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Abstract
Ebola virus disease is an infection of human and non-
human primates with fatality rates of up to 90%. Since
2014, the largest outbreak of Ebola virus in recorded
history spread into several adjacent West African nations.
The infection especially propagated into highly populated
areas and where there was inadequate healthcare
infrastructure and public sanitation. Such deficiencies
permitted the widespread of the virus and caused more
than 10,000 casualties to-date. Currently, no specific
therapy is available and treatment of Ebola patients
depends mainly on supportive care and symptomatic
treatment. A worldwide effort has been made to develop
new therapeutic strategies, several of which were
potential vaccines where promising results were
demonstrated in non-human primates. High throughput
screening of FDA-approved drugs has revealed several
compounds with potential anti-Ebola activity in vitro,
which raises the idea of reconsidering the previously
approved drugs as possible candidates against the virus.
This article reviews the current drug candidates and
prospects towards the development of potential EVD
therapy.
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Introduction
Viral hemorrhagic fevers are several diseases caused by a

group of enveloped RNA-virus families that cause febrile
disease with haemorrhagic symptoms. These include the
arena, bunya, filo and flaviviruses [1].

Ebola Virus Disease (EVD) is a disease caused by infection
with one of the five Ebola virus species of the family Filoviridae
[2]. Four species, namely Sudan ebolavirus, Zaire ebolavirus,

Bundibugyo ebolavirus and Cote d’Ivoire ebolavirus are
capable of human infection with fatal outcomes. Pigs and non-
human primates (NHPs) are susceptible to infection with
Reston ebola virus while humans are only infected
asymptomatically [3].

The first outbreak of EVD was reported in 1967 in Zaire (The
Democratic Republic of the Congo) resulting in 318 cases and
88% death rate [4]. The 2014 EVD outbreak, which was caused
by Zaire ebola virus and spread in the West African countries
Liberia, Sierra Leone and Guinea, was the largest Ebola
outbreak with more than 28500 reported human cases and
mortality rates reaching 39.7% [5].

The disease course of EVD is rapid. After about one week
incubation period, victims rapidly develop a high fever,
diarrhea, vomiting, respiratory disorders, haemorrhaging and
death ensues within a few days [6].

Transmission of EVD occurs through acquiring infection from
the handling of wild animals such as fruit bats, antelopes,
chimpanzees, gorillas, monkeys and porcupines [7]. The virus
spreads from an infected to a healthy person via contact with
the infected person’s skin, body fluids or blood [8,9].

Currently, there are no approved drugs for the therapy of
EVD, and management of the disease is largely dependent on
the maintenance of intravascular fluid volume of the patients
[10] and palliative care, even though some tested compounds
exhibit promising antiviral activities against the ebolavirus.
This review summarizes the current advancements in the
therapy of EVD in the effort towards the development of
therapeutic agents against Ebola virus.

Treatment of Ebola Virus Infections
The principal strategies currently followed in the treatment

of EVD are confined to the symptomatic and supportive care
of patients, by maintaining fluid, electrolytes and acid-base
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balance of blood, and treatment of secondary infections [11].
There are no approved therapies specific for EVD at present
[12].

Supportive Care of EVD Patients
Ebola virus disease is an acute febrile disease characterized

by muscle pain, weakness, diarrhea and vomiting [13].
Supportive care of EVD patients aims at restoring the balance
of the body’s fluid and electrolytes that are otherwise lost
through the gastrointestinal tract [10,14]. Patients are given
oral or intravenous fluid compensate for the amount lost from
severe diarrhea. The restoration of potassium, magnesium,
and calcium ion levels in the blood is also deemed necessary
[15].

Management of the disease symptoms is required to reduce
the severity of these symptoms. Nausea and vomiting are
treated through the administration of antiemetics, such as
metoclopramide and ondansetron [12]. Diarrhea is treated by
using antidiarrheal agents such as loperamide [16]. Pain is
managed by using acetaminophen or one of the opioid
analgesic agents [12]. Antibacterial agents are sometimes
administered to the infected patients as they are thought to
prevent translocation of bacteria from the gastrointestinal
tract [17,18]. In some patients, respiratory failure may
develop. Respiratory support is required in these patients [19].

Therapeutic Approach to EVD
Currently, no specific compounds have been approved for

the therapy of EVD [20,21]. The management of EVD depends
on replacement of the patient’s fluid and electrolytes that are
lost through diarrhea, as well as reducing the severity of the
disease symptoms such as diarrhea and muscle pain.

Current therapeutic approach to EVD has been focused on
the implementation of different strategies as the use of
convalescent plasma and monoclonal antibodies, and in
testing compounds that inhibit the entry and fusion of Ebola
virus into the target cells or possess viral polymerase enzyme
inhibitory activity. The 2014 Ebola outbreak has increased the
pace towards the development of an effective Ebola vaccine as
well. The following sections focus on the current efforts
towards the development of Ebola therapy and promising
vaccine platforms that undergo clinical trials.

Convalescent Plasma and Monoclonal
Antibodies

The use of convalescent plasma from patients who survived
infection with EVD provides immediate protection to infected
patients. The use of immunoglobulin isolated from equine
hyper-immune serum to protect hamadryas baboons (Papio
hamadryas) against EVD was attempted by Borisevich et al. in
1995. The immunoglobulin conferred up to 100% protection
against EVD when tested in hamadryas baboons [22]. In
another study, immune plasma high in antibody titer against
EVD was taken from immunized sheep and goats and tested on

experimentally infected guinea pigs. The transfusion provided
prophylaxis within 48 hours after infection [23]. The World
Health Organization (WHO) reckons the use of convalescent
whole blood or plasma from survivors as a possible therapy of
EVD [24]. Transfusion therapy is considered an inexpensive
method to save the lives of infected patients and the use of
convalescent plasma is predicted to result in lower mortality
rates than the use of convalescent whole blood [25].

Transfusions of high concentrations of neutralizing
antibodies can confer protection against different viral
infections [26]. The use of monoclonal antibodies in the
inhibition of EVD has been attempted in the past. It was shown
that a human neutralizing monoclonal antibody, KZ52, confers
protection in guinea pigs against experimental EVD infection
[27]. However, KZ52 failed to prevent experimental EVD
infection in macaques. It was assumed that the Ebola virus
uses a propagation or mutation mechanism that was
insensitive to high concentrations of neutralizing antibody. The
success of such vaccinations may be dependent upon the
cooperation of other antibody and cellular immunity [28].

Recently, a new monoclonal antibody cocktail, called
ZMapp, which is a combination of monoclonal antibodies, was
prepared from components of MB-003 and ZMab antibody
cocktails and was tested on rhesus macaques. ZMapp was
capable of providing 100% protection against experimental
infection in the macaques when the cocktail was administered
intravenously up to five days post intramuscular injection of a
lethal dose of the virus [29].

Polymerase Inhibitors
Several viral polymerase inhibitors have been reported to

exhibit efficacy against Ebola virus. BCX4430 is a synthetic
analog of adenosine (Figure 1) that inhibits the RNA
polymerase resulting in the termination of the RNA chain. This
compound was earlier reported to protect against Ebola virus
and Marburg virus infection when administered
intramuscularly in mice models. Cynomolgus macaques were
also protected against Marburg virus after 48 hours of virus
infection [30].

Three derivatives of pyrazine carboxamide, T-705
(favipiravir), T-1105 and T-1106, have been reported to have
antiviral activity against different RNA virus infections in
laboratory animals, such as arenaviruses, bunyaviruses,
influenza virus, West Nile virus, yellow fever virus, and foot-
and-mouth disease virus [31]. Of these compounds, T-705 is
currently undergoing phase III clinical trials for use against
influenza infection. The compound has shown inhibitory
activity against Ebola virus in cell culture and has also been
reported to confer 100% protection against Ebola virus
infection to immune-deficient mice after a daily administration
for two weeks [32]. In December 2014, a clinical trial of T-705
against EVD was started in Guinea to evaluate the efficacy of
the compound against Ebola virus infection. Even though there
were concerns about teratogenic and embryotoxic effects of
the compound, the Japanese Ministry of Health and labor
approved the use of this compound with strict regulations
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[33]. T-705 is converted to the active ribofuranosyl
triphosphate derivative form by the host enzymes, which in
turn inhibits the viral RNA-dependent RNA polymerase
without inhibition of mammalian DNA or RNA [31].

Figure 1: Ebola virus life cycle and antiviral candidates.

Three derivatives of pyrazine carboxamide, T-705
(favipiravir), T-1105 and T-1106, have been reported to have
antiviral activity against different RNA virus infections in
laboratory animals, such as arenaviruses, bunyaviruses,
influenza virus, West Nile virus, yellow fever virus, and foot-
and-mouth disease virus [31]. Of these compounds, T-705 is
currently undergoing phase III clinical trials for use against
influenza infection. The compound has shown inhibitory
activity against Ebola virus in cell culture and has also been
reported to confer 100% protection against Ebola virus
infection to immune-deficient mice after a daily administration
for two weeks [32]. In December 2014, a clinical trial of T-705
against EVD was started in Guinea to evaluate the efficacy of
the compound against Ebola virus infection. Even though there
were concerns about teratogenic and embryotoxic effects of
the compound, the Japanese Ministry of Health and labor
approved the use of this compound with strict regulations
[33]. T-705 is converted to the active ribofuranosyl
triphosphate derivative form by the host enzymes, which in
turn inhibits the viral RNA-dependent RNA polymerase
without inhibition of mammalian DNA or RNA [31].

Inhibitors of Virus Entry and Fusion
Fusion of the viral and host cell membranes comprises the

first step in Ebola virus infection. Molecules inhibiting the viral
fusion and entry into the target cells are potential candidates
for the development of new therapeutics against Ebola virus.
Recently, a high throughput in vitro assay was developed using
a 1536-well plate to screen Food and Drug Administration
(FDA)-approved drugs for molecules that inhibit the entry of
Ebola virus-like particles [34]. The screening resulted in the
identification of 53 compounds that exhibited an inhibitory
effect on virus-like particles. The majority of these compounds
were previously approved for use as anticancer (e.g.,

vinblastine, vinorelbine/navelbine and vincristine),
anthelmintic (e.g., mebendazole and albendazole),
antiarrhythmic (e.g., digoxin and Dronedarone) and
antidepressant (e.g., Maprotiline and Clomipramine) agents. In
another in vitro assay for repurposing FDA-approved drugs
[35]. 1,012 compounds were screened for antiviral activity
against Ebola and other viruses. Among the tested
compounds, chloroquine (antimalarial), estradiol (estrogen),
toremifene (selective modulator of estrogen receptor),
diphenoxylate (anti-peristaltic) and dipivefrin (treatment of
glaucoma) were reported to inhibit viral fusion events. The
results of the foregoing assay demonstrate the advantages of
re-purposing drugs that are already in use for the treatment of
other ailments. However, further in vivo studies should be
conducted to prove efficacy of these compounds against Ebola
virus infection.

The entry of Ebola virus particles into the host cell is
mediated by proteolysis of the virus glycoprotein via two
protease enzymes of the host cell, cathepsin B and Cathepsin
L, demonstrating the contributing action of these enzymes to
infection [36]. Selective inhibitors of cathepsin B (e.g., CA-030,
CA-074, CA-074Me) and cathepsin L (e.g., E-64c) could serve as
potential candidates in the therapy of EVD [37,38]. However,
Marzi et al. [39] demonstrated that these two enzymes
weren’t necessary for virus entry and replication. The cleavage
of Ebola virus glycoprotein appears to be mediated by a series
of protease enzymes, which makes the development of
specific drugs a difficult task.

Development of anti-Ebola Vaccines
No approved vaccine is currently available to protect against

Ebola virus. A number of vaccines have been reported to
provide protection against the infection in small laboratory
animals and NHPs. Laboratory animal models such as guinea
pigs and mice serve as suitable alternatives to clinical trials of
vaccines in human beings [40]. A vesicular stomatitis virus-
based vaccine expressing Ebola glycoprotein was tested using
two laboratory animal models. In the first model, the vaccine
was able to confer 100% protection to mice challenged with a
lethal dose of mouse-adapted Ebola virus at nine months after
vaccination. In the second model, guinea pigs were challenged
with a lethal dose of Ebola virus at seven months post-
vaccination, where 83% of the animals were found to survive
the infection [41].However, rodent animals are not susceptible
to infection with natural Ebola virus and viral adaptation in
these animals is required for infection [40]. Therefore, this
vaccine may not actually be demonstrating efficacy as used in
these studies.

Since NHPs are highly susceptible to Ebola virus infection
with a high mortality rate that is similar to the susceptibility of
humans to Ebola infection, they represent the best choice for
evaluation of Ebola vaccine efficacy. A vaccine consisting of
Ebola envelope glycoprotein in an adenoviral vector provided
an extremely effective protection to cynomolgus macaques
(Macaca fascicularis) when they were challenged with Ebola
virus 28 days after vaccination [42]. The vector-based vaccines
provide adequate protection to NHPs. In a phase I clinical trial,
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the envelope glycoprotein from Zaire and Sudan Ebola virus
species was encoded in a recombinant adenovirus vaccine. The
vaccine was tested in healthy adults (n=23) and was proven
safe and provided cellular and humoral immune responses
[43].

A chimpanzee adenovirus vector-derived vaccine encoding
Ebola virus glycoprotein (ChAd3-ZEBOV-GP) was able to confer
protective immunity against an acute lethal dose of Zaire Ebola
virus (EBOV) challenge in macaques [44]. Another vaccine
expressing individual filovirus glycoproteins on a recombinant
vesicular stomatitis virus vector has demonstrated 100%
protection against filovirus infection in NHPs. Cynomolgus
macaques were immunized with the vaccine and subsequently
challenged with Marburg virus after 28-35 days of vaccination.
Viremia was not detected in any of the vaccinated animals
after the challenge and no signs of clinical infection were
reported in the challenged animals [45]. Both vaccines are
currently undergoing Phase I and Phase II clinical trials [46].

The non-replicative vector-based vaccines conferred a high
level of immunization when tested in NHPs with the hope of
eventually developing a successful EVD vaccine. However, a
large dose of the vaccine is required to confer immunization
satisfactorily in NHPs, and this makes the manufacturing of the
vaccine under Good Manufacture Practice (GMP) a difficult
and costly task [47]. Moreover, these vaccines provide a low
level of immunization when tested in humans, and it is not
clear whether a higher dose of the vaccine will be effective in
providing a desirable level of the immune response [43].
Moreover, the vaccines fail to induce significant levels of
immunization in individuals who had previously been infected
with the viral vector, such as adenovirus, due to the presence
of pre-existing immunity [43].

Concluding Remarks
Various strategies that have been followed in therapeutic

applications in cases of EVD, together with an increased pace
of experimental trials following the 2014 Ebola outbreak, show
promise in the development of an effective Ebola therapy in
the very near future. Successful application with monoclonal
antibodies cocktail ZMapp in protecting macaques against
Ebola infection shows particular promise in this antibody
cocktail in human clinical trials. RNA polymerase inhibitors,
such as BCX4430 and T-705 (favipiravir) (Figure 2), which have
shown efficacy against EVD in animal models, are also
considered potential candidates for new drug applications
against Ebola infection. And despite concerns about the
teratogenic and embryotoxic effects of T-705, this compound
has been approved by the Japanese Ministry of Health and
Labor for therapy against EVD.

Furthermore, the development of vector-derived vaccines,
such as vesicular stomatitis virus-based vaccine expressing
Ebola glycoprotein, has shown ample protection against the
virus challenge in NHPs. However, the vector-based vaccines
conferred a small level of protection when human beings were
immunized.

Perhaps the best approach towards the development of
therapeutics against EVD is the repurposing of FDA-approved
drugs for the treatment of Ebola infection. Several previously-
approved therapies have demonstrated inhibitory effects on
the Ebola viral fusion and entry in vitro. However, screening of
the large number of compounds approved by the FDA calls for
the implementation of high-throughput techniques to test the
compounds in a short period of time.

The recurring outbreaks of Ebola during 2014 call for
urgency in developing new drugs and therapeutic strategies.
Locales where humans live in close contact with wild animals
that can serve as virus reservoirs make the control of EVD are
particularly at risk and pose the most difficult task to protect
from infection. Therefore, strategic utilization of the best
currently available drugs and therapies is, in our opinion, the
best approach for control and prevention of the Ebola
infection in such populations until better strategies and
vaccines can be developed.

Figure 2: Structural formulas of the inhibitors of viral
polymerase (1-5) and host cathepsins B (6-8) and L (9).
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