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Abstract

Purpose of Review This review aims to describe briefly the general information of arboviruses dengue, Zika, and chikungunya
infections and emphasize the clinical manifestations of each, to help identify and make a quick diagnosis of each.

Recent Findings The most relevant advances in the study of these arboviruses’ infections have been in the epidemiological
distribution, mainly due to international travel, migration, and climate change; in the clinical manifestations of these diseases, the
development of clinical decision-making software, which can help improve the management and outcomes of these patients; and

in the prevention of this disease.

Summary Although arboviruses infections constitute a clinical challenge for the attending physician in the scope of a febrile returning
traveler, a thorough clinical history and exam can help to aid diagnostic reasoning. The characteristics of the rash are a very helpful clue
in the evaluation of these patients. Currently, there are clinical decision aid tools that help to get the diagnosis more quickly.
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Introduction

Arboviruses (arthropod-borne viruses) are an amazingly di-
verse group of viruses that survive in nature by transmission
from infected to susceptible hosts by certain types of arthro-
pods (i.e., mosquitoes, ticks, sand-flies, or biting midges) [1].
Although they are mostly zoonoses, primarily, infections of
vertebrates other than humans occasionally spill over into hu-
man populations following transmission by an infected insect
vector resulting in infection. The mechanism of transmission
for the majority of viruses in this group, in their urban and
zoonotic cycles, follows the ingestion of an infected blood
meal from an infected host. Viruses then multiply within the
tissues of the vector (i.e., arthropods). This period is often
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referred as the extrinsic incubation period, and lastly, they
are passed on to humans, usually incidentally, or other verte-
brates through insect biting [2]. Notable exceptions of this
occasional spill to humans from enzootic cycles are the den-
gue viruses (DENYV) for which humans are the primary verte-
brate hosts [3]. Dengue, Zika (ZIKV), and chikungunya
(CHIKV) are currently co-circulating in the Americas [4]
and probably on tropical areas of Asia and Africa, where these
viruses were first identified. Although most of the infections
caused by arboviruses are asymptomatic, the small percentage
of those who present symptoms are at elevated risk for severe
complications during or after the course of the disease, namely
dengue vascular permeability syndrome (DVPS) [5], Zika as-
sociated Guillain-Barré Syndrome (GBS) [6] and microceph-
aly [7], or post-Chikungunya arthralgias, which are very de-
bilitating and usually long lasting [8].

Dengue

Dengue infections are emerging as the most abundant vector-
borne viral illness in the world [9] and are the most important
arboviral disease in terms of geographical distribution, mor-
bidity, and mortality. Dengue infections are caused by four
antigenically distinct viruses (DENV1, DENV2, DENV3,
DENV4) of the genus Flavivirus in the family Flaviviridae.
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They are single-stranded enveloped RNA viruses 30 nm in
diameter [10].

Epidemiology

Dengue virus is endemic throughout the tropical and subtrop-
ical zones between 30° N and 40° S, where environmental
conditions are optimal for the DENV vector, the Aedes mos-
quitoes [11], and transmission within this area occurs through-
out the year [10]. Latest estimates suggest that around 100
million symptomatic dengue infections occur annually [12].
According to the WHO/PAHO Epidemiological Update on
Dengue on the Americas of Nov. 11, 2019, a total of
2,773,635 cases of dengue and 1206 deaths have been record-
ed throughout epidemiological weeks 1 and 42. Although it
must be remembered that most of the dengue infections are
asymptomatic or mildly symptomatic, probable underreport
bias may be present. The most affected regions of the world
are comprised by Southeast Asia, Latin America, The
Caribbean, and Africa [10]. Probably the global burden of
dengue follows the wide distribution that Aedes mosquitoes
have, which probably began with the slave trade of the fif-
teenth through the nineteenth centuries. Following the passage
of time, the Aedes aegypti mosquito has become widely dis-
tributed across tropical and subtropical areas [11]. This is like-
ly a consequence of the innovation of travel by airplane, which
has aided the DENV to get established as endemic in these
areas. Transmission of dengue virus occurs mostly via the bite
of an infected Aedes aegypti, an anthropophilic daytime mos-
quito [13].

Clinical Manifestations

Dengue has a wide spectrum of clinical manifestations, rang-
ing from asymptomatic to severe disease, varying according to
infecting virus (DENV1, DENV2, DENV3, DENV4), epide-
miology, immune status, genetic makeup [5], and previous
infections status by DENV or other flaviviruses (i.e., ZIKV),
and in those who are symptomatic, the infection can be further
divided in febrile, critical, and recovery phase. The frequency
of symptomatic dengue fever is about <10% according to a
Colombian prospective longitudinal study conducted in 2010
[14], but underreporting bias should be addressed because
much of dengue symptomatic infections are mild and per-
ceived by the patients as a common viral illness not necessary
for physician consult.

Incubation period of DENV ranges from 5 to 8 days fol-
lowing a mosquito bite with high viral load [10]. Following
the incubation period, symptomatic patients enter the febrile
phase, which usually lasts 4-7 days [9], is usually self-limited,
and consists of the following symptoms: sudden onset of high
fevers (up to 40 °C), headache, retro-orbital pain, nausea/
vomiting, myalgia, arthralgia [9], and rash. Face, neck, or
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trunk flushing is the first dermatologic manifestation occur-
ring in the first 24-48 h following symptom onset.
Subsequently, a faint morbilliform rash, which may be mildly
pruritic, occurs in 50% of the cases [13]. Also, minor hemor-
rhagic manifestations such as petechiae and ecchymoses may
be present on the skin [15]. Following the febrile phase, the
course of the disease may be uncomplicated, in which case it
will be followed by a defervescence phase, in which the pa-
tient successfully recovers, or may be complicated by a critical
phase, which usually begins around day 5 of defervescence
and is characterized by an increase of capillary permeability,
massive plasma leakage, and intravascular volume depletion
that can lead to severe complications such as shock and end
organ damage, possibly resulting in death [10]. There is no
way to tell which patient is going to develop the critical phase,
so continuous monitoring of these patients is required. What is
known about the pathogenesis of this critical phase is that it is
the result of an immunological process called antibody-
dependent enhancement (ADE) and NS1 toxicosis; both con-
verge in the development of DVPS, and patients that are most
likely to develop this critical phase are those who have a
history of a previous DENV infection. The critical phase usu-
ally lasts for 2448 h, after which time the plasma leakage
begins to reabsorb and the initiation of the recovery phase
begins. The recovery phase usually last 48—72 h, which is
clinically characterized by returning appetite, hemodynamic
stability, and increasing diuresis.

Diagnosis

Diagnosis is based on clinical suspicion and can be confirmed
by serological testing and virus detection by molecular tech-
niques. A detailed travel history is vital, focusing on timing
and duration of stay in endemic areas, dengue seasonality, and
epidemic activity of countries visited [16]. The choice of con-
firmatory diagnostic method is based on the time between
patient arrival and symptom onset. During the first 7 days of
symptoms onset, identification of viral RNA using reverse
transcription polymerase chain reaction (RT-PCR) and detec-
tion of dengue non-structural protein 1 (NS1) using enzyme
linked immunosorbent assay (ELISA) [17] are useful tech-
niques. Rapid tests, often combining NS1 detection with an
antibody test, are also available and have a reasonably good
window of detection.

Treatment

No specific antiviral treatment is actually available or ap-
proved. Appropriate management relies primarily on the clas-
sification of these patients according to the degree of severity
of the disease, as stated in the WHO/PAHO guidelines for
dengue in the Americas [18]. The mainstay of treatment is
supportive, with basis on the severity of the disease.
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Adequate fluid resuscitation has been demonstrated to result
in better outcomes in severe dengue, but this should be care-
fully monitored throughout administration, because of the risk
of complication developing as a result of fluid overload, most-
ly in the recovery phase. NSAIDS or steroids are not recom-
mended in the management of the disease [19]. Most individ-
uals with dengue infections develop thrombocytopenia, which
can result in severe bleeding. It may be appropriate to admin-
ister platelet transfusions as a prophylactic measure to prevent
bleedings. However, there is no evidence that this practice
improves outcomes but offer a very definite risk for both acute
and long-term complications [20].

Prevention

For the prevention of these vector-borne diseases, two
approaches have been utilized: (a) vector control and (b)
vaccine development. Vector control programs have been
the mainstay in efforts to control different vector-borne
diseases such as dengue, Zika, chikungunya, yellow fever,
just to name a few, since they all share common vectors
(i.e., arthropods). These interventions mainly refer to vec-
tor eradication strategies by means of widespread uses of
insecticides, elimination of artificial water bodies, and
novel genetically modified Aedes mosquitoes infected by
the Wolbachia bacteria. Although these strategies are cat-
egorized as effective, they are not sustainable because of
high degree of effort needed to implement all of these
strategies in the tropical and subtropical areas [21].
Therefore, a massive effort is under way to develop a
vaccine, aiming for an integrative way to address the vec-
tor population, as well as the rate of infections occurring
by arboviruses. Currently, there is only one dengue vac-
cine approved by the FDA for prevention of dengue dis-
ease caused by DENV serotypes 1-4, Dengvaxia. Its use
is approved for use in individuals 9 through 16 years of
age with laboratory confirmed previous dengue infection
and living in endemic areas [22]. The Takeda, TAK-003
vaccine, is undergoing phase 3 randomized clinical trial
(RCT). Recent analysis on the first part of this RCT found
an overall vaccine efficacy of approximately 80% against
symptomatic and virological confirmed dengue cases
[23<]. Final results of this study are expected in
December 2021 [24]. A third vaccine, being developed
at the National Institute of Allergy and Infectious
Diseases in Bethesda and the Johns Hopkins Bloomberg
School of Public Health, consists of a live-attenuated tet-
ravalent dengue vaccine. This vaccine is currently under-
going a phase 3 RCT in Brazil [25]. The outlook for live-
attenuated tetravalent dengue vaccine, based on phase 2
clinical trials in humans, is that a single dose of this vac-
cine will raise a durable, solid, protective immunity in
both seronegative and seropositive patients [26].

Zika

After an exponential increase of cases in 2015 in Brazil, Zika
is considered of international concern because of its relation-
ship with possible fatal complications such as GBS and mi-
crocephaly, when the infection is contracted by pregnant
women. ZIKV is a positive sense RNA flavivirus of the genus
Flavivirus in the family Flaviviridae [27].

Epidemiology

Historically, ZIKV spread eastward from equatorial Africa
and Asia to the Pacific Islands during the late first decade of
the twenty-first century and then invaded the Caribbean and
most of Latin America in 2015 and reached North America in
2016 [28, 29]. ZIKV is transmitted to humans primarily by the
bite an infected Aedes mosquito. Other documented modes of
transmission include sexual, intrauterine, perinatal, laboratory
exposure, and probably via blood transfusions. [29]. From
January 2015 to March 2017, a total of 754,460 suspected
and laboratory-confirmed autochthonous cases of ZIKV dis-
eases had been reported to the Pan American Health
Organization from countries and territories all around the
Americas. During this period of time, 20 deaths among
ZIKV infected patients (excluding those patients with GBS
or congenital ZIKV infection) occurred, accounting for a case
fatality rate of < 0.003% [30].

Although the fatality rate is not as high for ZIKV infections as
for other arbovirus infections, the complications associated with
this infection (i.e., GBS and microcephaly) require active surveil-
lance in order to reduce the global burden of ZIKV infections.

Clinical Manifestations

Up to 80% of ZIKV virus infections are asymptomatic. In
symptomatic patients, the incubation period is about 3—14
days. The infection is typically a mild illness, with a duration
of up to 1 week, manifesting as low-grade fever, arthralgia,
myalgias, and non-purulent conjunctivitis [13, 28, 31].
Approximately 90% of symptomatic ZIKV infections will
develop a rash [32]. Based on the most recent data of the
epidemic in the Americas, the Pan American Health
Organization defined a suspected-case for ZIKV infection as
a patient with a rash (usually pruritic and maculopapular) with
two or more of the following signs or symptoms: elevated
body temperature (~38.5 °C), arthralgia/myalgia, non-
purulent conjunctivitis or conjunctival hyperemia, headache/
malaise, and periarticular edema. A confirmed case is a case
with clinical suspicion and a positive laboratory confirmation
of ZIKV [33]. Skin manifestations appear within 24-48 h of
symptom onset and are usually characterized by a pruritic
maculo-papular rash predominantly localized to the trunk, ex-
tremities, face, palms, and soles [13, 34]. The rash is the most
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common dermatologic feature of ZIKV infection [35], and
conjunctivitis is generally considered one of the most com-
mon ZIKV infection signs. (A key feature of ZIKV infected
patients is that they appear to be in good clinical status as
compared with patients infected from other arboviruses.)
[36]. Probably, the most important features of the ZIKV dis-
ease are the associated complications. The incidence of ZIKV-
associated GBS is estimated to be 2—3 cases per 10,000 ZIKV
infections, which is similar to the risk associated with
Campylobacter infection [37]. The pathogenic mechanism
for this GBS remains unclear, but it is hypothesized to result
from the production of neutralizing antibodies against ZIKV
target peripheral nerve glycolipids, thereby inducing injuries
to myelin sheets or axonal membranes, further leading to de-
myelinating polyneuropathy [38]. Vertical transmission dur-
ing pregnancy of ZIKV can lead to teratogenic effects on the
fetus CNS [7]. The clinical phenotype of congenital ZIKV
infection includes cerebral calcifications, microcephaly, intra-
uterine growth restriction, and fetal demise [38].

Diagnosis

The definitive diagnosis relies on nucleic acid or serologic testing
since the clinical presentation of ZIKV infection is similar to
other arboviruses (e.g., dengue, chikungunya). Nucleic acid test-
ing should be performed on whole blood or serum samples ob-
tained during the first days of illness [31¢]. Zika virus nucleic acid
amplification test (NAAT) can be used on serum, plasma, whole
blood, cerebrospinal fluid, urine, or amniotic fluid. Serologic
diagnosis is complicated by false positive results owing to
cross-reactivity in persons who have been exposed to other
flaviviruses. Zika IgM levels generally become positive within
the first week of exposure and may remain positive for up to 12
weeks after infection. Plaque reduction neutralization tests
(PRNT) are quantitative assays that measure the virus specific
neutralizing antibody titers. The CDC states that if Zika virus
IgM antibody is positive and definitive diagnosis is needed, con-
firmatory PRNT should be done against Zika and other
flaviviruses [39].

Treatment

There are no specific antiviral treatments or vaccines approved
to cure ZIKV infection, and patients’ care is mainly focused
on treating symptoms [13, 38]. Treatment of ZIK V-associated
GBS is the same as the usual management which consists of
immunotherapy [40]. Regarding infants with congenital
ZIKV infection, their management requires a multidisciplin-
ary team throughout their lifespan to monitor for the early
recognition of complications as well as to provide early inter-
ventions [41].
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Prevention

Preventive measures for the ZIKV infection are the same as with
other members of the arbovirus groups. They consist of personal
protective measures aimed at preventing the Aedes mosquitoes
bite, such as using mosquito repellent, wearing long sleeve shirts,
and long trousers, using mosquito nets while sleeping in high
endemic areas, and using condom while staying at a Zika endem-
ic area with known active transmission [42]. Sexually transmitted
ZIKV preventative measures include abstinence after suspected
infection for 2 months, if the partner with the suspected infection
is female, and for 3 months if male [31¢] since ZIKV RNA has
been demonstrated to persist in semen for up to 4 months [43].
Since the major ZIKV epidemic in Brazil in 2015, the interna-
tional health care system has called for the development of can-
didate vaccines against the virus. Several candidates are being
tested, including ZIKV-purified inactivated virus vaccine [44],
adenovirus-based vaccines, and nucleic acid vaccines [38].

Chikungunya

Chikungunya infection is caused by chikungunya virus
(CHIKYV), an arbovirus of the genus alphavirus of the
Togaviridae family. CHIKV is an enveloped, positive-strand
RNA virus. The virus got its name from a word in the local
dialect of the Makonde area in Tanzania and is literally trans-
lated as “bent over pain” [45], which typically describes the
posture acquired by those who suffer from severe joint pain
and arthralgias, which are hallmarks of the disease [8].

Epidemiology

Over 70 CHIKV epidemics have occurred in several countries
across many continents between 1959 and 2016 [8]. Prior to
2013, CHIKYV cases and outbreaks had been identified in coun-
tries in Africa, Asia, Europe, and the Indian and Pacific oceans;
however, in late 2013, the first local transmission of CHIKV was
identified in the Americas [46]. As of September 2015, 1.7 mil-
lion cases and 240 deaths were reported from 45 of the 53 coun-
tries or territories reporting to the Pan American Health
Organization [47]. Transmission of the CHIKV mainly occurs
through the bite of an infected Aedes mosquitoes (i.e., Aedes
albopictus and Aedes aegypti) [48].

Clinical Manifestations

The incubation period for CHIKV can vary from 1 to 12 days,
and a high level of viremia usually lasts for 4-6 days after the
onset and correlates with the severity of the clinical presenta-
tion. Unlike DENV and ZIKV infections, less than 15% of
patients develop an asymptomatic seroconversion; this is be-
cause of the high replication rate of the CHIKV within the
body and consequent strong immune response [48, 49]. The
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acute phase of the illness usually lasts for 1 week following
the onset of symptoms and is characterized by high fever,
intense myalgia and arthralgia, nausea, fatigue, and rash (in
50% of the cases) [48]. The most common dermatologic man-
ifestation is a maculopapular rash involving the trunks and
limbs that appear 2 to 5 days after the fever starts, and it can
be slightly pruritic and affect the palms and soles [13, 48]. The
presence of rash is variable and ranges from 30 to 75% of
cases. Another common dermatologic manifestation is hyper-
pigmentation of the skin, which affects 16-42% of the patients
[50]. This hyperpigmentation is usually centrofacial and when
it comprises the “Chik sign” when it predominantly involves
the nose [51]. Atypical manifestations can be seen more fre-
quently in vulnerable groups such as neonates and older adults
and those with comorbidities. Some of these are bullous der-
matosis, xerosis, stomatitis, meningoencephalitis, encephali-
tis, seizures, hemorrhages, myocarditis, fulminant hepatitis,
and ocular disease [46]. Severe CHIKV infection has been
associated with nasal skin necrosis and multiple organ dys-
function syndrome [52¢]. Special mention has to be made of
arthralgias, which are a hallmark of the disease and have a
positive predictive value greater than 80% [49]. The joint pain
is usually symmetric in both arms and legs and affects mostly
the large joints [47, 48]. The post-acute phase usually de-
velops from the fourth week to the end of the fourth month
and is characterized by persistence of the initially inflamed
areas (i.e., synovitis, tenosynovitis, bursitis) which slowly re-
gress, and it is often associated with decompensation of pre-
existing arthropathy. The chronic stage is defined by the ab-
sence of return to pre-existing condition more than 3 months
after the onset of the disease [49, 53].

Diagnosis

Chikungunya virus infection should be considered in patients
with acute onset of fever and polyarthralgia, especially in
those patients who have a history of recent travel to areas of
known virus transmission. Laboratory diagnosis is generally
done by testing of serum or plasma to detect viral nucleic acid,
viral specific IgM antibodies, and neutralizing antibodies.

During the first 8 days of the illness, CHIKV RNA can often
be identified in serum. IgM antibodies normally develop to-
ward the end of the first week of illness, and to definitely rule
out the diagnosis, convalescent-phase samples should be ob-
tained from patients whose acute phase samples were negative
[54]. IgM antibodies may persist up to 1 year but generally
persist for 3 to 4 months [49].

Treatment

There is no effective antiviral treatment; therefore, the mainstay
of treatment is focused on reliefs of symptoms. Treatment with
nonsteroidal anti-inflammatory drugs (NSAIDs) remains a key
disease management approach. The therapeutic strategy to man-
age these patients is aimed at reducing inflammation and
preventing long-term complications such as stiffness, loss of
muscular tone and function, and loss of physical fitness [53].

Prevention

The most effective way to prevent CHIKV infection is to prevent
mosquito bites. Aedes mosquitoes are known to be anthropophilic
and daytime mosquitoes. The CDC recommends personal protec-
tive measures such as the use of insect repellent containing proven
active ingredients (i.e., DEET, picaridin, IR3535, PMD), wearing
long sleeve shirts and long trousers, eliminating artificial water
bodies, and using mosquito nets while traveling to an endemic
area if sleeping outdoors or in a room that does not have screens
or windows [55]. The attempt to develop a vaccine started in the
1960s not long after the virus was first isolated; however, there is
no CHIKYV vaccine licensed for use [56].

Approach to febrile returning traveler with suspected
arbovirus infection

A returning traveler with fever constitutes one of the most com-
plicated clinical challenges any physician can face. Initial ap-
proach should include an extensive clinical history that should
be aimed to inquire for travel destination; length of stay in visited
country; purpose of travel; any kind of possible exposure to

Table 1  Clinical manifestations of dengue, Zika, and chikungunya
Dengue Zika Chikungunya
Incubation period 5-8 days 3—14 days 1-12 days

Frequency of symptoms
Skin manifestations

~10% of infected patients.

- Facial, neck, and trunk flushing.

- Morbilliform rash.

- Hemorrhagic manifestations:
petechiae and ecchymoses.

Other important
manifestations of disease

- High fevers (up to 40 °C).
- Retro-orbital pain.
- Nausea and vomiting.

~20% of infected patients.

- Maculopapular rash involving,
trunk, face, palms and soles.

- Highly pruritic.

~85% of infected patients.

- Maculopapular rash involving
trunk and limbs.

- May be pruritic.

- Centro facial hyperpigmentation
of the skin (Chik sign)

- High fevers (3940 °C).

- Severe polyarthralgia.

- Non-purulent conjunctivitis.
- Guillain-Barré Syndrome.
- Microcephaly in neonates.
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febrile causing pathogens; mosquito bites; thick bites; the pa-
tient’s immune status; if pregnant, in case of women in gestation-
al age; and current immunization status. Subsequently, a com-
plete physical examination should be done searching for the fever
focus, and in the special case of an arboviral infection, the pres-
ence of a rash with the associated findings depicted above. This
information should be combined with up to date epidemiological
information on outbreaks and transmission status, and incubation
period of the possible pathogens, which help to narrow the dif-
ferential diagnosis of a febrile returning traveler. Epidemiological
information is freely available on the internet in the Center for
Disease Control and Prevention (CDC) website. There are also
clinical decisions aid tools developed to help clinicians on the
challenge that a febrile returner traveler represents. Some of these
are the Swiss guidelines for primary care physicians on the man-
agement of febrile illness in travelers (available at http://www.
fevertravel.ch), and KABISA, developed by the Institute of
Tropical Medicine of Antwerp, Belgium. Recently, a
diagnostic algorithm was published in the New England
Journal of Medicine for the evaluation of the febrile returning
traveler based on the clinical history, Quick Sepsis Related Organ
Failure Assessment (GSOFA) score (severity of the disease), and
possibility of a highly transmissible pathogen [57¢]. The presence
of a rash is indicative for requiring investigations for arboviruses.
Initial investigations for a returning febrile traveler with a rash
should include general blood tests, such as complete blood count,
liver and renal function tests, blood cultures, malaria and dengue
rapid tests, RT-PCR for arboviruses, and human immunodefi-
ciency virus tests. A rapid diagnosis of an arboviral infection can
be the line that separates life and death, in the picture of severe
dengue, or can be the clinical cue to be aware of possible com-
plications such a GBS and chikungunya arthritis.

Conclusion

Although all 3 of these arboviruses’ infections are clinically
very similar, they each exhibit unique characteristics, which
are grouped in Table 1. This article summarizes some of the
key clinical features that can help to raise clinical suspicion of
these infections and give a brief description of the newly de-
veloped clinical decision aid tools that have been recently
developed for diagnosis these diseases which, as noted above,
can result in deleterious outcomes including impairment on
quality of life and even death.
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