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Abstract Zika virus (ZIKV) is a mosquito borne flavivirus that exhibits wide range
of transmission routes including mosquito, transplacental, sexual contact, blood
transfusion and organ transplantation. ZIKV is highly neurotropic which infects
central nervous system (CNS) in adult and developing brain. As of 2021, at least 86
countries and territories have been reported with autochthonous transmission of
ZIKV. Preexisting flavivirus specific sero-cross reactivity antibodies may results in
antibody dependent enhancement (ADE) of ZIKV infection with significant higher
viral load and severe disease outcomes. However, the mechanism of ADE has not
been completely understood. Upon ZIKV infection, innate immune system,
humoral immune response and cellular mediated response get activated. Even
though, the virus has developed several immune escape strategies for successful
infection. Currently there is no specific treatment available for ZIKV infection and
the treatment relies on the symptomatic relief of the patients. However, several of
the drug candidates have been discovered and are currently in the clinical trials.
Molecules have been targeted against potential viral proteins including entry
inhibitors, protease inhibitors and replication inhibitors. In spite of progress made in
this area, the absence of clinically approved drug or vaccine increases the chances
of recurrent outbreak in endemic regions and therefore needs utmost attention in
this issue.
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1 Introduction

Zika virus (ZIKV) is a flavivirus which gets transmitted primarily via bite of
infected Aedes aegypti mosquito. ZIKV is also transmitted from mother to fetus via
crossing transplacental barrier, through sexual contact, (Musso et al. 2019) blood
transfusion (Joob and Wiwanitkit 2019) and organ transplantation (Fig. 1)
(Nogueira et al. 2017). The incubation period of ZIKV infection is 3—14 days from
the exposure to the virus. Most of the individuals infected with ZIKV remain
asymptomatic. However, mild symptoms for 2—7 days may arise in few individuals
which ranges from fever, joint pain, rash, headache and malaise (Baud et al. 2017).
During pregnancy, ZIKV infection in mother may cause intrauterine growth
restriction, preterm birth and miscarriage as well as ZIKV may be transmitted to
fetus which causes infants to be born with Zika syndrome (Teixeira et al. 2020)
including cerebral atrophy, cortical and/or periventricular calcifications, corpus
callosum abnormalities, ventriculomegaly, including congenital malformations like
microcephaly (Ribeiro et al. 2017).

Adults and children infected with ZIKV are at the risk of neurological com-
plications including neuropathy, myelitis, encephalomyelitis, encephalitis,
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Fig. 1 ZIKV transmission cycle. ZIKV transmission initiate when an infected mosquito bites to
an individual, family members or community for its transmission. The transmission cycle also
involve the transplacental transmission of ZIKV to fetus, sexual contact and via blood transfusion
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meningoencephalitis, sensory polyneuropathy and Guillain-Barré syndrome
(Munoz et al. 2018). Neuropathological investigations of ZIKV infection have
shown the presence of ZIKV in brain and cerebrospinal fluid samples (Fig. 2).
These findings suggest that ZIKV is highly neurotropic which infects central ner-
vous system (CNS) in adult and developing brain (Chimelli et al. 2017). ZIKV
replication follows the similar mode of replication cycle as other flaviviruses.
Dendritic cell-specific intercellular adhesion molecule 3-grabbing nonintegrin
(DC-SIGN) is the primary cellular receptor involve in the receptor mediated
internalization of ZIKV (Hamel et al. 2015). The acidic environment inside the
endosomal compartment induces the fusion of viral envelope protein with endo-
somal membrane that results in release of ZIKV RNA into the cytoplasm (Agrelli
et al. 2019). The positive sense RNA genome of ZIKV is a 10.8 Kb which com-
prised of ~ 100 nucleotides of 5’ untranslated region (UTR), a single open reading
frame (ORF) of ~10 Kb and a 3" UTR region of ~420 nucleotides (Wang et al.
2017). The single ORF encodes for a single polyprotein that gets processed into
structural proteins as capsid (C), precursor membrane protein (prM), envelop
(E) and non-structural proteins as NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5
(Rossignol et al. 2017). These proteins assist in the replication of viral RNA at the
endoplasmic reticulum surface where viral RNA and proteins assembled to generate
immature virions. Upon furin-mediated cleavage of prM to M protein, these virions
get mature in the trans-Golgi network and results in the process of egression

(Rossignol et al. 2017).
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Fig. 2 Transplacental transmission of ZIKV. 70-80% of ZIKV infection during pregnancy may
not transmit the virus to fetus. Whereas, 20-30% of ZIKV infection during pregnancy may
transmit the ZIKV to fetus and may cause preterm birth and miscarriage (4—7%) and may be
transmitted to fetus which results in microcephaly (4—6%) or asymptomatic cases with medium or
long term sequelae
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2 Epidemiology of Zika Virus Infection

In 1947, ZIKV is first identified in sentinel rhesus monkey in Uganda and later in
1952, identified in humans in Uganda and United Republic of Tanzania. However,
little attention was paid until 2007, when a major outbreak of ZIKV reported in the
Yap State of Micronesia. Consequently, in year 2013 outbreaks were reported in
French Polynesia and subsequently in other Pacific Islands. Till date, the largest
outbreak of ZIKV has been reported in Brazil in year 2015-2016 with over 200,000
cases where over 8000 babies were born with malformations caused by ZIKV (Hills
et al. 2017). Recent epidemiological data helps in understanding of global Zika
transmission and its associated challenges. As of 2021, at least 86 countries and
territories have been reported with autochthonous transmission of ZIKV that includes
Africa, America, South-East Asia and Western Pacific regions (Fig. 3) (https://www.
who.int/health-topics/zika-virus-disease#ftab=tab_1). Several factors including
prevalence of mosquito vectors, global trade and travel, tropical/subtropical climate,
poor waste management has causes recent emergence of Zika virus in countries like
China, India, Indonesia, Maldives, Thailand, and Pakistan in recent years. Due to
co-circulation of dengue in endemic tropical and sub-tropical region, it has been
estimated that people living in 2 million square kilometer are at the highest risk of
getting ZIKV infection (Messina et al. 2016). In these individuals, people may be
diagnosed with co-infection with Zika and dengue both. A retrospective population
based serological survey in Indonesia revealed that by the age of 5 years approxi-
mately 9% of the children had previous ZIKV infection. Seasonal patterns of ZIKV
transmission in Thailand demonstrated that transmission coincided with dengue virus
by sharing common mosquito vectors. In year 2018, ZIKV outbreak has been
reported in Rajasthan, India (Saxena et al. 2019).

3 Antibody-Dependent Enhancement

Preexisting flavivirus specific sero-cross reactivity antibodies may results in anti-
body dependent enhancement (ADE) of ZIKV infection with significant higher
viral load and severe disease outcomes (Dejnirattisai et al. 2016). ADE has been
studied extensively specifically with respect to secondary dengue infection, which
is attributed by the observation that pre-existing antibodies that results in secondary
infection such as DSS and/or DHF which is more severe form of DENV infection
(Guzman et al. 2013). The cross-reactive antibodies facilitates the viral uptake that
increases the severity of infection by forming a complex between the cross-reactive
Abs and the viral particles and, hence, helping these particles to get internalized via
Fc gamma receptor (Moi et al. 2010). Considerable degree of genetic similarities
and structural homology among ZIKV and other flaviviruses, results in a generation
of sero cross-reactivity antibodies (Rathore and St John 2020). Additionally,
in vitro studies shows human monoclonal Abs (mAbs) to the DENV fusion loop
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Fig. 3 Epidemiology of ZIKV showing the countries or territories that have reported with ZIKV
infection as well as areas where the mosquito are present or absent with no evidence of ZIKV
transmission as per Centers for Disease Control and Prevention (https://wwwnc.cdc.gov/travel/
files/zika-areas-of-risk.pdf)

epitope causing ADE of ZIKV in Fc receptor bearing cell lines which is shown to
be facilitating ZIKV infection (Priyamvada et al. 2016). On the other hand, DENV
patient derived mAbs to EDEl (E dimer-epitope) which neutralizes all the four
serotypes of DENV, in vitro, neutralizes ZIKV too, with a high potency, whereas
EDE2 binds, but does not significantly neutralizes ZIKV (Fernandez et al. 2020).
Similarly, when the convalescent plasma from DENV/WNYV infected samples was
transferred in vitro, enhancement of ZIKV infection has been found which is
mediated through Fc gamma receptors (Swanstrom et al. 2016). Although, WNV
mediated Abs shows less cross-reactivity to ZIKV in comparison to
DENV-mediated Abs, but when studied, human polyclonal Abs against WNV is
reported to be cross reactive towards ZIKV resulting in enhancement of ZIKV
infection both in vivo and in vitro (Bardina et al. 2017). So far, ADE response
during ZIKV infection has not been clearly understood.

4 Understanding the Host-Immune Response

Nucleic acid receptors such as RIG-I-like receptors (RLRs) activate upon binding to
the viral RNA and initiate the release of interferon (IFN) via stimulating IFN
receptor subunits that activates the JAK-STAT pathways and thereby establishes an
antiviral state (Rehwinkel and Gack 2020). ZIKV NSI1 protein has been shown to
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involve in the immune escape mechanism by inhibiting the type 1 IFN signaling
pathway (Xia et al. 2018). In addition, NS5 protein has been shown to degrade the
STAT?2 protein that results in inhibition of IFN signaling pathway (Grant et al.
2016). Humoral immune response confers first-line of protection against flaviviral
infection. B cell mediated antibody response is crucial in any viral infection and
may results in the development of effective vaccines. The E, prM and NS1 protein
has been found to elicit stronger antibody response which has been utilized in
several studies that shows protection against ZIKV infection in various models
(Amrun et al. 2020). Strong B cell response suggests a crucial role in ZIKV
infection that helps us to identify B cell epitopes identified specifically from NS1
protein which have been found to be preventive upon challenged with ZIKV (Kam
et al. 2019). Similarly, envelope has been found to contain B cell epitopes espe-
cially from the domain III region and has been found to protect mice upon chal-
lenged with ZIKV infection (Yang et al. 2017). Cell mediated immune response
also plays a crucial role in prevention of viral infections. Both CD8* and CD4" T
cells are involved in cell mediated immune responses during ZIKV infection
(Winkler et al. 2017). Protective role CD8" T cells in during ZIKV infection has
been validated by observing susceptibility of infected mice towards the ZIKV
infection in its absence (Elong Ngono et al. 2017). In addition, adoptive transfer of
ZIKV specific CD8" T cells has been found to protect mice challenged with ZIKV
infection by reducing the viral load (Huang et al. 2017).

5 Investigational Medicines for the Treatment of Zika

Currently there is no specific treatment available for ZIKV infection. However, the
treatment relies on the symptomatic relief of the patients. According to CDC, the
recommended treatment for ZIKV infection is to take plenty of rest, enough fluid
intakes to prevent dehydration, acetaminophen for reducing fever and pain and not to
use aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) until dengue has
been ruled out (https://www.cdc.gov/zika/symptoms/treatment.html). Considering
the replication cycle of ZIKV, several of the potential drugs targets have been iden-
tified for the development of effective antiviral drugs. Inhibitors that can interfere with
the interaction of viral envelope protein with host cell receptors may be used for the
development of potential entry inhibitors. One of the natural product nanchangmycin
derived from Streptomyces nanchangensis, has been shown to act via inhibition of
AXL receptors and abolishment of viral internalization process via receptor mediated
endocytosis (Rausch et al. 2017). Compound screening of entry inhibitor has revealed
ZINC33683341 molecule as a potential entry inhibitor during ZIKV infection
(Fernando et al. 2016). RNA dependent RNA polymerases have been well charac-
terized and explored drug targets due to its essential role in virus replication and
production of progeny virus. Nucleoside analogues including its phosphoramidate
product have been shown be a promising RdRp inhibitors. Several of the potential
drug candidates have been investigated against ZIKV. 3’-O-methylribonucleosides
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and 2'-C-methylated ribonucleoside has been found to exhibits inhibitory effect on
ZIKYV replication with less toxicity (Boehr et al. 2019). Adenosine analogues named
as NITDOOS has been shown as a potent anti-ZIKV activity in cell culture model
where in it reduces the viremia and prevent virus induced cell death (Deng et al. 2016).
This compound has been also found to inhibit DENV replication. However, due to
associated toxicity, the NITD0O8 has been discontinued from the pipeline of drug
discovery for ZIKV. One of the nucleoside analogue named as 7TDMA which has been
designed for the treatment of HCV has been found as a potent inhibitor of ZIKV
infection in cell culture and animal model (Zmurko et al. 2016). However, it has not
been successful in clinical trial. Similarly, the clinically approved HCV drug,
sofosbuvir has been extensively studied for its activity against ZIK'V infection. In both
cell culture and model, sofosbuvir has been found to exhibit potent antiviral activity
(Bullard-Feibelman et al. 2017). FDA has considered the sofosbuvir as a pregnancy
class B drug for the treatment of HCV infection and therefore it might be an ideal drug
candidate for ZIKV treatment in pregnant women. In addition, ribavirin which has
been also developed as an anti-HCV drug, found to exhibit antiviral properties against
ZIKV infection (Kamiyama et al. 2017). Galidesivir which is an adenosine analogue
drug developed for filoviruses and YFV has been shown to be effective against ZIKV
infection (Lim et al. 2017). In addition to nucleoside based analogues drugs, several of
the non-nucleoside drug candidates have been tested. NS2B-NS3 protease of ZIKV is
the most targeted ZIKV proteins for the development of antivirals due to its crucial
role in replication and maturation. A boric acid containing dipeptides inhibitors have
been designed which showed strong antiviral activity. This compound has been found
to exhibits broad spectrum anti-flaviviral activity (Lei et al. 2016). Similarly, a
pyrazole ester derivative has been developed as a covalent inhibitor of protease
activity (Li et al. 2018). Apart from these drug candidates, complementary and
alternative medicine in alliance with conventional medicine may be used for Zika
therapeutics and prevention (Saxena et al. 2016).

6 Conclusions

Zika virus is an emerging mosquito-borne flavivirus infection that causes Zika
syndrome and various neurological complications in adults. The absence of clini-
cally approved drug or vaccine increases the chances of recurrent outbreak in
endemic regions. Several of the vaccine candidates have been developed while
understanding the immunogenicity of ZIKV proteins and host cellular response
during infection. Presence of flavivirus sero-cross reactivity antibodies may results
in antibody dependent enhancement (ADE) of ZIKV infection that significantly
increases the viral load with severe disease outcomes. Currently there is no specific
treatment available for ZIKV infection and the treatment relies on the symptomatic
relief of the patients. However, several of the drug candidates have been discovered
and are currently in the clinical trials.
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7 Future Perspectives

Intense research is required for the better understanding of ZIKV pathogenesis in
various models focusing on developmental biology, transplacental transmission and
neurological complications. In addition, basic research long-term cohort studies
needs to be conducted for the better understanding of the disease impact as well as
assessment of the risk for coming future. In this regard, leading heath organizations
should establish a surveillance monitoring system in endemic areas of flaviviruses
for co-infection cases that will help us to understand more about ADE of ZIKV
infection. Due to increased risk associated with pregnant women and related
congenital abnormalities, non-essential travelling to the affected areas needs to be
avoided by travelers. Due to absence of clinically approved vaccine or drug,
personal protective measures need to be compelled.
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