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Chikungunya (CHIKV), Zika (ZIKV), and Dengue viruses (DENV) exhibit similar epidemiological and
clinical patterns but have different pathophysiological mechanisms of disease manifestations. Differences
occur in the severity of clinical presentations with the highest mortality in the general population
attributed to DENV and neurological morbidity due to ZIKV. ZIKV and DENV infections can cause fetal
loss with ZIKV exhibiting teratogenesis. CHIKV is associated with severe complications in the newborn.
Co-circulation of the three viruses and the cross-reactive immune response between ZIKV and DENV
viruses has implications for an attenuated clinical response and future vaccine development. Co-
infections could increase due to the epidemiologic synergy, but there is limited evidence about the
clinical effects, especially for the vulnerable newborn. The purpose of this paper is to review the path-
ophysiological basis for vertically transmission manifestations due to CHIKV, DENV, and ZIKV, to
determine the potential effects of co-circulation on newborn outcomes and the potential for vaccine
protection. Inflammatory cytokines are responsible for placental breaches in DENV and ZIKV; Hofbauer
cells facilitate the transfer of ZIKV from the placenta to the fetal brain, and high viral loads and me-
chanical placental disruption facilitate the transmission of CHIKV. Co-infection of these viruses can
present with severe manifestations, but the clinical and serologic evidence suggests that one virus
predominates which may influence fetal transmission. All three viruses are in different stages of vaccine
development with DENV vaccine being fully licensed. Antibody-enhanced infections in seronegative
vaccinated candidates who develop natural infection to dengue limit its use and have implications for
ZIKV vaccine development. Targeting transmission capacity in the vector could prevent transmission to

all three viruses, and breast milk immunity could provide further clues for vaccine development.
© 2019 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

similar seasonality and attack rates. Sylvatic forms of Ae. Aegypti
adapted to urban environments which facilitated global spread [2]

Arboviral illnesses caused by the alphavirus Chikungunya
(CHIKV) and flaviviruses Dengue (DENV) and Zika (ZIKV) have
emerged as a global public health threat over the last decade. All
three viruses exhibit similar ecological, biological and evolutionary
patterns, and share common vectors, the Aedes aegypti and Aedes
albopictus mosquitoes which have similar geographical distribu-
tions. These similarities result in epidemiological synergy [1] with
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and subsequently 215 countries or territories are suitable for the
survival of both mosquitoes [3]. Combined with climate change,
increased global transportation, deforestation in response to
increased population density, human encroachment on wild habi-
tats, and viral genome evolution, global distribution has been
extensive and rapid in recent times [4—6]. Autochthonous vector-
borne occurrences of CHIKV, DENV, and ZIKV, have been reported
in 111,152 and 79 countries or territories respectively [7] with up to
123 countries or territories reporting more than one arboviral
disease [3]. The three arboviruses have clinical similarities, exhib-
iting a short incubation period of 3—10 days and overlapping
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clinical features such as fever, maculopapular rash, myalgia,
arthralgia, and retro-orbital pain. These similarities make a diag-
nosis on clinical grounds challenging in tropical areas where
CHIKV, DENV, and ZIKV co-circulate [8]. Moreover, the high sero-
prevalence of DENV in areas of circulating ZIKV [9], their phylo-
genetic and antigenic similarities [10], and the cross-reactive
immune response [11,12] complicates serologic approaches used to
differentiate these two viruses. There is variability in the manifes-
tations of clinical symptoms with CHIKV being symptomatic in 85%
of cases [13], and ZIKV in 20% of cases [14] and up to 50% of cases in
the Asian lineage [15] in contrast to most cases of DENV being
asymptomatic [16]. Differences occur in the severity of manifesta-
tions with the highest mortality in the general population attrib-
uted to DENV and worst fetal outcome attributed to ZIKV [17—19].
In adults, complicated CHIKV presents with chronic joint pain, se-
vere organ dysfunction and encephalitis in the elderly and persons
with co-morbid conditions; DENV complications include hemor-
rhagic manifestations and plasma leakage leading to shock and
death, and ZIKV is associated with Guillain—Barré Syndrome (GBS)
[20]. Compared with CHIKV and ZIKV, DENV can be more severe in
pregnant women than the general population with increased risks
of oligohydramnios and antepartum and postpartum hemorrhage
[21,22]. ZIKA and DENV infections can cause fetal loss and stillbirth
with ZIKV exhibiting major teratogenic effects [23,24] and CHIKV
with severe complications in the newborn [25]. The timing of in-
fections and the severity of mother-to-child transmission differs
among the arboviruses. ZIKV identified in the first, second, and
third trimesters exhibit an 8%, 5%, and 4% risk of teratogenic birth
defects, respectively [26], while a vertical transmission rate of 50%
occurs in newborns infected intrapartum by CHIKV. Severe mani-
festations leading to death is rare [27,28].

Vector control is the primary method of control of arboviral
illnesses but has faced challenges owing to insecticide resistance.
The daytime biting pattern of Ae. Aegypti has rendered bed nets less
effective, and finding and treating small larval breeding sites is also
challenging [30]. No treatment is available for CHIKV, DENV ZIKV
but precautions during travel to prevent mosquito bites and man-
agement is supportive care during illness. Novel antiviral therapies
such as human CHIKV immunoglobulin are being studied to pre-
vent mother-to-child CHIKV transmission in neonates born to
viremic mothers and BCX4430, an adenosine nucleoside analogue
with broad-spectrum antiviral properties against RNA viruses, is
being investigated with ZIKV. Aziithromycin has also been shown
to have antiviral properties against ZIKV [25].

Co-infections could increase due to the epidemiologic synergy
and extensive global spread of these viruses, but clinical effects,
especially for the vulnerable newborn remain largely unknown.
The purpose of this paper is to review the pathophysiological basis
for vertically transmission manifestations due to CHIKV, DENV, and
ZIKV, to determine the potential effects of co-circulation on
newborn outcomes and to review current vaccine strategies to
prevent vertical transmission.

1.1. Host immunity

The innate immune response, primarily the type I interferon
host response, is responsible for arbovirus infection control and
neutralizing antibodies provide long lasting antibody-based im-
munity [15,29]. Following a bite, the infected mosquito innoculates
the host dermis and epidermis with salivary contents, and the viral
particles begin to infect target cells such as fibroblasts, monocytes,
dendritic cells, and host endothelial cells [30—33]. During the
inoculation, the mosquito saliva enhances viral replication and in-
creases viral pathogenicity and viremia by attenuating the host
response to the arbovirus [29,34—36].

Pregnancy does not confer increased susceptibility to arboviral
illnesses except in the case of malaria where Plasmodium falcipa-
rum parasites selectively accumulate in the placenta [34]. Increased
innate immunity, especially in the second and third trimesters
provide an enhanced first response to infection to CHIKV, DENV,
and ZIKV. The placenta of the pregnant host acts as an active
immunological organ (innate immune system) capable of recog-
nizing and responding to pathogens and is a potent immunoregu-
latory interface which protects the fetus from systemic infections. It
undergoes periods of proinflammatory and inflammatory changes
depending on the stage of gestation [35]. The first immunological
phase is a proinflammatory phase that occurs during the first
trimester. This phase facilitates implantation of the blastocyst in the
endometrial tissue and trophoblastic replacement of the maternal
blood vessels to ensure adequate fetal placental blood supply. The
second immunological phase is an anti-inflammatory state during
the period of fetal growth and development. In the final immu-
nological phase, an influx of immune cells in the myometrium
creates a proinflammatory environment to facilitate fetus delivery
and placental expulsion.

Antiviral factors, secretory leukocyte protease inhibitor (SLP1)
and interferon beta (IFN-f) are secreted by the trophoblast during
the first trimester and are the first line of defense against viral in-
fections. Most viral infections that affect the mother do not cause
congenital fetal infection. Viral infections of the placenta stimulate
the production of inflammatory cytokines such as tumor necrosis
factor alpha (TNF a), interferon gamma (INF v), and interleukins IL-
12, and IL-6 which activate the maternal and fetal immune system.
This inflammation results in placental damage, abortion, premature
labor or fetal damage [25]. Despite the protective mechanisms
outlined, genomic evolution of the arboviruses has conferred the
ability to breach these protective barriers in different ways.

1.2. Chikungunya pathogenesis

The Ae. Aegypti saliva up-regulates anti-inflammatory genes
such as IL-4 and IL-10 and downregulates inflammatory genes such
as Toll-like receptor TLR-3, IL-2, IFN-y, IFN-B, and TNFa during
transmission of CHIKV [37,38]. CHIKV rapidly disseminates after
inoculation by direct viral entry cell to cell transmission and
infection of macrophages is facilitated when dying cells release
apoptotic blebs. Manipulation and evasion of the host immune
system facilitate viral replication [29]. CHIKV does not infect the
placenta; therefore, incidences of miscarriages, stillbirths, prema-
ture delivery, and low birthweight newborns do not differ from
uninfected pregnancies [37]. In vitro studies show that human
syncytiotrophoblastic cell lines are refractory to infection [38].
Vertical transmission of 50% during the intrapartum period results
in 12% symptomatic newborns, most of whom will develop severe
manifestations of the disease [39]. The reason for this severe pre-
sentation is multifactorial and includes a high maternal viral load
during the intrapartum period, chikungunya tropism for specific
target organs, neonatal host factors, and the rate of cell division.
Neonates have low levels of Toll-like receptor-induced interferon
production, and this is necessary to prevent viral replication [28].

1.3. Dengue pathogenesis

During DENV transmission, the mosquito saliva enhances virus
replication in human keratinocytes by suppressing the innate im-
mune response [34,35]. Transmission also occurs by vertical
transmission, via infected blood, organs or bone marrow.

When disease occurs, DENV effectively suppresses the IFN
response. In patients with, nonsevere dengue, high levels of IFN «
are found in the serum while those with severe dengue have low
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levels of IFN o [30]. The primarily asymptomatic presentation in the
general population may be related to the host's type 1 interferon
and other immune response suppression of viral replication. In
general, multifactorial host and viral factors can contribute to the
severity of 4 serotypes of DENV. These include host genetic factors,
secondary infection with a new serotype, activation of the com-
plement system, a high viral load, and activation of nonprotective T
cells leading to the increased plasma leakage characteristic of
dengue hemorrhagic fever and dengue shock syndrome (DHF/DSS)
[31]. Symptoms in the newborn could be very severe due to anti-
body dependent enhancement (ADE) if the maternal host had a
secondary infection with a new serotype [31]. DENV infection in the
pregnant host results in a placentitis which leads to hypoperfusion
and subsequent fetal loss, prematurity, or low birth weight. Once
the virus crosses the placenta during this inflammatory phase,
developmental defects and neonatal infections can ensue [25].

1.4. Zika pathogenesis

Spontaneous mutation in the gene coding for Non-Structural
Protein 1 (NS1) enhanced infectivity of the Asian lineage of ZIKV
which may explain the 50% symptomatology compared with the
African and South American lineages [7,14,15]. Innate immunity,
ADE from previous flavivirus exposure and host immune response
are key regulators of neuropathology. Similar to DENV, ZIKV can be
transmitted through infected blood, organs or bone marrow as well
as in saliva, urine, and semen. Similar to DENV a placentitis occurs
during pregnancy which leads to hypoperfusion, fetal loss, and
neonatal infections [25]. Additionally, placental macrophages or
Hofbauer cells are permissive to ZIKA and facilitate viral transfer
from the placenta to the fetal brain. Active replication of ZIKA in the
placenta and fetal brain has been demonstrated in mice models and
found in the placenta of women with fetal losses during the first
and second trimester and in brain tissue of fetuses with micro-
cephaly [40]. ZIKV is the only vertically transmitted flavivirus that
can infect cortical progenitor cells.

1.5. Breast milk immunity

Concerning postpartum vertical transmission, both DENV and
ZIKV particles have been found in breast milk, but studies are
insufficient to conclude transmission via breast feeding [41,42].
Breast milk is known to increase white cells and TNFa. levels during
active infection in nursing infants, and immune regulation, mod-
ulation, and immune acceleration adapt to evolving organisms and
infant requirements [43]. Breast milk provides an immunologic
source that includes cytokines (IL-1, IL-8, transforming growth
factor beta, and TNF) and chemokines (monocyte chemoattractant
proteins MCP-1, MIP-1a, which regulate migration and infiltration
of monocytes/macrophages and RANTES which is chemotactic for T
cells, eosinophils, and basophils). These are in higher concentration
than in the mother's general circulation and compensates for the
infant's relatively immature immune system [44]. Thus far, there is
no evidence to prove whether these elevated levels of chemokines
and cytokines play a role in disease attenuation and hence, war-
rants further evaluation given the lack of infectivity through this
route. The WHO continues to recommend long-term breastfeeding
in mothers exposed to or infected with CHIKV, DENV, and ZIKV as
the benefits outweigh the risks to the newborn.

1.6. Implications of co-circulation
The burden of arboviral illness and co-infection in pregnancy

and fetal outcomes are mostly unknown [25]. Case reports and
small cohort studies report increased disease severity with co-

infections. The evidence suggests that severe outcomes occur
with co-infections but with similar frequencies as severe clinical
cases with single arboviral infections [45]. It is uncertain how co-
infections will interact with the feto-placental immunity as DENV
and ZIKV have similar pathogenic mechanisms that breach the
placental barrier. Furthermore, ZIKV shares up to 59% sequence
identity in the E protein with DENV resulting in antibodies induced
against ZIKV E protein cross reacting with DENV E protein, thereby
enhancing DENV replication and infection [46]. This cross-
reactivity is compounded by an increased risk of severe pre-
sentations of ZIKV infection due to antibody-dependent enhance-
ment (ADE) by a previous DENV infection [47]. Observational
studies of co-infections suggest that clinical symptoms correlated
with the virus that had a higher serum titer and that seroconver-
sion occurred to one of two viruses at initial presentation. The
impact on the fetus may be related to the predominant virus
expressed, and severe reactions may occur by chance. Larger cohort
studies are needed to evaluate enhanced disease severity.

1.7. Vaccine development

Based on the current understanding of fetal and neonatal out-
comes, the burden of diseases, economic consequences and strain
on the health care system, there is a need for vaccines, especially in
low and middle-income countries. Some challenges limit devel-
opment, but several vaccine candidates are undergoing evaluation.

1.8. Chikungunya

There are no licensed vaccines for CHIKV, but 15 vaccine can-
didates are currently under preclinical and clinical development.
Logistical challenges in demonstrating efficacy in humans in phase
[I/1Il randomized controlled trials have been due to the unpredict-
able, focal and periodic nature of CHIKV outbreaks. Additionally,
enrollment of mother-infant pairs limits phase II/III clinical trials
for human immune intravenous immune globulin for neonates at
risk for vertical transmission [48].

1.9. Dengue

The dengue vaccine, chimeric yellow fever virus-DENV tetra-
valent dengue vaccine CYD-TDV (Dengvaxia ®) has been licensed,
and six other vaccines are under development [49]. The vaccine is
efficacious in seropositive candidates, but seronegative vaccinated
people developed severe presentations after natural infection.
WHO guidelines recommend the determination of serostatus
before vaccine administration. However, this strategy along with
the absence of accurate, rapid diagnostic testing limits its cost-
effective and safe use. Furthermore use in pregnancy is not rec-
ommended [50].

1.10. Zika

There are at least nine vaccine candidates for the Zika vaccine
under clinical evaluation and 25 in nonclinical development to
date. The Target Product Profile outlined by the World Health
Organisation for vaccine use in an outbreak response would target
persons aged nine years and over with 80% coverage of the popu-
lation in order to prevent infection of the fetus up to one year after
completion of the primary series [51]. Initial challenges to vaccine
development are concerns that a ZIKA vaccine could result in an
autoimmune trigger of GBS [20]. Animal studies have provided
clues which suggest that neutralizing antibodies provide immune
protection and sufficient titers protect against infection in the
reproductive system, but this requires confirmation in clinical



110 T. Evans-Gilbert / International Journal of Pediatrics and Adolescent Medicine 7 (2020) 107—111

Table 1
CHIKUNGUNYA, DENGUE AND ZIKA VIRUSES Geographical distribution, clinical presentation,pathogenesis of vertical transmission, AND vaccine and therapeutic
developments.
Chikungunya Dengue Zika
Distribution Countries/ 111 152 79
territories
NonVector Vertical transmission Vertical transmission Infected blood, Vertical Transmission Blood transfusion, saliva,

transmission route
Clinical presentation 85% symptomatic

Clinical complications
General Population

Chronic joint pain, Severe organ dysfunction
and Encephalitis (esp. In elderly and persons
with comorbid illness)

organs or bone marrow
Primarily Asymptomatic
Pleural effusion and Ascites Dengue

hemorrhagic fever Dengue Shock
syndrome Acute liver failure

urine and bone marrow, organ transplantation
and semen

20% symptomatic overall 50% symptomatic
(Asian Lineage)

Guillain—Barré Syndrome

Myocarditis Encephalitis Kidney failure

Death
Oligohydramnios Antepartum

Pregnancy No increased risk in pregnancy

No increased risk in pregnancy

hemorrhage Postpartum hemorrhage

Pregnancy outcomes 50% vertical transmission during the
intrapartum period results in 12% symptomatic
newborns; most will develop severe multi-
organ disease

A high maternal viral load during the
intrapartum period and breaches in the
placenta facilitate transmission
Chikungunya human intravenous immune
globulin for at risk neonates

Vaccines under pre-clinical and clinical
development

Pathogenisis of vertical
transmission

Therapeutic modalities
under trial
Vaccine development

fetal loss; prematurity; low birth
weight; developmental defects and
neonatal infections

Placentitis and hypoperfusion

CYD-TDV (Dengvaxia ® not
recommended in pregnancy

Fetal loss, developmental defects including
microcepahly; optic nerve abnormalities;
bilateral macular, and perimacular optic
lesions; infant hearing loss

Placentitis; placental macrophages or Hofbauer
cells facilitate viral transfer from the placenta to
the fetal brain

Short term monoclonal antibodies during
pregnancy

Animal studies demonstrate immune
protection from ZIKA in the reproductive
system

trials. An additional strategy for pregnant women is the short term
use of monoclonal antibodies which provides immunity as they
await protective immunity from active immunization [52].

1.11. Vaccines and co-infections

Mice models demonstrate that immunization with inactivated
DENV enhanced ZIKV infection, which has potential implications
for maternal-fetal transmission and neurologic disease. Further-
more, inactivated ZIKV though highly protective against ZIKV
challenged mice resulted in severe disease in DENV infected mice.
These preliminary findings highlight safety considerations in the
design and development of vaccines to be used in areas with
cocirculating arboviruses [53]. Technology has attempted to inter-
rupt transmission by targeting transmission capacity in the vector
[32]. Vaccines that prevent the pathogen from completing its life-
cycle in the vector are called transmission-blocking vaccines.
Additionally, vaccines to mosquito saliva have the potential to
target co-infections [33].

2. Conclusion

DENV, CHIV, and ZIKV are often found in co-circulation and
share similar epidemiological patterns, clinical presentations, and
cross-reactive immune responses, which highlight the importance
of diagnostic vigilance. Though the pregnant state and the placenta
protect the fetus, genomic evolution of the virus has found ways to
breach these protective barriers in different ways through the
modulation of the immune system. Similarities of transmission
occur at inoculation of the pregnant host, but modification of the
host innate immune system by the virus determines symptomatic
presentation. Host and viral factors determine disease severity and
pregnancy outcomes are determined by the timing of exposure to
the fetus and ability to breach the placental barrier. Limited studies
on outcomes with co-infections suggest severe disease occur by
chance and that there is clinical and serological evidence of a
predominant viral expression. Animal studies suggest the potential

to inhibit vertical transmission of CHIKV and ZIKV and limited
transmission via breast-milk may reveal relevant information for
future vaccine research (see Table 1).
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