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Introduction

Although relatively rare, the Ebola virus
disease (EVD), is an extremely deadly
filamentous virus, with an average mortality
rate of 50%, responsible for thousands of
deaths in Africa [1]. Since the discovery of
EVD in 1976, with the outbreaks occurring in
southern Sudan and Zaire, six species of Ebola
virus have been identified, although the Zaire
species has been responsible for the most
human mortality and infection (Figure 1).
Hereinafter when referring to the Ebola virus,
we will be referring to the Zaire species. In
2014, the Ebola virus re-appeared in West
Africa, resulting in an epidemic in Liberia,
Guinea, and Sierra Leone that would last two
years and kill 11,325 people [2]. The fear that
this deadly virus could potentially spread
across borders and continents, drew huge local
and international efforts to contain the virus,
but not before the virus had left lasting
impacts. Between 2014-2016, the Ebola virus
epidemic claimed the lives of 8% of healthcare
workers in Liberia, 7% in Sierra Leone, and
1% in Guinea, leaving a lasting impact on
healthcare systems in those countries [2].
Many factors contributed to the rapid spread of
EVD during the 2014-2016 epidemic,
including poverty and conflict, poor initial
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domestic and international  government
response, and cultural and individual risk
behaviours.

Classification of ebolaviruses

Along with marburgviruses, the genus
Ebolavirus belongs to the family Filoviridae,
in the order Mononegavirales. Also pathogenic
to humans, marbugviruses are a close relative
of ebolaviruses, which likely diverged from
each other several thousand years ago. Six
species of ebolaviruses have been identified so
far, likely diverging from each other within the
last 1000 years. Although, only four species of
ebolavirus:
1. Zairevirus,
2. Bundibugyo virus,
3. Sudan virus, and
4. Tai Forest virus, are known to cause
significant illness in humans [3]
(Figure 2).

Genome

Filoviruses such as EBOV are enveloped and
contain one molecule of single-stranded, non-
segmented, negative-sense RNA,
approximately 19 kilobases in length. The
EBOV genome codes for seven structural
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Figure 1. Transmission electron micrograph of Zaire ebolavirus viron. Credit: “Ebola virus” by

Centers for Disease Control (CDC) Global Health, marked under CC 2.0. To view terms, visit:

https://creativecommons.org/licenses/by/2.0/

proteins in the order: NP, VP35, VP40, GP,
VP30, VP24, and L (RNA-dependent RNA
polymerase) [4]. NP oligomerizes into a helical
nucleocapsid to encapsidate the viral genome,
which then protects it from nucleases and the
cellular innate immune response [5, 6]. Some
other structural proteins implicated in this
protective function include VP35, VP30,
VP24, and L. VP35 plays a critical role in viral
RNA synthesis and immune evasion by
suppressing innate immune signalling [7-9].
VP35 also acts as a polymerase cofactor in
RNA polymerase transcription and replication
complexes [8]. VP40 is a major matrix protein
that plays a leading role in regulating viral
morphogenesis, transcription, packaging, and
budding at the plasma membrane of infected
cells, as well as preparing the host cell for final
encapsulation [10]. GP is a surface
glycoprotein, fundamental in the EBOV life
cycle, as the principal driver of attachment,
fusion, and entry into target cells [11]. GP
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downregulates the expression of multiple host
cell surface molecules important for immune
surveillance and cell adhesion [12]. GP also
functions as a decoy for anti-GP1,2 antibodies
thereby contributing to viral immune evasion
[13]. RNA binding of VP30 is crucial due to
the transcriptional support provided as well as
the stabilization of the VP35/L polymerase
complexes [14]. VP24, while considered a
minor matrix protein, has been proven to
display inhibition of transcription and
replication of the EBOV genome [15]. This
suggests that VP24 and VP40 are especially
relevant for the conversion of the EBOV
genome into a helical nucleocapsid primed for
viral assembly [16].

Pathogenesis
Knowledge of the pathogenesis of EBOV is

finite as Biosafety level 4 (BSL-4) laboratories
are required to conduct experimental studies,
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as well as the inaccessibility of the geographic
regions where the vast majority of infections
materialize.

EBOV is known to enter the human body
through mucosal surfaces, parenterally, and via
injuries or abrasions to the skin [17]. EBOV
exhibits extensive cell tropism, though
macrophages, dendritic cells, and monocytes
appear to be the early and preferred replication
sites in non-human primate models [18].
Lymphocytes are spared from infection,
however, their destruction by apoptosis cannot
be understated as a hallmark feature of EBOV
infection [17]. An analysis of human
peripheral blood samples from the 2000 EBOV
outbreak in Sudan revealed a substantial
decrease in T lymphocytes in those with the
fatal disease while an unremarkable change in
cell count was observed in survivors [19]. This
may suggest a correlation between mortality
and reduced T lymphocyte count. It has been
shown that filovirus pathogenicity at the
cellular level is reliant on functional lipid rafts,
through receptor-mediated endocytosis and
macropinocytosis, which have been proposed
mechanisms of virus entry into target cells [20-
23]. Entry into the host cell is orchestrated by
viral spike GP which facilitates the docking of
viral particles onto the cell surface [24].
Infected monocytes, macrophages, and
dendritic cells disseminate to regional lymph
nodes, the liver, and spleen via blood, and then
to other tissues [17].

Reservoir and transmission

Although the exact reservoir remains
unknown, bats have long been suspected as the
most likely natural reservoir of the Ebola virus
[25, 26]. In 2005, the wild reservoir for the
Ebola virus was discovered in Gabon and the
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Republic of Congo. After testing 1,030 animals
near carcasses of infected gorillas and
chimpanzees in the region, three fruit bat
species tested positive for IgG specific for the
Zaire ebolavirus and ZEBOV RNA:

e H. monstrosus,

e E. franqueti, and

e M. torquata [26].

Since then, 14 bat species in total have tested
positive for Ebola virus-specific antibodies,
including 6 additional species with the Zaire
ebolavirus: E. helvum, E. gambianus, L.
angolensis, M. pusillus, M. condylurus, and R.
aegyptiacus [27].

Infected bats can transmit the Ebola virus to
other species including antelopes and non-
human primates, which can then go on to
infect humans. Great apes and fruit bats share
fruit resources, and when the fruit is scarce
(i.e. during dry seasons), animals are more
likely to compete and come in close contact
with each other [18, 20]. Zoonotic transmission
from bats to humans may be the result of close
contact in living spaces, and the consumption
of bushmeat (i.e. E. helvum - the most popular
hunted species in West and Central Africa)
[26, 28] (Figure 3).

Decreased fish catch due to overfishing by
international fishing fleets, and reduced soil
fertility may have left West-African
communities turning to hunting and consuming
bushmeat, increasing the risk of zoonotic
transmission [29]. Meanwhile, in Democratic
Republic of the Congo (DRC), exploitation of
forests, illegal military assembly, and
displacement of people due to war may have
also increased the risk of zoonotic
transmission, by forcing communities to live
closer to wildlife [30].
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Mononegavirales

Rhabdoviridae Filoviridae Paramyxoviridae
Marburg Ebolavirus
\ 4 \ 4
Zaire Tai Forest Sudan Bundibugyo Reston* Bombali*
(ZEBOV) (TAFV) (SUDV) (BDBV) (RESTV)

Figure 2. Classification of the order Mononegavirales including the genus Ebolavirus.

Figure 3. African fruit bats have long been suspected as the most likely natural reservoir of Ebola.
E. helvum is especially popular among hunters in West African countries where Ebola is present.
Credit: "Eidolon helvum™ by Martin Grimm, marked by CC BY-NC-SA 2.0. To view terms visit:
https://creativecommons.org/licenses/by-nc-sa/2.0/
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Although consumption of bushmeat greatly
increases the risk of zoonotic transmission of
the Ebola virus, once zoonotic spillover has
occurred, epidemics of the Ebola virus are
driven largely by human to human
transmission. Healthcare workers, friends, and
family members in close contact with infected
individuals are at the greatest risk of
contracting the Ebola virus [31].

In humans, a high risk of transmission is
associated with contact with bodily fluids,
including mucosal exposure to bodily fluids,
laboratory  specimens or tissue, and
percutaneous injury (i.e. needles). Ebola virus
is also known to survive on dry surfaces for
several hours, and body fluids for several days
[31].

There has been no evidence of airborne
transmission of the Ebola virus between
humans and animals, or communication by
mosquitoes or other insects [32, 33]. Unlike
humans and non-human primates, evidence of
airborne transmission from pigs to primates
has been observed [32, 33].

The persistence of Ebola virus RNA in the
semen of male survivors has been well
documented by both anecdotal evidence as
well as several studies [34-36]. Between 2015-
2016, the semen samples of 220 male survivors
of EBOV in Sierra Leone were tested for
EBOV RNA using quantitative reverse
transcription PCR (gRT-PCR) [34]. Testing
was performed every two weeks, with two
consecutive QRT-PCR tests negative for
EBOV RNA indicating the endpoint [34]. The
EBOV RNA semen positive rate was 75.4%
six months after the men were discharged from
the Ebola treatment unit, and 50% after 204
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days [34]. Older age (>35 years) and severity
of the illness, both increased the likelihood of
semen positive for EBOV RNA after 1 year
[34]. The risk of transmission through semen is
a significant risk of recurrent outbreaks of
EVD, as seen in the 2018-2020 outbreak in the
DRC (see Current outbreaks section) [37].

Clinical features

On average, the incubation period of the Ebola
virus is between 8-10 days, during which
individuals are asymptomatic and unable to
transmit the virus [38, 39]. Initial symptoms
are non-specific, mimicking many other
tropical illnesses prevalent in the region,
including influenza, malaria, typhoid fever,
yellow fever, and other hemorrhagic fevers
[32]. After the incubation period, “dry
symptoms” (i.e. fever, headache, fatigue,
myalgia, and joint pain) present, followed by
“wet symptoms” (i.e. vomiting, and diarrhoea)
[38, 40, 41]. In the acute phase, patients may
present with a fever unresponsive to anti-
malarial drugs or antibiotics [41]. Hemorrhagic
symptoms are seen in approximately half of
the patients in the late stage of EVD and can
include epistaxis, gingival bleeding, melena,
and haematemesis [39]. Other late-stage
symptoms include skin manifestations (i.e.
petechiae and purpura), dyspnoea, cough and
hiccups, conjunctivitis, dysphagia, jaundice,
and hypovolaemic shock [40, 41]. Critically ill
patients typically die 7-10 days after illness
onset and present with multi-system organ
failure and altered mental status [39, 42].

Management of the illness commonly involves
the administration of intravenous fluids to
combat dehydration and hypovolaemia as well
as oxygen support. A blood transfusion using
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the blood of an Ebola survivor may also be
implemented in some instances [43].

History of Ebola virus, cultural responses
and viral deviations

The exact date that Ebola emerged is subject to
debate, based on the classification of presented
symptoms. However, it is commonly accepted
that the idiopathic hemorrhagic fever-based
disease first presented itself in emerging cases
at the Yambuku Mission Hospital [1],
Democratic Republic of Congo, in August
1976 [37]. The name Ebola was taken from the
Ebola river near the village in which this initial
outbreak occurred. Its rapid and uncontrollable
spread led to the infection of over 300 people
with an 88% mortality rate and the requirement
of international aid [45]. First responders, who
had been unable to identify the virus, were able
to exclude other known and common diseases
such as typhoid, malaria, and yellow fever
[46]. The unknown cause led to the virus being
spread through shared hospital equipment and
further by cultural differences which would
later prohibit the correct removal and disposal
of the infected dead.

It became apparent that cultural traditions play
a significant role in the understanding,
treatment, and recovery from Ebola outbreaks.
The West African countries plagued by Ebola
are also deeply entrenched in spirituality and
mysticism. This led to a mistrust of modern
medicine and treatments and hindered the
creation of biohazardous burial sectors. Some
of the afflicted cultures were ruled by the
mystic belief of Yat end Gemo. Spirits that
would either prevent or cause illness in
individuals [47]. Due to these kinds of beliefs,
many of the afflicted individuals believed that
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Gemo, which can be passed by proximity, was
affected due to disrespect for the Jak of Tura.
A disrespect that was encouraged and
exacerbated by foreigners and their western
medicines.

Despite this known distrust of the medics who
were sent to deal with the growing epidemic,
the WHO failed to correctly address the
situation. Memos put out on the dealing of
Ebola across different countries lacked the
cultural awareness and conscientiousness to
effectively convince older, traditional tribes
and people to accept international aid.

The emergence of different Ebola strains
throughout recent decades with varying
degrees of fatality and transmission was deeply
considered by the WHO when developing aid
and containment strategies. The first such
strain was the Zaire ebolavirus (ZEBOV) that
appeared in 1976, in the Democratic Republic
of Congo (formerly the Republic of Zaire)
[48]. The ZEBOV has continued to be the most
prevalent and deadly of all the known Ebola
virus strains, responsible for the 2014-2016
epidemic, and a fatality rate as high as 90%
(Table 1) [48].

The Sudan ebolavirus (SUDV) emerged at
approximately the same time, possibly earlier
than ZEBOV, however, less deadly and less
common [49]. Although the SUDV was
responsible for many deaths in the years
following its discovery, the prevalence of
SUBV has significantly declined between
1976—2004 (Table 1) [50]. The SUDV has
been proven to have both human-to-human and
non-human infective properties. Despite this
fact and SUDV being classed as a risk group 5
level pathogen, outbreaks of this species have
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Table 1. Cases and outbreaks of Ebolavirus outside of Africa. Based on data from the CDC [50].

Country

Year

Species

Case-Fatality

Cases Fatality Ratio

Reason for transmission

Italy

2014-2015

1992

ZEBOV

RESTV

1 1 100%

0 0 0%

Healthcare worker at an Ebola treatment center
in Sierra Leone developed symptoms after
returning home.

Monkeys with virus imported from the
Philippines to a quarantine facility in Siena Italy.
No humans infected.

Philippines

2008

1996

1989-1990

RESTV

RESTV

RESTV

6 0 0%

0 0 0%

3 0 0%

First known case of Ebola virus in pigs.
Farmers working with infected pigs developed
antibodies but remained asymptomatic.

The virus was identified in monkeys in an
export facility.

Three workers at a primate export facility
developed antibodies but remained
asymptomatic.

Russia

2004

1996

ZEBOV

ZEBOV

1 1 100%

1 1 100%

A laboratory worker accidentally injected with
Ebolavirus while working on a vaccine.

Laboratory worker accidentally infected while
working on an Ebolavirus treatment.

Spain

2014-2016

ZEBOV

1 0 0%

The first known case of human-to-human
contraction of EBOV outside Africa. A
healthcare worker treating a patient with EVD
brought from Sierra Leone was infected and
immediately isolated after the first signs of
fever.

United
Kingdom

2014-2016

1976

ZEBOV

ZEBOV

1 0 0%

1 0 0%

A volunteer aid worker, returned to the United
Kingdom, after working in an Ebola treatment
unit in Sierra Leone. The patient later became
symptomatic and was treated in isolation.

Accidental infection of Ebola virus by laboratory
worker.

United States

2014-2016

1996

1989

ZEBOV

RESTV

RESTV

4 1 25%

0 0 0%

4 0 0%

Aid workers returning home from West African
Ebola outbreak sites were treated for EVD,
resulting in the infection of nurses caring for
them.

Infected monkeys were imported to a
quarantine facility. No humans were identified
as infected or having gained antibodies.

RESTV was introduced to primate-holding
facilities. Four workers developed antibodies
but remained asymptomatic.
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remained relatively well contained in the
Northeastern African region [51]. These two
strains of Ebola set the course of treatment and
understanding of the virus for the following
decades [48].

The Reston ebolavirus (RESTV), the first
Ebola strain to have originated outside Africa,
emerged in Reston, Virginia USA, in 1989 [1].
RESTYV is considered a more zoonotic version
of the virus and has been studied since its
emergence. Outbreaks of RESTV in animals
have been widespread, with cases documented
in Pennsylvania, Texas, Siena (ltaly), and the
Philippines (Table 1) [52]. The RESTV was
first documented in cynomolgus monkeys
which had been transported to the United
States from the Philippines in 1989 (Table 1).
During this period RESTV was also linked to
another hemorrhagic fever, Simian
hemorrhagic fever, that only affected non-
human primates [53]. Although humans are
asymptomatic when infected with RESTV, the
immune response is enough to elicit
immunoglobulins and natural immunity to the
virus. The RESTV ability to be contained only
to animals has yet to be fully explained but
continues to have low pathogenicity in
humans.

Some 18 years after the initial emergency of
ZEBOV, another deadly strain of ebolavirus
was documented in two chimpanzees in the Tai
forest of Cote d'lvoire in 1994. The species
was named Tai forest ebolavirus (TAFV)
based on the place of origin [17]. The infected
presented with no changes to the shapes of the
organs or any noticeable physical changes. The
TAFV  also presented with  stagnant
deoxygenated blood in the heart as well as
blood-filled lungs. This strain has primarily
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been recorded in western chimpanzees and has
not been linked to any major outbreaks. The
zoonotic transmission was noted after post-
mortem studies of the chimpanzees when a
scientist presented with dengue fever-like
symptoms. It should be noted that although this
strain has been identified, there is little
information available on the reservoir, thus the
suspicion remains linked to fruit bats native to
the Tai forest [54].

The Bundibugyo ebolavirus (BDBV), first
emerged in 2007 with a 34% mortality rate
[58]. The BDBV named after the Bundibugyo
District of Uganda is considered the third most
deadly strain of Ebola after ZEBOV and
SUDV, however, BDBV has not been linked to
any current outbreaks (Table 1). Outbreaks of
BDBV have remained localized to different
African provinces and countries including, the
Democratic Republic of Congo [50]. Research
into BDBVs emergence and pathological
differences is ongoing.

The final and most recent discovery of Ebola
species is the Bombali ebolavirus (BOMV).
First identified in 2018, in the samples of free-
tailed bats (M. condylurus and C. pumilus) in
Sierra Leone, BOMV has recently also been
identified in the free-tailed bats of Kenya and
Guinea [55-57]. Although there is no
indication the BOMV causes illness in
humans, monitoring to ensure spillover events
onto humans do not occur continues [55].

International responses to the 2014-2016
epidemic

The outbreak of the Ebola Virus Disease has
had disastrous consequences which can be
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attributed to a lack of competence and
insufficient leadership [58]. After the outbreak
began in Guinea in late 2013, 1 711 cases and
932 deaths had been confirmed when the
World Health Organization claimed that "This
is currently the largest EVD outbreak ever
recorded"” and that the conditions for a Public
Health Emergency of International Concern
(PHEIC) have been met [59]. It took 17
months after the PHEIC declaration to lift the
designation, after 28 616 cases and 11 310
deaths were registered in Guinea, Sierra Leone,
and Liberia. The WHO has acknowledged the
criticism that their initial response to the Ebola
outbreak was slow and did not provide a
sufficient warning to the world on the severity
of the virus. The WHO also admitted that there
was confusion in the roles and responsibilities
between the levels of the Organization [60].
Similarly, other organizations have also failed
to cooperate adequately to combat the
epidemic, including organizations such as the
Africa Centres for Disease Control and
Prevention (Africa CDC), Coalition for
Epidemic Preparedness Innovations (CEPI),
and the European Medical Corps (EMC) [61].

Domestic factors

Other factors which may have slowed the
response to the 2014-2016 Ebola epidemic, as
well as increased transmission include:

Poverty and conflict

Before the 2014 epidemic, years of civil war
had left Guinea, Liberia, and Sierra Leone with
large populations of displaced people
uneducated and without work. Transportation,
telecommunication networks, and public health
infrastructure declined to levels that were
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already some of the lowest in the world. An
important consequence of conflict and political
instability is the low trust by communities in
government and public health authorities,
making it increasingly difficult to track and
contain outbreaks. In addition, poverty has led
to nomadic populations due to people
constantly seeking food and work abroad,
contributing to the spread of the virus [62, 63].

Disparity existing within countries has also had
an impact on the infection rates in affected
West African countries. Poorer counties of
Liberia were found to have higher rates of
infection and spread compared to less-poor
counties in the country. The spread of infection
may be attributed to dense housing conditions
and increased distances to health care centres.
Both these factors increase the chance infected
individuals will come in contact with others
and spread the virus. Conversely, densely
packed communities may help prevent future
outbreaks, due to close social networks which
can aid health authorities in contact tracing
[64].

It is not hard to see why some people would be
wary of trusting government officials. Foreign
aid sent to Liberia during the 2014 epidemic
was used to strengthen military forces, and the
rebuilding of healthcare infrastructure was
largely overlooked. Unsurprisingly, this
weakened Liberia's response to combat the
EVD epidemic outbreak. As an example, The
United States sent 3,000 people to construct 17
Emergency Trauma Centres (ETCs) in Liberia,
but the facilities could not be fully utilized due
to healthcare labour shortages, decreasing the
healthcare worker to patient ratio, leading to
the overcrowding of Ebola Treatment Centres
(ETCs). Mistrust in government efforts to
combat the outbreak resulted in people hiding
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themselves and their ill family members at
home, believing that they could provide better
care than the public facilities [65].

Another big consequence of governmental
mistrust in Liberia was the looting of a clinic
in 2014. Believing that Ebola was made up by
the government, the looters forcefully made
infected patients flee, stole infected bed sheets,
and rioted the clinic [66]. Several other attacks
have taken place in West Africa, including the
killing of a WHO Ebola responders, due to the
fear and ignorance of the Ebola virus [67].
Some believe that Ebola was being used as
propaganda for the government to steal money,
control the population or collect human organs
[62, 63].

Cultural and behavioral factors

Traditional burial practices have been
implicated as one of the most significant
factors leading to the high rates of EVD
transmission. As of August 2014, 60% and
80% of new infections were linked to unsafe
funeral practices, in Guinea and Sierra Leone
respectively. The virus can survive in a
deceased person and infected sheets for several
days. Aside from preparations of the body,
during which people come in close contact
with the infected person through washing and
clothing the body, high rates of transmission
can also be attributed to the gathering of
friends of family members of the deceased and
travelling to the funeral [68].

The need for traditional burials has led to
numerous highly infectious and unregulated
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zones, which increased the number of under-
recorded EVD cases [58]. Traditional burials
have strong cultural, religious, and spiritual
importance to many affected communities,
which was recognized by the WHO when
implementing burial teams to ensure safe
burials (Figure 4) [42]. It is worth mentioning
that alerting a burial team, after the death of a
community member can only be useful if the
call is answered urgently. If deceased persons
are left out in the community waiting several
days for safe burial, loved ones would be more
inclined to perform a dignified burial
themselves, with an increased risk of infection
[64].

Treatment / novel therapies

As of May 2021, Inmazeb (REGN-EB3) is the
only FDA-approved treatment for ZEBOV.
Inmazeb can be effective in the treatment of
both adults and children and is administered by
a single 1V injection consisting of 50mg of
each 1gG1 monoclonal antibodies: atoltivimab
(REGN3470), maftivimab (REGN3489), and
odesivimab (REGN3471). This antibody
cocktail neutralizes the Ebola virus by binding
to surface glycoproteins and inhibiting
attachment and entry into host cells.

These cells then induce other immune cells to
target infected cells to clear them from the
body [69]. Results of a 2018, randomized
controlled trial conducted in the DRC testing
the efficacy of four different EVD therapies,
found Inmazeb to have the most significant
effect on patient mortality during 28 days [69].
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FROM THE AMERICAN PEOPLE

Figure 4. Members of a burial team in Margibi County Liberia are sprayed with disinfectant (chlorine)
after a safe burial. Many international organizations provided safe burials for Ebola victims during the
2014-2016 epidemic in West Africa. Credit: "Chlorine spraying" by USAID_IMAGES, marked by CC
BY-NC 2.0. To view terms visit: https://creativecommons.org/licenses/by-nc/2.0/

Vaccine

The Ervebo (rVSV-ZEBOV) vaccine is the
first and only Ebola vaccine that has been
approved by the FDA. The Ervebo vaccine,
which protects against the ZEBOV, is a live
attenuated vesicular stomatitis virus (VSV)
that has been genetically altered to express
ZEBOV glycoproteins [70].

In the United States, the vaccine is
recommended to individuals above 18 years, at
the highest risk of exposure to the ZEBOV,
including those responding to EVD outbreaks,
healthcare workers in Ebola treatment centres
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in the US, and staff working in level 4
laboratory facilities in the United States [38].

In regions affected by ZEBOV outbreaks, the
Ervebo vaccine has been implemented using
the "ring vaccination" approach. Aside from
healthcare workers, ring vaccination focuses
on the vaccination of individuals who have
been in contact with EVD patients, as well as
individuals who have been in contact with
them (i.e. contacts of contacts). Once all
contacts are offered a vaccine the ring is
closed. Even though approximately 16,000
individuals in Guinea and 300,000 in eastern
DRC have been vaccinated using this method,
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other vaccination strategies may prove more
efficient. For example, in the recent outbreak
in the DRC, many new cases were not
identified as contacts, which may have led to
the spread of the virus. Bausch argues other
strategies may be worth implementing
including vaccinating the sex partners of male
survivors, and vaccination campaigns during
outbreaks [71]. Additionally, vaccination of
populations after an outbreak is over may
prevent subsequent zoonotic transmission of
the virus which persists in the local animal
reservoir [71, 72].

At the start of 2021, UNICEF, the WHO,
IFRC, and MSF announced the establishment
of a global Ebola vaccine stockpile, to ensure
populations in regions at risk of outbreaks have
access to vaccines [73].

Response to Ebola virus vs. other epidemics

The Ebola epidemic, unlike many epidemics
before it, changed and shaped international
responses to medical emergencies. By forcing
changes in reaction times, the way Ebola has
been dealt with through its multiple re-
emergences can be attributed to how the world
health bodies have dealt with the novel SAR-
CoronaVirus-2. Continents and countries that
had previously been segregated by health
standards, created and adhere to centralized
health organizations such as Africa Centres for
Disease Control and Prevention. This body’s
quicker response times and creation of
standardized guidelines have helped lesser
developed towns and villages with the current
SARS-CoV-2 pandemic, however, it has also
further highlighted the aberrant standards to
which healthcare is administered [74, 75].

June 2021, Volume 7, World J Med Images Videos Cases
———————

A deeper understanding from a cultural
perspective is still greatly required to
successfully stem viral disease transmissions
as well as encourage local compliance.
Although this was seen and is still seen, in
recent Ebola outbreaks, very little is being
done to encourage the inclusion of elder
leaders and locals in decisions that directly
impact communities. This lack of inclusion has
continued to encourage the widespread
mismanagement of the disease. Studies
performed on the outbreaks before the SARS-
CoV-2 Pandemic have used a unique
classification method to further explain how
and why Ebola has continued to thrive [74,
75]:

e Tooth eruption pattern - sudden
emergence and rapid extermination
without any relation to the previous
occurrence;

e Sawtooth pattern - multiple
intermittent outbreaks with
diminishing intensity;

e Tooth necklace - the pathogen is used
for control studies and studied to
create countermeasures for possible
future variants. The disease is no
longer an issue within the surviving
population.

Medically significant epidemics such as
Spanish influenza HIN1, SARS-CoV-2, avian
influenza H5N1, SARS-CoV-1, MERS-CoV
have been classified based on the way they
emerge and disappear in populations. They
have emerged and disappeared continuously
throughout history showing recurrent themes
and patterns which have helped document and
predict the possible re-emergence of each
virus.
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Lesser developed countries have depended
heavily on the international support for
COVID19, which had been previously lacking
in the Ebola epidemic. However, international
organizational bodies such as the Africa Centre
of disease control were absent during 2014,
which made dealing with the EVD epidemic
less efficient [75]. The large distrust of foreign
aid continues to plague certain groups and
tribes making it an impossibility to combine
cultural considerations with medically sound
preventive guidelines. Paired with the socio-
economic divide, which has been seen
correlating between the effectiveness of aid
and outbreaks, has left much to be desired in
terms of rectifying the way Ebola is dealt with
[74,75].

However, it should be noted that Ebola
prepared African countries to promote better
sanitary conditions but also highlighted the
flaw in this treatment method when
considering the lower developed areas and the
access to clean and safe water. Countries
continued to drown under the weight of
lacking resources while fighting multiple
epidemics on a home front. This has led to
gross  mistrust, miscommunication, and
ultimately an extremely high mortality rate.

Outbreaks since 2014-2016 epidemic

Democratic Republic of the Congo outbreaks

In the spring of 2017, a hunter in the Likati
health zone of Bas Uélé province of the DRC
brought the carcass of a wild boar and a live
non-human primate back to his town after
hunting. An outbreak was declared in May of
2017, likely due to a single spillover event,
speculated to have arisen from this incident.
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Limited human-to-human contact occurred
although the outbreak resulted in 8 probable
cases (5 laboratory-confirmed), and deaths.
The WHO declared the outbreak over in July
of the same year [76, 77].

In May 2018 the WHO reported an outbreak in
the Equateur province of the DRC, resulting in
54 cases (38 laboratory-confirmed), and 33
deaths. The outbreak was suspected to have
started the month before after the unsafe burial
of a man suspected of having EVD, with seven
of the funeral attendants dying shortly after.
The response to contain the outbreak was
rapid, with contact-tracing individuals through
three mobile laboratories to each affected area
(Bikoro, Iboko, and Wangata health zones),
and the administration of the, then,
experimental rVSV-ZEBOV vaccine, which
was administered to 3,481 people for the first
time. The outbreak was declared over in July
of the same year [78, 79].

Not one month after the EVD outbreak was
declared over in July 2018, a new outbreak in
the North Kivu province of the DRC arrived.
Between August 2018 and June 2020, this
outbreak became the largest since the 2014-
2016 epidemic, and the second-largest
outbreak recorded in history.

The first cases at the beginning of August are
speculated to have arisen after the burial of a
65-year-old woman in the town of Mangina on
July 25, followed by the death of seven close
family members. There were 3,313 confirmed
cases with 2,266 deaths in the DRC and 4
recorded cases with 4 deaths in neighbouring
Uganda. Containing cases in this part of the
country proved much more challenging with
approximately 100 armed militias operating
the area, and over one million internally
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displaced people and refugees living along the
border with Uganda. Contact tracing was very
difficult in conflict zones. Violent attacks by
armed groups on Ebola treatment centres
resulted in the deaths of both healthcare
workers and civilians. Poverty and conflict
may have severely undermined government
attempts at containing the EVD outbreak, with
25% of individuals in the towns of Beni and
Butembo believing that EVD is a hoax. Ring-
vaccination programs with the rvVSV-ZEBOV
vaccine continued, reaching over 300,000
people by the time the outbreak was over [80-
82].

Since the end of the North Kivu province
epidemic, there have been smaller outbreaks in
the Equateur province of the DRC, resulting in
130 cases with 55 deaths, and the ring-
vaccination of 2,500 more people from June to
November 2020. The outbreak was likely
caused by a persistent infection in a survivor of
the 2018-2020 epidemic, that either relapsed or
spread by sexual transmission [83].

Another outbreak in North Kivu province from
February to May 2021, resulted in an
additional 11 confirmed cases and 6 deaths,
and the vaccination of 2,000 people, including
500 health care workers [84].

2021 Guinea, N'Zérékoré outbreak

The current outbreak in Guinea has likely
spread from a persistent infection from the
2014-2016 epidemic in the region. On
February 14, 2021, a group of cases in the
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town of Gouécke, in the Nzérékoré Region of
Guinea were reported to the WHO by the
ministry of health of Guinea. A 51-year-old
nurse presented to a health care center with
symptoms of EVD but was diagnosed with
Typhoid, a few days later she went to a second
health practitioner and was diagnosed with
malaria. She died five days after her second
visit to a health centre. The cases occurred in
family members after the unsafe burial of the
nurse, after which several attendants showed
symptoms of EVD. As of June 1st, 2021, there
have been 16 confirmed EVD cases in Guinea,
including 5 deaths. Since February 2021,
10,873 people have been vaccinated, including
2,889 healthcare workers, and as of June 7th,
2021, Guinea is 19 days from declaring the end
of the EVD outbreak [83, 85, 86].

Please observe Figure 5 for the number of
deaths due to Ebolavirus since the discovery of
the pathogen.

Conclusion

The history of outbreaks since the 2014-2016
epidemic suggests that EVD is still a
significant threat to people living in Africa,
especially central and west regions. The
persistence of the virus in survivors, such as
the semen in male survivors, can be a
significant factor leading to new outbreaks in
these communities. Outbreaks due to unsafe
burials and scepticism around the legitimacy of
EVD due to years of government mistrust,
suggests public health measures to educate
community members may need improvement.
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Figure 5. Deaths from outbreaks of Ebolavirus worldwide since the discovery of the virus in 1976. Zaire ebolavirus—
red, Sudan ebolavirus—orange, Bundibugyo ebolavirus—green. Based on data from the CDC [50].
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Although several measures, such as contact
tracing and ring-vaccination have proved to
contain recent outbreaks to a certain extent,
different strategies may need to be
implemented to reduce outbreaks, to begin
with. Although Ebola is relatively rare and
individual risk is low, in comparison to other
ilinesses (i.e. COVID-19), mortality is much
greater and risk management strategies should
continue to evaluate what vaccine
implementation is best to prevent future
infections.

Additionally, these methods are incredibly
labour-intensive and are increasingly hard to
implement in conflict zones, where security is
very low, and people are constantly becoming
displaced. Food insecurity and poverty are
additional factors that are bringing people into
the habitats of species harbouring the illness,
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