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transmission remained persistent and widespread in Guinea, Liberia, 
and Sierra Leone, especially in the capital cities of these countries. 
Notably, on a smaller scale, there has also been in 2014 a separate and 
independent outbreak of Ebola virus in the Democratic Republic of 
the Congo, which involved 66 cases and resulted in 49 deaths so far, 
although the situation there seems to remain under relative control.5

Ebola virus, a member of the Filoviridae family, was discovered in 
1976 as the causative agent of severe hemorrhagic fevers in Sudan and 
Zaire.6-10 It was only the second Filovirus identified in humans, after 
the Marburg virus a few years before.11,12 Besides high fever and rapid 
health deterioration, the Ebola virus disease is characterized mainly 
by drastic alterations of the immune system due to viral replication in 
dendritic cells and macrophages, leading to suppression of interferon 
production along with massive release of inflammatory proteins, and 
by a weakening of blood vessel walls, resulting in blood leakage, 
hypotension, and serious haemorrhages. The virus affects directly and 
indirectly several organs and systems in the body, notably the liver, 
the adrenal gland and the gastro-intestinal tract.13

Despite the rapid evolution of the disease in patients and its high 
mortality rate that can reach 90%, the sporadic nature of Ebola virus 
outbreaks and the relatively small number of people affected in 
Africa over the years have led to the general perception of the virus 
as a rare pathogen with little impact on human populations. This 
has also resulted in a lack of interest of developed countries and the 
pharmaceutical industry towards the disease until recently. Because 
the virus was perceived primarily as a potential bio weapon in the 
hands of terrorists, much of the research on Ebola was conducted 
behind closed doors in military facilities under secrecy, and/or as part 
of the Bio Shield program in the US. Now, almost 40 years after the 
first virus detection, not much has been achieved to prevent or treat 
the infection in the general population.

The global response to the 2014 Ebola crisis has been slow, 
despite alarming signals from health organizations on the ground 
such as Médecins Sans Frontières. In March, the WHO issued its first 
communiqué on the outbreak and it was only on August 8 that the 

organization qualified the situation as a Public Health Emergency of 
International Concern. Under pressing demands to test experimental 
vaccines and drugs in infected patients, a WHO expert panel 
unanimously declared in August that considering the exceptional 
circumstances faced by the medical community, such measures would 
be ethical provided specific criteria are met.

As for any viral disease, there are two traditional approaches to 
control the outbreak and avoid a repeat of the current crisis in the 
future: prevention through vaccines, and treatment via viral inhibitors. 
In the current situation, both approaches must be pursued urgently: 
vaccines are needed for health personal and potentially for local 
populations and treatment drugs for infected people.

Table 1 lists a series of experimental vaccines, antibodies and 
inhibitors that are currently under development for Ebola, or have 
been in recent years. Remarkably, only a few of these agents have 
reached the first stage of clinical development (Phase I), and this has 
often been achieved in the context of the current crisis.

Vaccines
Due to the pathogenicity of the virus, no conventional vaccines 

consisting of inactivated/killed virus, or made from an attenuated viral 
strain, are being developed for Ebola because of the risk of incomplete 
inactivation of the virus or of reversion to a fully active form. 
Instead, these vaccines are based on relatively new approaches that 
have been made possible with the advent of molecular biology and 
recombinant genetic technologies introduced during the last 10-20 
years. Since the Ebola virus surface glycoprotein has been identified 
as a potent immunogen, experimental Ebola vaccines use this protein 
to elicit an immune response. Remarkably, most of the vaccines 
use a non-pathogenic virus (Adenovirus, Vesicular Stomatitis Virus 
[VSV], attenuated Venezuelan Equine Encephalitis virus [VEE]) 
as an expression vector to produce the Ebola surface glycoprotein. 
Other vaccines are based on plasmids to express the Ebola surface 
glycoprotein, which either assemble to form nanoparticles, or are used 
per se as immunogens with adjuvant.
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Introduction
In 2014, West Africa has been the scene of the worst Ebola 

virus outbreak in history, with no end in sight.1-4 This health crisis 
is reportedly associated with an outlier strain of Zaire Ebola virus.4 
While the first infections were reported in December of last year, the 
number of cases has literally exploded during the summer months of 
2014, affecting mainly Guinea, Liberia and Sierra Leone, with a few 
cases in Mali, Nigeria and Senegal. According to the World Health 
Organization (WHO), as many as 13703 people have been infected 
by the Ebola virus as of October 27, resulting in 4922 fatalities.5 The 
real figures are most likely higher as the healthcare systems in these 
countries have been overwhelmed by the large number of cases, the 
limited resources and the lack of basic facilities. While the local Ebola 
outbreaks in Senegal and Nigeria were declared over in October, the 
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Table 1 Selected preventive and therapeutic agents in development for Ebola*

Sponsor/ Organization Product name Type of product Development status Remarks

AlphaVax Inc. ArV™ vaccine for Ebola Vaccine Viral expression 
vector (VEE) Preclinical

AlphaVax replicon 
Vaccine technology, 
developed for various 
viruses

GlaxoSmithKline 
(Okairos) cAd3-ZEBOV Vaccine

Viral expression 
vector (Adenovirus)

Phase I ongoing (U.S., 
U.K. and Mali)

Initially developed by 
Okairos, acquired by 
GSK in 2013

Inovio Pharmaceuticals 
Inc.

SynCon® Ebola vaccine Vaccine Plasmid expression 
vector

Preclinical (Phase I to 
start in H1 2015)

DNA vaccine designed 
for multiple strains of 
Ebola virus

Integrated 
BioTherapeutics Inc. FiloVax Vaccine Recombinant VLP 

protein vaccine Preclinical
Also developing pan-
Filovirus monoclonal 
antibodies

Johnson & Johnson 
(Crucell /Bavarian 
Nordic)

VRC-EBOADV018-00-VP 
(Ebola rAd5 vaccine) Vaccine

Viral expression 
vector (Adenovirus)

Preclinical (Phase I to 
start in Jan. 2015)

Similar vaccines designed 
for Marburg and bivalent 
Ebola/Marburg

Novavax Inc. EBOV GP Vaccine Nanoparticles
Preclinical
(Phase I to start in 
Dec. 2014)

Consists in recombinant 
viral glycoprotein with 
adjuvant

Profectus Biosciences Inc.
VesiculoVax Ebola
(Z‐EboV/S-EboV /MarV‐
rVSVN4CT1)

Vaccine
Viral expression 
vector (VSV) Preclinical

Another vaccine is 
designed as trivalent, for 
Ebola (Zaire and Sudan 
strains) and Marburg 
Filoviruses

Public Health Agency 
of Canada (PHAC) / 
NewLink Genetics Inc.

rVSV-ZEBOV-GP (BPSC-
1001)

Vaccine Viral expression 
vector (VSV)

Phase I ongoing

Donated to WHO in 
Aug. 2014 to help in 
West Africa outbreak; 
now developed by 
NewLink Genetics Inc.

Mapp Biopharmaceutical 
Inc.

ZMapp
(MB-003 + ZMAb) Antibody

Represents a mix 
of 3 humanized 
monoclonal 
antibodies produced 
in plants (Nicotiana 
benthamiana)

Used under Emergency 
IND to treat patients

Worldwide license 
of ZMAb antibody 
portfolio obtained from 
Defyrus Inc., pioneered 
at the Public Health 
Agency of Canada 
(PHAC)

BioCryst Pharmaceuticals 
Inc. BCX-4430 Inhibitor

RNA Polymerase 
Inhibitor Preclinical

Broad spectrum activity 
(> 20 RNA viruses)

Chimerix Inc. Brincidofovir Inhibitor
Mechanism of 
action unclear vs 
Ebola

Used under Emergency 
IND to treat patients
(Phase II in 
preparation)

In development for CMV 
and other DNA viruses; 
in vitro activity vs Ebola 
virus

Sarepta Therapeutics AVI-7537 Inhibitor Antisense Phase I
(funding issues)

Similar approach used 
for Marburg virus 
antisense program (AVI-
7288)

Tekmira Pharmaceuticals 
Inc. TKM-Ebola Inhibitor RNAi

Phase I
FDA-approved for 
Emergency IND to 
treat patients

Phase I was put on hold 
by FDA in Jul. 2014, then 
allowed to proceed 
(partial hold)  in the 
context of the Ebola 
crisis

Toyama Chemicals / 
Fujifilm Holdings Corp. T-705 (Favipiravir / Avigan) Inhibitor RNA Polymerase 

Inhibitor Preclinical
Currently in clinical 
Phase III for Influenza 
virus infection

*Information collected through Antiviral InteliStrat Inc. database and publicly available sources

At least two vaccines against the Ebola virus, both using the viral 
expression vector approach, are currently in Phase I evaluation in the 
context of the present crisis, meaning that they are tested for safety and 

immunogenicity in humans. One of these vaccines (cAd3-ZEBOV) 
uses an Adenovirus vector and was obtained by GlaxoSmithKline 
through its acquisition of Okairos in 2013. Another promising 
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vaccine, based on a VSV vector, was developed initially by the Public 
Health Agency of Canada (PHAC) and has been licensed to New Link 
Genetics Inc. for large scale production and further development. 
Notably, this vaccine was donated to WHO for use in West Africa in 
August. These two vaccines currently represent the most advanced 
options in terms of prevention of Ebola virus infection. Unfortunately, 
their efficacy against the viral infection in humans has yet to be 
established, despite excellent results in animal studies.

Therapeutic agents
Interestingly, besides AVI-7537 (antisense molecule) and TKM-

Ebola (RNAi) which are specifically designed to inhibit Ebola 
replication, all other agents represent broadly active compounds 
that display antiviral activity against many types of RNA viruses, 
including Filoviruses. TKM-Ebola represents a cocktail of siRNA 
molecules targeting the L polymerase enzyme, along with viral 
proteins 24 and 35 of Ebola virus (Zaire strain). BCX-4430 acts as 
a broad spectrum RNA polymerase inhibitor with activity against 
over 20 RNA viruses in various families. The other RNA polymerase 
inhibitor, T-705 (Favipiravir), is currently developed for Influenza 
virus infections, but has significant activity against other viruses as 
well, including the Ebola virus.14 This particular compound has been 
used in several clinical trials involving hundreds of patients, so its 
safety profile is well known. Toyama Chemicals/Fujifilm has recently 
announced its intention to make the product available for evaluation 
in Ebola-infected patients by mid-November. That timing could 
potentially have a positive impact for Ebola-infected patients, as the 
manufacturing process for large scale production of T-705 is already 
in place. Brincidofovir represents a special case. The compound, a 
phosphonate derivative of Cidofovir, is being developed mainly 
for Cytomegalovirus but has significant activity against other DNA 
viruses. It has also shown in vitro activity against the Ebola virus, an 
RNA virus, so its precise mechanism of action for this particular virus 
is unclear. Chimerix announced on Oct. 29 plans for a Phase II study 
of the compound, which has been administered under compassionate 
use to two US patients infected with Ebola.

Another interesting case is ZMapp, a cocktail of three humanized 
monoclonal antibodies produced in tobacco plants by Mapp 
Biopharmaceutical Inc. The antibodies were initially developed by 
Defyrus Inc. and PHAC in Canada, before licensing to Mapp. ZMapp 
showed significant efficacy in studies done with Ebola-infected non-
human primates.15-17 It was also administered under compassionate use 
to 7 patients infected with Ebola so far. At this point, the production 
process in plants is not optimized and cannot generate the amount 
of product needed for treating a large number of patients so other 
manufacturing approaches are being explored.

Conclusion
There are definitely some promising vaccines and therapeutic 

agents in the pipeline to fight Ebola virus infections. However, time 
is running out for thousands of patients infected with Ebola and 
other people at risk of infection in West Africa. By the time safe and 
effective vaccines and therapies become available, it will be too late 
for many (most?) of the currently affected populations.

Another important aspect of the Ebola crisis is often neglected: 
besides drugs and vaccines, what is mostly needed in affected 
countries is human personal at the front line, physicians, nurses and 
other people, ready to care for the patients and administer whatever 
treatments are available.

Again, we were not ready for such a large-scale crisis. This 
has been a crucial test of our ability to face rapidly evolving viral 
outbreaks and the results underline several weaknesses in our way 
to address global viral threats: lack of flexibility of our large health 
organizations, inadequate infrastructures and insufficient personal on 
the front line, mutual lack of trust between health personal and local 
populations, absence of a clear and consistent message to avoid fear 
and panic in the general population, inability of our organizations to 
sense and evaluate the situation on the ground, to adjust and coordinate 
an efficient response to the crisis.

Let’s hope we learn from our mistakes and get ready for the next 
viral outbreak.
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