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Abstract The explosive introduction of Chikungunya in the Caribbean and imported cases in the United States,
the rapid spread of Ebola in West Africa, the clusters of birth defects linked to an epidemic of Zika virus in the
Americas, and the increasing endemic spread in parts of West Africa and recent imported cases of Lassa fever in the
United Kingdom and Germany illustrate how quickly local outbreaks of infectious diseases can become threats to
international public health. Unfortunately, with the exception of a few, there are no drugs or vaccines available for
treatment or prevention of re-emerging human viral hemorrhagic infections, thus, surveillance remains the best
approach for the early detection of outbreaks. Although, molecular diagnostics continues to evolve very rapidly, and
its impact in the diagnosis of infectious viral diseases is undeniable, multiple challenges still remain for the
widespread use of cost-effective, validated, and commercially available molecular tools. In this review, we brieﬂy
describe the epidemiology and global expansion of selected re-emerging hemorrhagic fever viruses in recent years,
then focus on the clinical features and the laboratory testing for the diseases. In particular, we reﬂect on new
learnings during recent outbreak investigations, discuss ongoing research and development priorities and identify
further interventions needed for effective control and prevention of these re-emerging viral diseases.
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1. Introduction
Despite the initial success in combating infectious
diseases, first by vaccination, and later with antimicrobial
agents, emerging and re-emerging infections still kill 15
million people each year [1]. Emerging disease is a term
used with increasing frequency to describe the appearance
of an as yet unrecognized infection, or a previously
recognized infection that has expanded into a new
ecological niche or geographical zone and often
accompanied by a significant change in pathogenicity [2].
Approximately, 70 emerging and re-emerging pathogens
comprising viruses, bacteria, protozoa and prions have
been identified during the last 50 years [3].
Some of the conditions favoring emergence/reemergence include ecologic changes, such as deforestation
(e.g., movement of raccoons into the suburbs, increasing
Rabies transmission), and flooding (e.g. increased
populations of vector species resulting in resurgence of
Dengue virus), vector spread and enhanced vector
competence (e.g. Chikungunya virus), civil disturbance or
human displacement (e.g. Marburg viral infection in
Angola), globalization/travel patterns (e.g. the rapid
spread of the severe acute respiratory syndrome (SARS)
virus), importation of infected animals (e.g. Monkey pox
virus), and scientific advances enabling discovery and
characterization of microbes, microbial evolution,
surveillance, and health policy, among others [4].

Although, infectious diseases continue to emerge/reemerge, except for a few (e.g. Lassa fever, yellow fever),
there are no drugs or vaccines available for treatment or
prevention of most re-emerging viral infections, thus,
surveillance remains the best approach for the early
detection of outbreaks and clinical microbiology
laboratory scientists continue to play a very important role
in establishing diagnosis.
The following sections describe the epidemiology,
global expansion, clinical features, laboratory testing,
treatment (if any), prevention and control of Lassa fever,
Chikungunya, Ebola and Zika hemorrhagic fevers.

2. Human Viral Hemorrhagic Fevers
The viral hemorrhagic fever syndrome is caused by a
diverse group of viruses, the common features of which
are a single-stranded, ribonucleic acid (RNA) genome and
a lipid envelope [5]. The viruses belong to the families
Arenaviridae (e.g., Lassa, Junin and Machupo),
Bunyaviridae (e.g., Hantaviruses, Rift Valley Fever and
Crimean Congo Hemorrhagic Fever), Togaviridae (e.g.,
Chikungunya), Filoviridae (e.g., Ebola, Marburg) and
Flaviviridae (e.g., Dengue, Yellow fever and Zika).

2.1. Lassa fever (LF)
LF, an acute viral illness, is the best known of the
human hemorrhagic fevers caused by an arenavirus [6].
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The illness was discovered in 1969 and the virus was
named after the town in Nigeria where the first cases
occurred [7]. Other agents, such as Junin and Machupo
viruses, cause similar syndromes, respectively, in
Argentina and Bolivia [6].
Lassa virions are pleomorphic but are often spherical,
with a diameter of 60–300 nm [8], and are covered with
lipid envelope studded with glycoproteins spikes (Figure 1).
The virus has segmented RNA genome that consists of
two single-stranded ambisense RNAs denoted Large (L)
and Small (S) (Figure 2). The L-segment RNA,
approximately 7.2 kb, encodes the viral RNA-dependent
RNA-polymerase (L) and a small RING-domain
containing protein (Z) that regulates transcription and
replication. The S-segment RNA is approximately 3.5 kb,
and encodes the viral nucleocapsid protein (NP) and
glycoprotein precursor (GPC), cleaved into GP1 and GP2
[9].

Figure 1. Model of the Lassa virus particle. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics).

Figure 2. The structure of the Lassa virus genome. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

LF is endemic in parts of West Africa including Sierra
Leone, Liberia, Guinea and Nigeria; however, other
neighboring countries are also at risk, as the animal vector
for LF virus, Mastomys natalensis is distributed
throughout the region [10]. In 2009, the first case from
Mali was reported in a traveler living in southern Mali
[11]. Imported cases of LF into the United Kingdom from
the Côte d’Ivoire and Mali [12], and into Germany by a
traveler who had visited Ghana, Côte D’Ivoire, and
Burkina Faso [13], and serologic evidence of the virus
infection in Togo and Benin have led to the suggestion
that the endemic area for LF is expanding.
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More recently, between August 2015 and April 2016,
there were 266 reported cases of LF infection (129 of
which were confirmed by laboratory tests) and 138
(suspected, probable and confirmed) deaths across Nigeria
with a case fatality rate (CFR) of 51.8%; four of 22 states
being significantly affected by the disease were Bauchi,
Edo, Oyo and Taraba [14]. This recent LF outbreak
suggests increased mortality and spread compared to a
2012 outbreak in the country that caused more than 1,700
people to become infected, but 112 deaths, according to
the Nigerian Center for Disease Control [15]. Generally,
LF outbreaks occur most years in West Africa; the virus
infects an estimated 100,000 to 300,000 each year and is
responsible for 5,000 deaths in the region as a whole [16].
Once infected, the Mastomys natalensis rodent is able
to excrete virus in urine for an extended time period,
maybe for the rest of its life. Transmission of Lassa virus
to humans occurs most commonly through ingestion or
inhalation. The rodents shed the virus in urine and feces
and direct contact with these materials, through touching
soiled objects, eating contaminated food, or exposure to
open cuts or sores, can lead to infection. Infection may
occur when Mastomys rodents are caught, prepared and
consumed as food. Contact with the virus may also occur
through aerosol or airborne transmission during cleaning
activities,
such
as
sweeping.
Person-to-person
transmission may occur after exposure to virus in the
blood, tissue, secretions, or excretions of a Lassa virusinfected individual; common in health care settings where
proper personal protective equipment (PPE) is not
available or not used. Lassa virus may also be spread in
contaminated medical equipment, such as reused needles.
Signs and symptoms of LF typically occur 1-3 weeks
after the patient comes into contact with the virus [7]. For
the majority of LF virus infections (approximately 80%),
symptoms are mild and are undiagnosed. Mild symptoms
include slight fever, general malaise and weakness, and
headache. In 20% of infected individuals, however,
disease may progress to more serious symptoms including
hemorrhaging (in gums, eyes, or nose, as examples),
respiratory distress, repeated vomiting, facial swelling,
pain in the chest, back, and abdomen, and shock [7].
Neurological problems have also been described;
tremors and encephalitis [17]. The most common
complication of LF, whether mild or severe, is deafness;
various degrees of deafness in approximately one-third of
infections, and permanent hearing loss in many cases [18].
Approximately 15%-20% of patients hospitalized for LF
die from the illness, due to multi-organ failure. The death
rates for women in the third trimester of pregnancy are
particularly high. Spontaneous abortion is a serious
complication of infection with an estimated 95% mortality
in fetuses of infected pregnant mothers.
The diagnosis and clinical management of LF poses
great challenge due to the fact that early symptoms of the
disease are often indistinguishable from that of malaria
which is also endemic in West Africa and the diagnostic
challenges posed by the requirement for highly
sophisticated diagnostic technique, which is unavailable in
over 90% of the health facilities in developing countries
like Nigeria, Mali, and Sierra Leone.
Although virus isolation is the gold standard for
detection of Lassa virus infection, virus cannot be
uniformly isolated from all acute cases, especially when
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the sample is obtained late in the course of illness [19]. In
addition, the viral cultivation period is long (7 to 10 days)
and this procedure requires a high containment laboratory
with good laboratory practices.
The combined enzyme-linked immunosorbent serologic
(ELISA)/Ag assay which detects IgM and IgG antibodies
as well as Lassa antigen appears to be highly sensitive and
specific for the diagnosis of LF [19]. The antigen
detection assay offers a particular advantage in providing
early diagnosis as well as prognostic information.
However, breaks in the cold chain during storage of the
virus in serum have resulted in the deterioration of Lassa
virus while the more heat-stable antibodies remained. This
has resulted in apparent false-positive serologic results
[19].
Sensitive reverse transcription-polymerase chain reaction
(RT-PCR) assays exist and have application in the early
stage of disease, however, issues of strain variation, cross
contamination, and expense pose practical problems for
use in the developing countries where LF is endemic [20].
Ribavirin, an antiviral drug, has been used with success
in LF patients, especially, when given early in the course
of the illness [20]. However, drug administration with
ribavirin poses signiﬁcant stress to the physician as it
requires the use of several ampoules of the drug,
depending on the weight of the patient. Patients also
receive supportive care consisting of maintenance of
appropriate fluid and electrolyte balance, oxygenation and
blood pressure, as well as treatment of any other
complicating infections.
Primary transmission of the Lassa virus from its host to
humans can be prevented by avoiding contact with
Mastomys rodents, putting food away in rodent-proof
containers, discouraging rodents from entering homes and
not using them as a food source. When caring for patients
with LF, nosocomial routes can be avoided by taking
preventive precautions against contact with patient
secretions. These precautions include wearing protective
clothing, such as masks, gloves, gowns, and goggles;
using infection control measures, such as complete
equipment sterilization; and isolating infected patients
from contact with unprotected persons until the disease
has run its course.
Currently, there is no licensed vaccine for humans
against the Lassa virus and research and development
have been hampered by the high cost of non-human
primate (NHP) animal models and by biocontainment
requirements (BSL-4). In addition, genetic diversity
among Lassa virus strains is the highest among the
Arenaviridae, and causes a great challenge for vaccine
development. Although progress in vaccine development
has been less impressive, at least three vaccine platforms
(recombinant vaccinia, Mopeia/Lassa reassortant (ML29),
and recombinant vesicular stomatitis virus (VSV);
VSVΔG/LASVGP vaccine, provided vaccine candidates
that were successful when tested in NHP animals [21], the
only relevant model for human LF, under the Animal Rule
[22]. However, vaccinia virus is no longer acceptable in
Africa with high prevalence of HIV (due to the potential
safety issues associated with the immunosuppressive
phenotype of the vector), but Mopeia/Lassa reassortant
(ML29) and rVSV vaccines have some room for further
development, in spite of safety issues surrounding their
potential use [21].

Although mice do not accurately model human LF
disease, they can provide an economical assay to
determine vaccine potency via the capacity of vaccine
candidates to elicit protective cell-mediated immune (CMI)
responses. Evaluation of Lassa virus vaccine
immunogenicity in the CBA/J-ML29 mouse model has
been reported recently [23]. A single intraperitoneal
immunization of CBA/J mice with ML29 protected
animals against a lethal homologous intracerebral
challenge with 588 LD. While ML29 is currently the most
advanced Lassa vaccine candidate inducing sterilizing,
cross-protective immunity and acting as a post-exposure
countermeasure, at least 5 years will be required for
clinical development of this vaccine [21].

2.2. Chikungunya Fever
Chikungunya fever, an arthropod-borne virus (arbovirus)
disease, is acute febrile illness often with severe,
debilitating poly-arthralgias [24]. In the Makonde
language, “Chikungunya” meaning “that which bends up”
[25] refers to the crippling arthritis associated with serious
disease caused by infection with the virus.
CHIKV, an alphavirus and a member of the
Togaviridae family [26], is a small (about 60–70 nmdiameter), spherical, enveloped, positive-stranded RNA
virus (Figure 3). The virus genome is 11,805 nucleotides
long and encodes for two polyproteins [27]; the nonstructural polyprotein consisting of four proteins (nsP1,
nsP2, nsP3 and nsP4) and the structural polyprotein
consisting of five proteins (Capsid, E3, E2, 6K and E1)
(Figure 4).

Figure 3. Model of the Chikungunya virus particle. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

Figure 4. The structure of the Chikungunya virus genome. (Source:
ViralZone www.expasy.ch/viralzone, Swiss Institute of Bioinformatics).

CHIKV was first observed in Tanzania in 1952, when
the Aedes aegypti-borne disease moved through multiple
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villages over an expanse exceeding 5,000 km2 of that
country [25]. Other countries of isolated outbreaks
between the 1960s and 1990s are Sudan, Uganda, and
Democratic republic of Congo, The Central African
Republic, Malawi, Zimbabwe, Kenya, South Africa,
Senegal, Benin, The Republic of Guinea, Cote d’Ivoire
and Nigeria [26].
CHIKV activity in Asia was first documented in
Bangkok, Thailand in 1958, through isolation of the virus
in a setting of intense dengue virus activity [29]. Antibody
surveys indicated that the virus continued to be
transmitted until 1962-1964. During this period, human
infections occurred at formidable rates in Bangkok area
and its environs. The intensive transmission in mosquitoes
was accomplished by large population of Aedes aegypti
breeding in water storage jars ubiquitous in Thai homes as
a consequence of the lack of piped water distribution
system. Similar conditions were seen through the mid1970s before disappearing and reappearing in 1988.
Consequently, wide spread outbreaks were reported from
South-East Asian countries [30].
In 1963, India experienced a dengue-like viral outbreak
in Calcutta [31] probably introduced from endemic centers
in the countries of South East Asia, and which resulted in
200 deaths [31]. The CHIKV epidemic in Southern India
(Vellore, Chennai, Puducherry), in 1964, documented
Aedes aegypti as the transmission vector with significant
numbers of laboratory-confirmed CHIKV infections [32].
The activity of CHIKV appeared to decline during the
period 1965-1972, and there were no outbreaks reported
from the country after 1973 till 2005.
In 2004, CHIKV re-emerged in Kenya, first in Lamu
resulting in 13,500 cases. A second outbreak occurred in
Mombasa and then spread eastward causing disease in and
around the Indian Ocean [33]. In 2005, there was an
outbreak of dengue-like illness in The Union of the
Comoros where over 225,000 infections occurred due to
Aedes aegypti transmission of the virus [34]. Movements
of goods and people among the islands of the Indian
Ocean led to introduction of CHIKV into La Reunion
island in 2005 with 266,000 cases [35], believed to have
been transmitted through bites of a strain of Aedes
albopictus with a point mutation in the E1 glycoprotein.
The spread of the CHIKV amongst the Indian Ocean
Islands led to its movement back to India resulting in
millions of cases, which helped sustain viral transmission
[36]. The mainland Indian outbreak served as a source of
viral introduction into Italy in 2007 via a traveler returning
home from India. The progressive infection was
maintained by Aedes albopictus through mosquito-humanmosquito cycle [37].
CHIKV also emerged in the Americas by 2013;
autochthonous CHIKV cases were isolated in Saint Martin
Island, French West Indies [38]. By December 20 of that
year, about 50 cases in Martinique Island were found; by
January 2014 confirmed cases in Guadeloupe, Saint
Barthelemy, Dominica and The British Virgin Islands
were also recorded. The infecting virus belonged to the
Asian genotype identified in the late 1950s in the South
East Asian countries and Aedes aegypti was the vector in
this region [38].
Between 2006 and 2013 at least 28 imported cases per
year from affected areas in Asia, Africa, or the Indian
Ocean were reported in the United States [39] and
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between December 2013 and June 2015 an outbreak of 1.5
million cases was reported in all the Americas [39].
Morbidity prevalence was high and chronic clinical
manifestations previously reported rare [35] were reported
in high incidence.
CHIKV affects all age groups and gender equally with
an incubation period of 1-12 days; the attack rates can
increase according to susceptibility of the population [26].
In the acute stage, sudden high-grade fever, severe
immobilizing polyarthralgias, myalgias, skin rash
(maculopapular) [24,26], headache, throat pain, abdominal
pain, constipation, retro-orbital pain, photophobia and
conjunctival redness are seen. Although rare, in fetus and
those with pre-existing conditions, the infection can result
in meningoencephalitis [28], myocarditis and mild
hemorrhage. From recent epidemics, severe neurological
conditions like Guillain-Barré syndrome, acute flaccid
paralysis and palsies have been documented.
Identifying CHIKV infection can be difficult due to its
overlapping distribution and similarity in symptoms with
dengue virus infection, which brings about misdiagnosis
[32]. A definitive diagnosis of CHIKV can only be made
by laboratory means although it should be suspected when
epidemic disease occurs with characteristic triad of fever,
rash and rheumatic manifestations [24,26].
In serologic diagnosis, virus-specific IgM antibodies
are readily detected by ELISA (the most sensitive test) in
recovery patients and they decline in 3-6 months.
Hemagglutination Inhibition (HI) antibodies appear with
the cessation of viraemia, patients are positive by day 5-7
of illness. Neutralization antibodies parallel HI antibodies
[26]. CHIKV can be readily isolated by intracerebral
inoculation of mice. The in vitro cell culture methods
using mosquito cell line (C6/36) and other mammalian
cell lines have comparable sensitivity to in vivo methods
[26].
In molecular diagnosis, the RT-PCR for detection of
CHIKV has been standardized using primers from
structural and non-structural domains. Specific detection
of CHIKV can be performed using RT-PCR/nested PCR
combination amplifying fragment of E-2 gene [40].
Treatment for Chikungunya fever is limited to supportive
care: rest, fluids, antipyretics, and analgesics. Passive
immunotherapy has potential benefit in treatment of
chikungunya. Studies in animals using passive immunotherapy
have been effective [41], and clinical studies using passive
immunotherapy in those particularly vulnerable to severe
infection are currently in progress [42].
To prevent infecting others in the household or in the
community, a patient of Chikungunya should strictly
avoid coming in contact with an Aedes mosquito during
the viremic phase, usually the first four days of illness. As
the Aedes mosquito bites between dawn and dusk, this can
be done by resting in bed with a drug-impregnated net
during the daytime too. Besides knowledge and awareness
of early warning signs, for prevention, integrated vector
management through the elimination of breeding sites, use
of anti-adult and anti-larval measures and personal
protection will contribute to preventing an outbreak. In
addition, community empowerment and mobilization is
crucial for prevention and control of Chikungunya [43].
Currently, there is no licensed vaccine for humans
against the CHIKV. However, more than 15 vaccine
candidates based on a range of platforms (inactivated, live

83

American Journal of Infectious Diseases and Microbiology

attenuated, live vectored, chimeric, virus-like particle
[VLP], subunit protein, DNA) are currently in preclinical
and clinical development [44,45]. Three of these Chikungunya
vaccine candidates have reached phase-II clinical
development status; TSI-GSD-218 (U.S. Army Medical
Research Institute of Infectious Diseases/Salk Institute for
Biological Studies), VRC-CHKVLP059-00-VP (National
Institute of Allergy and Infectious Diseases (NIAID), and
MV-CHIK (Themis Bioscience GmbH/Institut Pasteur)
[44,45]. In a phase II trial, TSI-GSD-218, a live,
attenuated virus, was reported to develop viral resistance
in 98% of those tested after 28 days and 85% still showed
resistance after one year [46]. However, ~10% of people
reported transient joint pain, and attenuation was found to
be due to two mutations in the E2 glycoprotein [47]. The
vaccine candidate VRC-CHKVLP059-00-VP, a VLP, has
been shown in a phase I trial in healthy adults to possess
an excellent safety profile and strong immunogenicity for
low (10 µg), medium (20 µg) and high (40 µg) dose
cohorts (3 intramuscular [i.m.] immunizations each,
without adjuvant, at 0, 4 and 20 weeks) [48]. Phase II
studies (clinicaltrials.gov NCT02562482) on VRCCHKVLP059-00-VP were scheduled to begin at multiple
sites in the Caribbean in October, 2015 [44]; status update
is pending study completion and data analysis. A Phase 1
dose-escalation trial of MV-CHIK vaccine candidate, a
recombinant measles virus (Schwarz strain) expressing
CHIKV structural proteins, was reported to be well
tolerated in healthy adults, without significant effects on
tolerability or immunogenicity associated with preexisting immunity to measles virus [49]. Alternative
vaccine strategies including IRES-based attenuation,
chimeric CHIK vaccines based on other attenuated
alphavirus backbones, or those based on VSV, adenovirus
or poxvirus (MVA) vectors expressing CHIKV structural
proteins show efficacy in mouse models [44,45] but
further development of these candidates beyond the
preclinical status appears uncertain.

2.3. Ebola Virus (EBOV)
Ebola infection is caused by a virus of the family
Filoviridae, genus Ebolavirus [50]. Five virus species
have been identified; Ebola virus (Zaire ebolavirus),
Sudan Virus (Sudan ebolavirus), Taï Forest virus (Taï
Forest ebolavirus; previously referred to as Côte d’Ivoire
ebolavirus), and Bundibugyo virus (Bundibugyo
ebolavirus); these four cause diseases in human. Reston
virus (Reston ebolavirus), the fifth, has caused disease
only in non-human primates.

Figure 5. Model of the Ebola virus particle. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

Ebola virions are cylindrical/tubular structures,
generally approximately 80 nm in diameter and variable
length typically 800 nm, but sometimes up to 1000 nm
[51], containing a negative-sense RNA genome, matrix,
nucleocapsid components and envelope inserted with
virally encoded glycoprotein (GP) projecting as 7-10 nm
long spikes from its lipid bilayer surface (Figure 5).
The EBOV genome is 19 kb long, with seven open
reading frames encoding structural proteins, including the
virion envelope glycoprotein (GP), nucleoprotein (NP),
and matrix proteins VP24 and VP40; nonstructural
proteins, including VP30 and VP35; and the viral
polymerase (Figure 6). Unlike that of Marburg virus, the
GP open reading frame of EBOV gives rise to two gene
products, a soluble 60- to 70-kDa protein (sGP) and a fulllength 150- to 170-kDa protein (GP) that inserts into the
viral membrane, through transcriptional editing [51].

Figure 6. The structure of the Ebola virus genome. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

EBOV was first discovered in 1976 in Central Africa
near the Ebola River in what is now the Democratic
Republic of the Congo [52]. Since then, it has caused
multiple outbreaks of Ebola viral disease (EVD) in
humans and great apes in that area.
Transmission of EBOV is mainly through direct
physical contact with the bodily fluids of an infected
patient or a patient who has died from the virus. The most
infectious are the vomitus, fecal matter, and blood of the
patient. Notwithstanding, EBOV has been found in breast
milk, semen and urine. Studies of saliva show that the
virus is found most frequently in patients at a severe stage
of the illness.
More recently, an EVD epidemic broke out in West
Africa. The epidemic was caused by the new variant of the
virus: EBOV-Makona [53], which was first isolated in
Guinea in 2014. Since there had been no prior incidences
of the disease reported in West Africa, early cases of
Ebola in the region were diagnosed as other diseases more
common to the area such as Lassa fever. It was not until
March 21st, 2014 that the disease was identified by the
World Health Organization (WHO) as Ebola [54]. The
index case was as an 18-month-old boy, Emile Ouamouno,
who lived in Meliandou, Guinea. The boy developed an
illness on the 26th of December, 2013, characterized by
fever, headache, vomiting, and black stools (evidence of
hemorrhaging). The source of his infection likely involved
contact with infested bats near a hollow tree in his
backyard. Emile Ouamouno died two days later. His
pregnant mother Sia, his 3-year-old sister Philomène, and
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Koumba, his grandmother, then began to show symptoms
of Ebola infection and died. Midwives, people who
attended the funerals of the deceased victims, doctors, and
relatives of the medical healthcare personnel who treated
those infected with Ebola all came down with EVD. The
disease spread to several other prefectures in Guinea
[53,54]. From Guinea, EVD rapidly spread across the
neighboring countries of Liberia, Sierra Leone, and Mali,
and was imported into Nigeria, Senegal, Spain, Italy, the
United Kingdom, and the United States [54,55]. By
November 1st, 2015, over 28,000 EVD cases had been
recorded in West Africa. Of those cases, 3, 800
(including >2,500 deaths) were reported from Guinea [53].
More than 11,000 deaths due to EVD have been
documented during the 2013-2015 epidemic, making it the
largest EVD outbreak on record [56].
With the African-derived Ebola virus species, there is
usually an incubation period of about 3-8 days in primary
cases. In secondary cases, however, this is slightly longer;
cases of 19 and 21 days of incubation have been recorded.
The disease progression is rapid. Patients develop fever,
severe headache, vomiting and diarrhea. Due to internal
hemorrhage caused by the virus, blood is seen in the stool.
These patients also develop weakness, muscle pain,
fatigue, abdominal pains, and other inexplicable
hemorrhages. Survivors of EVD have reported fatigue,
bulimia, hearing loss, myalgias, asymmetric and migratory
arthralgias, amenorrhea, tinnitus, headaches, suppurative
parotitis, and even unilateral orchitis [57].
Ebola virus infections are usually confused with other
infectious diseases such as Lassa fever, Marburg,
Meningitis, and Typhoid fever. Symptoms, however can
be confirmed to be caused by EBOV infection using
certain investigations: ELISA, antigen-capture detection
tests, serum neutralization test, RT-PCR assay, electron
microscopy, and virus isolation by cell culture [56,58].
Virus isolation, though basic and simple, is a sensitive
method for the diagnosis of EVD. Vero cells and Vero E6
cells are commonly used to cultivate EBOV. Specimens to
be tested have to be sent to BSL-4 laboratories in
developed countries from the outbreak area. To do this,
the isolated virus must be kept under favorable conditions
(cold chain during the period from shipment to arrival),
and this is often difficult. Diagnostic criteria based on
virus isolation alone will, therefore, not yield an etiologic
diagnosis [58]. Monoclonal antibodies that are specific to
nucleoproteins of certain species of EBOV have been
developed and their applications have made it possible to
serologically identify the species of EBOV isolates [58].
Molecular diagnostic methods for EVD have been
developed and evaluated in epidemic setting and
outbreaks in Gabon, Uganda, and the Democratic
Republic of Congo in 1995, 1996, and 2000 respectively
[58]. The real-time quantitative RT-PCR method [58], has
made it possible to diagnose Ebola quickly which results
in a rapid response to controlling its spread. While these
RT-PCR – especially nested and real-time quantitative –
assays are useful, false-positive and false-negative results
are always issues of concern.
Currently, no specific therapy is available that has
demonstrated efficacy in the treatment of EVD but
supportive therapy with attention to intravascular volume,
electrolytes, nutrition, and comfort care has been
demonstrated to be of benefit to the patient. Transfusion of
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convalescent whole blood and plasma has been prioritized
for use as an investigational therapy [59]. Convalescent
whole blood donated by EVD recovered patients is
currently being administered in some Ebola treatment
centres in Sierra Leone. Trials using convalescent plasma
are underway in Liberia and Guinea [60]. Of the preexisting medicines that were considered for re-purposing
to treat Ebola, several are either being tested (e.g.,
Favipiravir, Interferons or Amiodarone) or considered for
testing in patients with EVD (e.g., Amodiaquine) or have
already been used in patients with EVD [60]. A few other
therapies (e.g., Brincidofovir, Atorvostatin, Irbesartan or
Clomiphene) have also been considered for use in
treatment, but have been deemed not to be appropriate for
further investigation [60]. Of the novel products, like
FX06 and Zmab, some have shown initial promise in
models and a few have been administered to a small
number of Ebola patients on a compassionate basis [60].
However, these cases are too few to permit any conclusion
regarding safety and efficacy.
There are no vaccines to protect against EVD licensed
for use in humans, however, clinical trials of several
promising candidate vaccines based on platforms
including replication-deficient adenovirus vectors,
replication-competent vesicular stomatitis (VSV), human
parainfluenza (HPIV-3) vectors and virus-like particle
preparations are in various phases of development [61].
The EBOV vaccine candidates VSV-EBOV (NewLink
Genetics/ Merck Vaccines USA/ in Public Health Agency
of Canada) and ChAd3-ZEBOV (GlaxoSmithKline/
NIAID) have been shown to be safe and well tolerated in
humans [62,63]. Ad26-EBOV + MVA-EBOV (Johnson &
Johnson / Bavarian Nordic) duo vaccine candidates have
entered phase I clinical trial [61]. Results from an interim
analysis of the Guinea Phase III efficacy vaccine trial
show that VSV-EBOV is highly effective against Ebola
[64]. Currently, another Phase III clinical trial for VSVEBOV is underway in Sierra Leone (STRIVE) and Merck
has plans to file licensure applications for the vaccine by
the end of 2017. Having an Ebola vaccine available is
critical for global preparedness. Other products in
development include an oral adenovirus platform (Vaxart),
an alternative vesicular stomatitis virus candidate
(Profectus Biosciences), an alternative recombinant
protein (Protein Sciences), a DNA vaccine (Inovia) and a
recombinant rabies vaccine (Jefferson University) among
others [61].

2.4. Zika Virus (ZIKV)
Zika, a single-stranded, positive sense RNA virus [65],
is a member of the Flaviviridae family that also includes
dengue, yellow fever and Japanese encephalitis viruses,
each of which causes a significant re-emerging infectious
disease in humans.
The Zika virion is icosahedral in symmetry, approximately
40 nm in diameter with surface projections that measure
roughly 5-10 nm [66], containing a positive- sense RNA
genome, with a nucleocapsid that is 25-30 nm in diameter
surrounded by a host-membrane derived lipid bilayer
embedded with proteins E and M (Figure 7).
The 10 kb long Zika virus RNA genome [66], flanked
with two non-coding regions at the 5′ and the 3′ ends,
encodes seven nonstructural proteins including NS1,
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NS2A, NS2B, NS3, NS4A, NS4B and NS5, and three
structural proteins including protein C, envelope protein
M and envelope protein E (Figure 8).

Figure 7. Model of the Zika virus particle. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

Zika was originally isolated in 1947 from a Rhesus
macaque that was captured in the remote Zika forest of
Uganda, East Africa, during the course of mosquito and
primate surveillance [67]. Subsequently, the first human
case was described in 1954 in Nigeria [68].
ZIKV is transmitted by species of Aedes mosquitoes,
including the widespread Aedes aegypti and Aedes
albopictus [69]. A sero-survey involving residents of
multiple areas of Uganda revealed a 6.1% sero-prevalence
of antibodies against Zika virus in 1952 suggesting
subsequent human infections. Following ZIKV spread to
Nigeria in 1954, isolations were reported between 1971
and 1975 from samples collected from 10,778 febrile
patients [70]. The virus transferred from Africa to South
East Asia, where it became geographically widespread by
the 1960s [71].

Figure 8. The structure of the Zika virus genome. (Source: ViralZone
www.expasy.ch/viralzone, Swiss Institute of Bioinformatics)

In 2007, ZIKV emerged on the Micronesian island of
Yap, the detection of which was suspected as an Asian
lineage virus [72]. A subsequent outbreak occurred in
2013 and 2014 in French Polynesia, which was associated
with 42 cases of Guillain-Barré syndrome [73]. A
phylogenetic assessment also found the Polynesian ZIKV
to be very closely related to South East Asian strain. In
2014, further spread occurred in several countries of
Oceania, including New Caledonia, the Cook Islands and
Easter Island [74]. This marked the first outbreak outside
Africa and Asia. However, from the start of 2015, patients

with ZIKV symptoms began to be reported in the northeast of Brazil [75]. By the end of 2015, ZIKV had spread
to at least 18 states of Brazil. More than 2782
microcephaly cases have been identified in that country
alone [76]. Due to the severity of the situation, the WHO
in February 1 2016, declared ZIKV disease as a Public
Health Emergency of International Concern (PHEIC) [77].
The strain of ZIKV in Latin America is thought to have
originated from the Pacific islands, quite possibly brought
into Brazil by one or more infected persons associated
with a mass gathering such as a carnival or sporting event
[75].
Recent data on people travelling from Brazil to
overseas, point to the threat of ZIKV potentially spreading
across Latin America, the Caribbean, into southern parts
of the USA and other countries [78]. By September 2016,
3,197 travel-associated and 17,672 (including 1,887
pregnant women) locally acquired ZIKA cases had been
reported in the USA and in its territories [79]. Similarly,
more than 55 countries and territories in the Americas and
Oceania/Pacific Islands, and Cape Verde (door step of
Africa) report continuing mosquito-borne ZIKV
transmission [78]. In addition, there has been evidence
suggesting other possible means of non-mosquito
transmission of the ZIKV infection including intrauterine
transfer during pregnancy, blood transfusion and sexual
intercourse, and ten countries have reported evidence of
person-to-person transmission of the virus [78].
Symptoms and signs of ZIKV infection usually occur 312 days after the mosquito-vector bite [74]. Although
asymptomatic infection is common, reported in 80% of
cases, approximately 20% of infected humans with ZIKV
become symptomatic with the acute onset of a fever,
maculopapular rash, conjunctivitis, arthralgias, myalgia,
fatigue, and headache [76]. The disease is typically mild,
self-limiting, non-specific, and resolves within one to
three weeks [75,76]. However, as earlier indicated, more
severe clinical complications increasingly attributed to
ZIKV include neurological disorders, Guillain-Barré
syndrome, and microcephaly [76,77].
There is no widely available test for ZIKV infection. In
most people, diagnosis is based on clinical symptoms and
epidemiological circumstances (such as ZIKA outbreak in
the patient’s area or trips to areas where the virus is
circulating). ZIKV infection can be confirmed only by
laboratory testing because clinical evaluation alone is
unreliable judging from the fact that it presents with the
same signs and symptoms with other members of the
Flaviviruses. The primary sample for diagnostic testing
are serum and cerebrospinal fluid but other specimen
types such as urine and saliva may offer alternatives,
particularly when blood collection is difficult.
An ELISA has been developed to detect IgM to ZIKV
only after five days but due to the close relationship to
dengue and yellow fever, it may cross-react with antibody
tests for those viruses [79]. The Plaque Reduction
Neutralization Assay generally has improved specificity
over immuno-assays, but still yields cross-reactive results
in secondary flavivirus infections [79]. Nucleic acid
detection by RT-PCR targeting the non-structural protein
5 genomic region is the primary means of diagnosis [79];
and especially, useful in the first 3-5 days after the onset
of symptoms. A testing algorithm is recommended for
pregnant women that are asymptomatic with history of
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travel to areas with local transmission of ZIKV or are
living in an area with ongoing transmission [79]. Recently,
ZIKV (DENV, CHIKV) Multiplex Real-Time RT-PCR
Kit that is useful for differential diagnoses or in situations
of co-infection with two or all three viruses has been
developed [79,80]. The possibility of introducing point-ofcare (POC) detection for ZIKV diagnosis is on the horizon
with the successful demonstration of proof of concept of a
number of alternative reverse-transcription techniques
[81,82].
There are no vaccines or medications available to
prevent or treat Zika infections. Supportive care include
plenty of rest and fluids to help the body naturally combat
the infection, and prescription of Acetaminophen or
paracetamol to help with fever and pain. However, many
research groups are prioritizing Zika vaccine candidates as
concern grows over the mosquito-borne virus that has
been linked to severe birth defects and is spreading
quickly through the Americas [83].
NIAID is developing multiple vaccine candidates to
prevent Zika virus infection including a DNA vaccine, a
live-attenuated Zika virus, VSV-based vaccine and a
whole-particle inactivated Zika vaccine [84]. Two doses
of the experimental ZIKV DNA vaccine and one dose of
an experimental adenovirus vector vaccine, RhAd52
vaccine vaccine, or a placebo have been injected to three
groups of four monkeys each. The group that received the
DNA vaccine received a booster shot four weeks after the
initial vaccination. Minimal levels of antibodies were
detected after the first injection. However, after the second
injection, the researchers detected Zika-specific
neutralizing antibodies in the animals. The adenovirus
vector-based vaccine induced Zika-specific neutralizing
antibodies two weeks after the single injection [84].
Monkeys were exposed to Zika virus four weeks after the
final vaccination, and both the DNA and adenovirus
vector vaccine provided complete protection against
infection [84]. These encouraging findings suggest a path
forward for clinical development of Zika vaccines in
humans. The DNA-based Zika vaccine candidate, VRC
ZIKV DNA, entered Phase 1 trials in healthy adults at
NIAID in August, 2016 [85]. Human trials of another
DNA-based vaccine created by Inovio Pharmaceuticals,
GLS-5700, is also in Phase 1 clinical trial [86]. Given the
funding status of these programs, safe and effective, fully
licensed Zika vaccine will likely not be available for
several years.
The urgent need to find drugs that can be used to treat
people already infected with the Zika virus is being
addressed by several research teams [87,88]. By testing
6,000 FDA-approved drugs and experimental chemical
compounds on Zika-infected human cells in the laboratory,
Xu et al. [87] have shown that some existing drugs might
be repurposed to fight Zika infection and prevent the virus
from harming the developing brain. The three drugs that
showed robust enough results to warrant further study
include PHA-690509, an investigational compound with
antiviral properties, emricasan, now in clinical trials to
reduce liver damage from hepatitis C virus and shown to
have neuroprotective effects, and niclosamide, a drug
already used in humans and livestock to combat parasitic
infections, which worked as an antiviral agent in these
experiments. In a similar study, Barrows et al. [88]
identified over 20 compounds that showed anti-Zika virus
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activity from a screen of 774 FDA-approved drugs. While
additional research is needed, the new findings suggest it
may be possible to speed development and approval of
new treatments for Zika infection.

3. Lessons Learned from Recent Human
Viral Hemorrhagic Fever Outbreaks
The response to recent LF outbreak in Nigeria consisted
of effective coordination, laboratory testing, active
surveillance, community mobilization, contact and
suspected case evaluation [20]. However, nosocomial
transmission to several health workers continue to occur
through the index cases. Overall, high case fatality rate
was striking. The response strategies continue to contain
the epidemic; LF case management has improved through
establishment of a laboratory for molecular diagnosis of
LF, complying with basic standards of diagnostic PCR
facilities [20]. Patients who received ribavirin were less
likely to die than those who did not, especially if they
were reached early before disease progression. Additional
challenges to LF control efforts include inadequate/poor
quality of protective materials and inadequate emergency
preparedness.
Investigations conducted during the recent CHIKV
outbreaks, especially, in unexpected regions [33-40] have
provided a unique opportunity to improve our knowledge
on epidemiological, clinical and virological aspects of
CHIKV infection. Although Aedes aegypti is the most
commonly involved vector, the vectoral capacity of Aedes
albopictus is of special concern, since this mosquito is
widespread in several countries in Southern Europe and in
other areas of the world, outside tropical areas. The
epidemic in the Americas can be said to have been the
result of the globalization of vectors and humans, which
occurred through a two-step process: i) the introduction
and adaptation of Aedes albopictus to new environment;
and ii) the introduction of CHIKV in a previously
infection-free region, as a result of population movement
[33]. Furthermore, re-emergence of CHIKV proves that
the virus is becoming more pathogenic with
documentation of neurologic conditions associated with
the infection. Although several technologies have been
used to develop CHIKV vaccine candidates and some
have advanced into clinical trials, path forward to
licensure and ongoing burden of disease appear less clear.
The recent EVD outbreak in West Africa commanded
great media scrutiny and public attention, leading to the
mobilization of vast human, material and financial
resources from a broad range of international actors [58].
However, the EVD spectacle ultimately reflected and
exacerbated the neglect that has historically surrounded
this disease, as well as the needs and vulnerabilities of the
populations that have been most affected by it. The
disease was framed initially as an exotic and racialized
phenomenon, in addition to being enveloped in a media
and political spectacle that resulted overwhelmingly in a
short-term, ‘crisis management’ modality of response. In
addition, there was insufficient recognition on the part of
the media, the public and even certain policy-making
sectors that this was not a ‘new’ or ‘unprecedented’
challenge [89].
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Due to the high fatality rate (50% -74%) for confirmed
EVD cases, the rapid progression to death and the long
time required to obtain laboratory results, rapid diagnosis
was extremely important for timely triage and treatment of
patients [90, 91]. A field validation of the dipstick
immunoassay for EVD with 100% sensitivity and 92%
specificity in both point-of-care (POC) and reference
laboratory testing was only applicable for samples with
high virus load [90]. Interestingly, recombinase
polymerase amplification (RPA) which overcomes the
technical difficulties posed by current amplification
methods; no requirement for thermal denaturation of
template, operation at a low and constant temperature,
without reliance on expensive thermocycler, has been
shown to have great potential for POC testing of EVD
infections [91].
The increasing pressure to develop targeted therapeutic
agents has triggered an intensive debate on the use of drug
repurposing in EVD treatment [92]. Although, various
readily available biologics (e.g., blood transfusions from
EVD survivors) and drugs including antimalarial drug
chloroquine and antiarrhythmic agents such as amiodarone,
amongst many others have been examined as potential
therapeutic agents targeting the Ebola virus life cycle or
the associated immune reaction, scientific data on their
efficacy is limited and additional investigations to justify
their use in the specific treatment of EVD are necessary.
Given the lack of a systematic assessment of current
evidence, a protocol for a systematic review of therapeutic
agents targeting the Ebola virus has been proposed [93].
ZIKV hitherto considered for many years to be of little
clinical or epidemiological importance, has occurred now
in such an explosive fashion throughout the Americas. In
many ways, Zika is another example of a re-emerging
infectious disease; an old disease presenting in large
numbers and in a new context. Since the recent declaration
by the World Health Organization (WHO) that ZIKV is a
global health concern, rapid progress has been made to
understand its pathogenesis and to develop human in vitro
models and animal in vivo models [94-96]. Following
clinical observations of ZIKV in fetal brains obtained
from infected women [97], ZIKV has been reported to
efficiently target human neural progenitor cells (hNPCs)
and to attenuate their growth [94]. This finding provides a
potential mechanism for ZIKV-induced microcephaly as
hNPCs drive the development of the cortex in the human
brain. Furthermore, several research groups have shown
that ZIKV infection of brain organoids, which are used as
three-dimensional (3D) cellular models of early human
brain development, leads to reduced thickness of hNPC
and neuronal layers, and an overall reduction in organoid
[98,99], observations consistent with features of
microcephaly [76]. These advancements in understanding
how ZIKV causes developmental abnormalities and in
preclinical studies have opened up opportunities to
develop drug repurposing screens that have enabled
discovery of effective compounds with potential to treat or
prevent ZIKV infection [87,88].
Given the rapid geographic spread of ZIKV in recent
years, a coordinated local, regional, and global effort is
needed to generate sufficient resources and political
traction to effectively halt and contain further expansion
of the current outbreak. Inadequate mosquito control
might be implicated as one contributing factor to the

ZIKV spread. The risk of local transmission of ZIKV and
the threat of outbreaks is equal for all the countries where
mosquitoes susceptible to or competent for ZIKV are
found. Finally, ZIKV shows us, people spread mosquitoborne diseases too [78].

4. Conclusions
Perhaps the good news from the unwitting importation
of Lassa to Europe, tragic EVD outbreak in West Africa,
CHIKV infections in the Americas and ongoing ZIKV
infections in Latin America, United States and US
territories, and elsewhere is that they may have served as a
wake-up call. While short term emergency management,
such as vector control, early detection and management of
symptoms, education of people traveling to endemic
countries about the risk of infections and possible
measures to prevent the diseases will hopefully reduce
their importation into other countries, a major
consideration should be implementation of research
strategies for prevention of global pandemics. Although,
many research groups and pharmaceutical companies are
prioritizing vaccine candidates, there is no Lassa vaccine
in the horizon, further clinical development of CHIKV
vaccines appears uncertain, and ZIKV vaccines are in
early stages of clinical development. Having an Ebola
vaccine available is critical for global preparedness and
Merck’s VSV-EBOV vaccine is on path to filing licensure
applications. The increasing pressure to alleviate patients’
suffering has triggered the use of drug repurposing in the
treatment of viral hemorrhagic fevers, and screening
programs leading to discovery of potential drugs have
emerged, however, a systematic assessment of current
evidence is warranted to justify their use in specific
treatment. In conclusion, we must do all we can to contain
more infectious diseases, make investments in facilities,
infrastructure, and personnel development in the field of
virology, especially, in developing countries as these are
usually the first areas of outbreaks. The world needs a
global warning and response system for infectious disease
outbreaks.
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