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Abstract

Purpose of Review Now more than ever, regions other than Africa and Asia, such as the USA, are being affected by the rising
epidemic of vector-borne illnesses, specifically Chikungunya, Dengue, and Zika viruses; this has prompted this review aimed at
discussing the changing epidemiology of the three diseases as well as the current treatment and vaccines in development to
control the diseases. With the viruses being spread through a variety of ways, including, but not limited to, mosquito bites, fetal
transmission, sexual contact, breast milk, and saliva, there is no doubt that more preventative measures are required.

Recent Findings The changing epidemiology of the three viruses is already creating an impact, with the spread of Dengue in 2009
in Florida, to the 2013 spread of Chikungunya through the Caribbean, and now, the Zika virus making its mark on the tropics with
major concerns of it spreading to the Western Hemisphere, including the USA. Although, they are all vector-borne illnesses, each
carries its own clinical presentations that sometimes make it hard to diagnose. Collectively, there are no current vaccines or
antiviral drugs against these three viruses, and with no sign of the spread slowing down, more geographic regions are in danger of
being hit by these diseases in the near future.

Summary As the evolving world for the three viruses continues due to changes in epidemiology, there is a dire need to develop
vaccines for each of the three diseases that will target a variety of mechanisms to help fight the transmission and provide succor to
affected communities. Public health preventive strategies need to be employed for proper actions to be take aimed at preventing
viral transmission and ultimately, helping to fight this changing epidemiology of vector-borne diseases.

Keywords Chikungunya virus (CHIKV) - Chikungunya fever (CHIKF) - Dengue fever (DF) - Dengue virus (DENV) - Dengue
hemorrhagic fever (DHF) - Dengue shock syndrome (DSS) - Zika virus (ZIKV) - Aedes albopictus - Aedes aegypti

Introduction

Vector-borne diseases have been on the rise in the past decade,
and with no vaccines or appropriate antiviral medications cur-
rently available, no region is left safe as the spread
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continuously grows, specifically, the Chikungunya, Dengue,
and the Zika viruses. All three have similarities that show how
one common vector can cause such massive destruction in
communities, as well as in the population pool of international
travelers. The mosquito Aedes aegypti is known to transmit
the Chikungunya, Dengue, and Zika viruses, and with the
development of these viruses, these mosquito vectors can con-
tinuously spread disease, posing a severe threat to public
health worldwide [1, 2].

Chikungunya is an arthropod-borne virus of the
Togaviridae family transmitted via the Aedes mosquito [3].
Chikungunya virus (CHIKV) in Africa is maintained in a syl-
vatic cycle among animals, including wild primates, squirrels,
birds, and rodents [4]. Those infected with the virus can often
present with fever, rash, and severe polyarthralgia, which
could possibly lead to a more chronic phase causing death
especially in the elderly, neonates, and patients with
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cardiovascular disorders. Patients often complain of loss of
function to tarsal joints (hands, fingers, and elbows), making
everyday life more complicated [3]. With the spread of the
virus through the Caribbean in 2013 and enhanced multi-
international population migration, spreading of the virus is
on the rise and has thus far affected areas like Southeast Asia,
Europe, and North America [3].

Dengue virus (DENV) is a positive, single-stranded RNA
virus from the Flavivirus family, as also seen with Zika virus
(ZIKV). Dengue is classified, out of the three mentioned
vector-borne disease in this publication, as the most devastat-
ing of all arthropod-transmitted viruses due to the virus having
the capacity to infect more than 50 million humans a year in a
pool of population expanding over three billion, living in en-
demic regions where the virus thrives [5].

With the spread of the three viruses, Dengue in 2009 in
Florida, to the 2013 spread of Chikungunya through the
Caribbean, and now, the ZIKV is making its mark on the
tropics with major concerns of it spreading to the Western
Hemisphere, including the USA [6¢]. Like DENV, Zika is a
mosquito-borne, positive-stranded RNA Flavivirus. Although
the ZIKV is not as prominent as the other viruses, Zika made
its mark in 2015 in Brazil, as the outbreak surprised the inter-
national health community [7]. By 2016, Zika had already
reached North America and was on the radar of the World
Health Organization (WHO), which announced the virus as
a “global emergency” with the sudden increase of more seri-
ous complications of the virus [7]. Those infected with the
virus often present with either no symptoms or self-limiting
symptoms, although the virus has seen an increase in a num-
ber of individuals that are experiencing more severe symp-
toms, including microcephaly and Guillain-Barré syndrome
(GBS) [2]. The transmission of the virus is mainly through
the Aedes mosquito; however, it can also be transmitted to the
fetus of an infected pregnant woman, as well as through sexual
transmission from one infected individual to their partner,
even after the initially infected person has recovered from
the virus. This puts mothers who travel to the tropics during
pregnancy at a higher risk of contracting the virus, which
could lead to solemn outcomes to their newborns, including
fetal death, placental insufficiency, fetal growth restriction,
and microcephaly [7]. With no current vaccines available,
travelers, specifically expectant mothers, need to be educated
on the risk factors of traveling to certain areas where this virus
is prevalent.

Researchers are now considering outside sources like glob-
al temperatures as another cause of the spread of the Aedes
mosquitoes, as well as ineffective vector control measures.
With lack of vaccines, it makes the risk of future spread of
these viruses more dangerous, as it will not only affect the
tropics but also develop geographical areas [5]. Collectively,
there are no current vaccines or antiviral drugs against these
three viruses, and with no sign of the spread slowing down,
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more geographic regions are in danger of being hit by these
diseases in the near future. The race to a vaccine has guided
this research to further compare and contrast Chikungunya,
Dengue, and Zika vector-borne viruses for their similarities
and differences.

Methodology

An electronic literature review search was performed on
PubMed, Google Scholar, and MedLine Plus. The search
was limited to peer-reviewed articles published from January
1, 2009, until 2018. The articles were selected if the publica-
tion included keywords, such as CHIKV, DENV, ZIKYV,
vector-borne illnesses, mosquito vectors, and vaccinations
and treatments associated with Chikungunya, Dengue, or
Zika. Articles were then reviewed and included based on the
applicability to the topic.

Chikungunya Virus
Epidemiology of Chikungunya Virus

CHIKYV is an arthropod-borne Alphavirus belonging to the
Togaviridae family. It is an envelope, single-stranded posi-
tive-sense RNA virus. CHIKYV is transmitted from an infected
Aedes species mosquito causing Chikungunya fever
(CHIKF). The first identified outbreak of human infection
with CHIKF was reported back in July 1952 from the southern
province of current Tanzania [8]. The clinical signs and symp-
toms of CHIKF usually begin 3 to 7 days after a mosquito bite
and include non-specific flu-like symptoms, a distinctive rash
accompanied by lasting joint pain that may persist even after
resolution from the infection [9].

Epidemics of symptoms related to CHIKF in humans can
be dated back to the 1820s from India, Africa, Caribbean, and
West Indies [8]. However, no confirmation could be made as
CHIKYV infection has many clinical signs and symptoms sim-
ilar to those of Dengue fever (DF) and Ross River Infection
[10]. The epidemic outbreaks were interspersed with periods
of disappearance that can range from several years to even a
few decades. During epidemics, humans serve as the reser-
voirs for CHIKV, and during inter-epidemic periods, several
vertebrates, such as monkeys, rodents, birds, and Aedes spp.
mosquitoes, are the reservoir in parts of Asia and Africa. The
first documented Arbo-borne CHIKYV outbreak was reported
from modern-day Tanzania and has since been the etiologic
agent of sporadic epidemics in Africa and Asia, and after
2004, it extended to the islands around the Indian Ocean,
Italy, France, and the Americas [§].

Togaviridae family consists of two genera, including
Alphavirus and Rubivirus. The alphaviruses are further
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categorized into either New World or Old World groups based
on their serologically differentiated complexes [11]. The Old
World alphaviruses include Sindbis virus, CHIKV, O’nyong-
nyong virus, Mayaro virus, Ross River virus, Barmah Forest
virus, and Semliki Forest virus. Alphaviruses contain a single
strand of positive-sense RNA genome assembled within an
icosahedral capsid. The positive polarity RNA genome en-
codes for four non-structural proteins (NSP1—4) and three
structural proteins composed of a capsid protein and two en-
velope glycoproteins (C, E1, E2) [10]. The virus is associated
with a phospholipid envelope that is derived from the host cell
membrane during the process of viral maturation [10].

RNA viruses are prone to genetic variations due to viral
RNA-dependent RNA polymerase failure to proofread and
correct error during replication. The frequent incorporation
of wrong nucleotides gives rise to heterogeneous populations
of mutant viral RNAs, which is typical of alphaviruses, in-
cluding CHIKYV [10]. The genetic diversity leads to geograph-
ically unique lineages that are capable of changing the vector
or host specificity. Phylogenetic analysis has revealed three
distinct groups based on partial sequences of NS4 and El
genes: (1) the West African, (2) the East-Central-South
African, and (3) the Asian [8]. Populations may contain a
variant due to competitive advantages, such as the ability of
the virus to replicate in higher titers in a mosquito or vertebrate
host or its ability to extend its host range due to mutations [8].

CHIKYV is transmitted through two different cycles, includ-
ing an urban and a sylvatic cycle. Transmission from infected
human to mosquito to human is referred to as the urban cycle,
while the sylvatic transmission is from animal to mosquito to
human. The sylvatic cycle is the primary form of maintenance
of CHIKV in Africa. In more densely populated areas, humans
act as major hosts, while the genus Aedes mosquitos act as the
vector, maintaining an urban cycle of CHIKV [12]. Ae.
aegypti is considered as the principal vector for CHIKV
among humans; however, Aedes albopictus (Asian tiger mos-
quito) has also emerged as an important vector [13]. Ae.
aegypti is confined within the tropics and sub-tropics, while
Ae. albopictus occurs in both warm and cold temperate re-
gions. Strains of CHIKYV isolated from A. albopictus during
the Indian Ocean’s 2005 outbreak have been identified to ac-
quire a mutation in E1 glycoprotein. An alanine to valine
mutation at position 226 in the E1 envelope glycoprotein
(E1-A226V) increased the fitness of CHIKV [8]. Ae.
albopictus mosquito has a widespread distribution and is
abundant in Europe and the USA. The mutation has led to
improvement in viral survival in the Ae. albopictus popula-
tion, which in turn leads to the expansion of CHIKV to places
where it was once rare, including the Americas and Europe
[10].

Since 2005, CHIKV has emerged in Africa, Indian Ocean
islands, Asia, Europe, and the Americas [14]. From 2006
through 2010, CHIKV was only confirmed in the USA among

people who traveled from affected areas, including Africa and
Asia/Southeast Asia [10]. However, in October 2013, two
laboratory-confirmed, autochthonous CHIKV cases were de-
tected in the French Territory of Saint Martin Island [8].
According to Centers for Disease Control and Prevention
(CDC) (2015), a total of 2811 CHIKV cases were reported
in to the USA in 2014. Of those, 12 were locally transmitted
cases reported from Florida [15]. All other cases occurred in
travelers returning from affected areas. Most CHIKYV out-
breaks occur during the tropical rainy season where climates
allow for mosquito breeding and abate during the dry season.
CHIKYV is capable of large outbreaks with high attack rates
and can affect one-third to three-quarters of the populations in
areas where the virus is circulating [12]. Since the first report-
ed CHIKYV case in Saint Martin, the virus has spread to over
45 territories in North, Central and South America causing
more than 2.9 million suspected local cases and 296 deaths
as of late July 2016 [8].

Transmission of Chikungunya Virus

Mosquitoes become infected when they feed on a person al-
ready infected with the virus. After the viral incubation period
in the mosquito, infected female mosquitoes then spread the
virus to other people during probing and blood feeding. These
mosquitoes can be found biting both during the day or night
hours, and both species have been actively found biting out-
doors and indoors [8]. Following intradermal inoculation by
infected mosquitoes, CHIKV directly enters the subcutaneous
capillaries where its replication starts immediately. Once in the
blood, the virus has access to various parts of the body, in-
cluding the liver, muscle, joints, and the brain, which eventu-
ally leads to symptoms of CHIKF [12].

Vertical maternal-fetal transmission has been documented
in pregnant women affected by CHIKF [9]. It has been report-
ed that in the first trimester of pregnancy, direct impact of the
infection is associated with a higher risk of spontaneous abor-
tion [8]. There is also the risk of intrapartum transmission, and
cesarean section does not appear to prevent the transmission
of CHIKV. Signs and symptoms associated with neonatal
CHIKEF are fever, poor feeding, pain, distal edema, various
skin manifestations, seizures, meningoencephalitis, and
echocardiograph abnormalities [8].

Clinical Manifestations of Chikungunya Virus
Infection

CHIKEF affects all age groups and both genders equally. The
disease, however, has a more severe effect on neonates and the
elderly [12]. The incubation period ranges from 3 to 12 days
before symptoms appear. The course of the disease can be
divided into acute and chronic stages. In the acute stage, the
onset is usually abrupt and sudden with high-grade fever
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(usually 102—-105 °F), severe arthralgias, myalgias, and skin
rashes. The acute symptoms of CHIKF typically resolve with-
in 7 to 10 days. Chronic stage, also known as the persistent
stage, can last for months to years after the initial infection and
can present with bilateral, symmetric, debilitating joint pain.
Occasional ophthalmic, neurological, and cardiac symptoms
can also accompany the chronic stage of infection [12].

The polyarthropathy, including polyarthralgia,
polyarthritis, or tenosynovitis of CHIKF, frequently involves
the small joints of the hand, wrist, and ankles and the larger
joints, such as the knee and shoulder. Joint pains usually re-
solve in 1 to 3 weeks; however, arthritis can persist in many
patients characterized by unpredictable relapses for months to
years. Chikungunya is rarely fatal; however, cases of death
have been reported. Currently, no specific antiviral treatment,
vaccine, and preventive drug exist for CHIKV [11].

Treatment is palliative and includes rest, fluids, analgesics,
and antipyretics. Non-steroidal anti-inflammatory drugs
(NSAIDs), glucocorticoids, or disease-modifying anti-rheu-
matic drugs (DMARD) therapy can be used to manage long-
term joint pain. Preventative strategies include avoiding out-
doors in endemic locations, use of air conditioning, having
intact screens on windows and doors to prevent mosquitoes
from coming indoors, using insect repellents, and wearing
long sleeves shirts and pants when outdoors [16]. Patients
suspected of CHIKV should further be protected from another
mosquito bite during the first week of illness to prevent further
viral spread to other humans [16].

Diagnosis of Chikungunya Virus

The Aedes mosquito can transmit several other arboviruses.
Outbreaks of DF and CHIKF are known to occur frequently
presenting with similar symptoms. The differential diagnosis
of CHIKYV infection varies depending on the place of resi-
dence, travel history, and exposures. It is impossible to distin-
guish these conditions from one another based only on clinical
symptoms; therefore, laboratory testing is essential to distin-
guish CHIKF from other conditions. During the first week of
symptoms, reverse-transcriptase polymerase chain reaction
(RT-PCR) can be used to detect serum CHIKV RNA with
variable sensitivity. An enzyme-linked immunosorbent assay
(ELISA) can also be done on patient serum 5 days or more
after symptoms begin to evaluate for virus-specific IgM
antibodies.

Future Vaccine for Chikungunya Virus

Exportation of CHIKV from infected travelers is known to
have caused Italy’s 2007 outbreak [17]. The outbreak of
CHIKYV in a non-tropical region, including other parts of
Europe, has elicited concern and worry for future global
threats from the virus. CHIKV transmission relies on urban
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cycle and leads to high chances of outbreaks and long-term
debilitating arthralgia. Control of transmission requires con-
trol of the mosquito vector and prevention of bites from in-
fected individuals, which can be very difficult to achieve. Re-
emerging outbreaks of CHIKV has sparked many kinds of
research into prevention methods. There are currently many
CHIKYV vaccine candidates in pre-clinical and clinical devel-
opment stages. Only two candidates thus far have qualified to
enter phase II of clinical trials: a CHIKV-like particle-based
vaccine and a recombinant live attenuated measles virus-
vectored vaccine [17]. Humoral memory host response and
the presence of neutralizing antibodies targeting the virions’
outer surface glycoproteins are the primary form of protection
generated against CHIKV [17]. Therefore, the goal is to en-
sure that a vaccine is able to elicit a strong immune response to
protect from future outbreaks.

Protein subunits and inactivated vaccines are traditionally
considered the safest form of immunity. One method being
tested is a combination of adjuvant CHIKV envelope proteins.
This approach has shown to generate a short-lived immunity
requiring multiple doses and providing only partial protection
from the virus [8]. Also, manufacturing a high bio-
containment and ensuring the total inactivation of the virus
proved to be costly and a major concern with vaccine devel-
opment. Virus-like particles (VLP) tend to be more immuno-
genic and are equally safe. An experimental vaccine, devel-
oped by investigators at the National Institute of Allergy and
Infectious Diseases (NIAID’s) Vaccine Research Center, is
currently being tested in a phase II trial [18].

Live-attenuated vaccines against CHIKV have progressed
the furthest into clinical trials. The vaccine was created from a
CHIKYV isolate to generate an attenuated virus strain. In
humans, this vaccine proves to be highly immunogenic, but
some strains also have caused arthralgia in certain individuals,
leading to a concern about incomplete viral inactivation.

Another strategy in CHIKV vaccine development is the use
of vaccine vectors, like the measles virus. In this approach, the
structural CHIKV genes are inserted into the vector’s genome,
which initiates the expression of CHIKV structural proteins
upon infection. Preclinical studies of the live attenuated mea-
sles virus-vaccine expressing CHIKV envelope and capsid
proteins have been shown to induce a robust neutralizing im-
mune response, which completely protects the experimental
mice [8]. In the clinical trial phase, the vaccine has shown to
increase antibodies providing long-term protection with no
serious adverse effects. Several CHIKV vaccine candidates
appear to provide promising protection against CHIKV. A
single vaccine could possibly provide worldwide protection;
however, no vaccine against CHIKV disease has yet under-
gone efficacy testing in humans. Vaccine-efficacy against
CHIKYV infection can only be determined in large scaled clin-
ical trials, including people at risk of CHIKV infection in
affected countries.
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Dengue
Epidemiology of Dengue Virus

DF is one of the world’s most important mosquito-borne viral
diseases [19]. A recent estimate reports that approximately
390 million DENV infections occur every year [20]. Of those
infections, 96 million manifest clinically with varying degrees
of severity [20]. Additionally, Dengue has been estimated to
cause an annual burden of 750,000 disability-adjusted life
years and approximately 24,000 deaths, of which the majority
occur in children [19]. An accurate number of cases have not
been identified because of misdiagnosis, underreporting, and
over reporting of cases [21]. In the last 30 years alone, it has
been reported that the number of countries with DF outbreaks
has increased tenfold [22]. The viral illness has re-emerged in
countries that had once eradicated the disease [19]. Despite
this knowledge, DF has been ranked fifth on the list of
neglected tropical diseases in the Americas [23].

The Vectors and History of Dengue Virus

Today, DF cases are reported across countries in the Asian-
Pacific, the Americas, the Middle East, and Africa and con-
tinue to rise globally [24]. However, the vectors responsible
for the dissemination of the virus, the Ae. aegypti and Ae.
albopictus mosquitoes, were once restricted to regions of
Africa and Asia. The Ae. aegypti, once referred to as the
African mosquito, is an urban-dwelling anthropophilic mos-
quito [5]. In contrast, the Ae. albopictus mosquito, also known
as the Asian tiger mosquito, is rural-dwelling [5]. The world-
wide spread of DENV was led by the global spread of the Ae.
aegypti and Ae. albopictus mosquitoes [25]. It has been pos-
tulated that the onset of the slave trade in conjunction with
harsh environmental conditions allowed for the introduction
of the Ae. aegypti into the Americas, from where the Ae.
aegypti spread to the tropical and subtropical regions of the
world [25]. In areas where the Ae. aegypti is not endemic, the
Ae. albopictus, whose origins were as forest species from
Asia, is the primary vector of DENV. The Ae. albopictus
spread to islands in the Indian and Pacific Oceans during
World War II due to movements of army soldiers [23]. More
recently, the Ae. albopictus has been connected to outbreaks of
DF in Hawaii, Central Africa, and China [23].

Historically, in the Americas, Benjamin Rush was the first
to clinically describe DF in the 1770s in Philadelphia [26¢].
From the 1950s to the 1970s, the Americas had eradicated the
Ae. aegypti with a continent-wide vector control campaign
[19]. This vector eradication led to virtually no cases of DF.
However, by the 1970s, the continent-wide vector control
campaign had come to an end, and a sudden rise in urbaniza-
tion led to the return of the Ae. aegypti mosquitoes and with
them DF [19]. In the past couple of decades, tropical areas of

Central America, South America, and the Caribbean have ex-
perienced a substantial increase in reported cases of DF [19].
In fact, in a 5-year span in the early 2000s, there were almost
one million more cases officially reported of DF in the
Americas than there were for the period of 1995 to 1999 [19].

In Europe, in the nineteenth and twentieth centuries, cases
of DF were reported throughout the Mediterranean [27]. In
particular, DF outbreaks were reported in Athens, Greece mul-
tiple times between 1889 and 1910 [27]. By 1927, Athens and
its surrounding areas were the origins of the last major severe
DF outbreak on the continent of Europe [27]. The epidemic
lasted until 1928 with a reported number of approximately
650,000 cases [27]. The virus made an unexpected reappear-
ance in Europe in 2010, with two cases of DF identified in
Nice, France [27].

Factors Influencing the Spread of Dengue Virus

There are numerous dynamics that influence the spread of DF
virus. These factors include, but are not limited to, the vector
distribution, human travel, urbanization, and climatic changes
[28]. The increase in human population density, the mobility
of populations, urbanization, modern transportation, and an
increase in commerce steered the reemergence of DF [28].
An increase in vegetation, tree cover, housing quality, and
surrounding land area is also associated with increased cases
of Dengue [5]. Climate is another contributing factor for the
spread of viral diseases. Climate not only affects the interac-
tions between humans and the vector but also has been shown
to influence vector dynamics, such as vector development
rates, mortality, behavior, and viral replication within the vec-
tor [29]. Additionally, the Ae. aegypti and Ae. albopictus mos-
quitoes have adapted and evolved to living near areas of hu-
man habitation by becoming independent of the need for res-
ervoir environments serotype [5]. Finally, viral strain viru-
lence and genetic variation increase the risk of infection and
severe illness.

Nomenclature and Viral Genetic Diversity of Dengue
Virus

Dengue is derived from the Caribbean word meaning “affect-
ed” and is first used to describe outbreaks of the illness in the
Caribbean in 1635 [23]. The DENV belongs to the genus
Flavivirus of the family Flaviviridae [23]. It is an icosahedral,
enveloped, single-stranded, positive-sense RNA virus whose
core is 40 to 50 nm in diameter and contains the C protein that
encapsulates the viral genome [29]. It is composed of the
capsid, membrane, and envelope, which are each a structural
protein. The viral lipid envelope, which surrounds the core,
itself, is composed of two proteins, M and E [29]. It is also
comprised of seven non-structural proteins (NS), which are
NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5 [30]. The
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viral illness is due to infection by one of the four viral sero-
types that share antigenic relationships: DENV-1, DENV-2,
DENV-3, and DENV-4 [31]. The most frequently isolated
serotypes in reported DF cases of the twentieth century were
DENV-1 and DENV-2, and in the twenty-first century, are
DENV-2 and DENV-3 [24]. Infection with a particular sero-
type affords lifelong protection against reinfection with that
serotype; however, it does not afford protection against a sec-
ondary infection with a different serotype [5]. Secondary in-
fection with a different serotype may in fact enhance the seri-
ousness of the disease [5].

Mode of Transmission for Dengue Virus

As the mosquito feeds on the human host, it injects the DENV
into the bloodstream and surrounding epidermis and dermis,
which results in the infection of immature Langerhans cells
and keratinocytes through receptor-mediated endocytosis
[29]. The Ae. aegypti feeds on human hosts during daylight
hours and rests indoors, whereas the Ae. albopictus is
exophagic and feeds on human hosts opportunistically [25].
An extrinsic incubation period (EIP) describes the number of
days required between the time a vector acquires an infectious
pathogen and when it is capable of being transmitted to a
subsequent host [32]. The EIP is an important component of
the transmission of the DENV [5, 32]. Pathogen transmission
of the DENV can only occur if the vector(s), Ae. aegypti and
Ae. albopictus mosquitoes bite a host after sufficient time for
replication of the virus, which is generally considered to be
eight to 12 days [5, 32].

Clinical Manifestations of Dengue Virus Infection

Infection with any DENV serotype can lead to various forms
of illness ranging from unapparent and asymptomatic to se-
vere and fatal. Infections may present as asymptomatic, undif-
ferentiated acute febrile illness (AFI), DF, or severe DF, which
most often occurs among those with secondary DENV infec-
tions or among children under the age of one year of age,
whose mothers were previously infected with DENV [33].
Severe DENV infections can be categorized as either
Dengue hemorrhagic fever (DHF) or Dengue shock syndrome
(DSS) [33]. Approximately half of the individuals infected
with DENV are asymptomatic, and additional large percent-
ages have non-specific, benign symptoms that are self-
limiting [26+]. The asymptomatic and mild presentations are
often associated with primary infections. DF is predominately
self-limited to 1 week with a presentation that includes 2 to
7 days of high fever and two or more of the following symp-
toms: a frontal headache, myalgias, arthralgias, and a diffuse
maculopapular cutaneous erythematous rash [21, 26+]. Other
manifestations of the illness may include mild hemorrhagic
symptoms, such as easy bruising, petechiae, epistaxis,
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gingival bleeding, and leukopenia [34]. The classic presenta-
tion of DF is often seen in children over the age of 15 and in
adults. DHF and DSS infections present with hypotension,
plasma leakage, hemorrhage, thrombocytopenia, and alter-
ations in neurologic function [21]. DHF is classified into four
grades: I and II, which represent relatively mild cases without
shock, and I1I and IV, which are more severe, accompanied by
shock and considered to be DSS [34]. DSS occurs when pro-
found shock sets in with a rapid, weak or thready pulse, hy-
potension, and cold, clammy skin (grade III) or with an unde-
tectable pulse (grade IV) and is frequently fatal due to the
extensive increase in capillary permeability and plasma leak-
age [24].

Diagnosis of Dengue Virus

The critical diagnosis of the array of diseases associated with
DENV can be made early and accurately through various
clinical and laboratory methods. The clinical symptoms asso-
ciated with DF vary widely; hence, laboratory diagnosis is
needed for confirmation. The WHO [35] proposed that an
infection be classified as probable AFI or DF when it includes
two or more of the following: headache, retro-orbital pain,
myalgia, arthralgia, rash, hemorrhage, and leukopenia; and
supportive serology of a reciprocal hemagglutination-
inhibition antibody titer of greater or equal to 1280, which is
comparable to an IgG ELISA titer, or a positive [gM antibody
test on a late acute or convalescent-phase serum specimen.
The infection can be classified as a confirmed case when there
are corroborating laboratory criteria for confirmation of DF,
including the isolation of the virus, the viral nucleic acid,
antibodies, and antigens, or through a combination of the
aforementioned techniques. Specifically, the laboratory
criteria must include one of the following: isolation of the
DENYV from serum or autopsy; a fourfold or greater change
in reciprocal IgG or IgM antibody titers to DENV antigens in
paired serum samples; DENV antigen present in autopsy tis-
sue, serum, or cerebrospinal fluid samples via immunohisto-
chemistry, immunofluorescence, or ELISA; or the detection of
DENY via polymerase chain reaction (PCR) [35]. In order for
DHEF/DSS to be diagnosed, all of the following criteria must
be met: (1) fever, which may be biphasic, lasting 2 to 7 days;
(2) hemorrhagic symptoms confirmed by a positive tourniquet
test, petechiae, bleeding from the mucosa, hematemesis, or
melena; (3) thrombocytopenia of 100,000 cells per mm® or
less; and (4) evidence of plasma leakage manifested by a rise
in hematocrit greater than or equal to 20% above the average
for sex and age, a drop in hematocrit following volume re-
placement treatment greater than or equal to 20% of baseline,
or other signs of plasma leakage such as pleural effusion,
ascites, and hypoproteinemia [35].

The differential diagnosis includes a wide-ranging list of
various infections [35]. Of these possible differential
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diagnoses, the most difficult to differentiate clinically from DF
is CHIKF [35]. Clinically, shock rules out a diagnosis of
CHIKF. Laboratory findings help establish a diagnosis early
and accurately. The laboratory findings of thrombocytopenia
help distinguish DHF/DSS from other illnesses that can pres-
ent with shock, including bacterial infections that exhibit en-
dotoxin shock or meningococcemia [35].

Treatment and Prevention of Dengue Virus

Treatment for DENV infections is in large part only support-
ive. Treatment includes symptomatic control with close mon-
itoring of hemodynamics, any possible hemorrhages, and vol-
ume status. As previously mentioned, early and accurate con-
firmation of a Dengue illness is vital in order to avoid the
possible complications of shock [26¢]. The mortality rate for
DENV infection is reported to decrease dramatically with
good supportive care [26¢]. The strategies for preventing mos-
quito bites normally focus on diminishing the concentration of
the vector populations [32]. One of the main ways to control
the vector population is to reduce the availability of larval
habitats by diminishing areas of stagnant water stores and
diminishing areas of collected solid waste [32]. In addition
to large-scale efforts to eliminate the mosquito vector respon-
sible for the spread of DENV, individual precautions may be
taken in areas where DENV infections are endemic or where
recent outbreaks have been reported. In order to protect
against mosquito bites, individuals should wear protective
clothing, including long pants and long sleeve shirts, insect
repellent, and use of other protective garments, such as mos-
quito netting [26°]. The most effective form of prevention is
by preventing mosquito bites, due to the fact that currently,
there is no vaccine or specific treatment options available for
DENYV infection [26¢].

The Race to Dengue Vaccine

The continuously rising incidence rate of Dengue in the recent
decades has fueled advancements towards a Dengue vaccine.
The goal of vaccination is to decrease the transmission of
natural DENV to an extent where DENV infections are almost
nonexistent. However, there are some critical issues in
Dengue vaccine development, due to the DENV serotypes
and the specific function of memory T cells in the immune
response in those infected with DENV [36]. Serotype diversi-
ty has been associated with limiting the efficacy of monoclo-
nal antibody therapy and of tetravalent vaccines against
DENV [5]. Despite these challenges, the search for an effica-
cious and possibly safe vaccine continues. Current research
and trials of Dengue vaccines include live attenuated vaccines,
live attenuated vaccines using infectious clone technology,
genetic vaccines using virus and plasmid vectors, and many
recombinant subunit vaccines [5].

The Sanofi Pasteur live attenuated vaccine, which is a chi-
meric Yellow Fever Virus (YFV)-DENV tetravalent Dengue
vaccine (CYD-TDV), is currently the most advanced vaccine
with known efficacy and results [37]. In the CYD-TDV vac-
cine, the backbone of the YFV strain 17D attenuated vaccine
was used, and the structural genes encoding for the M and E
proteins of YFV were replaced with the M and E proteins for
all four DENV serotypes [37]. Thus, the replication machinery
of the virus is that of YFV, and the outer structure is of a
DENV serotype [37]. This leads to CD4+ T cell response
against DENV and a CD 8+ T cell response against YFV
[37]. The phase I and II trials illustrated that the vaccine was
safe and tolerable in humans [37]. Phase III trials reported an
efficacy range of 51.1 to 79% in Southeast Asia and 31.3 to
77.5% in South America [37].

Many other vaccines are also currently in the early de-
velopmental stages. TetraVax is another live attenuated
DENYV vaccine that employs the deletion of thirty nucleo-
tides from the 3’ UTR of DENV. The formulation includes
four admixtures (TV001 to TV004) of IDEN1A30, rDEN2/
4A30(ME), rDEN3-3'D4A30 or rDEN3A30/31-7164,
and rDEN4A30 or rDEN4A30-200,201 [38]. Depending
on the formulation, the results of phase I clinical trial illus-
trated tri- or tetravalent adequate antibody response after a
single dose in 75 to 90% of participants [38]. Admixture
TV003 (rDEN3A30/31, rDEN4A30, rDEN1A30, and
rDEN2/4A30) has been proposed for a phase II trial, be-
cause it produced a trivalent antibody response in 90% of
the participants, of which 45% had a complete tetravalent
antibody response [38].

In addition, there were two recent phase I trials for purified
inactivated DENV1 vaccine, DENV-1 PIV, and a tetravalent
purified inactivated DENV vaccine, TDENV PIV [38]. The
monovalent DENV-1 PIV was deemed safe in the phase I
study [23]. TDENV PIV has been shown to induce a long-
lasting antibody response in nonhuman models [23].

Many recombinant subunit vaccines are also in various
stages of pre-clinical and early clinical development. These
recombinant subunit vaccines are primarily based on the
DENYV E protein (80E). Multiple expression systems for the
production of recombinant E protein have been explored, in-
cluding but not limited to Saccharomyces cerevisiae, E. coll,
Pichia pastoris, and stably transformed Drosophila S2 cells,
which are capable of expressing 80E in high levels in its native
form [38]. DENVax, which is a recombinant live attenuated
tetravalent vaccine, was deemed safe during phase I testing
[23]. DEN Vax substitutes the M and E proteins of the DENV2
PDK-53 vaccine, which was attenuated by serial passage in
non-human kidney cells and has been studied in clinical trials
as a monovalent vaccine candidate as well as in multivalent
formulations, with the M and E proteins of wild-type DENV-
1, -3, or -4 [38]. The vaccine is currently undergoing a phase 11
trial in children and adults [38]. Another tetravalent subunit
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vaccine currently in phase I testing is V180 also includes the
80E subunit [38].

In spite of all the current promising clinical trials for DENV
vaccine, a fully effective vaccine is yet to be developed.
Further research is needed to establish a better understanding
of the basis for Dengue pathogenesis and the immune re-
sponse to DENV, not only to improve our understanding of
the immune response to the different serotypes of DENYV,
especially in association with secondary infections, but also
to enable the ability to create a safe and fully effective vaccine.

ZIKA
Epidemiology of Zika Virus

Although ZIKV now circulates throughout most of the
Americas, South East Asia, and the Pacific Islands, ZIKV
was first discovered in Uganda in 1974 and is a member of
the genus Flavivirus in the family Flaviviridae [39]. The virus
was initially restricted to the equatorial zones of Africa and
Asiauntil 2007 when it first emerged in Yap, an island located
in the Caroline Islands of the western Pacific Ocean [2]. This
made it even easier for further spread eastward towards French
Polynesia, other Pacific Islands, and Latin America from 2013
to 2015, eventually spreading to North America in 2016 [2].
The first isolation of the ZIK'V was from the serum of a rhesus
macaque monkey in 1947 [2]. The monkey resided in the Zika
forest on the Entebbe peninsula in Uganda [2, 39, 40]. The
strain (MR-766) obtained from this monkey was the African
prototype strain of ZIKV. It was after this that the ZIKV was
recovered from mosquitoes caught in the same area on the
Entebbe peninsula [2, 41].

At the time, there was no evidence that this virus caused
any form of illness to the human population around the pen-
insula, and the antibody to ZIKV was found in about 10 to
20% of the local population [2]. Since the discovery of the
virus, several other studies have shown that the burden of
illness caused by the virus on human population is distributed
relatively narrowly along the equatorial belt from Africa to
Asia [42]. The first incidence of human disease caused by
ZIKV was first reported in Nigeria in 1954 [41]. The infection
was confirmed in three people by the isolation of the virus and
by an increase in the level of serum antibody against the ZIKV
[41]. Since 1954, there has only been about a dozen Zika-
associated illness incidence in Africa and Asia [41]. It wasn’t
until 1966 when the first non-African strain (P6-740) was
isolated from Ae. aegypti mosquitoes in Malaysia [2]. The first
large outbreak outside of Africa and Asia was on Yap Island
with a disease characterized by fever, rash, arthralgia, and
conjunctivitis [43]. During this outbreak, as many as 73% of
the residents of Yap were infected and as many as 18%
showed clinical symptoms that were most likely related to
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infection by ZIKV [43]. Furthermore, it was later discovered
that the ZIKV was introduced to the island from Southeast
Asia. In early to late 2010, a number of sporadic cases of
ZIKV were reported in countries in Southeast Asia, such as
Thailand, Cambodia, Malaysia, Indonesia, and the Philippines
[7].

The French Polynesia outbreak from 2013 to 2014 was a
major epidemic [44] with approximately 11% of the total pop-
ulation presenting with symptoms and sought treatment for
the suspected ZIKV infection [2]. Although the origin of the
ZIKV during the French Polynesian outbreak is still unknown,
the majority of the clinical manifestations were similar to
those seen in the 2007 Yap outbreak [2, 45]. Furthermore,
the strain of virus in the French Polynesian outbreak is genet-
ically similar to the strain recovered on Yap in 2007. There
was an array of neurological manifestations during the French
Polynesian outbreak, which included GBS [46]. After the
French Polynesian outbreak, Zika spread to other neighboring
islands in the South Pacific Ocean and also other countries
even further away such as Australia, Italy, Japan, and
Norway [46].

At the beginning of 2015, ZIKV was detected in the north-
eastern part of Brazil [47], and by the end of 2015, it was
detected in at least 14 states throughout Brazil with cases
estimated to be between 440,000 to 1,300,000 [2]. It was
noted that the number of cases of microcephaly had increased
in suspected Zika-infected regions, and by February of 2016,
there were over 4000 suspected cases of microcephaly [2, 47].
In 2015, Colombia reported a local outbreak of ZIKV infec-
tion, and by March 2016, there were a total of 51,473
suspected with ZIKV infections reported in Colombia alone
[47]. ZIKV has spread throughout Central and South
America, as well as to the Caribbean islands. There is
alarming evidence of a correlation between ZIKV infection
and microcephaly, a condition where the head circumference
is smaller than normal, which has prompted the WHO to de-
clare a “public health emergency of international concern”
[46, 48]. ZIKV is still causing ongoing concerns in parts of
Latin America, North America, and the rest of the world. As
of November 2016, there has been a plethora of incidences of
mosquito-borne transmission of the ZIKV reported through-
out the Americas and other locations [2].

Genetic Diversity of Zika Virus

Since ZIKV was first discovered in 1947, there has been ap-
proximately over 500 ZIKV isolates that have been identified
throughout Africa, Asia, the Pacific Islands, and the Americas
[39]. Despite the number of isolates that have been identified,
only a handful of strains have been sequenced. The phyloge-
netic analysis of all the 29 completed or nearly completed
strains show that the distinct ZIKV strains can be divided into
two geographical areas based on genetic lineages: African and
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Asian lineages [2, 39, 40]. Furthermore, the spread and trans-
mission of the virus can be linked to an increase in air travel
from Zika-endemic area to areas like Brazil and the Pacific
Islands [43]. More research is needed to broaden our under-
standing of the evolution, diversity, and burden of illness
caused by different strains of ZIKV.

Transmission of Zika Virus
Vector

Since the 1947 discovery of ZIKV in sentinel monkeys in
Uganda and the isolation of the virus from the Aedes africanus
mosquitos 1 year later, there has been several reports of Aedes
species harboring the ZIKV [40]. For instance, the outbreak
on Yap Island is attributed to the Aedes hensillii, while the
outbreak in French Polynesia was attributed to Aedes
polynesium. Furthermore, the outbreak in Brazil is attributed
to the Ae. aegypti and Ae. albopictus [40, 42]. Interestingly,
the Ae. aegypti was identified as the cause of the Malaysia
1969 outbreak. Additionally, it was also implicated in
French Polynesia and Indonesia [40]. Interestingly, it has been
observed that the Ae. aegypti, which is most prevalent in areas
of Africa, is being replaced by its Asian lineage counterpart;
Ae. albopictus, the Asian counterpart, was the predominant
vector implicated in the Gabon outbreak during 2007 [42].

The ability of these mosquito species to adapt to harsh and
different environments, breed ubiquitously, and survive vari-
ous climates and their ability to disperse passively by humans,
in addition to the extensive trends of human urbanization,
traveling, and changing of weather patterns within the last
decade, make it impossible to rule out the risk of impending
epidemic outbreaks [42]. It will be inadequate to assume the
implicated vector in the case of an outbreak. The vector com-
petence needs to be assessed against the vector capacity,
which is the concept that explains the chance of effective
human-vector contact and transmission [40]. The viral capac-
ity does not depend only on the innate vector characteristic,
but other factors like host range, the local density of the vector,
feeding behavior, biting and survival rate, and colonizing suc-
cess [40, 49]. This being said even the presence of a particular
vector species does not confirm that the species is the primary
vector [2, 40].

Non-vector

In 2011, the first case of sexual transmission of ZIKV was
reported [50]. Since then, several studies have shown evi-
dence of unprotected oral, anal, and vaginal intercourse lead-
ing to sexual transmission of ZIKV [40]. More researches
have been published that supports the sexual transmission of
ZIKV. In 2015, others have reported and identified that the

ZIKV RNA as well as the infectious virus strains were isolated
from semen [S1e, 49].

Previous studies report that ZIKV RNA had been isolated
from breast milk of three symptomatic mothers, although
more recent reports identified ZIKV particles found in the
breast milk of one asymptomatic mother [49]. Evidence of
non-sexual contacts, as described by researchers [40, 49] in
2016, suggests one of the ways the burden of the illness
caused by ZIKV is transmitted. Blood transfusions have also
been implicated as a mode of transmitting Zika viral particles.

Clinical Manifestations of Zika Viral Infection

ZIKV has been known to cause a variety of clinical symptoms
in patients; some of which include, joint pain, rash, conjunc-
tivitis, headache, and muscle aches [49]. These symptoms are
only present in about 18 to 57% of cases, and it is relatively
uncommon for these symptoms to lead to hospitalization.
However, in severe cases, ZIKV has been shown to cause
neurological and ophthalmic complications, which include
GBS in adults and microcephaly in fetuses and newbormns [2,
40, 49]. Other clinical manifestations observed with acute
ZIKV infection include hematospermia, a condition which
causes blood in semen [51¢].

Although there is compelling evidence that Zika viral in-
fection causes severe neurologic complications, these mani-
festations have only been recently described. The frequency of
direct central nervous system (CNS) involvement by ZIKV
infection is of research significance. Cases of CNS encepha-
lopathy syndromes and seizures due to ZIKV infection have
been reported. In a recently published report [52], an 81-year-
old man who had been on a 10-day cruise to the Pacific
Islands had returned home only to be diagnosed with menin-
goencephalitis. The cruise-goer was admitted to the intensive
care unit (ICU) due to fever, a decreased level of conscious-
ness, and was found to have a positive RT-PCR for Zika in his
cerebrospinal fluid [52]. GBS is a disease of the immune sys-
tem that is characterized by the production of antibodies
against components in the peripheral nervous system (PNS),
which results in the weakness and tingling of the body in an
ascending fashion [51¢].

ZIKV infection causing GBS was first reported in the 2013
to 2014 outbreak that affected the French Polynesian islands
[51¢]. During this outbreak, the incidence of GBS was esti-
mated to increase by approximately twenty folds per 100,000
per year. Furthermore, recent studies have reported the detec-
tion of ZIKV antibodies in patients with GBS. In 2016, a case-
control study reported the incidence of 42 cases of GBS after a
ZIKV infection between October 2013 and April 2014. This
data finding is significantly less than the data (five to ten
cases) presented in the same period the year prior [53].
Although, the mechanism at which ZIKV causes GBS is
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currently unknown, the symptoms of GBS are only transient,
and most patients attain full recovery [2].

ZIKV has been implicated in several cases of microcephaly
in newbormns [40, 49]. Microcephaly is a condition where the
brain of a fetus or infant is relatively smaller than normal and
can be described in one or two various forms. Congenital
microcephaly is present at birth, while acquired microcephaly
develops after birth [49]. The mechanism of formation of both
types of microcephaly is different. Primary microcephaly
most likely results from the loss of neurons during
neurogenesis, whereas secondary microcephaly has been at-
tributed to the dendritic process and synaptic connection after
birth [2]. In 2016, researchers reported a study that included
345 pregnant women, all of whom had symptoms of a rash
[54]. More specifically, 53% tested positive for ZIKV in their
blood and urine. Of the remaining 126 patients, there were
nine fetal deaths and 117 live births. Of the live births, 42%
had altered neuroimaging findings with four confirmed cases
of microcephaly and 11 cases of congenital ZIKV syndrome.
Furthermore, in the same year, other researchers reported the
results of a radio imaging study that compared brain images of
patients with confirmed Zika infection and 18 patients with
suspected ZIKV infection [55]. This study showed that the
brain images between these two groups were similar, showing
evidence of ventriculomegaly and intracranial calcification of
the gray-white junction, thalamus, and basal ganglia [7].

Ocular lesions in three infants of mothers infected by ZIKV
in Brazil were reported by one group of researchers [56].
These infants also presented with microcephaly and cerebral
calcifications. Upon examination, none of the infected
mothers presented with ocular lesions, but the infants had
gross pigmentations in the macula and no foveal reflex.
Another published report implicated ZIKV as the causal agent
in 40 infants with microcephaly who have eye lesions [56].
Furthermore, this same study reports that there was an in-
creased frequency of ocular lesions in infants of mothers
who were symptomatic during the first trimester [56].

The Race to Zika Vaccine Development

The race to develop a potential vaccine for ZIKV has been
imminent since the recent worldwide outbreaks. Although
scientists worldwide are still investigating ways to curtail
and mitigate the burden of the diseases caused by ZIKV, a
lot is known about its relatives, such as West Nile [42].
These vaccines have been created using different strategies:
inactivated or live-attenuated viruses, recombinant proteins
and recombinant subviral particles expressed in different het-
erologous systems, chimeric backbone viruses, or naked
cDNA [57]. After the widespread of Zika in the Americas,
pharma giants have been investigating several vaccine design-
ing strategies that can be used to reduce the burden of diseases
caused by Zika.
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Over 30 vaccine candidates are in an inactive preclinical
development, and few have been approved by the Food and
Drug Administration (FDA) for phases I and II of the clinical
trial, while some pharmaceutical companies have also com-
pleted their phase 1 clinical trial [58]. The development of a
vaccine candidate needs to take into account the characteris-
tics of Zika infection. For instance, men might be a target for
the infection; however, men might not be a prime candidate
for a potential ZIKV vaccine. ZIKV usually attacks pregnant
women or women of childbearing age more severely, and a
positive infection in this population can lead to congenital
abnormalities in the newborns. The vaccine development
has presented some concern, particularly in the sense that this
potential vaccine may interact negatively with other vaccines
already being administered for other Flavivirus infections
[42].

Treatment and Prevention of Zika Viral Infection

Till date, there is no specific treatment available for ZIKV
infection [42]. Treatment is modeled towards supportive ther-
apy, including but not limited to rest and the use of oral anal-
gesics, as needed for pain [42]. In order to prevent bleeding
and Reye’s syndrome, aspirin should not be given to children
under the age of 12. Aspirin and other NSAIDs should also be
avoided in patients with unconfirmed ZIKV infections, as a
precaution in the event that the symptoms are actually caused
by Dengue or Chikungunya—two infections in which
NSAIDs are contraindicated [42]. Attempts to develop a phar-
macological treatment are in research and developmental
stage for patients who have been confirmed to have ZIKV
infection. Investigators at Utah State University have reported
that Ranpirnase, a cancer chemotherapeutic agent, was active
in blocking ZIKV compared with the control [42].

In response to the growing evidence that ZIKV infection is
sexually transmissible [59], the CDC has recommended the
use of latex condoms for people who have recently visited
areas where ZIKV is endemic [42]. Blood donations are an-
other potential source of ZIKV transmission [2, 42, 54, 58];
therefore, the FDA recommends that individuals defer donat-
ing blood if they have been to areas with active ZIKV trans-
mission, have potentially been exposed to the virus, or have
had confirmed ZIKV infection. In areas without active ZIKV
transmission, the FDA recommends that donors at risk for
ZIKV infection defer donation for a period of 4 weeks [40].
Individuals considered to be at risk include those who have
had symptoms suggestive of ZIKV infection during the past
4 weeks, those who have had sexual contact with a person
who has traveled to or resided in an area with active ZIKV
transmission during the prior 3 months, and those who have
traveled to areas with active transmission of ZIKV during the
past 4 weeks. In areas with active ZIKV transmission, the
FDA recommends that whole blood and blood components
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for transfusion be obtained from areas in the USA without
active transmission [40]. Blood establishments may continue
collecting and preparing platelets and plasma if an FDA-
approved pathogen-reduction device is used. The agency’s
guidelines also recommend that blood establishments update
donor-education materials with information about the signs
and symptoms of ZIKV infection and ask potentially affected
donors to refrain from giving blood [40]. The FDA has also
reported that another mode of transmission of Zika infection is
by donation of human cells, tissues, and cellular and tissue-
based products (HCT/Ps). HCT/Ps includes corneas, bone,
skin, heart valves, hematopoietic stem/progenitor cells
(HPCs), gestational tissues (such as an amniotic membrane),
and reproductive tissues (such as semen and oocytes) [40].

Discussion and Conclusion

Similarities and Differences Between Chikungunya,
Dengue, and Zika

Arboviruses have numerous similarities, more specifically in
their location and presenting symptoms. However, under-
standing the differences of the arboviruses is important for
diagnosis, as it is not uncommon to misdiagnose and under-
report cases. The similarities of these diseases can be seen in
their viral family, environment, transmission, symptoms, and
treatment. Each of the viruses causing these diseases has its
own unique characteristics, complications, and symptoms.
Africa, the Pacifics, South-East Asia, and the Americas are
some of the primary locations, which consist of the tropical
and sub-tropical areas in equatorial regions, affected by
Chikungunya, Dengue, and Zika viruses [60]. All three virus-
es are arthropod-borne. Dengue and Zika belong to the
Flavivirus genus of Flaviviridae family, while Chikungunya
belongs to the genus Alphavirus of the Togaviridae family.
They are all transmitted in a human-to-mosquito-to human
cycle. Along with this mode of transmission by an infected
mosquito, ZIKV can also possibly be transmitted sexually as
there are reported cases of sexual transmission between
returned travelers and their significant others [61]. Zika can
also be transmitted vertically from an infected mother to fetus
transplacentally or during delivery [62].

The transmission vector for these arboviruses is also the
same. The Aedes genus mosquitoes especially Ae. aegypti
serves as the vector. Other Aedes genus members that can
transmit the virus are Ae. hensilli, Ae. scutellaris, Ae.
polynesiensis, and Ae. albopictus. The viruses circulate in
blood making blood and organ donation transmission possible
[63]. Characteristically, Chikungunya, Dengue, and Zika vi-
ruses show a lot of similarities as they are all shaped spheri-
cally with a diameter of 40 to 70 nm and 11- to 12-kb genome
in size [64]. The receptor binding and antibody neutralization

protein of Chikungunya are different from that of Zika and
Dengue, in the sense that it comes from a different viral family
[65]. Dengue has four different serotypes, while Zika and
Chikungunya have one serotype each. In regard to their signs
and symptoms, the similarities between the viruses can some-
times lead to misdiagnosis. As Dengue is the longest known,
when Chikungunya was first discovered, differentiating it
from Dengue was difficult and led to confusion. This confu-
sion is currently manifesting itself once more in the cases with
Zika [66].

Furthermore, 80% of Zika infections are presumed to be
asymptomatic [67]. This is also the case with DF. Contrary to
Dengue and Zika, Chikungunya cases are 75 to 97% symp-
tomatic [11]. Retro-orbital pain, rash, fever, joint pain, lymph-
adenopathy, and muscle pain are the common symptoms of
Chikungunya, Dengue, and Zika (Table 1). These symptoms
appear between 2 to 14 days. In addition to these symptoms,
each virus has a few unique symptoms. The fever induced by
Zika is mild, whereas the fever in Chikungunya can go up to
102.02 °F (38.9 °C), and the fever induced by Dengue is the
worst as it can reach 104 °F (40 °C) [60]. Rash occurrence and
presentation in these diseases are also different. Zika has the
highest rash occurrence as it appears in 90 to 96% of cases in a
face to limb spreading fashion [63]. There is a measles-like
rash in Dengue, often called “islands of white in the sea of
red,” and occurs in 50 to 80% of cases. The rash of
Chikungunya appears in the extremities and the trunk [11].
The muscle and joint pains in Zika and Dengue are not as
severe as those seen in Chikungunya. The joint pain in
Chikungunya can be disabling to those infected. Specific
unique symptoms of DF include an acute bleeding phase from
the mucous membranes of the mouth and nose and can present
in a critical phase as hemorrhage [68]. Viremia in
Chikungunya infection is high and causes hepatomegaly
[11]. Symptoms specifically attributed to Zika infections are
conjunctivitis and edema of the extremities [60].

Table 1 Comparative prevalence of various signs and symptoms
associated with Chikungunya, Dengue, and Zika [60]

Disease Dengue CHIK Zika
Fever ++++ +++ +++
Myalgia/arthralgia +++ ++++ ++
Oedema in extremities - - ++
Maculopapular exanthema ++ ++ +++
Retro-orbital pain ++ + ++
Conjunctivitis - + 4+
Lymphadenopathies ++ ++ +
Hematomegaly - T+ _
Leukopenia/thrombopenia +++ +++ -
Bleeding + — _

CHIK: Chikungunya
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Additional research is needed to understand whether pop-
ulation immunity in endemic countries will confer protection
against the epidemic strains of Chikungunya, Dengue, and
Zika currently circulating.

These viruses have numerous commonalities regarding
their transmission and characteristics. Proper diagnosis, treat-
ment, and vaccination can be developed with an understand-
ing of not only their similarities but also, more importantly,
their differences. Preventive action can be instituted for all
three diseases because of their vast similarities. The receptor
binding and antibody neutralization proteins of these viruses
can be further investigated and be used as protection against
epidemic strains. The E2 and E1 viral proteins in
Chikungunya have the same function as the E viral protein
of Dengue [69]. Cases of all three of these diseases are
underreported. The reason for this, especially for Zika infec-
tions, could be due to a cross-reaction between the different
viruses, their overlapping clinical symptoms, immunological
protection that is widespread in the local population, self-
limiting nature and mild symptoms or asymptomatic nature
of Zika, poor specific test for diagnosing, and poor system
surveillance [39]. The three viruses can be transmitted through
stem cell/bone marrow grafts, organs, and blood transfusions;
hence, laboratory confirmation using RT-PCR is required;
however, DENV and ZIKV may cross-react [70].
Widespread immunologic protection by herd immunity in en-
demic countries perhaps leads to underreporting of cases, as
well as providing grounds for uninfected countries to be
protected from the epidemics. The development of vaccines
due to extensive research measures and a solid understanding
of the viral proteins of each of these viruses is at different
phases of clinical trials. These vaccines will be instrumental
to the safe and long-lasting population immunity protection.

Vaccine evolution has proven to be a tedious process, and
the race to its development may possibly be one of the most
productive aspects, simply because the theory behind vacci-
nation is to eradicate the diseases associated with these
mosquito-borne vectors [71, 72]. The impact of
Chikungunya, Dengue, and Zika viruses and their disease
prevalence vary due to a variety of factors. Some countries,
like Vietnam, are still struggling greatly with the burden of
morbidity from Dengue, so much so, that it is considered a
public health problem [73]. Researchers, from the city of Nha
Trang in Vietnam, are carrying out surveillance on Dengue
cases that have been notified by community health stations
and public hospitals, whose findings demonstrate three critical
features: (1) the city has a pronounced temporal and spatial
heterogeneity in the incidence of Dengue; (2) children and
young adults are most at risk of infections and disease; and
(3) four viral serotypes have been reported within a single
season [73, 74]. Other researchers have reported on the global
disease burden of the CHIKV and its spread across vast parts
of the world, and how former and current cases of DENV
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outbreaks may provide insight into what to expect and how
to approach the issues associated with these vector-borne ill-
nesses [16, 75]. Like the two former mosquito-borne viruses,
ZIKV is the latest to have spread globally and is unlikely to be
the last [76]. In fact, the presence of the Aedes mosquito vector
during the period from 2015 to 2016 in New York City neces-
sitates a wide response to the health department, in order to
properly identify and respond to the local transmission of
ZIKYV, including sentinel surveillance and amplified mosquito
control [77]. Hence, epidemiological assessment of the three
diseases is mandatory in both endemic and non-endemic
countries [70]. Given extensive international travel and com-
mercial interplay, it is necessary to consider health in a global
context with the ultimate goal of improving public health by
strengthening global disease detection, the response to disease
detection, the preventative measures, and the control strategies
for eradicating Chikungunya, Dengue, and Zika viruses [78,
79].
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