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fACTS ABoUT EBolA HEmoRRHAgIC fEVER
ebola hemorrhagic fever is a severe hemorrhagic illness caused by infection with one of several
ebola viruses. ebola is an extremely virulent pathogen and represents a major public health threat in
equatorial africa (choi, J.H. et al (2013)). several outbreaks in humans and nonhuman primates have
been registered in the decades since the virus was first identified in the mid-1970s, most recently in
Uganda and the Democratic republic of congo during the summer of 2012 (mbonye, a. et al (2012);
Unknown author (2012); li, Y.H. et al (2013)) and in guinea and liberia in the spring of 2014 (Baize, s.
et al (2014)).
infection with ebola virus causes profound immune suppression and a systemic inflammatory response
that culminates in potentially fatal damage to the vascular, coagulation and immune systems
(feldmann, H. et al (2011)). The case fatality rate of the disease is as high as 90%, leading to concern
that ebola virus could be used as an agent of biological warfare (madrid, P.B. et al (2013)). There is
currently no treatment or vaccine available for either humans or animals (choi, J.H. et al (2013)).

EBolA VIRUS

Disease Briefing | eBola HemorrHagic fever

3

4

THE EBolA VIRUS
viral hemorrhagic fevers are a diverse group of life-threatening animal and human diseases caused by
rna viruses belonging to four discrete families: arenaviridae, filoviridae, Bunyaviridae and flaviviridae
(ippolito, g. et al (2012)).
The ebola viruses and the related marburg virus (lake victoria marburgvirus) belong to the filoviridae
family, order mononegavirales. like other filoviruses, ebola is an enveloped, non-segmented, singlestranded, negative-sense rna virus. ebolavirus (eBov) particles are filamentous with a uniform
diameter (80 nm) but vary in length, reaching up to 14,000 nm (feldmann, H. et al (2011); leroy, e.m.
et al (2011)).
The 18.9-kb viral genome consists of eight major subgenomic mrnas encoding for seven structural
proteins organized in the following fashion: 3’ leader - nucleoprotein (nP) - virion protein (vP) 35 vP40 - glycoprotein (gP) - vP30 - vP24 - rna-dependent rna polymerase (l)-5’ trailer, and one
nonstructural protein (sgP) (feldmann, H. et al (2011); leroy, e.m. et al (2011)). The ribonucleoprotein
complex, which is involved in viral transcription and replication, is composed of a genomic rna
molecule encapsulated by nP linked to vP30 and vP35 and the rna-dependent rna polymerase
(leroy, e.m. et al (2011)). The trimeric glycoprotein gP forms surface spikes on the virion envelope
that mediate cellular attachment and entry; gP acts as a shield, impeding antiviral immunity,
and is believed to be a major determinant of pathogenicity (reynard, o. et al (2009)). vP40, the
most abundant protein, is associated with the inner surface and drives the process of viral budding
(Harty, r.n. (2009); silva, l.P. et al (2012)). vP24, vP35 and nP are required for the formation of the
nucleocapsid (Beniac, D.r. et al (2012)) and are important determinants of pathogenicity (de Wit, e. et
al (2011)). vP35 acts as a type i interferon antagonist, while vP24 interferes with interferon signaling
(feldmann, H. et al (2011)). more recently, vP35 has also been shown to bind to and mask the viral
rna, preventing the host immune system from attacking it (leung, D.W. et al (2010)). The threedimensional structure and organization of eBov have been determined using cryo-electron microscopy
and cryo-electron tomography (Beniac, D.r. et al (2012)).
five distinct ebola viruses have been described. four of these are native to africa and are pathogenic
to humans as well as nonhuman primates: sudan ebola virus (seBov, discovered in 1976), Zaire ebola
virus (ZeBov, discovered in 1976), côte d’ivoire ebola virus (cieBov, discovered in 1994) (feldmann,
H. et al (2011)) and Bundibugyo ebola virus (BeBov, discovered in 2007) (macneil, a. et al (2010);
Wamala, J.f. et al (2010)). a fifth virus, reston ebola virus (reBov, discovered in 1989), is found only
in the Philippines and to date appears to cause disease only in nonhuman primates and domestic pigs
(miranda, m.e. et al (2011)). virulence differs among the different virus strains, ZeBov being associated
with the highest case-fatality rate (feldmann, H. et al (2011)). in addition to their pathogenicity in
humans, ebola viruses are also a significant cause of morbidity and mortality in great apes (leroy, e.m.
et al (2011)).
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ImPoRTANT RNA VIRUSES AND THE DISEASES THEy PRoDUCE IN HUmANS

familY/cHaracTerisTics

virUses

Diseases

orthomyxoviruses
(orthomyxoviridae) singlestranded rna, enveloped
(no Dna step in replication;
negative-sense genome;
segmented genome)

influenza a and B virus

Upper respiratory infection, croup

Paramyxoviruses
(Paramyxoviridae) singlestranded rna, enveloped
(no Dna step in replication;
negative-sense genome;
nonsegmented genome)

Parainfluenza 1-3 virus

Upper respiratory infection, croup

respiratory syncytial virus

Upper respiratory infection, croup

measles virus

measles

mumps

aseptic meningitis

coronaviruses (coronaviridae)
Human coronaviruses
single-stranded rna,enveloped
(no Dna step in replication;
positive-sense genome)

Upper respiratory infection

rhabdoviruses (rhabdoviridae)
single-stranded rna,
enveloped (no Dna step in
replication; negative-sense
genome; nonsegmented
genome)

rabies virus

rabies

Picornaviruses (Picornaviridae)
single-stranded rna,
nonenveloped

rhinoviruses

common cold

Hepatitis a virus

Hepatitis

enteroviruses:
• Polioviruses
• coxsackie a24 viruses

Paralysis
acute hemorrhagic
conjunctivitis
myocarditis, pericarditis
aseptic meningitis
aseptic meningitis

coxsackie B viruses
• coxsackie B1-5 viruses
• coxsackie a9 viruses
echoviruses

aseptic meningitis, encephalitis

caliciviruses (calciviridae)
single-stranded rna,
nonenveloped

norwalk virus

gastroenteritis

Hepatitis e virus

Hepatitis

Togaviruses (Togaviridae)
single-stranded rna,
enveloped (no Dna step in
replication; positive-sense
genome)

alphaviruses
(group a arboviruses)

encephalitis, hemorrhagic fever

rubivirus

rubella

flaviviruses (flaviviridae)
single-stranded rna,
enveloped (no Dna step in
replication; positive-sense
genome)

group B arboviruses

encephalitis, hemorrhagic fever

Hepatitis c virus

Hepatitis

Dengue virus

Dengue fever

Bunyaviruses (Bunyaviridae)
single-stranded rna,
enveloped (no Dna step in
replication; negative-sense
genome; segmented genome)

some arboviruses

encephalitis, hemorrhagic fevers

Hantavirus

fever, renal involvement

reoviruses (reoviridae) Double- Human rotaviruses
stranded rna, nonenveloped

gastroenteritis
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ImPoRTANT RNA VIRUSES AND THE DISEASES THEy PRoDUCE IN HUmANS, CoNTINUED

familY/cHaracTerisTics

virUses

Diseases

arenaviruses (arenaviridae)
single-stranded rna,
enveloped (no Dna step in
replication; negative-sense
genome; segmented genome)

lymphocytic choriomeningitis
(lcm virus)

meningitis

lassa virus

Hemorrhagic fever

retroviruses (retroviridae)
single-stranded rna,
enveloped (Dna step in
replication)

HTlv-i, HTlv-ii

T cell leukemia, lymphoma,
paresis

Hiv-1, Hiv-2

aiDs

filoviruses (filoviridae) singlestranded rna, enveloped
(no Dna step in replication;
negative-sense genome;
nonsegmented genome)

marburg virus

marburg disease

ebola virus

ebola hemorrhagic fever

TRANSmISSIoN AND lIfE CyClE
filoviruses are zoonotic, and fruit bats are widely considered to be reservoir species and primary source
of infection. Bats of the Pteropodidae family appear to be a natural reservoir for Zaire ebola virus
(ebola hemorrhagic fever. WHo fact sheet no. 103 (World Health organization, august 2012)), and
naturally infected fruit bats have been identified in the endemic region. other potential reservoirs and
vectors may also exist, however (feldmann, H. et al (2011); de Wit, e. et al (2011)). in the case of reBov,
swine have been identified as a natural host species (Barrette, r.W. et al (2009)), and Rousettus
amplexicaudatus fruit bats may be a natural reservoir species (Taniguchi, s. et al (2011)).
ebola virus is often transmitted to humans from the carcasses of infected animals. in the endemic
region of africa, chimpanzees and other primates are often used as food. once the virus has infected
one human it can be transmitted to others, usually through mucosal surfaces or breaks in the skin,
when an individual comes into direct contact with body fluids (blood, semen, genital secretions), skin
or nasal secretions from infected individuals or cadavers. Person-to-person transmission of eBov is
relatively inefficient, as seen by a secondary attack rate of approximately 10%. aerosols and droplets
are not considered important routes of transmission, although they may contribute (feldmann, H. et
al (1996)). Transmission may also occur in the healthcare or laboratory setting. During the seminal
outbreaks in sudan and Zaire in 1976, reuse of contaminated needles contributed significantly to the
spread of the disease (feldmann, H. et al (2011)). Transmission from infected mothers to infants via
breast milk has been hypothesized (feldmann, H. et al (2011)).

PATHogENESIS, moRBIDITy AND moRTAlITy
The virus is trophic for a range of cell types, but infects and replicates preferentially in monocytes,
macrophages and dendritic cells. These cells also play an important role in the subsequent
dissemination of the virus throughout the body via the lymphatic system and blood (feldmann, H. et
al (2011); leroy, e.m. et al (2011)). viral replication is intense, mostly occurring in secondary lymphoid
organs and the liver. The virus subsequently spreads to hepatocytes, endothelial cells, fibroblasts and
epithelial cells. in spite of the intensity and extent of viral replication in organs such as the liver, the
resulting damage does not appear to be sufficient to result in death or other severe manifestations
of ebola hemorrhagic fever, suggesting that the host response must also contribute to pathogenesis.
The exaggerated release of cytokines and other inflammatory mediators results in a cytokine storm
with detrimental consequences ranging from vascular leakage to T-cell apoptosis (leroy, e.m. et al
(2011)). an early, robust and balanced immune response, characterized by igm response within two
days of symptom onset and igg response within 5-8 days of symptom onset, is associated with a more
favorable outcome (Hoenen, T. et al (2012)).
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following an incubation period, ebola hemorrhagic fever emerges abruptly and is characterized
by early symptoms of fever, chills, malaise and myalgia. These may be followed by multisystem
involvement manifesting as prostration, anorexia, nausea/vomiting, abdominal pain, diarrhea,
chest pain, cough, shortness of breath, headache, confusion, coma, edema or postural hypotension.
Hemorrhagic symptoms manifest at the peak of illness and include petechiae, ecchymoses,
uncontrolled bleeding or oozing from venopuncture sites and mucosal hemorrhage; these may
be severe, although fewer than half of all patients have hemorrhagic manifestations. massive
blood loss, if it does occur, usually affects the gastrointestinal tract. late-stage symptoms include
shock, convulsions, profound metabolic disturbances, diffuse coagulopathy and multiorgan failure,
manifesting as a syndrome that is similar in some ways to septic shock (see sepsis and septic shock).
symptoms manifest earlier and disease progresses more rapidly in patients with fatal disease, with
death occurring 6-10 days after onset of symptoms (feldmann, H. et al (2011); de Wit, e. et al (2011);
Hoenen, T. et al (2012)).
The route of infection may influence both the course of disease and outcome. The incubation period
following transmission via contact exposure is reported to be longer than for parenteral infection (mean
9.5 vs. 6.3 days) (feldmann, H. et al (2011)). viral load is linked to outcome, with data in humans and
nonhuman primates showing improved likelihood of survival when viremia is lower than 1x10(4.5) pfu/
ml of blood (feldmann, H. et al (2011)). outcome is also closely associated to the infecting strain.
The case-fatality rate ranges from 60-90% for Zaire ebola virus species to 40-60% for sudan ebola
(feldmann, H. et al (2011); leroy, e.m. et al (2011)) and approximately 40% for Bundibugyo ebola
(macneil, a. et al (2010)). only one person has been infected with the côte d’ivoire strain and survived
the illness (de Wit, e. et al (2011); leroy, e.m. et al (2011)). no human cases of illness caused by reston
ebola virus infection have been reported. in february 2009, WHo reported that four people working
with infected pigs in the Philippines had tested positive for reBov antibodies, but did not show
symptomatic disease (Unknown author (2009); ebola reston in pigs and humans in the Philippines
(World Health organization, february 3, 2009)). although the reBov strain appears at this time to
be less pathogenic to humans, it should be noted that all subjects analyzed were healthy adult males.
There are no data available at this time for potentially more vulnerable groups such as children,
pregnant women or immunosuppressed patients (ebola hemorrhagic fever. WHo fact sheet no. 103
(World Health organization, august 2012)).
among survivors, sequelae may persist long after recovery from acute illness and include myelitis,
recurrent hepatitis, psychosis, uveitis (feldmann, H. et al (2011)) and prolonged poor health, as well as
psychosocial sequelae such as fear and rejection (macneil, a. et al (2012)). High antibody titers may be
detected for years after infection (leroy, e.m. et al (2011)).

RISk fACToRS
With the exception of periodic outbreaks, eBov does not typically persist in the human population.
Thus the introduction of eBov from the reservoir species to humans appears to involve one or more
stochastic events: typically transmission of the virus from the reservoir species (bats) to the incidental
nonhuman host species (chimpanzees, gorillas), followed by human contact with the infected animal,
primarily during the hunting and preparation of bush meat (macneil, a. et al (2012)), although direct
transmission from bats to humans is also possible (Hoenen, T. et al (2012)). The observation of reBov
infection in domestic pigs in the Philippines and the subsequent demonstration in laboratory studies
that ZeBov can also be transmitted among swine (Kobinger, g.P. et al (2011)) has led to concern that
humans could theoretically become infected through the consumption of food and other products
obtained from infected pigs (Hoenen, T. et al (2012)), although no cases of this type of animal-tohuman transmission have been observed in the field.
risk factors for human-to-human transmission of eBov include close contact with sick individuals,
primarily in the family or health care setting, and contact with dead bodies during preparation and burial.
Health care workers in low-resource settings are at very high risk of infection (macneil, a. et al (2012)).
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EPIDEmIology
The first cases of ebola hemorrhagic fever were reported in 1976, when two nearly simultaneous
outbreaks occurred in northern Zaire (now the Democratic republic of congo) and southern sudan.
The causative agents of the outbreaks were identified as two different species of a novel filovirus, which
was named “ebola” after a river in northern Zaire.
confirmed cases of ebola hemorrhagic fever have since been reported in the congo, côte d’ivoire,
Democratic republic of congo, gabon, sudan and Uganda (geographic distribution of ebola
hemorrhagic fever outbreaks and fruit bats of Pteropodidae family (World Health organization, 2009)),
as shown in the table below. The largest outbreak to date took place in Uganda between october
2000 and february 2001, during which time 425 people developed clinical illness and 224 (53%) died
(okware, s.i. et al (2002)).
in July 2012, a new index case of ebola was confirmed by the World Health organization in Uganda.
as of august 17, WHo had reported a cumulative number of 24 probable and confirmed cases of
ebola hemorrhagic fever in Uganda, including 16 deaths (ebola in Uganda - update (World Health
organization, august 17, 2012)), and stated that the outbreak there was under control. However, also
in august 2012, 15 suspected new cases of ebola and 10 deaths were reported in the Democratic
republic of congo. By september 15, the number of laboratory-confirmed and probable cases of ebola
hemorrhagic fever in the congo had reached 46, 19 of which were fatal (ebola outbreak in Democratic
republic of congo, update (World Health organization, september 18, 2012)). all told, three separate
outbreaks of ebola were recorded in 2012, as shown in the table below.
in march 2014, WHo was notified of a new outbreak of ebola virus disease in guinea (Baize, s. et al
(2014)), which later spread to liberia. This marked the first time that the disease had been detected in
West africa, according to WHo. The strain implicated in the outbreak has 98% homology to the Zaire
ebolavirus (ZeBov) strain last detected in 2009. as of may 10, 2014, a cumulative total of 233 clinically
compatible cases of ebola hemorrhagic fever in West africa, including 157 deaths, had been officially
reported to the World Health organization (see WHo global alert and response: ebola virus disease
(evD) and ebola hemorrhagic fever - guinea outbreak (centers for Disease control and Prevention) for
up-to-date information).
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CHRoNology of mAjoR EBolA HEmoRRHAgIC fEVER oUTBREAkS (AS of mARCH 2014)

virUs
sUBTYPe

cases

DeaTHs

case
faTaliTY

Democratic
republic of
congo

BeBov

57

29

51%

2012

Uganda

seBov

7

4

57%

2012

Uganda

seBov

24

17

71%

2011

Uganda

seBov

1

1

100%

2008

Democratic
republic of
congo

ZeBov

32

14

44%

2007

Uganda

BeBov

149

37

25%

2007

Democratic
republic of
congo

ZeBov

264

187

71%

2005

congo

ZeBov

12

10

83%

2004

sudan

seBov

17

7

41%

2003 (nov-Dec) congo

ZeBov

35

29

83%

2003 (Jan-apr) congo

ZeBov

143

128

90%

2001-2002

congo

ZeBov

59

44

75%

2001-2002

gabon

ZeBov

65

53

82%

2000

Uganda

seBov

425

224

53%

1996

south africa
(ex gabon)

ZeBov

1

1

100%

1996 (Jul-Dec)

gabon

ZeBov

60

45

75%

1996 (Jan-apr)

gabon

ZeBov

31

21

68%

1995

Democratic
republic of
congo

ZeBov

315

254

81%

1994

côte d’ivoire

cieBov

1

0

0%

1994

gabon

ZeBov

52

31

60%

1979

sudan

seBov

34

22

65%

1977

Democratic
republic of
congo

ZeBov

1

1

100%

1976

sudan

seBov

284

151

53%

1976

Democratic
repubic of
congo

ZeBov

318

280

88%

Year

coUnTrY

2012

ABBREVIATIoNS USED: SEBoV, SUDAN EBolA VIRUS; ZEBoV, ZAIRE EBolA VIRUS; BEBoV, BUNDIBUgyo EBolA VIRUS;
CIEBoV, CôTE D’IVoIRE EBolA VIRUS.

source: ebola haemorrhagic fever. fact sheet no. 103 (World Health organization, updated march
2014). available at http://www.who.int/mediacentre/factsheets/fs103/en/index.html.
for more epidemiology information, consult the incidence and Prevalence Database (iPD): iPD: ebola virus.
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CoST
ebola hemorrhagic fever is a relatively rare disease and as such incurs a relatively low direct cost to
society. However the long-term, indirect cost to an affected community can be significant. for example,
in a community serviced by few health care workers, the illness or death of a nurse or doctor may
temporarily leave residents without any medical care at all. furthermore, when a health center with
limited resources must care for a patient with ebola, standard medical care and attention for patients
with other diseases may not be available (macneil, a. et al (2012); Hoenen, T. et al (2012)).

DIAgNoSIS
ebola virus infections can only be diagnosed definitively in the laboratory. a number of different tests
have been used to identify the virus, including:
•

enzyme-linked immunosorbent assay (elisa) for immunoglobulin g and m (nakayama, e. et al
(2010));

•

antigen detection tests;

•

serum neutralization test;

•

reverse transcriptase polymerase chain reaction (rT-Pcr) assay (Wang, Y.P. et al (2011));

•

electron microscopy of clinical specimens (Wang, Y.P. et al (2011));

•

virus isolation by cell culture (Wang, Y.P. et al (2011)).

PolymERASE CHAIN REACTIoN (PCR)

10
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clinical specimens should be handled according to WHo guidelines (see interim infection control
recommendations for care of patients with suspected or confirmed filovirus (ebola, marburg)
hemorrhagic fever (World Health organization, march 2008)) and analyzed in a biosafety level 4 (Bsl4) laboratory (leroy, e.m. et al (2011)).

DIffERENTIAl DIAgNoSIS
Particularly in the early stages of an outbreak, the diagnosis of ebola hemorrhagic fever may be
hindered by the similarity of its symptoms to those of other diseases that are frequently encountered
in the affected region. These diseases — which should be considered in the differential diagnosis of
ebola — include marburg virus and other viral hemorrhagic fevers, malaria, typhoid fever, shigellosis,
cholera, rickettsiosis, meningococcal septicemia, plague, leptospirosis, anthrax, typhus, yellow fever,
chikungunya fever and fulminant viral hepatitis (feldmann, H. et al (2011); ebola hemorrhagic fever.
WHo fact sheet no. 103 (World Health organization, august 2012)).

PREVENTIoN
especially during outbreaks, proper preventive measures should be taken to reduce the risk of
disease transmission. These include educational public health messages regarding proper handling
of potentially infected animals, reducing contact with infected patients and proper burial measures
for people suspected to have died from ebola. Health care workers, who are at risk of contracting the
illness through contact with patients, should wear gloves and other appropriate personal protective
equipment. laboratory workers handling samples obtained from suspected ebola victims should also
take the proper precautions.

VACCINES
Because ebola hemorrhagic fever is a relatively rare disease primarily affecting underdeveloped
countries, the development of a vaccine was long considered unnecessary. However several factors
have changed this outlook, most significantly the potential for use of the virus as a weapon of
bioterrorism (geisbert, T.W. et al (2010)). as a result, various pre- and postexposure vaccines have been
developed and evaluated in recent years. conventional inactivated viral vaccines were the first vaccines
studied, but were not effective in nonhuman primate models (richardson, J.s. et al (2010)). greater
efficacy has been reported for postexposure vaccines based on vesicular stomatitis virus (vsv), as well
as preexposure vaccines based on recombinant adenovirus type 5, human parainfluenza virus type 3
(falzarano, D. et al (2011); richardson, J.s. et al (2010)) and virus-like particle vaccines (Warfield, K.l.
et al (2007); Warfield, K.l. et al (2011)). a Dna vaccine expressing envelope glycoproteins (gP) from
the Zaire and sudan species as well as the nucleoprotein (nP) was tested in a phase i clinical study in
healthy adult volunteers (martin, J.e. et al (2006)).
The greatest success has been achieved using the recombinant vsv-based ebola vaccine. in addition
to promising results obtained in guinea pigs, mice and rhesus macaques (feldmann, H. et al (2007)),
the vaccine was also successfully administered to an individual who suffered an accidental laboratory
exposure. The subject, who was given the vaccine 48 hours after the accident, developed a fever but
had no other signs of disease, and the virus remained undetectable in serum and peripheral blood
during a three-week observation period (günther, s. et al (2011)). although this incident appears
to demonstrate efficacy, it was never confirmed that the individual had actually been infected with
eBov (falzarano, D. et al (2011)). nonetheless, in the absence of any effective treatment for ebola
hemorrhagic fever, a postexposure vaccine is considered the best alternative to protect laboratory and
health care personnel working with the virus (falzarano, D. et al (2011)).
in order to provide optimum protection against all strains of ebola as well as the related marburg
virus, an eventual vaccine would ideally need to contain at least three components (feldmann,
H. et al (2011)). furthermore, given the remoteness of the endemic region, a single-dose vaccine
is most desirable (geisbert, T.W. et al (2010); Hoenen, T. et al (2012)). finally, the route of vaccine
administration is an important consideration. although intramuscular injection is the most widely
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used route of administration for current vaccines, a product that must be administered with a needle
presents significant safety risks in an outbreak situation. Thus mucosal immunization (e.g., intranasal
or oral) has been proposed as an attractive alternative, and needle-free delivery systems are being
pursued (richardson, J.s. et al (2010)). in general, a postexposure prophylactic vaccine that could be
routinely administered to health care professionals in the endemic zone, with mass vaccination of the
regional population in the event of an outbreak (i.e., ring vaccination), is conceivably the most practical
approach (macneil, a. et al (2012); Hoenen, T. et al (2012)).
The fDa has passed the animal efficacy rule (see guidance for industry: animal models — essential
elements to address efficacy under the animal rule. Draft guidance (food and Drug administration,
January 2009)) which enables regulatory approval of drugs and vaccines which cannot ethically or
feasibly be tested in humans — including vaccines to prevent infection by agents of bioterrorism —
on the basis of demonstrated efficacy in animal models. although this procedure would probably
be appropriate for development of an ebola vaccine, reliable correlates of immune protection must
first be identified. To date, the identification of reliable immune correlates in naturally infected
human survivors has been hindered by the high mortality rate associated with the virus as well as the
unpredictable nature of outbreaks (sullivan, n.J. et al (2009); richardson, J.s. et al (2010)).
EBolA VACCINES UNDER ACTIVE DEVEloPmENT

DrUg name

organiZaTions

DescriPTion

PHase

ad5-optZgP/Def-201

Defyrus

combination of
Def-201 with an
ebola vaccine

Preclinical

BnsP-333-gP

Us Department of
Health & Human
services

Bivalent vaccine
Preclinical
consisting of
recombinant rabies
BnsP333 virus carrying
the Zaire ebola virus
(ZeBov) mayinga
strain glycoprotein (gP)

mva-Bn filo

Bavarian nordic

cancer vaccine
consisting of an
attenuated version of
the modified vaccinia
ankara (mva-Bn) virus
encoding a filovirus
antigen

Preclinical

rvsv-ebola

Profectus Biosciences

recombinant vesicular
stomatitis virus (rvsv)
expressing surface
glycoproteins from
ebola virus

Preclinical

TREATmENT
at this time there are no safe and effective vaccines, nor are there any effective disease-specific
treatments for ebola hemorrhagic fever (choi, J.H. et al (2013)). supportive therapy — which is directed
toward maintenance of blood volume and electrolyte balance, pain management and control of
secondary infections — is the only available option (feldmann, H. et al (1996); richardson, J.s. et al
(2010)). Patients should be isolated and all contacts traced, and medical personnel should follow
proper procedures including use of adequate barrier nursing techniques and HePa-filtered respirators
(feldmann, H. et al (1996); Bausch, D.g. et al (2008)).
various experimental treatment approaches have been proposed and evaluated in rodents and/
or nonhuman primates including passively acquired antibodies such as those obtained in the blood
or serum of convalescent patients (Jahrling, P.B. et al (2007)), surface glycoprotein (gP)-specific
monoclonal antibodies (Qiu, X. et al (2012); Qiu, X. et al (2012); Takada, a. et al (2007)), antisense
oligonucleotides (Warren, T.K. et al (2010)), small interfering rnas (sirnas) (geisbert, T.W. et al
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(2010)), modulators of the coagulation cascade (geisbert, T.W. et al (2003); Hensley, l.e. et al (2007))
and inflammatory modulators such as type i interferon (feldmann, H. et al (2011)). earlier-stage
studies have suggested potential for inhibitors of the endo/lysosomal cholesterol transporter protein
niemann-Pick c1 (nPc1), which interacts with the virus glycoprotein gP and is essential for viral entry
(côté, m. et al (2011); carette, J.e. et al (2011); choi, J.H. et al (2013)).
The study of investigational agents is hindered by the need to manipulate eBov in high-level biosafety
labs as well as by ethical constraints, which make the testing of drugs in traditional controlled clinical
trials unfeasible. some researchers have proposed evaluating investigational agents in the field, under
outbreak conditions, while recognizing the myriad political, scientific, financial, logistic, ethical and
legal challenges that this presents (Bausch, D.g. et al (2008)).

ANTIVIRAl AgENTS
no conventional or licensed antiviral agents have been found effective against eBov (Bausch, D.g.
et al (2008); Kondratowicz, a.s. et al (2012)). viral load has been linked to survival, with a 2-3 log
difference in viral load sometimes accounting for the difference between survival and death. research
efforts are thus being directed to the discovery of new antiviral agents that are capable of reducing viral
load, albeit transiently, as well as other agents that directly inhibit the virus (Kondratowicz, a.s. et al
(2012)) or viral entry (choi, J.H. et al (2013)). antiviral agents are most likely to be effective during the
earlier (incubation and precoagulopathy) stages of disease progression (ippolito, g. et al (2012)).

SmAll INTERfERINg RNAS
inhibition of viral gene expression using small interfering rnas (sirnas) is a growing area of antiviral
research (arbuthnot, P. (2010)) and is one of the few promising approaches to the treatment of ebola at
this time.

mECHANISm of gENE ExPRESSIoN INHIBITIoN THRoUgH RNA INTERfERENCE
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The efficacy of TKm-ebola (also known as ebola snalP, TKm-100201), a stable nucleic acid lipid
particles (snalP)-targeted sirna directed against the ebola virus was assessed in a nonhuman
primate model of uniformly lethal Zaire ebola virus (ZeBov) hemorrhagic fever in a proof-of-concept
study in rhesus macaques. TKm-ebola, consisting of three pooled snalP-formulated anti-ZeBov
sirna molecules targeting ZeBov protein l, matrix protein vP40 and polymerase cofactor vP35, was
administered at 2 mg/kg/dose by bolus i.v. infusion to three macaques at 30 minutes and on days 1,
3 and 5 following a ZeBov challenge. another group of four macaques received the treatment at 30
minutes and on days 1-6 following the challenge with ZeBov. four and seven treatments with TKmebola after ZeBov exposure correlated with 66% and 100% protection against lethal ZeBov infection,
respectively. The treatment was well tolerated, with only minor changes in liver enzymes possibly
related to viral infection reported (geisbert, T.W. et al (2010)).
in february 2012, Tekmira Pharmaceuticals commenced enrollment in a phase i trial of TKm-ebola.
The single-blind, placebo-controlled study is designed to assess the safety and tolerability of TKmebola and to evaluate the pharmacokinetics and systemic exposure following both a single ascending
dose and multiple ascending doses of the product. a maximum of 56 healthy adults will participate in
this study in two stages. a single-ascending-dose stage will have up to six cohorts with four subjects
in each cohort (three receiving TKm-ebola and one receiving placebo). a multiple-ascending-dose
stage will have up to three cohorts with four subjects per cohort (three receiving TKm-ebola and one
receiving placebo) (ncT01518881, see Unknown author (2012)).
The product will be developed under the fDa’s animal efficacy rule for therapeutics that cannot meet
the requirements for traditional approval because human efficacy studies are not feasible. TKm-ebola
is being developed under a contract with the U.s. government’s Transformational medical Technologies
Program. However, in august 2012 Tekmira received a temporary stop-work order from the U.s.
Department of Defense (DoD) with respect to the TKm-ebola program. other contractors have received
similar notices due to funding constraints imposed on the DoD.

CURRENT EBolA HEmoRRHAgIC fEVER PIPElINE
consult the table below for an overview of all products mentioned in this review, including drugs,
biologics and diagnostic agents that have been marketed or are under active development for this
indication. The table may also include drugs not covered in the preceding sections because their
mechanism of action is unknown or not well characterized.
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DRUgS AND BIologICS UNDER ACTIVE INVESTIgATIoN foR THE PREVENTIoN AND TREATmENT of EBolA HEmoRRHAgIC fEVER

DrUg name

organiZaTions

DescriPTion

PHase

avi-7537

sarepta Therapeutics

19-mer phosphorodiamidate Phase i
morpholino antisense
oligomer (Pmo)
whose sequence is:
5’-gccaTggTTTTTTcTcagg-3’

ebola snalP

Tekmira

combination of small
Phase i
interfering rnas with
2’-o-methyl versions of
guanines and uridines (eK-1
mod, vP24-1160 mod and
vP35-855 mod) respectively
targeting the Zaire ebola
virus l, vP and vP35 genes
formulated in stable nucleic
acid lipid particles (snalPs)

TKm-100802

Tekmira

Phase i

ad5-optZgP/Def-201

Defyrus

combination of Def-201
with an ebola vaccine

BcX-4430

Biocryst

(2s,3s,4r,5r)-2-(4-amino- Preclinical
5H-pyrrolo[3,2-d]pyrimidin7-yl)-5-(hydroxymethyl)
pyrrolidine-3,4-diol

BnsP-333-gP

Us Department of
Health & Human
services

Bivalent vaccine consisting
of recombinant rabies
BnsP333 virus carrying the
Zaire ebola virus (ZeBov)
mayinga strain glycoprotein
(gP)

Preclinical

mB-003

mapp
Biopharmaceutical;
Us army med res inst
infectious Diseases;
Kentucky BioProcessing
(KBP)

mixture of deimmunized
mouse-human chimeric
monoclonal antibodies
(h-13f6, c13c6 and
c6D8) targeting nonoverlapping glycoprotein
(gP) epitopes of ebola
virus (eBov); produced
via Nicotiana benthamiana
(deltaXTfT)-based rapid
antibody manufacturing
platform (ramP)

Preclinical

mva-Bn filo

Bavarian nordic

cancer vaccine consisting of Preclinical
an attenuated version of the
modified vaccinia ankara
(mva-Bn) virus encoding a
filovirus antigen

rvsv-ebola

Profectus Biosciences

recombinant vesicular
stomatitis virus (rvsv)
expressing surface
glycoproteins from ebola
virus

Preclinical

Preclinical

Disease Briefing | eBola HemorrHagic fever

15

16

TARgETS foR THERAPEUTIC INTERVENTIoN
for an overview of validated therapeutic targets for this indication, consult the targetscape below.
The targetscape shows an overall cellular and molecular landscape or comprehensive network of
connections among the current therapeutic targets for the treatment of the condition and their
biological actions. an arrow indicates a positive effect; a dash indicates a negative effect. gray or
lighter symbols are targets that are not validated. for in-depth information on a specific target or
mechanism of action, see the corresponding section in this report.

EBolA HEmoRRHAgIC fEVER TARgETSCAPE
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