can 
a single vaccine protect against all strains? Can a vaccine be developed such 
as the quadrivalent flu vaccine which protects against two influenza A viruses 
and two influenza B viruses. What if the developed vaccines prove to not have 
a true efficacy after being deployed on a large scale? We may have to start from 
ground zero yet again.

ANTIBODIES FROM EBOLA VIRUS DISEASE SURVIVORS

Antibodies made by survivors of Ebola virus disease continue to circulate 
within the blood for an undetermined amount of time. These antibodies 
can be extracted from blood and given to patients who actively suffer from 
Ebola virus disease. The extracted product is called convalescent serum. In 
order to prepare this serum, blood must first be extracted from Ebola virus 
disease survivors. Once blood is collected, it must be spun in a centrifuge 
to separate the components. The heavier elements, including red and white 
blood cells and platelets, will naturally separate from the lighter component, 
plasma. It is the plasma that contains the convalescent serum. The plasma is 
then transfused into a suffering patient. In Kikwit, Democratic Republic of 
the Congo, between June 6 and 22, 1995, eight patients were transfused with 
blood donated by five convalescent patients who met the case definition used 
in Kikwit for Ebola virus disease. The donated blood was expected to con-
tain antibodies against Ebola virus. All the transfusion recipients were tested 
positive for Ebola virus antigens just before the transfusion. The transfused 
patients had clinical symptoms similar to other Ebola virus disease patients 
during the epidemic. All were severely weak, four had hemorrhagic manifes-
tations and two became comatose as their disease progressed. Compared to 
overall very high case fatality rate (80%) for Ebola virus disease epidemic in 
Kikwit and the fatality rates observed in other Ebola virus disease epidemics, 
only one of the patient who received the survivor antibodies died.15 The cause 
for this low fatality rate remained unexplained, and results are confounded 
by better care which was given to transfused patients as compared to those 
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treated in the initial phase of the epidemic, which could have contributed to 
the higher survival rate.15

ANTIBODIES MADE FROM OTHER ORGANISMS

Instead of waiting for a survivor to appear with antibodies, why not just infect 
other living organisms with Ebola and extract their antibodies? The first drug 
used experimentally against Ebola virus disease was an agent called ZMapp 
developed in the tobacco plant Nicotiana benthamiana in the bioproduction 
process known as “pharming.”16 ZMapp is a drug cocktail of antibodies made 
against Ebola Virus. Leaf Biopharmaceutical (LeafBio, Inc.), a San Diego-
based arm of Mapp Biopharmaceutical is developing the composite drug.

An experiment published in Nature indicated that, if ZMapp treatment is 
initiated up to 5 days post-Ebola virus infection, the antibody cocktail is able 
to save 100% of rhesus macaques. In many animals, high fever, viremia, and 
abnormalities in blood count and blood chemistry were evident before ZMapp 
intervention. Elevated liver enzymes, mucosal hemorrhages, and generalized 
small bleeds, indicating the advanced disease could be reversed, leading to 
full recovery. ZMapp is cross-reactive with the Guinean variant of Ebola virus 
as demonstrated by enzyme-linked immunosorbent assay and neutralizing 
antibody assays, which is a test used to detect microbes. Further development 
of ZMapp for clinical use is based on its surpassing value over any other thera-
peutics described so far.17

Despite ZMapp promising to be a useful therapeutic agent as demon-
strated in the experiment with rhesus monkeys, an enormous supply and 
demand issue has emerged. The reason for this shortage lies in the devel-
opment process of ZMapp. To produce this drug, genes encoding the anti-
bodies are inserted into viral vehicles, which are then used to deliver the 
genome to tobacco plants, and, in turn, this produces the antibodies from 
the delivered genes. The antibodies are than extracted and purified for devel-
opment. This entire cycle takes a few months to complete. The amount of 
ZMapp needed for this current outbreak is severely outpaced by the spread 
of Ebola virus disease. Even once there is enough ZMapp made, its true 
effectiveness in humans has yet to be determined, although it has proved 
valuable in rhesus monkeys. It would have to go through a similar vigorous 
testing process like other vaccines. We can only hope that popular approval 
and large-scale production will catch up to the wrath of the current Ebola 
virus disease epidemic.

At this current point in time, there is no proven vaccine or treatment 
for Ebola virus disease. The current treatment is purely a supportive one. 
The therapeutic agents mentioned above have been used in several patients 
in the United States, and a majority of those patients have survived. More 
studies are required to know the toxicity profile for current experimental 
therapeutics.



166 Ebola Virus Disease

REFERENCES

 1.  Kroll D. FDA moves on Tekmira’s Ebola drug while Sarepta’s sits unused Forbes. August 7, 2014. 
Available from: http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras 
-ebola-drug-while-sareptas-sits-unused/.

 2.  Encyclopedia tf. Prusoff W. 2014. Available from: http://en.wikipedia.org/wiki/William_Prusoff.
 3.  Cheng Y-C. William H. Prusoff (1920–2011): father of antiviral chemotherapy. PLoS Biol 

November 8, 2011. Available from: http://www.plosbiology.org/article/info%3Adoi%2F10. 
1371%2Fjournal.pbio.1001190.

 4.  De Clercq E, Field HJ. Antiviral prodrugs – the development of successful prodrug strate-
gies for antiviral chemotherapy. Br J Pharmacol January 29, 2009. Pubmed Central PMCID: 
16284630. English.

 5.  Huggins JW. Prospects for treatment of viral hemorrhagic fevers with ribavirin, a broad-
spectrum antiviral drug. Rev Infect Dis May–June 1989;11(Suppl. 4):S750–61. PubMed 
PMID: 2546248. Epub 1989/05/01. eng.

 6.  Rider TH, Zook CE, Boettcher TL, Wick ST, Pancoast JS, Zusman BD. Broad-spectrum anti-
viral therapeutics. PLoS One July 27, 2011. Available from: http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0022572.

 7.  Trafton A. New drug could cure nearly any viral infection. MIT News; August 10, 2011. Avail-
able from: http://newsoffice.mit.edu/2011/antiviral-0810.

 8.  Forbes. Chimerix’s brincidofovir given to Dallas, Nebraska Ebola patients. 2014 [cited 
16.12.2014]. Available from: http://www.forbes.com/sites/davidkroll/2014/10/07/chimerixs-
brincidofovir-given-to-dallas-nebraska-ebola-patients/.

 9.  Inc C. Chimerix announces emergency investigational new drug applications for brincidofovir 
authorized by FDA for patients with ebola virus disease [cited 16.12.2014]. Available from: 
http://ir.chimerix.com/releasedetail.cfm?releaseid=874647.

 10.  Iversen PL, Warren TK, Wells JB, Garza NL, Mourich DV, Welch LS, et al. Discovery and 
early development of AVI-7537 and AVI-7288 for the treatment of Ebola virus and Mar-
burg virus infections. 2012. Available from: http://www.mdpi.com/1999-4915/4/11/2806/
htm#sthash.8AAfRCYH.dpufhttp://www.mdpi.com/1999-4915/4/11/2806/htm.

 11.  NIAID. NIH to launch human safety study of Ebola vaccine candidate. 2014 [cited 16.12.2014]. 
Available from: http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras-
ebola-drug-while-sareptas-sits-unused/.

 12.  Giles C. Why don’t we have a malaria vaccine? September 27, 2005. Available from: http://
malaria.wellcome.ac.uk/doc_wtx033040.html.

 13.  Prevention CfDca. Malaria vaccines. 2014. Available from: http://www.cdc.gov/malaria/
malaria_worldwide/reduction/vaccine.html.

 14.  AIDS.gov. Vaccines. 2014. Available from: http://aids.gov/hiv-aids-basics/prevention/ 
prevention-research/vaccines/.

 15.  Mile 2 Herald. How African doctors defeated Ebola in the Democratic Republic of Congo…
cases of 8 patients from August 2, 2014. Available from: http://mile2herald.wordpress.
com/2014/08/02/how-african-doctors-defeated-ebola-in-the-democratic-republic-of-congo-
cases-of-8-patients-from-a-medical-journal-1/.

 16.  The Free Encyclopedia. ZMapp. 2014. Available from: http://en.wikipedia.org/wiki/ZMapp.
 17.  Vaccines and Global Health: Ethics and policy. Ebola outbreak shuts down malaria-control 

efforts; Reversion of advanced Ebola virus disease in nonhuman primates with ZMapp. 
October 2, 2014. Available from: http://centerforvaccineethicsandpolicy.net/2014/10/06/
ebola-outbreak-shuts-down-malaria-control-efforts-reversion-of-advanced-ebola-virus-
disease-in-nonhuman-primates-with-zmapp/.

http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras-ebola-drug-while-sareptas-sits-unused/
http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras-ebola-drug-while-sareptas-sits-unused/
http://en.wikipedia.org/wiki/William_Prusoff
http://www.plosbiology.org/article/info%3Adoi%2F10.1371%2Fjournal.pbio.1001190
http://www.plosbiology.org/article/info%3Adoi%2F10.1371%2Fjournal.pbio.1001190
pmid:2546248
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0022572
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0022572
http://newsoffice.mit.edu/2011/antiviral-0810
http://www.forbes.com/sites/davidkroll/2014/10/07/chimerixs-brincidofovir-given-to-dallas-nebraska-ebola-patients/
http://www.forbes.com/sites/davidkroll/2014/10/07/chimerixs-brincidofovir-given-to-dallas-nebraska-ebola-patients/
http://ir.chimerix.com/releasedetail.cfm?releaseid=874647
http://www.mdpi.com/1999-4915/4/11/2806/htm#sthash.8AAfRCYH.dpuf
http://www.mdpi.com/1999-4915/4/11/2806/htm#sthash.8AAfRCYH.dpuf
http://www.mdpi.com/1999-4915/4/11/2806/htm
http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras-ebola-drug-while-sareptas-sits-unused/
http://www.forbes.com/sites/davidkroll/2014/08/07/fda-moves-on-tekmiras-ebola-drug-while-sareptas-sits-unused/
http://malaria.wellcome.ac.uk/doc_wtx033040.html
http://malaria.wellcome.ac.uk/doc_wtx033040.html
http://www.cdc.gov/malaria/malaria_worldwide/reduction/vaccine.html
http://www.cdc.gov/malaria/malaria_worldwide/reduction/vaccine.html
http://aids.gov/hiv-aids-basics/prevention/prevention-research/vaccines/
http://aids.gov/hiv-aids-basics/prevention/prevention-research/vaccines/
http://mile2herald.wordpress.com/2014/08/02/how-african-doctors-defeated-ebola-in-the-democratic-republic-of-congo-cases-of-8-patients-from-a-medical-journal-1/
http://mile2herald.wordpress.com/2014/08/02/how-african-doctors-defeated-ebola-in-the-democratic-republic-of-congo-cases-of-8-patients-from-a-medical-journal-1/
http://mile2herald.wordpress.com/2014/08/02/how-african-doctors-defeated-ebola-in-the-democratic-republic-of-congo-cases-of-8-patients-from-a-medical-journal-1/
http://en.wikipedia.org/wiki/ZMapp
http://centerforvaccineethicsandpolicy.net/2014/10/06/ebola-outbreak-shuts-down-malaria-control-efforts-reversion-of-advanced-ebola-virus-disease-in-nonhuman-primates-with-zmapp/
http://centerforvaccineethicsandpolicy.net/2014/10/06/ebola-outbreak-shuts-down-malaria-control-efforts-reversion-of-advanced-ebola-virus-disease-in-nonhuman-primates-with-zmapp/
http://centerforvaccineethicsandpolicy.net/2014/10/06/ebola-outbreak-shuts-down-malaria-control-efforts-reversion-of-advanced-ebola-virus-disease-in-nonhuman-primates-with-zmapp/


167
Ebola Virus Disease. http://dx.doi.org/10.1016/B978-0-12-804230-4.00012-1
Copyright © 2016 Elsevier Inc. All rights reserved.

Chapter 12

Ebola Virus: Natural Reservoirs

Chapter Outline
Zoonotic contribution to the new 
world epidemics 168
Linking Ebola virus disease to  
animal hosts 168
Ebola virus disease and nonhuman 
primates: carriers or victims? 169

Ebola virus disease and bats 171
Campaign against African  
bushmeat 174
References 175

The history of the interaction between animals and humans can be traced to Cain, a 
farmer, and Abel, a shepherd. One day, each offered a sacrifice to God; Cain brought 
the fruit of the ground, and Abel brought a perfect lamb. God accepted Abel’s offer-
ing, but not Cain’s. Cain’s produce was not worthy, according to God’s command, 
and was the work of his own hands. Cain’s fury led to murdering of his brother 
Abel. Adam and his help mate were sitting, weeping, and lamenting over Abel, and 
they did not know what to do with Abel, for they were not acquainted with burial. A 
raven, one of whose raven companions had died, came and dug in the earth and bur-
ied the other raven before his eyes. Adam said, “I shall do as this raven.” Immediately, 
he took Abel’s corpse and dug in the earth and buried it (Genesis 4:1–17, King 
James version). Thus, the bond between animal and humans was formally sealed  
by myth or belief and evolved into ideas about good and evil for centuries to follow.

Without domesticated and wild animals, the survival of mankind would not 
be possible. But animals have been a harbinger of death for humans outside of 
isolated wrath of an animal turning to survival instincts. Many of the diseases 
that have plagued humanity are caused by microorganisms that originated from 
other species of animals. When humans began to domesticate animals for agri-
cultural purposes, some of those microorganisms mutated into forms that could 
cause disease in humans. Diseases transmitted from animals are called zoonotic 
diseases and include hantavirus pulmonary syndrome, bubonic plague, tula-
remia, West Nile virus, western equine encephalitis, Colorado tick fever, and 
rabies. These are carried by various animals and insects (rodents, mosquitoes, 
or ticks) and then transmitted to humans. Measles, smallpox, influenza, diph-
theria, and tuberculosis probably came to humans from other animals and are 
now transmitted directly from human to human. Other zoonotic diseases are still 
transmitted by animals. Yellow fever and malaria, as example, are transmitted 
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by mosquitoes. Bubonic plague is carried by rats (and is also highly contagious 
among humans), and rabies can be carried and transmitted by any mammal.

ZOONOTIC CONTRIBUTION TO THE  
NEW WORLD EPIDEMICS

By the fourteenth century, Europeans, Asians, and Africans had extensively 
domesticated animals and acquired several endemic diseases. As a result, Euro-
peans, Asians, and Africans had developed a natural resistance to smallpox, 
measles, typhoid, and other diseases endemic to the Old World. Many of the 
zoonotic diseases that were well established in the Old World were absent from 
the Americas before the arrival of Christopher Columbus in 1492. American 
Indians, who lived on a continent where the smallpox virus and other Old-World 
microbes did not exist, had no natural resistance to them. The catastrophic epi-
demics that accompanied the European conquest and the arrival of domesticated 
animals in the New World decimated the indigenous population of the Americas.

Five hundred years have passed and yet zoonotic diseases continue to evolve 
and emerge. Natural reservoir or nidus, the Latin word for “nest,” is defined as 
a sustained host of a pathogen or infectious disease. It is not just the ability to 
carry the infection but to spread the infection without showing any signs of the 
disease in the carrier or host. Isolating natural reservoirs of different infectious 
diseases is one of the most effective ways to control the spread of disease and 
prevent future outbreaks. Many scientists and hypothesized that wild animals 
are the natural reservoir of Ebola virus though ambiguity continues to exist 
regarding whether one animal or species is the true reservoir of this virus. If 
studied further, locating the animal or species may hold the key to controlling 
future outbreaks in West and Equatorial African countries.

LINKING EBOLA VIRUS DISEASE TO ANIMAL HOSTS

The first step in implicating animals in the spread of any disease such as the 
Ebola virus infection is that the animal should have evidence of the virus’ pres-
ence. When the outbreak in Gabon occurred in 2001–2003, a large team of 
researchers comprised of members of World Health Organization, Viral Hem-
orrhagic Fever Committee, and many others developed a method for detecting 
infection in animals. Since the disease was also found to be fatal in local ape 
population, including chimpanzees and gorillas, any animal carcass that was 
found, whether ape or not, was sampled by the research teams. When a carcass 
was found in good condition, specimens of liver, spleen, muscle, and skin were 
taken. These samples were set in cryopreservation (−197 °C) for later testing by 
multiple techniques including polymerase chain reaction (PCR), antigen detec-
tion, and immunohistochemical staining.1

A majority of live animals tested were bats because they were implicated 
as being the natural reservoirs of the Ebola virus. Live bats were captured 
in nets and later taken to research laboratories where they were euthanized.  
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After, a detailed examination of the bat was done from weight and size to sex 
and species. Blood samples were taken by cardiac puncture and plasma was 
also obtained by centrifugation. Following necropsy, researchers obtained 
spleen and liver samples to be tested for the virus.2 The results are described in  
subsequent sections.

EBOLA VIRUS DISEASE AND NONHUMAN PRIMATES: 
CARRIERS OR VICTIMS?

Speculations started as the Ebola virus disease emerged in areas of Sudan and 
Zaire (now Democratic Republic of Congo, DRC) and the first human Ebola 
virus disease cases had been exposed to suggested reservoirs of monkey and 
bats. In the Sudan outbreak of 1976, the first three patients who presented symp-
toms worked in a cotton factory which were recorded to have been infested with 
rodents (Rattus rattus) and the roof spaces of the factory was infested with a 
large population of insectivorous bats, Trevor’s free-tailed bat (Mops trevori).3 
Similarly, the first reported case in Zaire in 1976 was a man who, during his 
travels, had bought fresh antelope and monkey meat.4

Over the years, there have been other outbreaks, many of which have been 
linked to hunters who returned with the disease and caused further outbreaks. 
Those hunters were suspected to have been exposed to chimpanzees or gorillas 
that had also contracted the virus.5 Though chimpanzees and gorillas have been 
implicated as reservoir host of Ebola virus, scientists struggle for an explana-
tion for the infected ape species succumbing to the disease and dying rapidly 
prior to establishing contact with human and thus do not meet the definition of a 
natural reservoir.5,6 Skeptics argue that contact between nonhuman primates and 
humans has been integrated into the daily life of Africa for centuries, and ask 
why now and why here for a population that should have immunity?

The Guardian, a British national daily newspaper, published interesting article 
in the early 1970s describing the suspected Marburg virus disease as the cause of 
infection to the staff of Ministry of Defense microbiological research team in Porton 
Down, Wiltshire. The article was titled “‘Monkey Virus’ Threat to Porton workers.” 
After the first outbreak of Marburg virus in 1967 in Germany, the name “green 
monkey disease” was given to the Marburg fever. “Green monkey” because it was 
thought to have been transmitted by vervet monkeys (Chlorocebus pygerythrus;  
Figure 12.1) and their characteristic golden–green fur. There was some confusion 
when another article was published titled “Monkey Disease,” relating the disease to 
the Ebola virus disease outbreaks in Zaire and Sudan in 1976. The overlap of green 
monkey disease in both Ebola and Marburg outbreaks suggests that this could also 
be a potential reservoir of both viruses.

Green monkey disease was also studied in 1969 when the outbreak of 1967 
was researched. Interestingly, this research attributed the green monkey disease 
to a subspecies of the vervet monkey called the Cercopithecus aethiops. These 
monkeys also have the distinct golden-green colored fur. These were used in the 
production of vaccines for diseases such as poliomyelitis and rubella at the time.7  



170 Ebola Virus Disease

It has also been suggested that, though green monkeys (C. aethiops) do not 
directly cause human immunodeficiency virus, they have been shown to trans-
mit the simian immunodeficiency virus to rhesus macaques, which induced an 
acquired immunodeficiency virus-like syndrome in them.8

During the outbreaks in Gabon between 1994 and 2003, there was a report of 
about 397 dead animal carcasses, including gorillas, chimpanzees, mandrills, and 
bushpigs. During the same time, another 14 carcasses tested positive for Ebola virus 
in the areas of northwestern Republic of Congo and northeastern Gabon.9 Was this 
an example of epidemic among nonhuman primates, with the virus being trans-
mitted between species? The large number of deaths again exonerated nonhuman 
primates from being a reservoir. It has been proposed that studying ape behavior and 
feeding habits may also help understand interspecies spread of the Ebola virus, due 
to the fact that gorillas and chimpanzees may share a common habitat.10

The 14 carcasses that tested positive for Ebola virus in the areas of north-
western Republic of Congo and northeastern Gabon led to an organized collab-
oration between 2001 and 2003. With the help of the Gabonese and Republic of 
Congo governments, an Animal Mortality Monitoring Network (AMMN) was 
set up to recruit local hunters and other wildlife organizations to gather animal 
carcasses of suspected Ebola virus infected cases. During this study, 98 car-
casses were collected, and the global positioning system locations of carcasses 
were recorded. All tissues and blood samples were tested for Ebola virus using 
multiple techniques including PCR, antigen detection, DNA amplification, and 
immunohistochemical staining. In the end, 10 gorilla species (Gorilla gorilla; 
Figure 12.2), 3 chimpanzees (Pan troglodytes; Figure 12.3), and 1 duiker tested 
positive for Ebola virus. The positive strain of the virus was the Zaire strain of 
Ebola virus.1 Further studies of the resident gorilla population actually showed 
a much larger scale of infection caused by the Ebola virus, where an estimated 
between 5500 and minimum 3500 gorillas died secondary to the disease in the 
outbreaks that began in late 2001–2002, assuming that the ape density in Ebola 
virus-stricken areas was about 4.4 gorillas/km2.11

FIGURE 12.1 Green monkeys (Chlorocebus pygerythrus).
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There was one type of Ebola virus known as Ebola-Reston identified in 
Virginia, United States, in 1989 among cynomolgus monkeys (Macaca fascic-
ularis) imported from the Philippines. Out of the 10 animals tested for the pres-
ence of virus, 5 demonstrated positive results. A later shipment of monkeys was 
also evaluated for high mortality and when serum and tissues samples (mainly 
from liver) were tested, Ebola virus antigen was detected in seven of them. 
Techniques such as electron microscopy to visualize morphology of the virus as 
well as immunohistochemistry for viral antigen were used. No human who was 
in contact with the monkey ever developed the disease.12

EBOLA VIRUS DISEASE AND BATS

Although considered pests themselves with a general public fear of spreading 
many diseases, bats play a very integral role in our ecosystem. They have been 
shown to cause arthropod suppression, which helps to control agricultural pests, 

FIGURE 12.2 Gorilla (Gorilla gorilla).

FIGURE 12.3 Chimpanzee (Pan troglodytes).
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to consumption of mosquitoes, which is a major cause of malaria in developing 
countries. Fruit-eating bats also play an important role in the pollination and 
seed dispersal of many plants some of which may be endangered by deforesta-
tion. Guano, or bat droppings, plays a key role in agriculture where it is mined 
from bat caves and used as a fertilizer due to the presence of high concentrations 
of nitrogen and phosphorus shown to be beneficial to plants.13

The suspicion that bats are natural reservoirs of Ebola virus is supported by 
studies performed from the bat family of Filoviridae. Several bats tested posi-
tive for virus-specific antibodies in sera, and the virus was detected in bat tis-
sue. The tests were done using qualitative real-time polymerase chain reaction 
(Q-RT-PCR) to detect Marburg virus nucleic acid and other tests such as IgG 
enzyme-linked immunosorbent assay (ELISA) and immunohistochemistry on 
formalin-fixed kidneys. Histopathological studies were also done on liver and 
spleen, which displayed the presence of Marburg virus in hepatocytes. These 
positive results were gathered from Egyptian fruit bats (Rousettus aegypticus) 
residing in Kitaka Caves in Uganda where miners were diagnosed with Marburg 
hemorrhagic fever in 2007.14

There was also a study performed between 2001 and 2003 where Ebola virus-
specific IgG immunoglobulin antibodies and Ebola virus ribonucleic acid (RNA) 
were obtained in about 6% of the total bats that were studied in Gabon and Demo-
cratic Republic of Congo (DRC).15 One of the most recent studies was carried out 
in DRC subsequent to Ebola virus disease outbreak between June 2003 and May 
2005 and then again a year later in May of 2006. The bats were captured using 
mist nets set up during evening when bats usually come out to feed. Trapped 
bats were collected in the morning and transported to field labs where they were 
euthanized and studied. During this study, bats were also collected from Gabon 
in February 2005, in October 2006, and in March 2008 and tested. The research-
ers identified Zaire Ebola virus strain-specific IgG immunoglobulin antibodies, 
confirming exposure to virus in nine different bat species. Most notable were four 
species namely Hypsignathus monstrosus (hammer-headed bat; Figure 12.4), 
Epomops franqueti (Franquet’s epauletted fruit bat; Figure 12.5), Myonycteris 
torquata (little collared fruit bat), and R. aegypticus (Egyptian fruit bat).2

Both Ebola and Marburg viruses were isolated from one bat species R.  
aegypticus. The concurrent existence led to speculations that Ebola virus may be a 
newly mutated form of the Marburg virus. Structural similarities between the two 
viruses would also lend some support to the theory of the evolutionary process.

Presence of Ebola virus without contracting the disease in bats may be 
related to their ability to exhibit torpor and hibernate. During this period, it 
might be possible for bats to continue to shed the virus and infect other bats in 
the same group without enough metabolic activity to face consequences of the 
virus pathogenicity. Bats are one of the earliest mammalian species that have 
continued to evolve and their immune systems may have incorporated evolu-
tionary changes that are lacking in other mammalian species, causing bats to be 
the reservoirs and not manifest the disease.16
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However, just because bats had evidence of Ebola virus exposure does not 
mean that they passed this virus to humans. To further evaluate the transmis-
sion process, data were collected from villages, hunters, and surrounding areas 
of previous outbreaks and ongoing outbreaks. During the outbreak in DRC in 
2007, a detailed study was done outlining the potential mode of transmission 
from bats to human. It was speculated that shortly after DRC gained indepen-
dence, most residents of remote bush villages were moved closer to main roads 
for better access to health care, education, and other public services. This reor-
ganization of residences could have potentially been a major cause of further 
spread of the disease. Villages in DRC are set up in a chain fashion in which 
there is a linkage between two villages, one in the bush and the other near main 
roads and close to cities. The bush village is where hunters bring bushmeat to be 

FIGURE 12.4 Hammer-headed bat (Hypsignathus monstrosus).

FIGURE 12.5 Franquet’s epauletted fruit bat (Epomops franqueti).
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prepared and then the meat shipped to secondary village which is more acces-
sible for transport.17 The bat meat is enjoyed by all people ages and genders, 
including pregnant women.17 The bats that were hunted included those previ-
ously mentioned to have been positive for Ebola virus. Such a route may allow 
expedient shipment of bushmeat, including bat meat, but does not explain the 
survival and preservation of virulence through meat processing and shipment 
and cooking processes. Even the hunters who use high-powered rifles for their 
hunting purposes have limited contact with the animals themselves. Therefore, 
for bats to be responsible for spread of Ebola virus, the virus must be trans-
ported by live bats.

There is an annual migration of bats into the areas where the outbreak 
occurred and during this particular outbreak according to the villager there were 
unusually large quantities of bats.14 Bats are the only mammal species capable 
of flying across large geographical areas and migratory paths. In addition, when 
these bats stop to rest, they cause food particles and excreta to fall on forest 
floor where other susceptible animals and humans are exposed and eventually 
exhibit the disease. The relative long life span of bat species may also contribute 
to virus replication and infectivity. R0, which is the number of newly infected 
hosts that one infectious host will produce during its period of infectiousness, is 
likely to be high for bats.16

CAMPAIGN AGAINST AFRICAN BUSHMEAT

During the current epidemic of Ebola virus disease, government and health 
authorities have tried to restrict or even prohibit the acquisition and consump-
tion of animal meat in many countries including many West African countries 
due to the new scare of Ebola virus. Efforts have ranged from forced closing of 
sales of bushmeat in local markets in Guinea, Sierra Leone, and Cote d’Ivoire 
to raids in New York City and Minneapolis in shops that may have imported 
bushmeat. Bushmeat is defined by the Center for Disease Control and Preven-
tion (CDC) as any meat that potentially comes from wild animals captured in 
developing nations such as Africa. It is considered illegal to bring any kind of 
bushmeat to the United States. If such meat is found, it is destroyed and suppli-
ers face a $250,000 fine for bringing bushmeat to the United States.18

Bushmeat is considered delicacy by majority of the African population. New 
York City is home to nearly 77,000 West Africans and is considered the epicen-
ter of bushmeat trade. According to the U.S. Department of Agriculture rules, 
no African country is allowed to import any type of meat product. Despite these 
laws, there has been confiscation of over 69,000 different bushmeat items, and 
an estimated 15,000 pounds is smuggled in every month. Bushmeat can also 
range from bat to monkey to even lion meat.

High smuggling volumes are attributed not only to the fact that it is a deli-
cacy, but also to the African belief that bushmeat has medicinal properties. In 
2012, government officials worked with researchers at both John F. Kennedy 
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Airport in Queens, New York, and other smaller airports to test confiscated 
bushmeat and found that meat originated from many animal species including 
baboon, chimpanzee, mangabey, guenon, green monkey, and cane rat.19

The local residents of these countries remain skeptical about the possible 
connection between bushmeat consumption and the Ebola virus disease. There 
are villagers who themselves and their ancestors have consumed bushmeat for 
centuries and continue to avoid such diseases. The agenda of animal rights 
groups in rightfully preserving wildlife overflows into the current Ebola virus 
disease paranoia. It is undeniable that numerous victims of Ebola virus disease 
in West Africa never came close to a bat or nonhuman primate prior to infection. 
In the end, human contact supersedes any animal contact as the primary mode 
of transmission of Ebola virus disease.
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We are at a dangerous moment in these three West African countries, all fragile states 
that have had strong economic growth in recent years after decades of wars and poor 
governance. It would be scandalous to let this crisis escalate further when we have 
the knowledge, tools, and resources to stop it. Tens of thousands of lives, the future of 
the region, and hard-won economic and health gains for millions hang in the balance.

Jim Yong Kim and Paul Farmer, World Bank Group President and Harvard  
University Professor, The Washington Post

West Africa, once home to the Ghana Empire, Mali Empire, Sosso Empire, 
Songhai Empire, and Akan Empire of Ashanti, is a shadow of its former glory. 
The fourteenth-century emperor, Mansa Musa, from West Africa was worth a 
staggering $400 billion, after adjusting for inflation, as calculated by celebrity net 
worth.1 Musa’s wealth was a result of his country’s vast natural resources. The 
West African nation was responsible for more than half of the world’s salt and 
gold supply. Just two generations later, his fortune was gone—wasted away by 
invaders and infighting.

Today, Liberia, Sierra Leone, and Guinea are low-income, neighboring 
countries located in sub-Saharan West Africa. Guinea, Liberia, and Sierra Leone 
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rank among the poorest nations on earth (Table 13.1), and all three are recover-
ing from long periods of military dictatorship (their involvement in Liberia’s 
1989–2003 Civil War). A period of unprecedented growth and reform was on 
the way prior to emergence of Ebola virus disease. Guinea held its first free elec-
tion in 2010, and the International Monetary Fund had forecasted its economy 
would grow 4.5% that year on the back of massive iron ore deposits. Liberia had 
been forecasted to grow at 7% on its rising mining activity, while Sierra Leone 
was expected to be Africa’s fastest growing economy at 13.9%, according to 
International Monetary Fund.

The economic indicator used to gauge the status of involved country’s econ-
omy is the gross domestic product (GDP). GDP is the total dollar value of all 
goods and services produced over a specific time period, and percentage change 
can be used to gauge growth on a year-to-year basis. For example, if the GDP 
in Guinea is up 4.5%, this represents that the economy has grown by 4.5% over 
the last year. According to a report by Elvin Mayer, the GDP is calculated either 
by adding up what everyone earned in a year (income approach), or by adding 
up what everyone spent (expenditure method).2

Ibrahim Abdullah was a truck business owner of Lebanese descent, whose 
ancestors left Lebanon in the late nineteenth century during the final years of 
Ottoman rule.3 He was a 5-year-old child in March 1991,3 when an attack on 
a small southern village by a group of armed Sierra Leoneans, Liberians, and 
Burkinabes identifying themselves as the Revolutionary United Front started a 
9-year-civil conflict. Like almost any family in Sierra Leon, he had lost many 
relatives and was forced to move to Liberia. Over the last decade, he rose 
through society to own a truck business comprising of a fleet of Caterpillar 
trucks. He had purchased three of the trucks in the early part of 2014 as part of 
an agreement with Western Cluster-Liberia to transport iron ore from Bomi and 

TABLE 13.1 Macroeconomic Indicators of the Countries Affected by Ebola 
Virus Infection

Affected 
Countries

GDP in 2013 in 
Current USD

GDP per Capita 
in Current USD

GNIa per 
Capita in 2013 
in Current USD

Liberia 2 billion 454 410

Sierra Leone 5 billion 809 680

Guinea 6.2 billion 527 460

GDP, gross domestic product; USD, United States dollars; GNI, gross national income.
aThe GNI is the total domestic and foreign output claimed by residents of a country, consisting 
of GDP plus factor incomes earned by foreign residents minus income earned in the domestic 
economy by nonresidents.
Source: World Bank.
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Grand Cape Mount counties. ArcelorMittal, a major mining company, mined 
iron ore, the main ingredient in making steel and was one of his lead customers. 
The company’s highly profitable Liberian unit produced 5 million tons of iron 
ore a year, at a cost of less than $30 per ton, below that of most other countries. 
With iron ore prices falling but still around $100 per ton that made for hefty 
profit margins. Therefore, Abdullah had every reason to use his lifesavings to 
expand the business to meet the increasing demands. When reports of Ebola 
virus-infected patients in Sierra Leon started to emerge, the company reaffirmed 
its commitment and determination to operate within the scope of the Mineral 
Development Agreement and ensure that infrastructures are protected as well as 
the well-being of the people are guaranteed.

It was a Monday morning like any other, but that morning, less than half of 
the drivers showed up for work. Some were sick or taking care of sick relatives, 
but most wanted to avoid the weak subgrade road travels through villages with 
Ebola virus-infected patients. With most of the available drivers willing to work 
longer for extra pay, Abdullah had successfully devised a plan to continue the 
transport routes scheduled for the week. Then he received a phone call from 
the representative of ArcelorMittal that the company declared force majeure 
and evacuated 645 employees from Sierra Leon.3 Roughly 4000 other employ-
ees and contractors in Liberia stayed to secure equipment and carry out other 
critical activities related to logistics, engineering, and procurement.3 Abdullah’s 
trucking business was no longer necessary given that the much smaller amount 
of iron ore expected to be produced could be transported through railway tracks. 
Abdullah was devastated because he had overextended his company and per-
sonal resources for this venture and now had no means to recuperate from the 
sudden loss of revenue. He had no recourse to enforce the contracts that he had 
signed with the company because the legal departments of the mining giants had 
defaulted using the force majeure clause.

Force majeure is French for superior force and “is a contract provision that 
allows a party to suspend or terminate the performance of its obligations when 
certain circumstances beyond their control arise, making performance inadvis-
able, commercially impracticable, illegal, or impossible.”4 With the borders 
restricted to road traffic, little opportunities existed for Abdullah to diversify 
into providing logistic support for new and existing trading businesses. He 
would scramble over the next few months desperately trying to avoid a com-
plete closure of his business while ArcelorMittal (MT) would go on to report 
a net income of $22 million or a penny per share in the third quarter of 2014, 
contrary to a loss of $193 million or 12 cents per share in the year-ago quarter. 
Revenues had gone up 2.2% year over year to $20.1 billion due to increased 
sales as a result of increased steel shipments and higher marketable iron ore 
shipments. This was the typical case for many others in Liberia, Sierra Leon, 
and Guinea who were crushed like ants under the feet of dancing elephants by 
corporate giants to whom the Ebola virus infection was merely an event (http://
www-haproxy-e-c01-dev.aws.barchart.com/news/stocks/MT).

http://www-haproxy-e-c01-dev.aws.barchart.com/news/stocks/MT
http://www-haproxy-e-c01-dev.aws.barchart.com/news/stocks/MT


180 Ebola Virus Disease

DIRECT AND INDIRECT ECONOMIC CONSEQUENCES  
OF EBOLA VIRUS DISEASE EPIDEMIC

According to a report released by the World Bank, there are two distinct chan-
nels through which the outbreak could affect the economies in the Ebola virus 
infection-affected countries. The direct effect is probably most apparent and is 
based on consumption of health-care resources and removal of people either 
temporarily or permanently from the labor force. According to a World Health 
Organization (WHO) report released on September 20, 2014, in the three 
affected countries 2803 deaths occurred out of 5843 of total Ebola virus dis-
ease cases detected, including confirmed, probable, and suspected cases.5 Some 
analysts fear that the true numbers may in fact be as large as two to four times 
what is reported due to underreporting issues. The major proportion of these 
deaths occurred in young persons, which exaggerates the workforce depletion 
effect. Contraction of labor resource resulted from largely workers who were 
diagnosed and subsequently died from the virus infection.

There was a substantial loss of productivity due to diversion of workforce 
by, those who are taking direct care of these patients, a phenomenon called 
“caregiver burden.” Caregiver burden in West African countries is far greater 
than that seen in the United States or Europe where the social services infra-
structure relieves the load borne by family members serving as caregivers. 
There was an unmeasured effect of people staying home due to fear of exposure 
to the virus. All these factors resulted in reduced productivity, lower output, and 
lesser household income. The reduction in workforce cannot be compensated 
by smaller businesses that lack the ability to provide work retribution or shed 
less profitable parts of the business. Thus, loss of a critical mass means a death 
sentence for many small businesses in these countries.

Less apparent are the indirect effects. According to a report from World 
Bank, in the recent history of infectious disease outbreaks such as the severe 
acute respiratory syndrome epidemic of 2002–2004 and the H1N1 flu epidemic 
of 2009, behavioral effects are believed to have been responsible for as much as 
80% or 90% of the total economic impact of the epidemic.

The fear of contagion leads to a fear of association with others and ulti-
mately decreases participation within the collective labor force. Such an effect, 
however, is minimized in West African countries where financial compensation 
relies on daily attendance, and absenteeism may result in immediate financial 
loss. Other behavioral effects in these countries include people who are moving 
from diseased zones, the decrease in labor participation mainly due to people 
staying home from their jobs, foreign companies scared of the disease and get-
ting rid of their employees, and closing borders for export of various materials. 
Such effects also motivate private decision-makers to disrupt travel, trade, and 
commerce by canceling scheduling commercial flights and reducing in shipping 
and cargo services. Some governments are motivated to close land borders and 
restrict entry of citizens from afflicted countries.6
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THE IMPACT OF EBOLA VIRUS DISEASE ON VARIOUS 
ECONOMIC SECTORS

Mining: The mining sector in Liberia, Sierra Leone, and Guinea is dominated 
heavily by iron ore mining, but also includes gold and diamond mining. The 
mining sector accounts for 17% of Liberia’s GDP. ArcelorMittal (MT), the larg-
est mining company in the country, decided to postpone its planned investment 
to expand its production capacity from 5.2 million tons of iron ore to 15 million 
tons, and China Union, the second largest mining company has shut down its 
operations since August 2014. As a result, mining sector growth forecast by the 
World Bank for 2014 has been revised from 4.4% growth to 1.3% contraction 
(Table 13.2). The mining sector of Sierra Leone, which accounts for about 16% 
of the country’s GDP, has not been affected considerably by the Ebola virus 
infection outbreak, in contrast to the neighboring countries reviewed in Table 
13.3. However, iron ore prices recently decreased considerably, and mining rev-
enue is expected to decrease.7

Compared to Liberia and Sierra Leone, the mining sector in Guinea does 
not make up a major component of the economy. The initial projection of min-
ing sector growth was −3% and the revised projection of −3.4% is only slightly 
worse (Table 13.4). This is also due to the fact that Guinea’s major mines are 
far from the infected zones, and the expected contraction is not expected to 
deteriorate.

Agriculture: The agricultural sector has been severely affected by the Ebola 
virus infection epidemic in all three countries of Sierra Leone, Guinea, and Libe-
ria. Agriculture accounts for nearly a quarter of the Liberia’s GDP and employs 
almost half of the available workforce.8 The major reason for the severe impact 

TABLE 13.2 Liberia—Estimated Gross Domestic Product (GDP) Impact  
of Ebola (2014)

Contribution to 
Growth Shock (%)

Initial Projection 
(June 2014)

Revised 
Projection

Real growth in 
GDP

5.9 2.5

Agriculture 18.0 3.5 1.3

Forestry −0.1 2.0 2.0

Mining 27.3 4.4 −1.3

Manufacturing 4.6 9.6 5.0

Services 50.2 8.1 4.0

Source: World Bank/International Monetary Fund Staff Estimates.
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on both export and domestic agriculture is due to reduced workforce mobility, 
people migrating to safe zones, and foreign companies postponing investment 
due to the evacuation of key expatriates affected. As a result, the World Bank 
revised its growth expectations from 3.5% to 1.3% (Table 13.2). Disruptions 
from the outbreak during the planting season earlier this year are expected to 
diminish yields for the staple crops of rice and maize during the harvest season, 
between October and December. Due to the neglect of many small farms that 
produce food for domestic consumption, the World Bank expects Liberia to 
experience food shortages that may in turn lead to food price increases.8

TABLE 13.3 Sierra Leone—Estimated Gross Domestic Product (GDP) 
Impact of Ebola (2014)

Contribution to 
Growth Shock (%)

Initial Projection 
(June 2014)

Revised 
Projection

Real growth in 
GDP

11.3 8.3

Agriculture 27.8 4.8 2.6

Industry 54.5 24.8 18.4

Mining 39.6 27.3 21.8

Services 17.7 7.7 5.7

Source: World Bank/IMF Staff Estimates.

TABLE 13.4 Guinea—Estimated Gross Domestic Product (GDP) Impact  
of Ebola (2014)

Contribution to 
Growth Shock (%)

Initial Projection 
(January 2014)

Revised 
Projection

Real growth in 
GDP

4.5 2.4

Agriculture 20.3 5.7 3.3

Forestry 0.0 3.5 3.5

Mining 3.8 −3.0 −3.4

Manufacturing 2.5 6.5 5.6

Services 73.5 6.7 3.8

Source: World Bank/IMF Staff Estimates.
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Similarly, Sierra Leone’s agricultural sector, which focuses on rice, 
cocoa, and palm oil, accounts for about half of the economy. According to 
the Ministry of Agriculture, Forestry, and Food Security, the two regions that 
were the epicenter of the Ebola virus infection outbreak together produced 
about 18% of the domestic rice output. Quarantined zones restricted worker 
movement and many farms were abandoned. According to the reports cited 
by the World Bank, rice prices jumped by 30% in the affected regions of the 
country.8

A large amount of Guinea economy is composed of agriculture and services. 
There was tremendous decrease in the production of cocoa and palm oil, which 
are the main export products of the sector and now threatens Guinea’s economy.8

Service: The service sector accounts for about half of the Liberian econ-
omy and has been perhaps the most impacted by the Ebola virus infection out-
break. According to the World Bank data, wholesalers and retailers experienced 
50–75% reduction in turnover compared to the period before the crisis. Due to 
reductions in business and tourist trips, there have been huge reduction in mar-
kets serving expatriates; consequently, the hotel and restaurants subsector has 
also been negatively affected by the crisis.

The Sierra Leone’s and Guinea’s service sectors face a similar crisis. 
Sierra Leone’s tourism industry has suffered from canceled flights. Hotels are 
occupied at half capacity, and secondary effects have extended to the country’s 
brewing industry. In Guinea, projected growth in the services sector has been 
cut in half.

OVERALL FISCAL IMPACTS

The negative effects of the Ebola virus infection outbreak on the affected coun-
tries’ economies are also expected to be reflected in the fiscal balance of these 
countries including expected reduction in tax revenues. At the same time, gov-
ernments are facing increased expenditures to meet the increased requirement 
for medical resources to prevent and treat Ebola virus infection. According 
to the World Bank, “Budget deficits of the affected countries are expected to 
increase by amount equal to 1.8% of gross domestic product in both Sierra 
Leone and Guinea and 4.7% in Liberia” (Figure 13.1). Negative effects in the 
agricultural sector will lead to food shortages that will cause food prices to 
increase. Although not anticipated at this point, food shortages can easily esca-
late into health consequences related to malnourishment and cast additional bur-
dens onto a vulnerable society.

Due to contraction of the major economic sectors along with a signifi-
cant decrease in exports, there will be a negative effect in GDP growth.8 
The World Bank staff has revised their 2014 GDP growth projections of the 
affected countries: Liberian GDP was revised from 5.9% to 2.5%, for Sierra 
Leone from 11.3% to 8.3%, and for Guinea from 4.5% to 2.4%8 (see Tables 
13.2–13.4).
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FINANCIAL AID IN PROGRESS

The World Bank Group (WBG) is mobilizing a $400 million financing package 
for the countries hardest hit by the Ebola virus infection crisis, including $230 mil-
lion package announced in August 2014 and an additional $170 million package 
announced in September 2014.9 Of the $400 million committed, $117 million is 
already disbursed to countries and implementing agencies, including $58 million 
for Liberia, $34 million for Sierra Leone, and $25 million for Guinea.

WBG’s Board of Executive Directors approved 105 million dollars in finan-
cial aid on September 16, and this new money provided grants for the WBG’s 
IDA Crisis Response Window.9 The other $12 million in the emergency financ-
ing was reallocated in August 2014 from existing health projects in Liberia and 
Sierra Leone ($6 million per country) to make some funds immediately avail-
able and take advantage of the existing implementation capacity set up for these 
projects. The WBG’s Board of Executive Directors will consider the remaining 
new funding in the near future.

These funds are being used to pay for essential supplies and drugs, personal 
protective equipment and infection prevention control materials, health workers 
training, hazard pay and death benefits to Ebola virus infection health workers and 
volunteers, contact tracing, vehicles, data management equipment, and door-to-
door public health education efforts.9 These funds also are providing budgetary 
support to help the governments of Guinea, Liberia, and Sierra Leone cope with 
economic impact of the outbreak and are financing the scaling up of social safety 
net programs for people in the three countries. UN agencies—particularly UNI-
CEF, WHO, UNOPS, United Nations Population Fund (UNFPA), and the World 
Food Program (WFP)—are implementing some of the activities financed by the 
WBG’s emergency project. WBG funding is helping WFP to scale up its ongoing 
response to the Ebola virus infection emergency. Some examples are given below.

WBG funds have already financed a first shipment of 100 tons of essential 
health and hygiene supplies (worth $1.6 million), which UNICEF procured and 

FIGURE 13.1 Estimated short-term impact on the overall fiscal balance (2014), in $US millions. 
Source: World Bank.
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delivered to Liberia on August 26, 2014. Among the items in the shipment were 
hundreds of sets of personal protective equipment, latex gloves, thermometers, 
syringes, and other medical supplies to restock depleted stores at many of the 
country’s health facilities.

On September 5, UNICEF procured and delivered 48 tons of materials 
and essential drugs for Ebola virus disease treatment centers (antibiotics and 
other essential medicines, cannula, coveralls to protect health workers, 7440 
pairs of latex gloves, and body bags) to Sierra Leone (worth $850,000), also 
financed by the WBG.

On September 17, also with WBG financing, UNICEF airlifted a second 
delivery to Sierra Leone (worth $1.7 million) 100 tons of drugs and equipment, 
including personal protective equipment, antibiotics, intravenous fluids, and 
chlorine. On October 18, also with WBG financing, WFP airlifted 30 ambu-
lances and mortuary pickup vehicles to Sierra Leone, which will help improve 
mobility and shorten the response time to people affected by Ebola virus dis-
ease. With WBG financing, WFP also has brought in 4000 metric tons of food 
to feed people in holding and treatment centers and quarantined communities in 
Sierra Leone, reaching 300,000 households.

On September 9, UNICEF procured and delivered 28 new, all-terrain vehicles 
to the Guinea Ministry of Health (worth $880,000), also with WBG financing. 
These vehicles will provide much-needed ground logistics support to treatment, 
supervision, contact monitoring, and burial teams working in Guinea. A second 
lot of vehicles will include ambulances for patient transfers and motorbikes for 
contact monitoring in remote, hard-to-reach villages. On October 15, UNICEF 
procured and delivered 57 tons of goods and equipment to Guinea—also with 
WBG financing—including 4.5 million gloves, 50 tents, medicine, and food 
supplements to fight Ebola virus disease.9

THE EFFECT OF OUTBREAK ON SURROUNDING  
COUNTRIES’ ECONOMIES

This impact on economy is not felt in the affected countries, but this wave of 
economic influence is also slowing down neighboring economies, with several 
disruptions. Although Nigeria has been officially declared by WHO as an Ebola 
virus-free country, one of the reports says that “commercial businesses in Lagos 
indicate significant recent declines in demand, sometimes in the range of 20 to 40 
percent.”10 Gambia, where the economy is largely dependent on tourism, is also 
experiencing a major decline in this sector. According to a Bloomberg Report, 
in Gambia, “hotel bookings are down by 65 percent due to a fear of the virus.”10 
This is being attributed to a “geographic misfortune” of “being located within a 
few hundred kilometers of Senegal’s border with Guinea.”10 In the unaffected 
countries in Africa, the stigma of the outbreak is having an impact on potential 
international investors and multinationals operating in these countries.10

In East African countries like Kenya, the geographical impact of the 
Ebola virus disease outbreak is also affecting major sectors like tourism 
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and transportation.10 However, since the recent Ebola virus disease outbreak 
began in December 2013, the global airline industry is perhaps the worst 
affected and has led to several countries imposing various rules and regula-
tions on air travel, including strict measures like increased passenger screen-
ings. A report by the Official Airline Guide says that, before the outbreak 
in 2013, 264,300 passengers traveled by air from the affected countries to 
either Europe or North America. However, as of October 2014, year-on-
year capacity and frequency are down by 64% from the affected countries. 
In May 2014, there were some 427 flights from Liberia, Sierra Leone, and 
Guinea to any destination in the world. In October, that had fallen to some 
152 flights scheduled, providing some 22,782 seats.10

PREGNANCIES AND CHILDBIRTHS: LONG-TERM  
ECONOMIC CONSEQUENCES

“A man found a dead newborn girl at a scrapyard in the ELWA Junction in 
Monrovia, Liberia, umbilical cord still attached. It is unknown if the baby died 
at the yard or if the girl was already dead. Residents said this was not the first 
such incident, as dumping newborns is increasing since Ebola virus disease 
broke out in the country.”11

Although not uncommon in the past, dumping of newborns has greatly 
increased since the recent outbreak in the country. The reason is either that 
the pregnant patient is too afraid to visit the health-care facility due to the 
fear of Ebola virus disease or, if she is at home, no one will help her because 
they are afraid of contact with the bodily fluids. Many of the health-care 
clinics refused to treat pregnant women due to fear of coming into contact 
with blood and other bodily fluids of women, and sometimes they even do 
not know if the patient is Ebola virus infected or not. When nothing else 
works, the patients end up giving birth in the streets. According to an esti-
mate by UNFPA, there will be more than 800,000 women who will give 
birth in the next 12 months, and 120,000 of these pregnant women will face 
complications during pregnancy and childbirth and could die if the required  
lifesaving emergency obstetric care is not provided. This report also states 
that they still need 64.5 million dollars to provide all the services required to 
promote health of the expectant mothers and the newborn babies in Guinea, 
Liberia, and Sierra Leone. Currently, they only have $3 million for this pur-
pose.11 If these appropriate measures are not taken, they warn that one in 
seven pregnant women in these West African countries could die during 
childbirth.12 There may be a reduction in workforce due to newborn and 
infant mortality that will be felt two to four decades from now if situation 
does not improve.

If we go back not more than 100 years and look at the babies born during 
Spanish flu pandemic, we find that people who were born in the United States 
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just after the 1918 flu pandemic or the people who were still in utero when 
the disease was at its peak had a higher risk of heart attack in their adulthood 
than those born before or after the pandemic. The researchers also found that 
men born in 1919 were shorter by about 0.05 inches relative to surrounding 
cohorts and were of lower weights as teenager with a higher percentage of 
various health issues.13 In addition, children born to those women who had 
been infected with flu were three to seven times more likely to develop schizo-
phrenia later in life. All of these health-related conditions caused not only an 
increase in economic burden of the country due to increased utilization of 
health-care expenses, but also led to inefficient and impaired workforce of the 
country. With the example of pandemic flu how the economy of the country 
could continue to be affected years later even after the outbreak, we hope that 
the Ebola virus disease outbreak is aggressively controlled; so, the duration 
is shortened enough to prevent unwanted health-related effects on the babies 
born during this period.14

The Ebola virus disease epidemic continues to spread rapidly in Guinea, 
Liberia, and Sierra Leone. If the virus continues to surge in the three worst-
affected countries and spans to neighboring countries, the 2-year-regional finan-
cial impact could probably reach $32.6 billion by the end of year 20159 dealing 
a potentially catastrophic blow to already fragile states. These economic costs 
can be limited if swift national and international responses succeed in prevent-
ing the spread of the virus and mitigating fear resulting from people’s concerns 
about contagion fueling the economic impact.12

POLITICAL IMPACT OF THE EBOLA VIRUS DISEASE OUTBREAK

The biggest concern of the Ebola Outbreak is political, not medical.
Ashoka Mukpo [Former researcher with the Sustainable Development Institute, a 

Liberian Civil society advocacy group based in Monrovia]

INTRODUCTION

The Ebola virus disease outbreak has created a broad impact on the global 
political environment within several countries. Government’s poor organization 
and subsequent inadequate response to the Ebola virus disease outbreak creates 
vulnerability to criticism and change. The crisis can promote citizens’ lack of 
faith in their governments and aggravated social tensions.15 Ebola virus dis-
ease outbreak clearly poses a threat to the safety and stability of Liberia, Sierra 
Leone, and Guinea—countries still struggling to deal with the consequences of 
prolonged civil wars (Liberia and Sierra Leone) and chronic political instability 
(Guinea). The current crisis is likely to have a noteworthy effect not only on 
these countries’ economies, but has also affected the political and operational 
hierarchy within those countries.16
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POLITICAL IMPACT OF EBOLA VIRUS DISEASE ON WEST 
AFRICAN COUNTRIES

Sierra Leone is one of the few countries where the political infrastructure was 
severely affected by Ebola virus disease outbreak. Part of the challenges to the 
political infrastructure were related to travel and transport limitations; restric-
tions on the movement of individuals; and constraints on the people’s right of 
assembly, and community by laws which have led to a “do not touch” policy. 
The Sierra Leonean government has stopped spending money on services not 
directly related to battling Ebola virus disease and day-to-day service facili-
ties have largely deteriorated. Open criticism of the government followed as 
a consequence. Sierra Leon’s citizens have begun to question the president Dr 
Ernest Bai Koroma regarding his capacity to handle the challenges. In one such 
incident, a journalist was arrested after a guest condemned the President’s way 
of handling the Ebola virus disease outbreak on his inadequate effort to institute 
emergency measures in the face of the epidemic.15

The Ministry of Health Sanitation (MOHS) has faced a lot of criticism. 
President Koroma has also faced disapproval for supporting Miatta Kargbo, 
Minister for Health and Sanitation. Kargbo’s situation became increasingly 
weak from June 2014, after she suggested that victims of Ebola virus disease 
had a role in acquiring the infection and deaths could have been avoided if vic-
tims had appropriately responded. She had gone on further in criticizing health 
care workers for the spread of Ebola virus disease through immoral acts. In 
August 29, 2014, she was removed from office, with the President mentioning 
the need “to create a conducive environment for efficient and effective han-
dling of the Ebola outbreak.” The MOHS was quite overwhelmed by Ebola 
virus disease and was looking for an outside source for assistance to handle 
the crisis.

Fortunately, there was an improvement seen in the governance of Sierra 
Leone, when President Koroma handed the day-to-day running of the National 
Ebola Response Centre (NERC) to Major (Rtd) Alfred Paolo Conteh, Minister 
of Defense. Some of the initial steps taken that assured control of the govern-
ment were the imposition of a 3-day, nationwide lockdown in September 2014 
and sanctioning of the extension of emergency measures for another 9 months. 
Moreover, President Koroma’s increased presence at isolation units and treatment 
centers and occasions celebrating survivors, improved morale. The government 
provided ongoing support of the development of a remote education curriculum 
to counter balance the schools remaining closed. The President received a cross-
party support, from Sierra Leone People’s Party (SLPP) leader, Brigadier (Rtd) 
Julius Maada Bio, and thus succeeded to create a logic of national unity.17

In Liberia, President Ellen Johnson Sirleaf said under the state of emer-
gency, the government will introduce astonishing methods, if need to be the 
suspension of certain rights and privileges as authorized by the constitution 
for a 90-day period. The outbreak has exacerbated a lack of trust that many 
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Liberians have in their government. Because of the current uncertainties due 
to the Ebola virus disease epidemic, several investors, aid workers, and skilled 
employees started to leave the country despite continuous pleas from the 
 Liberian finance minister for continued assistance. Elections originally sched-
uled for early October were continually postponed. In a nation where years of 
civil war have deeply undermined trust in government and its institutions, some 
worried a constitutional crisis would be one of Ebola virus disease’s deadliest 
symptoms. Concerns regarding political and social unrest leading to coup and 
civil war still prevail.18

Similarly, Guinea is also facing political challenges particularly in light of 
upcoming elections. There are apprehensions among citizens that the delays in 
the organization of local elections will increase prevailing tensions between the 
government and the opposition parties.16

POLITICAL IMPACT OF EBOLA VIRUS DISEASE IN THE  
UNITED STATES OF AMERICA

In the United States, regardless of there being no actual risk of an Ebola virus 
disease epidemic, following the death of Liberian citizen Thomas Duncan (first 
person to contact Ebola on the United States soil) and the consequent infection 
of two Texan health workers who had treated Duncan, health department has 
been under criticism for its failure to uphold strict protocols and screening pro-
cedures for Ebola virus disease.

The United States Centers for Disease Control and Prevention (CDC) has 
been implicated in failure to implement preventive strategies.

On the first week of October 2014, Dr Thomas Frieden, director of the CDC 
issued a public statement “We will stop it in its tracks” meaning that the Ebola 
virus disease will not be entering the United States soil. In the ensuing months, 
isolated cases of Ebola virus disease were identified in the United States, lead-
ing to major embarrassment for the government. Frieden was asked to provide 
an assessment to the Members of Republican Party-led House committee dur-
ing a 3 h high-level inquiry in Washington with emphasis on his inadequate 
response to the Ebola virus disease outbreak, thereby even demanding his res-
ignation. Consequently, the Obama government has faced criticism for CDC’s 
deficient efforts. The Republicans are seizing on the issue as a chance to prove 
a point that President Barack Obama has not provided a real assessment of the 
situation by stressing Obama’s recent promise that Ebola virus disease infec-
tion was “unlikely” to get to the United States. Several Republican leaders have 
been pressurizing the regulatory authorities to enforce new travel constraints for 
those countries in Africa where the outbreak began.

On October 17, 2014, the President selected the supposed Ebola czar “Ron 
Klain” as the White House’s “Ebola Response Coordinator.” Nevertheless, 
President Obama’s decision has received wider disapproval because the so-
called coordinator lacked a proper background in health care. In addition, many 
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voters were opposing the President’s decision to send the United States troops 
to Africa to fight the dreadful disease.

Since the United States midterm elections are coming up in October 2015, 
both political parties are using the events surrounding the national and inter-
national Ebola virus disease occurrence to disrepute and blame one another. 
Predictably, Ebola virus disease has been a burning subject in the congressional 
electoral race, where, for example, Senator Mark Udall of Colorado accused the 
Republican Party for the poor response of health care workers and emphasiz-
ing Republican-supported financial cuts of public health care agencies like the 
CDC, whose principal job is to forecast and respond to major health crisis.19 
On the other hand, the Republicans are accusing the Obama government for not 
taking necessary steps against Ebola virus disease spread. The White House has 
subsequently announced the formation of Special Weapons and Tactics (SWAT) 
teams to contain any further outbreaks if such events were to occur in the United 
States.20
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