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I. Problem Statement 

Sierra Leone experienced the most severe Ebola Virus Disease Outbreak to ever impact 

West Africa in 2014.  Over 14,000 confirmed, suspected, and probable cases of infection of the 

Ebolavirus were witnessed within the country.  Sierra Leone has had a very tumultuous past and 

has been plagued with the mismanagement of both its economy and government for several 

decades.  In addition, the country entered a very brutal and lengthy civil war in 1999 that did not 

end until 2002.  The civil war caused substantial damage to the country as its population fell into 

extreme poverty, the nation entered into financial ruin which caused their educational system to 

collapse and their healthcare system to falter.  After the civil war, Sierra Leone has been plagued 

with a corrupted and negligent government system that has been struggling to help advance the 

country economically and educationally (Nicol and Fyfe 2018).  Because of these struggles, in 

early 2014, when the EVD entered the country, Sierra Leone was not prepared for what was 

about to befall upon them. 

 Sierra Leone is made up of 14 districts as seen in Figure 1: Kailahun, Kenema, Kono, 

Kambia, Koinadugu, Bombali, Tonkolili, Port Loko, Pujehun, Bo, Moyamba, Bonthe, Western 

Area Rural and Western Area Urban.  Western Area Urban is home to Sierra Leone’s capitol city 

of Freetown.  Based on the country’s turbulent past, over 60% of Sierra Leone’s population lives 

below the national poverty line (UNDP 2018).  As seen in Figure 2, almost every single district 

has over 50% of its population living below the national poverty line aside from Sierra Leone’s 

capital of Freetown which expresses roughly 20% of its population in poverty (The World Bank 

2013).  The relationship between infectious diseases and poverty is evident as when poverty rates 

decline, infections rates are known to go up (Rees 2015).  This has been witnessed in other fatal 

diseases such as malaria and tuberculosis (Reese 2015; UNICEF 2016). 



Haddad 3 
 

In addition to extreme poverty levels, civil war collapsed both the educational and 

healthcare systems within Sierra Leone.  By 2014, neither systems were advanced enough to be 

able to take on such a significant outbreak, especially one as deadly as EVD.  A major reason for 

this is, there is a massive lack of healthcare workers (HCWs) in the country.  Many HCWs fled 

the country during the civil war and for those that remained, the salaries were low, but workloads 

kept increasing which caused many more to leave.  In addition, the lack of education within the 

country has created a very unstable healthcare infrastructure as many HCWs lack proper 

knowledge of the dangers of infectious diseases (Brady 2010).  Furthermore, healthcare facilities 

within Sierra Leone are also deficient when it comes to preparation handling dangerous 

infectious disease such as the Ebola Virus Disease (EVD).  Much of this is because of healthcare 

facilities being under-funded and under-resourced, which amounts to being unprepared for 

enormous outbreaks such as the one experienced in 2014 (Elston et al. 2016). 

Urbanization is also a significant factor when it comes to high infection rates during 

infectious disease outbreaks.  Highly populated areas such as the city of Freetown that has a 

population of over 1 million residents, or other mid to high populated districts such as Port Loko, 

which has the second highest population within Sierra Leone (Table 1), tend to become breeding 

grounds for outbreaks.  The close proximity people have to one another and the increased 

interactions one may encounter in highly populated areas allow infectious diseases to spread 

rather efficiently (Alyanak 2017).  In addition, human, animal, and trade good movements in and 

out of urbanized areas, throughout the country, and internationally can also allow infectious 

diseases to spread more readily (Patz et al. 2004).  For instance, the EVD entered into Sierra 

Leone via human movement from its neighboring country of Guinea into the district of Kaliahun 
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as seen in Figure 3.  This allowed the virus entry into the country and eventually Sierra Leone 

was completely inundated with the infectious disease (WHO 2016a). 

 In order to understand how Sierra Leone witnessed such high infection rates during the 

EVD outbreak, a comprehensive look into the country’s road to poverty that left its healthcare 

system and education of its population vulnerable to infectious diseases and the effects of both 

urbanization and human movement during outbreaks will be analyzed.  Both Sierra Leone 

Ministry of Health and Sanitation Situation Reports and the World Health Organization (WHO) 

Situation Reports issued during the outbreak will be examined in order to attempt to understand 

and review the following: 

• To gain an understanding of how a poverty-stricken country with moderate 

urbanization may increase infection rates during outbreaks of EVD. 

• To investigate if HCWs and healthcare facilities were successful at containing the 

outbreak through means of preparation. 

• To understand if human movement affected infection rates within and in and out of 

cities and districts within Sierra Leone. 

This directed research will help to establish if there is a connection between any of these 

factors.  In addition, this research poses several questions surrounding poverty-stricken areas: 

Are urbanized areas more prone to higher infection rates?  Will HCWs see high infection 

rates during the outbreak?  Are healthcare facilities within Sierra Leone prepared for such a 

highly infectious disease?  Lastly, does human movement increase infection rates during the 

outbreak of 2014?  The questions present the following hypotheses: 
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• 𝐻𝐻𝑎𝑎: It is hypothesized that due to lower poverty levels high urbanization and/or 

human movement may cause significant infection rates during outbreaks of the EVD. 

• 𝐻𝐻0: It is hypothesized that due to lower poverty levels high urbanization and/or 

human movement will not cause significant infection rates during outbreaks of the 

EVD. 

In addition, more hypotheses may be presented as well: 

• 𝐻𝐻𝑎𝑎 : It is hypothesized that the lack of preparedness, lower education, and/or the 

insufficient number of HCWs may cause significant infection rates during outbreaks 

of the EVD. 

• 𝐻𝐻0 : It is hypothesized that the lack of preparedness, lower education, and/or the 

insufficient number of HCWs will not cause significant infection rates during 

outbreaks of the EVD. 

By answering these questions and evaluating these hypotheses, a greater understanding of how 

poverty-stricken countries are more vulnerable to immense outbreaks of dangerous infectious 

diseases such as the EVD will be developed.  It is believed that highly urbanized areas will see 

high infection rates and well as areas that experience even minimal human movements in and out 

of infected areas.  In addition, it is also believed that healthcare facilities will be ill-prepared for 

the magnitude of this EVD outbreak.  This directed research may help to increase the awareness 

of how vulnerable poverty-stricken countries such as Sierra Leone are when it involved such 

deadly infectious diseases like that of the EVD. 
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II. Background 

The Ebolavirus is classified as being members of the virus family known as Filoviridae 

(or filovirus) which can cause a severe viral hemorrhagic fever in both humans and nonhuman 

primates.  The virus first emerged in northern Zaire (now known as the Democratic Republic of 

Congo) near the Ebola River in 1976 (Rizkilla et al. 2007, 152; CDC 2014a).  During the time of 

its discovery, only one other filovirus was known to have existed: Marburgvirus.  While 

Marburgvirus and the Ebolavirus are extremely similar with signs, symptoms, transmission, 

infection rates, and fatality rates, their genomes are different enough to be considered two 

separate viruses.  However, the Ebolavirus is known to have significantly higher infection and 

fatality rates (CDC 2014b; CDC 2014c).    The term Ebolavirus encompasses all strains of the 

virus and each strain of the virus has its own unique name.  Currently, there are five known 

strains of the virus with each carrying their own fatality rates: Ebola virus (formerly Ebola 

Zaire), Sudan virus, Tai Forest virus, Bundibugyo virus and last the Reston strain of the virus 

which is the only strain that causes disease in nonhuman primates as it does infect humans as it is 

asymptomatic and possess no real threat.  The Ebola virus has the highest fatality rate of all of 

the strains which is nearly 90%.  Outbreaks have occurred since the EVD’s emergence in 1976 in 

the Congo in 1977, 1995, and 2007, and also within the countries of Sudan in 1976 and 1979, 

Gabon in 1996 through 1997, Uganda in 2007, England in 1976, Virginia in 1989 (non-human 

strain of Ebola Reston that only infected primates) and Ivory Coast in 1994 (Oldstone 2010, 214-

220).   

Infection of the virus occurs due to direct contact through broken skin, mucous 

membranes such as the eyes, nose, or mouth, or by limited exposure through the air under 

specific conditions (Chowell and Nishiura 2014; CDC 2016a).  Signs and symptoms of EVD 
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include fever, severe headache, muscle pain, weakness, fatigue, confusion, diarrhea, vomiting, 

abdominal pain, and unexplained hemorrhages (bleeding or bruising).  Most signs and symptoms 

will appear anywhere from 2 to 21 days after an individual has been exposed to the virus.  In 

some cases, individuals who are exposed to the virus may be quarantined for 21 days to prevent 

them from being able to spread the infection.  If the person has not experienced any of the signs 

and symptoms of the virus during that time, the individual is considered healthy and the 

quarantine is lifted (CDC 2014d).  As exposure time increases the symptoms become more 

severe and in some cases the infection will cause death.  Some signs and symptoms are not seen 

in all patients, especially those patients that were able to have proper treatment, maintain 

adequate hydration and ultimately survive the EVD (Schieffelin et al. 2014).  However, a limited 

number of patients did experience some signs and symptoms such as bleeding from the mouth, 

rectum, eyes, ears and nose.  In most cases this was due to the patient nearing the end of the 

infection and resulted in the patient’s death through organ failure (CDC 2014d). 

It is thought that fruit bats are the Ebola virus’s natural reservoir as bat migration patterns 

have been studied and linked to outbreak occurrences of the virus (Hassan et al. 2016, 518).  

Although a bat has never tested positive for the virus, serum antibodies specific to the virus were 

found within three different bat species that are unique to Africa (Han et al. 2015, 3).  There are 

currently 39 known bat species in Africa.  Although they all maintain similar migration patterns, 

some bat species tend to migrate to other locations around Africa in comparison to their sister 

species.  Prior to the Outbreak in 2014, there had never been a location in Africa of an 

Ebolavirus Outbreak that had migratory patterns unique to a limited number of the 39 species of 

bats.  However, as the Outbreak began to occur in West Africa and the theory behind fruit bats 

being the virus’s natural reservoir, research began to determine if that portion of Africa had 
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unique bat species.  Fortunately, of the 39 species currently found in Africa, only 13 are present 

in West Africa where they are normally found within the rainforests and forest-savanna mosaics.  

Those 13 species were currently migrating in the area when it was believed the Outbreak began.  

Not only did this further the theory that bats may be the natural reservoir of the Ebolavirus, but it 

also may help to determine which specific bat species could potentially be the natural host of the 

virus (Hassan et al. 2016).      

Under normal circumstances, bats do not usually have much contact with humans as they 

do not tend to intrude on bat’s specific niches.  There have been some cases of children playing 

in trees that house bats (Saez et al. 2014, 3).  However, bats have a higher likelihood of 

interacting with nonhuman primates such as gorillas and chimpanzees in the wild.  This is 

because bats and many non-human primates located in Africa compete for the same types of fruit 

during the dry seasons (Rizkilla et al. 2007).  If bats are in contact with these animals, it is highly 

likely that they can transmit the virus to them.  This is known as a spillover event.  Spillover 

events occur when the host species of a specific pathogen infects another species and that 

infected species falls ill (CDC 2016c).  Gorillas, chimpanzees, and, in some cases, bats are often 

killed for their meat, known as bushmeat, in many African nations.  Carcasses are handled and 

consumed by the local populous (Rizkilla et al. 2007).  If the carcass was infected with the EVD, 

there is a high likelihood that those consuming the meat of the carcass will become infected as 

well.  This is the ongoing assumption of how many of the outbreaks have occurred in Africa in 

the past (Rizkilla et al. 2007, 151). 

On December 6, 2013 a two-year-old boy in the village of Meliandou in Gue´cke´dou 

Prefecture, Guinea, died of what was believed to be the EVD (Gatherer 2014, 1621).  Through 

detailed observations it was discovered that some hollow trees were located near a walking path 
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that residences of the village would take on their way down to a water source to wash their 

laundry.  Some believed that the hollow trees housed bats.  It was said the little boy would 

sometimes play within the trees and it is assumed that this is how the boy became infected with 

the virus in late 2013.  Although, the direct action of exposure to the boy has never been 

discovered as the boy may have been bitten, the boy might have come in contact with the bodily 

fluids of the bat through feeding or handling that may have infected the child, or perhaps the boy 

had contact with bat dropping (Saez et al. 2014, 3).  The child became ill and eventually died 

from the EVD.  However, it is unclear if anyone in the village was aware that the boy had the 

Ebolavirus.  After the boy died, the virus continued to spread to Macenta, Guinea and 

Kissidougou, Guinea.  Again, it is unknown if those infected within these cities realized they had 

the EVD or if they thought it was the common flu that these individuals had (Baize, et al. 2014).  

Either way, as the EVD spread throughout Guinea it went relatively unnoticed until February of 

2014 when the Ebola Outbreak of 2014 was first officially declared.  By March of 2014 EVD 

had spread to Guinea’s neighboring country of Liberia and by April of 2014 Sierra Leone began 

reporting EVD cases.  By February of 2016 over 28,000 cases of reported infection and over 

11,000 deaths across 9 countries were reported with Guinea, Liberia and Sierra Leone 

experiencing the highest infection and mortality rates: 3,804 cases with 2,536 deaths, 10,675 

cases with 4,809 deaths, and 14,124 cases with 3,956 deaths respectively (HealthMap 2017). 
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III. Literature Review 

 i. Sierra Leone’s Road to Poverty 
 To gain a better understanding of how Sierra Leone might have been susceptible to such 

an extensive outbreak, a bit of history must be investigated.  First, largescale poverty on a society 

can have many crippling effects.  It has been known that poverty can cause an increase in a 

population’s hunger, deny access to clean water, deliver poor education, increase in illness, poor 

sanitation measures, decreased household income, and even poor housing (Shelton 2016).  Also, 

poverty is considered one of the greatest risk factors when it comes to acquiring and succumbing 

to diseases worldwide.  This is especially true during any type of large scale epidemics as a 

country stricken with poverty may experience catastrophic effects during outbreaks of disease 

such as the EVD (Alsan et al. 2011). 

Sierra Leone has had a tumultuous past both politically and economically that has left 

60% of the country’s population of over 7 million living below the national poverty line.  Most 

of the population lives on less than $1.25 a day (UNDP 2018).  In 2017, Sierra Leone was stated 

as being the 14th poorest country in the world with a gross domestic product per capita of $1,651 

and a per capita income of $684 (Tasch 2017) (UNDP 2018).  In order to fully understand how 

Sierra Leone has fallen into poverty, a comprehension of the country’s past is necessary. 

   After more than 150 years, Sierra Leone, the last West African state to be under colonial 

rule, peacefully gained its independence on April 27th, 1961 from Britain (BBC 2018).  Sir 

Milton Margai became the nation’s first Prime Minister.  During his reign, the first years of the 

nation’s independence was prosperous (Nicol and Fyfe 2018).  Mineral resources such as iron 

ore and diamond mining brought considerable revenue to the country which was used for 

development and education (BBC News 2017).  The future of Sierra Leone, being its own 
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independent country, seemed optimistic at this point.  However, in 1964 Maigai died and the 

years after his death, political leaders and government regimes shifted.  Iron ore was being 

depleted in astronomical rates and became exhausted, while diamonds were being smuggled out 

of the country (Nicol and Fyfe 2018).  Eventually, because of these activities, Sierra Leone’s 

economic revenue was gone, their educational system had begun to collapse, and the political 

regimes became corrupted and mismanaged.  Also, rogue rebel military groups, being funded by 

the diamond smuggling, began to form in Sierra Leone due to the conflicts surrounding 

maladministration that was taking place within the government (Sesay and Nicol 2017).   

By the early 1990’s Sierra Leone’s civil society had become weak and dissatisfied due to 

the mismanagement of both the government and economic revenue (Nicol and Fyfe 2018).  In 

1991 a conflict occurring in Liberia, a neighboring country, spilled over into Sierra Leone.  With 

the nation’s society being in its weakened state and rouge rebel groups scattered throughout the 

country, this spillover instigated a very long, brutal, and costly civil war which lasted from 1991 

to 2002.  During this time, at least 50,000 people died, over two million people were displaced, 

and hundreds of thousands more were affected by the violence the civil war brought to the 

country (Sesay and Nicol 2017).  Poverty was able to creep its way into Sierra Leone’s society 

leading up to the civil war due to prolonged periods of economic decline and governmental 

mismanagement.  The civil war exacerbated the magnitude and severity of poverty within the 

country (Aguayo, Scott and Ross 2003).  As the economy was deteriorating prior to the war, the 

war itself halted any type of economic development (Worley 2017; Nicol and Fyfe 2018).  In 

2013, the World Bank confirmed, as seen in Figure 2, all districts, minus the capitol city of 

Freetown, expressed over 50% of the population was experiencing poverty (The World Bank 
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2013).  Freetown, in comparison to the other districts, witnessed 20% of its population in 

poverty. 

Poverty has been linked to an increase in infection rates regarding a number of infectious 

diseases.  As poverty increases, infections usually increase as well (Rees 2015).  For example, 

Malaria is known as the disease of poverty as it primarily affects poverty-stricken areas that lack 

proper constructed housing that contain barriers against mosquitoes, the insect responsible for 

carrying the disease.  Over one million people die annually across the world due to Malaria but 

over 90% of the fatalities and infections are located in areas of extreme poverty (UNICEF 2016).  

Another example is that of tuberculosis, a highly contagious airborne disease, which result in 

over two million deaths per year.  Again, 98% of the deaths associated with tuberculosis are 

located in developing countries that are usually stricken with high poverty levels (Rees 2015).  

As Sierra Leone entered into extreme poverty following its civil war, the country inadvertently 

allowed itself to become a breeding ground for EVD. 

The purpose of this study is to see if a poverty-stricken country such as Sierra Leone may 

have experienced high confirmed infection rates due to poverty alone or if poverty enabled other 

factors such as vulnerable healthcare systems or urbanization to cause higher infection rates. 

ii.  Preparedness of Healthcare Facilities and HCW’s in Sierra Leone 
 A side effect of high poverty rates and a failing economy is the vulnerability of the 

healthcare system within Sierra Leone.  The healthcare facilities pose a significant threat to 

largescale outbreaks. Sierra Leone lacks an advanced healthcare system and many of the 

facilities are under-funded, under-resourced, experience lower education of its HCWs, and lack 

normal sterilization materials such as gloves, gowns, soap, or clean beds (Elston et al. 2016).  

The lack of beds is a major concern when it comes to any type of EVD outbreak as beds are 
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needed for treatment but are also used to set up appropriate triage areas which are designed to 

improve the safety of the patient and to correctly isolate them from HCWs, patients, and other 

individuals within healthcare facilities while still maintaining care to the infected (WHO 2018a).  

By not having enough beds, people were turned away from treatment centers because they were 

full.  Healthcare facilities could not handle the massive number of patients that were coming in.  

The more people a potential EVD patient comes into contact with, the larger the chain of 

transmission becomes. Chains of transmission, as seen in Figure 4, are when a single individual 

may become infected with a pathogen.  Everyone they come into contact with has the ability to 

become infected as well and become part of the chain.  Chains of transmission are followed very 

closely if they are able to be discovered during epidemics and the chains are then isolated in 

hopes of breaking the chain which may substantially decrease the number of infected during an 

outbreak.  Individuals that are part of chains of transmission are usually asked to voluntarily put 

themselves into a 21-day isolation (WHO 2018b).  As previously mentioned, 21-days is the 

normal incubation period of the EVD (CDC 2014d).  By using a 21-day isolation, this ensures 

the chain of transmission is broken (WHO 2018b).  When healthcare facilities are unable to put 

those infected into isolation, the chains of transmission become so massive it is nearly 

impossible to isolate and break the chain (Kucharski et al. 2015).  For example, the young child 

represented in Figure 4 came in contact with his sister who came into contact with their 

grandmother, mother, and a family friend.  Eventually, the chain of transmission included 30 

individuals which started out with one single child (WHO 2018b).  This is an example of how 

chains of transmission can significantly change the outcome of a highly infectious outbreak. 

In addition to the lack of advancement and under-paid, under-resourced, and 

overburdened hospitals, many other factors may contribute to high infection rates during an 
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outbreak.  In many instances HCWs are not prepared nor are they educated and knowledgeable 

when it comes to the EVD.  Several studies have been conducted concerning the education and 

knowledge of HCWs concerning the EVD.  One such study was conducted in India where they 

questioned the HCWs at a specific hospital to see if they understood the EVD and what it is 

capable of (Ahmad et al. 2016, 751).  Although the HCWs understood that the EVD is a serious 

illness, many of them were unaware of how the virus is transmitted, that protective equipment 

such as gloves and masks should be worn while administering care to those infected with EVD, 

or that those infected should be kept in isolation.  The lack of knowledge at this particular 

hospital could potentially lead to higher infection rates at this location if a patient were to be 

admitted that was infected with EVD because the HCWs do not know the procedures of how to 

treat it.  This was the case for many of the facilities that cared for EVD patients in Sierra Leone 

(Elston et al. 2016, 61).  Another example of how preparation may affect infection rates took 

place in the U.S.  Two U.S. hospitals took in EVD patients that had been infected with the virus 

in West Africa.  One hospital, Emory University Hospital (Emory) was semi-prepared for the 

arrival of a patient from West Africa (Woods 2016).  The patient was an American doctor who 

was working at an Ebola Care Unit in Monrovia, Liberia.  Shortly after the doctor fell ill he was 

transported to the United States where he immediately was admitted into the Serious 

Communicable Disease Unit at Emory.  Emory was given ample time, fair warning and already 

had a unit specifically designed to deal with such a dangerous and virulent disease (Lyon et al. 

2014).  Texas Health Presbyterian Hospital (THPH) was another hospital that had cared for a 

man that was originally from Liberia and had just recently flown to Texas.  This man had been 

exposed and caught EVD in Liberia.  THPH had mistakenly diagnosed the man with sinusitis, a 

respiratory infection, and was released from the hospital. During this time, he was exposing an 
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unknown number of individuals to EVD.   Shortly thereafter his illness became worse and he 

went back to the hospital that had finally discovered his true diagnosis: EVD.  The hospital was 

not ready, they did not have a unit specifically designed for the care of EVD patients, and they 

did not have proper protocols in place that could prevent potential exposure to HCWs or any of 

faculty.  Needless to say, a nurse was inadvertently exposed to the EVD and had eventually 

fallen ill.  Thankfully the nurse survived the EVD, but it shows how a slip in protocol, a hospital 

that was not prepared, and did not have the appropriate facilities on site could put HCWs and 

other populations at risk of catching the virus (McCarthy 2014).  The infection rates differed 

between both locations because one location was prepared whereas the other was not. 

 The more prepared, educated and knowledgeable the healthcare facility is, the less likely 

for infection to spread at a specific location.  In August of 2014 Nigeria was struck with probable 

cases of the EVD but by the end of September of 2014 the country was considered free of the 

virus (HealthMap 2017).  Reasons behind such a short outbreak of the EVD within Nigeria are 

given to the education and advancement of both the healthcare facilities and the HCWs of the 

country (Ohuabunwo et al. 2016, 27).  They were better equipped for the EVD which prevented 

not only the HCWs from becoming infected, but it also prevented enormous chains of 

transmission to form and become untraceable in order to isolate and break the chains.  By simply 

being prepared and educated allowed the country, the healthcare facilities, and the HCWs to 

prevent a massive outbreak.  Today there have been attempts to further educate HCWs of the 

EVD in healthcare settings.  The WHO and the Centers for Disease Control and Prevention 

(CDC), and the Occupational Safety and Health Administration (OSHA) has responded to the 

outbreak by creating an Interim Guidance Report for HCWs to prevent and control infections of 

suspected and confirmed hemorrhagic fevers in health-care settings (WHO 2014a).  The report 
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focuses on response times, sanitation protocols, handling, treatment and transport of EVD 

patients, and many other recommendations for protecting HCWs when they come in contact with 

infectious diseases (OSHA 2018).  In addition, educational programs for nursing students have 

been developed in the US to help educate more HCWs of the dangers of EVD (Ferranti et al. 

2016, 598). 

 This directed research could potentially show areas within Sierra Leone that may 

experience high infection rates.  If these infection rates are increased in areas that lack proper 

EVD protocols, educated HCWs and faculty of healthcare facilities, or if these areas have a 

generally lower educational system, it could offer an understanding of why high infection rates 

are occurring within these areas.  This understanding could potentially lead to developing 

methods to increase education, awareness, and/or protocols of EVD during outbreaks. 

iii.  Population Movement During Infectious Disease Outbreaks 
 On top of poverty and a suffering healthcare system, highly urbanized cities such as 

Freetown, are efficient at becoming incubators for infectious diseases (The World Bank 2013) 

(Alyanak 2017).  Movements of humans, agricultural products, regional delicacies such as 

bushmeat, domestic animals such as chimps, gorillas, or fruit bats, and other trade goods in and 

out of urbanized areas is frequent and ongoing (Patz et al. 2004).  This can potentially cause 

significant effects of increases in infection rates that other areas may not experience during an 

outbreak.  An example of intra-city movement of both humans and domestic animals occurred in 

1999 as a city in Malaysia experienced a combination of deforestation, an extensive drought, and 

dangerous wildfires in urban areas.  This led to alterations of movement for both the human 

population and their cattle within the city-region.  Wild large fruit bats, known to be a reservoir 

of the Nipha virus, were given the geographical opportunity they had not experienced beforehand 
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to come in contact with pigs that were moved by farmers during the alterations of population 

movements.  The pigs became infected with the virus and, in turn, farmers and other people who 

came in contact with the pigs became infected as well.  This created a substantial outbreak of the 

Nipha virus (Chua et al. 1999). 

 In addition to movement within cities, human movement in and out of cities has 

significant consequences for public health as well.  Travelers, such as tourists, businesspeople, or 

visiting family members may put themselves at risk of becoming infected with a communicable 

disease.  Once they become infected, they have the potential of becoming vectors by delivering 

the infectious diseases to another region after they leave an urban city, such as Freetown (Patz, et 

al. 2004).  As previously mentioned, those that are infected create a chain of transmission.  

Without isolating the chain and breaking the transmission of the virus, infection rates will 

continue to increase (WHO 2018b).   

Unfortunately, undiscovered chains of transmission occurred during the EVD outbreak in 

September of 2014.  As mentioned previously, a man traveling from Liberia, a country that was 

currently being ravaged by the EVD at the time, came to the United States.  He had become 

infected in Liberia with EVD but showed relatively little to no signs and symptoms aside from a 

mild fever.  He was on U.S. soil for 5 days before he began to show the classic signs and 

symptoms of the disease.  It is unknown if he was symptomatic during those 5 days, but he 

became an unknown chain of transmission.  However, because he was sick he sought medical 

attention at a Dallas hospital.  Several HCWs had been in direct contact with the man during his 

visit to the hospital which increased the chain of transmission.  A nurse that had been in direct 

contact with him became infected with the EVD.  The man died but the nurse survived.  As soon 

as the nurse became symptomatic and fell ill she was immediately put into isolation.  In addition, 
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anyone that had come in contact with her was put into a voluntary isolation for 21-days.  This 

chain of transmission went unknown until the man was diagnosed and once the nurse and all of 

those that came in contact with the nurse were in isolation, the chain of transmission was broken 

and the infection was eliminated (CDC 2014e; Kucharski, et al. 2015; WHO 2018a). 

 As of 2015, over 1 million people are said to live within the Western Area Urban district 

of Sierra Leone, which is primarily made up of Freetown.  In addition, the entire country is home 

to over 7 million people (Sierra Leone Census 2015).  Any type of human movement that can 

potentially contain both known and unknown chains of transmission within a country that is this 

populated could potentially be catastrophic.  Therefore, this directed research is going to 

examine, through tracking each district within Sierra Leone, confirmed infections as they 

progressed throughout the country over the entirety of the outbreak of 2014.  It may help to 

understand how inter- and intra-population movements affected confirmed infection rates for 

each region and the country as a whole.  

iv. Survivors of Ebola: The Stigma and Long-term Effects of Surviving the EVD 
 Many diseases have placed stigmas on people, communities, and even entire societies in 

the past (Davtyan, Brown and Polayan 2014).  An example of this is the HIV epidemic as both 

people that are infected, or during the initial stages of the HIV/AIDS epidemic, homosexuals 

were stigmatized by strangers, their communities or even their families (Avert 2017).  

Unfortunately, the survivors and caregivers of EVD are experiencing much of the same type of 

discrimination, stigmatization, and even criminal actions against them following the EVD 

outbreak (Davtyan, Brown and Polayan 2014).  Survivors are being shunned from returning to 

their homes, some have lost their jobs, and even friends and family have rejected them.  Society 

within countries that experienced widespread outbreaks such as Sierra Leone have experienced 
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some cases of civil unrest and even violence against survivors or individuals such as family 

members or HCWs that have cared for EVD patients.  There have also been reports of killings 

associated with the stigma surrounding survivors of the EVD (Yadav and Rawal 2015).  Much of 

this stigmatization is because people and communities fear contracting the virus from the 

survivors even though the survivors are no longer contagious (Davtyan, Brown and Polayan 

2014).  Due to these types of situations, many survivors experience mental health challenges 

(Yadav and Rawal 2015). 

 Survivors are left with a deep depression as they attempt to integrate themselves back 

into society.  Many are faced with discrimination upon their return to society and become 

plagued with extreme anxiety.  In addition, survivors and caregivers are often haunted with the 

traumatic experiences they had while being treated in healthcare facilities, witnessing their loved 

ones fighting EVD, or the deaths of their friends or family members they witnessed during the 

outbreak (Yadav and Rawal 2015).  Often, survivors resort to alcohol use, a dependency to 

drugs, and suicidal behaviors in order to cope with the anxieties of social acceptance.  Survivors, 

caregivers, widowers, and any orphaned children fall into a post-traumatic stress syndrome 

following outbreaks (WHO 2016b). 

 In addition to social integration and the difficulties of that, survivors also deal with 

several health problems following the EVD.  One of the significant issues survivors face is 

musculoskeletal pain is noted in 50-75% of survivors.  As the virus ravaged their bodies during 

infection, it also broke down many of the survivor’s muscles and joints.  Another common health 

problem survivors develop is eye issues including eye pain, dryness, sensitivities to light, and 

even blurred vision.  In limited cases, especially in the elderly, retinal scarring occurs which 

decreases their vision, or the individual has lost their vision entirely.  Hearing issues also occur 
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in over 25% of EVD survivors which includes hearing loss and tinnitus or ringing in the ears.  

Neurological issues are also quite common in EVD survivors.  Many experience tremors, 

seizures, and headaches including migraines upon recovery for the rest of their life.  Sexual 

health is also severally altered for survivors of EVD.  Many men experience erectile disfunction 

and testicular pain (WHO 2016b).  On the other hand, women are prone to having significant 

changes in their menstrual cycle such as missed periods, early menopause, and unusually long or 

heavy cycles (WHO 2016b; NMIHI 2018). 

 Although most of these sexual health problems associated with EVD occur directly after 

and for the years following the infection, men are still at risk of infecting someone with the virus 

for some time after their initial recovery.  Tests conducted after recovery from EVD have shown 

that a man’s semen may contain the virus for up to 6 months.  Although this it is rare for the 

virus to be passed on via sexual intercourse, it has occurred previously.  It has been strongly 

advised for men to use protection or sustain from sexual contact until they have been cleared of 

the virus via semen (Deen et al. 2015).  Men are usually offered testing for some time after their 

recovery of EVD to ensure they are clear of the virus before they are advised to have unprotected 

sex (Deen et al. 2015; CDC 2016b).  In addition, vaginal fluids from a woman have tested 

positive for the virus up to 33 days after recovery.  However, viral vaginal fluids have yet to be a 

confirmed case of being a mode of infection (WHO 2016b). 

 Survivors, caregivers, and the family and friends of survivors are faced with a long road 

of health problems, mental illness, and stigmatizations from society.  As previously mentioned, 

this EVD outbreak is not the only disease to experience this type of treatment.  However, in 2015 

many agencies including the WHO and the Ministries of Health in countries that were involved 

with the outbreak in West Africa have begun developing a survivor’s framework that is essential 
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for the care of EVD survivors.  It helps to identify the care and needs of survivors when it comes 

to their ongoing health issues, vaccines they may need in the future, health screenings for 

ailments that are directly linked to being infected with EVD, to improve their quality of life, and 

to help address any mental health issues they may have or have developed due to the outbreak.  

In addition, the WHO has also created a semen testing program for EVD survivors.  Currently, 

over 1,200 men have been enrolled in the program (WHO 2016c). 

Recovery is an ongoing process but a much needed one.  Although this study may not 

directly address the stigmatization, health problems, mental health problems, and sexual health 

issues of survivors, family and friends of survivors, and HCWs experience after an outbreak, it is 

important to understand that it does happen.  The study will touch upon the timeframe in which 

these issues begin to address these ongoing problems. 
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IV. Research Methods 

In order to gain an understanding of how the EVD Outbreak of 2014 progressed 

throughout Sierra Leone, a mixed method approach will be utilized by using both quantitative 

data and qualitative explanation of the progression of the EVD throughout the country over the 

time period of May 20th, 2014 through May 31st, 2016.  To achieve this, several methods were 

applied to this study.  These methods included the use of secondary data that was utilized for 

data collection from multiple sources.   The data was filtered, sorted and organized into 

independent quarterly timeframes.  The data was imputed into the program of ArcMap 10.6 to 

create maps to visually express the journey of infection as it moved within the country through 

time.  Once the maps were completed, they were visually inspected and were compared with the 

Sierra Leone and WHO’s Mortality Reports to gain a qualitative understanding of how 

confirmed infection rates may have increased or decreased over time through each district of the 

country and the country of Sierra Leone as a whole.   

i. Data Collection – Situation Reports 
 The data was collected from the following institutions via Situation Reports:  Sierra 

Leone Ministry of Health and Sanitation and the WHO (Sierra Leone Ministry of Health and 

Sanitation 2014; WHO 2014b).  The WHO Situation Reports were created by WHO, the United 

Nations Children's Fund, and the International Federation of the Red Cross and Red Crescent 

Societies.  At total of 246 reports were investigated with 178 being from the Sierra Leone 

Ministry of Health and Sanitation Situation Reports and 68 being from the WHO Situation 

Reports.  For all reports, only confirmed cases of infection of the EVD were used in this study. 

 Sierra Leone’s Situation Reports (SLSR) began on August 13th of 2014 and ended on 

April 14th of 2015.  The SLRS were given on a daily basis; however, many days during that time 



Haddad 23 
 

period were skipped.  The SLSR began with Volume 78 and ended with Volume 321.  Volumes 

1 through 77 were unable to be located and were therefore not used and a total of 67 volumes 

between volumes 78 through 321 were missing.  Even though volumes 1 through 77 were 

missing, volume 78 had information prior to the August 13th date which was that of May 20th.  

The report gave a cumulative number of confirmed cases from May 20th until August 13th.  

Therefore, May 20th marked the first date that was used for this study.  The WHO’s Situation 

Reports did not begin until August 29th of 2014 but they surpassed SLSR’s as they ended on June 

10th of 2016.  The WHO Situation Reports were provided on a weekly basis. 

 All SLSR’s had tables and data that provided extensive information regarding the 

outbreak which ranged from summary highlights, number of deaths, number of beds used in each 

district, etc.  Not all reports contained this as some did, and some did not.  For the purpose of this 

study, the table that was titled “National Cumulative summary of Ebola Cases 

[Date/Timeframe]” was used.  In some reports it was labeled as Table 1 whereas others it was 

labeled as Table 2.  Within this table, only confirmed cases that are located in the column 

highlighted in red in Figure 5 were used for each district.  It is important to note that these 

reports were very basic at the beginning of the outbreak but as the outbreak progressed, the 

reports become more extensive and provided more information. 

For the WHO Situation Reports, it began similar to the SLSR as the first reports were 

vague and contained minimal information.  However, as the outbreak progressed, the data 

became more extensive as it included information similar to the information provided from 

SLSR’s.  The WHO Situation Reports also included data from each country that was currently 

experiencing any type of infections during the specific timeframe of the report.  Only 

information regarding Sierra Leone was used for this study from these reports.  Unlike SLSR’s, 
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the data was not given in a table with the WHO Situation Reports.  Rather, the data was provided 

in a summary paragraph(s) which included highlights of how EVD transmissions were occurring, 

specific confirmed infection rates for each district, number of beds available, and other types of 

useful information regarding the outbreak during that specific timeframe.  Although the WHO 

Situation Reports did give information on Sierra Leone, it sometimes did not include all of the 

districts within the summaries even if confirmed cases were present within those districts. 

ii. Data Collection – Quantitative Data Organization 
 The data was organized in quarterly form per district within Sierra Leone as per Tables 2 

and 3.  The quarters for the years of 2014 through 2016 that were chosen were as follows:  June 

1st – August 31st, September 1st – November 30th, December 1st – February 28/29th, and March 1st 

– May 31th and, with the data provided, May 20th – May 31st was used for the year 2014.   For 

2014, data was available beginning on May 20th via SLSR Volume 78, but the data was given in 

cumulative form from May 20th till August 13th which is a total of 86 days.  In order to 

extrapolate this data to fit into a quarterly fashion, it was assumed that the number of confirmed 

cases that occurred during this time period of 86 days was uniformed.  Therefore, May 12th-31st 

is 14% of the 86 days provided which allowed 14% of the confirmed cases for each district to be 

allotted to fit into the May 20th-31st 2014 quarter.  All other quarters were organized 

independently from one another.  In other words, June 1st – August 31st of 2014 did not include 

the May 12th-31st quarter’s confirmed cases.  The confirmed cases for each quarter are only the 

cases found within that specific timeframe. 

 Since the WHO Situation Reports did not begin until August 29th, 2014, data organized 

before then was strictly via SLSR’s.  However, the first WHO reports were very lacking as they 

did not provide extensive data and the data that was provided was incomplete, very broad, or it 
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did not express information about each district individually.  Therefore, WHO Situation Reports 

were not used for quantitative data organization until the December 2014 – February 2015 

quarter.  The December 10th, 2014 WHO Situation Report was the first report used for 

quantitative data organization.  From this point on, both SLSR’s and WHO Situation Reports 

were used in combination with one another.  Quantitative data from both reports were compared 

and the data that was similar on both was recorded.  For data that was confusing or incomplete 

on one report, the other report was used to fill in information and gaps.   

For the SLSR’s, some data was not provided at all.  For instance, as previously stated, 67 

volumes of the reports were missing entirely.  If the WHO Situation Reports could not fill in the 

gaps of confirmed cases during these missing volumes, the method used to extrapolate data for 

the days missing was by using both the volume directly before and the volume directly after the 

missing volume.  By comparing the cumulative confirmed cases on each of those volumes, basic 

calculations of subtracting the confirmed cases from after the missing volume(s) from the 

confirmed cases before the missing volumes gave the confirmed cases of the missing.  An 

example of this is as follows: 

 

 

  

 

 In addition to this, on some occasions, both the WHO Situation Reports and the SLSR’s 

provided slightly different data.  For example, one report may have stated 11 confirmed cases 

Example: 

DISTRICT CUMULATIVE CONFIRMED 
FROM VOLUME 1 

MISSING CUMULATIVE CONFIRMED 
FROM VOLUME 3 

PORT LOCO 25 ? 30 
 

Missing = 30 -25 = 5 
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were documented in the district of Kenema in a specific week/day whereas the other report said 

15 were documented.  The report that had more reliable summary highlights of infections and 

transmissions were used.  In most cases, for data in the beginning of the outbreak, the SLSR’s 

were used and as the outbreak progressed and the WHO Situation Reports became more 

thorough and specific, the WHO Situation Reports were used.  It is important to note that the 

WHO Situation Reports did have a large discrepancy for the week of February 15th, 2015.  The 

WHO Situation Reports claimed there were 74 confirmed cases between all districts for the 

week.  However, SLSR’s claimed there were 91 confirmed cases for all districts.  The WHO 

issued a correction the following week stating they did not obtain the missing confirmed cases 

that were present in the SLSR’s until after their report had been published.  So, it was important 

to fully investigate reports before, the day/week of, and after each volume to maintain proper 

confirmed cases throughout the outbreak.  Once the data had been organized as seen in Table 2, 

the data was converted to percentages in order to map out each quarter independently from one 

another as per Table 3. 

iii. Map Creation 
 Maps were created in order to give a visual representation of the data in Table 3.  The 

program ArcMap 10.6 was used in order to achieve this.  A total of 9 maps were created as seen 

in Figures 6 through 14 which offers a visual representation of this data.  To create each map, 

shapefiles of the 14 districts of Sierra Leone were used and obtained from the Humanitarian Data 

Exchange via the Government of Sierra Leone (Government of Sierra Leone 2018).  In addition, 

shapefiles for the countries Liberia and Guinea were obtained from the Humanitarian Data 

Exchange as well (UNMIL 2017; World Food Programme 2017). 
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Once the maps’ primary layers were created, the attribute table for the Sierra Leone 

districts was edited for each map to include a column for “confirmed” cases.  Percentage data 

from Table 3 was utilized and was implemented for each district into the map layer.  A color 

gradient ranging from dark green to deep red was applied to show a visual interpretation of 

confirmed cases within each district.  The confirmed cases gradient expressed 7 classes: 0.00%, 

0.01% - 15.00%, 15.01% - 30.00%, 30.01% - 45.00%, 45.01% - 60.00%, 60.01% - 75.00%, 

75.01% - 100.00%.  The class 0.01% - 15% was used in order to show minimal confirmed cases.  

Even if a district had only 1 confirmed case during the specific quarter, it was expressed as being 

greater than 0% to show confirmed cases were present within the district.  A map was created for 

each quarter and all maps are independent from one another. 

iv. Qualitative Data 
 All data that was incorporated into the maps, tables, and figures have been that of 

quantitative data.  However, qualitative data was utilized in the interpretation of the maps and the 

understanding of how the transmission of confirmed cases traveled throughout the districts of 

Sierra Leone during the EVD outbreak.  The SLSR’s were used to strictly obtain quantitative 

data.  However, the WHO Situation Reports were used for both quantitative and qualitative data.  

The WHO had an archive of all situation reports that were used in this study (WHO 2016a).  As 

stated, they were offered on a weekly basis.  At the beginning of the outbreak the WHO Situation 

Reports did not give much summary information of the outbreak as it was occurring.  However, 

as the outbreak progressed, more information became available.  The information used was the 

chains of transmission, how many confirmed cases were being discovered during each report, the 

number of beds Sierra Leone had compared the number of beds that were needed, the number of 

HCWs becoming infected, and any other information that seemed viable in understanding how 

each district within Sierra Leone was responding to the outbreak.  For each Situation Report, 
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only Sierra Leone was investigated as no other country was looked at even though the 

information was available.  In addition, any background information or any information 

developed in the literature review was utilized to comprehend and fully understand what was 

occurring in Sierra Leone as the outbreak progressed.  

v. Data Error Disclaimer 
It is important to note that most of the data used in this directed research is secondary data, 

by using secondary datasets, mistakes or missing information may be present within them. This 

may limit the information being provided and it may alter the outcome of the results.  Also, the 

data was being taken during very chaotic and turbulent situations which may prevent the data 

from being entirely accurate.  However, the WHO and the Sierra Leone Ministry of Health and 

Sanitation are reputable entities that would not intentionally provide inaccurate data.  Any data 

that is inaccurate is coincidental and not the fault of the entities providing the information. 
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V. Results & Discussion 
 

Note:  All quantitative data that is mentioned within the Results & Discussion section refers to 
Tables 2 and 3 located in the Appendix.  Number of actual confirmed cases is reflective of Table 
2 while percentages is reflective of Table 3.  All mention of this data is reflective of the quarter 
being discussed.  If any other quantitative data is mentioned outside of Tables 2 and 3, the 
appropriate Table will be pointed out.  

 

Story of the Transmission of Confirmed Cases Throughout Sierra Leone 

Map of May 20th – May 31st, 2014 
 The information provided by the SLSR’s during this timeframe is very generic and non-

specific.  The outbreak was just being recognized in this area a few months prior and it may be 

assumed that there was not reliable or ongoing information and data being distributed at this 

time.  However, a total of 101 confirmed cases did occur during this quarter: 54 in Kailahun or 

53.47% of the total confirmed cases within this quarter, 37 in Kenema (36.63%), 3 in Port Loko 

(2.97%), 3 in Bo (2.97%), 2 in Western Area Urban (1.98%), 1 in Moyamba (0.99%), and 1 in 

Bombali (0.99%).   

 As previously mentioned, April of 2014 marked the official start of the outbreak in Sierra 

Leone.  However, the situation reports do not explain the exact mode of which the infection 

entered the country.  The village of Meliandou in Gue´cke´dou Prefecture, Guinea was home to 

patient zero, the young boy who is thought to have contracted the virus from a fruit bat nest 

(Gatherer 2014).  Guinea is a neighboring country of Sierra Leone and Gue’cke’dou Prefecture is 

located approximately 67km (41 miles) from the district of Kailahun as seen in Figure 3 (Google 

Maps 2018).  Kailahun experienced over 50% of the confirmed cases during this timeframe.  

Based on this information, it might potentially be assumed that human movement from Guinea 

into Kailahun may have been the mode of transmission of the EVD into Sierra Leone.  In 
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addition, Kenema experienced over 36% of the confirmed cases during this timeframe.  As seen 

in Figure 1, Kenema shares its southwest border with Kailahun (The Ministry of Local 

Government and Rural Development 2015).  The district of Bo experienced only 2.97% of the 

confirmed cases during this timeframe and since Bo shares a border with Kenema it might be 

assumed that human movement into Bo from Kenama caused the chain of transmission.  Thus, 

human movement occurred from Gue´cke´dou Prefecture, Guinea into Kailahun, Kailahun into 

Kenema, and Kenema into Bo.  As for the other four districts that experienced confirmed cases, 

they more than likely had human movement from either Kailahun, Kenema, or Bo enter their 

regions which caused confirmed cases. 

It is important to note that the WHO Situation Reports were not used for the results of 

this quarter.  The reason is because the single report from August 29th, 2014 did not provide any 

information regarding confirmed cases per district nor did it give any highlight summary for 

Sierra Leone.  

Map of June 1st – August 31st, 2014 
  During this quarter, a total of 1,004 confirmed cases occurred in 13 of the 14 districts 

within the country.  That is an increase of 903 confirmed cases compared to the previous quarter.  

Both Kailahun and Kenema expressed the highest jump in confirmed cases.  The district of 

Kailahun witnessed an increase of 361 patients from the previous quarter or a 668.52% increase 

in confirmed cases with a total of 415 confirmed cases within this quarter.  Kenema witnessed an 

increase of 282 patients compared to the previous quarter or a 762.16% increase in confirmed 

cases with a total of 319 confirmed cases within this quarter.  Both of these districts combined 

had over 73% of the confirmed cases of all the districts during this quarter.  This is a substantial 

jump for both districts.  The districts of Port Loko with 66 cases (6.57%), Western Area Urban 
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with 49 cases (4.88%), Bo with 47 cases (4.86%), and Bombali with 43 cases (4.28%) also 

witnessed a substantial jump making up almost 21% of the confirmed cases during this quarter.  

In addition, this districts of Western Area Rural with 28 cases (2.79%), Tonkolili with 16 cases 

(1.59%), Pujehun with 7 cases (0.7%), Kono with 4 cases (0.4%), Kambia with 1 case (0.1%), 

and Bonthe with 1 case (0.1%) experienced their first confirmed cases of the EVD and made up 

almost 6% of the confirmed cases during this quarter.  The only district that did not have any 

confirmed cases of the EVD during both May 20th-31st time period and the quarter of June 1st – 

August 31st, 2014 was that of Koinadugu district. 

 Like the previous quarter, neither the SLSR’s nor the WHO Situation Reports gave any 

substantial summary highlights that gave an accurate idea of how the infection spread throughout 

the country.  Through speculation, human movement is more than likely the cause of the spread 

of confirmed cases in all of the districts infected.  As seen in the quarterly map in Figure 7, the 

highest concentration of confirmed cases is in the original two districts that were more than 

likely infected via human movement spillover from Guinea, where the outbreak began, in the 

previous quarter.  This is probably why both Kailahun and Kenema witnessed such a significant 

increase in confirmed cases because both districts had more time for the infection to spread 

within, through and out of the districts.  The map shows that the rest of the country, aside from 

the district of Koinadugu, was more uniform when it came to confirmed cases.  A specific look 

at the actual data did show there was significant increase in Bombali, Port Loko, Bo, and 

Western Area Urban.  Again, these districts had already been minimally compromised during the 

first quarter of the outbreak, but the districts still had substantial time to gain confirmed cases of 

infection which is more than likely the cause of the increase. 
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Map of September 1st – November 30th, 2014 
 The quarter of September – November of 2014 expresses the highest confirmed cases in 

Sierra Leone throughout the entire EVD outbreak.  A total of 4,876 confirmed cases are seen in 

all the districts with Western Area Urban having the highest by expressing 25.51% or 1,244 of 

the cases during this quarter.  Aside from the district of Western Area Urban, the districts of Port 

Loko, Western Area Rural, and Bombali witnessed the highest confirmed cases at 820 cases or 

16.82%, 810 cases or 16.61%, and 785 cases or 16.10% respectively.  Unfortunately, Koinadugu 

finally experienced its first EVD infections with 84 confirmed cases (1.72%).  The remaining 

districts of Kono (2.83%), Kambia (1.72%), Tonkolili (7.32%), Pujehun (0.49%), Bo (4.29%), 

Bonthe (0.04%), and Moyamba (3.10%) make up the remainder of the districts that witnessed an 

increase in confirmed cases.  On the other hand, both Kailahun and Kenema, the two districts 

that have previously been on a significant rise in the previous quarters, are the only two districts 

to show a decrease in the number of confirmed cases.  Kailahun witnessed a 77.59% decrease 

with only 93 confirmed cases or 1.91% of the overall confirmed cases during this quarter.  

Kenema witnessed a 56.74% decrease with 138 confirmed cases or 2.83% of the overall 

confirmed cases during this quarter. 

 According to the WHO Situation Reports during this quarter, Sierra Leone was lacking 

beds countrywide.  This was an ongoing issue as at the end of September the country had 323 

beds for confirmed cases but needed 532 more.  By the end of the quarter, roughly 350 beds were 

being utilized but the healthcare facilities needed over 1,200 more beds to accommodate those 

infected.  This posed a significant issue in areas that did not have ample bed space.  As 

previously mentioned, human movement on any scale is detrimental during outbreaks of this 

nature.  Anyone infected with the EVD is likely to become disoriented and wander off which 

may put them into a situation that has them encountering individuals who are not infected.  This 
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could have potentially increased the chain of transmission which more than likely became 

uncontrollable given the right circumstance. 

 Another interesting trend the WHO Situation Reports included was the number of HCWs 

becoming infected.  As previously mentioned, HCW preparedness and education, or lack thereof, 

has the potential to exacerbate transmission rates.  At the beginning of the quarter 71 HCWs 

were confirmed infected and by the end of the quarter, 132 HCWs were confirmed infected.  

That is an increase of 61 HCWs or an 85.92% increase.  That is substantial given the 

circumstances of this outbreak.  The case of Emory University Hospital, who had been prepared 

and educated for the EVD, and the country of Nigeria, that has an extensive healthcare system, 

proved that preparedness could substantially lower transmission rates (Woods 2016) 

(Ohuabunwo, et al. 2016).   Clearly, Sierra Leone’s HCW’s were not prepared for this type of 

outbreak with that type of significant increase in confirmed cases over the course of the quarter. 

 Throughout the course of the quarter, the WHO Situation Reports stated that conditions 

nationally based on confirmed cases within the county were deteriorating at a steady scale.  In 

addition, Freetown was experiencing significantly high confirmed cases throughout the entirety 

of the quarter.  As previously mentioned, high populated urban areas tend to become incubators 

of infection and the spread of infection during outbreaks.  This is due to the vast amount of 

contact and proximity people in urban areas have with one another (Alyanak 2017).  By the end 

of the quarter Western Area Urban had significantly higher confirmed cases compared to any 

other district.  Furthermore, according to the WHO Situation Reports, the districts of Port Loko 

and Bombali were the worst drivers of widespread transmission.  This was because there were 

not enough beds which prevented infected individuals from going into isolation.  Instead, they 

were being turned away because beds were unavailable.  Through human movement, those 
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people left the facilities and traveled to other locations within those districts further driving the 

chain of transmissions outside of Western Urban Area.  Based on the quarterly map in Figure 8, 

the area of Freetown (Western Urban Area) and the neighboring district of Port Loko and 

Bombali expressed saw higher confirmed cases. 

 During the end of this quarter, the districts of Kenema and Kailahun were showing a 

decrease in confirmed cases which is significant considering these districts potentially began the 

major line of transmission from Guinea (Gatherer 2014).  According to the WHO Situation 

Reports, Kenema and Kailahun had significant response efforts that isolated and tracked chains 

of transmission with the goal of breaking the chains through isolation of those infected.  The 

WHO believes this was the main reason behind the transmission slowing down within these 

districts. 

Map of December 1st, 2014 – February 28th, 2015 
 The quarter of December 2014 through Februart 2015 showed a decline in all districts.  

Again, Western Area Urban showed the highest confirmed cases at 35.98% or 857 cases.  

Western Area Urban’s neighboring districts of Port Loko and Western Area Rural saw the 

second and third highest confirmed cases at 22% or 524 cases for Port Loko and 13.10% or 312 

cases for Western Area Rural.  These three districts made up over 70% of the confirmed cases 

during this quarter in Sierra Leone.  The districts of Bombali (8.44%), Kono (6.76%), Kambia 

(4.49%), Tonkolil (3.40%), Bo (2.31%), Moyamba (1.97%), Koinadugu (0.97%), Kenema 

(0.38%), Kailahun (0.13%), and Bonthe (0.08%) made up the rest of the confirmed cases during 

this quarter.  Fortunately, the district of Pujehun had zero confirmed cases and is the first district 

to have had no incidences since the outbreak occurred in the district. 
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 According to the WHO Situation Reports, conditions at the beginning of this quarter were 

difficult within Sierra Leone as it was coming out of the worst quarter (September – November 

2014) since the outbreak began.  As of the week of December 3rd Situation Report from the 

WHO, Sierra Leone had more confirmed cases compared to Guinea and Liberia combined by 

this point.  Western Area Urban was continuing to be the hardest struck.  This is visually evident 

in the quarterly map of Figure 9, as Western Area Urban is the only district to be in the yellow 

coloration of 30.01% - 45.00% level.  However, response to the outbreak was starting to make a 

difference.  Although there were some isolated instances of transmission increases, for the most 

part, a shift in how the outbreak was progressing became somewhat evident, because by the end 

of December, things began to significantly slow down when it came to the increases in 

confirmed cases. 

 Although confirmed cases were slowing down, some things were not on the decline.  The 

number of beds needed were continuously on the rise and became extremely problematic when it 

came to tracking and breaking the chains of transmission.  Coming into this quarter, 900 beds 

were needed but by mid-December, over 1,400 beds were needed.  Even though the quarter 

showed an overall decrease in confirmed cases, according to the WHO Situation Report, the 

week of December 17th showed the highest number of weekly confirmed cases throughout the 

entire outbreak of EVD included those in other countries.   This prompted the United Nations, 

the WHO, and the Government of Sierra Leone to enable the Western Area Surge (WAS).  WAS 

targeted the hardest hit areas, such as Freetown, and began to increase the number of beds in the 

healthcare facilities in order to ensure that confirmed cases were being isolated and received 

appropriate treatments.  WAS also attempted to provide rapid response teams to be set up within 

each district to address new confirmed cases as swiftly as possible.  WAS was implemented in 
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hopes to decrease the momentum of the chains of transmission.  By isolated confirmed cases, 

healthcare facilities were able to decrease the amount of exposure non-infected individuals had 

with those infected.  This tactic seemed to be working as chains of transmission were being 

severed, confirmed cases were being discovered faster which allowed for earlier isolation of 

those infected, and fewer beds were needed going into January.  This trend continued throughout 

the rest of the quarter and by the end of the quarter, enough beds were being supplied to care for 

the confirmed cases and more healthcare facilities were being opened in order to help combat the 

outbreak.  In addition, samples that were taken to either confirm or deny infection of those 

suspected and probable cases were taking 1 to 4 days to be tested.  This was considerable as in 

previous quarters it was taking an unknown number of days to weeks before confirmation was 

given to facilities.  This is significant as the quicker the facility was able to confirm a case of 

EVD, the confirmed cases were put into isolation, chains of transmission were being broken, and 

the patients were being treated promptly.  This could have prevented the spread of the EVD 

through human movement and it could have also prevented new chains of transmission from 

forming. 

 Unfortunately, while WAS was working when it came to breaking the chain of 

transmission that was occurring throughout the districts via human movement, HCWs were 

seeing a rise in the number of confirmed cases.  At the beginning of the quarter, 138 HCWs were 

confirmed infected but by the end of the quarter, 295 HCWs were confirmed infected.  This was 

an increase of 157 HCWs or a 113.77% increase.  Regrettably, even though the WAS was 

helping the nation, HCWs and their lack of preparedness and education when it came to the EVD 

more than likely put them in situations that they became infected.  Thankfully, with the WAS in 

place, it may be assumed that if a HCW became infected, they were likely isolated very quickly 
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due to the increase in bed availability near the end of the quarter to prevent further chains of 

transmission from forming within the healthcare facilities.  This quarter in its entirety showed a 

significant decrease in confirmed cases compared to the previous quarter.  By the end of the 

quarter only the western districts were seeing the most confirmed cases as seen in Figure 9.  

Transmission was declining rapidly, and it seemed that the peak of the outbreak was beginning to 

pass. 

Map of March 1st – May 31st, 2015 
 In the quarter of March – May 2015, there was a significant decrease from the previous 

quarter of confirmed cases.  In total between all districts, 271 confirmed cases were witnessed 

compared to the previous quarter’s total of 2,382, which is a difference of 2,111 confirmed cases 

or a decrease of 88.62%.  Again, Western Area Urban expressed the highest confirmed cases at 

115 cases or 42.44% of the confirmed cases within this quarter.  Yet again, both Port Loko and 

Kambia had the second and third highest confirmed cases with Port Loko witnessing 58 cases or 

21.40% of the total confirmed and Kambie amounting to 54 cases or 19.93% of the total 

confirmed throughout this quarter.  These three districts made up over 83% of the confirmed 

cases throughout Sierra Leone during this quarter.  In addition, Western Area Rural (9.23%), 

Bombali (5.17%), Moyamba (0.74%), Tonkolili (0.37%), Koinadugu (0.37%), and Kono 

(0.37%) made up the rest of the districts that witnessed confirmed cases.  However, 5 districts 

(Kalihun, Kenema, Bo, Pujehun and Bonthe) had zero confirmed cases this quarter which is the 

highest number of districts since the second quarter of the outbreak (June – August 2014) to have 

zero confirmed. 

 According to the WHO Situation Reports for this quarter, during the entirety of the 

quarter all healthcare facilities had ample amount of beds for incoming patients.  In addition, 
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going into this quarter things began to stabilize.  The number of incidences of chains of 

transmission, confirmed, suspected, and probable cases began to decrease sharply.  Over 92% of 

the transmission chains that were being discovered were investigated within 24 hours of 

confirmed cases.  A national Ebola Alert Hotline was put into place which allowed people to call 

in and report potential cases, bodies that needed to be discarded safely, or for information 

regarding where to go if they suspect infection.  By the end of March there was a steady decline 

in confirmed cases and healthcare facilities were beginning to operate more smoothly.  Freetown 

and the Western Area Urban district along with its neighboring districts still witnessed confirmed 

cases.  As seen in the quarterly map in Figure 10, Western Area Urban, Port Loko, and Kambia 

seemed to be the hub of most confirmed cases.  The quantitative data for this quarter confirms 

this as well. 

 During this quarter, healthcare facilities began to bounce back with only 8 HCWs 

becoming confirmed cases which is a significant decrease from previous quarters.  This is 

important as the WHO Situation Report for the week of May 27th, 2014 announced that 

healthcare facilities were implementing more vigilant precautions, situations within facilities 

were less chaotic, and fewer individuals were coming in to be tested for EVD.  By the end of the 

quarter, EVD testing was at its fastest, because once an individual was tested, it took less than a 

day for the results to come in.  Of those being tested, less than 1% were coming back positive for 

the virus.  This was significant as it exhibited the decline in confirmed cases and the transmission 

of the virus seemed to be slowing down tremendously. 

Map of June 1st – August 31st, 2015 
 In the quarter of June – August 2015, only four districts had confirmed cases.  Port Loko 

had the most with 28 cases or 35.90% of the total cases for this quarter.  Both Western Area 
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Urban and Kambia had 24 cases each (30.77% each).  Lastly, Tonkolili had only 2 confirmed 

cases (2.56%) for the quarter. 

 According to the WHO Situation Reports, it was discovered Kambia seemed to have 

communication issues with response teams.  Residents, healthcare facilities, and HCWs were not 

understanding how to correctly respond to the outbreak.  When members from response teams 

were going in to help, it was stated that the facilities were giving them resistance.  By 

speculation, this may be a result of healthcare facilities and HCWs not fully understanding EVD.  

If the response team practices of treatment or isolation for those infected with the EVD differ 

from the protocols of the facility, the HCWs and the facility may not have correctly responded to 

those changes.  It may not be because they are being difficult but instead, these facilities may be 

finding it hard to change their protocols, or understand what isolation exactly means.  However, 

overall HCWs in general throughout this quarter seem to have decreased substantially.  Only 3 

HCWs became infected during this timeframe.  That is 5 fewer than the previous quarter which 

signifies that while Kambia may be struggling, the other districts and the country as a whole are 

responding to the virus more diligently and more strongly than previous quarters. 

 As the quarter progressed it became evident that most chains of transmission were 

coming from Freetown, or the Western Area Urban district.  This is visually seen in the map of 

the quarter, Figure 11, as Western Area Urban and Port Loko have the highest concentrations 

with both of the being a shade of yellow or 30.01%-45.00% confirmed.  Human movement out 

of Freetown and into other districts was responsible for the transmission of the virus to move 

such great distances.  The outcome of that human movement was substantial as the district of 

Tonkolili had a single individual that tested positive for the virus in a private hospital.  The 

individual was not isolated for over 2 days before the facility realized the individual was 
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infected.  This person’s chain of transmission had begun in Freetown where they then traveled 

into Tonkolili where they had become ill.  Between Freetown, their settled location in Tonkolili, 

and the healthcare facility, that single individual had created a potential chain of transmission of 

over 600 people.  Those 600 people from Tonkolili were being monitored and put under 

voluntary isolation in their homes in hopes to break the chain of transmission in order to prevent 

the spread of the virus if any of them became sick.  This shows the power of human movement 

and how one chain of transmission can cause a cascading event in which hundreds of other 

people are put at risk.  This event reflects the magnitude of the outbreak and why it spread so 

quickly and ferociously throughout Sierra Leone.  

Map of September 1st – November 30th, 2015 
 During the quarter of September – November 2015, only 2 districts saw confirmed cases.  

The district of Kambia had 5 confirmed cases or 83.33% of the total confirmed within this 

quarter and Bombali only had 1 case (16.67%).   As seen in the quarterly map, Figure 12, this 

marks the first time that Freetown and the Western Area Urban had zero confirmed cases since 

the start of the outbreak in Sierra Leone.  This is significant as most chains of transmission were 

coming out of this area.  For this district to show zero confirmed cases, chains of transmission 

seemed to have stopped, which could have potentially been a very large driving force for the 

outbreak overall.   By the end of this quarter Sierra Leone had not experienced any new 

confirmed cases.  The only countries that were experiencing confirmed cases during this time 

was Guinea and Liberia.  However, Liberia’s outbreak had substantially declined much like 

Sierra Leone’s. 

 According to the WHO Situation Reports, the beginning of this quarter marked the 

initiation of the Ebola ça suffit! ring vaccination Phase 3 efficacy trial of the VSV-EBOV 
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vaccine.  This vaccine had been available to Guinea since March of 2015.  However, at the 

beginning of September, the vaccine became available to both Liberia and Sierra Leone.  The 

ring vaccine method is used by finding a confirmed case of the pathogen and doing heavy 

vaccination within a specific radius of the confirmed case.  Anyone exposed to the patient 

receives the vaccine in hopes of preventing the spread of the virus (CDC 2017a).  Only 

individuals who qualify can be vaccinated.  The individual must be 18 years old, have never been 

infected with EVD in the past, is not pregnant, is free of any immunodeficiency conditions such 

as HIV/AIDS, and is not chronically ill (WHO 2015a).  Although during the most intense 

months it is unlikely that the vaccine would have been able to contain the outbreak, during this 

quarter it was used in hopes of stopping the few chains of transmissions that were still active 

(Kucharski et al. 2016).  It was unknown during this time in the outbreak if the vaccine was 

working.  However, since only 2 districts witnessed confirmed cases throughout the entirety of 

the quarter, it may have helped curb the outbreak. 

 For all the confirmed cases in both Kambia and Bombali, the origin of transmission was 

unknown.  The reason for this is because the patients did not become confirmed cases until after 

they died and because of this response teams could not track the origin of transmission.  

However, response teams were able to track chains of transmission for the people who had come 

into contact with the confirmed cases.  These individuals were put into isolation for a 21-day 

time period to prevent further spread of the virus.  In addition, no HCWs became infected during 

this quarter. 

Map of December 1st, 2015 – February 29th, 2016 
 During the quarter of December 2015 – February 2016, a significant decrease of 

confirmed cases was witnessed.  Only 2 confirmed cases were discovered with 100% of them 
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being in the district of Tonkolili.  This is visually seen in Figure 13 as Tonkolili is the only 

district to express any type confirmed cases with its bright red coloration. 

 According to the WHO Situation Reports, the beginning of the quarter marked the WHO 

and Sierra Leone’s Ministry of Health and Sanitations efforts to begin aiding the survivors of the 

outbreak.  They developed a framework to combat the many health issues and mental health 

dilemmas many survivors, HCWs, and the family and friends of both survivors and deceased 

experience because of the EVD outbreak.  With fewer and fewer confirmed cases and only few 

chains of transmissions present, these agencies were able to begin focusing on the rebuilding of 

the society as the virus began to diminish (WHO 2016c).   

This also marked a time in which Sierra Leone went into a 90-day period of surveillance.  

The country had not experienced any new confirmed cases since mid-September.  However, 68 

days into the 90-day period of surveillance, a deceased 22-year-old female tested positive for 

EVD in the Tonkolili district.  Prior to her death she had been traveling while she was 

symptomatic and infectious from Port Loko, through Kambia, and into Bombali before arriving 

in Tonkolili and dying.  Response teams immediately jumped in to discover her chain of 

transmission.  Over 150 people were found within her chain of transmission but only 50 of them 

were thought to be at considerable risk of becoming infected.  Those 50 individuals were 

vaccinated as a precaution.  In addition, her aunt became ill and tested positive for EVD.  It is 

unknown if her aunt had been vaccinated prior to falling ill.  However, under isolation, her aunt 

was transported from Tonkolili to the Western Area Urban district and was put in isolation at a 

treatment center in Freetown.  These were the only two confirmed cases during this quarter.  
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Map of March 1st – May 31st, 2016 
 As seen in Figure 14, the quarter of March – May 2016 witnessed zero confirmed cases.  

The EVD outbreak had ended.  The Public Health Emergency of International Concern officially 

called the West African EVD Outbreak of 2014 as being over on March 29th, 2016.  The WHO 

Situation Reports stated that as the outbreak was officially being named as over, over 2,600 

survivors were being assessed for general health, mental health, eye exams, semen screening and 

counselling services.  By April, the WHO Situation Reports began to shift from reporting on 

EVD to reporting on the Yellow Fever outbreaks and the Zika Virus. 

Visual and Qualitative Summary of the Outbreak 
 The outbreak began relatively slowing and mostly confined to a few districts.  Much like 

when the outbreak began in Guinea in December of 2013, the virus went relatively unnoticed.  

As seen in Figure 6, Kailahun and Kenema were the hardest hit, but the other districts had 

minimal confirmed cases.  From June to August of 2014, the outbreak began to pick up 

momentum.  More people were becoming infected as more confirmed cases were coming in.  

Kailahun and Kenema were witnessing more confirmed cases and the virus began to make its 

way into higher populated areas such as Western Area Urban.  By September – November of 

2014 things began to deteriorate significantly.  In September of 2014, healthcare facilities had no 

beds and were turning away sick people.  These people were being shunned by their 

communities because they were sick, and when they sought help, help was unavailable.  If 

people were unable to be isolated when they were sick, they were likely interacting with others 

which potentially increased infection rates and created countless chains of transmission.  By 

October, infection rates were rampant as more and more people became infected.  Freetown, 

Western Area Rural, Bombali, and Port Loko were the hardest hit as seen in Figure 8.  By 

November of 2014, Freetown was the worst hit with over 1,200 confirmed cases and Western 
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Area Rural also witnessed over 800 confirmed cases.  Port Loko and Bombali were also getting 

hit very hard with the EVD.  Over 1,200 beds were needed to isolate those infected.  At the time, 

facilities were still turning people away.   

During the quarter of December 2014 – February 2015, the beginning of the quarter 

conditions started out somewhat difficult as the country was coming out of the hardest hit quarter 

during the outbreak.  However, things were beginning to improve as confirmed cases were 

decreasing in most districts, WAS was implemented to curb the intensity of the outbreak, and 

chains of transmission were being broken.  By January 2015, things began to level off.  The 

worst of the outbreak was over.  As seen in Figure 8, most of the confirmed cases were in the 

western portion of the country.  In those areas, beds were still needed but instead of needing 

1,200 beds like in the previous quarter, only 700 needed.  By the end of January, zero beds were 

needed.  Puzzlingly, while confirmed cases were dropping significantly, HCWs were becoming 

infected at alarming rates.  However, because beds were no longer needed, as HCWs were 

becoming ill, they were given isolation as soon as possible.  Chains of transmission were being 

broken and infection rates were decreasing.   

By March – May of 2015, as seen in Figure 10, 6 districts had zero confirmed cases with 

most confirmed cases still being witnessed in the western, more populated areas of Sierra Leone.  

By April, there was significant decreases in confirmed cases and chains of transmission.  

Although HCWs were still becoming infected, their infections had dropped dramatically.  The 

outbreak was beginning to taper off.  By June – August of 2015, fewer and fewer people were 

becoming infected.  More districts were witnessing zero confirmed cases as seen in Figure 11.  

Although there was resistance in Kambia at the beginning of the quarter, by the end of the 

quarter Kambia started to see their confirmed cases decease drastically.  The most populated 



Haddad 45 
 

areas of Port Loko and Western Area Urban seemed to have most of the confirmed cases as seen 

in Figure 11.  More healthcare facilities were being shut down as they were no longer needed. 

 During the September – November 2015 quarter, as seen in Figure 12, most districts were 

free of confirmed cases.  In addition, only 6 confirmed cases in the districts of Kambia and 

Bombali were witnessed.  The outbreak was almost over.  The focus had shifted to repairing the 

damage the virus and the outbreak had done to communities, societies, families, widowers, 

children, people, and homes.  Recovery frameworks were put into place to help aide this effort as 

the country began to heal itself.  By December 2015 – February 2-16, the last remaining 

confirmed cases had been identified as seen in Figure 13, and the chains of transmission had 

been isolated and vaccinated.  By March of 2016 the outbreak was officially over as seen in 

Figure 14.  In the end, 3,955 people lost their lives in Sierra Leone and the outbreak affected 

thousands of other individuals: the survivors, HCWs, caregivers, widowers, orphaned children, 

and an entire society.  In total, 11,301 individuals succumbed to the EVD worldwide (WHO 

2016a).  
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VI. Conclusion 

 The EVD Outbreak of 2014 ravaged Sierra Leone as the country was not prepared for 

such a lethal and dynamic viral outbreak.  The questions continue to remain: Are urbanized areas 

more prone to higher infection rates?  Will HCWs see high infection rates during the outbreak?  

Are healthcare facilities within Sierra Leone prepared for such a highly infectious disease?  

Lastly, does human movement increase infection rates during the outbreak of 2014? 

 It is obvious within Sierra Leone that urbanized areas witnessed higher infection rates 

during the outbreak.  Between September – November of 2014 Western Area Urban saw 1,244 

confirmed cases as seen in Table 2.  The second highest confirmed cases throughout the entire 

outbreak were witnessed in Western Area Urban again during the December 2014 – February 

2015 quarter with 857 confirmed cases.  Both incidences occurred in the most heavily populated 

areas of the country, Freetown with over 1 million residents.  In addition, although quantitative 

statistics were not conducted to provide statistical significance, HCWs did see a steady increase 

in infection rates throughout the outbreak.  Through speculation, this is more than likely due to 

healthcare facilities throughout Sierra Leone being under-funded, under-resourced, and ill-

equipped to handle such a massive outbreak.  There was not enough beds, sanitation equipment 

such as gloves to be able to safely care of those infected.  Lastly, human movement occurred 

several times during the outbreak.  The introduction of the virus into Sierra Leone was through 

human movement via Guinea.  Chains of transmission were being followed through several 

districts and intra-city movement was probably the leading cause of increased confirmed cases in 

Freetown with Western Area Urban. 

 In addition to the presented questions, the following hypotheses were offered to 

understand how the EVD made its way through Sierra Leone: 
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• 𝐻𝐻𝑎𝑎: It is hypothesized that due to lower poverty levels high urbanization and/or 

human movement may cause significant infection rates during outbreaks of the EVD. 

• 𝐻𝐻0: It is hypothesized that due to lower poverty levels high urbanization and/or 

human movement will not cause significant infection rates during outbreaks of the 

EVD. 

In addition: 

• 𝐻𝐻𝑎𝑎 : It is hypothesized that the lack of preparedness, lower education, and/or the 

insufficient number of HCWs may cause significant infection rates during outbreaks 

of the EVD. 

• 𝐻𝐻0 : It is hypothesized that the lack of preparedness, lower education, and/or the 

insufficient number of HCWs will not cause significant infection rates during 

outbreaks of the EVD. 

As previously stated, high urbanized areas did see significant infection rates.  In addition, human 

movement was proven to have caused a number of chains of transmission, increased infection 

rates and the introduction of the virus into Sierra Leone.  Second, healthcare facilities have issues 

with being ill-prepared as they lack beds, HCWs were not following the protocols set up by 

response teams, and people were being turned away due to healthcare facilities inabilities among 

several other issues.  Suffice it to say, it is probable that significant infection rates did occur 

because of the lack of preparedness healthcare facilities and HCWs expressed during the 

outbreak. 

 This study took a comprehensive look into Sierra Leone’s journey through the EVD 

Outbreak of 2015, but Liberia and Guinea also experienced significant infection rates, confirmed 
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cases, and over 11,000 deaths in association with the outbreak.  A comprehensive study of those 

countries may be chosen in order to understand if the potential factors that may have increased 

confirmed cases throughout Sierra Leone are the same factors that Liberia and Guinea may have 

experienced as well.  Although a number of entities such as the CDC, the WHO, and OSHA are 

taking measures to control and prevent other EVD outbreaks in the future, another outbreak will 

happen (OSHA 2018).  It is not a matter of if.  It will happen.  Some may speculate as to where 

the Ebolavirus, from fruit bat, or any of its other strains originated, but the natural reservoir of 

the EVD has never been found and confirmed.  It is still out there, and it has the potential to be 

worse than this latest outbreak.  Any and all studies surrounding the EVD Outbreak, how to 

prevent it, how to control it and how to recovery from it are desperately needed. 

 

 

 

 

 

 

 

 

 

 



Haddad 49 
 

VII. Acknowledgements 
 The author wishes to thank Dr. David R. Butler for his guidance, direction, and help as 

his encouragement during the process of creating this directed research was greatly needed and 

appreciated.  His comments, constructive feedback, and critical critique was insightful and 

required to complete this research.  In addition, the author wishes to thank Dr. Richard W. Dixon 

for his guidance in helping to develop workable hypotheses to create a feasible methodology for 

this research.  Lastly, the author wishes to thank Dr. Jennifer A. Devine as she aided in 

developing a proposal that helped to create the groundwork of this research. 

 

 

 

 

 

 

 

 

 

 

 



Haddad 50 
 

VIII. Works Cited 
Aguayo, Victor M., Sylvetta Scott, and Jay Ross. 2003. "Sierra Leone – investing in nutrition to 

reduce poverty: a call for action." Public Health Nutrition 6 (7): 653-657. Accessed 
February 21, 2018. https://www.cambridge.org/core/services/aop-cambridge-
core/content/view/99E67DAC608078A77B438635F8E3B371/S1368980003000892a.pdf
/sierra_leone_investing_in_nutrition_to_reduce_poverty_a_call_for_action.pdf. 

Ahmad, Akram, Muhammad U. Khan, Shazia Q. Jamshed, Bandari D. Kumar, Gogikar S. 
Kumar, Puchchakayala G. Reddy, and Sudhakar Ajmera. 2016. "Are healthcare workers 
ready for Ebola? An assessment of their knowledge and attitude in a referral hospital in 
south India." The Journal of Infection in Developing Countries 10 (7): 747-754. 

Alsan, Marcella M., Michael Wasterhaus, Michael Herce, Koji Nakashima, and Paul F. Farmer. 
2011. "Poverty, global health and infectious disease: lessons from Haiti and Rwanda." 
Infect Dises Clin North Am. 25 (3): 611-622. Accessed February 20, 2018. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3168775/pdf/nihms301453.pdf. 

Alyanak, Leyla. 2017. Red Cross Red Crescent. May 16. Accessed February 24, 2018. 
https://www.rcrcmagazine.org/2017/05/urban-outbreaks/. 

Andersen, Kristian, Daniel Bausch, Matt Boisen, Luisl Branco, and Bethany Brown. 2015. 
"Ebola kenema dataverse." March 1. Accessed April 2017. 
https://dataverse.harvard.edu/dataverse.xhtml?alias=ebola. 

Avert. 2017. HIV Stigma and Discrimination. January. Accessed March 2018. 
https://www.avert.org/professionals/hiv-social-issues/stigma-discrimination. 

Baize, S., D. Pannetier, L. Oestereich, T. Rieger, L. Koivogui, N. Magassouba, B. Soropogui, et 
al. 2014. "Emergence of Zaire ebola virus disease in Guinea." The New England Journal 
of Medicine 1418-1425. Accessed January 29, 2017. 
http://www.nejm.org/doi/pdf/10.1056/NEJMoa1404505. 

BBC News. 2017. BBC News. July 13. Accessed February 20, 2018. 
http://www.bbc.com/news/world-africa-14094419. 

—. 2018. BBC News. Accessed February 25, 2018. 
http://news.bbc.co.uk/onthisday/hi/dates/stories/april/27/newsid_2502000/2502411.stm. 

Brady, Nancy. 2010. Healthcare in Sierra Leone. News, One.org. Accessed March 2017. 
https://www.one.org/us/2010/01/26/healthcare-in-sierra-leone/. 

CDC. 2014a. Viral hemorrhagic fevers (VHFs). April 7. Accessed February 2017. 
https://www.cdc.gov/vhf/virus-families/filoviridae.html. 



Haddad 51 
 

—. 2014b. Marburg hemorrhagic fever (Marburg HF). October 9. Accessed March 16, 2017. 
https://www.cdc.gov/vhf/marburg/resources/outbreak-table.html. 

—. 2014c. Filoviridae. April 7. Accessed March 17, 2017. https://www.cdc.gov/vhf/virus-
families/filoviridae.html. 

—. 2014d. Ebola (ebola virus disease): Signs and symptoms. November 2. Accessed February 
2017. https://www.cdc.gov/vhf/ebola/symptoms/index.html. 

—. 2014e. Ebola virus disease cluster in the United States — Dallas County, Texas, 2014. 
Morbidity and Mortality Weekly Report, CDC. Accessed February 22, 2018. 
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm63e1114a5.htm. 

—. 2014f. Ebola virus disease in health care workers - Sierra Leone 2014. Morbidity and 
Moartality Weekly Report, CDC, 1168-1171. Accessed January 2017. 

—. 2015. Ebola virus disease in health care workers — Guinea, 2014. October 2. Accessed 
March 15, 2017. https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6438a6.htm. 

—. 2016a. Ebola (ebola virus disease): About the ebola virus disease. February 18. Accessed 
February 2017. https://www.cdc.gov/vhf/ebola/about.html. 

—. 2016b. Ebola survivors: Questions and answers. June. Accessed March 2018. 
https://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/survivors.html. 

—. 2016c. Ebola virus ecology. January 7. Accessed March 18, 2017. 
https://www.cdc.gov/vhf/ebola/resources/virus-ecology.html. 

—2016d. 2014 Ebola outbreak in West Africa - case counts. April 30. Accessed Janurary 31, 
2017. https://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/case-counts.html. 

—. 2016e. Travel and border health measures to prevent the international spread of ebola. July 
8. Accessed February 2018. https://www.cdc.gov/mmwr/volumes/65/su/su6503a9.htm. 

—. 2016f. Zoonotic diseases. October 25. Accessed March 16, 2017. 
https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html. 

—. 2016g. Ebola (ebola virus disease): About the ebola virus disease. February 18. Accessed 
February 2017. https://www.cdc.gov/vhf/ebola/about.html. 

—. 2016h. Ebola survivors: Questions and answers. June. Accessed March 2018. 
https://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/survivors.html. 

—. 2017a. Ring vaccination. January. Accessed March 2018. 
https://www.cdc.gov/smallpox/bioterrorism-response-planning/public-health/ring-
vaccination.html. 



Haddad 52 
 

—. 2017b. Introduction to hotspot analysis. Accessed April 2017. 
https://www.cdc.gov/dhdsp/maps/GISX/training/module3/files/3_hotspot_analysis_modu
le.PDF. 

Chowell, Gerardo, and Hiroshi Nishiura. 2014. "Transmission dynamics and ontrol of ebola 
virus disease (EVD): A review." BMC Medicine 12 (196): 1-16. Accessed January 2017. 
http://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-014-0196-0. 

Chua, Kaw B., Khean Jin Goh, Kum T. Wong, A. Kamarulzaman, Patrick S. K. Tan, Thomas G. 
Ksiazek, Sherif Zaki, George Paul, Sai K. Lam, and Chong T. Tan. 1999. "Fatal 
encephalitis due to nipah virus among pig-farmers in Malaysia." The Lancet 354 (9186): 
1257-1259. Accessed February 25, 2018. doi:https://doi.org/10.1016/S0140-
6736(99)04299-3. 

Classbase. 2012. Education system in Sierra Leone. Accessed February 2018. 
https://www.classbase.com/countries/Sierra-Leone/Education-System. 

Davtyan, M., B. Brown, and M. O. Polayan. 2014. "Addressing ebola-related stigma: Lessons 
learned from HIV/AIDS." Global Health Action. Accessed March 2018. 
https://www.tandfonline.com/doi/pdf/10.3402/gha.v7.26058?needAccess=true. 

Deen, G. F., N. Broutet, W. Xu, B. Knust, F. R. Sesay, S. L. R. McDonald, E. Ervin, et al. 2015. 
"Ebola RNA persistence in semen of ebola virus disease survivors — final report." The 
New England Journal of Medicine 377 (15): 1428-1437. Accessed March 2018. 
http://www.nejm.org/doi/pdf/10.1056/NEJMoa1511410. 

Elston, J. W. T., C. Cartwright, P. Ndumbi, and J. Wright. 2016. "The health impact of the 2014-
15 ebola outbreak." Public Health 143: 60-70. Accessed January 2017. 
http://www.sciencedirect.com/science/article/pii/S0033350616303225. 

Esri. 2016. Adding a Microsoft table to ArcMap. Accessed April 2017. 
http://desktop.arcgis.com/en/arcmap/latest/manage-data/tables/adding-a-microsoft-excel-
table-to-arcmap.htm. 

Fallah, M. P., L. A. Skrip, S. Gertler, D. Yamin, and A. P. Galvani. 2015. "Quantifying poverty 
as a driver of ebola transmission." PLOS Neglected Tropical Diseases 9 (12): 1-9. 
Accessed March 2018. 
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004260. 

Faye, Oumar, Alessio Andronico, Ousmane Faye, Henrik Salje, and Pierre-Yves Boelle. 2015. 
"Use of viremia to evaluate the baseline case fatality ratio of ebola virus disease and 
inform treatment studies: A retrospective cohort." PLOS Medicine 12 (12): 1-14. 
Accessed February 2017. 



Haddad 53 
 

Ferranti, Erin, LisaMarie Wands, Kathrine Yeager, Brenda Baker, Melinda Higgins, Judith 
Wold, and Sandra Dunbar. 2016. "Implementation of an educational program for nursing 
students amidst the ebola virus disease epidemic." Nursing Outlook 597-603. Accessed 
February 2017. 

Fischer, Robert, Seth Judson, Kerri Miazgowicz, Trenton Buchmaker, Joseph Prescott, and 
Vincent Munster. 2015. "Ebola virus stability on surfaces and in fluids simulated 
outbreak environments." Emerging Infectious Diseases 21 (7): 1243-1246. Accessed 
March 1, 2017. 

Fitzgerald, Felicity, Waheed Awonuga, Tejshri Shah, and Daniel Youkee. 2016. "Ebola response 
in Sierra Leone: The impact on children." Journal of Infection 72: S6-S12. Accessed 
February 2017. 

Gatherer, Derek. 2014. "The 2014 ebola vius disease outbreak in West Africa." Journal of 
General Virology 95: 1619-1624. Accessed February 2017. 
http://www.microbiologyresearch.org/docserver/fulltext/jgv/95/8/1619_vir067199.pdf?ex
pires=1520206662&id=id&accname=guest&checksum=2F981DDCD2852F1A82A1536
5C501F10C. 

Google Maps. 2018. "Gueckudou, Guinea to Kailahun, Sierra Leone." Google Maps, March 4. 
Accessed March 4, 2018. 

Government of Sierra Leone. 2018. "Sierra Leone - administrative boundaries (levels 0-4)." 
Humanitarian Data Exchange. Accessed January 28, 2018. 
https://data.humdata.org/dataset/sierra-leone-all-ad-min-level-boundaries. 

Han, Hui-Ju, Hong-ling Wen, Chuan-Min Zhou, Fang-Fang Chen, Li-Mei Luo, Jian-wen Liu, 
and Xue-Jie You. 2015. "Bats as reserviors of severe emerging infectous diseases." Virus 
Research 205: 1-6. Accessed February 2017. 

Hassan, Alexander, Nicolas Nesi, Julie Marin, Blaise Kadjo, and Xavier Pourrut. 2016. 
"Comparative phylogeography of African fruit bats (chiroptera, Pteropodidae) proivde 
new insights into the outbreak of ebola virus diease in West Africa, 2014-2016." Comptes 
Rendus Biologies 339: 517-528. Accessed February 2017. 

HealthMap. 2017. 2014 ebola outbreaks. Accessed February 2017. 
http://www.healthmap.org/ebola/#timeline. 

HealthSites. 2017. Sierra Leone healthsites. April 10. Accessed April 23, 2017. 
https://healthsites.io/. 

Jensen, Eric. 2009. Teaching with poverty in mind: How poverty effects behavior and academic 
performance. Accessed February 2018. 



Haddad 54 
 

http://www.ascd.org/publications/books/109074/chapters/How-Poverty-Affects-
Behavior-and-Academic-Performance.aspx. 

Kilmarx, Peter, Kevin Clarke, Patricia Dietz, Mary Hamel, Farah Husain, Jevon McFadden, 
Benjamin Park, et al. 2014. Ebola virus disease in health workers - Sierra Leone, 2014. 
Morbidity and Mortality Weekly Report, Atlanta: Center for Disease Control and 
Prevention, 1168-1171. Accessed February 4, 2017. 

Kucharski, A. J., A. Camacho, Checchi. F., R. Waldman, R. F. Grais, J. C. Cabrol, S. Briand, et 
al. 2015. "Evaluation of the benefits and risks of introducing ebola community care 
centers, Sierra Leone." Emerg Infect Dis. 21 (3): 393-399. Accessed March 2018. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4344293/. 

Kucharski, A., R. M. Eggo, A. Camacho, and W. J. Edmunds. 2016. "Effectiveness of ring 
vaccination as control strategy for ebola virus disease." Emerging Infectious Diseases 22 
(1): 105/108. Accessed March 2018. https://wwwnc.cdc.gov/eid/article/22/1/15-
1410_article. 

Lyon, Marshall, Aneesh Mehta, Jay Varkey, Kent Brantly, Lance Plyler, Anita McElroy, Colleen 
Kraft, et al. 2014. "Clinical care of two patients with ebola virus disease in the United 
States." The New England Journal of Medicine 371 (25): 2402-2409. Accessed March 15, 
2017. http://www.nejm.org/doi/pdf/10.1056/NEJMoa1409838. 

McCarthy, Michael. 2014. "Texas healthcare worker is diagnosed with ebola." TheBMJ. October. 
Accessed March 2017. http://www.bmj.com/content/bmj/349/bmj.g6200.full.pdf. 

Merler, Stefano, Marco Ajelli, Laura Fumanelli, Marcelo F. C. Gomes, Ana Pastore y Piontti, 
Luca Rossi, Dennis L. Chao, Ira M. Longini Jr., M. Elizabeth Halloran, and Alessandro 
Vespignani. 2015. "Spatiotemporal spread of the 2014 outbreak of ebola virus disease in 
Liberia and the effectiveness of non-pharmaceutical interventions: A computational 
modelling analysis." The Lancet: Infectious Diseases 15: 204-211. 

Nicol, Davidson S. H. W., and Christopher Fyfe. 2018. Encyclopedia Britannica. Accessed 
February 20, 2018. https://www.britannica.com/place/Sierra-Leone/Sports-and-
recreation#ref541017. 

NMIHI. 2018. Menstral disorders: Amenorrhea, Dysmenorrhea, Menorrhagia, Metrorrhagia. 
Accessed March 2018. http://www.nmihi.com/m/menstrual.htm. 

OAG. 2018. Ebola statistics. Accessed February 2018. https://www.oag.com/pressroom/ebola-
statistics. 

Ohuabunwo, Chima, Celestine Ameh, Oyin Oduyebo, Anthony Ahumibe, Bamidele Mutiu, 
Adebola Olayinka, Wasiu Gbadamosi, et al. 2016. "Clinical profile and containment of 



Haddad 55 
 

the ebola virus disease outbreak in two large West African ities, Nigeria, July-September 
2014." International Journal of Infectious Diseases 23-29. 

Oldstone, Michael B. A. 2010. "History: Ebola." Chap. 10 in Viruses, Plagues, and History, by 
Michael B. A. Oldstone, 214-220. Oxford: Oxford University Press. 

OSHA. 2018. Ebola: Control and prevention. Accessed March 2018. 
https://www.osha.gov/SLTC/ebola/control_prevention.html. 

Ozisik. 2015. Education in Sierra Leone. January. Accessed February 2018. 
https://borgenproject.org/education-sierra-leone/. 

Patz, Jonathan A., Peter Daszak, A. Alonso Aguirre, Mary Pearl, Jon Epstein, Nathan D. Wolfe, 
A. Marm Kilpatrick, Johannes Foufopoulos, David Molyneux, and David J. Bradley. 
2004. "Unhealthy landscapes: Policy recommendations on land use change and infectious 
disease emergence." Eviron Health Perspect 112 (10): 1092-1098. Accessed February 
2018. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1247383/. 

Rees, Anna. 2015. Diseases and the links to poverty. Accessed March 2018. 
https://en.reset.org/knowledge/diseases-and-links-poverty. 

Reuters. 2014. Sierra Leone shuts borders, closes schools to fight ebola. June 11. Accessed 
February 28, 2018. https://uk.reuters.com/article/us-health-ebola-leone/sierra-leone-
shuts-borders-closes-schools-to-fight-ebola-idUKKBN0EM2CG20140611. 

Rizkilla, Carol, Francisco Blanco-Silva, and Stephanie Gruver. 2007. "Modeling the impact of 
ebola and bushmeat hunting on western lowland gorillas." EcoHealth 4: 151-155. 
Accessed February 2017. 

Rosenbaum, Lisa. 2015. "Communicating uncertainty - ebola, puiblic health, and the scientific 
process." The New England Journal of Medicine 372 (1): 7-9. Accessed February 2017. 

Saez, Almundena, Sabrina Weiss, Kathrine Nowak, Vincent Lapeyre, and Fee Zimmermann. 
2014. Investigating the zoonotic origin of the west African ebola epidemic. EMBO 
Molecular Medicine, 1-7. Accessed February 2017. 

Sands, Peter. 2017. The first line of defense against outbreaks is to finance pandemic 
preparedness at a national level. February 21. Accessed March 1, 2018. 
http://blogs.worldbank.org/health/first-line-defense-against-outbreaks-finance-pandemic-
preparedness-national-level. 

Schieffelin, J., J. Shaffer, A. Goba, S. Gbakie, S. Gire, and Al. Colubri. 2014. "Clinical illness 
and outcomes in patients with ebola in Sierra Leone." The New England Journal of 
Medicine 327 (22): 2092-2100. Accessed March 12, 2017. 
http://www.nejm.org/doi/pdf/10.1056/NEJMoa1411680. 



Haddad 56 
 

Sesay, Shekou M., and Davidson S. H. W. Nicol. 2017. Sierra Leone - civil war. September 18. 
Accessed February 20, 2018. https://www.britannica.com/place/Sierra-Leone/Civil-war. 

Shelton, Scarlet. 2016. Effects of poverty on society. August. Accessed February 20, 2018. 
https://borgenproject.org/how-poverty-effects-society-children-and-violence/. 

Sierra Leone Census. 2015. 2015 Population and housing census: Summary of final results. 
Publication, Sierra Leone Census. Accessed March 15, 2017. 
https://www.statistics.sl/wp-content/uploads/2017/01/final-results_-
2015_population_and_housing_census.pdf. 

Sierra Leone Ministry of Health and Sanitation. 2014. Ebola virus disease - situation report. 
Situation Report, Sierra Leone Ministry of Health and Sanitation. Accessed January 
2018. 

Simon, A. K., G. A. Hollander, and A. McMichael. 2015. "Evolution of the immune system in 
humans from infancy to old age." Royal Society Publishing 1-9. Accessed March 2017. 
http://www.lib.utexas.edu/maps/topo/texas/txu-pclmaps-topo-tx-san_antonio-1903.jpg. 

Sirdhar, S., P. Brouqui, J. Fontaine, L. Perivier, P. Ruscassier, P. Gautret, and I. Regner. 2016. 
"Risk perceptions of MSF healthcare workers on the recent ebola epidemic in West 
Africa." New Microbes and New Infections 12 (C): 61-68. Accessed March 14, 2017. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4900694/pdf/main.pdf. 

SLIHS. 2011. Sierra Leone intergrated household survey. Census, Freetown: Sierra Leone 
Republic. Accessed February 2018. 
file:///C:/Users/Stacey/Downloads/SLIHS%20Interviewers%20Manual%202011%20(1).
pdf. 

Tasch, Barbara. 2017. RANKED: The 30 poorest countries in the world. March 7. Accessed 
February 21, 2018. http://www.businessinsider.com/the-25-poorest-countries-in-the-
world-2017-3/#30-senegal-gdp-per-capita-2578-2102-1. 

The Ministry of Local Government and Rural Development. 2015. Districts of the republic of 
Sierra Leone. Accessed March 4, 2018. http://mlgrd.gov.sl/index.php/local-gov-
discentralization/9-home/57-sierra-leone-districts. 

The World Bank. 2013. "A poverty profile for Sierra Leone." Statistical Report, 8. Accessed 
February 22, 2018. http://sierraexpressmedia.com/wp-content/uploads/2013/07/Poverty-
Profile-Sierra-Leone.pdf. 

UNDP. 2018. About Sierra Leone. Accessed February 21, 2018. 
http://www.sl.undp.org/content/sierraleone/en/home/countryinfo.html. 



Haddad 57 
 

UNICEF. 2016. Malaria. Accessed March 2018. 
https://www.unicef.org/health/index_malaria.html. 

UNICEF. 2015. "More than 16,000 children lost parents or caregivers to ebola - many are taken 
in by their communities." Press Release. Accessed February 2017. 

UNMIL. 2017. "Liberia - administrative boundaries." Humanitarian Data Exchange. December. 
Accessed March 2018. https://data.humdata.org/dataset/liberia-admin-level-2-boundaries. 

WHO & UNICEF. 2014. Ebola Virus Disease (EVD): Key questions and answers concerning 
water, sanitation and hygiene. WHO. Accessed March 2017. 
http://www.who.int/water_sanitation_health/WASH_and_Ebola.pdf. 

WHO. 2014a. Interim Infection Prevention and Control Guidance for Care of Patients with 
Suspected or Confirmed Filovirus Haemorrhagic Fever in Health-Care Settings, with 
Focus on Ebola. Interim Guidance Report, WHO. Accessed February 2017. 

—. 2014b. Ebola Response Roadmap - Situation Report. Situation Report, World Health 
Organzation. Accessed January 2018. 

—. 2015a. Ebola Vaccine Phase 3 Trial, Guinea. August. Accessed March 2018. 
http://www.who.int/immunization/research/meetings_workshops/3_Ebola_Ring_vaccinat
ion_Phase_3_trial_2015.pdf. 

—. 2015b. Health Worker Ebola Infections in Guinea, Liberia, and Sierra Leone. Preliminary 
Report, World Health Organization, 1-15. Accessed February 2017. 
http://www.who.int/hrh/documents/21may2015_web_final.pdf. 

—. 2015c. Situation summary by sex and age group Sex and age group data published on 15 
July 2015. July. Accessed March 15, 2017. http://apps.who.int/gho/data/view.ebola-
sitrep.ebola-summary-age-sex-20150715?lang=en. 

—. 2016a. Ebola situation reports: archive. June. Accessed February 2017. 
http://www.who.int/csr/disease/ebola/situation-reports/archive/en/. 

—. 2016b. Clinical care for survivors of Ebola virus disease. Interim Guidance, WHO, 1-31. 
Accessed March 2018. 
http://apps.who.int/iris/bitstream/10665/204235/1/WHO_EVD_OHE_PED_16.1_eng.pdf
?ua=1. 

—. 2016c. Caring for Ebola survivors: Supporting survivors to recover their lives and 
livelihoods. February. Accessed March 2018. 
http://www.who.int/csr/disease/ebola/survivors/caring-for-survivors/en/. 



Haddad 58 
 

—. 2018a. Ebola in Liberia: misery and despair tempered by some good reasons for hope. 
Accessed March 5, 2018. http://www.who.int/csr/disease/ebola/ebola-6-
months/liberia/en/. 

—. 2018b. Ground zero in Guinea: the Ebola outbreak smoulders – undetected – for more than 3 
months. Accessed March 2018. http://www.who.int/csr/disease/ebola/ebola-6-
months/guinea/en/. 

Woods, Chelsea L. 2016. "When More Than Reputation is at Risk: How Two Hospitals 
Responded to Ebola." Public Relations Review 42: 893-902. 

World Food Programme. 2017. "Guinea administrative boundaries (levels 0-3)." Humanitarian 
Data Exchange. August 3. Accessed March 3, 2018. 
https://data.humdata.org/dataset/guinea-geodatabase. 

Worley, Alex. 2017. 10 facts about hunger in Sierra Leone. April. Accessed February 22, 2018. 
https://borgenproject.org/10-facts-about-hunger-in-sierra-leone/. 

Yadav, S., and G. Rawal. 2015. "The current mental health status of ebola survivors in Western 
Africa." Journal of Clinical and Diagnostic Research 9 (10). Accessed March 2018. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4625262/. 

Your-Vector-Maps. 2017. Sierra Leone. Accessed April 25, 2017. https://your-vector-
maps.com/downloads/category/countries/sierra-leone/. 

 

 

 

 

 

 

 

 

 

 

 



Haddad 59 
 

XII. Appendix 
 

 

Figure 1.  Districts of Sierra Leone (The Ministry of Local Government and Rural 
Development 2015).  

 

 

 

Figure 2. Poverty Headcount by district in 2011 (The World Bank 2013) (SLIHS 2011). 



Haddad 60 
 

 

 

Figure 3. Distance between Gue´cke´dou Prefecture, Guinea and Kaliahun, Sierra Leone 
(Google Maps 2018). 

 

 

Figure 4. Example of Chains of Transmission (WHO 2018b). 
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Figure 5. Table used for quantitative data collection and organization.  Red highlighted 
column was the confirmed cases used for this study (Sierra Leone Ministry of Health and 

Sanitation 2014). 



Haddad 62 
 

 

Figure 6.  Map of the confirmed cases in percentage form per district within Sierra Leone 
from May 20th through May 31st, 2014. 
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Figure 7. Map of the confirmed cases in percentage form per district within Sierra Leone 
from June 1st through August 31st, 2014. 
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Figure 8. Map of the confirmed cases in percentage form per district within Sierra Leone 
from September 1st through November 30th, 2014. 
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Figure 9. Map of the confirmed cases in percentage form per district within Sierra Leone 
from December 1st, 2014 through February 28th, 2015. 



Haddad 66 
 

 

Figure 10. Map of the confirmed cases in percentage form per district within Sierra Leone 
from March 1st through May 31st, 2015. 
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Figure 11. Map of the confirmed cases in percentage form per district within Sierra Leone 
from June 1st through August 31st, 2015. 
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Figure 12. Map of the confirmed cases in percentage form per district within Sierra Leone 
from September 1st through November 30th, 2015. 
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Figure 13. Map of the confirmed cases in percentage form per district within Sierra Leone 
from December 1st, 2015 through February 29th, 2016. 
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Figure 14. Map of the confirmed cases in percentage form per district within Sierra Leone 
from March 1st through May 31st, 2016. 
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Region Population 
Kailahun 526,379 
Kenema 609,891 

Kono 506,100 
Kambia 345,474 

Koinadugu 409,372 
Bombali 606,544 
Tonkolili 531,435 
Port Loko 615,376 
Pujehun 346,461 

Bo 575,478 
Moyamba 318,588 

Bonthe 200,781 
Western Area Urban 1,055,964 
Western Area Rural 444,270   

Totals 7,092,113 
 

 

Table 1.  Population by Districts of Sierra Leone (Sierra Leone Census 2015). 
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Region 
M

ay 20 - M
ay 

31 (2014) 
June-Aug 

2014 
Sept-N

ov 
2014 

Dec (2014) - 
Feb (2015) 

M
arch-M

ay 
2015 

June-Aug 
2015 

Sept-N
ov 

2015 
Dec (2015) - 
Feb (2016) 

M
arch-

M
ay 2016 

Kailahun 
54 

415 
93 

3 
0 

0 
0 

0 
0 

Kenem
a 

37 
319 

138 
9 

0 
0 

0 
0 

0 
Kono 

0 
4 

84 
161 

1 
0 

0 
0 

0 
Kam

bia 
0 

1 
75 

107 
54 

24 
5 

0 
0 

Koinadugu 
0 

0 
84 

23 
1 

0 
0 

0 
0 

Bom
bali 

1 
43 

785 
201 

14 
0 

1 
0 

0 
Tonkolili 

0 
16 

357 
81 

1 
2 

0 
2 

0 
Port Loko 

3 
66 

820 
524 

58 
28 

0 
0 

0 
Pujehun 

0 
7 

24 
0 

0 
0 

0 
0 

0 
Bo 

3 
47 

209 
55 

0 
0 

0 
0 

0 
M

oyam
ba 

1 
8 

151 
47 

2 
0 

0 
0 

0 
Bonthe 

0 
1 

2 
2 

0 
0 

0 
0 

0 
W

estern 
Area U

rban 
2 

49 
1244 

857 
115 

24 
0 

0 
0 

W
estern 

Area Rural 
0 

28 
810 

312 
25 

0 
0 

0 
0 

 
 

 
 

 
 

 
 

 
 

Totals 
101 

1004 
4876 

2382 
271 

78 
6 

2 
0 

 
 

 
 

 
 

 
 

 
 

All Total 
8720 
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able 2. N

um
ber of confirm

ed cases per district per quarter w
ithin Sierra L

eone. 
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Region 
M

ay 20 - 
M

ay 31 
(2014) 

June-Aug 
2014 

Sept-N
ov 

2014 
Dec (2014) - 
Feb (2015) 

M
arch-

M
ay 2015 

June-Aug 
2015 

Sept-N
ov 

2015 
Dec (2015) - 
Feb (2016) 

M
arch-M

ay 
2016 

Kailahun 
53.47%

 
41.33%

 
1.91%

 
0.13%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
Kenem

a 
36.63%

 
31.77%

 
2.83%

 
0.38%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
Kono 

0.00%
 

0.40%
 

1.72%
 

6.76%
 

0.37%
 

0.00%
 

0.00%
 

0.00%
 

0.00%
 

Kam
bia 

0.00%
 

0.10%
 

1.54%
 

4.49%
 

19.93%
 

30.77%
 

83.33%
 

0.00%
 

0.00%
 

Koinadugu 
0.00%

 
0.00%

 
1.72%

 
0.97%

 
0.37%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
Bom

bali 
0.99%

 
4.28%

 
16.10%

 
8.44%

 
5.17%

 
0.00%

 
16.67%

 
0.00%

 
0.00%

 
Tonkolili 

0.00%
 

1.59%
 

7.32%
 

3.40%
 

0.37%
 

2.56%
 

0.00%
 

100.00%
 

0.00%
 

Port Loko 
2.97%

 
6.57%

 
16.82%

 
22.00%

 
21.40%

 
35.90%

 
0.00%

 
0.00%

 
0.00%

 
Pujehun 

0.00%
 

0.70%
 

0.49%
 

0.00%
 

0.00%
 

0.00%
 

0.00%
 

0.00%
 

0.00%
 

Bo 
2.97%

 
4.68%

 
4.29%

 
2.31%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
M

oyam
ba 

0.99%
 

0.80%
 

3.10%
 

1.97%
 

0.74%
 

0.00%
 

0.00%
 

0.00%
 

0.00%
 

Bonthe 
0.00%

 
0.10%

 
0.04%

 
0.08%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
W

estern 
Area U

rban 
1.98%

 
4.88%

 
25.51%

 
35.98%

 
42.44%

 
30.77%

 
0.00%

 
0.00%

 
0.00%

 

W
estern 

Area Rural 
0.00%

 
2.79%

 
16.61%

 
13.10%

 
9.23%

 
0.00%

 
0.00%

 
0.00%

 
0.00%

 
 

 
 

 
 

 
 

 
 

 

Total 
100.00%

 
100.00%

 
100.00%

 
100.00%

 
100.00%

 
100.00%

 
100.00%

 
100.00%

 
0.00%

 
 

T
able 3.  Percentage of confirm

ed cases in each district w
ithin Sierra L

eone during each quarter.  Q
uarters are independent from

 one 
another. 
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