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Ebola virus disease (EVD) described as “one of the world’s most virulent diseases” by WHO was popularly known as Ebola haemorrhagic
fever in the past. It is usually considered a severe and deadly illness when humans are concerned. EVD outbreaks have shown to have
a very high fatality rate ranging from 50 - 90% with a reported occurrence primarily seen near the tropical rainforests of remote villages
in Central and West Africa. The virus is transmitted to people from wild animals and within the human community through human-to-
human contact. Natural host for Ebola virus is not yet conclusively identified but the most probable host appears to be the fruit bats of
the Pteropodidae family. Five subspecies of Ebola virus are recognized till date, with Zaire Ebola virus being the most aggressive of all
varieties and recording up to 90% mortality. All Ebola forms are highly contagious and hence have been classed as Category A Priority
Pathogens by WHO. Severely ill patients warrant intensive support therapy. Medical workers working in affected areas need to undertake
extensive measures to prevent contracting the disease. Till date, no particular anti-viral therapy has demonstrated effectiveness in Ebola
virus infection. Also, no vaccine for use in humans is yet approved by the regulatory bodies. If Ebola was actually misused as a biological
weapon, it could be a serious threat. Idea behind this article is to briefly review the history and present recent updates on Ebola virus, its

pathogenesis and possible hopes for treatment.

INTRODUCTION

Viral haemorrhagic fevers (VHFs) is a group of diseases caused
by a variety of five discrete families of RNA viruses: Arenaviridae,
Bunyaviridae, Flaviviridae, Filoviridae and Rhabdoviridae; ranging
fromm non-severe illnesses like Lassa fever, Rift valley fever, Yellow
fever and Dengue fever to more severe life threatening ones like Ebola
virus disease, Marburg haemorrhagic fever and Crimean-Congo
haemorrhagic fever. Severe forms are often characterized by extreme
systemic manifestations such as widespread vascular damage
resulting in extensive haemorrhage and multiple organ failure. VHFs
are known to afflict regions widespread across the globe but mainly
each illness is restricted to areas where the natural host of the virus
resides. However, there have been instances when the virus has been
exported from its natural habitat to distant locations.

Ebola haemorrhagic fever (Ebola HF), one of the several VHFs, is
recognized worldwide as a severe, often deadly disease in humans
and non-human primates (monkeys, chimpanzees and gorillas). It
is caused by infection with virus of the genus Ebolavirus and family
Filoviridae. Ebola virus was for the first time discovered to cause
Ebola HF in 1976 in what is now known as the Democratic Republic
of Congo (DRC) near the Ebola River. It is notorious for causing
fatal outbreaks and epidemics in endemic regions of central,
eastern and western Africa with lesser health threats beyond these
areas. Five different subspecies of Ebolavirus are established, of
which four are known to cause disease in humans. These, in their
decreasing order of virulence and lethality, are Zaire virus (Zaire
ebolavirus), Sudan virus (Sudan ebolavirus), Bundibugyo virus
(Bundibugyo ebolavirus),Tai Forest virus (Tai' Forest ebolavirus)
and Reston virus (Reston ebolavirus) The earliest detected cases
of Ebola virus outbreak were reported in Africa amongst the dead
bodies and carcasses of chimpanzees and gorillas. The virus soon
got transmitted from these animals to cause Ebola virus infection
in humans.
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HISTORY AND DEMOGRAPHICS

History of Ebola virus outbreaks can be traced to the first recorded
outbreak in Democratic Republic of Congo (DRC), lying on the
Ebola River. The first case of Ebola virus disease was identified on
26 August 1976, in Yambuku, a small rural village in Mongala District
in northern DRC (then known as Zaire) [1]. Dr Peter Piot, along with
his team members were the first ones to discover Ebola virus in the
blood sample of a sick nurse working in Zaire in 1976. They later
made key discoveries in establishing the transmission of this virus
[2]. Ebola viruses are known for well-documented severe outbreaks
of human haemorrhagic fever, with consequential case mortalities
reaching as high as 85-95%. History and demographic details of
various outbreaks of different species of Ebola virus are summarized
in [Table/Fig-1-5] [3,4].

The current (2014) West Africa Ebola virus outbreak was significant
as it was the largest and the most complex Ebola outbreak till
date with an approximate total reported case count of 24,788 and
reported death count of 10,251. It primarily involved four African
countries—Guinea, Liberia, Sierra Leone and Nigeria [4]. The
outbreak was formally designated as a public health emergency of
international concern on August 8, 2014.

On July 23, 2014, 1,201 total suspected or confirmed cases (814
laboratory-confirmed) were reported in these countries, resulting in
672 deaths. Based on genetic analysis, the virus appeared to be
mostly identical to Zaire Ebolavirus [5]. On August 20, 2014, the
World Health Organization (WHO) and Centers for Disease Control
(CDQC,) reported a total of 3,069 suspected cases and 1,552 deaths.
On September 5, 2014, there was a reported increase in suspected
cases and deaths acquiring a total of 3,967 and 2,105 (2,383 cases
and 1,243 deaths being laboratory confirmed) respectively. The
outbreak of Ebola Virus Disease (EVD) in Nigeria was declared over
on October 19, 2014. A national EVD outbreak is considered to
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Reported Deaths,
Year Location Cases, No. No. (%)
1976 Zaire 318 280 (88)
1977 Zaire 1 1 (100)
1994 Gabon 52 31 (60)
1995 DRC 315 250 (81)
Jan 1996 to Apr 1996 Gabon 37 21 (57)
Jul 1996 to Jan 1997 Gabon 60 45 (74)
1996 South Africa 1 1(100)

(acquired in Gabon)

Oct 2001 to Mar 2002 | Gabon 65 53 (82)
Oct 2001 to Mar 2002 | DRC 59 44 (75)
Dec 2002 to Apr 2003 | DRC 143 128 (89)
Nov 2003 to Dec 2004 | DRC 35 29 (83)
2007 DRC 264 187 (71)
Dec 2008 to Feb 2009 | DRC 32 15 (47)
July 2012 Uganda 24 17 (71)
Nov 2012 DRC 7 36 (46)
Dec 2012 Uganda 7 4 (57)
Total 1490 1141 (76.6)

[Table/Fig-1]: Table showing history of Zaire Ebola Virus Outbreaks

Data from Centers for Disease Control and Prevention and World Health Organization

Reported

Year Location Cases, No. Deaths, No. (%)
1976 Sudan 284 151 (63)
1976 England’ 1 0(0)

1979 Sudan 34 22 (65)
2000-2001 Uganda 425 224 (53)
2004 Sudan 17 7 (41)
2011 Sudan 1 1(100)
Total 762 405 (53)

[Table/Fig-2]: Table showing history of Sudan Ebola Virus Outbreaks

Data from Centers for Disease Control and Prevention and World Health Organization
*Occurred after laboratory accident.

Year Location Reported Cases, No.
1994 Cote-d’Ivoire 1
Total 1

[Table/Fig-3]: Table showing history of Tai Forest (Ivory Coast, Cte-d’Ivoire) Ebola
virus outbreaks (no deaths reported)

Data from Centers for Disease Control and Prevention and World Health
Organization

Reported Deaths,

Year Location Cases, No. No. (%)

Dec 2007 to Jan 2008 | Uganda 149 37 (25)

June to Nov 2012 Democratic Republic 36 13 (36.1)
of the Congo

Total 185 50 (27)

[Table/Fig-4]: Table showing history of Bundibugyo Ebola Virus Outbreak

Data from Centers for Disease Control and Prevention and World Health Organization

Year Location Proven* Cases Reported, No.
1989 Virginia, Texas, Pennsylvania 0
1990 Virginia and Texas 4
1989-1990 Philippines 3
1992 Italy 0
1990 Alice, TX 0
1996 Philippines 0
Nov 2008 Philippines’ 6
Total 13

[Table/Fig-5]: Table showing history of Reston Ebola Virus Outbreaks (no deaths
reported)
Data from Centers for Disease Control and Prevention and World Health Organization

*Humans with serologic evidence of infection but without clinical disease
TAssociated with pig farming
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be over when 42 days (double the 21-day incubation period of the
Ebola virus) has elapsed since the last patient in isolation becomes
laboratory negative for EVD [6].

On December 2, 2014, there continued to be a rise in figures with
a total of 17,256 suspected cases and 6,113 deaths (10,793 cases
being laboratory confirmed) in Guinea, Liberia and Sierra Leone as
reported by WHO and CDC [4]. On January 31, 2015, the count
further rose to a total of 22,334 suspected cases and 8,921 deaths
(13,373 cases being laboratory confirmed). Liberia was declared
free of Ebola virus transmission on May 9, 2015.

CHALLENGES DURING EBOLA VIRUS
OUTBREAKS

Ebola viruses are highly infectious in nature and were once the
sole reason for contraction of this disease by a scientist while
conducting an experiment in the laboratory. Because of their highly
contagious characteristics, they have been responsible for some
serious outbreaks in Africa. Moreover, several challenges that have
prevented containment of the outbreak in Ebola hit areas include [7]:

e lack of knowledge and understanding amongst communities
regarding epidemics,

e incapacity of prevailing health system in managing a disaster,

e |ack of resources and experienced health care professionals,

e limited facility for timely and coordinated response amongst
local, civil and government bodies,

e inadequate surveillance and monitoring,
e improper isolation and containment measures and

e lack of in-country laboratory facilities for confirmation of
causative agents.

Delay in identifying cases is yet another challenge attributed to
difficulty in collection of clinical samples such as blood or serum
from Ebola suspected cases and thereafter transporting them to the
laboratory. Collection may be hindered because of non availability
of sampling equipment, lack of adequately trained personnel, weak
infrastructure in communication and transportation, sub standard
laboratories and cultural restrictions while obtaining blood samples
and other pre and post mortem invasive sampling [8]. Uganda is
one country that has reported sporadic outbreaks of Ebola virus
infection from 2001 till 2013 but post 2007, it has been able to
successfully contain epidemics and drastically reduce mortality
mainly owing to adoption and implementation of well planned and
controlled strategies [7].

Types or Classification of Ebola Virus: Based on differences
in genomes i.e. genetic sequencing, number and location of
gene overlaps as well as immune reactions evoked by the virus;
five different subtypes of Ebola virus genus have been recognized
which include ZEBOV, SUDV, RESTV, BDBV and TAFV. These are
characterized by varying virulence and pathogenicity [Table/Fig-6]
[9].

EBOLA VIRUS PATHOGENESIS

Ebola virus belongs to the Filovirus family, characterized by
membrane enveloped filamentous particles in the shape of a
shepherd’s crook or in the shape of a “U” or a “6” [Table/Fig-7]. It is
comprised of three components namely viral envelope, matrix and
nucleocapsid. The viral envelope is derived from cell membrane of
the host during the budding process and it is here that the underlying
viral encoded glycoproteins (GP) insert during transcriptional
editing. Transmembrane glycoproteins, 150 — 170 kDA, are present
on the inner lipid bilayer surface as 7-10nm long spikes and play
a significant role in Ebola virus life cycle by mediating attachment,
entry and fusion into target cells thus permitting replication and
spread of virus. Other than the transmembrane GP, sGP, a soluble
non structural secreted form of glycoprotein, 60-70 kDA, has less
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1. Zaire Ebola virus outbreaks took place for the first time in Yambuku,
ebolavirus Zaire in the year 1976. The virus causing such outbreaks has
(ZEBOV), now | been named as Zaire Ebola virus. It is the most dangerous
known as species of Ebola virus that has claimed to have the largest
Ebola (EBOV) number of Ebola virus victims leading to highest number of

virus Ebola virus deaths. Mortality rate is 80-90%. Its symptoms
include a chilly feeling accompanied with high fever which
shares its similarity with the symptoms of malaria.

2. Sudan This is a second kind of Ebola virus species believed to have
ebolavirus originated in Nzara, Sudan in 1976. The first cases of Sudan
(SEBOV) Ebola virus can be traced to the cotton factory workers of

Sudan who were exposed to the same. The outbreak of
Sudan Ebola virus was simultaneous with the outbreak of
Zaire Ebola virus. The disease also broke out in 1979, 2000
and 2004, most recently. The agent of transmission for Sudan
Ebola virus is still unknown but it has an average fatality rate
of 41- 65%.

3. Bundibugyo Outbreak of Ebola virus disease in the Bundibugyo district of

ebolavirus Uganda in 2007 and 2008 led to the detection of a species of

(BDBV) Ebola virus that was hitherto unknown. This Ebola virus was
named after its place of outbreak and there were at least 100
or more Ebola virus victims. It has a reported fatality rate of
30%.

4. Ivory Coast The origin of Ivory Coast Ebola virus can be traced to
ebolavirus Tai forests of the Cote d’Ivoire in Africa, where a female
(CIEBOV) / ethnologist conducting necropsy on a dead infected
Tai Forest chimpanzee got herself accidentally infected. The initial
ebolavirus outbreak was among the wild African chimpanzees in 1994.
(TAFV) The next outbreak of this virus took place in 1995 in south of

DRC. Its infection has reported only one non fatal case.

5. Reston It was discovered in 1989 in Reston, Virginia when infected
ebolavirus monkeys were imported into Reston from Philippines. It has
(REBOV) shown to cause disease in nonhuman primates such as

monkeys, but is non pathogenic in humans. Deaths have
not been reported with this virus as infected individuals
have shown sero conversion and survival. Ebola Reston
virus outbreaks have thereafter occurred in Texas and ltaly.
Interestingly, Ebola Reston virus in pigs has been detected
very recently in its outbreak in Philippines.

[Table/Fig-6]: Types and brief description of five different recognized sub species

of Ebola Virus [9]

defined function. It is conjectured that sGP is not incorporated into
the virus particle but is rather secreted from infected cells. Both
gene products, sGP and transmembrane GP, possess discreet
biochemical and biological properties which render distinctly
separate roles in Ebola virus infection [10,11].

Matrix space between the virion envelope and central nucleocapsid
houses viral matrix proteins, VP40 and VP24. VP40 mediates
budding as well as viral particle release while VP24, a minor matrix
protein, participates in nucleocapsid formation and assembly, also
regulating viral transcription and replication. In the centre of the
virion, a nucleocapsid is present which is composed of a series of
viral proteins attached to a linear non segmented, single negative
stranded RNA genome. Four nucleocapsid proteins: nucleoprotein
NP, RNA polymerase L, polymerase cofactor VP 35 and transcription
factor VP 30, are important for replication and transcription of viral
genome [12].

Life cycle of Ebola virus begins with the binding and attachment of
virion to specific surface receptors on target cellmembrane mediated
via glycoprotein subunits. The virion envelope subsequently fuses
with the cellular membrane of host cells and the virus nucleocapsid
is released into the cytosol resulting in viral uptake. The internalized
nucleocapsid serves as a template for viral transcription and
replication resulting in copying into full-length, positive-strand
RNA antigenomes. These antigenomes serve as templates for
transcription into negative-strand virus progeny genome copies.
Newly synthesized structural proteins and genomes then self-
assemble and accumulate under cell membrane, sites from where
the virus is released. When budding off from the cell, virions gain
envelope from the cellular membrane they bud from. These mature
progeny particles infect other cells to repeat virion cycle; in this
manner replicating at an extraordinarily high rate and exploiting
cellular machinery, by overpowering protein synthesis apparatus of
infected cells as well as hostimmune defenses [10-12]. The common
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host targets in Ebola virus infection are primary host targets which
include monocytes, macrophages and dendritic cells; organ targets
which include liver and adrenals and secondary targets which include
fibroblasts and endothelial cells. Transmembrane GP compared to
sGP forms a trimeric complex that binds the virus preferentially in
the earlier stages of infection to cells of mononuclear phagocytic
system i.e. monocytes and macrophages. Resultant exposure
of these cells to viral particles causes cell damage resulting in
release of cytokines (to be specific, TNF-a, IL-6, IL-8, macrophage
chaemotactic protein (MCP)-1 and nitric oxide (NO) contributing
towards fever and exaggerated inflammatory responses [13].
Early target attack combined with additional dendritic cell infection
influences the innate and adaptive immune responses of the host
resulting in rapid and extensive dissemination of the virus (even upto
levels of 10%° PFU/mI in blood). Widespread distribution of virus to
various parts of the body is thus facilitated by blood flow containing
free virus particles and infected monocytes, free virions and infected
dendritic cells in lymphatic flow and cell to cell spread via cellular
protrusions. Migration of infected monocytes into connective tissue
infects fibroblasts promoting further spread to surrounding cells
by cellular protrusions. A peculiar feature of fatal EVD cases is the
minimal presence of inflammatory cells — neutrophils, lymphocytes
and monocytes around viral infected cells contrary to non fatal
cases where leukocyte concentration around infected cells may
restrict viral dissemination [12]. As infection progresses, virus infects
endothelial cells lining the inner surface of blood vessels resulting
in vascular dysfunction and loss of vascular integrity precipitating
haemorrhagic symptoms. Ultimately in advancing infections, infected
macrophages, dendritic cells, endothelial cells and hepatocytes
undergo non apoptotic cell death and necrosis

Secreted glycoprotein (sGP) does not participate in viral replication
rather is secreted from infected cells. It forms a dimeric protein
that interacts with neutrophils by mediating neutrophil binding
either directly or indirectly through CD16b [10]. Neutrophil binding
interferes with the signaling of neutrophils and aids the virus to evade
host immune system by inhibiting early steps of neutrophil activation
which ordinarily supports viral clearance. Further, neutrophils serve
as carriers to disseminate virus throughout the entire body to places
such as lymph nodes, liver, lungs, and spleen [13,14]. Thus, sGP
alters immune response by inhibiting activation of neutrophils,
while transmembrane GP may contribute to haemorrhagic fever
symptoms by targeting virus to cells of the reticulo endothelial
network and the lining of blood vessels [10].

TRANSMISSION

The exact natural reservoir host for Ebola virus still remains uncertain.
On the basis of available evidence and nature of similar viruses,
researchers believe that this virus is animal borne (zoonotic) and
is totally dependent on its hosts for replication and overall survival
[Table/Fig-8]. Birds, arthropods and plants are considered to be
the possible reservoirs of Ebola virus but it is not yet conclusively
established whether these are primary reservoirs or intermediate
reservoirs getting infected from the primary reservoirs. Bats appear
to be the most likely reservoir as there are hardly any clinical signs
that can be found in them. In a recently conducted experiment that
included 24 plant species and 19 vertebrates inoculated with Ebola
virus, results showed bats to be infected, carrying and spreading
the disease [15]. Specifically, the fruit bat species such as Epomops
franqueti, Hypsignathus monstrosus, and Myonycteris torquata
were found to carry the virus without showing any symptoms of the
disease. Of the five known subtypes of Ebola virus, four types are
known to dwell in an animal host which is native to Africa.

Spread of Ebola virus is known to occur through contact with
infected animals or humans; most likely, through direct contact
of broken skin or unprotected mucous membranes with virus-
containing body fluids. Animal to human transmission takes place
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[Table/Fig-7]: Ultrastructure of Ebola virus showing its three components: viral
envelope, matrix and nucleocapsid

Humans

R T

Primates Duikers

Transmission of Ebola virus

[Table/Fig-8]: Figure showing transmission of Ebola virus. Contact with infected

bats, duikers and non human primates can spread infection from animals to
humans, following which human-human transmission can occur

through contact with meat or body fluids of the infected animal.
EVD shows no sexual predilection, but men and women differ with
respect to the manner in which the direct exposure can occur.
Men, owing to their nature of work exposure in forest and savanna
regions, may be at an increased risk of acquiring primary infection
while gathering “bush meat” (primate carcasses) for food, as well
as from unknown vectors. Infection amongst humans can transmit
through physical contact with infected skin or bodily fluids such as
blood, feces or vomit. Ebola virus has additionally been detected
in saliva, mucus, urine, semen and breast milk. Male survivors may
be able to transmit the infection via semen for nearly two months.
Routes of entry are open wounds, abrasions and cuts. The ‘hot
virus’ as it so named may also get transmitted through conjunctival,
nasal and oral exposure. In saliva, it has been found most frequently
during the severe stage of illness.

Infected patients are not considered communicable prior to onset
of symptoms i.e. during the incubation period of virus. Risk of
transmission is also very low during the early onset of symptoms.
However, there is an increase in communicability with each
subsequent stage of illness with maximum chances of infection
in later stages. Cases continue to remain communicable as long
as blood and body fluid secretions contain the virus i.e. during
convalescence period, before recovery and during post-mortem
period. Ebola virus does not show any airborne transmission, but
may inadvertently spread via droplets that are coughed or sneezed
from a sick person. Subsequently, these droplets may enter the
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eyes, nose, or mouth of another person who is less than two meters
away. Strategies should therefore be undertaken to reduce aerosol
generation in aerosol generating medical procedures. Due to this
potential characteristic of the virus, it has also been classified as a
highly potential agent of bioterrorism.

Indirect transmission from surfaces or objects previously contam-
inated by blood or bodily fluids is a possibility but risk of transmission
by this method is low. Medical workers are at a high risk of contracting
the disease particularly when appropriate personal protective gear
is not available or improperly used. Hospital acquired infections
are likely when needles are reused and adequate containment
measures are not practiced. It is therefore advised to properly
handle and dispose contaminated medical equipment like syringes
and needles.

EBOLA VIRUS DISEASE (EVD) SYMPTOMS
Ebola virus disease (EVD) is often deadly in humans and usually runs
its course from 14 to 21 days. Its incubation period is typically 8 to 10
days, but can vary between 2 and 21 days. Infection initially presents
with sudden nonspecific influenza-like symptoms characterized by
fever, fatigue, headaches, joint, muscle and abdominal pain. Besides
these, gastrointestinal symptoms like abdominal discomfort,
nausea, vomiting, diarrhea and loss of appetite are also frequently
seen. Other less common symptoms include: sore throat, chest
pain, hiccups, dyspnoea and difficulty in swallowing. Presentations
on skin may be in the form of a maculopapular rash in about 50%
cases. In the later stages of iliness, patients may suffer from profuse
vomiting and diarrhea which unchecked could result in severe
volume depletion, electrolyte imbalance and shock. Symptoms
of EVD before progression into bleeding phase are very similar to
those of malaria, dengue fever or other tropical fevers and hence
warrant close monitoring throughout [16].

Bleeding phase typically sets in 5 to 7 days after the onset of first
symptoms. In advancing stage of iliness, the virus starts targeting
microvascular endothelial cells resulting in loss of vascular integrity
and leakage of blood [10]. Subsequent internal and subcutaneous
bleeding manifests as haemorrhages under the skin seen as
petechiae, purpura, ecchymoses and haemotomas particularly
around needle injection or puncture sites. Bleeding from mucous
membranes like gums, nose, gastrointestinal tract and vagina have
also been reported. With further progression of infection, patients
begin to display severe bleeding and coagulation abnormalities
such as gastrointestinal bleeding (vomiting or coughing up blood
and/or blood in the stool), rashes and haemotological irregularities
like lymphopenia and neutrophilia. Liver damage associated with
massive viremia leads to disseminated intravascular coagulopathy.
Infected patients sometimes exhibit symptoms of circulatory system
involvement, including impaired blood clotting [17]. On the whole,
bleeding is generally indicative of poor prognosis as hypotensive
shock resulting from blood loss due to diffuse bleeding often results
in death. In the event of non recovery of an infected person, multiple
organ failure contributing to death can be expected within 7 to
16 days (usually between days 8 and 9) after first symptoms [18].
Fatality rate is as high as 90% in EVD. Usually, if the patient is able
to survive one week post onset of symptoms, recovery is rapid and
complete.

DIAGNOSIS

If EVD is suspected, thorough medical history including travel and
work history as well as any exposure to wildlife in recent past is
important to investigate. Laboratory tests that may be indicative
include basic blood tests — Complete blood count (CBC) with
differential, liver enzymes, bilirubin, creatinine levels, blood urea
nitrogen (BUN) and pH. Diagnosis is confirmed by (1) isolating the
virus and detecting its RNA and proteins or (2) detecting antibodies
against the virus in a person’s blood. Isolating virus by tissue culture

Journal of Clinical and Diagnostic Research. 2015 Jun, Vol-9(6): LEO1-LEO8



www.jcdr.net

(to be performed only in high-containment laboratories), detecting
viral RNA by polymerase chain reaction (PCR) and antigen detection
by enzyme-linked immunosorbent assay (ELISA) are effective early
and in those who have died from the disease. Serologic testing for
demonstrating immunoglobulin M (IgM) and immunoglobulin G (IgG)
antibodies against the virus is effective late in the disease and in
those who recover [18].

DIFFERENTIAL DIAGNOSES

Differential diagnosis includes VHFs such as Crimean-Congo
haemorrhagic fever, Marburg haemorrhagic fever and others,
malaria, typhoid, shigellosis, rickettsial diseases like typhus,
cholera, gram- negative septicemia, leptospirosis, borreliosis, scrub
typhus, plague, trypanosomiasis, visceral leishmaniasis, measles,
haemorrhagic smallpox, and fulminant viral hepatitis. Non-infectious
diseases such as haemolytic uremic syndrome, acute promyelocytic
leukemia, clotting factor deficiencies/platelet disorders and
thrombotic thrombocytopenic purpura. Hereditary haemorrhagic
telangiectasia, warfarin poisoning and Kawasaki disease should
also be considered in differential diagnosis [19].

IMMUNE RESPONSE IN EBOLA VIRUS
INFECTION

In addition to precipitating exaggerated non protective systemic
inflammatory responses and impairing vascular and coagulation
systems, Ebola virus infection is also known to result in profound
immune suppression giving little opportunity for development
of natural immunity. Ebola virus acts both directly or indirectly to
disable antigen-specific immune responses. Generally, lymphocytes
in an infected individual continue to remain uninfected and are
spared of viral replication, possibly because of lack of specific
surface receptors essential for binding; but undergo apoptosis and
subsequent clearing by surrounding macrophages [12]. Apoptosis
of lymphocytes may be attributed to various intrinsic and extrinsic
pathways, one of them being dysregulated dendritic cells and
macrophages. Dendritic cells, which are primarily responsible for
initiation of adaptive immune responses, are a major site where the
virus replicates. Infected cells fail to undergo maturation and are
unable to present antigens to naive lymphocytes. The later undergo
“bystander” apoptosis, apparently induced by pro inflammatory
cytokine mediators and/or loss of support signals from dendritic
cells [20]. It is hypothesized that resultant depletion of lymphocytes
due to extensive lymphocyte apoptosis arrests adaptive immunity
and overwhelms viral pathogenesis. However, ensuing experiments
lately have indicated that lymphocyte apoptosis is a byproduct of
fatal infection and is not required for pathogenesis.

Passive transfer of serum or immunoglobulins from infected indi-
viduals to naive individuals prior to exposure or immediately post
exposure is known to confer protection in several viral fevers such
as measles, rabies, polio, hepatitis A and Ebola infection. Protection
offered by antibody transfer is mainly by (1) restricting viral replication
and (2) some replication may be observed but it blunts the infection
such that T cell and innate immunity are capable of resolving the
infection. In animal models such as guinea pigs, immune serum
containing high titers of neutralizing antibodies has known to
confer protection in Ebola virus infections when administered prior
to, rather than after, Ebola virus challenge [21]. Passive transfer
of antibodies immediately post exposure in monkeys has shown
to delay the onset of viremia and clinical signs but has not shown
to alter their overall survival [22]. Human monoclonal neutralizing
antibodies when used in guinea pigs showed good efficacy in post
exposure prophylaxis by reducing viremia and increasing survival
rate where as when using the same antibodies in macaques, they
failed to protect the animals against lethal ZEBOV challenge [23,24].
Transfer of immune sera with antibodies specific to viral proteins
other than glycoproteins has shown fewer efficacies.
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In humans, EVD progress is so rapid that an infected individual
may die even before antibodies are detected. However, in patients
recovering from Ebola virus infection, antibody titers against Ebola
virus GPs are readily demonstrable but their titers in serum may not
be sufficient enough to provide any protection against infection or
render neutralizing activity invitro, warranting use of immunoglobulin
preparations that contain more concentrated neutralizing antibodies
[23]. More recently, selected monoclonal antibodies isolated from
the bone marrow of recovered patients have shown to effectively
neutralize Ebola virus replication in vitro [10,25]. Collectively,
these results indicate that there is a complex interaction between
EBOV and host immune system. Immune responses are likely to
vary depending on virus strain, type of animal model and type of
vaccine. Also, antibodies alone may not confer complete protection
in filovirus infection rather concomitant cellular immunity is integral
to achieving protection. Both CD4+ and CD8+ T cell responses are
critical in combating Ebola virus infection.

On comparing immune parameters, significant differences inimmune
responses have been noted in fatal and non fatal cases of Ebola
infection. Baize et al., studied and described the immune responses
of patients in two large Ebola virus outbreaks in Gabon in 1996 [26].
They found that despite similar viral antigen loads being present
in survivors and nonsurvivors, immune responses were different in
both groups. Fatal cases are generally associated with high levels of
viremia, elevated releases of pro inflammatory cytokines like tumor
necrosis factor alpha, interferon gamma, interleukins (IL-6, IL-8, IL-1)
etc, widespread and profound lymphocyte apoptosis, suppressed
B cell responses, decrease titers /absence of viral specific functional
antibodies, depletion of CD8+ T cells and loss of peripheral NK
cells [27]. Low levels of T cell cytokine RNA levels in peripheral
blood are indicative of lack of development of adaptive immunity
in individuals just preceding death. Survival on the other hand is
dependent on initial or innate immune responses to infection. Non
fatal cases usually demonstrate low levels of viremia, lack explosive
cytokine releases, generate significantly higher levels of neutralizing
antibodies and higher percentages of CD8+ T cells, more peripheral
NK cells and sustained T cell cytokine RNA levels resulting in viral
antigen clearance [27].

VACCINE DEVELOPMENT

Despite ongoing research in this field, none of the anti viral agents or
vaccines for Ebola virus are currently approved for human use by the
regulatory bodies. Currently available vaccines are still experimental
and require full testing for safety and efficacy in humans.

Promising vaccines undergoing clinical trials are those that are
derived from adenoviruses, Vesicular Stomatitis Indiana Virus
(VSIV) or filovirus-like particles (VLPs) as these are well known to
render protection in nonhuman primates [28,29]. In 2003, a vaccine
using an adenoviral (ADV) vector carrying the Ebola spike protein
was tested on crab-eating macaques. After twenty-eight days,
when challenged with the virus, animals remained resistant [30].
A single shot blended vaccine based on attenuated recombinant
Vesicular Stomatitis Virus (VSV) vector carrying equal parts of
vaccine vectors — Zaire ebola virus glycoprotein, Sudan ebola virus
glycoprotein and Marburg glycoprotein, when used in nonhuman
primates was able to confer protection against three species of
Ebola virus and Marburg virus thereafter opening clinical trials in
humans [31]. Experimentally, recombinant Vesicular Stomatitis
Indiana Virus (VSIV) expressing glycoprotein of EBOV or SUDV has
been successfully used for postexposure prophylaxis in nonhuman
primate models [32].

Other vaccine approaches are based on using DNA alone, DNA
prime/adenovirus boost, and recombinant proteins. Gene-based
vaccines owing to their safety and immunogenicity have proved
increasingly attractive. Amongst the several gene-based vaccines,
use of naked plasmid DNA to direct synthesis of immunogens
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within the host cells has shown successful application in animal
models. Genetic immunization with plasmid DNA was developed
in guinea pig model and proved the first successful vaccine for
Ebola virus [33]. A three plasmid DNA vaccine encoding envelope
glycoproteins from Zaire and Sudan virus as well as nucleoprotein
has also demonstrated good tolerance and immunogenicity in
phase 1 human trials [34]. Priming boosting immunization using
combination of DNA immunization and boosting with adenoviral
vectors encoding viral proteins has shown generation of cellular
and humoral immunity in cynomolgus macaques. Dramatically
enhanced immune responses, with a 30 fold or higher increase in
antibody titer were reported. All vaccinated animals continued to be
asymptomatic for 6 months with no detectable virus after the initial
challenge [35].

Recently, successful development of a vaccine against Ebola in
mice was reported. Unlike its predecessors, this could be freeze-
dried and stored for longer periods to be used later in a possible
outbreak. It is particularly desirable to have a vaccine based on
single injection and one that can confer protection against multiple
agents. Vaccines based on multiple doses may not be practical
during outbreaks owing to lesser time available for deployment of
vaccines and also increased costs. Immunization taking six months
or longer impedes the counter-epidemic use of vaccines thus
necessitating the development of a vaccine that has a quicker onset
of effectiveness. In 2009, an experimental vaccine was made and
tried by researchers at Canada’s national laboratory in Winnipeg
to pre-emptively treat a German scientist who might have been
infected with Ebola virus during a lab accident [36].

TREATMENT

Despite the fact that a number of experimental treatments for EVD
are under study, no specific therapeutic agents are known to exist
for treating or preventing Ebola virus infections [16]. Treatment for
EVD is primarily based on supportive care therapy which includes
balancing fluids and electrolytes to counter dehydration given
by either oral or intravenous route, administering anticoagulants
early in infection to prevent or control disseminated intravascular
coagulation, administering procoagulants late in infection to control
bleeding, maintaining oxygen status, managing nausea, fever and
pain (avoid using aspirin or ibuprofen to decrease risk of bleeding),
prescribing medications to treat secondary bacterial or fungal
infections and minimizing invasive procedures [37]. Treatment
instituted at an early stage increases chances of patient survival.

Therapeutic agents under consideration for treatment or prevention
of EVD include the following:

e  Estrogen receptor drugs used to treat infertility and breast
cancer (clomiphene and toremifene)

e Favipiravir has proved useful in mouse models

e Nucleoside analogue inhibitors of S-adenosylhomocysteine
hydrolase (SAH)

e Interferon beta

e Recombinant human interferon alfa-2

e Recombinant inhibitor of factor Vlla / tissue factor

e  Activated protein

e  Horse- or goat-derived immune globulins

e Human-derived convalescent immune globulin preparations

e Recombinant human monoclonal antibody against the
envelope glycoprotein (GP) of Ebola virus

e DNA vaccines expressing either envelope glycoprotein or
nucleocapsid protein genes of Ebola virus

In the United States, FDA's animal efficacy rule can be used in
combination with phase | clinical trials to exhibit reasonable safety
for an experimental, unapproved drug and to obtain permission for
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treating people infected by Ebola with the drug under the expanded
access program [38]. This rule exists because the normal path for
testing the safety and efficacy of drugs is not possible for diseases
caused by dangerous pathogens or toxins [38].

FDA allowed the following drugs to be used in people infected with
Ebola under these programs during the 2014 outbreak.

e ZMapp (@ monoclonal antibody vaccine)
e TKM-Ebola (RNA interference drug)

e  Favipiravir (a drug approved in Japan for stockpiling against
influenza pandemics)

PROGNOSIS

EVD has a fatality rate ranging from 25%-90% in infected
individuals. In the event of patient survival, quick and complete
recovery may be expected. Complaints of muscle pains, joint pains,
skin peeling, hair loss and testicle inflammation are often seen as
long term complications in prolonged cases. Few ophthalmologic
complications like sensitivity to light; excess tearing, iridocyclitis,
iritis, choroiditis and blindness have also been noted.

Non availability of experimental treatments in the most affected
regions during the 2014 outbreak spurred great controversy, with
some calling for experimental drugs to be made more widely
available in Africa on a humanitarian basis, and others warning
that making unproven experimental drugs widely available would
be unethical, especially in light of past experimentation conducted
in developing countries by Western drug companies [39]. As a
result of the controversy, the World Health Organization convened
an expert meeting of bioethicists on 11 August 2014 to consider
the implications of making the experimental treatment more widely
available. The panel reached consensus that the circumstances
warrant the use of unproven interventions with as yet unknown
efficacy and adverse effects both for treatment and for prevention,
and also said that deciding which treatments should be used and
how to distribute them equitably were matters that needed further
discussion [40].

Prevention and Control measures for health care
workers (HCWs)

All possible measures should be undertaken to reduce exposure to
virus and prevent transmission in a health care setting. The following
means should be adopted [41]:

Assessment of risk: Risk assessment of patient is the primary step
to determine the level of appropriate protective measures that need
to be taken. Higher risk of exposure is present in cases that are
convalescent, in later stages of infection, when patient is incapable
of self care and procedures requiring contact with blood and fluids.

Source control: Place suspected or confirmed Ebola patients in
complete isolation. Patients should be advised on proper respiratory
hygiene, cough etiquettes and hand hygiene after toileting and
vomiting. Only essential health care workers (HCW) entry with
proper personal protective equipment (PPE) should be permitted
in patient area. Trained personnel should be deputed for monitoring
proper use, removal and disposal of PPE to avoid spread outside
the patient’s room. AGMPs should be minimized and if at all needed
should follow airborne precautions including use of respirators rather
than masks. Strategies should be undertaken to prevent generation
of aerosols.

Personal protection measures: HCWs should be properly trained
and educated towards hazards of exposure to blood, bodily fluids
and contaminated surfaces. Standard infection control measures
including basic hand hygiene measures should be the minimum
precautions that are exercised in a health care setting. Level of
desired protection is guided by risk assessment and expected
contact with potential pathogens and fluids. PPE should be donned
properly in a clean place. Enhanced PPE is recommended for use in
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high risks of exposure. Workers should receive proper instructions,
training and supervision in this regard. Removal of PPE is also equally
important and should be done correctly to prevent contamination.
To prevent self contamination, mucous membranes of eyes, nose
and mouth should not be touched by hands.

Patient transportation: Transportation of patient in the hospital
premises should be kept to a bare minimum and only when essential.
Transportation should follow a direct route with entry restricted
to other individuals. Before transportation, patient’s clothing and
bedding should be changed. Transportation personnel should wear
proper PPE. Receiving area for the patients should be minimally
occupied and all workers here should also use PPE.

Sharps handling: Restrict the use of needles or sharps. Used
needles need not be recapped and should be disposed off
immediately in puncture proof containers. Caution should be
exercised while disposing to avoid injury.

Precautions in laboratory: Sample collection and transportation
should follow hospital laid down protocols. Samples should be sent
to only high containment laboratories where lab personnel are also
properly trained to handle the samples. Prior notification should be
sent to the laboratory about the probable diagnosis.

Dedicated patient equipment: Non critical equipment should
be dedicated for single patient use and preferably be disposable.
Their disposal should be in a container labeled as ‘no touch bio
hazardous’.

Equipment processing: Semi critical and critical items should be
processed separately following routine sterilization protocols. Handle
used linen, cutlery and equipment in a way that minimum exposure
to skin and mucous membranes occurs and transfer of pathogens
to other patients and surfaces is prevented. Soiled objects should
be disposed in a no touch bio hazardous container.

Environment cleaning: Environment should be thoroughly cleaned
and disinfected on a regular basis. Frequently touched surfaces
should be disinfected more frequently with a broad spectrum
virucidal disinfectant. Like all other personnel, cleaning staff should
also get education and hands on training courses and adopt proper
PPE protocols.

Handling deceased patients: Proper PPE should be worn when
handling dead bodies as even at this stage contamination is a
possibility. Devices like catheters and endotracheal tubes should not
be removed but wrapped along with the body in high quality plastic
shroud. Double protection by wrapping in leak proof body bag is
provided. Its exterior surface is rubbed with a surface disinfectant.
Body bag should not be reopened.

Patient education: Patients should be educated towards the
need for prevention, preventive measures undertaken, duration
for prevention and a special emphasis on hand and respiratory
hygiene.

Visitor education and management: Visitors should also be
educated, monitored and screened for EVD prior to entering the
hospital. They should not be permitted into the patients room rather
should be restricted to the patient care area or waiting room. Visitors
should also wear PPE in accordance with the hospital guidelines.

CONCLUSION

Ebola virus disease (EVD), a filovirus haemorrhagic fever, is often
a devastating disease in humans as it involves the body’s vascular
system resulting in significant internal bleeding and multiorgan
system involvement. Death due to EVD is mostly attributed to
the resultant shock that sets in. Most Ebola outbreaks have been
reported in equatorial Africa and have remained a cause of great
concern and fear across the world owing to their high lethality, as
high as 90% and risk of spread due to transport exportation. Ebola
virus is highly contagious and because of its potential aerosol and
droplet transmissibility, itis included in the ‘category A’ of bio terrorism
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agents. Till date, no effective prophylaxis, anti viral treatment, or
vaccination for this fatal disease is available; therefore, increasing
awareness of risk factors for Ebola infection and understanding
protective measures which individuals can take is perhaps one of
the most effective ways to reduce human infection and death.
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