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INTRODUCTION

Ebola virus infection constitutes a highly infectious
lethal zoonosis affecting both human and nonhuman
primates that usually occurs in sporadic epidemics
every few years (average every 1.5 years).["! Central
Africa and sub-Saharan Africa are the most badly
affected localities and constitute the source of world
epidemics possibly due to human infections from
the forest bats Zaire Ebola virus caused the largest
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reported outbreak of Ebola in 2014 in the West Africa.
This virus was transmitted to human through infected
fruit bats, monkeys, apes, and pigs. Animals got the
infection mostly through contact with bat saliva or
feces.l"

Due to urgency, the WHO allowed the use of
experimental treatments.® This review aims to elucidate
the health efforts exerted to combat Ebola virus and
update the diagnostic and treatment lines to fight this
lethal health problem. In this article, we review the
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literature extensively to find out possible diagnostic and
therapeutic lines in light of our understanding of Ebola
virology, transmission, and pathogenesis. We also aim at
developing solid prevention measures.

EBOLA VIROLOGY

Ebola virus belongs to filoviruses (family:
Filoviridae) [Figure 1] that include a group of large viruses
having a filamentary form (with characteristic filamentous
particles) that may exceed 1000 nm (80-1400 nm) in diameter.
Ebola virus is a nonsegmented negative-sense RNA virus.
Ebola genome includes monocistronic genes that encode
for a single protein, for example, nucleoprotein (NP), virion
protein (VP) 35, VP40, VP30, VP24, and RNA-dependent
RNA polymerase [Figure 2] in addition to the polycistronic
glycoprotein gene. The genome of Ebola virus encodes for
seven proteins and two nonstructural proteins./'!

EPIDEMIOLOGY OF EBOLA HEMORRHAGIC FEVER

Filovirus hemorrhagic fever was first reported as Marburg
virus in 1967 in Germany and former Yugoslavia."!! In
equatorial Africa and some African countries, for example,
Gabon, Congo, Uganda, and Sudan, Ebola virus hemorrhagic
fever still constitutes a big concern for the populations
mostly due to increased numbers of outbreaks and cases
that were mostly caused by Zaire Ebola virus. In the
Philippines, in the far East, the emergence of Reston Ebola
virus in pigs increases the concern of health authorities
regarding public health, agriculture, and food safety, which
may threaten the emergence of health problems in some
parts of Asia.l"2

In Ebola-endemic areas, both apes and man and other
mammals might be the end hosts rather than reservoir
hosts.¥ As Ebola represents a classic zoonosis, persistence
of Ebola virus in reservoir animals is generally found.
Bats are frequently encountered in equatorial Africa
and hunted for food in many places.!'! African fruit bats
and insectivorous bats might be the reservoir hosts for
Ebola [Figure 3] as documented by detection of viral
RNA and antibodies in three tree-roosting species of fruit
bats: hypsignathus monstrosus, epomops franqueti, and
myonycteris torquata.’>'*! Further evidence was reported
regarding filoviruses reservoir hosts where identification
and isolation of Marburg virus from the cave-dwelling fruit
bat Rousettus aegyptiacus was reported.”l However, that may
need further research confirmation.!"®!

EBOLA TRANSMISSION

Ebola transmission occurs mainly through contact with
infected subjects and blood products. Understanding the
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Figure 1: Ebola virus belongs to filoviruses. Filoviruses are large viruses that
may reach 1400 nm in diameter

Figure 2: Structure of Ebola virus virion

Fruit bats

Target cells by Ebola virus infectiol
are mainly:

* Hepatocytes

* Endothelial cells

* Phagocytes

Figure 3: Mode of transmission of Ebola virus infection: Transmission of Ebola
virus occurs when man consumes the flesh of fruit bats, flesh of animals fed on
infected fruit bats, or through contacting or touching any contaminated matter
with the virus

infectious routes and cycles through which Ebola virus
can be transmitted seems critical to break the chain of
transmission for future control and prevention against
hemorrhagic fever viruses. Unlike respiratory viruses,
both droplet and aerosol transmission regarding Ebola is
thought to be rare. However, the blood-borne transmission
may be critical as monocytes, macrophages, and dendritic
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cells constitute the major replication sites for Ebola viruses.
Therefore, blood and blood products transfusion may
represent a big issue of concern. Ebola dissemination from
the initial infection site may take place through monocytes,
macrophages, and dendritic cells to regional lymph nodes
reaching the lymphatic system, liver, and spleen through
the blood.*"]

Contact with infected patients, infected human body fluids,
dead human bodies, infected cadavers, and infected animal
carcasses may be the most critical route for transmitting
the Ebola virus infection. Lack of early diagnosis of Ebola
in rural and forest areas in Africa in addition to the lack of
patients’ isolation and application of quarantine measures
may exaggerate the transmission of infection. Social habits
regarding patient care, contact with patients’ belongings
and personal clothes (e.g., fomites, towels, and sheets),*!
burial preparation (e.g., washing the dead body), and
funeral ceremonies may increase the chance of Ebola
transmission, particularly in epidemics."*!

Extreme care should be given to patients’ body fluids even
after recovery as Ebola virus was reported to be isolated
from patients” biological fluids, for example, sputum,
saliva, vomitus, breast milk, tears, sweat, genital secretions,
urine, and feces.” Moreover, Ebola virus was reported in
breast milk and genital secretions for a long duration after
recovery (13 weeks).?0%!

Intact skin represents an immunological defense against
infection with Ebola as the virus was reported to enter
the body through skin abrasions, mucosal surface
breaks, and through contaminated water for parenteral

injection.*?’! Laboratory-induced and blood-borne
infections (via contaminated needle stick and blood) have
been reported in the 1976 outbreaks of Ebola virus in some
African countries, for example, Sudan and Zaire.26%7)

As for the animal-borne transmission of infection, this
was reported to occur through chimpanzees, bats, and
nonhuman primates in equatorial Africa and may represent
an important source of Ebola virus where reported organ
infectivity titers reached 10”-10° pfu/g.” The bad nutritional
habits of eating the flesh of chimpanzees and freshly
killed bats (carriers of Ebola virus) or their slaughtering
for food might be related to the emergence of outbreaks
in Zaire, Congo, and Gabon. Even contact exposure with
infected animals may cause Ebola virus transmission.[*!>%]
Moreover, undercooking infected animals and exposure
to infected blood may enhance the possibility of infection
and enhance virus transmission through the oral route as
evidenced by the report that Zaire Ebola virus was highly
lethal when given orally to rhesus macaques.””

EBOLA PATHOGENESIS

Pathogenesis of Ebola targets mainly the liver, adrenal
cortex, lymphatic tissues, and some cells of the immune
system causing many pathological effects [Figure 4].
Hemorrhagic fever is a descriptive pathological term for
Ebola virus infection. The relatively large size of Ebola
viruses may suggest a traumatic vascular injury to explain
the origin of Ebola-induced hemorrhagic fever or the causes
of inducing the hemorrhagic complications. However, this
possibility was reported to be excluded upon vascular
histological analysis of different tissues during autopsy.

Exposure to Ebola virus

¢ Hepatic impairment

and necrosis

reactive nitrogen species
and chemokines e.g.

I | | I
Adrenocortical Increased inflammatory cytokines, Immune
Hepatocellular necrosis impairment reactive oxygen species, system

suppression

Coagulation abnormalities
Consumption of clotting factors
Hemorrhagic tendencies
Increased fibrin degradation

products

Decreased protein C

Interferon-inducible protein-10

(natural anticoagulant)

at venipuncture sites

* Petechiae, *  TNF-a
¢ Ecchymoses, o -2
¢ Mucosal hemorrhages, * 1I-6
* Congestion, < -8
¢ Uncontrolled bleeding * 1I-10
.

* Thrombocytopenia \

¢ Shock

¢« DIC

&«

¢ Circulatory failure

High Ebola fatality

Monocyte chemo-attractant
protein-1
* RANTES

Inhibition of INF response TRAILand Fas activation
Progressive lymphopenia, lymphoid depletion and necrosis

v

Lymphocyte apoptosis

B lymphocyte and naturalkiller cell
depletion

T lymphocyte depletion

v

Impaired cell-mediated immunity

Impaired humoral immunity

Figure 4: Pathogenesis of Ebola hemorrhagic fever
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Lack of evidence for the occurrence of substantial vascular
lesions in nonhuman primates infected with Ebola virus
was documented in many studies.’#! Interestingly,
infection of endothelial cells with Ebola virus in cynomolgus
macaques occurred only in the terminal stages of the
disease, which excludes vascular injury as a cause for
hemorrhagic diathesis occurring during Ebola infection.®!
Laboratory investigations of Ebola patients presenting with
hemorrhagic fever confirmed the presence of coagulation
abnormalities (consumption of clotting factors) that
manifested clinically as petechiae, ecchymoses, mucosal
hemorrhages, congestion, and uncontrolled bleeding at
venipuncture sites during Ebola hemorrhagic fever that
is clinically correlated with disseminated intravascular
coagulation (DIC).P!

Importantly, Ebola-induced marked hepatic impairment
and hepatocellular necrosis in both infected patients and
nonhuman primates with the secondary disturbance
in protein and coagulation factor synthesis might be
the underlying factor for the hemorrhagic tendencies,
fibrinolysis, consumptive coagulopathy, increased
concentrations of fibrin degradation products, and
thrombocytopenia causing infrequent blood loss that
occurs mainly in the gastrointestinal tract.’® Ebola-induced
coagulopathy may be due to the expression or release of
tissue factors from infected monocytes and macrophages
or rapid reductions in serum level of protein C (natural
anticoagulant) that were recorded during the course of
Zaire Ebola virus infection of cynomolgus monkeys. 3!
Moreover, coagulopathy-induced hemorrhages are not
large enough to be the underlying cause of death.

Adrenal cortex may be the second affected tissue with Ebola
virus where adrenocortical infection and necrosis were
reported in patients and nonhuman primates during Ebola
virus epidemics, which may explain the fluid and electrolyte
disturbances ending in shock and fatal circulatory failure
that are usually met with in end-stage infections with Ebola
viruses.?”!

Lymphatic tissues are also affected with Ebola virus
infections where lymphoid depletion and necrosis were
reported in the spleen, thymus, and lymph nodes of patients
with fatal disease and in experimentally infected nonhuman
primates™*”! causing impairment of both cell-mediated and
humoral immunities. Lymphocyte apoptosis during Ebola
virus pathogenesis may be the underlying cause for the
progressive lymphopenia and lymphoid depletion™#2
and was reported to be due to activation of tumor necrosis
factor (TNF)-related apoptosis-inducing ligand and factor
of apoptotic signal death receptor pathways.'"* That
was evidenced by the premortal depletion of circulating
T-lymphocytes and natural killer cell populations in
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the serum of patients who died of Ebola during fatal
epidemics while in Ebola survivors, lymphocyte cell count
did not decrease significantly.*®! A similar hematological
picture was noted in macaques infected with Zaire Ebola
virus where the lymphocyte loss seemed to be greatest
in T-lymphocytes and natural killer cells.”! Moreover,
Ebola virus was reported to induce impairment in the
dendritic cell function,*! which may be due to the
immunosuppressive motif in the carboxyl-terminal region
of the virus glycoproteins causing lymphocyte dysfunction
or loss.#+1

Ebola infection causes activation of antigen presenting
cells and impairment of the coagulation systems causing
multiorgan failure and septic shock. Blood and tissue
chemistry may be severely affected by Ebola virus-induced
inflammatory processes where released pro-inflammatory
cytokines, chemokines, and other mediators (from antigen
presenting cells), reactive oxygen, and nitrogen species help
in the pathogenesis of Ebola hemorrhagic fever.

Moreover, there is reported increased levels of
several inflammatory mediators and cytokines, for
example, TNF-a, interleukin (IL)-2, IL-6, IL-8, IL-10,
interferon (INF)-inducible protein-10, monocyte
chemoattractant protein-1, and regulated upon activation
normal T-cell expressed and secreted.!"?*#24] Inhibition of
the type-I INF response was also reported during Ebola
virus infection.™! Interestingly, Ebola virus VP35 was
reported to act as a type-I INF antagonist®>! through
blocking the activation of INF regulatory factor 3 and
preventing the transcription of INF-B.5%% Same INF
inhibition was reported forVP24 of the Ebola virus that
interferes with type-1 INF signaling.%?

BIOLOGY OF EBOLA HEMORRHAGIC FEVER

The incubation period of Ebola hemorrhagic fever virus
is not long (3-21 days, average 12.7 + 4.3 days).*** Bats
may be a natural reservoir, which still needs further
research confirmation to isolate the virus from bats. Fruit
bats (where viral RNA and antibodies were isolated)
are resistant to Filoviridae.*#15%%] The newest member of
filoviruses (Lloviucuevavirus) was discovered in 2010 in
Spain and was retrieved from bats.[%¢2

Seasonal variation in mortality among the African
chimpanzees may suggest that climatic changes may affect
the Ebola epidemics.*%1 A close relationship between the
dry conditions at the end of the rainy season was found to
correlate with the onset of epidemics, migration of bats, [
and human contamination’®! that may induce a change in
the behavior of fruit-eating mammals with enhancement
in virus circulation. !
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CLINICAL PICTURE OF EBOLA VIRAL INFECTION

The main characteristic of Ebola symptomatology includes
hematological, lymphatic, and immunological disturbances
that should raise a high index of suspicion and should be
differentiated from blood diseases. Patients usually present
with a flu-like syndrome having fever, chills, abdominal
pain, headache, myalgia, malaise, arthralgia, cough,
and sore throat with dysphagia. However, hemorrhagic
manifestations and complications characterize Ebola and
differentiate it from other fevers. Infection with Ebola may
present with gastrointestinal bleeding, uncontrolled oozing
from venipuncture sites (denoting Ebola complicated
with DIC), petechiae, ecchymoses, purpura, epistaxis,
gingival bleeding, and mucosal hemorrhages. At autopsy,
postmortem evidence of visceral hemorrhagic effusions
confirms the cause of death to be Ebola hemorrhagic fever.

A maculopapular rash is a diagnostic sign that later
desquamates (at days 5-7) in survivors.[7%

Nonspecific symptoms may make the diagnosis of Ebola
hemorrhagic fever difficult, especially at primary health
centers. However, nonspecific symptoms should be taken
seriously in patients living in endemic areas, travelers
to endemic areas, and at times of epidemics. Digestive
disorders may be present, for example, nausea, vomiting,
anorexia, and diarrhea. Respiratory symptoms may be
presenting in the form of nasal discharge, conjunctival
injection, postural hypotension, edema, chest pain,
shortness of breath, and cough.

Neurological manifestations or complications may be
dominating, for example, headache, confusion, and coma.
Mortality rate was reported to decrease upon improving the
prophylactic measures and decreasing the virus load.[?>7!7¢!
This is confirmed by data showing that viremia lower than
1 x 10*° pfu/mL of blood was correlated with improved
survival in patients and nonhuman primates infected
experimentally.””]

LABORATORY DIAGNOSIS OF EBOLA VIRUS

Ebola hemorrhagic fever is often fatal, necessitating its early
diagnosis to repress the progress of this vicious disease.
However, the nonspecificity of early symptoms and limited
laboratory facilities in endemic areas make the diagnosis
challenging. A combination of some clinical manifestations
in susceptible people should raise the possibility of
Ebola infection and guide the laboratory investigations.
Presumptive diagnosis includes nonspecific symptoms
of fever, myalgia, malaise, headache, gastrointestinal
complications, sore throat, and others. Conjunctivitis and
maculopapular rashes may also appear. This is followed
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by bloody diarrhea, dyspnea due to pulmonary edema,
and irritability that progresses to DIC, hepatic and renal
dysfunctions, seizures, shock, coma, and eventually
death.[#7

Preliminary investigative markers include leucopenia,
thrombocytopenia, asthenia, transaminitis (aspartate
transaminase and alanine transaminase [ALT]), and elevated
levels of blood urea nitrogen. However, these need to be
corroborated with specific tests. Laboratory diagnosis is
usually made through virus enumeration, serology, nucleic
acid tests, or, rarely, viral culture.®” Virus or viral particles
can be detected in the blood at the onset of infection.

ELISA was the mainstay for diagnosis that detects viral
antigen, infectious virus proteins, and virus-specific IgM
and IgG antibodies in the serum.®"! Viral antigenemia could
be detected in virtually all the patients using a polyvalent
hyperimmune rabbit serum specific for the Ebola subtypes.
However, its sensitivity (=2 93%) in the acute phase of illness
wanes thereafter with the disappearance of the antigen. The
serum levels of virus-specific IgM and IgG antibodies were
detectable at approximately the same time after disease
onset (8-10 days), but IgM persisted for a much shorter
period than IgG among the surviving convalescent patients.
While IgM was measured in a capture assay using modified
capture and detection antigens with the polyvalent rabbit
serum as the antigen detector. Antihuman IgG (gamma
chain specific) was used to detect bound immunoglobulins
in IgG ELISA.

Infectious virus isolation though attempted initially (using
confluent layers of Vero 6 cells in biosafety level 4
containment facility) has now been discontinued due to
the requirement of stringent conditions and slow growth
of virus in culture. If the cytopathic effect was observed,
the viral cultures were harvested, and antigen was tested
using indirect fluorescent antibody test. Fluorescent focus
assay (FFA) was also used to enumerate the virus by
immunofluorescent staining of infected cells. Attempts to
quantify virus by Plaque Assay using neutral red staining
were less successful than FFA.

ELISA hasbeen replaced by reverse transcription-polymerase
chain reaction (RT-PCR) that is more sensitive to be
deployed even in epidemic settings. RT-PCR surveillance
of blood, sputum/saliva/throat swabs, conjunctival swabs,
stool, urine, semen, and sweat (from axillary, forehead,
and inguinal regions) has been reported.®® This is a rapid
and sensitive technique targeting viral nucleic acid. Viral
RNA remained undetectable in saliva, sputum, conjunctival
swabs, and stools due to viral RNA shedding. However,
urine and sweat samples have been reported to remain
positive for viral RNA up to 3040 days and semen for
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3 months. Several RT-PCR kits have now been approved
such as RealStar Filovirus Screen RT-PCR Kit 1.0, Altona
Diagnostics. The US Food and Drug Administration has also
issued authorization on emergency use of Center for Disease
Control and Prevention (CDEC) Ebola NP real-time RT-PCR
assay (http://www.fda.gov/downloads/MedicalDevices/
Safety/Emergency Situations/UCM418810.pdf).

Ebola virus microRNAs have also been postulated to
serve as noninvasive biomarkers for the diagnosis and
prognosis of Ebola infection.®¥ Negative tests in patients
with putative signs of clinical symptoms warrant repetition
of the diagnostic assays.

TREATMENT OF EBOLA INFECTION

Supportive treatment and treatment of complications
are of paramount importance. Whole blood transfusions
from convalescent patients are needed for the treatment
of Ebola hemorrhagic fever. Symptomatic treatments,
for example, antihemorrhagic drugs, substitution
treatments (including transfusions, plasmapheresis,
and dialysis), and resuscitation are highly needed when
necessary.® The treatment of complications, for example,
hypovolemia, electrolyte abnormalities, hematologic
abnormalities, refractory shock, hypoxia, hemorrhage,
septic shock, multiorgan failure, and DIC is critical and
life-saving. The nematode-derived anticoagulation protein
rNAPc2 was an effective treatment of nonhuman primates
infected with Zaire Ebola virus.[® Effective post-exposure
treatment of infection using vesicular stomatitis virus-based
Ebola vaccine vector was effective in some animal models. !

SPECIFIC TREATMENT

Ribavirin,®”#¥ antisense oligonucleotides, and RNA
interference may be promising based on their efficacy in
animal studies. 25599

TKM-Ebola is a combination of small interfering RN As that
target Ebola polymerase enzyme, membrane-associated
protein (VP24), and the complex protein (VP35). It is
designed to block the replication of the Ebola virus. An
Ebola nucleoside analog was recently reported to protect
against infection with Filoviridae through inhibiting the
viral polymerase in an animal model.’"! Favipiravir is an
antiviral agent that induces selective inhibition of viral
RNA-dependent RNA polymerase without inhibiting
RNA or DNA synthesis in mammalian cells. Favipiravir
was approved in Japan in 2014 for treating influenza
pandemics. It was also reported to have activity against
some RNA viruses, for example, influenza viruses.’”
Lamivudine may be helpful to patients having Ebola
hemorrhagic fever. ZMapp is a potential therapeutic
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material® that is composed of three chimeric monoclonal
antibodies.!*’]

TARGETING EBOLA BIOLOGY AS A FUTURE
PERSPECTIVE

Based on our understanding of the key points in Ebola
transmission, pathogenesis, and complications, it may be
strongly suggested that herbal and prophetic medicine
remedies, for example, nigella sativa (NS) may play a role
in both prophylaxis and treatment.

NS was reported to exert potent antiviral effects against
many viruses, for example, viral hepatitis, coronavirus,
and others, which may suggest its use as a medicinal
nutrition or nutritional supplement for treating Ebola
virus disease.

NS was reported to possess potent anti-inflammatory effects
where its active ingredient thymoquinone suppressed
effectively the lipopolysaccharide-induced inflammatory
reactions and reduced significantly the concentration of
nitric oxide.’™ Moreover, NS was reported to inhibit the
inflammatory processes through suppressing the activities
of IL-1, IL-6, nuclear factor-kB, IL-1 B, cyclooxygenase-1,
prostaglandin-E2, prostaglandin-D2," cyclocoxygenase-2,
and TNF-o/*! that act as potent inflammatory mediators and
were reported to play a major role in the pathogenesis of
Ebola virus infection.

Immunostimulating effects of NS include increased
natural killer cell activity, increased count, and activity of
T helper-1 lymphocytes (immune stimulant effect) versus
T-helper-2 (immune suppressive effect). NS suppressed the
production of IL-6 and TNF-o.."*!

All the above-mentioned effects may abolish and antagonize
many steps in the pathogenesis of Ebola-induced hepatic
impairment, hematological disturbances, and inflammatory
reactions, which are responsible for the fatal outcomes in
Ebola virus infection.

Moreover, many hepatoprotective effects of NS were
recently reported. NS was reported to exert many
hepatoprotective effects against ischemia-reperfusion
injury where NS treatment restored the serum level of
liver enzymes (ALT, aspartate aminotransferase, and
lactate dehydrogenase), reduced oxidative stress index,
and enhanced the total antioxidant capacity to near normal
values.['™!
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