
Review Article

Clinical Microbiology and Infectious Diseases

Clin Microbiol Infect Dis, 2018         doi: 10.15761/CMID.1000138

ISSN: 2398-8096

 Volume 3(2): 1-9

Pregnancy associated arbovirus infections
Fauzia Nausheen1*, Shayan S Bashir2 and Dhammika N Atapattu1,3 

1Department of Medical Education, California University of Science and Medicine, Colton, California, USA
2Kennedy Medical Clinic, Brampton, Ontario, Canada
3Department of Pathobiological Sciences, University of Wisconsin - Madison, Wisconsin, USA

Abstract
Arboviruses are transmitted through bites of arthropod vectors. The virus, after replicating at the primary site, enters blood of the host (primary viremia), then it 
infiltrates reticuloendothelial system (secondary viremia), which is responsible for the symptoms. The common arboviruses associated with fetal abnormalities and 
neonatal infections are: Zika, Dengue, Japanese encephalitis (JEV), Yellow fever (YFV), West Nile virus (WNV) and Chikungunya.

The pathogenesis of arboviruses diseases is related to immune activation, production of inflammatory mediators and direct cell cytotoxicity. The laboratory tests are 
based on the detection of specific viral antigens, viral genomes and antibodies. Pregnancy associated viral infections produce symptoms ranging from fever, rash, 
arthralgia, conjunctivitis, paralysis, meningoencephalitis and hemorrhage.  

Vaccine preventable arboviruses include JEV, YFV and Dengue Virus (vaccine to be commercially available soon). An integrated approach involving health education, 
vector control, vaccine prophylaxis, good obstetric practices and advanced diagnostic technologies can reduce the global burden of disease.  
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Introduction
Arboviruses are the group of the viruses transmitted by arthropod 

vectors [1]. As many as 135 arboviruses are responsible for human 
infections. Historically, the connection between invertebrate vectors 
such as mosquitoes and human disease was first proposed by a Cuban 
doctor Carlos Finlay (1881) [2] and was later verified by Walter Reed 
(1901) [3]. The transmission of viral infections by the Aedes mosquitoes, 
was confirmed (1906) after an epidemic of Dengue fever occurred in 
18th and 19th century [4,5].

Arboviruses go through a life cycle that completes within a 
vertebrate host. The bite of an arthropod vector results in transmission 
of the microorganism [6,7]. The most common arthropod vectors 
are mosquitoes and ticks. Inside the host, the virus replicates at the 
primary site of infection and then enters the blood of host causing a 
primary viremia [8]. From the blood, these viruses enter the cells of 
the reticuloendothelial system where they further replicate, resulting 
in a higher viral load called secondary viremia [9]. These viruses are 
then transmitted from the host blood to other susceptible hosts via an 
infected vector that feeds on the infected blood of the host (Figure 1). 
The host can also act as the “dead end host’ if the amplification process 
resulting in viremia does not occur in the primary host. These are 
usually the intermediate hosts that does allow transmission of the virus 
to definite hosts as compared to an amplifying host in which pathogen 
amplifies and vector can get infected and transmit the virus [10]. 

Objective
The objective of this review is to assist health care workers with 

information regarding some of the common arboviruses: Dengue, 
Zika, West Nile, Yellow fever and Chikungunya.  

Dengue virus
Epidemiology

The first report of dengue-like disease comes from the Chinese 
medical encyclopedia dating back to 610 - 992 AD [11]. Dengue virus 
produces illnesses in about 96 million people annually throughout the 
world [12]. They are the members of the family: flaviviridae, genus; 
Flavivirus [5], and has at least four distinct antigenically related 
serotypes. The cycle starts with a human bite of female Aedes aegypti 
mosquito [13]. These infected Aedes mosquitos transmit dengue virus 
via their saliva. The incubation period of the disease is usually 4-6 days. 
Viremia develops during the late incubation period and may persists 
3-8 days or until the fever subsides [14,15].  

During the period of viremia, the mosquito may acquire infection 
from an infected human takes 8-10 days before it becomes capable of 
transmitting to another susceptible individual. The virus stays in the 
mosquito for its life span and mosquito acts as a carrier to transmit 
infections to several individuals. Epidemics of dengue virus infection 
usually occur with a single strain but if multiple strains are involved, 
it is referred to as an hyperendemic [16]. The vector density, their 
movement and the availability of susceptible individuals enhances 
the dengue virus transmission.  Aedes aegypti and dengue viruses 
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are endemic globally except for temperate Europe. Epidemic dengue 
hemorrhagic fever occurs predominantly in Asia and the Americas [17].

Pathogenesis

The pathogenesis depends on the genetic predisposition and 
immunity of host as well as viral virulence.  In the past 50 years the 
incidence of dengue has increased 30 folds, primarily in the Asia and 
the Americas. 

Dengue can result in severe disease if the patient is exposed to a 
different serotype during previous infections. Because the antibodies 
generated from the first infection do not neutralize but increase the 
uptake of virus into cells, it may result in enhancement of the infection.  

Thus, these antibodies are referred to as enhancing antibodies [18].

After a mosquito bite, dengue virus enters the skin and bind to the 
Langerhans cell membrane protein, DC-SIGN (Dendritic Cell-Specific 
Intercellular adhesion molecule-3-Grabbing Non-integrin), on the 
dendritic cells. Inside cells, the viral RNA starts replicating and release 
mature viruses. These viruses then continue to enter monocytes and 
macrophages [19].

The Dengue virus infections cause immune system activation and 
production of interferons via the JAK-STAT pathway. The antibodies 
produced against the virus help in phagocytosis of the virus and help 
virus particles to enter phagocytic cells and replicate further. 
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Figure 1. A schematic demonstrating the key stages of Arbovirus pathogenesis from the point of virus entry in the skin to the infection of neurons or other susceptible cells of the body
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The hemorrhagic disease of dengue is characterized by a 
vasculopathy and plasma leakage that may lead to shock and death. 
The exact cause of vasculopathy is not clear but it is associated with 
multiple factors like plasmablasts, complement and platelets. During 
the critical stage of infection, the virus specific plasmablasts expand 
to produce antibodies, and immune complexes that can activate 
complement and result in platelet depletion that is observed with 
dengue hemorrhagic fever. Platelet activation results in the release of 
vasoactive anaphylatoxins which lead to shock. Dengue virus is also 
known to enhance cytokine dependent (e.g. IL- 8) endothelial tight 
junction openings which contributes to increased vascular permeability. 
Activation of CD27+ and CD38+ plasmablasts can lead to a massive 
immune response after which, the soluble forms of these antigens 
increase in the plasma, as seen from cultures of purified polyclonally 
stimulated B cells. Therefore, plasma sCD27 (s: soluble) and sCD38 can 
be used as biomarkers that may be used to predict the clinical outcome 
of dengue infection [20]. Vascular leaks are due to sequestration of 
platelets in the micro circulation while elevation of IL-18 associated 
with dengue infections could result in thrombocytopenia, neutropenia 
and liver enzyme elevation causing hemorrhage [21]. Dengue exhibits 
an immunological phenomenon call “original antigenic sin” or Hoskins 
effect, which is observed with secondary dengue infections. This has 
implications on developing a successful Dengue vaccine which protects 
against all 4 antigenic types. 

Diagnostic testing

The classic dengue fever also called “break-bone fever”. It presents 
with a severe muscle and joint pains associated with an acute febrile 
illness, headache, retro-orbital pain and sometimes a rash [22]. 
Leukopenia, thrombocytopenia and elevated serum liver enzyme levels 
are the typical laboratory findings of dengue fever [23] With marked 
thrombocytopenia and increased vascular permeability, it can result 
in dengue hemorrhagic fever that can be associated with circulatory 
failure, shock and even death [24].

The confirmatory lab tests for dengue fever are: isolation of virus, 
dengue antibody rising levels in serum, and specific Dengue viral 
antigens or RNA in serum or tissue (WHO, 1998). Hemagglutination 
inhibition (HI) test, IgM capture enzyme linked immunosorbent assay 
(MAC-ELISA) and PCR also has been used [25-29].

Clinical presentations in mother, fetus and neonate

During pregnancy, the presentation of dengue viral infection 
can be confused with other obstetrics complications, such as HELLP 
syndrome (hemolysis, elevated liver enzyme and low platelet counts) 
and other hemorrhagic diseases [30].

There have been multiple case reports about the vertical 
transmission of dengue virus infection. In one study, a primigravida 
was diagnosed with dengue infection at 37 weeks of gestation. She 
underwent a cesarean section and a deeply meconium stained baby was 
delivered. Three days later she developed fever and respiratory distress. 
The platelet count of baby was very low (40,000/mm3) and both IgG 
and IgM anti-dengue antibodies were positive. The baby was treated 
successfully with platelet transfusion [31]. Similarly, neonatal dengue 
infection was described in a patient where the infection was diagnosed 
on the fifth day of birth and lasted for five days.  The platelet count of the 
baby dropped to 15,000 and anti-dengue antibodies were positive. Liver 
function tests (AST and ALT) were elevated. The dengue hemorrhagic 
fever has also been reported transmitted during the perinatal period 
in a primigravida.  She presented with fever, a low hemoglobin and a 

low platelet count. She delivered vaginally but the baby was meconium 
stained. Mother went into dengue shock syndrome on day 5 of delivery 
but recovered with treatment. Her laboratory results were consistent 
with a secondary dengue infection. The infant developed high grade 
fever with a convalescent rash on day 5. Laboratory tests indicated that 
the infant had a primary dengue infection which was confirmed by 
the polymerase chain reaction test for dengue type-2. Baby recovered 
uneventfully [32]. Most pregnant women with Dengue infection get 
thrombocytopenia ranging from 10,000-80,000/mm3. They also present 
with elevated liver enzymes (AST, 770-15.523 unit/l, and ALT 689-760 
unit/l.) and often the dengue shock syndrome.  The mortality due to 
Dengue during pregnancy is yet to be documented. However, it is a 
recognized risk factor of severe postpartum hemorrhage and should 
be considered when presented with peri-partum fever [25,29,33]. 
Neonatal dengue infections, after vertical transmission during the 
perinatal period, presents with low grade fever and a fine maculo-
papular rash mostly located on face and neck. Sometimes a petechial 
rash may be seen on the leg and thighs [28,29]. In neonatal dengue 
infection, liver and spleen were enlarged (liver 0.5-2 CM and spleen 0.5 
cm) below the costal margin. The PTT can be prolonged and fibrinogen 
levels are low [25]. In one case study, a premature infant with dengue 
fever died and had cerebral bleeding [26]. Liver enzymes, AST and ALT 
were raised in neonates with Dengue fever [26].

Management of dengue infection during pregnancy is mostly 
conservative. The mode of delivery should be based on obstetric 
indications. Neonates of mothers with dengue infection should be kept 
under supervision for any clinical or subclinical infections [32].

A novel live attenuated vaccine for dengue (Dengvaxia) is approved 
in five countries, but not commercially available in the US yet [34].

Zika virus
Epidemiology

Zika virus was first isolated in 1947 from a rhesus monkey of the 
Zika forest in Uganda. The primary regions with local mosquito - borne 
transmission of Zika virus are Central and South America, Caribbean 
islands, south Asia and Africa. In the United States, an increased 
number of cases has been documented in Florida and Puerto Rico. 
Human to human transmission is primarily via mosquitoes but it can 
also be transmitted during sexual intercourse, using of blood products, 
organ transplantation, vertically from mother to fetus and during 
accidental laboratory exposure [35-37]. Two main types of mosquitoes 
that transmits the infection are the female Aedes aegypti and Aedes 
albopictus. Virus has been isolated from numerous other species of the 
Aedes mosquitoes.   

Aedes mosquitoes acquires the virus after biting an infected person. 
In the mosquito the virus enters the salivary glands after replicating for 
5 to 10 days in the epithelial cells of the midgut. When the mosquito 
bites a healthy person, the virus infects the epidermal keratinocytes, 
skin fibroblast and Langerhans cells. Zika antigens in contrast to other 
flavivirids can be found in the nuclei of infected cells [37,38]. From the 
skin, it spreads to blood stream and regional lymph nodes. 

Pathogenesis

After the virus is transmitted across the placenta it kills the neural 
progenitor cells and interferes with their proliferation, differentiation 
and migration in the developing fetus [40]. Zika virus has been 
demonstrated in both neocortical and spinal neuroepithelial stem cells 
of virus infected microencephalic brains. The virus also infects glial 
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cells, resulting in the destruction of mitosis, structural disorganization 
and cell death [41]. Zika infected human microencephalic fetuses were 
found to have Zika viral RNA. Tissue sections of the infected human 
forebrains had Zika envelop proteins (E). Infected brain showed 
disrupted morphology with numerous ventricular protrusions and 
decrease in the density of basal processes. Neuroepithelia Stem Cells, 
(NES cells) and radial glial cells (RGCs) showed increase expression 
of cell surface proteins, AXL and TYRO 3, which serve as cell entry 
receptors [42]. Infected cells did not show significant changes in the 
number of mitochondria, but their shape and localization appeared 
different. Studies show that, TANK-binding kinase 1 (TBK1), a cellular 
kinase that is required for innate immunity and cell proliferation 
are differentially distributed (relocalized around mitochondria from 
cytoplasm) within the cells infected with Zika virus. This altered 
distribution of TBK1 within the cell results in change of cell-cycle 
dynamics which may influence the development of microcephaly of 
Zika virus infected fetuses. TBK1 inhibitor, Amlexanox was shown 
to exacerbate cellular effects induced by Zika virus infection [41]. 
Overall, the effect of zika virus on human NES cells and RGCs is to 
inhibit mitosis and increase cell death. Molecular mechanisms of these 
effects are beginning to unveil. Two main features of the Zika virus, 
neutrophism and teratogenicity makes it unique among arboviruses 
which could result human diseases of epidemic proportions. Primary 
mechanism by which the virus produce disease is by preferentially 
infecting stem cells and suppressing their multiplication and death 
by non-immunological means. Fetal brain being ‘immunologically 
immature’, non-immunological mechanisms of disease pathogenesis 
such as mitotic impairment and subcellular reorganization of organelles 
could contribute to clinical features of the Zika virus disease.  Like 
most other arboviruses, Zika virus usually cause a mild febrile illness in 
adults with a normal immune system.  

Clinical Presentations and diagnostic testing

The pregnant women exposed to Zika virus can present 
with symptoms such as fever, rash, arthralgia and conjunctivitis. 
Rarely, adults may present with Guillain – Barre syndrome and 
meningoencephalitis. They carry the viral RNA, 10 weeks after the 
onset of symptoms in their serum which increase the risk of congenital 
infection even without symptoms [43,44].

The CDC recommends a diagnostic approach for women a) < 2 or 
b) 2 to 12 weeks from the onset of symptoms or asymptomatic with 
possible Zika virus exposure, illustrated by an algorithm [44]. It has 
been shown that the vertical transmission is greatest during the first 
trimester.

Laboratory tests recommended by the CDC, include zika virus 
real time reverse-transcription polymerase chain reaction (RT- PCR), 
detection of Zika virus specific IgM and plaque reduction neutralization 
test. 

Fetal and neonatal presentations (The Zika syndrome)

The common fetal anomalies in utero are the calcification 
(intracranial) 27%, ventriculomegaly 33% and microcephaly 24% 
[46].  The key clinical finding is microcephaly with a congenital Zika 
syndrome early in pregnancy [47]. Other clinical features of congenital 
Zika syndrome include craniofacial disproportion in relation to 
microcephaly so the face appears large compared to head, Cutis girata 
(skin folds on scalp), ocular abnormalities (optic nerve abnormalities, 
microphthalmia, falciform folds, cataracts, retinal dysplasia, persistent 
fetal vasculature, nystagmus) [48], carniosyntesis (closed anterior 

fontanelle at birth) hypertonia/spasticity, hyperreflexia, seizures, 
irritability, arthrogryposis (arthrogryposis and club foot), ocular 
abnormalities, and sensorineural hearing loss with sever microcephaly  
and small for gestational age (40%) of infants [49,50]. 

Japanese encephalitis virus (JEV)
Epidemiology

JEV is the cause of the most frequent (about 68,000 cases/
year globally) and severe form of viral encephalitis and childhood 
neurological infections and disabilities [51].

Japanese encephalitis is endemic in the tropics especially when the 
weather is warm, humid and wet [52]. In endemic areas majority of 
the population can develop immunity following natural exposure to 
JEV [53].

JEV is a mosquito-borne flavivirus. JEV life cycle involves the 
Culex mosquitos and vertebrates (pigs) and birds as amplifying hosts, 
Humans are incidental and dead-end hosts in the JEV transmission 
cycle. The mosquitoes do not transmit JEV between humans because 
the viremia developed during an infection is insufficient for direct 
transmission. Therefore, they utilize pigs and ardeid birds which are 
the most important sources for amplifying the virus for human to 
human transmission to occur [15].  

About 709,000 cases of Japanese encephalitis are estimated to occur 
globally each year (WHO Bulletin, 2011). It is one of the leading causes 
of adult and pediatric viral encephalitis, and childhood disability in Asia 
[51]. JEV typically affects children less than 15 years of age but travelers 
of any age can be affected. In sub-temperate climates (including China, 
Japan, South Korea, Nepal, northern Vietnam, and northern India), 
JEV cases occur during the season of heavy rainfall [54]. In tropical 
climates (including Cambodia, Indonesia, southern Vietnam, Sri 
Lanka and southern Thailand), the transmission occurs throughout the 
year, but it increases during rainy/monsoon seasons [54].

Pathogenesis

JEV consist of a single positive strand RNA genome surrounded 
by a nuclear capsid and a glycoprotein envelop. It encodes for a 
protein which is post-transationally modified to generate 3 structural 
proteins and seven non-structural proteins. The structural protein E is 
immunogenic and required to enter host cells by a mechanism of viral 
membrane fusion to the host endosomal membrane and releasing of 
the nucleoplasmid to the cytoplasm. Virus particles are taken up by 
Langerhans’s cells of the skin and are transported to the regional lymph 
nodes. The primary immune response to the virus is usually abortive. 
Secondary viremia which results from infection of secondary lymphoid 
organs resulting in infections of organs such as kidney, liver, spleen 
and later the brain. The virus has the capacity to cross the blood-brain 
barrier directly or carried into the CNS via infected inflammatory cells, 
monocytes and macrophages or by crossing the endothelial lining 
of cerebral vessels. JEV can cause extensive brain damage resulting 
in neuronal loss primarily due to the secretion of pro-inflammatory 
cytokines and chemicals such as TNF-α, IL-1, Rantes, MCP-1 and NO.  
JEV can invade the central nervous system and consequently induce 
neuroinflammation, which is characterized by profound neuronal 
cell damage accompanied by astrogliosis and microgliosis [55]. 
Experimentally when human glioma cells (U251) and mouse microglial 
cell lines (BV-2) are infected with the JEV, they produce significantly 
high amounts of proinflammatory cytokines. Interestingly, it’s shown 
that an increase in proinflammatory cytokines is associated with over 
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expression of the intermediate signaling protein, JNK 1 (jun n-terminal 
kinase 1). These studies indicate the importance of JNK 1 dependent 
signaling pathway in the pathogenesis of JEV induced inflammation in 
microglia and neuronal cells in mice [56].

Many vaccines are available to prevent of JEV infection. All of 
them are based on genotype III virus. These are: Live attenuated SA 14-
14-2 (in China), Inactivated vero-cell derived vaccines, IC51 and Live 
ChimeriVax – JE [57].

Clinical presentation and diagnostic testing

Acute encephalitis is the commonest clinical presentation of JEV 
infection. The milder forms can present as headache, aseptic meningitis 
and nonspecific febrile illness [51].

Initial symptoms include fever, diarrhea, and rigors that can be 
followed by headache, vomiting, and a generalized weakness. Over the 
next few days, the mental status might change, and patient may present 
with abnormal behavior or psychosis. Subtle motor seizures (usually 
generalized tonic-clonic) are very common among children who may 
present with twitching of a digit, eye deviation, or irregular breathing 
[58].

The laboratory diagnosis of JEV infection is by ELISA which can 
detect JEV specific IgM antibodies in serum or CSF during 3rd to the 8th 
day of infection. CSF antibodies are detectable five to eight days after 
the onset of symptoms in 70 - 90 % of JEV patients. The antibodies in 
serum are detectable in about 60 - 70 % of patients collected at least nine 
days after the onset of symptoms [59,60]. Sometimes, histopathology 
with immunohistochemistry and virus culture of autopsy tissues can 
also be used. 

Definitive diagnosis is by virus isolation or detection of viral RNA 
with nucleic acid amplification tests [60].  

Clinical presentation in fetus and neonate

JEV gestational infection in mice is primarily vertical. In pigs JEV 
infection during pregnancy could be asymptomatic but can result 
in abortions and stillbirths [58]. Reports on human studies are very 
limited. 

Symptomatic disease is found in less than one percent of people 
which can lead to severe encephalitis with high mortality (25%). 
Infected subjects have a spectrum of clinical disease ranging from 
fever and, headache, to more severe symptoms such as convulsions. 
Neurological symptoms include generalized or asymmetrical muscle 
weakness, flaccid or spastic paralysis and extrapyramidal signs. Severe 
cases may develop multiple seizures or status epilepticus, which are 
generally associated with a poor clinical outcome. 

The illness acquired during the first and second trimester of 
pregnancy can infect the fetal and placental tissues resulting in 
abortion and stillbirths. Third trimester infections usually do not 
cause abortions. However, congenital infections have been reported in 
susceptible populations with little or no immunity.     

The diagnosis of JEV infection during pregnancy is established on 
the basis of the clinical presentation, rising titers of hemagglutination-
inhibiting antibody, and the presence of virus specific IgM antibodies. 
The first report of human vertical infection of JEV was presented in 
1980 during a widespread epidemic. This report showed that the effects 
of JEV on fetuses of pregnant women could vary widely. Two infected 
women delivered normal neonates while two other women had 

abortions. The JEV was isolated from brain, liver and placental tissue of 
one of the aborted fetus [61].

West nile virus (WNV)
Epidemiology

WNV is one of the most widely distributed arboviruses across 
the globe. In 1999, it was detected in America, in the New York City, 
during an outbreak. WNV is distributed extensively in Africa, Middle 
East, Russia, South Asia, and Australia [13]. It is also endemic in North 
America [62].    

WNV is transmitted to humans primarily through the bite of 
infected female Culex species of mosquitoes. It is a neurotropic 
flavivirus that is antigenically related to Japanese encephalitis (JEV) 
and St Louis encephalitis viruses. Since its discovery in the New York 
City in 1999 and since then about 6000 cases have been reported in the 
US [63,64].

Pathogenesis

Virus deposited in the skin is taken up by dermal dendritic and 
Langerhans cells which are transported to the regional lymph nodes. 
Primary viremia results from replication in the regional lymph nodes 
which are then transported to the peripheral organs such as spleen and 
liver. Secondary viremia which result from replication in these organs 
are cleared by about day 6-8 to reach the brain and spinal cord by 
crossing the blood brain barrier. Like with most other neurotrophic 
viruses, WNV induce a pro-inflammatory cytokine response in the 
brain which is responsible for neuronal damage. Viral capsid proteins 
are responsible for apoptotic cell death contributing to the pathology 
of the disease. Cell culture studies show WNV associated upregulation 
of apoptotic cell death via increase expression of NF-kappa and TNF 
receptor associated factor1 genes.  

Clinical presentation in adults and diagnostic testing

The clinical presentation of WNV infection is usually characterized 
by an abrupt onset of fever, headache, malaise, back pain, myalgias, 
and anorexia. It can present as a self-limiting illness without fever [69]. 

Patient may present with eye pain, rash, pharyngitis and gastrointestinal 
tract symptoms (nausea, vomiting, diarrhea, and abdominal pain) [66]. 
The neuro-invasive disease with WNV can present as fever, meningitis, 
encephalitis or flaccid paralysis with mortality rate of 10% [67].

The diagnosis is confirmed by the WNV specific IgM antibodies 
in serum or CSF. The diagnostic test IgM - ELISA that is optimal for 
the detection WNV specific IgM which is simple and sensitive, for 
serum and CSF samples. The more specific antibody test is the Plaque 
Reduction Neutralization Test (PRNT). PRNT is not commercially 
available but can be performed at the CDC and some other US health 
department laboratories. Detection of virus is highly specific but has 
limited value for routine diagnosis because of the short-lived viremia 
[68].

Fetal and neonatal syndrome

The congenital WNV infection was described for the first time 
in 2002, with bilateral chorioretinitis and severe bilateral cerebral 
destruction [69]. A study of 77 women from 16 different states infected 
with WNV during pregnancy in 2003-2004 was published by the 
state health department. Among the 77 pregnant women infected 
with WNV, 4 women aborted spontaneously and 2 opted for elective 
abortion. Among the 72 live births, 54 newborns were found negative 
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for anti-WNV IgM. The major malformations noted among the 7 live-
born infants were aortic coarctation, cleft palate, Down syndrome, 
microcephaly, and polydactyly. Abnormal growth was shown in 8 
infants and one had a glycogen storage disease. Women were infected 
equally (~33%) during all 3 trimesters. 

The anomaly rate was 10.6% which was above the rate for general 
population (5.5%) suggesting that WNV infection may be a reason for 
congenital anomalies observed in these patients [70].

Chikungunya virus (CHIKV)
Epidemiology

Discovered in 1952 in east Africa, CHIKV moved to Asia and 
South America in the past few decades. It is an alpha virus that has 
reemerged unexpectedly, in the Indian subcontinent. It is endemic to 
Asia and Africa and is transmitted by many mosquito species including 
A. aegypti. There is a limited information about the pathogenesis of 
CHIKV [71]. It gives rise to a febrile flu like illness often associated with 
rash, and arthralgia. Thrombocytopenia associated with hemorrhage is 
rare although ocular complications with the meningo-encephalopathy 
could occur in children.

Pathogenesis

CHIKV is a single stranded positive sense RNA  virus which undergo 
receptor (ICAM-3, CD209, CLEC4M) mediated endocytosis and 
release of nucleocapsid and viral genome into the cytoplasm. Genomic 
RNA undergoes replication via a negative RNA strand intermediate 
where nucleocapsid assembly and RNA packaging into budding virus 
particles takes place. These virions disseminate through blood into 
various organs such as brain heart kidney, liver and the muscular 
skeletal system [72]. Non-hemopoietic fibroblast are susceptible to 
the viral infection along with monocytes and macrophages which in 
turn are responsible for synthesis of pro-inflammatory cytokines such 
as IL1- β, IL- 6, TNF- α, which are the key pyrogens. These cytokines 
contribute to joint inflammation and tissue destruction which are 
predominant symptoms of the disease.  A study done with patients 
infected with CHIKV had elevated levels of RANKL an osteoprotegerin 
(OPG) which is associated with high activity of macrophage derived 
osteoclasts. Osteoclast cause bone erosions leading to chronic bone and 
joint disease [73].

Clinical presentations and diagnostic testing

The virus enters and replicates in the skin through a mosquito 
bite and then disseminates hematogenously to organs such as liver, 
muscle, spleen, brain and joints. Virus transmission from mother 
to the child at birth was first identified in Feb 2006 [74,75]. Vertical 
transmission resulted in congenital malformations, still births and 
growth restrictions and preterm delivery [76]. Hyperpyrexia associated 
with this infection can result in fetal heart arrhythmias and stimulate 
spontaneous preterm delivery. Although uncommon, there are 
reports where hemorrhagic syndrome was manifested by excessive 
vaginal bleeding during delivery similar to dengue hemorrhagic 
fever [77,78]. A recent study which included 1400 pregnant women 
whose chikungunya infection was confirmed by specific serology or 
RT- PCR, 93% of them were symptomatic during pregnancy. Overall 
the outcome of chikungunya infection during pregnancy has been 
reduced mean birth weight, still births and congenital malformations. 
The most common malformations observed were neural tube defects, 
cardiovascular defects, genito-urinary tract anomalies, musculoskeletal 
defects and rare chromosomal aberrations.79 Laboratory diagnosis of 

CHIKV is by demonstrating the virus, viral nucleic acid, or CHIKV 
specific IgM and neutralizing antibodies. Viral cultures may be positive 
during early stage of illness. CHIKV, RNA can be identified from 
serum in the first week of the illness. Definitive diagnosis is made by 
comparing convalescent-phase samples with acute-phase sample tests. 

Yellow fever virus (YFV)
Epidemiology

Approximately 200,000 cases occur annually [79], mainly in Africa 
where human populations is dense and immunization coverage is low 
(“urban yellow fever”) [80,81].

Pathogenesis

YFV has a positive sense single stranded RNA genome, which 
produces 3 structural and seven non-structural proteins. Non-
structural protein E is responsible for attachment and internalization of 
the virus. Anti-E antibodies inhibits these functions. There are 7 major 
genotypes of yellow fever RNA virus [81,82]. After the virus is released 
from the mosquitoes into the skin, it enters regional lymph nodes 
where it multiplies and results in a primary viremia. In 24-hours the 
virus enters the liver and many other organs. Liver is the primary site of 
infection, results in mid-zonal hepatic injury where many hepatocytes 
will undergo apoptosis. This might explain the relative absence of an 
inflammatory response seen in specimens of the yellow fever liver. Most 
hepatocytes in the mid-zone carry viral RNA indicating differential 
infection of liver with the virus.  

Clinical presentation and diagnostic testing

The clinical  presentation is characterized by three phases of the  
infection where the first phase is, nonspecific symptoms and signs 
including fever, malaise, headache, joint pain, nausea, and vomiting. 
The second phase is remission period that can last up to 48 hours. The 
third phase of intoxication is characterized by hepatic dysfunction, 
renal failure, coagulopathy, and shock. During the first phase, the 
viremia gives symptoms, leukopenia and elevated serum transaminase 
level. Most patients recover and go into remission, however 15% can 
enter the third phase of intoxication that may present as recurrent 
fever, vomiting, jaundice, and bleeding diathesis [79].

The diagnosis is accomplished by the ELISA assay for viral specific 
IgM and identification of viral genome by PCR and a neutralization 
test. The treatment of yellow fever consists primarily of supportive 
care.  Prevention is achieved by the live attenuated vaccine (17D strain) 
that is used in endemic areas and in travelers. The vaccine produces 
immunity within 10 days, and revaccination is recommended every 10 
years [82].

Presentation in fetus and neonate

In a study done in Brazil, maternal seroconversion was found to 
be very high during the first trimester of pregnancy after vaccination 
for yellow fever. The adverse prenatal effects found were similar to the 
general population [83].

Conclusion 
Arboviral infections of pregnant women are considered to be the 

major cause of maternal, fetal and neonatal mortality and morbidity. 
These viruses infect mothers most commonly through mosquito bites 
and can infect fetuses/neonates through vertical transmission, vaginal 
blood and secretions and postnatally from breast milk [84]. The types of 
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viral agent, gestational age at exposure and immunological immaturity 
of the fetus determines the clinical manifestations of mother and 
her newborn infant. There is a compelling evidence that some of the 
arboviruses result in fetal abortion and congenital anomalies. World 
wide data shows that 402,000 out of 2.68 million neonatal deaths /year 
are due to the congenital anomalies. The arboviral infections sometimes 
can result in sever disease as illustrated in table 1. Many arboviruses 
have changed infection dynamics due to factors such as demographic 
changes, population growth, international travel, vector dynamics, 
nutritional factors, climate changes and mutations of the viruses. Direct 
viral effects (e.g. apoptotic cell death, rate of cell multiplication) on the 
developing embryo/fetus could result in developmental anomalies and 
growth retardation. The most commonly used methods of perinatal 
diagnosis of arboviral infections are by detection of viral specific 
- antigens, - IgM/IgG and - RNA. There are a few vaccines available 
(Yellow fever, JEV) that can be safely used in pregnancy. Prevention is 
the key for controlling arboviral disease. 
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Virus Pathogenesis / Vector Maternal infection presentation/s Diagnosis Fetal / neonatal anomalies Vaccines

Dengue

Vasculopathy due to complement 
activation & enhancing antibodies 
followed by plasma leakage / Aedes 
species of mosquitoes

"Break-bone fever",
Dengue hemorrhagic fever (DHF)

specific viral antigens or 
RNA in serum or tissue Fetal/neonatal hemorrhages

Under review (will 
be commercially 
available soon)

Zika
Cell death and dys-mitosis of 
neuroepithelial stem cells / Aedes 
species of mosquitoes

Fever, rash, arthralgia, conjunctivitis, 
Guillain-Barre syndrome (rare) and 
meningoencephalitis

RT- PCR, specific IgM 
and plaque reduction 
neutralization test

Microcephaly 24%, calcification 
(intracranial) 27%, ventriculomegaly 
33%

None

Japanese 
encephalitis

Cytokine driven neuroinflammation 
and cell death /Culex species of 
mosquitoes

Acute encephalitis
(headache, aseptic meningitis and 
nonspecific febrile illness
vomiting, and generalized weakness)

IgM-ELISA and RT- 
PCR for viral RNA

Live chimeric and 
Inactivate vaccines 
available

West Nile
Pro-inflammatory cytokine induced 
apoptotic cell death of neurons / Culex 
species of mosquitoes

Fever, headache, malaise, back pain, 
myalgia, and anorexia.
aseptic meningitis/ encephalitis 
symptoms

IgM-ELISA,
Plaque reduction 
neutralization test, Virus 
isolation PCR

Congenital malformations, 
(microcephaly, polydactyly, 
chorioretinitis etc., and growth 
retardation of infants

None

Rift valley fever
NSs proteins induced IFN-β inhibition 
and apoptosis of host cells / Aedes and 
Culex species of mosquitoes

Fever, joint pain, rash and 
hepatic dysfunction, meningitis/
meningoencephalitis, hemorrhage

IgM-ELISA, antigen 
detection ELISA and 
PCR

Abortions, rash, hepato-splenomegaly 
with ALT/AST elevation, bleeding 
diathesis

None

Chikungunya

Pro-inflammatory cytokine induced 
joint and tissue damage, high number 
of osteoclasts induced bone erosion / 
Aedes species of mosquitoes

Fever, headache, rash and photophobia, 
bone density changes and chronic bone 
and joint disease

IgM/IgG-ELISA, RT-
PCR

Congenital malformations, still births, 
uterine growth retardation, fetal heart 
defects

None

Yellow fever Apoptosis of hepatocytes (mid-zonal) / 
Aedes species of mosquitoes

Fever, headache, joint pain, vomiting, 
hepatic dysfunction (icterus), renal 
failure, coagulopathy, and shock.

IgM-ELISA, PCR for 
viral RNA Inconclusive data

Live attenuated 
vaccines for 
travelers to Africa 
and S. America

Table 1. Summary of common arboviruses causing pregnancy associated infections
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