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Ebola Hemorrhagic Fever
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Abstract

Ebola virus disease (EVD) also known as Ebola haemorrhagic fever is a
severe contagious disease affecting humans and non-human primates. It
is usually transmitted to humans through direct contact with blood, tissue,
body fluids and secretions from an infected animal or human. The causative
agent is classified in the genus Ebolavirus of the Filoviridae family.
Filoviruses are filamentous enveloped viruses containing a non-segmented,
negative-strand genomic RNA of approximately 19 kilobases. Patients are
diagnosed by testing of body fluids and serum with an ELISA test/ PCR;
however the results are not always accurate. There is currently no treatment
for Ebola hemorrhagic fever. Vaccines are in clinical trials and hold the
future in preventing this disease. Ebola is on the United States’ list of
possible bioterrorism agents because no humans have been found to have
immunity to it.

Background

Ebola is a member of the Filoviridae viral family,
 characterized by the long, thin filaments it is

a RNA virus (19-kb negative-sense) which codes for
seven proteins. The seven filoviral proteins are the
glycoprotein (GP), the polymerase (L), the
nucleoprotein (NP), a secondary matrix protein
(VP24), the transcriptional activator (VP30), the
polymerase cofactor (VP35), and the matrix protein
(VP40). It was first discovered near the Ebola River
and was named accordingly. Filoviruses are
infrequently encountered, and their natural history
is only now being understood. Because of the lack of
predictive information about them, and serious
human disease they cause, they require our attention.
Filoviruses cause a severe, unrelenting viral
hemorrhagic fever with high mortality [1, 2, 3].

Discovered in late 1970s, the international
community was startled as it caused major outbreaks
of hemorrhagic fever in the Democratic Republic of
the Congo (DRC) [4] and Sudan [5].

Outbreaks chronology

Ebola virus was first discovered in 1976 when an
outbreak of Ebola hemorrhagic fever occurred in Zaire
in Democratic Republic of the Congo (DRC) [6]. Since
then five different strains of Ebolavirus have been
discovered, namely Zaire ebolavirus (EBOV), Sudan
ebolavirus (SUDV), Tai Forest ebolavirus (TAFV),
Bundibugyo ebolavirus (BDBV) and Reston
ebolavirus (RESTV),with fruit bats considered as the
most likely reservoir host [7].

The Zaire Ebola virus has one of the highest
fatality rates of any pathogenic virus affecting
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humans. In the 1976 outbreak, it killed 88 percent of
patients, 81 percent in 1995, 73 percent in 1996, 80
percent in 2001-2002, and 90 percent in 2003,
although none of these outbreaks were as large as
the original [6]. However March 2014-Present
outbreak involving multiple countries in Africa has
reported a total of 21206 cases and 8386 deaths [8].

Sudan Ebola virus had a fatality rate of 53 percent
in 1976, 65 percent in 1979, 53 percent in the over
400 patients infected in 2000, 41 percent in 2004,
36.4% in June-October 2012 and 50% in November
2012-January 2013 which occurred in Uganda [6,
9].

Ivory Coast Ebola (TAFV) virus was first
discovered in 1994 when a scientist conducting
autopsies on chimpanzees contracted Ebola
hemorrhagic fever. This has been the only case of
Ivory Coast Ebola known to have occurred in
humans [6].

In 1989 Crab-eating macaques that were imported
from the Philippines to Reston, Virginia were found
to have a virus similar to Ebola. Around 6 out of 150
animal handlers developed antibodies to this virus,
however none of which actually developed Ebola
hemorrhagic fever. It was later classified as Reston
Ebola virus and CDC concluded that this strain had
a low infection rate for humans [6]. Other episodes
occurred in Italy in 1992 and in the United States in
1996. All these events were traced to the facility of a
single exporter, but the ultimate source of the virus
has never been ascertained, although Mindanao
was the origin of the monkeys taken for conditioning
and resale. In 2009, an outbreak of Reston Ebola
virus was discovered in pigs in the Philippines, and
antibody evidence of human infection was also
found however the source has not been found [10].

In November 2007, CDC confirmed EHF in
diagnostic samples associated with an outbreak of
illnesses with unknown etiology in Bundibugyo
District, Uganda. Genetic sequencing demonstrated
that infections were caused by a novel fifth
Ebolavirus species, BEBOV [11], marking the first
time a new filovirus species had been identified since
1994 [12] mortality rate being 25%. Then in June-
November 2012 another outbreak occurred in
Democratic Republic of Congo having a mortality of
around 36% [9].

Epidemiology and Transmission

EVD occurred mainly in the rainforest areas of
Central Africa (DRC, Sudan, Gabon, and Uganda)

up to 2013. Taï Forest ebolavirus (TEBOV) affected only
West Africa in 1994. The severe epidemics, starting
in 2013-14, affected a large West African region
(Guinea, Sierra Leone, and Liberia) with imported
cases in Nigeria and Senegal. Another alarming event
is that the epidemics penetrate densely populated
areas including capital cities.

Ebola is transmitted through body fluids and/or
direct contact with infected individuals. It is believed
to spread to human populations through contact with
infected primates, as opposed to directly from natural
reservoirs. Fruit bats are the suspected natural
sources of the virus. They themselves are
asymptomatic but have been found to carry the virus,
making them good candidates for natural reservoirs.

Transmission of Ebola virus among non-human
animals is a little different. It is proposed that after
partially eating the fruits, fruit bats drop these fruits
that carry viruses in the bat saliva. Gorillas or other
monkeys then eat the fruit, and therefore the virus as
well. Decomposing bodies only remain infectious for
three to four days after death, and gorillas do not
typically interact among different groups, which
mean the victims were probably infected by several
animal host reservoirs [7].  In addition to high titres
of virus in blood, the skin of patients, including
fibroblasts and other dermal structures, is extensively
infected [13]; this probably accounts for the
additional risk to those participating in traditional
burial preparation of the cadaver [4] and mourners
touching the cadaver [14]. Nevertheless, Ebola has
been shown to spread through the air under carefully
controlled laboratory conditions [15].

Pathogenesis

Ebola virus disease has findings that are similar
in human patients and nonhuman primate models.
Viremia occurs in the acute period, and its
disappearance is marked by clinical improvement
and usually the appearance of antibodies in blood
[16]. Humoral immune response is probably not
effective because passive convalescent antibody
transfer does not protect against experimental
inoculation [17, 18]. Possible explanations for the
failure to mount an effective immune response in fatal
cases include the presence of a putatively
immunosuppressive amino acid sequence in the
filovirus glycoprotein [19], the secretion of a soluble
glycoprotein by Ebola virus–infected cells [20], and
the extensive lymphoid damage evident in
postmortem examination [21]. In addition, Ebola-
infected cells have a deficient response to added
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interferon [22, 23], induction of the antiviral state,
and induction of interferon or activation of
downstream pathways. One major filovirus protein,
VP35, is known to be responsible for the latter [24].

Clinical features

The incubation period of EVD in humans is
usually 2-21 days [25]. Ebola virus begins to effect
infected individuals with flu-like symptoms like
fever, myopathy, and headache, followed by
hemetemesis  and diarrhoea, nausea and vomiting,
anorexia, body weakness, abdominal pain,
arthralgia, back pain, mucosal redness of the oral
cavity, dysphagia, conjunctivitis, rashes on the body
[26].

As the disease progresses, wasting becomes
evident, and bleeding manifestations such as
petechiae, hemorrhages, ecchymoses around needle
puncture sites, and mucous membrane hemorrhages
occur in half or more of the patients. Around day 5,
most patients develop a maculopapular rash,
prominent on the trunk. In the second week, the
patient defervesces and improves markedly or dies
in shock with multiorgan dysfunction, often
accompanied by disseminated intravascular
coagulation, anuria, and liver failure. Convalescence
may be protracted and accompanied by arthralgia,
orchitis, recurrent hepatitis, transverse myelitis, or
uveitis [17].

Diagnosis 

General approach
The approach to evaluating patients with possible

Ebola virus disease depends upon whether or not
the individual displays appropriate signs and
symptoms, how likely it is that the exposure will
result in disease (ie, the level of risk), and when the
exposure occurred.

1. Patients who present with signs and symptoms
consistent with Ebola virus disease should be
immediately assessed to determine their risk of
exposure to Ebola virus [27].
  For all symptomatic patients who may have

been exposed to Ebola virus, infection control
precautions should be used and also for patients in
whom  risk of exposure is unclear at the time of their
initial presentation, until a medical evaluation can
be performed.

  Testing for Ebola virus should generally be
performed for patients who have symptoms
consistent with Ebola virus disease and have had
an exposure that puts them at risk.

2. Asymptomatic individuals with a possible
exposure to Ebola should be monitored so that they
can be isolated if signs or symptoms occur.

Indications for initial testing for Ebola virus infection
All patients with suspected Ebola virus disease

should be evaluated in conjunction with local and
state health departments [28-30].

      Testing for Ebola virus infection is performed
in symptomatic patients with any possible
risk of exposure to Ebola virus (high, some,
or low risk).[27]

 In patients who have an identifiable risk but
no signs or symptoms of Ebola virus disease
testing is not warranted. These patients
should be monitored and tested if they
become ill.

 Testing is not warranted for patients without
any identifiable risk of exposure to Ebola
virus.

Laboratory diagnosis 
The laboratory diagnosis of Ebola virus infection

is made by the detection of viral antigens or RNA in
blood or other body fluids and by viral isolation.

Diagnostic tests  
For Ebola virus infection rapid diagnostic tests are

the most commonly used tests for diagnosis.

      Most acute infections are diagnosed through the
use of RT-PCR which generally detects viral
RNA within three days after the onset of
symptoms [31, 32].

       For patients with symptoms for fewer than three
days duration repeat testing may be needed [32].

    A negative RT-PCR test that is collected e”72
hours after the onset of symptoms rules out Ebola
virus disease [31, 33].

     The demonstration of genetic diversity and rapid
accumulation of sequence changes of Ebola virus
in the West African epidemic indicates that
careful monitoring will be needed to ensure the
continued sensitivity of RT-PCR diagnostics [34].
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In past outbreaks, testing for viral antigens by
enzyme-linked immunosorbent assay (ELISA)
was also frequently performed [20, 35-40].

IgM antibodies detection by capture ELISA is
useful in early convalescence [16]. IgG serologic
testing has not been reliable. When an indirect

fluorescent antibody test is applied, false-positive
and irreproducible results are common. For this
reason, confirmation, even of apparent
seroconversions, is desirable. The IgG ELISA
appears to have decreased this problem but still
requires further verification [17, 41].

Timeline of Infection Diagnostic tests available
Within a few days after symptoms begin Antigen-capture enzyme-linked immunosorbent assay

(ELISA) testingIgM ELISAPolymerase chain reaction
(PCR)Virus isolation

Later in disease course or after recovery IgM and IgG antibodies
Retrospectively in deceased patients Immunohistochemistry testing PCR Virus isolation

Other laboratory findings
Patients with Ebola virus disease typically develop

leukopenia, thrombocytopenia, and serum transaminase
elevations, as well as renal and coagulation
abnormalities. Other findings include a marked decrease
in total plasma protein (reflective of a capillary leak
syndrome) and elevated amylase levels [42].

Current Treatments

1. Supportive Care
Since there are currently no FDA-approved

treatment strategies the current clinical standard for
filoviral infection is supportive care. It consists of
oral fluid rehydration, oral medication, nutritional
supplementation, and psychosocial support [43].
Nasogastric feeding tubes and i.v. administration of
both fluids and medication are increasingly
considered supportive care where possible during
outbreak scenarios to prevent dehydration and
facilitate support of blood pressure [43, 44]. Platelet
transfusion and replacement of coagulation factors
is indicated. Heparin or other treatment should be
used for treatment of DIC. In the severe Zaire Ebola
virus monkey model, activated protein C improves
survival, and this licensed drug should be considered
for human therapy [45]. In addition, a recombinant
inhibitor of the tissue factor–activated factor VII
complex {recombinant nematode anticoagulant
protein c2 (rNAPc2)} improves survival and should
also be considered [46].

2. Immunotherapy
Transfer of immune serum for the treatment of

filovirus infection in humans has previously been

attempted. However, interpretation of these results
has been cautious due to the study conditions as
well as the uncertainty of the disease stage at which
the individuals were treated [47]. As a result, much
attention has focused on animal studies evaluating
candidate products. Both polyclonal and monoclonal
passive therapies have been shown to be efficacious
in rodents for filovirus infection [27, 48, 49]. These
sources of monoclonal antibodies have ranged from
murine monoclonal antibodies to recombinant-
derived cloned human monoclonal antibodies from
survivors of filovirus infection [27, 50].

Vaccines
A DNA vaccine prepared against glycoprotein

(GP) induces protective cellular immunity against
Zaire strain challenge in guinea pigs but not in
monkeys [18]. A vesicular stomatitis virus–based
construct using Ebola Zaire GP successfully
protected mice and monkeys, including postexposure
treatment in some settings [51]. While this type of
construct has never been used in humans, no ill
effects were seen. A prototype adenovirus vaccine
expressing this antigen has successfully protected
monkeys and demonstrated a good safety profile in
phase I studies in humans [52, 53]

Prevention
If you travel to or are in an area affected by an

Ebola outbreak, make sure to do the following:

    Practice careful hygiene. For example, wash your
hands with soap and water or an alcohol-based
hand sanitizer and avoid contact with blood and
body fluids.

  Avoid funeral or burial rituals that require handling
the body of someone who has died from Ebola.
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      Avoid contact with bats and nonhuman primates.

   Avoid facilities in West Africa where Ebola
patients are being treated.

     After you return, monitor your health for 21 days
and seek medical care immediately if you
develop symptoms of Ebola.

Healthcare workers who may be exposed to
people with Ebola should follow these steps:

       Wear appropriate personal protective equipment
(PPE).

      Practice proper infection control and sterilization
measures.

     Isolate patients with Ebola from other patients.

    Avoid unprotected contact with the bodies of
people who have died from Ebola.

   Notify health officials if you have had direct
contact with the blood or body fluids, of a person
who is sick with Ebola.

Conclusion

The main goals currently being addressed with
Ebola virus are finding ways of treatment for Ebola
hemorrhagic fever and finding safe and effective
vaccines for the virus that can be applied to humans.
If an approved vaccine could be developed for Ebola
virus, it would save many people from the painful
effects of Ebola hemorrhagic fever. Although it is not
a problem right now for most populations outside of
Africa, Ebola virus has the potential to be dangerous
from the point of view of global health in the future.
With more research and a greater understanding of
the virus, Ebola will hopefully become a less pressing
matter in global health.

Bibliography

1.   Bermejo M, Rodriguez-Teijeiro JD, Illera G, Barroso
A, Vilà C,Walsh PD. Ebola outbreak killed 5000
gorillas. Science, 314, 2006, 1564.

2.      Murphy FA, Peters CJ. Ebola virus: Where does
it come from and where is it going? In: Krause
RM, ed. Emerging Infections. New York: Academic
Press; 1998; 375-410.

3.     Johnson KM, Webb PA, Lange JV, Murphy FA.
Isolation and characterization of a new virus

(Ebola virus) causing acute hemorrhagic fever
in Zaire. Lancet 1977; 1:569–71.

4.      World Health Organization. Ebola haemorrhagic
fever in Zaire, 1976. Report of an international
commission. Bull WHO 1978; 56:271–93.

5.      World Health Organization. Ebola haemorrhagic
fever in Sudan, 1976. Report of a World Health
Organization International Study Team. Bull
WHO 1978; (56):247-70.

6.       Peters CJ, Le Duc JW. An introduction to Ebola:
the virus and the disease. J Infect, 179 (Suppl1),
1999, 9-16.

7.       Leroy EM, Kumulungui B, Pourrut X, Rouquet P,
Hassanin A, Yaba P, Délicat A, Paweska JT,
Gonzalez JP, Swanepoel R: Fruit bats as reservoirs
of Ebola virus. Nature 2005, 438:575–576.

8.      Ministry of Health Guinée – Conakry  https://
wca.humanitarianresponse.info/fr/        system/
files/documents/files/INFO%20FIEVRE
%20EBOLA %20GUINEE% 2024%20 MARS
%202014.

9.      Albarino CG, Shoemaker T, Khristova ML, et al.
Genomic analysis of filoviruses associated with
four viral hemorrhagic fever outbreaks in Uganda
and the Democratic Republic of the Congo in
2012. Virology. 2013; 442(2):97-100.

10.  Rollin PE, Williams J, Bressler D, et al. Ebola
(subtype Reston) virus among quarantined non-
human primates recently imported from the
Philippines to the United States. J Infect Dis. 1999;
179(Suppl 1):S108-S114.

11.    Towner JS, Sealy TK, Khristova ML, et al. Newly
discovered Ebola virus associated with
hemorrhagic fever outbreak in Uganda. PLoS
Pathog 2008; 4:e1000212.

12. Formenty P, Hatz C, Le Guenno B, Stoll A,
Rogenmoser P, Widmer A. Human infection due
to Ebola virus, subtype Coˆ te d’Ivoire: Clinical
and biologic presentation. J Infect Dis 1999;
179(Suppl 1):S48–53.

13. Zaki S, Greer PW, Shieh WJ, et al. A novel
immunohistochemical assay for detection of
Ebola virus in skin: Implications for diagnosis
and surveillance of Ebola hemorrhagic fever. J
Infect Dis.1999;179(Suppl 1):S36-S37.

14. Dowell SF, Mukunu R, Ksiazek TG, et al.
Transmission of Ebola hemorrhagic fever: A study
of risk factors in family members, Kikwit, Zaire
1995. J Infect Dis. 1999; 179(Suppl 1):S87-S91.

15.    Weingartl HM, Embury-Hyatt C, Nfon C, Leung
A, Smith G, Kobinger G: Transmission of Ebola

Dalip K Kakru et. al. /Ebola Hemorrhagic Fever



Journal of Microbiology and Related Research

34

virus from pigs to non-human primates. Sci Rep
2012, 2:811.

16.    Ksiazek TG, Rollin PE, Williams AJ, et al. Clinical
virology of Ebola hemorrhagic fever (EHF): Virus,
virus antigen, and IgG and IgM antibody
findings among EHF patients in Kikwit,
Democratic Republic of the Congo, 1995. J Infect
Dis. 1999; 179(Suppl 1):S177-S187.

17.   Peters CJ, LeDuc JW, ed. Ebola: The virus and the
disease. J Infect Dis. 1999; 179(Suppl 1):S1-S288.

18. Xu L, Sanchez A, Yang Z, et al. Genetic
immunization for Ebola virus infection. Nat Med.
1998; 4:37.

19.  Yaddanapudi K, Palacios G, Towner JS, et al.
Implication of a retrovirus-like glycoprotein
peptide in the immunopathogenesis of Ebola and
Marburg viruses. FASEB J. 2006; 20:2519-2530.

20.   Ksiazek TG, Rollin PE, Jahrling PB, et al. Enzyme-
linked immunosorbent assays for the detection
of antibodies to Ebola viruses. J Infect Dis. 1999;
179(Suppl 1):S192-S198.

21.  Zaki SR, Goldsmith CS. Pathologic features of
filovirus infections in humans. Curr Top Microbiol
Immunol. 1999; 235:97-116.

22.   Sanchez A, Khan AS, Zaki SR, et al. Filoviridae:
Marburg and Ebola viruses. In: Knipe DM,
Howley PM, eds. Fields’ Virology. 4th ed.
Philadelphia: Lippincott, Williams, and Wilkins;
2001; 1279-1304.

23.   Harcourt BH, Sanchez A, Offerman MK. Ebola
virus selectively inhibits responses to interferons,
but not to IL-1beta in endothelial cells. J Virol.
1999; 73:3491-3496.

24.  Hartman AL, Ling L, Nichol ST, et al. Whole-
genome expression profiling reveals that
inhibition of host innate immune response
pathways by Ebola virus can be reversed by a
single amino acid change in the VP35 protein. J
Virol. 2008; 82:5348-5358.

25.  Genton, C.; Cristescu, R.; Gatti, S.; Levrero, F.;
Bigot, E.; Caillaud, D.; Pierre, J.S.; Menard, N.
Recovery potential of a western lowland gorilla
population following a major ebola outbreak:
Results from a ten year study. PLoS One 2012, 7,
e37106.

26.   Bowen ETW et al. in Ebola Virus Haemorrhagic
Fever (ed. Pattyn RR) Elsevier, Amsterdam, 1978,
85–89. Available at http://www.itg.be/ebola/

27. Centers for Disease Control and Prevention.
Epidemiologic risk factors to consider when
evaluating a person for exposure to Ebola virus.

http://www.cdc.gov/vhf/ebola/exposure/
risk-factors-when-evaluating-person-for-
exposure.html (Accessed on October 28, 2014).

28.  Centers for Disease Control and Prevention. Ebola
virus disease information for clinicians in U.S.
healthcare settings http://www.cdc.gov/vhf/
ebola/hcp/clinician-information-us-healthcare-
settings.html (Accessed on October 17, 2014).

29. Centers for Disease Control and Prevention.
Interim Guidance for Monitoring and Movement
of Persons with Ebola Virus Disease Exposure.
htt p://www.c dc.gov/vhf/ebola/hcp/
monitoring-and-movement-of-persons-with-
exposure.html (Accessed on October 28, 2014).

30.  Centers for Disease Control and Prevention. Ebola
update: updated CDC guidance monitoring
symptoms and controlling movement to stop
spread of Ebola. http://www.cdc.gov/media/
releases/2014/fs1027-monitoring-symptoms-
controlling-movement.pdf (Accessed on October
28, 2014)

31.   Chertow DS, Kleine C, Edwards JK, et al. Ebola
virus disease in West Africa—clinical
manifestations and management. N Engl J Med
2014; 371:2054.

32. Centers for Disease Control and Prevention.
Interim guidance for specimen collection,
transport, testing, and submission for patients
with suspected infection with Ebola virus disease
http://www.cdc.gov/vhf/ebola/pdf/ebola-
lab-guidance.pdf (Accessed on October 24, 2014).

33.   Considerations for discharging persons under
investigation (PUI) for Ebola virus disease. http:/
/ w w w . c d c . g o v / v h f / e b o l a / h c p /
considerations-discharging-pui.html (Accessed
on November 03, 2014).

34.   Gire SK, Goba A, Andersen KG, et al. Genomic
surveillance elucidates Ebola virus origin and
transmission during the 2014 outbreak. http://
www.sciencemag.org/content/early/2014/08/
27/science.1259657.full.pdf (Accessed on
October 17, 2014).

35.  Drosten C, Göttig S, Schilling S, et al. Rapid
detection and quantification of RNA of Ebola
and Marburg viruses, Lassa virus, Crimean-
Congo hemorrhagic fever virus, Rift Valley fever
virus, dengue virus, and yellow fever virus by
real-time reverse transcription-PCR. J Clin
Microbiol 2002; 40:2323.

36.    Towner JS, Rollin PE, Bausch DG, et al. Rapid
diagnosis of Ebola hemorrhagic fever by reverse
transcription-PCR in an outbreak setting and

Dalip K Kakru et. al. /Ebola Hemorrhagic Fever



Volume 1 Number 1, January - June 2015

35

assessment of patient viral load as a predictor of
outcome. J Virol 2004; 78:4330.

37.  Towner JS, Sealy TK, Ksiazek TG, Nichol ST.
High-throughput molecular detection of
hemorrhagic fever virus threats with
applications for outbreak settings. J Infect Dis
2007; 196 Suppl 2:S205.

38. Baize S, Pannetier D, Oestereich L, et al.
Emergence of Zaire Ebola virus disease in
Guinea. N Engl J Med 2014; 371:1418.

39.   Del Rio C, Mehta AK, Lyon GM 3rd, Guarner J.
Ebola hemorrhagic fever in 2014: the tale of an
evolving epidemic. Ann Intern Med 2014;
161:746.

40.   Feldmann H. Ebola—a growing threat? N Engl J
Med 2014; 371:1375.

41. Busico KM, Marshall KL, Ksiazek TG, et al.
Prevalence of  IgG antibodies to Ebola virus in
individuals during an Ebola outbreak,
Democratic Republic of the Congo, 1995. J Infect
Dis. 1999; 179(Suppl 1):S102-S107.

42.    Kortepeter MG, Bausch DG, Bray M. Basic clinical
and laboratory features of filoviral hemorrhagic
fever. J Infect Dis 2011; 204 Suppl 3:S810.

43.  Centers for Disease Control and Prevention. Ebola
virus disease: algorithm for evaluation of the
returned traveler. http://www.cdc.gov/vhf/
ebola/pdf/ebola-algorithm.pdf (Accessed on
October 17, 2014).

44. Centers for Disease Control and Prevention.
Identify, isolate, inform: emergency department
evaluation and management for patients who
present with possible Ebola virus. Disease http:/
/ w w w . c d c . g o v / v h f / e b o l a / h c p / e d -
management-patients-possible-ebola.html
(Accessed on October 27, 2014).

45. Hensley LE, Stevens EL, Yan SB, et al.
Recombinant human activated protein C for the

postexposure treatment of Ebola hemorrhagic
fever. J Infect Dis. 2007; 196 (Suppl 2):S390-S399.

46.  Geisbert TW, Hensley LE, Jahrling PB, et al.
Treatment of Ebola virus infection with a
recombinant inhibitor of factor VIIa/tissue factor:
A study in rhesus monkeys. Lancet. 2003;
362:1953-1958.

47.   Schieffelin JS, Shaffer JG, Goba A, et al. Clinical
illness and outcomes in patients with Ebola in
Sierra Leone. N Engl J Med 2014; 371:2092.

48.  European Centre for Disease Prevention and
Control. Critical aspects of the safe use of personal
protective equipment. http://
www.ecdc.europa.eu/en/publications/
Publications/safe-use-of-ppe.pdf (Accessed on
November 03, 2014).

49. Centers for Disease Control and Prevention.
Checklist for patients being evaluated for Ebola
virus disease (EVD) in the United States http://
www.cdc.gov/vhf/ebola/pdf/checklist-
patients-evaluated-us-evd.pdf (Accessed on
October 24, 2014).

50.   Centers for Disease Control and Prevention. Case
Definition for Ebola Virus Disease (EVD). http:/
/www. c d c . gov /v hf /ebola/hc p/c ase-
definition.html. (Accessed on October 28, 2014).

51.   Geisbert TW, Daddario-Dicaprio KM, Geisbert
JB, et al. Vesicular stomatitis virus-based
vaccines protect nonhuman primates against
aerosol challenge with Ebola and Marburg
viruses. Vaccine. 2008; 26:6894-6900.

52.  Sullivan NJ, Geisbert TW, Geisbert JB, et al.
Accelerated vaccination for Ebola virus
haemorrhagic fever in non-human primates.
Nature. 2003; 424:681-684.

53.   Dery M, Bausch DG, et al. A DNA vaccine for the
prevention of Ebola virus infection. Curr Opin
Mol Ther. 2008; 10:285-293.

Dalip K Kakru et. al. /Ebola Hemorrhagic Fever


