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ABSTRACT

Zikavirus (ZIKV) is amosquito-borne virus which startled the world with its tremendous outbreaks in Africa, America, Asia, and Pacific region. Although
the symptoms are mild such as fever and headache, its complications are severe in newborn: Guillain-Barre Syndrome and congenital Zika syndrome
including microcephaly. Its ability to transmit through vector and non-vector means especially vertical transmission made it a potential threat. The
World Health Organization with the support of other organizations implemented several programs to eradicate the spread of the virus. Development
of a vaccine for ZIKV is still under clinical trials. An anti-hepatitis C drug was repurposed for treating infected persons especially pregnant women
to limit vertical transmission of ZIKV. This review focuses on the historical background, structure, phylogeny, transmission, symptoms, diagnosis,
prevention, and treatment of ZIKV along with strategies planned for control and monitoring of ZIKV.
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BACKGROUND

Zika virus (ZIKV) is a 70 years back begun story to which still scientists
are searching for an end. It was identified in Uganda and stretched
over Africa, America, Asia, and the Pacific. It emerged as primary
health concern infecting millions of people manifesting neurological
complications and congenital malformations. This piece of writing
provides an insight into the origin, transmittance, symptoms,
complications of Zika viral infection, and treatment and strategies to
fight back.

CHRONICLE OF ZIKV

Virus is named after Zika forest of Uganda in which it was first isolated
from a rhesus monkey in 1947 during a study on yellow fever by Dick
et al. [1]. In the same study after a series of examinations on mosquito
species; virus is documented in Aedes africanus species [1]. Possibility
of human infection was assumed by the presence of antibodies in
a serological study on natives of Tanzania and Uganda in 1952 [2].
Symptoms of fever and headache have been observed through human
subjects in 1954 which provides direct evidence for ZIKV infection [3].
During 1960-1980, no deaths or hospitalizations are reported, but
studies showed widespread of Zika infection in humans. The first
outbreak of Zika infection in humans occurred in 2007 in Pacific island
of Yap, Federated States of Micronesia. A similarity in symptoms of
Zika, chikungunya and dengue infections might be a reason for under-
reporting of Zika outbreaks earlier [4]. A scientist working on mosquito
sampling project in Senegal reported being bitten by Aedes spp.
mosquitoes every day. After his return to hometown he transmitted the
infection to his wife through sexual contact. Unlike the other arboviruses,
ZIKV exhibits sexual transmission [5]. During ZIKV outbreak in
French Polynesia and south Pacific, newborn reported transplacental
transmission [6]. Positive result for ZIKV in asymptomatic blood
donors alerted the authorities for establishing ZIKV infection detection
and clinical management [7]. Brazil reported neurological disorders
in 49 cases associated with Zika infection which was confirmed as
Guillain-Barre syndrome. With continues increase in Zika associated
microcephaly cases and neurological disorders, the World Health
Organization (WHO) declared a national public health emergency in

February 2016 [4]. ZIKV was added to the list of nationally notifiable
conditions as subtype of arbovirus in the U.S in January 2016 [8]. The
WHO released a document on prevention of sexual transmission of
ZIKV on September 2016 which is intended to guide appropriate sexual
practices in the context of ZIKV [9]. On March 2016, Zika emergency
committee released level 2 warning for pregnant women not to travel
to areas with Zika outbreaks along with some recommendations [4,10].
As of June 27, 2016, autochthonous transmission of ZIKV has been
confirmed in 40 countries and territories within the Americas [11]. To
control the distribution of this dangerous virus to non-endemic areas
(areas without immunity) WHO designed several strategies for vector
control, prevention, and management of medical complications which
will be specified in further discussion.

STRUCTURE AND PHYLOGENY

ZIKV is a member of Flaviviridae family transmitted by mosquitoes so
alternatively referred as flavivirus and arbovirus. It shares the same
family of human pathogens such as dengue virus, West Nile virus, and
yellow fever virus. As all flaviviruses, ZIKV consists of a membrane
surrounding the capsid with viral ribonucleicacid (RNA) genome. About
180 copies of both envelope (E) glycoprotein and the membrane (M)
protein inserted into lipid membrane constitute the icosahedral capsid.
Major viral proteins of ZIKV are structurally and functionally similar
to other flaviviruses except at asn154 glycosylation site which may
serve as an attachment point to host cells. From structural elucidation,
researches suggested E glycoprotein as a possible target of drugs for
therapy [12,13]. Although phylogenetic studies revealed a common
lineage of American and Asian strains, researches identified a set of
amino acid residues that are uncommon between the strains and also
from ancient African strains. This might be due to recombination which
provided an increase in pathogenicity and transmission efficiency of
ZIKV [13].

TRANSMISSION

Vector transmission
As specified earlier during a study by Dick et al., several varieties
of mosquitoes, namely, A. africanus, Aedes furcifer, A. furcifer, Aedes
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luteocephalus, Aedes vittatus, Aedes dalzieli, Aedes hirsutus, Aedes
metalicus, Aedes taylori, Aedes aegypti, Aedes unilineatus, Anopheles
coustani, Culex perfuscus, Mansonia uniformis, and Taeniorhynchus
species, Eretmapodite species of Zika forest were monitored for the
presence of virus. Serum suspension prepared from a lot of A. africanus
caused Zika viral infection in mice, validating the presence of virus
in A. africanus species. Yet, it lacks substantial proof as a vector in
transmission of ZIKV [1]. Later, Boorman and Porterfield revealed
transmission of ZIKV to mice and monkey by A. aegypti [14]. In Asia,
further evidence incriminated A. aegypti as the urban vector after
ZIKV identification in a mosquito pool collected in Malaysia [15].
Furthermore, in Indonesia, the peak in human ZIKV infections
coincided with a peak in the A. aegypti population [16]. Vector born
transmission is found to include two distinct transmission cycles
(a) sylvatic cycle - involving ZIKV transmission between non-human
primates and arboreal mosquitoes of forests (b) urban cycle - involving
ZIKV transmission between humans and urban mosquitoes. Although
A. aegypti and Aedes albopictus are earlier assumed to be the primary
vectors involved in urban cycle, later evidence supported A. aegypti due
to its high vectorial capacity than other species. A study by centers for
disease control and prevention establishes that A. aegypti reaches their
maximum number in June-October each year [17].

Non-vector transmission
Blood transfusion

As reported in history during outbreak in French Polynesia about 2.8%
of blood samples from asymptomatic donors contained ZIKV RNA,
indicating the chance of transmission by blood transfusion [7]. Similar
situation aroused in Puerto Rico where 1% of asymptomatic donors
reported positive for ZIKV in 2016 [18], and Brazil [19] confirming the
transmission of ZIKV through blood transfusion.

During the ZIKV infection, the pre-symptomatic period can past from
3 to 12 days. In which viremia can occur and could produce up to 8.1
million copies of virus per milliliter in serum. This is reported to be
for longer period in whole blood than in serum. Hence, Food and Drug
Administration (FDA) has recognized ZIKV as a transfusion-transmitted
infection as it is life-threatening and can incur birth defects and can be
transmissible by blood or blood components [8].

Sexual transmission

ZIKV transmission through sex has been reported in all cases including
male to male, female to female, and female to male [5,20,21]. Although
the duration of transmissibility is unknown, ZIKV RNA has been noticed
for 6 months in semen and up to 11 days in vaginal fluids of infected
persons [22].

Vertical transmission

Onreported detection of microcephaly in neonates born to symptomatic
or asymptomatic ZIKV-infected mothers, researches concentrated on
vertical transmission of ZIKV. ZIKV RNA and antigens are identified in
amniotic fluid, placenta, and fetal nervous tissue [6]. High quantities of
ZIKV are detected in breast milk of infected women arousing a doubt of
possible transmission to the baby. Serum sample analysis of infant after
breastfeeding through reverse transcriptase-polymerase chain reaction
(RT-PCR) technique revealed positive result, but viral replication was
not detected on breast milk inoculation ruling out the possibility of
transmission through milk. While in case of other flaviviruses as dengue
virus and West Nile virus, breast milk transmission is previously
reported [23,24].

SIGNS AND SYMPTOMS

Symptoms of ZIKV often coincides with othersarbovirusinfections especially
dengue virus. Often the symptoms of ZIKV are left unnoticed due to their
mildness. Symptoms start with mild headache followed by maculopapular
rash on face, neck, upper arms and palms, fever, conductivities, joint pain,
and malaise. These symptoms typically last for 7 days [25].
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COMPLICATIONS

Although the symptoms of ZIKV appears to be mild and less attention
needed, often ZIKV infection leads to severe complications which could
be life-threatening.

Guillain-Barre syndrome

It can be categorized as an autoimmune disorder as in this body’s
immune system attacks part of the peripheral nervous system and
damages the myelin sheath. This syndrome can affect nerves allied to
muscle movement, pain, temperature, and touch. It is a rare condition
commonly seen in males of all ages. Symptoms comprise tingling
sensation and weakness initiating in legs and spread to arms and face
leading to paralysis in some cases. About 20-30% of patients with
affected chest muscles showed difficulty in breathing which can be life-
threatening. 3-5% of patients die due to paralysis of muscles concerned
with important systems. In many of the situations, patients showed
complete recovery, even though weakness remains as a part of them.
Guillain-Barre syndrome is generally headed by a bacterial or viral
infection, vaccine administration, or surgery [26]. This statement can be
correlated to the increased cases of Guillain-Barre syndrome during the
outbreak of ZIKV in Brazil and other countries. ZIKV infection served
as triggering agent for Guillain-Barre syndrome. Diagnosis is through
monitoring symptoms and neurological testing including decreased or
loss of deep-tendon reflexes. There is no known cure, but treatment can
recover symptoms and cut down its duration [26].

Different types of Guillain-Barre syndrome attribute different types of
immunity attacks. Main types include acute inflammatory demyelinating
polyradiculoneuropathy (AIDP), Miller Fisher syndrome, acute motor
axonal neuropathy, and acute motor - sensory axonal neuropathy. In AIDP
variant the demyelination is done by white blood cells (T lymphocytes
and macrophages) while in case of axonal variants it is mediated by IgG
antibodies and compliment against the cell membrane covering axon [27].

Asapartof neuroviruses emerging in the Americas study, all the patients
diagnosed with Guillain-Barre syndrome from January to March 2016
underwent clinical and neurological evaluation. This study suggested
that temporal profile of neurological symptoms related to ZIKV caused
Guillain-Barre syndrome is not the same as a syndrome associated with
other infections. The syndrome is observed to be parainfectious rather
than postinfectious which can be possibly accounted as: ZIKV triggers an
immune molecular mimicry against nervous system antigens leading to
immune dysfunction and Guillain-Barre syndrome. Furthermore, there
is a prolonged period of viruria which even endure after viral syndrome
suggesting the use of RT-PCR urine test as a valuable diagnostic tool
for ZIKV infection in Guillain-Barre syndrome patients. The study also
found a potential relationship between ZIKV associated Guillain-Barre
syndrome and previous exposure of the patient to dengue virus. 86%
of patients with Guillain-Barre syndrome had evidence of antibodies
against dengue virus indicating prior exposure to dengue virus, and
ZIKV has been a secondary flavivirus infection. Most of the patients
in the study had AIDP form of Guillain-Barre syndrome the reason for
which is yet to be revealed [28].

Microcephaly

Microcephaly is a birth defect where the size of baby’s head is smaller
than anticipated. In gestation period, the head size depends on brain
growth. Microcephaly occurs when baby’s brain has not developed
during pregnancy, or brain growth stopped due to injury during
pregnancy. Depending on severity microcephaly is coupled with other
problems such as seizures, developmental delay, intellectual disability,
difficulty in swallowing, imbalance, hearing loss, and vision problems.
Severe microcephaly can be life-threatening and often needs close
monitoring by regular check-ups [29].

ZIKV increased the incidence of microcephaly in babies born to infected
mothers in various regions which called the need for a study on
microcephaly in ZIKV-infected pregnant women. Mlakar et al. through
his study reported intrauterine transmission of virus causing severely
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affected central nervous system (CNS) and growth retardation. Virus
damaged the placenta which was confirmed through calcification of
placenta and low placental-fetal weight ratio. ZIKV is primarily found
to be neurotropic in nature, which is also reported in other flaviviruses.
Remains of replication complexes are diagnosed in the damaged
endoplasmic reticulum of nerve tissues indicating fetal brain as the site
of replication of ZIKV. The viral copies are several times higher in fetal
brain than reported in adult infected serum but similar to the infected
semen samples [30].

In 2017 research revealed the underlying relationship between
the ZIKV infection and microcephaly in newborns. Cerebral cortex
formation involves neuron formation through direct and indirect
methods. In direct method, neurons born from the symmetric division
of apical progenitors (APs), while in indirect method APs convert
to intermediate progenitors (IPs) which divide to form neurons.
A balance exists between direct and indirect neurogenesis regulated
by unfolded protein response (UPR). Disruption of this balance leads
to microcephaly in humans. ZIKV is vertically transmitted to fetal
cortical region targeting APs, but it did not induce apoptosis instead
it interrupted the conversion of APs to IPs, hence leading to decreased
neuronal output in the infected developing cortex. Any interference
with codon translation induced endoplasmic reticulum stress and the
UPR which the reason for the hindrance of APs conversion to IPs. UPR
is mediated by three pathways, inhibition of these pathways could
prevent the chance of microcephaly in newborns of infected women by
inhibiting the UPR induced apoptosis [31].

Congenital ZIKA syndrome

Congenital Zika syndrome includes all birth defects caused by Zika viral
infection before birth and is mainly featured by severe microcephaly
(earlier discussed), reduced brain tissue including subcortical
calcifications, macular scarring and focal pigmentary retinal mottling,
arthrogryposis multiplex congenital (curving of joints), and hypertonia
(restricted body movements due to CNS damage). The syndrome is also
associated with hydrocephalus, redundant scalp skin, tremors, seizures,
and irritability [32]. Ophthalmological studies on neonates born with
ZIKV infection revealed severe eye abnormalities such as optic nerve
hypoplasia, congenital glaucoma, microphthalmia, cataracts, lens
subluxation, and intraocular calcifications [33].

DIAGNOSIS

Asymptomatic nature of ZIKV-infected subjects and its potential to
transmit through blood transfusion, sexual contact, and congenital
transmission elicited the urgency for the development of the diagnostic
method. As no licensed laboratory test for biological quantification of
ZIKV is available but as a necessity to control the outbreak is present,
FDA has issued emergency use authorization for several diagnostic
tools on February 26, 2016, such as Trioplex real-time RT-PCR assay,
Zika-MAC ELISA, and real-time Zika test [34].

Multiple assays are to be performed to diagnose the ZIKV infection
due to temporal nature of virus in an infected person. Viral RNA can be
detected in infected person in earlier days of infection followed by rise
in immunoglobulin M (IgM) levels in the blood with a decline in viral
RNA. Conversely, viral RNA may be detectable for longer period in some
specimens. Nucleic acid testing (NAT) is most relying in first 6 weeks
after onset of symptoms while IgM antibodies can be quantified in
first 12 weeks and may stick longer. Consequently, diagnostic tests are
developed for identification of ZIKV RNA and IgM antibodies in samples.
Serum and urine are authorized diagnostic specimens pursued by
plasma, whole blood, cerebrospinal fluid (CSF), and amniotic fluid.

Chance for coinfection of ZIKV with other related flavivirus is possible
though rare, so testing of other viruses should be considered.
Preconception screening is not mandatory for ZIKV unless pregnant
women were either symptomatic or asymptomatic with a history of
exposure or ongoing exposure of virus. For symptomatic pregnant
women with possible previous exposure to ZIKV, NAT along with IgM

Asian ] Pharm Clin Res, Vol 11, Issue 7, 2018, 30-34

serological test is preferred. In case of asymptomatic pregnant women
with ongoing exposure, NAT is suggested for 3 times [35].

Samples with negative NAT result for ZIKV and nonnegative or positive
result for the serological test are forwarded to Center for Disease Control
and Prevention to confirm the infection through plaque reduction
neutralization test (PRNT). PRNT is based on the serum concentration
needed to reduce the plaques by 50% compared to virus-free serum. It
gives a measure of antibodies present and effectiveness of antibodies in
terms of PRNT, value [35].

TREATMENT

As no specific treatment is available for ZIKV infection, people are
advised to rest and drink enough fluids. Symptoms such as fever and
pains are treated with common medicines. Research is being done for
the development of vaccines and medicines [4].

PREVENTION

As a response to the severe outbreak of ZIKV and congenital
abnormalities of newborns, the WHO has released some
recommendations for travelers and pregnant women for emergency
control of ZIKV transmission [36].

¢ Mosquitoes being the vector of transmission, measure to be taken
for their population control using insect repellents containing
diethyltoluamide, KBR3023 (Icaridin or Picaridin), and IR 3535
((3-[N-butyl-N-acetyl] and aminopropionic ethyl-ester).

¢ During travel to infected areas, wear clothes that cover maximum
body parts and use mosquito nets while sleeping especially during
daytime (as Aedes species is active during this time).

e All travelers returning from infected areas are advised to practice
safe sex using condoms or avoid sex for 6 months, as some of them
can be asymptomatic. They are also advised to use insect repellents
for 3 weeks to avoid the chance of spreading the infection to other
persons.

¢ Pregnant women (in infected areas or with partner traveling back
from infected areas) should practice safer sex or should stay away
from sex during the duration of pregnancy [36].

On 14-15 March 2016, the WHO assembles vector advisory group to
design tools for effective control of ZIKV transmission through Aedes
mosquitoes. Two new tools were referred for pilot development by
them: Wolbachia-infected A. aegypti and Oxitec transgenic mosquitoes.
Wolbachia is a bacterium that stops chikungunya, dengue, and ZIKV
replication in mosquitoes. This is naturally present in 60% of insect
species but not in Aedes. Wolbachia-infected mosquitoes when mate
with normal mosquitoes, they pass the bacterium to next-generation
forbidding vector for the virus. Scientists released large quantities of
Wolbachia-infected mosquitoes in Rio during Olympics 2014. Oxitec
transgenic mosquitoes are genetically modified mosquitoes that have a
gene which prevents their offspring from existing up to maturity. Only
male mosquitoes are released so that there will not be any possibility
of transmission of disease, as females only bite humans. On mating with
wild females, they pass this gene to further generations [37].

ZIKA STRATEGIC RESPONSE PLAN

WHO and Pan American Health Organization started working together
on ZIKV long before Zika outbreak. On February 2016, they launched
global strategic response plan for appropriate action. The plan was
revised on June 7, 2016, for a period July 2016-December 2017. The
plan aims to support national governments and communities for
preventing and controlling medical complications caused by ZIKV
infection. About 23 partners joined the WHO to implement the plan
which later increased to 60. The agency has triggered an incident
management system in its headquarters, Geneva and regional offices
to implement its health emergencies program. Government of affected
areas advised women to postpone conceiving and to avoid traveling.
Zika response portal is established on the WHO website which served
as a central point of reference for all partners. It ensures the direction
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of help to the needed without duplication and deficits. Immediate
priority of funding is given to preventing and managing the medical
complications, expanding health system’s competence, sexual and
reproductive health risk and integrated vector management.

To achieve the objectives five strategies are employed: Detection,
prevention, care and support, research, and coordination. Detection
concentrates on integrated surveillance systems to provide up to date
information, to guide response. Prevention - prevent adverse outcomes
of ZIKV by integrated vector management, risk communication, and
community engagement. Care and support involve strengthening of
health and social systems at different levels to offer services and support
to affected. Research includes interventions to prevent, detect, and
control ZIKV infection and manage its complications. It also encloses
research on Aedes mosquito control tools, vaccines, and diagnostic tests.
Coordination involves establishment and maintenance of adequate,
transparent coordination for accurate response to Zlka infection [10].

First quarterly report on Zika strategic response plan was released
enclosing the latest information on different strategies of the plan.
These updates are for guidance, coordination, and collaboration among
the WHO and its partners to support countries [38].

VACCINE DEVELOPMENT

Vaccination is the ideal remedy for ZIKV infection. WHO along with
UNICEF developed ZIKV vaccine target product profile for use in an
emergency scenario in July 2016. About 30 organizations, including
8 public sector institutions are engaged in vaccine development. Two
DNA vaccines (by GeneOne Life Sciences Inc and National Institute of
Allergy and Infectious Diseases [NIAID] in the United States) reached
Phase I trials while many other candidates are about to move to Phase
I trials [38,39].

Synthetic DNA vaccine that targets the ZIKV premembrane and envelope
proteins are prepared by GeneOne life sciences and are delivered
through CELLECTRA-3P electroporation device. The vaccine reached
Phase I on producing cellular and humoral immune responses along
with the production of neutralizing antibodies, in mice and nonhuman
primates. In the Phase I, open-label clinical trial, it elicited anti-ZIKV
immune responses, achieving a clearance for Phase I. However, studies
on further safety and efficacy are yet to be performed [40].

THERAPY BY REPURPOSING APPROVED DRUG

While the world is busy in designing immunization strategies through
vaccine development, some researches concentrated on the screening
of FDA approved drugs to repurpose for ZIKV. Need to cure infected
persons and avoid vertical transmission in already infected pregnant
women (in whom prevention is no longer an option) insisted the search
for a drug to cure Zika infection. Sofosbuvir (SOF), a RNA dependent
RNA polymerase inhibitor was a FDA approved a drug to treat and
cure hepatitis C infections. SOF intracellularly converts into its
triphosphate and inhibits RNA polymerase of hepatitis C virus (HCV).
RNA polymerase of ZIKV and HCV is similar in their active sites. Due to
the phylogenic and structural similarity of HCV and ZIKV, SOF are tested
for possible action on ZIKV. SOF tested on infected neural progenitor
cells, and three-dimensional neurospheres prevented cell death by
ZIKV infection. In vivo testing on immunodeficient mouse models
also showed promising results. Efficacy of SOF in blocking vertical
transmission in ZIKV permissive SJL strain21 was tested. Decrease in
serum concentration of ZIKV was reported in pregnant SJL strain21
along with blocking of vertical transmission [41].

ZIKA IN INDIA

On September 30, 2017, Indian Council of Medical Research (ICMR) has
released ZIKV update revealing the preparedness and response. [CMR
has conducted three training programs for 25 laboratories to diagnose
ZIKV. Human surveillance network for ZIKV was established to screen
the human serum/blood and urine samples of suspected persons,
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patients with dengue and chikungunya and pregnant women. About
45,820 samples are tested through this surveillance till the date of which
three different individuals found to be positive for ZIKV. (1) 34-year-
old female developed low-grade fever 1 week after delivering healthy
baby and tested negative for dengue, chikungunya fever but positive for
ZIKV. (2) 22-year-old pregnant female in 37 weeks of pregnancy was
tested positive and (3) 64-year-old male with febrile illness of 8 days
duration tested negative for dengue fever and positive for ZIKV. (4)
27-year-old male with acute febrile illness for 3 days was tested
positive for ZIKV in urine, but blood was negative. Further confirmation
by PCR showed 98% sequence similarity with ZIKV Asian lineage.
Since July 2016, three ICMR institutes initiated vector surveillance in
different parts of India and tested 25,960 pools of mosquitoes by RT-
PCR technique, but no sign of ZIKV was reported.

The reproductive and child health division of ministry of health
and family Welfare has initiated programs on newborn birth defect
screening and stillbirth surveillance, under Rashtriya Bal Swasthya
Karyakram. It focuses on reporting 8 externally visible birth defects
including microcephaly. ICMR and Monash University has signed MoA
on February 2017 regarding strategies for vector control in India [42].
Several such programs are being successfully implemented by Indian
government agencies in collaboration with the WHO.

CONCLUSION

Due to high complications and multiple modes of transmission of ZIKV,
there is a necessity for improving knowledge on ZIKV among the health-
care professionals and the general public to regulate the spread of
infection. Government of all countries along with the WHO and several
other organizations are implementing programs to effectively eradicate
ZIKV infection. Programs on assessing awareness among people are
also necessary for effective functioning of Zika strategies [43]. Approval
of vaccine can keep an end to the story of ZIKV.
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