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A b s t r a c t   A r t i c l e  I n f o  

All five species of Ebolavirus discovered to date are known to cause a deadly disease 

known as Ebola hemorrhagic fever. This viral hemorrhagic fever is associated with 

severe manifestations and high case-fatality rate. It has caused several periodic 

outbreaks since its discovery in 1976, but the recent one in 2014 has affected a number 

of people than never before. It is endemic in the Philippines and Central Africa, showing 

that it has a strange geographic distribution. The Ebola virus (EBOV) comprises 

negative sense RNA which encodes seven viral proteins of which VP40 is of paramount 

importance in viral assemble, budding and egress. Its pathogenicity is multifactorial 

owing to which no licensed vaccines and approved treatments are currently available. 

However, several promising candidates have been produced by research in non-human 

primates. Here, we review the virology, manifestations, reported proposed therapeutic 

intervention strategies and the recent outbreak. 
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Introduction 

 

Belonging to the Filoviridae family (discovered in 1967), 

Ebola virus (EBOV) is one of the most virulent 

pathogens which infect humans (Adu-Gyamfi et al., 

2014). The genus Ebolavirus was discovered by Peter 

Piot in 1976 while he was working at the Institute of 

Tropical Medicine in Antwerp, Belgium. Blood sample 

of a Belgian woman then working at the Democratic 

Republic of Congo was sent to the institute from where it 

was found that this woman had been working with a 

school headmaster, the first recorded victim of Ebola 

virus, near Yambuko, approximately 96 km away from 

the Ebola River, hence the name of this genus 

(Brizendine, 2014; Moshirfar and Fenzl, 2014). 

International Committee on Taxonomy classified this 

genus as negative-sense single-stranded RNA viruses 

which cause severe hemorrhagic fever (Brizendine, 

2014). It is notorious for its variegated constellation of 

serious signs and symptoms (Moshirfar and Fenzl, 2014).  

 

The genus comprises five species each of which is 

associated with a well-defined endemic area (Table 1) 

(de Wit et al., 2011; Bausch and Schwarz, 2014) and 

specific case-fatality rate (Brizendine, 2014): 

 

a. Zaire ebolavirus (ZEBOV) caused one of the two 

concurrent outbreaks in 1976 after which EBOV 

was discovered. The one caused by ZEBOV 

occurred in the Democratic Republic of Congo 

(Zaire) (Report of an International Commission, 

1978). It has caused multiple outbreaks between 

1994 and 2008 in the Democratic Republic of 

Congo, Republic of Congo and Gabon, and has a 

high case-fatality rate ranging between 60% and 

90% (Brizendine, 2014; de Wit et al., 2011). This 

species is greatly associated with the decline in the 

populations of great ape in the Congo basin (Leroy 

et al., 2004). 
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Table 1. Chronology of Ebola virus outbreaks in humans (de Wit et al., 2011; Martiez, 2014). 

Year Location Ebola Virus Affected species 

1976 Democratic Republic of Congo ZEBOV Humans 

1976 Sudan SEBOV Humans 

1977 Democratic Republic of Congo ZEBOV Humans 

1979 Sudan SEBOV Humans 

1989 USA REBOV Cynomolgus macaques 

1992 Italy REBOV Cynomolgus macaques 

1994 Gabon ZEBOV Humans 

1994 Ivory Coast (Taï Forest) CIEBOV Chimpanzees, Humans 

1995 Democratic Republic of Congo ZEBOV Humans 

1996 Gabon ZEBOV Humans 

1996 Gabon ZEBOV Humans 

1996 USA  REBOV Cynomolgus macaques 

1996 South Africa (ex-Gabon) ZEBOV Humans 

2000 Uganda SEBOV Humans 

2001 Gabon ZEBOV Humans, gorillas, duikers 

2001 Republic of Congo ZEBOV Humans, gorillas, chimpanzees, duikers 

2003 Republic of Congo ZEBOV Humans 

2003 Republic of Congo ZEBOV Humans 

2004 Sudan SEBOV Humans 

2005 Republic of Congo ZEBOV Humans 

2007 Democratic Republic of Congo ZEBOV Humans 

2007 Uganda BEBOV Humans 

2008 Democratic Republic of Congo ZEBOV Humans 

2008 The Philippines REBOV Swine 

2011 Uganda SEBOV Humans 

2012 Uganda SEBOV Humans 

2012 Uganda SEBOV Humans 

2012 Democratic Republic of Congo BEBOV Humans 

2014 Guinea ZEBOV Humans 

2014 Sierra Leone ZEBOV Humans 

2014 Liberia ZEBOV Humans 

2014 Nigeria ZEBOV Humans 

2014 Senegal ZEBOV Humans 

2014 USA ZEBOV Humans 

2014 Spain ZEBOV Humans 

2014 Mali ZEBOV Humans 

2014 Democratic Republic of Congo ZEBOV Humans 

 

b. Sudan ebolavirus (SEBOV) caused an unrelated 

outbreak in Sudan in 1970s. It reemerged in the 

Sudan in 1979 and 2004 and in Uganda between 

2000 and 2001. It has a high case-fatality rate of 

40% to 60% (Sachez et al., 2007). 

c. Côte d’Ivoire ebolavirus (CIEBOV), also known 

as Taï Forest ebolavirus, was discovered in 1994 

during an epizootic in chimpanzees kept in the Taï 

National Park in Côte d’Ivoire. This was the first 

reported EBOV infection in a great ape population 

(Le Guenno et al., 1995). So far, CIEBOV has 

been found in only one person, i.e. has caused a 

single, non-fatal human case. The affected was an 

ethologist working with deceased chimpanzees 

(Brizendine, 2014). This, along with ZEBOV, is 

associated for the fatal outbreaks in the populations 

of the African great ape (Leroy et al., 2004; 

Formenty et al., 1999). 

d. Bundibugyo ebolavirus (BEBOV) emerged in 

2007 when a large outbreak of viral hemorrhagic 

fever occurred in humans in Uganda with a case-

fatality rate between 25% and 30%. The causative 

agent was identified as a new species of EBOV 

(Towner et al., 2008). 
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Reston ebolavirus (REBOV) is sustained in animal 

reservoir in the Philippines and was discovered in 1989 

during a lethal outbreak in cynomolgus macaques 

imported from the Philippines to the United States 

(Jahrling et al., 1990). The outbreaks reoccurred in 1990, 

1992 and 1996 in the same animal and in 2008 in 

domestic pigs in the Philippines (Barrette et al., 2009). 

The caretakers of macaques and farmers working with 

the infected pigs did not fall ill, but both were 

seroconverted which shows that REBOV can cause 

symptomless infection in humans (MMWR, 1990). 

 

Non-human primates were initially thought to be the 

cause of animal-to-human transmission of EBOV. Later, 

studies proved that monkeys simply cannot serve as the 

host for persistent viral infection as they are themselves 

vulnerable to lethal filoviral disease. It is most likely that 

one or many species of small animals, especially fruit 

bats, sustain EBOV. It is worth noting that fruit bats are 

consumed in soup in West Africa; hence, consumption of 

or exposure to these bats probably serve as the source of 

infection for primates and humans (Bausch and Schwarz, 

2014).  

 

Human-to-human transmission occurs through exposure to 

body fluids such as blood, sweat, breast milk, barf, urine, 

semen, and vaginal fluids (Kash, 2009; Bausch et al., 

2007). The virus can be transmitted by patients while 

febrile and during the later stages of the disease as well as 

during postmortem. It has been reported to be isolated 

from semen even after 61 days of the onset of the illness. 

The transmission can also be nosocomial as was seen in 

1976 when a 44-year old, being treated at the Yambuku 

Mission Hospital, had undiagnosed Ebola virus and 

infected a 100 more people owing to inappropriate 

washing and reuse of syringes, resulting in the death of all. 

Same reason resulted in an outbreak in 2005 in Angola 

which resulted in 329 deaths (Brizendine, 2014; Roddy    

et al., 2010). There is no evidence for the transmission of 

filoviruses by biting arthropods like mosquitos. However, 

one primary human case has a potential of generating 1-3 

secondary cases on average despite the low risk of 

transmission via inanimate objects (towel, money, 

clothing, dishes, etc.) (Bausch et al., 2007). 

 

Virology and pathogenicity of EBOV 

 

The family of Filoviridae got its name from the Latin 

word filum, meaning thread-like structure. Ebola virus 

makes a filamentous particle of unvarying diameter but 

non-uniform shape and length (Fig. 1). Its genome, 

comprising RNA, encodes seven proteins (Adu-Gyamfi 

et al., 2014). Glycoprotein (GP) is expressed and 

exposed on the surface of the EBOV envelope, derived 

from the host cell membrane, and mediates entry of the 

virions into the host cell (Lee et al., 2008) via an 

interaction with Niemann-Pick C1 receptor in the latter 

(Carette et al., 2011; Cote et al., 2011).The primary 

product of the gene encoding GP is soluble glycoprotein 

(sGP); GP is actually produced after translational editing 

(Wahl-Jensen et al., 2005). 

 

 
Fig. 1: Schematic representation of an EBOV particle. 

 

The genome of EBOV is encapsidated by the 

nucleoprotein (NP). This nucleocapsid (NC), made up of 

nucleoprotein (NP), minor matrix protein (VP24), minor 

nucleoprotein (VP30), polymerase cofactor (VP35), the 

viral polymerase (L protein) and other viral proteins, is 

crucially required for transcription and replication of 

viral RNA (Sachez et al., 2007; Olejnik et al., 2001). In 

addition to the aforementioned function, VP24 also 

facilitates viral budding (Sachez et al., 2007).  

 

The matrix protein viral protein (VP40) associates with 

the viral lipid coat and is required for the budding of the 

Ebola virus particle from the plasma membrane 

(Timmins et al., 2001). It is also important for the 

structure and stability of the virus (Jasenosky et al., 

2001). Virus particles fail to form in the absence of VP40 

as nucleocapsid is inefficaciously transported to the 

plasma membrane (Noda et al., 2006). In the absence of 

the rest of the six proteins, VP40 has been reported to be 

capable of forming virus like particles (VLPs) on being 

expressed in human cells (Noda et al., 2002) which 

resemble bona fide Ebola virions (Licata et al., 2004). 

VP40 possesses C- and N-terminal domains; the former 
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one is reported to mediate membrane binding and 

oligomerization, while the latter one modulates 

dimerization (Timmins et al., 2003; Bornholdt et al., 

2013). Inhibition of oligomerization halts budding in an 

effective manner. Therefore, VP40 serves to be a 

representative model of budding and has been used to 

study lipid-protein and protein-protein interactions 

(Rulgrok et al., 2000).  

 

GP, NP, VP24 and VP35 are important determinants of 

Ebolavirus pathogenicity (Figure 1). EBOV replicates at 

an exceptionally high rate and its main targets are 

hepatocytes, mononuclear phagocytes and endothelial 

cells. In short, it is an immunodeficiency virus for which 

dendritic cells serve as a major site of replication. 

Infected cells are unable to present antigens to naïve 

lymphocytes (as discussed later). Thus patients dying of 

Ebola are unable to develop antibodies to the virus. 

Though lymphocytes remain unaffected, they do undergo 

bystander (chance spectator) apoptosis induced by 

inflammatory mediators (Brizendine, 2014).
 

 

While experimenting in cynomolgus macaques, a 

decrease in endothelial barrier function and upregulation 

of cell adhesion indicate endothelial cell activation 

caused by GP in vitro, leading to shock and edema 

(Wahl-Jensen et al., 2005). The mucin domain of GP 

shields both epitopes on GP and major histocompatibility 

complex I molecules which could otherwise be 

recognized by antibodies and lead to antigen presentation 

by the host cell, respectively (Francica et al., 2010). GP 

also induces pro-inflammatory cytokines and suppressor 

of cytokine signaling 1 (SOCS1) via interaction with 

Toll-like receptor 4, which in turn affect the innate 

immune system (Okumura et al., 2010).  

 

In vivo, VP24 and NP play vital roles in the virulence of 

Ebolavirus. Mutations in these two proteins made them 

capable to counteract the type 1interferon (IFN)-

induced innate immune response which resulted in 

adaptation of ZEBOV to guinea pigs and mice 

(Feldmann and Kawaoka, 2006). Residues 42 and 142-

146 of VP24 are involved in this mechanism, as proven 

in vitro. These residues inhibit the expression of gene 

induced by IFN-α/β via their interaction with 

karyopherin-α1 (another name of which is importin-α) 

which results in nuclear accumulation of 

phosphorylated signal transducer and activator of 

transcription 1 (STAT1), hence inhibiting type 1 

interferon-induced cell signaling (Reid et al., 2006). 

Any such mechanism has not been reported for NP to 

date (Feldmann and Kawaoka, 2006). 

VP35 works in the favor of pathogenesis by blocking 

IFN-α/β production as proven in vitro (Basler et al., 

2000). Through its residues 309 and 312, VP35 binds to 

double-stranded RNA thus preventing the activation of 

retinoic acid-inducible gene 1 (RIG1), which is a 

dsRNA-mediated process (Cardenas et al., 2006).  The 

activation of RIG1 would have otherwise resulted in 

phosphorylation and nuclear translocation of interferon 

regulatory factor 3 (IRF3) and consequently in the 

expression of IFN-α/β genes (Cardenas et al., 2006). 

Also, amino-terminal domain of VP35 affects maturation 

of dendritic cells. VP35 suppresses upregulation of pro-

inflammatory cytokines and co-stimulatory molecules in 

dendritic cells and, subsequently, weakens their ability to 

activate CD4
+
 T cells (Jin et al., 2010). 

 

Clinical manifestations 

 

Symptoms of Ebola virus disease begin abruptly after 

an initial incubation period ranging from 2-28 days with 

fever, chills, headache, extreme asthenia, general 

malaise, myalgia and progress to include nausea, 

vomiting, diarrhea, loss of appetite (anorexia), chest 

and abdominal pain, coughing, breathlessness and a 

maculopapular rash (a rash characterized by flat, red 

area covered with small raised spots) (Le Guenno et al., 

1995; Bwaka et al., 1999). Fever occurs early and in 

94.1% of patients owing to which it is the most 

prevalent sign of disease (Lamunu et al., 2004). On the 

occurrence of symptoms, patients have high levels of 

the virus in the body fluids and are infectious. 

Hemorrhagic manifestations develop at the peak of the 

illness, though not in all cases. These include 

subconjuctival hemorrhage along with excessive 

lacrimation (Kibadi    et al., 1999), “unexplained 

bleeding” from conjunctiva, nose, gums and 

venipuncture sites (WHO Ebola Response Team, 2014) 

internal and subcutaneous bleeding (petechiae) 

(Brizendine, 2014), and blood in the vomits 

(hematemesis) and stools (melena) (de Wit et al., 2011). 

Fatal cases eventually progress to soma, shock and 

death (Bwaka et al., 1999).  

 

Fatal outcomes result owing to the loss of peripheral 

CD4
+
 and CD8

+ 
 T lymphocytes, hefty production of pro-

inflammatory cytokines, and cessation of antibody 

induction and type I interferon (IFN) production (Baize 

et al., 1999). Thrombocytopenia, lymphocytopenia, 

disseminated intravascular coagulation, low total protein 

(because of capillary leakage), and increased levels of 

aminotransferase are some of the laboratory findings. 

The survivors begin to show improvement in the second 
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week. This is due to the resolving of the viremia by 

virus-specific antibodies (WHO Ebola Response Team, 

2014).  

 

Viral antigens or RNA sequences can be detected in 

blood and body fluids of the symptomatic patients by 

enzyme-linked immunosorbent assay or reverse 

transcriptase polymerase chain reaction, respectively, in 

order to diagnose Ebola virus infection. Electron 

microscopy showing characteristic viral particles 

confirms the diagnosis by using cell culture carried out in 

BSL-4 containment laboratory (WHO Ebola Response 

Team, 2014). 

 

Therapeutic approaches 

 

A myriad of vaccines, antibodies, anti-viral agents and 

small-molecule agents are undergoing repeated testing in 

animal models. The only treatment available to date is 

supportive which is used to rectify coagulopathy, and 

maintains blood pressure and circulatory function 

(Ribner, 2014).  

 

Vaccines 

 

Vaccination is among the primary control strategies 

employed to counter infection diseases in humans. 

Withal, no licensed vaccines for treating Ebola virus are 

available to date. Initial attempts to make vaccines in this 

regard included formulating inactivated/attenuated virus 

with different ancillaries, such as lipid A-containing 

liposomes and Ribi adjuvants (Geisbert et al., 2002). 

Also, protective immunity was tested in some rodent 

models, but futile. When these therapeutic stratagems 

were tested in non-human primates after successfully 

generating protection in mouse and guinea pig models, 

they showed limited predictive value for efficaciousness 

of vaccines. Nonetheless, these rodent models serve to be 

worthful for pre-screening the vaccines (Bente et al., 

2009). Thus classical vaccines failed to give the desired 

results owing to which novel vaccine approaches are 

being researched on.  

 

Employing recombinant viral vector vaccines is one such 

approach. These may comprise either replication-

deficient or replication-competent vectors. Adenoviral 

vector is an example of vaccine vector incapable of 

replication that has broad cellular tropism because of 

which it is being used in various gene therapy studies 

(Hensley et al., 2010). Incorporation of ZEBOV and 

SEBOV glycoprotein in a single adenoviral vector 

rendered absolute protection against ZEBOV and 

SEBOV in non-human primates (Pratt et al., 2010). 

Lately, phase I clinical trial has proven the safety of 

using recombinant adenovirus serotype 5 expressing 

ZEBOV and SEBOV glycoprotein in humans 

(Ledgerwood et al., 2010). Using viral vectors capable of 

replication have proven to be vital in the development of 

veterinary vaccines. One such replication-competent 

viral vector is ZEBOV-glycoprotein-expressing human 

parainfluenza virus type 3 (HPIV3) which has been 

reported to be extremely immunogenic subsequently 

protecting non-human primates after administering two 

intranasal medications (Bukreyey et al., 2007). 

 

Another approach of paramount importance is the use of 

DNA vaccines. These are preparations containing 

purified plasmids with one or more DNA sequences of 

pathogen of interest incorporated which get expressed in 

the recipient once delivered. A ZEBOV-glycoprotein-

expressing DNA vaccine has called forth a protective 

immune response from a potential state by stimulation in 

mice and has also partly protected guinea pigs (Xu et al., 

1998). Despite the clearance of a three-plasmid DNA 

vaccine coding for SEBOV glycoprotein, ZEBOV 

glycoprotein and NP in enkindling cellular and humoral 

responses in humans from phase I clinical trial, currently 

there are no licensed DNA vaccines available for human 

use (Martin et al., 2006). 

 

Virus-like particles (VLPs), as discussed before, are 

generated by expressing one or many viral proteins 

which mimic the natural virion but do not contain the 

viral genome. VLPs for EBOV are made by expressing 

GP, NP and VP240 of ZEBOV at 293T cells at the same 

time. Combined with Ribi adjuvant, these were 

administered thrice to non-human primates; this resulted 

in protection against homologous ZEBOV (Warfield et 

al., 2007). Another prospect is the VLP generated by 

eliminating VP30 gene. Mice and guinea pigs have been 

protected from ZEBOV challenge by using two such 

vaccinations (Halfmann et al., 2009). Despite all these 

advancements, no licensed VLP vaccines are available 

for human use.  

 

Other supportive treatments 

 

In 2002, Toyama Chemicals developed a 

pyrazinecarboxamide derivative as an antiviral agent 

called T-705 (alias favipiravir). It was originally 

developed to inhibit influenza virus replication on 

account of its ability to act as a nucleotide analog which 

causes fatal mutagenesis upon incorporation into the 

viral RNA, or selectively inhibits the viral RNA-
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dependent RNA polymerase. Mice were dosed with 1000 

focus-forming units of EBOV diluted in phosphate-

buffered saline. Initially, all mice in the favipiravir group 

lost weight and developed viremia. But within 4 days of 

treatment with this antiviral agent, blood was found to be 

free from virus. Furthermore, surviving mice had 

developed viral NP-specific CD8
+ 

T cells along with 

virus-specific antibodies. Hence it was concluded that T-

705 suppresses the replication of Ebola virus by 4 log10 

units in cell culture (Oestereich et al., 2014). 

 

Another potential candidate is ZMapp, a potpourri of 

monoclonal antibodies – one being c13C6 and two from 

ZMab (2G4 and 4G7). Experiments were carried out in 

rhesus monkeys in which six animals were infected with 

Ebola of which three were dosed thrice with ZMapp at 

various times. All 18 animals survived on treatment with 

ZMapp. An American health care worker infected with 

Ebola virus in Liberia has received this medication (Qui 

et al., 2014). 

 

Forthcoming prospects 

 

Death of a 2-year-old in Guinea on December 6, 2013 

marked the onset of the recent outbreak. 4,477 deaths 

have been reported till October 14, 2014 which brought 

this hemorrhagic fever in limelight once again (Chamary, 

2014). Effective therapeutic treatments are being actively 

sought for the EBOV disease. There has been a limited 

success as in the case of KZ52, a neutralizing antibody, 

which did not work. Also, ribavirin (used for treating 

hepatitis B and C) and IFN-α2b are in the list (Huggins, 

1989; Jahrling et al., 1999). However, limited therapeutic 

efficacy has been reported with various prospects. 

Recombinant human activated protein C (rhAPC) saved 

two out eleven non-human primates in a lethal ZEBOV 

challenge (Hensley et al., 2007). Similar results were 

obtained by using nematode anticoagulant protein c2 

(rNAPc2) which protected three out of nine non-human 

primates (Geisbert et al., 2003).  

 

Understanding of replication and virulency of Ebola 

virus has been greatly elucidated in the past ten years 

owing to the increased availability of BSL4 facilities and 

advancement in molecular tools. RNA interference, high-

throughput and 454 sequencing, and mRNA expression 

profiling technologies are a few examples which have 

applications in development of antivirals, vaccines and 

diagnostics, epidemiology, host response, viral 

pathogenesis, and various other fields of virology. 

Nonetheless, all these technological advancements have 

proven less fruitful in the case of Ebola as compared to 

other viral pathogens, such as HIV and influenza virus A 

(Quinn et al., 2009).  

 

Undoubtedly, panoptic genomic and post-genomic 

research is required to get benefit from the 

aforementioned strategies and approaches. Reverse 

vaccinology is a novel vaccine approach which relies on 

the insight of genomic sequences of Ebola virus 

(Rappuoli, 2001). A good information is that despite 

mutations occurring in the genome of EBOV at a high 

rate, no change in size of the outbreak has been observed. 

Hence, no serious changes have emerged in this mutating 

RNA virus (Kash, 2009). Therefore, future research in 

this regard should be focused on understanding the 

cellular processes mired in replication and pathogenesis 

of Ebola virus by using in vitro and in vivo experimental 

data, and broad approaches of genomics and proteomics. 
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