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Introduction
The current epidemic of Ebola virus disease began in March, 2017 in the Democratic Republic 

of Congo (DR Congo). At least three persons have died from the Ebola virus in the Democratic 
Republic of Congo according to the World Health Organization (WHO) and the country’s Health 
Ministry. DR Congo is located on the Atlantic coast of West Africa. The last outbreak of the disease 
killed at least 11,300 people in West Africa [1,2]. Tests on nine people who came down with a 
hemorrhagic fever in the northeast of the country confirmed the presence of the virus. Three people 
have died from fever. Other samples were being tested, and six people remained hospitalized. This 
is the 8th outbreak to hit the Congo, that’s more than any other country [1,3,4]. The deadly virus was 
first detected in its dense tropical forests in 1976 in Zaire (now Dr Congo) between September and 
October [5-8]. The outbreak was more deadly than that earlier reported in Sudan (between June 
and November 1976) [9].It was reported that a 44 year old teacher who just returned from northern 
Congo became the first victim. He was said to have been misdiagnosed for Malaria in Yambuku 
Mission Hospital.

At the heat of the DR Congo Ebola outbreak on May 11, 2017, the Ministry of Public Health of 
the Democratic Republic of the Congo informed international public health agencies of a cluster of 
suspected cases of Ebola Virus Disease (EVD) in the Likati health zone of the province of Bas Uélé. 
The first report indicated 8 suspected cases, including two deaths, with a third death reported on May 
12. Testing of samples was carried out by the Institut National de Recherche Biomedicale (INRB) 
in Kinshasa, with two samples testing positive for Ebola Zaire by Reverse Transcription Polymerase 
Chain Reaction (RT-PCR) test. International agencies such as CDC, WHO, MSF (Doctors without 
Borders), and others provided support to the Ministry of Public Health’s epidemiologic, diagnostic, 
clinical, and communications efforts to respond to the outbreak. There was a lot of challenging 
logistical obstacles faced, including the remoteness of the area and limited services. Mobile 
diagnostic laboratories assisted in testing of samples in the affected areas. Subsequent to a period 
of 42 days since the second negative laboratory diagnostic test of the last confirmed patient, WHO 
declared that the outbreak was over on 2nd July, 2017.

The use and re-use of needles for injection between patients and poor hygiene aided the spread 
of Ebola in the hospital among staff and patients, affecting 318 people of which 280 had died 
including 11 out of 17 hospital staff with a case fatality rate of 88% [10,11]. This hospital was later 
shut down while all hospitalized Ebola victims were isolated after the infection had spread for about 
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Abstract

In 2017, Democratic Republic of Congo, a West African country experienced another outbreak of Ebola 
Virus Disease (EVD) since the largest outbreaks in history were last reported in 2015 in the region. Ebola virus 
disease is a severe, often fatal illness, with a death rate as high as 90% and caused by Ebola virus. The victims 
become infected with the pathogen either through contact with infected animals or via direct contact with the 
bodily fluids of infected humans. The virus responsible for this outbreak, the Zaire Ebola Virus (EBOV), from 
the genus Ebolavirus in conjunction with the genus Marburgvirus forms the Filoviridae family. Ebola virus is one 
of the most deadly and highly virulent pathogens among the viral haemorrhagic fevers resulting in case fatality 
rates of close to 90% as earlier documented. Multi-organ failure and severe bleeding complications have been 
responsible for the high mortality usually reported. In the recent past, a total of 5335 cases (confirmed, suspected 
and probable) with 2622 deaths, with a case fatality rate of around 50% have been documented. Laboratory 
confirmation through the use of RT-PCR molecular technique remains the gold standard for diagnosis. Although 
as at today, there is no licensed vaccine against the virus, however, under an agreement between GAVI and 
Merck, the developer of an Ebola vaccine known as rVSV-ZEBOV is now available. Therefore, various hygienic 
and preventive measures have been advocated for Ebola control and prevention. This review summarizes the 
drifts and pattern of Ebola outbreaks and its antecedents in West African region including other aspects of 
diagnosis and prevention and what is the current trend as a guide against future control.
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4 weeks. Ebola Zaire strain is highly pathogenic and mostly deadly 
among other strains isolated in Yambuku village along the course 
of Ebola river which took its route from Congo River [12,13]. The 
virus was therefore named after Ebola River. Other countries that 
have experienced Ebola outbreak in Africa include Senegal, Guinea, 
Sierra Leone, Liberia and Nigeria [14]. However, occasional Ebola 
outbreaks have been reported outside African region in countries 
such as United States, Russia and the Philippines and such outbreaks 
were due to contaminations from the laboratory and from primates 
(Monkeys) imported from quarantine facilities [4,9].

The 2014 episode of Ebola outbreak affected some African 
countries spreading from one part of the region to another (Table 1 
and Figure 1) as result of free migration and poor sanitary measures 
[15]. As a result of laboratory contamination, the infection was also 
reported in other African regions such as South and East Africa while 
Philippines, Russia, USA, Viriginia and Pennsylvania were not spared 
of the infection (Table 2). For now, there has not been any report 
of Ebola outbreak since WHO has declared DR Congo free of the 
current outbreak, this review seeks to look at the antecedents of this 
scourge with a view to address the challenges and the way forward.

Potential drivers of Ebola viral disease outbreaks

Investigation of different EVD outbreaks reveals that there are 
factors that trigger outbreaks and enhance spread of the disease. 
Some of the factors include, epizootic challenges, increasing 
anthropogenic activity (linked to population expansion and poverty), 
climate change, inadequate health care practices of some members 
of the afflicted communities, water and sanitation challenges, burial 
practices and corpse management capacity in poor-resource settings, 
porous border sand weak port health services, strong cross-border 
cultural and socio-economic challenges. These are common variables 
not only for Ebola affected countries but other nations that are at risk 
of emerging infectious diseases.

The potential role of climate change in triggering Ebola viral 
disease outbreaks and other emerging diseases is vital. A number of 
studies have reported the impact of climate change in the migratory 
patterns of fruit bats [16,17] and the outbreaks EVD in Africa [18].
Reduced precipitation, increasing temperatures and desertification 
have caused a large number of fruit bats to migrate from their 
ecological niches in the equatorial rain forest to other areas where 

Table 1: Ebola Outbreak in some West African Countries (2014 Episodes).

Country Areas affected by Ebola virus Disease

Liberia Nimba, Lofa, Margibi, Bong, Grand Cape Mount, Grand Bassa, Grand Gedeh,Monterrado, Gbarpolu, RiverCess, Sinoe and River Gee

Sierra Leone Bombali, Tonkolili, Kailamun, Kenema, Port Loko, Bo, Pujehum, Kono, Kambia, LeoneWestern area, Bonthe

Nigeria Lagos and PortHarcourt

Senegal Dakar

Guinea Tetimede, Dabola, Kissidongou, Dioguiraya, Pita, Nzerekore, Macenta, Conakry, Coyah, Yomou, Forecariah,Kerouane, Boffa, Gueckedou and 
Kouroussa

Figure 1: EBOLA Virus Disease: Virulence in each outbreak.
Key: Rectangles are outbreaks, labeled with year. Size is number of disease cases. Color is virulence, the case fatality rate from 0% yellow to red 100%.
(Data: WHO / CC BY: JV Chamary / Source: http://onforb.es/Y3YjoG).
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Table 2: Ebola outbreaks virus disease between 1976 and 2014, adapted from WHO (2015; 2017).

Year Country, Village EboV subtype Number of 
human cases

Number of 
deaths Mortality Source and spread of infection

1976 Sudan, Nzara
and Marida

Sudan virus 284 151 53% Spread by close contact within hospitals, many 
hospital staff were infected

1976 Zaire,
Yambuku Ebola virus 318 280 88% Contaminated needles and syringes in hospitals

1976 England Sudan virus 1 0 Laboratory infection, accident-stick of contaminated 
needles

1977 Zaire, Tandala Sudan virus 1 1 100% Noted retrospectively

1979 Sudan, Nzara
and Marida

Sudan virus 34 22 65% Recurrent outbreak at the same site as the 1976

1989
USA, Viriginia

and
Pennsylvania

Restone
virus 0 0 EboV was introduced in to quarantine facility by 

monkeys from the Philippines

1989-1990 Philippines Restone
virus 3 0 Source: macaques from USA. Three workers (animal 

facility) developed antibodies, did not get sick
1990 USA, Viriginia Restone

virus 4 0 The same to 1989

1994 Gabon Ebola virus 52 31 60% Initially thought to be yellow fever, identified as Ebola 
in 1995

1994 Cote d’Ivoire
Tai Forest

virus 1 0 Scientist become ill after autopsy on a wild 
chimpanzee (Tai Forest)

1995 Democratic Republic of 
Congo (Zaire) Ebola virus 315 250 81% Case-patient worked in the forest, spread through 

families and hospitals

1996 Gabon Ebola virus 37 21 57% Chimpanzee found dead in the forest was eaten by 
hunters, spread in family members

1996-1997 Gabon Ebola virus 60 45 74% Case-patient was a hunter from forest camp, spread 
by cloth contact

1996 South Africa Ebola virus 2 1 50% Infected medical professional traveled

1996 Russia Ebola virus 1 1 100% Laboratory contamination

2000-2001 Uganda Sudan virus 425 224 53%
Providing medical care to Ebola case patient without 

using adequate personal
protective measures

2001- 2002 Gabon Ebola virus 65 53 82% Outbreak occurred over border of Gabon and 
Republic of the Congo

2002- 2003 Republic of the Congo Ebola virus 143 128 89% Outbreak in the districts of Mbomo and kelle in 
Cuvette Ouest Department

2003 Republic of the Congo Ebola virus 35 29 83% Outbreak in villages located in Mbomo district, 
Cuvette Ouest Department

2004 Sudan,
Yambio

Sudan
Virus 17 7 41%

Outbreak concurrent with an outbreak of measles, 
and several cases were later

reclassified as measles

2004 Russia Ebola virus 1 1 100% Laboratory infection

2007
Democratic

republic of the
Congo

Ebola virus 264 187 71% The outbreak was declared over November 20. Last 
death on October 10

2007-2008 Uganda Bundibugyo
virus 37 149 25% First reported occurrence of a new strain

2008 Philippines Reston
virus 6 0 Six workers (pig farm) developed antibodies, did not 

become ill

2008-2009
Democratic

republic of the
Congo

Ebola virus 32 15 37% Not well identified

2011 Uganda Sudan
Virus 1 1 100% The Uganda Ministry of Health informed the public a 

patient with suspected Ebola died on May 6, 2011

2012 Uganda,
Kibaale Sudan virus 11 4 36% Laboratory tests of blood samples were conducted by 

the UVRI and the CDC

2012 Democratic Republic of 
the Congo

Congo
Bundibugyo

virus
36 13 36% This outbreak had no link to the contemporaneous 

Ebola outbreak in the kibaale,  Uganda

2012-2013 Uganda Sudan virus 6 5 50% CDC assisted the ministry of Health in the 
epidemiology and diagnosis of the outbreak

2014
Democratic

republic of the
Congo

Zaire virus 66 49 74% The outbreak was unrelated to the outbreak of West 
Africa

2014 Guinea Ebola virus 3548 2346 66.1% CDC assisted the ministry of Health in the 
epidemiology and diagnosis of the outbreak
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environmental conditions are more favorable for survival. Studies 
conducted using satellite telemetry [19] and isotopic labeling [20] 
have shown that during periods of low fruit abundance in the 
equatorial forest, large colonies of fruit bats migrate long distances to 
take advantage of fruit pulses in other regions of the continent [21]. 
Stopovers during migration have been noted in certain regions of 
Uganda and DRC (formerly known as Zaire) where major outbreaks 
of EVD have occurred [19,22]. These stopovers observed in the 
migratory activity of the fruit bats provide a unique opportunity for 
local populations to massively hunt bats, either for food or commercial 
purposes that places the mat great risk of zoonotic infections.

In 2007, outbreak of EVD in DRC was traced to massive bat 
hunting due to an influx of fruit bats in the Occidental Kasai 
Province during a peak fruit season [22]. Similarly, the current 
West African outbreak is traceable to hunting of two species of bats: 
Hypsignathus monstrosus and Epomops franqueti that are believed 
to have migrated from Central Africa http://www.theguardian. This 
claim was supported by molecular investigation, which indicates that 
the causative agent of the West African outbreak diverged from the 
Central African ZEBOV strain about a decade ago [23]. Similarly, 
antibodies against ZEBOV have been detected in migratory bats in 
distant geographical areas, including Bangladesh [24] and Ghana, 
[25] indicating the potential of Central African migratory fruit bats to 
introduce the virus into other geographical areas. Clearly, the effects 
of climate change on the migration of fruit bats, particularly from their 
ecological niches in the equatorial forest of Central Africa to other 
geographical areas, may have a future global health consequence(s). 
This is because there is a potential of migratory fruit bats, which are 
known to harbor over 66 viruses [17] and introduce deadly viruses 
into different geographic areas. Indeed, there are global concerns that 
these animal-borne viruses may trigger a broad range of emerging 
infectious diseases in future.

Ebola virulence experience in each outbreak

The average Ebola virulence is about 61%, which claimed the lives 
of 2603 out of 4235 victims since records began (Table 2). The word 
virulence is referred to as the ‘case fatality rate’, that is the percentage 
of cases that resulted to death. Color represents virulence from yellow 
(0% fatality) to red (100%) in the chart represented in the (Figure 
1) below. For instance, the 2014 epidemic representing outbreak 
25 has claimed the lives of more people than any other outbreak in 
history according to records (Table 2) [9,15]. However, it is not still 
regarded as the most fatal, although it claimed the highest death toll 
and accounted for 44% of recorded cases. It has only killed 55% of 
infected persons (1013/1848) and hence painted orange on the chart.

With a case fatality rate of 90%indicated as (128/143), the 
epidemic of 2003 in Congo referred to as outbreak 14 [8]; it is known 
as the most virulent up to date painted red on this chart. Whether 
something is ‘deadly’ is usually defined by the likelihood of dying 

from it, not the total number it kills. The 2003 Ebola epidemic is the 
deadliest outbreak based on the interpretation of the word ‘deadly’ 
which in general term is defined by the likelihood of victims dying 
from such disease or the total number it that dies from it. The Uganda 
scenario is labeled as the least virulent outbreak which occurred in 
2007. Its fatality rate was 25% (37/149) and is given yellow colour on 
this chart. Nevertheless, the most and least virulent outbreaks leave 
out three cases of 100% fatality in which each claimed the life of one 
person and an outbreak where the only infected person did not die 
from the onslaught. This is therefore given as red and yellow lines 
found in the top-left corner.

Ebola was first reported in 1976 with two simultaneous outbreaks 
[12]. The first one took place in Sudan and claimed the lives of 53% 
(151/284). The second outbreak known as the 3rd largest and has the 
2nd highest virulence rate of 88% (280/318) labeled with red color on 
this chart. The Ebola virus disease was named after the Ebola River in 
the Democratic Republic of Congo which was the site of this outbreak 
[7,8].

Methodology
The literature search used by the authors for this review was based 

on keywords of the thrust of the paper, therefore search terms such 
as Ebola Virus Disease, Ebola antecedents, Ebola outbreak, Clinical 
syndromes, Treatments, Prevention and Control in West Africa 
were used. Literature search on cross-sectional, observational and 
randomized control studies published on the Ebola between 1976 
and 2017 provided main sources of information. All these were 
obtained from the commonly used Medical databases such as Web 
of Science, Embase, PubMed and Google scholar. Literature search 
for systematic reviews using Cochrane Library provided a lot of 
information in addition to websites of international organization 
which served as data sources for updates and contributions on the 
subject matter from experts.

Results and Discussion
Epidemiology

Two main suggested modes of transmission of Ebola Virus 
(EBOV) into human populations are either direct contact to a 
reservoir or contact to other wildlife that also contracts EBOV via 
the reservoir [26]. Ebola virus (EBOV) transmission in human 
population occurs by direct contact with infected blood, or other 
bodily fluids including saliva, sweat, semen, milk and tissues from 
dead or living infected persons [27]. Epidemiologic observations 
have demonstrated that chimpanzees were the source of one human 
case in two previously described outbreaks in Coˆte d’Ivoire in 
1994 and Gabon in 1996 (Table 2) [28]. Transmission through 
inanimate objects contaminated with infected bodily fluids has also 
been reported while the principal mode of transmission in human 
outbreaks is human-to-human transmission through direct contact 

2014 Sierra Leone Ebola virus 12,206 3857 31.6% CDC assisted the ministry of Health in the 
epidemiology and diagnosis of the outbreak

2014 Liberia Ebola virus 10,042 4486 44.7% CDC assisted the ministry of Health in the 
epidemiology and diagnosis of the outbreak

2014 Nigeria, Lagos and 
Portharcourt Ebola virus 20 8 40% This outbreak had link to the contemporaneous Ebola 

outbreak in Liberia

2017
Democratic

Republic of the
Congo

Zaire virus 29 3 10.3% Not well identified

http://www.theguardian
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with a symptomatic or dead EVD case or with contaminated surfaces 
and materials (bedding, clothing) [29,30]. In the early stage of human 
disease (prodromal phase), the risk for transmission is lower but 
viral loads in blood and secretions increase so rapidly during the 
course of illness, with the highest levels of virus shedding noticed 
very late during the course of illness of severely ill patients [30,31]. 
Nevertheless, handling of dead bodies during burial ceremonies plays 
an important role in transmission. Augmented transmission takes 
place in hospitals involving nearly one quarter of cases occurring 
among health care workers [32].

Ebola virus (EBOV) can also infects human, non-human primates 
and some other mammalian regarded as host, but reservoir of Ebola 
viruses was for a long period in latent form. However, intensive efforts 
were expended to identify the natural reservoir [27]. Some researchers 
previously suggested that rodents and bats could play vital role as 
reservoir animals of EBOV [33,34]. The detection of antibodies and 
viral RNA in three bats species was the first verification about EBOV 
infected bats [35,36] and this was a proof that bats are involved in 
circulation of EBOV in nature [37]. Ebola virus (EBOV) transmission 
to humans in sub-Saharan Africa was believed to be the contact with 
dead or living infected animals (non-human primates, antelopes 
and bats), although some reports [38,39] have linked the cases to the 
skinning and butchering of carcasses. In previous outbreaks (Table 2), 
hunting and butchering of chimpanzee including fruit bats have been 
known as a potential source of Ebola infection [40,41]. According to 
a report Leroy et al., [42] the human outbreaks is made up of multiple 
simultaneous epidemics resulting from different viral strains, and 
each epidemic came as a result of the handling of a distinct gorilla, 
chimpanzee, or duiker carcass [39]. In this regard, surveillance of 
wildlife health and monitoring of their mortality may help to envisage 
and prevent subsequent Ebola outbreaks.

Replication of Ebola Virus

Life cycle and pathogenicity of Ebola virus in humans: Ebola virus 
(EBOV) is an encapsulated single-stranded (ss) negative RNA virus 
from the family Filoviridae. This article reviews the structure of the 
virus and the known function of its components so as to understand 
the life cycle and pathogenicity of the virus in humans.

Molecular and cell biology of Ebola Virus: Studies by electron 
microscopy reveal that the EBOV has a filamentous appearance 
typically 800 nm long and 80 nm in diameter. Each viral particle 
or virion is made up of a nucleocapsid which in turn consists of the 
negative ssRNA genome covered by the nucleoprotein NP, the virus 
specific transcription activator VP30, the polymerase cofactor VP35 
and the viral RNA polymerase L proteins (Figure 1). An outer viral 
envelope forms a capsule round the nucleocapsid which originates 
from the host cell membrane with characteristic 10 nm long viral 
Glycoprotein (GP) spikes. The matrix sandwiching the outer viral 
envelope and the nucleocapsid is occupied by the VP40 and VP24 
viral proteins [43].The virus genome is 19 kb in length, and encodes 
seven structural and one non-structural protein. Figure 2 below 
shows the virus genome with the gene order.

The viral RNA polymerase binds at the leader end to initiate 
sequential transcription of each gene. The newly transcribed 
mRNAs are capped and polyadenylated by the L protein during this 
process. Of note, the primary mRNA transcribed from the GP gene 
encodes a small, non-structural, soluble protein called sGP which is 

secreted from the infected host cells into blood. The fully functional 
glycoprotein is a result of RNA editing and this protein is expressed on 
the cell surface as GP spikes [44]. These GP spikes, help in anchorage 
and membrane fusion of the virion to the host cell, and are a crucial 
factor for Ebola virus pathogenicity.

The matrix protein VP40 is important for maintaining the 
structural integrity of the virion. It is also associated with endocytosis 
and virus budding and has the ability to release itself from the cells 
even in the absence of other viral proteins [45]. The second matrix 
protein VP24 suppresses interferon production in the host cell 
[44,46]. In addition, VP24 is also important for the correct assembly 
of a functional nucleocapsid along with VP35 and NP proteins [47]. 
The remaining proteins namely NP, VP35, VP30 and L proteins form 
the structural components of the nucleocapsid. Moreover, these 
proteins also catalyse genome transcription and replication [47].

Transmission of Ebola Virus: Bodily fluids contact of infected 
humans or animals is primarily responsible for the Ebola virus 
(EBOV) outbreak although it is not clear how the virus spreads in 
humans. However, fruit bats are the natural reservoirs of EBOV. 
Figure 3 clearly describes the likely method of virus transmission 
from bats to humans and the outcome of such method.

Life-Cycle of Ebolavirus:

(i) Host immune system attack: The monocytes and the macrophages 
of the host immune system are the early targets of EBOV. The 
dendritic cells, liver cells, and endothelial cells are the other target 
cells. The virus makes use of different mechanisms to interfere with or 
even overlook the host immune system completely. EBOV structural 
proteins attack nearly all host immune system processes. An 
example of such mechanism is referred to the Antibody-Dependent 
Enhancement (ADE) in which the host Antibodies (Abs) aid or 
augment the attachment of EBOV to the host cells thereby increasing 
infection in such cells. The antibodies bind to antibody receptors at 
their Fc sites whereas the virus binds to the antigen-binding site at 
the free end of the Abs [48]. In vitro studies indicated Ebola virus 
activates the classical pathway of the complement system. Firstly, the 
EBOV binds to its receptor at the surface of the host cell. Subsequently 
antibodies bind to the glycoprotein (GP) spikes of the virus, and the 
C1q component of the complement system in turn binds to the Ab-
GP complex. The C1q component enhances the Ab-GP complex 
so as to bind to C1q ligands on the surface of the host cell thereby 
increasing the interaction of EBOV with its receptor on the host cell 

Figure 2: Diagrammatic representation of the Ebola virus genome. The 
leader and the trailor regions are untranscribed sequences which regulate 
transcription, replication and packaging of genomes into new virions. 
Source: Viral Zone (ExPASy).
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surface. In this manner the GP spikes on EBOV make use of the host 
immune system (Abs and the complement components) to augment 
its attachment to the target cells [49].

Further to ADE, EBOV protein VP35 blocks the immune system’s 
Interferon (IFN) pathways consisting of various cytokines which 
exert anti-viral responses. EBOV protein VP35 blocks IFN response 
by competing with the proteins for example Retinoic acid-Inducible 
Gene 1 (RIG1) protein to activate the IFN pathway [50]. Together 
with VP35, VP24 also blocks IFN pathway activation. VP24 blocks 
transcription factors such as STAT1 that regulate transcription of the 
immune system genes [46].

Moreover, the primary mRNA transcript of the GP gene encodes 
the soluble sGP which is thought to possess an anti-inflammatory 
attribute for the duration of infection which further helps EBOV 
to escape response from host immune system. Nevertheless, sGP 
possesses many comparable epitopes with GP and so it could have 
potential to sequester or absorb host Abs in order to block their 
downstream action [51,52]. Hence, the viral proteins disrupt various 
components of the immune system in order to bind to the host cell 
for consequent entry.

(ii) Virus entry into the host cell: Ebola virus (EBOV) and most 
enveloped viruses use a general mechanism to infect host cells 
referred to endocytosis. However, the exact mechanism for which 
EBOV enters host cells still remains a mirage. Reports have it that 
EBOV makes use of a lipid-dependent, non-clathrin and dynamin-
independent endocytic pathway of entry of which Macropinocytosis 

remains the most likely mechanism employed by the EBOV [53]. 
Macropinocytosis involves outward extensions of the plasma 
membrane formed by actin polymerization, which could fold back 
upon them. The formation of a macriopinosome is as a result of the 
distal loop ends of these extensions or membrane ruffles can fuse 
together. This also indicates that actin and its associated polymerising 
proteins play a major role in virus entry but the exact mechanism 
through which EBOV induces macropinocytosis is still not clear. It is 
however suggested that interactions between GP and host cell surface 
receptors could trigger macropinocytosis to begin viral entry [53].

(iii) Virus replication: EBOV commences transcription at the 
leader end of the genome with the binding of the polymerase 
complex immediately after gaining entry into the host cell [47]. 
The gene VP30 is an important transcription activation factor used 
for the transcription viral genome while VP24 acts as an inhibitor 
transcription process. The precise mechanism of VP24-dependent 
transcription termination is not yet clear. However it appears to be 
vital for converting the virus from its transcriptional or replication 
active form to another modified for the assembly virion and outlet 
from host cell [54].

(iv)Virus budding and exit from host cell: After the replication 
process, the cell loses its connection with other cells in addition to 
attachment to its substrate. Nevertheless the newly synthesized 
genomes are put together into new buds or virions and emerged from 
the host cell surface with the help of the matrix protein VP40. The 
gene VP40 interacts with ubiquitin ligase Nedd4 which is a part of 

Figure 3: Ebola virus transmission from fruit bats to humans via contaminated body fluids. 
Source: Centre for Disease Control, USA.
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human ubiquitination enzyme pathway and connects multiple copies 
of ubiquitin molecules to VP40 [55]. The VP40 on its own is taken 
to the host cell plasma membrane using the COPII transport system 
[56]. Immediately it is located into the plasma membrane, EBOV 
moves through lipid rafts where the final assembly and budding of 
the virions takes place after which their final removal from the host 
cell. Despite the fact that the structural components of the virus 
have been revealed, the precise mechanisms by which EBOV causes 
human disease are not yet clear. It is therefore a major constraint for 
treatment and till date, prevention is the best mode of action to avert 
an Ebola outbreak.

Virology and Pathogenesis of Ebola virus

Ebola virus disease outbreak in West Africa (2013-2016).

An unprecedented outbreak of Ebola virus disease which started 
in West Africa in December 2013 which affected Guinea, Liberia and 
Sierra Leone came to an end but the risk of sporadic cases and flare-
ups remain unabated [57]. World Health Organization had declared 
the Ebola epidemic in West Africa a Public Health Emergency of 
International Concern (PHEIC) on 8 August 2014 [58,59].The same 
gesture was extended as end of Ebola transmission in Guinea on 29 
December 2015, in Liberia on 14 January 2016, and in Sierra Leone 
on 17 March 2016 [60].

However, the same body (WHO) continues to stress that these 
countries are still at risk of sporadic transmission of Ebola, largely due 
to virus persistence in some survivors, and should remain on high 
alert and ready to respond [57,61]. It was further stated that strong 
surveillance and emergency response capacity must be maintained, 
while care, screening and counselling also should be provided for 
survivors. A flare-up of Ebola cases was reported in a rural village in 
the prefecture of Nzérékoré, Guinea as at 18 March 2016 [60].

The Biology of Ebola virus

Ebola virus (EBOV) is an envelope, non--segmented, negative-
sense, single-stranded RNA virus with genome size of approximately 
19 kbp [62]. Its virion is pleomorphic, producing ‘U’- shaped, 
‘6’-shaped, or circular forms [40]. The virus may cause Ebola Virus 
Disease (EVD) in humans as well as in non-human primates. 
Ebola virus EBOV was firstly described in 1976 and since then five 
species of the EBOV were described. Four of species namely Sudan 
Virus (SUDV), Ebola virus (EBOV, known as Zaire), Taï Forest 
Virus (TAFV) and Bundibugyo Virus (BDBV) cause acute and 
lethal disease in human population [63,64]. The fifth one Reston 
Virus (RESTV) which differs from each other was reported to have 
caused disease only in monkeys, chimpanzees, and gorillas and it is 
apparently maintained in an animal reservoir in the Philippines but 
has not been found in Africa [32,41]. Since it was first noticed 1976, 
over twenty outbreaks of EVD have been reported in Africa [14,65]. 
The West Africa Ebola Outbreak 2014 (WAEO), first reported by the 
World Health Organization (WHO) on 22 March 2014 was linked 
to ZEBOV which has caused for more than ten thousands death 
[66]. Further to the three most affected countries in sub-Saharan 
Africa (Guinea, Liberia ad Sierra Leone), EBOV cases have been 
described in the Great Britain, the United States and Spain [67,68]. 
The alarming pattern of West Africa Ebola Outbreak (WAEO) made 
some countries to take a decision to implement special measures for 
air plane transport of passengers from affected countries [69].

Ebola virus disease

Ebola virus (EBOV) is known to cause severe hemorrhagic fever 
with high rate of fatal outcome in humans and several species of Non-
Human Primates (NHPs) [70]. Human Ebola outbreaks usually take 
place unexpectedly (without notice) from a vaguely defined source, 
with subsequent rapid spread via contact of person to person [28]. 
Long-ago, Ebola viruses were referred to as “hemorrhagic fever 
viruses”, as a result of the clinical manifestations, which include 
coagulation defects, bleeding, and shock [71,72]. For now such term is 
no longer used because not all of Ebola patients developed significant 
hemorrhage symptoms which commonly occur only in the terminal 
phase of fatal illness [73].

Clinical syndromes Ebola disease

Clinical presentations in patients with Ebola Virus Disease (EVD) 
usually take effect after an incubation period of 4-10 days, of about 
2-21days range [74,75]. Prior to an abrupt onset of ‘flu-like’ symptoms 
such as fever, myalgia, chills vomiting and diarrhoea, the EVD can 
suddenly evolve into a rigorous state with a swift clinical turn down. 
This phase of the disease is accompanied by potential haemorrhagic 
problems and multiple organ failure [74,76]. Ebola patients may show 
clinical presentations relating to gastrointestinal symptoms which 
include nausea, stomach ache, vomiting and diarrhoea, neurological 
symptoms such as headache, profound weakness and coma, 
respiratory symptoms e.g. coughing, dyspnoea and rhinorrhoea, 
and generalized symptoms closely related to cardiovascular system 
failure which may end up in shock and oedema [75-77]. Nevertheless, 
the most common symptoms are fever in together with anorexia, 
asthenia and a maculopapular rash spanning between day 5 and 7 
after the disease commencement, [75-77] closely related to an earlier 
outbreak characterized with primary clinical presentation such as 
gastrointestinal. However, clinical symptoms and chemical laboratory 
tests are used to confirm multi-organ involvement in EVD.

Diagnosis

Current laboratory diagnostics for Ebola virus disease/Ebola 
haemorrhagic fever: In Ebola Haemorrhagic Fever (EHF) outbreaks, 
confirmation of infections is carried out by various laboratory 
diagnostic methods. These methods are virus isolation, reverse 
transcription-PCR (RT-PCR, including real-time quantitative RT-
PCR, antigen-capture Enzyme-Linked Immune Sorbent Assay 
(ELISA), antigen detection by immunostaining, and IgG- and IgM-
ELISA using reliable virus antigens [27,38,39,66,78,79]. Histological 
techniques such as antigen detection by immunohistochemical 
analyses are sensitive methods, particularly when required for 
postmortem diagnosis [78].

During the initial stage of illness, laboratory diagnosis by detection 
of virus antigens is suitable for patients whereas serological diagnosis 
by the detection of specific IgM and IgG antibodies is reliable for 
patients in a relatively late stage of illness. The detection of virus 
antigens is especially reliable for patients who die prior mounting 
an antibody response. Diagnostics for viral hemorrhagic fevers such 
as EHF, must be sensitive, specific, and reliable because problems of 
misdiagnosis of viral hemorrhagic fevers may result in huge turmoil 
to society. Hence, the diagnosis of EHF must not be based on any 
single diagnostic method alone [39].



Citation: Bakarey AS and Olayiwola JO. Ebola Virus Disease and Its Antecedents in 
West African Countries: Challenges, the Current Trend and the Way Forward. SM Virol. 
2017; 2(1): 1014. Page 8/12

Gr   upSM Copyright  Olayiwola JO

The risk of misdiagnosis should be extremely reduced a minimum 
level. In actual EHF outbreak areas, patients with EHF should be 
isolated [15]. This shows that a false-positive result will place an 
individual at unnecessary risk of infection thereby putting him/her 
in a high-risk environment such as an isolation ward. On the other 
hand, a false-negative result will make individuals who are infected 
with EBOV to be live in the community with the understanding 
that they do not have viral hemorrhagic fever, whereas they have 
the potential to become highly contagious and create person-to-
person transmission of these pathogens in the community. Lassa 
fever and Crimean-Congo hemorrhagic fever are also endemic in 
Africa. Hence, the diagnosis of viral hemorrhagic fevers should rely 
on multiple diagnostic assays for viral hemorrhagic fevers in a broad 
manner [80].

Isolation of Ebola virus: One of the sensitive and basic methods for 
the diagnosis of EHF, EBOV is virus isolation. The virus grows well 
in a large variety of cell lines; however Vero cells and Vero E6 cells 
are commonly used. Blood and other bodily fluids must be sent to 
BSL-4 laboratories located in developed countries especially from 
an outbreak area which is usually very remote. The shipment of 
specimens for virus isolation in ideal conditions such as maintenance 
of cold chain during the period is generally complex. It is therefore 
advisable to note that, diagnostic criteria based on virus isolation 
alone cannot provide an etiologic diagnosis. A panel of monoclonal 
antibodies specific for recombinants NP of Zaire EBOV, Reston 
EBOV, Zaire and Sudan EBOV, Zaire and Reston EBOV, and Lake 
Victoria MARV have been developed [30,81,82]. These antibodies 
when used became possible to identify the species of EBOV isolates 
by serology.

RT-PCR and Real-time quantitative RT-PCR: Diagnostic methods 
using Molecular technique for EHF by RT-PCR have been properly 
developed and evaluated in the epidemic setting, particularly during 
EHF outbreaks in the Democratic Republic of Congo in 1995, Gabon 
in 1996, and Uganda in 2000 [39,42,80]. For the period of the EHF 
outbreak in Uganda in 2000, a nested RT-PCR using primer sets 
designed specifically for the NP region of the Sudan EBOV Gulu 
strain, a causative EBOV responsible for the outbreak was developed 
[80]. Just of recent, real-time quantitative RT-PCR methods for EHF 
and MHF have also been developed [27,66,79,80].

The real-time quantitative RT-PCR method developed by Drosten 
et al, [66] is a one-step RT-PCR with additional DNA-intercalating 
dye SYBR green I using the primer set. This primer set was designed 
for the amplification of L genes from both EBOV and MARV [66,39]. 
Conversely, the real-time quantitative RT-PCR methods developed 
by other investigators depend on the technology of TaqMan probe-
based quantitative RT-PCR, which uses a designated primer set with a 
fluorogenic TaqMan probe labeled at the 5′ end with the reporter dye 
6-carboxyfluorescein and at the 3′ end with a quencher tag ([27,79,80]. 
The primer sequences are used for RT-PCR, nested RT-PCR, and 
real-time quantitative RT-PCR. These molecular diagnostics for EHF 
and MHF have been found to be sensitive, specific, and efficacious in 
the diagnosis of filovirus infections. Nevertheless, RT-PCR assaysin 
particular nested RT-PCR and real-time quantitative RT-PCR is 
ideal, false-positive and false-negative results should always be 
removed. There is variation in sensitivities of the RT-PCR systems 
used in several laboratories [83].

Antigen detection ELISAs for EHF: During fatal infection with 
EBOV, patients usually pass on before the antibody response. 
Serological diagnostics have been suggested to be suitable for the 
diagnosis of infection in patients who survive and not in those 
consumed by the infection. High titers of infectious pathogens are 
found in the blood and tissues of patients at the onset of illness, 
thereby suggesting that the detection of virus antigens is vital for 
diagnosis of EHF at an early stage. Antigen-capture ELISA was 
produced for the detection of EBOV antigens and applied in clinical 
settings e.g. EHF outbreaks in the Democratic Republic of Congo 
in 1995, Gabon in 1996, and Uganda in 2000 and confirmed to be 
effective in diagnosis of EHF [38,39,80]. In the antigen-capture 
ELISA, a pool of monoclonal antibodies to the Zaire and Sudan 
EBOVs and rabbit sera elevated to the Zaire and Sudan EBOVs were 
respectively used as capture and detection antibodies [38]. Antigen-
capture ELISA systems which detect EBOV antigens have also been 
produced by many groups [30,81,82,84,85] using target proteins such 
as NP, VP40, and GP.

Saijo et al. developed filovirus antigen detection ELISAs using 
unique monoclonal antibodies to the rNPs of Zaire EBOV, Reston 
EBOV, and Lake Victoria MARV [30,81,82]. Despite the fact that 
monoclonal antibodies were developed by immunizing mice with 
recombinant NPs, the NP-capture ELISA detected not only the rNPs 
of these viruses but also that of the authentic EBOV rNPs. Antigen-
capture ELISAs were developed for the detection of the NPs of Zaire 
EBOV, Sudan EBOV, and Reston EBOV [81], that for Reston EBOV 
alone [30,82]. The antigenic regions on the NPs of EBOV were found 
to be located in their carboxy-terminal halves. The carboxy-terminal 
110 amino acids of the NPs of EBOV have strong antigenicity [86]. 
All the monoclonal antibodies that may be used as capture antibodies 
in the antigen-capture ELISA format bound with epitopes within the 
carboxy-terminal ends of NPs [30,81,82].

The conformational epitopes within the carboxy-terminal ends 
of NPs is recognized by the monoclonal antibodies designed as 
capture antibodies for rNPs of EBOV while those for rNP of Reston 
EBOV acknowledged linear epitopes [30,81,82]. The antigen-capture 
ELISA with capture monoclonal antibodies to the rNP of Reston 
EBOV (Res2-6C8 and Res2-1D8) that identify linear epitopes, can 
detect only rNP of Reston EBOV while that of capture antibody to 
rNP of Zaire EBOV (3-3D) which recognizes the conformational 
epitope, can detect both the rNP of Zaire EBOV and that of rNPs of 
Sudan, Reston, and Ivory Coast EBOVs [30,81] Lucht et al. produced 
an antigen-capture ELISA using a monoclonal antibody to Zaire 
EBOV GP as the capture antibody and that of monoclonal antibody 
to the same antigen as a detector antibody [85]. The production of 
an ELISA for the detection of Zaire EBOV VP40 by the same group 
was done using two monoclonal antibodies to Zaire EBOV VP40 as 
capture and detector antibodies [84]. The EBOV GP-capture ELISA 
can only detect the GP of Zaire EBOV while that of EBOV VP40-
capture ELISA can detect the VP40s of all four EBOV species. It is 
therefore considered that EBOV antigen detection ELISAs are of use 
for accurate and rapid diagnosis of EHF. In order to determine the 
efficacies of these antigen-capture ELISAs, they must be evaluated by 
using patient specimens in a clinical setting and during outbreaks of 
EHF.
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Treatment

Ebola virus Disease (EVD) is accompanied by haemorrhagic 
fever which makes it different from malaria which is endemic in West 
Africa. When EVD is established, general medical support is critical 
and should include replacement of coagulation factors and heparin 
if disseminated intravascular coagulation is indicated. It is advisable 
that this type of care should be administered with strict attention to 
barrier isolation. It must be noted that all body fluids such as blood, 
saliva, urine, and stool contain infectious virions and must be handled 
with utmost care.

Ribavirin and medical support are indicated for the management 
of Ebola Virus Disease (EVD) when detected early. Ribavirin as a 
drug of choice has demonstrated to be more effective when given 
intravenously than oral administration of the anti-viral drug. Early 
diagnosis will enable the commencement of the drug administration. 
It has also been proven that if the drug is given before the incubation 
period of twenty one days, deaths rate may come down by as much 
as 90%.

For now, no specific therapy is available that has proven efficacy 
in the treatment of Ebola hemorrhagic fever. Currently, there are no 
commercially available Ebola vaccines. Nevertheless, a recombinant 
human monoclonal antibody directed against the envelope GP of 
Ebola has been proven to possess neutralizing activity. This Ebola 
neutralizing antibody may be a source of materials in vaccine 
development and could serve as a passive prophylactic agent and this 
vaccine research is ongoing.

Prevention and Control (including Vaccine development 
and at what stage)

Currently, an experimental Ebola vaccine tested on humans in 
the waning days of the West African epidemic has been proven to 
provide 100 percent protection against the deadly EVD. However, the 
vaccine has not yet been approved by any regulatory authority. It is 
however considered highly effective to the extent that an emergency 
stockpile of 300,000 doses has already been created for use should 
there be any outbreak threat again. Right from time Ebola was 
discovered in the former Zaire in 1976 [14], there have been various 
attempts to develop vaccines capable of controlling the scourge. 
All these began with a sense of urgency but frizzled out for lack of 
financial support. Although throughout those years only about 1,600 
people died of EVD with the bizarre nature their deaths characteristic 
of copious hemorrhaging from every orifice thereby making the 
disease to possess frightening reputation. Consequently, only the 
huge, explosive 2014 outbreak which claimed 11,000 lives in Africa 
and spread overseas, affecting countable number of people in Europe 
and the United States ultimately gave the political and economic 
impetus for making possible an effective vaccine.

During the West Africa Ebola outbreak, the vaccine was not ready 
in time to halt the scourge, which probably began in a hollow, bat-
filled tree in Guinea and ravaged Liberia and Sierra Leone before it 
was put under control. However, the prospect of a vaccine stockpile 
now has brought optimism among public health experts. A vaccine 
trial was later conducted in Guinea. According to the World Health 
Organization, the world can’t afford the confusion and human 
disaster that came with the last epidemic [15]. Although many people 

lost their lives during West Africa’s Ebola epidemic, however with 
the recent scientific breakthrough the world will never be found 
wanting again should there be any future Ebola outbreak again. This 
development on Ebola vaccine opens up new, faster, more efficient 
ways to handle the virus.

The new vaccine did not come to be without its own challenge(s). 
It is only potent against one of the two most common strains of the 
Ebola virus, and may lack long-lasting protection. Some people also 
complain of side effects such as headaches and joint pains. It is gives 
a great relief as regards to any new outbreak. A vaccine trial was done 
on 11,841 residents of Guinea in 2016. Among the 5,837 people who 
got the vaccine, none came down with Ebola 10 or more days later. 
There were additional 23 Ebola cases among the thousands of others 
not immediately vaccinated. The Ebola trial was in the instance of 
World Health Organization, the Guinean Health Ministry, Norway’s 
Institute of Public Health and other institutions. The vaccine, known 
as rVSV-ZEBOV, was developed over a decade ago by the Public 
Health Agency of Canada and the United States Army and is now 
licensed to Merck.

Various tests in monkeys showed that a shot protected all of them 
when it was given at least a week before they were given a high dose 
of Ebola. The shot even protected a few monkeys who received it a 
day prior being infected with Ebola. There are five known subtypes 
Ebola virus of which the most common are Ebola-Zaire which caused 
the West African outbreak, and Ebola-Sudan. This virus is also 
related to Marburg virus, which is similarly deadly. An ideal vaccine 
would protect against all Ebola strains and Marburg when given a 
shot may not be effective against several strains if it is based on the 
VSV spine because VSV triggers a lot of side effects. It is therefore 
noted that risks that that are acceptable amidst of a deadly epidemic 
are not acceptable in a preventive vaccine given to healthy children 
and adults.

Work is ongoing on a likely candidate for a routine Ebola vaccine 
which uses two shots: the first has the Ebola surface protein attached 
to a chimpanzee adenovirus which can infect humans without 
harming them; the second makes use of a weakened pox virus similar 
to that used in smallpox vaccine. For now there is no license Ebola 
vaccine, hence the need to seek approval of from the World Health 
Organization, which itself requires licensing by a major regulatory 
agency such as the United States Food and Drug Administration or 
the European Medicines Agency.

Conclusion
Ebola Virus Disease (EVD) outbreak in West Africa is 

unpredictable and has always come with different pattern associated 
with casualties of different degrees; however, the recent outbreak 
in DR Congo came in a different scenario. Health officials in the 
Democratic Republic of the Congo have confirmed one case of Ebola 
in what appears to be the first new outbreak of the deadly virus since 
the massive epidemic that ravaged West Africa in 2014-’15 [15]. The 
first report mentioned 8 suspected cases, including two deaths, with 
a third death reported on May 12. Latest reports indicated that, nine 
people in a very remote part of the country recently fell ill with a 
hemorrhagic fever. According to WHO, three people have died, but 
only one so far has been confirmed tested positive for Ebola and the 
case occurred “in a very remote zone, very forested” [60].

http://www.nytimes.com/2005/06/06/health/new-vaccines-prevent-ebola-and-marburg-in-monkeys.html
http://www.nytimes.com/2005/06/06/health/new-vaccines-prevent-ebola-and-marburg-in-monkeys.html
http://topics.nytimes.com/top/news/health/diseasesconditionsandhealthtopics/marburg_virus/index.html?inline=nyt-classifier
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Ebola is a virus known to circulate in populations of chimpanzees, 
gorillas, fruit bats, and a few other animals in the rainforests of West 
and Central Africa. Occasionally it infects humans who come in 
contact with those animals’ or fellow infected humans’ bodily fluids, 
causing intermittent outbreaks [9,57]. The fever is associated with 
vomiting and blood loss, and kills around half of all the people it 
infects. The World Health Organization has deployed health care 
workers to manage the outbreak and carry out surveillance to track it. 
In pursuance of this goal, the first teams of epidemiologists, biologists, 
and experts in the areas of social mobilization, risk communication 
and community engagement, and also personnel specializing in 
water, hygiene and sanitation have been deployed to the crisis area.

A sudden surge of Ebola virus disease outbreak in Nigeria in 
2014 if not quickly curtailed may have had a spillover effect across 
West African countries due to so many factors. Ebola has a mean 
virulence of 61%, killing a total 2603 out of 4235 people since records 
began. With a 90% case fatality rate (128/143), the 2003 epidemic in 
Congo (outbreak 14) is the most virulent to date The 2014 epidemic 
(outbreak 25) has killed more people than any other outbreak in 
history. But it’s not the most fatal: although it has the highest death 
toll and accounts for 44% of recorded cases, it’s ‘only’ killed 55% of 
those infected (1013/1848) [4,13]. The wide range of clinical features 
and unexceptional symptoms that appear early in Ebola infection 
hinders a diagnosis based strictly on clinical manifestations, even at 
the expense of experienced physicians [59].

West Africa as a region is seeing a flare-up of the Ebola virus 
disease, but Zaire where Ebola was first discovered in 1976 -- is 
experiencing much higher mortality rates than usual. On average, 
Ebola virus disease is deadly in 50% of all individuals infected, with 
higher rates of 75% morbidity among people hospitalized for the illness 
[6,15] but the current outbreak in DR Congo has seen about10.3% 
of those affected dying from their infection. Furthermore, a 2014 
outbreak of Ebola in Sierra Leone caused more than 12,206 people 
to become infected, but 3857 deaths, according to the [13]. Despite 
higher case numbers, the death toll in such outbreak was already 
considered higher than expected. However in previous outbreaks, 
some infections went unreported as the disease mainly affects rural 
areas where populations of poor economic status can be highly 
infected, but the health authorities were not informed. Furthermore, 
in the 2014 to 2015 outbreak, more than 11,000 people died, mainly in 
Sierra Leone, Guinea, and Liberia. According to report [4,9], the DR 
Congo was spared the worst of the Ebola outbreak with just 49 deaths. 
The outbreak was declared over in 2016, but the WHO warned of 
occasional future “flare-ups” of the disease.

Many challenges have been noted which aids the continual 
outbreaks of Ebola in West Africa and its circulation to other parts of 
the world through contamination in research laboratories in Europe 
and America.. Firstly, Ebola has been regarded as a neglected tropical 
disease has affected countries such as Nigeria, Ivory Coast, Zaire, 
Guinea, Sierra Leone, Republic of Benin, DR Congo, Uganda, Gabon, 
South Africa, and Liberia (Tables 1 and 2). The disease has also spread 
to Philippines, England, Indonesia and USA suggesting asymptomatic 
infection. The rodent hosts play a pivotal role in maintaining the virus 
in our environment also survives due to poor hygienic practices in 
West African countries and its environs [87]. The second challenge 
is the socioeconomic problem related to Ebola vaccination for which 
there is no licensed vaccine and this probably remains the biggest 

obstacles to cross [4]. Those who are at the higher risk of contracting 
the disease are also the poorest in the above-mentioned endemic 
West African countries. It has been observed that poor hygiene and 
sanitation in such countries increases the probability of Ebola virus 
exposure [88]. Moreover, with the advent of Ebola vaccine (though 
not yet licensed) many people living in these countries may not be 
able to pay for vaccination due to poor economic condition. Hence, 
there is need for massive and continuous surveillance in Ebola 
endemic region such as West Africa. This will in no doubt provide 
strong measures for control and prevention including succor for the 
less privilege against Ebola scourge. We must therefore realize that 
all epidemics start with one case and no one must take any risks but 
should take all measures to contain it as a way out of this incessant 
flare-up scourge in West Africa.

Acknowledgement
We acknowledge all who have contribute their own quota to the 

science of diagnosis, treatment and prevention of Ebola virus Disease 
and others who provide financial support for the eradication of the 
scourge. We sympathize with all victims of Ebola worldwide.

Authors Contribution
All authors contribute maximally to the success of this review 

article including drafting of the manuscript and revising it critically 
for important intellectual content, read and approved the final 
manuscript version to be published.

References

1. Hampton T. Largest-Ever Outbreak of Ebola Virus Disease Thrusts 
Experimental Therapies, Vaccines into Spotlight. Journal of the American 
Medical Association. 2014; 312: 987-989.

2. Shears P, O’Dempsey TJD. Ebola Virus Disease in Africa: Epidemiology and 
Nosocomial Transmission. Journal of Hospital Infection. 2015; 90:1-9.

3. Guidance for collection, transport and submission of specimens for Ebola 
virus testing. Centers for Disease Control and Prevention. 2015.

4. Atatah PE, Kisavi-Atatah CW. Globalization 2: Revisiting Neglected Tropical 
Diseases Such as Polio, Dengue Fever, and in Particularly EBOLA. Open 
Journal of Social Sciences. 2016; 4: 1-13.

5. World Health Organization. Ebola haemorrhagic fever in Zaire, 1976. Bulletin 
World Health Organization. 1978; 56: 271-293.

6. World Health Organization. Outbreak(s) of Ebola hemorrhagic fever, Congo 
and Gabon, October 2001 to July 2002. Canada Communicable Disease 
Report. 2003; 29: 129-133.

7. Castillo M. Ebola virus claims 31 lives in Democratic Republic of the Congo. 
CBS News. 2012.

8. European Centre for Disease Prevention and Control. Rapid risk assessment: 
Outbreak of Ebola virus disease in West Africa. Second Update. 2014.

9. European Centre for Disease Prevention and Control. Rapid risk assessment: 
Outbreak of Ebola virus disease in West Africa. Ninth update. 2015.

10. Peters CJ. Hemorrhagic Fevers in the African Health Care Setting. J Infect 
Dis. 1998.

11. World Health Organization. Clinical care for survivors of Ebola virus disease. 
Interim guidance. 2016.

12. Dowell SF, Mukunu R, Ksiazek TG, Khan AS, Rollin PE, Peters CJ. 
Transmission of Ebola hemorrhagic fever; a study of risk factors in family 
members, Kikwit, Democratic Republic of the Congo, 1995. Commission de 
Lutte contre les Epidemies a kikwit. Infect Dis. 1999; 179: 87-91.

http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.cdc.gov/vhf/lassa/symptoms/index.html
http://www.who.int/mediacentre/news/releases/2016/ebola-zero-liberia/en/
http://www.who.int/mediacentre/news/releases/2016/ebola-zero-liberia/en/
http://www.who.int/mediacentre/news/releases/2016/ebola-zero-liberia/en/
https://jamanetwork.com/journals/jama/fullarticle/1900785
https://jamanetwork.com/journals/jama/fullarticle/1900785
https://jamanetwork.com/journals/jama/fullarticle/1900785
http://www.sciencedirect.com/science/article/pii/s0195670115000468#!
http://www.sciencedirect.com/science/article/pii/s0195670115000468#!
https://www.cdc.gov/vhf/ebola/healthcare-us/laboratories/specimens.html
https://www.cdc.gov/vhf/ebola/healthcare-us/laboratories/specimens.html
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=62730
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=62730
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=62730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395567/
https://www.ncbi.nlm.nih.gov/pubmed/12916393
https://www.ncbi.nlm.nih.gov/pubmed/12916393
https://www.ncbi.nlm.nih.gov/pubmed/12916393
https://www.cbsnews.com/news/ebola-virus-claims-31-lives-in-democratic-republic-of-the-congo/
https://www.cbsnews.com/news/ebola-virus-claims-31-lives-in-democratic-republic-of-the-congo/
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/ebola-risk-assessment-virus-Guinea-Liberia-Sierra-Leone.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/ebola-risk-assessment-virus-Guinea-Liberia-Sierra-Leone.pdf
https://ecdc.europa.eu/en/publications-data/rapid-risk-assessment-outbreak-ebola-virus-disease-west-africa-9th-update-30
https://ecdc.europa.eu/en/publications-data/rapid-risk-assessment-outbreak-ebola-virus-disease-west-africa-9th-update-30
http://www.who.int/csr/resources/publications/ebola/whoemcesr982sec1-4.pdf
http://www.who.int/csr/resources/publications/ebola/whoemcesr982sec1-4.pdf
http://www.who.int/csr/resources/publications/ebola/guidance-survivors/en/
http://www.who.int/csr/resources/publications/ebola/guidance-survivors/en/
https://www.ncbi.nlm.nih.gov/pubmed/9988169
https://www.ncbi.nlm.nih.gov/pubmed/9988169
https://www.ncbi.nlm.nih.gov/pubmed/9988169
https://www.ncbi.nlm.nih.gov/pubmed/9988169


Citation: Bakarey AS and Olayiwola JO. Ebola Virus Disease and Its Antecedents in 
West African Countries: Challenges, the Current Trend and the Way Forward. SM Virol. 
2017; 2(1): 1014. Page 11/12

Gr   upSM Copyright  Olayiwola JO

13. Centers for Disease Control. “Ebola Hemorrhagic Fever Diagnosis”. 2014.

14. World Health Organization. Ebola haemorrhagic fever in Sudan, 1976. 
Bulletin World Health Organization. 1978; 56: 247-270.

15. World Health Organization. The Ebola outbreak in Liberia is over. 2015.

16. Stuart EN, Crick HQP, Robinson RA, Mendes S, MacLeod CD, Pierce GJ, et 
al. Indicators of the impact of climate change on migratory species. Endang 
Species Res. 2009; 7: 101-113.

17. Calisher CH, Childs JE, Field Hume E, Holmes KV, Schountz T. Bats: 
important reservoir hosts of emerging viruses. Clin Microbiol Rev. 2006; 19: 
531-545.

18. Ng S, Cowling BJ. Association between temperature, humidity and ebolavirus 
disease outbreaks in Africa, 1976 to 2014. Euro Surveill. 2014; 19: 20892.

19. Richter HV, Cumming GS. First application of satellite telemetry to track 
African straw-coloured fruit bat migration. Journal of Zoology. 2008; 275: 
172-176.

20. Ossa G, Kramer-Schadt S, Peel AJ, Scharf AK, Voigt CC. The Movement 
Ecology of the Straw-Colored Fruit Bat, Eidolon Helvum, in Sub- Saharan 
Africa Assessed by Stable Isotope Ratios. PLoS One. 2012; 7: e45729.

21. Thomas DW. The annual migrations of three species of West African fruit 
bats (Chiroptera: Pteropodidae). Can J Zool. 1983; 61: 2266-2272.

22. Leroy EM, Epelboin A, Mondonge V, Pourrut X, Gonzalez JP, Muyembe-
Tamfum JJ, et al. Human Ebola outbreak resulting from direct exposure 
to fruit bats in Luebo, Democratic Republic of Congo, 2007. Vector Borne 
Zoonotic Dis. 2009; 9: 723-728.

23. Dudas G, Rambaut A. Phylogenetic analysis of Guinea 2014 EBOV 
Ebolavirus Outbreak. PLOS Currents Outbreaks. 2014; 6.

24. Olival KJ, Islam A, Yu M, Anthony SJ, Epstein JH, Khan SA, et al. Ebola virus 
antibodies in fruit bats, Bangladesh. Emerg Infect Dis. 2013; 19: 270-273.

25. Hayman DT, Yu M, Crameri G, Wang LF, Suu-Ire R, Wood JL, et al. Ebola 
virus antibodies in fruit bats, Ghana, West Africa. Emerg Infect Dis. 2012; 18: 
1207-1209.

26. http://www.ncbi.nlm.nih.gov/pubmed/?term=ebola+nosocomial+shears

27. Georges-Courbot MC, Sanchez A, Lu CY, Baize S, Leroy E, Lansout-Soukate 
J, et al. Isolation and phylogenetic characterization of Ebola viruses causing 
different outbreaks in Gabon. Emerg. Infect. Dis. 1997; 3: 59-62.

28. Gibb TR, Norwood DA, Woollen N, Henchal EA. Development and evaluation 
of a fluorogenic 5′ nuclease assay to detect and differentiate between Ebola 
viruses subtypes Zaire and Sudan. J. Clin. Microbiol. 2001; 39: 4125-4130.

29. Feldmann H, Volchkov VE, Volchkova VA, Stroher U, Klenk HD. Biosynthesis 
and role of filoviral glycoproteins. J. Gen. Virol. 2001; 82: 2839-2848.

30. Groen J, Van Den Hoogen BG, Burghoorn-Maas CP, Fooks AR, Burton J, 
Clegg CJ, et al. Serological reactivity of baculovirus-expressed Ebola virus 
VP35 and nucleoproteins. Microbes Infect. 2003; 5: 379-385.

31. Ikegami T, Niikura M, Saijo M, Miranda ME, Calaor AB, Hernandez M, et al. 
Antigen capture enzyme-linked immunosorbent assay for specific detection 
of Reston Ebola virus nucleoprotein. Clin Diagn Lab Immunol. 2003; 10: 552-
557.

32. Ikegami T, Saijo M, Niikura M, Miranda ME, Calaor AB, Hernandez M, et 
al. Development of an immunofluorescence method for the detection 
of antibodies to Ebola virus subtype Reston by the use of recombinant 
nucleoprotein-expressing HeLa cells. Microbiol Immunol. 2002; 46: 633-638.

33. Centers for Disease Control and Prevention. Ebola-Reston virus infection 
among quarantined nonhuman primates-Texas, 1996. Morb Mortal Wkly 
Rep. 1996; 45: 314-316.

34. Jahrling PB, Geisbert TW, Dalgard DW, Johnson ED, Ksiazek TG, Hall WC, 
et al. Preliminary report: isolation of Ebola virus from monkeys imported to 
USA. Lancet. 1990; 335: 502-505.

35. Johnson ED, Johnson BK, Silverstein D, Tukei P, Geisbert TW, Sanchez AN, 
et al. Characterization of a new Marburg virus isolated from a 1987 fatal case 
in Kenya. Arch. 1996; 11: 101-114.

36. Johnson KM, Elliott LH, Heymann DL. Preparation of polyvalent viral 
immunofluorescent intracellular antigens and use in human serosurveys. J. 
Clin. Microbiol. 1981; 14: 527-529.

37. Johnson KM, Lange JV, Webb PA, Murphy FA. Isolation and partial 
characterisation of a new virus causing acute haemorrhagic fever in Zaire. 
Lanceti. 1977; 1: 569-571.

38. Khan AS, Tshioko FK, Heymann DL, Le Guenno B, Nabeth P, Kerstiens B, et 
al. The reemergence of Ebola hemorrhagic fever, Democratic Republic of the 
Congo, 1995. Commission de Luttecontre les Epidemies a Kikwit. J. Infect. 
Dis. 1999; 179: 76-86.

39. Ksiazek TG, Rollin PE, Jahrling PB, Johnson E, Dalgard DW, Peters CJ. 
Enzyme immunosorbent assay for Ebola virus antigens in tissues of infected 
primates. J. Clin. Microbiol. 1992; 30: 947-950.

40. Ksiazek TG, Rollin PE, Williams AJ, Bressler DS, Martin ML, Swanepoel R, 
et al. Clinical virology of Ebola hemorrhagic fever (EHF): virus, virus antigen, 
and IgG and IgM antibody findings among EHF patients in Kikwit, Democratic 
Republic of the Congo, 1995. J. Infect. Dis. 1999; 179: 177-187.

41. Bowen ET, Platt GS, Simpson DI, McArdell LB, Raymond RT. Ebola 
haemorrhagic fever: experimental infection of monkeys. Transactions of the 
Royal Society of Tropical Medicine and Hygiene. 1978; 72: 188-191.

42. Centers for Disease Control and Prevention. Outbreak of Ebola hemorrhagic 
fever—Uganda, August 2000-January 2001. 2001; 50: 73-77.

43. Leroy EM, Baize S, Lu CY, McCormick JB, Georges AJ, Georges-Courbot 
MC, et al. Diagnosis of Ebola haemorrhagic fever by RT-PCR in an epidemic 
setting. J. Med. Virol. 2000. 60: 463-467.

44. Ebola and Marburg viruses: molecular and cellular biology. Horizon 
Bioscience. 2004.

45. Sanchez A, Trappier SG, Mahy BW, Peters CJ, Nichol ST. The virion 
glycoproteins of Ebola viruses are encoded in two reading frames and are 
expressed through transcriptional editing. Proc Natl Acad Sci. USA. 1996; 
93: 3602-3607.

46. Hartlieb B. Weissenhorn W. Filovirus assembly and budding. Virology. 2006; 
344: 64-70.

47. Ramanan P, Shabman RS, Brown CS, Amarasinghe GK, Basler CF, Leung 
DW. Filoviral immune evasion mechanisms. Viruses. 2011; 3: 1634-1649.

48. Feldmann H, Klenk HD, Sanchez A. Molecular biology and evolution of 
filoviruses. Arch. Virol. 1993; 7: 81-100

49. Takada A, Kawaoka Y. Antibody-dependent enhancement of viral infection: 
molecular mechanisms and in vivo implications. Rev. Med. 2003; 13: 387-
398.

50. Takada A, Feldmann H, Ksiazek TG, Kawaoka Y. Antibody-dependent 
enhancement of Ebola virus infection. Journal of Virology. 2003; 77; 7539-
7544.

51. Kühl A, Pöhlmann S. How Ebola virus counters the interferon system. 
Zoonoses Public Heal. 2012; 59: 116-131.

52. Ito H, Watanabe S, Takada A, Kawaoka Y. Ebola virus glycoprotein: 
proteolytic processing, acylation, cell tropism, and detection of neutralizing 
antibodies. J. Virol. 2001; 75: 1576-1580.

53. Wahl-Jensen VM, Afanasieva TA, Seebach J, Ströher U, Feldmann H, Hans-
Joachim S. Effects of Ebola virus glycoproteins on endothelial cell activation 
and barrier function. J. Virol. 2005; 79: 10442-10450.

54. Saeed MF, Kolokoltsov AA, Albrecht T, Davey RA. Cellular entry of Ebola 
virus involves uptake by a macropinocytosis-like mechanism and subsequent 
trafficking through early and late endosomes. PLoS Pathog. 2010; 6: 
e1001110.

https://www.cdc.gov/vhf/ebola/diagnosis/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395561/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395561/
http://www.who.int/mediacentre/news/statements/2015/liberia-ends-ebola/en/
https://abdn.pure.elsevier.com/en/publications/indicators-of-the-impact-of-climate-change-on-migratory-species
https://abdn.pure.elsevier.com/en/publications/indicators-of-the-impact-of-climate-change-on-migratory-species
https://abdn.pure.elsevier.com/en/publications/indicators-of-the-impact-of-climate-change-on-migratory-species
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539106/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539106/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539106/
https://www.ncbi.nlm.nih.gov/pubmed/25210981
https://www.ncbi.nlm.nih.gov/pubmed/25210981
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.2008.00425.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.2008.00425.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.2008.00425.x/abstract
http://journals.plos.org/plosone/article/related?id=10.1371/journal.pone.0045729
http://journals.plos.org/plosone/article/related?id=10.1371/journal.pone.0045729
http://journals.plos.org/plosone/article/related?id=10.1371/journal.pone.0045729
http://www.nrcresearchpress.com/doi/abs/10.1139/z83-299
http://www.nrcresearchpress.com/doi/abs/10.1139/z83-299
https://www.ncbi.nlm.nih.gov/pubmed/19323614
https://www.ncbi.nlm.nih.gov/pubmed/19323614
https://www.ncbi.nlm.nih.gov/pubmed/19323614
https://www.ncbi.nlm.nih.gov/pubmed/19323614
http://currents.plos.org/outbreaks/article/phylogenetic-analysis-of-guinea-2014-ebov-ebolavirus-outbreak-2/
http://currents.plos.org/outbreaks/article/phylogenetic-analysis-of-guinea-2014-ebov-ebolavirus-outbreak-2/
https://www.ncbi.nlm.nih.gov/pubmed/23343532
https://www.ncbi.nlm.nih.gov/pubmed/23343532
https://www.ncbi.nlm.nih.gov/pubmed/22710257
https://www.ncbi.nlm.nih.gov/pubmed/22710257
https://www.ncbi.nlm.nih.gov/pubmed/22710257
http://www.ncbi.nlm.nih.gov/pubmed/?term=ebola+nosocomial+shears
https://www.ncbi.nlm.nih.gov/pubmed/9126445
https://www.ncbi.nlm.nih.gov/pubmed/9126445
https://www.ncbi.nlm.nih.gov/pubmed/9126445
https://www.ncbi.nlm.nih.gov/pubmed/11682540
https://www.ncbi.nlm.nih.gov/pubmed/11682540
https://www.ncbi.nlm.nih.gov/pubmed/11682540
https://www.ncbi.nlm.nih.gov/pubmed/11714958
https://www.ncbi.nlm.nih.gov/pubmed/11714958
https://www.ncbi.nlm.nih.gov/pubmed/12737993
https://www.ncbi.nlm.nih.gov/pubmed/12737993
https://www.ncbi.nlm.nih.gov/pubmed/12737993
https://www.ncbi.nlm.nih.gov/pubmed/12853385
https://www.ncbi.nlm.nih.gov/pubmed/12853385
https://www.ncbi.nlm.nih.gov/pubmed/12853385
https://www.ncbi.nlm.nih.gov/pubmed/12853385
https://www.ncbi.nlm.nih.gov/pubmed/12437031
https://www.ncbi.nlm.nih.gov/pubmed/12437031
https://www.ncbi.nlm.nih.gov/pubmed/12437031
https://www.ncbi.nlm.nih.gov/pubmed/12437031
https://www.cdc.gov/mmwr/preview/mmwrhtml/00040920.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00040920.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00040920.htm
https://www.ncbi.nlm.nih.gov/pubmed/1968529
https://www.ncbi.nlm.nih.gov/pubmed/1968529
https://www.ncbi.nlm.nih.gov/pubmed/1968529
https://www.ncbi.nlm.nih.gov/pubmed/8800792
https://www.ncbi.nlm.nih.gov/pubmed/8800792
https://www.ncbi.nlm.nih.gov/pubmed/8800792
https://www.ncbi.nlm.nih.gov/pubmed/7031084
https://www.ncbi.nlm.nih.gov/pubmed/7031084
https://www.ncbi.nlm.nih.gov/pubmed/7031084
https://www.ncbi.nlm.nih.gov/pubmed/65661
https://www.ncbi.nlm.nih.gov/pubmed/65661
https://www.ncbi.nlm.nih.gov/pubmed/65661
https://www.ncbi.nlm.nih.gov/pubmed/9988168
https://www.ncbi.nlm.nih.gov/pubmed/9988168
https://www.ncbi.nlm.nih.gov/pubmed/9988168
https://www.ncbi.nlm.nih.gov/pubmed/9988168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC265191/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC265191/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC265191/
https://www.ncbi.nlm.nih.gov/pubmed/9988182
https://www.ncbi.nlm.nih.gov/pubmed/9988182
https://www.ncbi.nlm.nih.gov/pubmed/9988182
https://www.ncbi.nlm.nih.gov/pubmed/9988182
https://www.sciencedirect.com/science/article/pii/0035920378900585
https://www.sciencedirect.com/science/article/pii/0035920378900585
https://www.sciencedirect.com/science/article/pii/0035920378900585
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5005a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5005a1.htm
https://www.ncbi.nlm.nih.gov/pubmed/10686031
https://www.ncbi.nlm.nih.gov/pubmed/10686031
https://www.ncbi.nlm.nih.gov/pubmed/10686031
https://books.google.co.uk/books?id=EV_mFgnyPoMC&lpg=PR5&ots=PG-SB6PAut&dq=Ebola+and+Marburg+viruses:+molecular+and+cellular+biology.+(Horizon+Bioscience,+2004).&lr=&pg=PP1&hl=en#v=onepage&q=Ebola and Marburg viruses%3A molecular and cellular%2
https://books.google.co.uk/books?id=EV_mFgnyPoMC&lpg=PR5&ots=PG-SB6PAut&dq=Ebola+and+Marburg+viruses:+molecular+and+cellular+biology.+(Horizon+Bioscience,+2004).&lr=&pg=PP1&hl=en#v=onepage&q=Ebola and Marburg viruses%3A molecular and cellular%2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC39657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC39657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC39657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC39657/
http://www.sciencedirect.com/science/article/pii/S0042682205005878
http://www.sciencedirect.com/science/article/pii/S0042682205005878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3187693/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3187693/
https://www.ncbi.nlm.nih.gov/pubmed/8219816
https://www.ncbi.nlm.nih.gov/pubmed/8219816
https://www.ncbi.nlm.nih.gov/pubmed/14625886
https://www.ncbi.nlm.nih.gov/pubmed/14625886
https://www.ncbi.nlm.nih.gov/pubmed/14625886
http://jvi.asm.org/content/77/13/7539.full
http://jvi.asm.org/content/77/13/7539.full
http://jvi.asm.org/content/77/13/7539.full
https://www.ncbi.nlm.nih.gov/pubmed/22958256
https://www.ncbi.nlm.nih.gov/pubmed/22958256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC114066/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC114066/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC114066/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182673/
https://www.ncbi.nlm.nih.gov/pubmed/20862315
https://www.ncbi.nlm.nih.gov/pubmed/20862315
https://www.ncbi.nlm.nih.gov/pubmed/20862315
https://www.ncbi.nlm.nih.gov/pubmed/20862315


Citation: Bakarey AS and Olayiwola JO. Ebola Virus Disease and Its Antecedents in 
West African Countries: Challenges, the Current Trend and the Way Forward. SM Virol. 
2017; 2(1): 1014. Page 12/12

Gr   upSM Copyright  Olayiwola JO

55. Watanabe S, Noda T, Halfmann P, Jasenosky L, Kawaoka Y. Ebola virus 
(EBOV) VP24 inhibits transcription and replication of the EBOV genome. J. 
Infect. Dis. 2007; 196: 284-290.

56. Timmins J, Schoehn G, Ricard-Blum S, Scianimanico S, Vernet T, Ruigrok 
RW, et al. Ebola virus matrix protein VP40 interaction with human cellular 
factors Tsg101 and Nedd4. J. Mol. Biol. 2003; 326: 493-502.

57. Yamayoshi S, Noda T, Ebihara H, Goto H, Morikawa Y, Lukashevich IS, et 
al. Ebola virus matrix protein VP40 uses the COPII transport system for its 
intracellular transport. Cell Host Microbe. 2008; 3: 168-177.

58. World Health Organization. The first cases of Ebola virus disease outbreak 
in West Africa. 2014.

59. World health organization. Infection Prevention and Control Guidance for 
Care of patients with Suspected or Confirmed Filovirus Hemorrhagic Fever in 
health-care setting with focus on Ebola. 2014.

60. Lawrence OG, Friedman EA. A retrospective and prospective analysis of the 
West African Ebola virus disease epidemic: robust national health systems 
at the foundation and an empowered WHO at the apex. The Lancet. 2015; 
385: 1902-1909.

61. World Health Organization. Outbreak(s) of Ebola haemorrhagic fever in the 
Republic of the Congo, March-July 2017. Wkly. Epidemiol. Rec. 2017; 98: 
275-279.

62. Krejcova L, Michaleket P, Chudobova D, Heger Z, Hynek D, Adam V, 
et al. West Africa Ebola Outbreak 2014. Journal of Metallomics and 
Nanotechnologies. 2015; 1: 6-12.

63. Borio L, Inglesby T, Peters CJ, Schmaljohn AL, Hughes JM, Jahrling PB, 
et al. Hemorrhagic fever viruses as biological weapons: medical and public 
health management. 2002; 287: 2391-2405.

64. Bwaka MA, Bonnet MJ, Calain P, Colebunders R, De Roo A, Guimard Y, et 
al. Ebola hemorrhagic fever in Kikwit, Democratic Republic of the Congo: 
clinical observations in 103 patients. J. Infect. Dis. 1999; 179: 1-7.

65. Centers for Disease Control and Prevention. Ebola virus infection in imported 
primates-Virginia, 1989. Morb. Mortal. Wkly. Rep. 1989; 38: 831-832, 837-
838.

66. Conrad JL, Isaacson M, Smith EB, Wulff H, Crees M, Geldenhuys P, et al. 
Epidemiologic investigation of Marburg virus disease, Southern Africa, 1975. 
Am. J. Trop. Med. Hyg. 1978; 27:1210-1215.

67. Drosten C, Gottig S, Schilling S, Asper M, Panning M, Schmitz H, et al. Rapid 
detection and quantification of RNA of Ebola and Marburg viruses, Lassa 
virus, Crimean-Congo hemorrhagic fever virus, Rift Valley fever virus, dengue 
virus, and yellow fever virus by real-time reverse transcription-PCR. J. Clin. 
Microbiol. 2002. 40: 2323-2330.

68. Bausch DG, Borchert M, Grein T, Roth C, Swanepoel R, Libande ML, et 
al. Risk factors for Marburg hemorrhagic fever, Democratic Republic of the 
Congo. Emerg. Infect. Dis. 2003; 9: 1531-1537.

69. Feldmann H, Jones S, Klenk HD, Schnittler HJ. Ebola virus: from discovery to 
vaccine. Nat. Rev. Immunol. 2003; 3: 677-685.

70. Feldmann H, Kiley MP. Classification, structure, and replication of filoviruses. 
Curr Top Microbiol Immunol. 1999; 235: 1-21.

71. Feldmann H, Slenczka W, Klenk HD. Emerging and reemerging of filoviruses. 
Arch Virol. 1996; 11: 77-100.

72. Formenty P, Hatz C, Le Guenno B, Stoll A, Rogenmoser P, Widmer A. 
Human infection due to Ebola virus, subtype Cote d’Ivoire: clinical and 
biologic presentation. J Infect Dis. 1999; 179: 48-53.

73. Gear JS, Cassel GA, Gear AJ, Trappler B, Clausen L, Meyers AM, et al. 
Outbreak of Marburg virus disease in Johannesburg. Br Med J. 1975. 4: 489-
493.

74. Geisbert TW, Jahrling PB. Exotic emerging viral diseases: progress and 
challenges. Nat. Med. 2004; 10: 110-121.

75. Kortepeter MG, Bausch DG, Bray M. Basic clinical and laboratory features of 
filoviral hemorrhagic fever. J Infect Dis. 2011; 204: 810-816.

76. Jeffs B. A clinical guide to viral haemorrhagic fevers: Ebola, Marburg and 
Lassa. Trop Doct. 2006; 36: 1-4.

77. Hartman AL, Towner JS, Nichol ST. Ebola and Marburg hemorrhagic fever. 
Clin Lab Med. 2010; 30: 161-177.

78. Feldmann H, Geisbert TW. Ebola haemorrhagic fever. Lancet. 2011; 377: 
849-862.

79. Zaki SR, Shieh WJ, Greer PW, Goldsmith CS, Ferebee T, Katshitshi J, et al. 
A novel immunohistochemical assay for the detection of Ebola virus in skin: 
implications for diagnosis, spread, and surveillance of Ebola hemorrhagic 
fever. Commission de Luttecontre les Epidemies a Kikwit. J Infect Dis. 1999; 
179: 36-47.

80. Weidmann M, Muhlberger E, Hufert FT. Rapid detection protocol for 
filoviruses. J Clin Virol. 2004; 30: 94-99.

81. Towner JS, Rollin PE, Bausch DG, Sanchez A, Crary SM, Vincent M, et al. 
Rapid diagnosis of Ebola hemorrhagic fever by reverse transcription-PCR 
in an outbreak setting and assessment of patient viral load as a predictor of 
outcome. J Virol. 2004; 78: 4330-4341.

82. Niikura M, Ikegami T, Saijo M, Kurane I, Miranda ME, Morikawa S. Detection 
of Ebola viral antigen by enzyme-linked immunosorbent assay using a novel 
monoclonal antibody to nucleoprotein. J Clin Microbiol. 2001; 39: 3267-3271.

83. Saijo M, Niikura M, Maeda A, Sata T, Kurata T, Kurane I, et al. Characterization 
of monoclonal antibodies to Marburg virus Nucleoprotein (NP) that can be 
used for NP-capture enzyme-linked immunosorbent assay. J Med Virol. 
2005; 76: 111-118.

84. Niedrig M, Schmitz H, Becker S, Gunther S, terMeulen J, Meyer H, et al. First 
international quality assurance study on the rapid detection of viral agents of 
bioterrorism. J Clin Microbiol. 2004; 42: 1753-1755.

85. Lucht A, Grunow R, Moller P, Feldmann H, Becker S. Development, 
characterization and use of monoclonal VP40-antibodies for the detection of 
Ebola virus. J Virol Methods. 2003; 111: 21-28.

86. Lucht A, Grunow R, Otterbein C, Moller P, Feldmann H, Becker S. Production 
of monoclonal antibodies and development of an antigen capture ELISA 
directed against the envelope glycoprotein GP of Ebola virus. Med Microbiol 
Immunol. 2004; 193: 181-187.

87. Saijo M, Niikura M, Morikawa S, Ksiazek TG, Meyer RF, Peters CJ, et al. 
Enzyme-linked immunosorbent assays for detection of antibodies to Ebola 
and Marburg viruses using recombinant nucleoproteins. J Clin Microbiol. 
2001; 39: 1-7.

88. West TE, von Saint AAA. Clinical Presentation and Management of Severe 
Ebola Virus Disease. Ann Am Thorac Soc. 2014; 11: 1341-1350.

89. Goeijenbier M, Van KJ, Reusken CB, Koopmans MP, Gorp EC. Ebola virus 
disease: a review on epidemiology, symptoms, treatment and pathogenesis. 
Neth J Med. 2014; 72: 442-448.

https://www.ncbi.nlm.nih.gov/pubmed/17940962
https://www.ncbi.nlm.nih.gov/pubmed/17940962
https://www.ncbi.nlm.nih.gov/pubmed/17940962
https://www.ncbi.nlm.nih.gov/pubmed/12559917
https://www.ncbi.nlm.nih.gov/pubmed/12559917
https://www.ncbi.nlm.nih.gov/pubmed/12559917
https://www.ncbi.nlm.nih.gov/pubmed/18329616
https://www.ncbi.nlm.nih.gov/pubmed/18329616
https://www.ncbi.nlm.nih.gov/pubmed/18329616
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/csr/resources/publications/ebola/filovirus_infection_control/en/
http://www.who.int/csr/resources/publications/ebola/filovirus_infection_control/en/
http://www.who.int/csr/resources/publications/ebola/filovirus_infection_control/en/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60644-4/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60644-4/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60644-4/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60644-4/abstract
http://web2.mendelu.cz/af_239_nanotech/J_Met_Nano/0115/pdf/JMN1-2015-1.pdf
http://web2.mendelu.cz/af_239_nanotech/J_Met_Nano/0115/pdf/JMN1-2015-1.pdf
http://web2.mendelu.cz/af_239_nanotech/J_Met_Nano/0115/pdf/JMN1-2015-1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11988060
https://www.ncbi.nlm.nih.gov/pubmed/11988060
https://www.ncbi.nlm.nih.gov/pubmed/11988060
https://www.ncbi.nlm.nih.gov/pubmed/9988155
https://www.ncbi.nlm.nih.gov/pubmed/9988155
https://www.ncbi.nlm.nih.gov/pubmed/9988155
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001512.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001512.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001512.htm
https://www.ncbi.nlm.nih.gov/pubmed/569445
https://www.ncbi.nlm.nih.gov/pubmed/569445
https://www.ncbi.nlm.nih.gov/pubmed/569445
https://www.ncbi.nlm.nih.gov/pubmed/12089242
https://www.ncbi.nlm.nih.gov/pubmed/12089242
https://www.ncbi.nlm.nih.gov/pubmed/12089242
https://www.ncbi.nlm.nih.gov/pubmed/12089242
https://www.ncbi.nlm.nih.gov/pubmed/12089242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034318/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034318/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034318/
https://www.ncbi.nlm.nih.gov/pubmed/12974482
https://www.ncbi.nlm.nih.gov/pubmed/12974482
https://www.ncbi.nlm.nih.gov/pubmed/9893375
https://www.ncbi.nlm.nih.gov/pubmed/9893375
https://www.ncbi.nlm.nih.gov/pubmed/8800808
https://www.ncbi.nlm.nih.gov/pubmed/8800808
https://www.ncbi.nlm.nih.gov/pubmed/9988164
https://www.ncbi.nlm.nih.gov/pubmed/9988164
https://www.ncbi.nlm.nih.gov/pubmed/9988164
https://www.ncbi.nlm.nih.gov/pubmed/811315
https://www.ncbi.nlm.nih.gov/pubmed/811315
https://www.ncbi.nlm.nih.gov/pubmed/811315
https://www.ncbi.nlm.nih.gov/pubmed/15577929
https://www.ncbi.nlm.nih.gov/pubmed/15577929
https://www.ncbi.nlm.nih.gov/pubmed/21987756
https://www.ncbi.nlm.nih.gov/pubmed/21987756
https://www.ncbi.nlm.nih.gov/pubmed/16483416
https://www.ncbi.nlm.nih.gov/pubmed/16483416
https://www.ncbi.nlm.nih.gov/pubmed/20513546
https://www.ncbi.nlm.nih.gov/pubmed/20513546
http://www.thelancet.com/article/S0140-6736(10)60667-8/abstract
http://www.thelancet.com/article/S0140-6736(10)60667-8/abstract
https://www.ncbi.nlm.nih.gov/pubmed/9988163
https://www.ncbi.nlm.nih.gov/pubmed/9988163
https://www.ncbi.nlm.nih.gov/pubmed/9988163
https://www.ncbi.nlm.nih.gov/pubmed/9988163
https://www.ncbi.nlm.nih.gov/pubmed/9988163
https://www.ncbi.nlm.nih.gov/pubmed/15072761
https://www.ncbi.nlm.nih.gov/pubmed/15072761
https://www.ncbi.nlm.nih.gov/pubmed/15047846
https://www.ncbi.nlm.nih.gov/pubmed/15047846
https://www.ncbi.nlm.nih.gov/pubmed/15047846
https://www.ncbi.nlm.nih.gov/pubmed/15047846
https://www.ncbi.nlm.nih.gov/pubmed/11526161
https://www.ncbi.nlm.nih.gov/pubmed/11526161
https://www.ncbi.nlm.nih.gov/pubmed/11526161
https://www.ncbi.nlm.nih.gov/pubmed/15778962
https://www.ncbi.nlm.nih.gov/pubmed/15778962
https://www.ncbi.nlm.nih.gov/pubmed/15778962
https://www.ncbi.nlm.nih.gov/pubmed/15778962
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387573/
https://www.ncbi.nlm.nih.gov/pubmed/12821193
https://www.ncbi.nlm.nih.gov/pubmed/12821193
https://www.ncbi.nlm.nih.gov/pubmed/12821193
https://link.springer.com/article/10.1007/s00430-003-0204-z
https://link.springer.com/article/10.1007/s00430-003-0204-z
https://link.springer.com/article/10.1007/s00430-003-0204-z
https://link.springer.com/article/10.1007/s00430-003-0204-z
https://www.ncbi.nlm.nih.gov/pubmed/11136739
https://www.ncbi.nlm.nih.gov/pubmed/11136739
https://www.ncbi.nlm.nih.gov/pubmed/11136739
https://www.ncbi.nlm.nih.gov/pubmed/11136739
https://www.ncbi.nlm.nih.gov/pubmed/25369317
https://www.ncbi.nlm.nih.gov/pubmed/25369317
https://www.ncbi.nlm.nih.gov/pubmed/25387613
https://www.ncbi.nlm.nih.gov/pubmed/25387613
https://www.ncbi.nlm.nih.gov/pubmed/25387613

	Title
	Abstract
	Introduction
	Potential drivers of Ebola viral disease outbreaks
	Ebola virulence experience in each outbreak

	Methodology
	Results and Discussion
	Epidemiology
	Replication of Ebola Virus
	Virology and Pathogenesis of Ebola virus
	The Biology of Ebola virus
	Ebola virus disease
	Clinical syndromes Ebola disease
	Diagnosis
	Treatment
	Prevention and Control (including Vaccine development and at what stage)

	Conclusion
	Acknowledgement
	Authors Contribution
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3

