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IntRoductIon
First recognized near the Ebola River valley during an outbreak in 
Zaire in 1976, Ebola Viruses have been identified as an emerging 
threat in recent years as it causes severe haemorrhagic fever in 
human with mortality rates ranging from 50 to 90% [1-3]. It is also 
impending biological threat. Recent epidemic of Ebola Virus Disease 
(EVD) in West Africa has accounted for more than 25,000 cases and 
11,308 deaths [4]. Earlier this hazardous epidemic was controlled 
by identification isolation tactics/contact tracing but this was not 
sufficient and time needed a cure that is vaccine. The present 
review explores the potential targets to design a vaccine and status 
of currently available vaccine for protection against Ebola.

Structure and classification: Ebola virus and Marburg virus are 
two genera in the family Filoviridae. The genus Ebola virus includes 
five species (each represented by a single virus): Zaire Ebola virus 
(Ebola virus, EBOV), Sudan Ebola virus (Sudan virus, SUDV), 
Reston Ebola virus (Reston virus, RESTV), Taï Forest Ebola virus 
(Tai Forest virus, TAFV), and Bundibugyo Ebola virus (Bundibugyo 
virus, BDBV).

Ebola virus’s genome is a single stranded RNA, which is about 
18-19 kb in size [5] containing seven genes which encode a 
Nucleoprotein (NP), four viral proteins (VP24, VP30, VP35 and 
VP40), a Glycoprotein (GP), and a RNA dependent RNA polymerase 
(L) [Table/Fig-1]. VP40 is the major matrix protein which regulates 
virion assembly [6]. GP mediates attachment to and entry into host 
cells.

Pathogenesis: The receptors required for cell binding and 
infection are not completely understood. The role of a folate related 
receptor as a cofactor to facilitate infection remains unclear [7]. 
Transferrin and DC-sign have both been proposed as cellular 

receptors involved in mediating filovirus entry through binding and 
internalization, although their real contribution to virus entry remains 
controversial [8]. Several lines of evidence suggest that the viral 
GP plays a key role in the manifestations of Ebola virus infection. 
Transmembrane form of GP helps Ebola virus to enter into target 
monocytes/macrophages. Release of cytokines from these cells 
after viral infection is responsible for increased vascular integrity 
causing inflammation and fever [9,10].

The pathogenesis of Ebola virus infection mimics in Guinea pigs, 
nonhuman primates and in human, therefore these animals have 
been used to study the pathogenesis of Ebola virus infection and to 
assess the efficacy of various vaccine approaches [11,12].

clinical course of disease: Typically, Ebola virus infection 
incubation period varies from two to 21 days. Nonspecific flu-
like symptoms such as fever, myalgia, and malaise are the initial 
manifestations. In later stage of infection, it results in severe 
bleeding, coagulation irregularities, gastrointestinal bleeding, 
haematological abnormalities like neutrophilia and lymphopenia. 
There is exaggerated inflammatory response due to cytokine release 
when reticulo endothelial cells encounter virus but they are not 
protective. Liver also gets affected and endothelial cell dysfunction 
leads to disseminated intravascular coagulopathy. The lethal stages 
include diffuse bleeding and hypotensive shock resulting into Ebola 
virus mortalities [13].

currently available vaccines: A number of vaccines have been in 
development for Ebola over the years, but none are yet approved for 
use in human subjects. The main obstacle is the lack of safety data. 
The various immune evasion strategies utilized by the Ebola virus 
further limits the predictive power of animal models in forecasting 
expected efficacy in human subjects. The 2014 Ebola epidemic in 
West Africa has killed over 10,000 and its persistence has implied 
enormous pressure on scientists for developing new treatments 
and vaccines. An effective vaccine against Ebola might be the most 
effective way to control future epidemics. Several vaccines against 
Ebola, based on both inactivated and live viruses, are in different 
stages of clinical trials [Table/Fig-2].

conventional Vaccines: The base of conventional vaccines is 
EBOV neutralization by heat, chemical or γ-irradiation. However 
most of candidates did not developed protective immune response 
with inactivated virus with/without liposome or adjuvant even 
after alteration of route of administration from intramuscular to 
sub cutaneous injection [14-16]. The probable risk of reversion 
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AbStRAct 
Ebola viruses have been identified as an emerging threat as it causes severe haemorrhagic fever in human with mortality rates ranging 
from 50 to 90%. In addition to being a global health concern, the virus also is considered a potential biological threat agent. As for 
now, no licensed vaccine is available for pre or post exposure treatment. Recent epidemic of this disease in South Africa has led to 
concern towards development of an effective vaccine on a priority basis. This review is an attempt to look upon current progress in the 
development of Ebola virus vaccines and highlights strategies that have the greatest potential for commercial development.

[table/Fig-1]: Schematic representation of (A) organization of filovirus genomic 
RNA (ZEBOV depicted); l, Leader sequence; NP, nucleoprotein gene; VP, viral 
protein gene; GP, glycoprotein gene; L, RNA-dependent RNA polymerase gene; ir, 
intergenic region and (B) filovirus particle; NP, nucleoprotein; VP, viral protein gene; 
GP, glycoprotein gene; L, RNA-dependent RNA polymerase.
*From Richardson JS, Dekker JD, Croyle MA, Kobinger GP. Recent advances in Ebola virus vac-
cine development. Human Vaccines 2010; 6(6): 439-49.
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are inserted and expressed from the viral carrier. Viral vectors 
can be replication competent or defective, each having its own 
advantages and disadvantages. Replication competent viral vector 
based vaccines are not useful for immunocompromised population 
but they can produce strong and long-lasting immune responses 
following immunization. On the other hand, replication defective viral 
vector based vaccines can be used safely among all individuals but 
they need to be administered in multiple doses to achieve optimal 
immunity. 

a. Vaccinia virus based vaccines: Vaccines based on recombinant 
vaccinia virus expressing ZEBOV GP, VP24, VP35 and VP40 
were tested in the guinea pig model. Following lethal ZEBOV 
challenge, a recombinant vaccinia virus expressing ZEBOV GP 
afforded incomplete protection in guinea pigs. None of the other 
recombinant vaccinia-based vaccines expressing the other 
ZEBOV antigens protected the guinea pigs from succumbing to 
the infection [27]. Although neutralizing antibodies against ZEBOV 
were detected, NHPs administered recombinant vaccinia virus 
expressing ZEBOV GP did not protect the animals against lethal 
homologous challenge [16].

b. VEE virus like replicon particles: Venezuelan Equine 
Encephalitis (VEE) virus has a positive-sense RNA genome. 
The VEE virus structural genes can be replaced by EBOV NP or 
GP, generating replicons that are single cycle and propagation 
deficient. VEE replicons expressing ZEBOV GP (VEE-GP), NP 
(VEE-NP), or a combination of GP + NP (VEE-GP + NP) were 
shown to be fully protective in mice challenged with ZEBOV. 
Vaccination with VEE-GP, VEE-NP or VEE-GP + NP followed 
by two booster injections resulted in no protection of NHPs 
challenged with ZEBOV [16].

c. Adenovirus based vaccines: Initially human adenovirus 
serotype-5 (AdHu5) was mostly used as the adenovirus-based 
vaccine prototype. The recombinant AdHu5 backbone contains 
deletions in the intermediate early E1 gene. Additional deletions 
to the E3 and E4 regions of AdHu5 have increased the carrying 
capacity of this vector to approximately 8 kb. The initial success 
generated from boosting a DNA vaccine combining ZEBOV GP 
+ ZEBOV NP + SEBOV GP + ICEBOV GP with an additional 
booster injection of recombinant adenovirus expressing ZEBOV 
GP (AdHu5-ZGP) has encouraged the development of more 
replication-deficient adenovirus-based strategies [28]. A single 
dose of AdHu5-GP mixed with AdHu5 expressing NP (AdHu5-
NP) offered complete protection in NHPs against lethal ZEBOV 
challenge [28,29]. There are problems associated with the use of 
AdHu5-based vaccine platforms. Exposure to naturally occurring 
adenoviruses within the human population can lead to the 
development of neutralizing antibodies, potentially compromising 
the efficacy of adenovirus based vaccine administration [30].

d. Vesiculovirus (VSV) based candidate vaccines: Candidate 
vaccines based on replication competent recombinant VSV can 
grow to high titers and induce a strong humoral and cellular 
response in humans [31]. VSV expressing ZEBOV antigens have 
been made by manipulation of an infectious VSV cDNA clone. 
Mice vaccinated and boosted with recombinant VSV expressing 
ZEBOV GP (VSV-GP) survived a challenge of ZEBOV with 
complete protection [32]. Full protection of ZEBOV challenged 
mice vaccinated with VSV-GP was achieved when administered 
through the I.M., I.P., or mucosal route. When NHPs were 
challenged with ZEBOV following vaccination with VSV-GP, 
100% protection was observed [33].

Importantly, VSV based vaccine platforms have also been shown to 
be an effective post exposure treatment regimen. Mice and guinea 
pigs challenged with ZEBOV were administered VSV-GP 24 hours 
post exposure resulting in 100% and 50% protection, respectively 
[34]. Fifty percent protection was achieved in NHPs immunized with 
the recombinant VSV-GP, 20–30 minutes post exposure to ZEBOV 

associated with live attenuated filovirus vaccine candidates, as 
evident from studies [17], have shown the retention of virulence 
of mouse adapted and guinea pig adapted Ebola virus in NHPs, 
making safety a major concern.

Sub-unit vaccines (non viral): To elicit an immune response to 
the corresponding virus particle, Ebola virus genes are inserted 
into a DNA plasmid and then injected directly into a patient’s 
muscle. The major advantage of DNA vaccines are generation of 
antibody and cytotoxic T lymphocytes [18]. Additionally, they are 
easily manufactured, cost effective and are stable for storage and 
shipping at ambient temperatures [19]. Several methods of DNA 
vaccine delivery have been used including direct administration 
into tissue via syringe, gene gun delivery of DNA, or electroporation 
of muscle tissue following injection of DNA. Vaccines have been 
evaluated in mice, guinea pigs with full protection achieved against 
virus antigens GP, NP, VP35 or VP40 [12,20,21].

Virus-Like Particles (VLPs) as a candidate vaccine: There are 
no safety issues with VLP vaccines as they lack NP, VP24, VP30, 
VP35 and L proteins as well as EBOV RNA genome. VLP can be 
generated by expression of filoviral antigen VP40 alone or along with 
GP [22-25]. Frequently, vector based vaccines expressing EBOV 
epitopes can be subject to host pre-existing immunity to the vector 
backbone, thereby inhibiting vaccine efficacy by preventing an 
immune response to the antigen. But VLP based vaccines bypasses 
pre-existing immunity issue to vector backbone.

Mice vaccinated with VLPs expressing ZEBOV VP40 and ZEBOV GP 
followed by either two booster injections, or one booster with QS-
21 adjuvant, resulted in complete protection from a challenge with 
a lethal dose of mouse-adapted ZEBOV [26]. In these experiments, 
this vaccine generated CD4+ and CD8+ T cells specific to GP and 
VP40 peptides, mouse IgG responses, and B cell activation with no 
toxic cytokine response [26].

Vector based vaccines: Vaccines can be generated using viruses 
as vaccine vectors. The candidate genes encoding EBOV antigen 

S. 
no.

type of  
Vaccines

Key component efficacy adverse effect

1 Conventional 
Vaccines

Inactivation of EBOV 
by heat, formalin, or 
γ-irradiation

not effective significant risk of 
reversion

2 Sub-Unit 
Vaccines (Non-
Viral)

Ebola virus genes 
inserted into a DNA 
plasmid 

Full protection 
was reported in 
mice and later 
in guinea pigs 
with optimized 
strategies

-

3 Virus-like 
Particles (VLPs) 
as a Candidate 
Vaccine

EBOV-like particles 
generated by the 
expression of VP40 
alone or along with 
GP.

Full Protection -

4 Vector-Based Vaccines 1. not be 
recommended 
for use in 
immuno-
compromised 
individuals

2. Pre existing 
immunity 
against 
viral vector 
decreases 
immune 
response

3. Multiple doses 
required

a. Vaccinia 
virus-based 
vaccines.

recombinant 
vaccinia virus

incomplete 
protection in 
guinea pigs,
no protection in
NHPs

b. VEE virus-
like replicon 
particles

recombinant 
Venezuelan equine 
encephalitis (VEE) 
virus

Fully protective 
in mice, no 
protection in
NHPs 

c. Adenovirus-
Based 
Vaccines.

recombinant
human adenovirus 
serotype-5 (AdHu5) 
virus

complete 
protection in 
NHPs

d. Vesiculovirus 
(VSV)-based 
candidate 
vaccines.

recombinant VSV 100% protection
in mice, 50% 
protection in
guinea pigs and 
NHPs

[table/Fig-2]: Different type of vaccines in clinical trial or effective in Non Human 
Primates (NHPs).
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[34]. Progress has been made using the VSV-based platform for 
single dose blended vaccines, capable of protection against several 
EBOV species. Full survival and protection was observed in the 
NHPs after administering the recombinant VSV vaccine expressing 
SEBOV GP, ZEBOV GP or ICEBOV GP following challenge with 
SEBOV, ZEBOV or ICEBOV [35]. Recombinant VSV-GP vaccine 
given 28 days before challenge either I.N., orally (OR) or I.M. 
protected NHPs against a lethal challenge of ZEBOV [36]. ZEBOV 
GP-specific T- and B-cell responses were induced in the I.N. and 
OR groups. These groups also produced the most IFNγ and IL-2 
secreting cells, in addition to long term memory responses following 
immunization and challenge [36].

Antigen express – Ii-key hybrid technology: The vaccines are 
produced by adding a small peptide (Ii-Key), derived from the MHC 
Class II-associated invariant chain (Ii) protein, onto the antigen of 
interest during synthesis. Ii-Key Hybrid vaccines are peptide-based 
agents that are engineered to stimulate strong and specific CD4+ 
T cell responses. The Ii-Key addition significantly augments MHC 
Class II loading and presentation by directly charging MHC Class 
II molecules on the surface of antigen presenting cells, bypassing 
the usual intracellular processing mechanism. By this means, Ii-Key 
hybrids effectively hijack MHC Class II molecules on the surface 
of any antigen presenting cell to potently activate CD4+ T helper 
cells in an antigen-specific manner, resulting in stronger cellular and 
humoral immunity through the interaction of CD4+ cells with CD8+ 
and B cells, respectively [37].

The other advantages of the technology is that synthetic production 
methods are rapid, cost effective, scalable, and enable the speedy 
production of very large batches in a matter of months. The activity 
of Ii-Key/antigen hybrids has been further demonstrated in Phase 
I and II clinical trials involving over 400 patients or volunteers, 
accumulating a wealth of safety and immunological data. In particular, 
Ii-Key Hybrid peptides have been shown to be safe, well tolerated, 
and produced the desired immunological response [38,39]. Of note 
is that a recent long term follow up to a Phase I study showed 
a specific and undiminished immunological response even three 
years after receiving an Ii-Key hybrid vaccine [40]. Therefore, it is 
believed that Antigen Express Ii-Key Hybrid technology represents 
an excellent opportunity for the rapid development of an effective 
Ebola vaccine. 

Human vaccines [table/Fig-3]: Three potential vaccines which 
had shown promising results in animals have now been entered into 
human trials. One is produced by GlaxoSmithKline (GSK) and the 
National Institutes of Health in the United States, another is being 

developed by the Public Health Agency of Canada in collaboration 
with Merck. Johnson and Johnson with company Bavarian Nordic 
are third to enter human testing.

cAd3-Ebo by GSK: This vaccine was developed by the NIH’s 
National Institute of Allergy and Infectious Diseases (NIAID) in 
association with a biotechnology company Okairos, acquired by 
GSK in 2013. The chimpanzee adenovirus type 3 (ChAd3), is used 
as a carrier to deliver benign genetic material of the Zaire strain, 
which is responsible for the current Ebola outbreak in West Africa 
[41] GSK and NIH has been working in collaboration to accelerate 
development in response to the current Ebola epidemic.

Analysis of trial data shows that candidate vaccine has acceptable 
safety and high immunological profile. Based on this immunity 
development data of West African population GSK has designed 
highly precise dosage level for next stage of testing.The cAd3-EBO 
vaccine may also be used in a heterologous prime-boost strategy 
with a recombinant Modified Vaccinia Ankara (MVA) GP booster 
vaccine (MVA-BN-Filo) manufactured by Bavarian Nordic [42].

Merck's Ebola vaccine: The rVSV-ZEBOV vaccine is a recombinant 
replication competent vaccine containing vasicular stomatitis virus 
as a vector in which one gene of VSV has been replaced with the 
gene that codes for the outer protein of the Zaire Ebola virus. It 
was initially developed by the Public Health Agency of Canada 
which later licensed it to Bio Protection Systems (BPS), a wholly 
owned subsidiary of New Link Genetics (NLG). In November 2014, 
NLG licensed it to Merck Vaccines for the research, development, 
manufacture, and distribution of the vaccine. This is a single-dose, 
live-virus replication-competent monovalent recombinant vaccine 
based on an attenuated Vesicular Stomatitis Virus (VSV) platform 
[43].

Johnson and Johnson's Ebola vaccine: Ad26.ZEBOV/MVA-BN-
Filo: a monovalent, live-virus replication-defective adenovirus-vector 
vaccine expressing GP from the Zaire Ebola virus (Ad26. ZEBOV) 
applied in a heterologous prime boost strategy with MVA-BN-Filo, 
a booster vaccine. Ad26. ZEBOV is manufactured by Janssen 
Pharmaceuticals, a subsidiary of Johnson and Johnson (J and J) [44]. 
MVA-BN-Filo is a recombinant multivalent replication-defective MVA 
booster vaccine containing the GP from Zaire Ebola virus, Sudan 
virus, and Marburg virus. MVA-BN-Filo is manufactured by Bavarian 
Nordic [45]. Crucell Holland BV, one of the Janssen Pharmaceutical 
Companies of J and J, licensed the MVA-BN-Filo booster from 
Bavarian Nordic for use with the Ad26- ZEBOV vaccine. In January, 
Johnson and Johnson said it had begun administering its vaccine 
to healthy volunteers in the United Kingdom. This is under Phase 1 
clinical trial.

EboV GP nanoparticle (novavax):  This is a Baculo virus based 
vaccine containing Ebola virus GP with matrix adjuvant, developed 
by Novavax. Preclinical results have shown high immunogenicity 
in mice, rabbits and baboons as well as 100% protection in lethal 
mouse challenge [46]. In January 2015, 1st NHP challenge was 
initiated in C macaque. In the same year, clinical trials were started 
on 200 healthy young adults using antigen in different doses and 
with or without adjuvant. Eficacy of 1 vs 2 dose regimen were also 
checked.

Preclinical trails: rVSVn4ct1 EboV (Profectus): It is a 
recombinant monovalent (Zaire) vaccine containing Ad5 virus--
vector which is replication-incompetent live virus. Manufacturing is 
done at Nova Sep. Complete protection was seen following single 
dose in murine and NHP models during pre clinical studies. Phase 
1 Clinical trials have been started in 2015 in USA [47].

Rabies EboV-GP (tJu): It’s a trivalent (Zaire, Sudan, Marburg) 
rabies vector based vaccine for VHF and rabies which contain 
replication-competent live virus. Complete protection was seen 
following single dose in NHP during pre-clinical Studies. Clinical 
trials are expected to be started in mid 2015 in USA [48].

S. 
no.

Pharmaceutical 
Company

Vaccine Content Status of 
trial

1 GlaxoSmithKline 
(GSK)

cAd3-EBO type chimpanzee 
adenovirus type 3 
(ChAd3), as a carrier

Phase 1

2 Public Health Agency 
of Canada with Merck

rVSV-ZEBOV attenuated vesicular 
stomatitis virus

Phase 1

3 Johnson and Johnson 
with company 
Bavarian Nordic

Ad26.ZEBOV/
MVA-BN-Filo

replication-defective 
adenovirus-vector

Phase 1

4 Novavax EBOV GP 
Nanoparticle

Baculovirus-
derived Ebola GP 
nanoparticle + 
Matrix M adjuvant

Phase 1

5 NovaSep rVSVN4CT1 
EBOV 
(Profectus)

recombinant Ad5 
virus--vector

Pre clinical 
trial

6 Niaid with IDT 
Biologika

Rabies 
EBOV-GP

vector based 
combination 
trivalent (Zaire, 
Sudan, Marburg)

Pre clinical 
trial

7 Lonza VXA ZEBOV 
-GP (VaxArt)

recombinant VSV-
vector vaccine

Pre clinical 
trial

[table/Fig-3]: Human vaccines in clinical trial.
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VXA ZEboV -GP (VaxArt): Another recombinant, monovalent 
(Zaire) VSV-vector vaccine which uses replication-competent 
virus, Manufacturing is done at Lonza. In Pre clinical Studies, NHP 
challenge studies showed complete protection following single 
dose. Clinical trials are expected to be started in 2015 in USA.

concLuSIon
As for now, neither a specific treatment nor a vaccine against Ebola 
virus licensed for use in humans is available. However, since last 
decade numerous vaccines have been developed showing high 
immunity against virus in non-human primates. Among these 
vaccines are recombinant Adenoviruses (Ad5/chAd3), recombinant 
VSV, and recombinant Human Parainfluenza viruses vaccines. 
Vaccination offers a promising intervention to prevent infection 
and limit spread. Even though, more work needs to be done to 
determine the effectiveness and clinical significance of all those 
vaccine candidates which are being in trial phase currently.
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