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Review Article

ABSTRACT

The Zika virus was first isolated in 1947 from Rhesus macaque monkeys and the first human isolation was done in
1952. Though it did not cause any major outbreaks till 2007, it caused an outbreak in 2007 in the French island of
Polynesia and thereafter the massive epidemic in Brazil in 2015. The most troublesome part about the epidemic was the
clustering of microcephaly cases in new-borns born to pregnant women, that WHO declared it to be a public health
problem of international concern. The prevalence of the vector mosquitoes Aedes worldwide, the different modes of
transmission, lack of suitable tests for diagnosis, no approved vaccines all make Zika virus a deadly disease. The current
review provides an insight into all the aspects of Zika virus.
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INTRODUCTION
The Zika virus was first isolated in April 1947 from a pyrexial Rhesus Macaque monkey that was caged in the Zika

Forest of Uganda, by the scientists of the Yellow Fever Research Institute by intracerebral and intraperitoneal inoculation
[1]. A second isolation was done from the mosquito Aedes africanus in January 1948. The monkey developed fever and
the researchers isolated from its serum a "filterable transmissible agent" that was named as Zika virus in 1948 [2].
Though the virus was isolated many years back, it gained prominence only from 2015 onwards when an epidemic
occurred in Brazil and continued its spread to the United States and other countries of the world. More important was the
clustering of birth defects mostly microcephaly in the affected regions that led the WHO to declare the Zika virus “A public
health emergency of international concern”. This review focuses on the epidemiology, virology, transmission,
pathogenesis, clinical features, lab detection methods, treatment, prevention measures and vaccine strategies for Zika
virus.

LITERATURE REVIEW

Virology

The Zika virus belongs to the family Flaviviridae and the genus Flavivirus and is related to the other viruses of public
health importance such as dengue, yellow fever, Japanese encephalitis, and West Nile virus [3]. Zika virus is an
enveloped, 10794 kilobase positive-sense RNA genome. It is closely related to the Spondweni virus and is one of the two
viruses in the Spondweni virus clade [4].

The virion is approximately 40 nm in diameter and has surface projections of 5-10 nm diameter (Figures 1 and 2). The
nucleocapsid is 25-30 nm diameters and surrounded by a host-membrane derived lipid bilayer that contains the viral
envelope proteins E and M. There are seven non-structural proteins (NS1, 2A, 2B, 3, 4A, 4B, 5). The virus is flanked by
two non-coding regions (5′ and 3′ NCR) and a single long open reading frame encoding a polyprotein: 5′-C-prM-E-NS1-
NS2A-NS2B-NS3-NS4A-NS4B-NS5-3′ that is cleaved into capsid (C), precursor of membrane (prM), envelope (E) and
seven non-structural proteins (NS) [5]. The E protein (≈53 kDa) is the major virus surface protein and is involved in binding
and membrane fusion. The NS5 protein (≈103 kDa) is the largest viral protein whose C-terminus has RNA-dependent
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RNA polymerase (RdRP) activity and the N-terminus is involved in RNA capping due to methyl transferase activity. The
3′NCR of the Zika virus genome contains about 428 nucleotides, including 27 folding patterns that serve various
functions like recognition by cellular or viral factors, translation, stabilization of genome and RNA packaging. The
structural proteins encapsulate the virus [6,7].

Figure 1. Schematic diagram of Zika virus.

Figure 2. Genomic structure of Zika virus.

There are three Zika lineages, two African lineages- MR 66 cluster, the Nigerian cluster and the Asian lineage.
Phylogenetic studies have revealed that the virus circulating in the American countries is closely related to the Asian
strain of the 2013-2014 outbreaks in French Polynesia [8].

EPIDEMIOLOGY
Though the virus isolation dates back to 1947 in monkeys, Zika virus was first identified in humans in 1952 during an

epidemic of jaundice in Eastern Nigeria which was suspected to be yellow fever. The virus was isolated in three patients,
one was a 10 year old Nigerian female and the other two were males. It was isolated by mice inoculation with the
patient’s serum and the other two by a rise in serum neutralizing antibodies [9]. There were no account of deaths or
hospitalization due to the virus, but studies have shown human exposure to the virus in the 1960 to 1980s in various
countries like India, Indonesia, Malaysia and Philippines [10-12].

In 2007, the first massive outbreak of Zika occured in the Pacific Island of Yap in the Federated States of Micronesia.
Prior to this outbreak, only 14 cases of human Zika virus disease had been reported worldwide that Zika virus was not
suspected to be the causative agent. Approximately 73% of Yap residents were infected with Zika virus which showed
that there was a lack of immunity in the island's population and Aedes hensilli was the causative mosquito species
identified [13].

In 2008, US scientist who was working in Colorado State University went to work in Senegal. He was infected with Zika
virus and upon his return to Colorado, he infected his wife. This was the first ever documented case of sexual
transmission of an arboviral disease [14].

In 2012 researchers identified two distinct lineages of the virus, Africa and Asia. After the first documented Zika
outbreak in Yap in 2007, the Asian lineage of the virus reappeared in French Polynesia in October 2013 and caused large
outbreaks in New Caledonia (1400 cases), Cook Islands (over 900 cases) and Easter Island. The unique feature of the
outbreak was an increased incidence of neurological complications, including 42 cases of Guillain-Barré syndrome
[15,16].

In March 2014 in French Polynesia, trans placental transmission was reported in two new-borns [17].

During the of Zika virus outbreak in French Polynesia, 1505 asymptomatic blood donors were reported to be positive
for Zika by PCR. These findings led to the conclusion that Zika virus can be transmitted by blood transfusion [18].
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In March 2015 Brazil notified WHO of an exanthematous illness in the Northeastern states. From February 2015 to
April 2015, there were nearly 7000 mild cases reported with no deaths. Tests for Dengue, Chickungunya were carried out
and it turned out to be negative. Tests for Zika virus were not carried out as Zika virus was not suspected at this period.

By November 2015, the number of microcephaly cases continued to increase after the mysterious fever, that Brazil
declared it a national public health emergency. Zika virus was detected in the blood and tissue samples of a baby with
microcephaly and other congenital anomalies and the baby died within 5 minutes of birth. Brazil reported 3 deaths
among 2 adults and a new-born associated with Zika virus infection [19].

Researchers reported the first instance of intrauterine transmission of the Zika virus in two pregnant women in Brazil,
whose foetuses were diagnosed with microcephaly and other brain abnormalities, by ultrasound in 2016. Although tests
of blood samples from both women are negative, Zika virus was detected in the amniotic fluid [20].

In January 2016, three infants, whose mothers had a history of Zika virus infection were diagnosed with microcephaly
and ophthalmological anomalies. One child also displayed neuroretinal atrophy [21].

By the end of January 2016, Brazil reported between 440,000 and 1,300,000 Zika cases in Brazil, 5280 suspected
cases of microcephaly, including 108 deaths [22].

In February 2016, the United States reported a case of male to male sexual transmission of Zika infection in Texas. The
case report indicated that Zika can be transmitted through anal and vaginal sex [23].

Brazilian health officials confirmed a case of Zika virus infection transmitted from an infected donor through a platelet
transfusion that was detected from post donation information [24]. The panic continued to grow as an arboviral disease
was found to have various modes of transmission.

Brazilian health officials confirmed a case of Zika virus infection transmitted from an infected donor through a platelet
transfusion that was detected from post donation information. The panic continued to grow as an arboviral disease was
found to have various modes of transmission.

In March 2016, a case report was published in The Lancet in which a 15-year-old Zika-positive girl in Guadeloupe
developed acute myelitis which caused severe back pain, numbness, and bladder dysfunction. This led to the suggestion
that Zika virus preferentially affects the nervous system [25]. Chile notified WHO of a confirmed case of sexually
transmitted Zika virus. This was the first case of Zika virus infection in a country where Aedes mosquitoes were not
prevalent [26].

Contrary to the belief that Aedes mosquitoes transmitted Zika virus, Fiocruz Institute Pernambuco announced that it
detected Zika virus in Culex quinquefasciatus mosquitoes collected in the houses in the city of Recife, Brazil. Though the
finding was welcomed by WHO, further evidence was needed, to know to what extent Culex was capable of human
transmission [27].

In October 2016, Thailand notified WHO of two babies born with microcephaly associated with Zika virus. This was the
first such instance of Zika virus infection in the South-East Asian Region [28]. Till date, the US alone have reported a total
of 580496 suspected and 221093 confirmed cases, 20 deaths and 3689 cases of congenital transmission [29].

Due to the alarm raised by the Zika virus infection, WHO updated information on vaccine research and development.
More than 40 Zika vaccine candidates were in the pipeline and 5 entering Phase I trials, where the vaccine's safety and
ability to mount an immune response will be evaluated. The timeline of Zika virus and places that have reported
Microcephaly and other CNS malformations associated with Zika virus infection (As of December 2016) (Figures 3-5).
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Figure 3. Countries showing the Zika virus outbreaks 1947-2017.

Figure 4. Timeline showing the key events in Zika virus epidemics.

Figure 5. Places that have reported Microcephaly and other CNS malformations associated with Zika virus infection (As of
December 2016).

Note: Brazil reported 2366 cases of Microcephaly.

Statistics source: World health organization.

Host

Apart from human beings, Zika virus antibodies have been detected in different monkey species like Rhesus monkey,
African green monkey, County monkeys in Africa and Asia. Epizootics of Zika virus in monkeys were reported in Uganda in
in 1947, 1948, 1956, 1962, 1963, 1969, and 1970. Another epizootic of Zika virus was reported in the Kedougou region
of Senegal in 1973, with Aedes luteocephalus and Aedes furcifertaylori as the main vectors. However, animal serosurvey
data must be interpreted with caution because of the problem of cross-reactivity.
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Serosurvey studies also detected antibodies to Zika virus in ducks, goats, cows, horses, bats, rats, carabaos (water
buffalo), rodents, sheep and wild orungatans. These data may indicate cross-reactivity with other flaviviruses but it is not
clear whether other species can act as reservoir host for Zika virus [30-32].

ZIKA VIRUS TRANSMISSION

Mosquito Borne Transmission

In Africa, Zika virus spreads through a sylvatic cycle involving non-human primates and forest-dwelling species of
Aedes mosquitoes. Several mosquito species, belonging to the Stegomyia and Diceromyia subgenera of Aedes, including
A. africanus, A. luteocephalus, A. furcifer and A. taylori are enzootic vectors in Africa [33].

In Asia, there is no sylvatic transmission cycle but in urban and suburban environments, Zika virus is transmitted in a
human–mosquito–human transmission cycle. Two species in the Stegomyia subgenus of Aedes- A. aegypti and A.
albopictus are the vectors. A. hensilli and A. polynesiensis, were also thought to be vectors in the Yap and French
Polynesia outbreaks [34-36]. The prevalence of Aedes mosquitoes worldwide (Figure 6).

Figure 6. Prevalence of Aedes mosquitoes worldwide.

Zika virus has also been identified in other mosquito species, such as Aedes unilineatus, Anopheles coustani, and
Mansonia uniformis but vector-competence studies have shown that these species have a low potential for transmission
of the virus [37]. Zika virus has been reported only once in Culex quinquefasciatus species, which suggests that
mosquitoes in this genus have a low vectorial capacity [38].

Non-Mosquito Transmission

Transplacental transmission

Zika virus can be transmitted from the mother to the foetus during pregnancy, as concluded by many studies. Zika
virus RNA has been found in the amniotic fluid of mothers, whose foetuses had abnormalities detected by
ultrasonography. Viral antigen and RNA have also been identified in the brain tissues and placental samples of children
who were born with microcephaly and died soon after birth, as well as in tissues from miscarriages [39].

Two cases of peripartum transmission of Zika virus have been reported in French Polynesia. Zika virus RNA was
detected in both infants; one infant had a mild rash with thrombocytopenia and the other infant was asymptomatic. The
possible routes of perinatal transmission could be transplacental, during delivery, during breastfeeding and by close
contact between the mother and her newborn.

Sexual transmission

Sexual transmission also has been reported from the infected male partners working in endemic areas to their
spouses. In one case, sexual intercourse occurred before the onset of symptoms, whereas in the other cases sexual
intercourse occurred during the development of symptoms and later. Researchers have not determined the risk factors
for and the duration of the risk of sexual transmission. The viral RNA load has been found to be high in sperm and it has
been detected up to 62 days after the onset of symptoms [40,41].

Blood transfusion

During the Zika virus outbreak in French Polynesia, 2.8% of donated blood samples tested positive for Zika virus using
an in –house nuceic acid testing [42]. It was further confirmed in Puerto Rico in 2016 with 1.8% of blood donors identified
as viraemic [43]. In 2017, Zika virus RNA-positive asymptomatic blood donors were detected in Florida and Texas.
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So most blood collection services have asked donors to avoid donating blood for at least one month following travel to
a Zika virus infceted area, if they have a clinical history consistent with Zika virus disease, or if they have had sexual
contact with a person with confirmed or suspected Zika virus infection within the past 3 months [44].

With the lack of accession to proper diagnosis of Zika virus, the number of reported cases due to blood transfusion
might be underestimated.

Laboratory contamination

A laboratory staff member developed a febrile illness after yellow fever vaccination (17D vaccine), but Zika virus was
isolated from blood taken on the first day of illness. The infection was believed to be laboratory acquired [45]. A volunteer
became infected after subcutaneous injection of infected mouse brain suspension [46].

Rare Modes of Transmission

Zika virus transmission in an Australian traveller was documented after a monkey bite in Bali, Indonesia, although
mosquito-borne transmission could not be ruled out [47]. Transmission through breast milk has not been documented so
far, although there is evidence that Zika virus was present in the breast milk of three women by RT-PCR, who became
symptomatic three days after delivery. Though breast milk contained Zika virus in high titre, there was no evidence that it
could be transmitted to the infant [48].

PATHOPHYSIOLOGY OF ZIKA VIRUS INFECTIONS
There is very little information about the pathogenesis of Zika virus infection in human beings. It is transmitted by the

bite of female Aedes mosquitoes. After a blood meal, the virus multiplies in the vector reaches the salivary glands and is
inoculated into the human being through bite. The dermal fibroblasts, epidermal keratinocytes and dendritic cells are
permissive to Zika virus infection and from the skin; the virus spreads to the draining lymph nodes and causes primary
viremia. Then there is dissemination to the various tissues and organs [49].

The cell surface receptors or attachment factors for Zika virus in the skin has been found to be DC-SIGN (dendritic cell-
specific intracellular adhesion molecule 3-grabbing nonintegrin), AXL, Tyro-3, TIM-1, trans membrane receptors which
interacts with the viral envelope protein [50]. The neural astrocytes and microglial cells also express AXL receptors which
explain the neuropath genesis of the virus [51]. Tyro-3 receptors are expressed on the mid piece of spermatozoa which
explains the sexual transmission of the virus [52].

In an attempt to counteract the infection, the human immune system induces the pattern recognition receptors (PRR)
to recognise the pathogen associated molecular patterns (PAMP). This leads to the up regulation of TLR-3 (Toll like
receptor-3) and transcription of RIG-1 which recruits TANK binding kinase-1(TBK-1) and phosphorylation of interferon
regulatory factor 3 (IRF3) and Type -1 Interferon transcription. This binds to two interferon receptor subunits (IFNAR 1 and
2) and through the Janus kinases (Jak1 and Tyk2) and signal transducers of transcription (STAT1 and STAT2), leads to the
induction of IFN-stimulated genes (ISGs) and contributes to antiviral activity [53].

Evasion of Immunity

Zika virus is composed of seven non-structural proteins (NS1, 2A,2B,3,4A,4B,5) which contributes to immunity
evasion. NS1 and NS4B suppress type I Interferon signaling by targeting TBK1.Zika virus suppresses JAK–STAT signalling
by degrading Jak1 through NS2B3.

The ubiquitin proteasome system which regulates the protein pool by ubiquitination of proteins followed by destruction
by proteasome acts as a double-edged sword in viral infections. It promotes anti-viral activity by degradation of viral
proteins and it can also be used by the virus to degrade host cellular restriction factors [54]. In Zika virus infection, the NS
5 promotes the promotes the proteosomal degradation of STAT 2 and thus interferes with Type 1 interferon production
[55]. It was also found that Bortezomib, a FDA approved proteasome inhibitor can prevent Zika infection, which stands as
a proof [56].

The nucleic acid of Zika virus is detectable in blood in the first week of infection only upto 10 days after the onset of
symptoms, after which there is a decline in titre. But the viral excretion is of a longer duration (>20 days) and higher load
in urine when compared to serum [57]. Zika virus RNA shedding has also been found in saliva for upto 29 days after the
onset of symptoms and in semen almost 62 days after symptoms onset [58,59]. The appearance of IgM antibodies starts 4
to 7 days after the onset of symptoms followed by IgG antibodies after 2-3 days. IgM persists till 2-3 months while IgG
antibodies remains positive for months or years [60].
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Infection of the Foetus

Though the placental syncytiotrophoblast offers considerable resistance to pathogens, infection of the foetus can
occur due to free virions or virion antibody complexes or infected Hofbauer cells [61]. One unique mechanism suggested
for the transfer of Zika virus across the placenta to the developing foetus is the neonatal Fc gamma receptor (FcRn)
which recognises non neutralizing maternal IgG and uptake. These Fc gamma receptors are more expressed in villous
endothelium [62]. The immune complex consisting of the virus and non-neutralizing antibody complex binds to the nerve
ending through FcγR receptor and transported to the neurons through retrograde axonal transport without any need to
cross the blood brain barrier [63]. It has been found that Zika virus infection in the first trimester resulted in microcephaly
which was due to the Toll like receptor 3 activation, that resulted in altered expression of genes concerned with neural
development, the foetal neural progenitor cells [64]. The abnormalities observed in the second and third trimester could
be due to an indirect effect of placental Hofbauer cell invasion or transmission of Zika virus through motile dendritic cell
[65].

Garcez et al. used induced human pluripotent stem (iPS) cells cultured as neural stem cells (NSCs), neurospheres, and
brain organoids and exposed to Zika virus and found that neurospheres formation was impaired and organoids growth
rate was reduced [66].

Zika Virus and Guillain Barre Syndrome

It has been postulated that autoantibodies against the neural antigen gangliosides is responsible for the causation of
GBS by peripheral nervous system damage though there has been no report of molecular mimicry between Zika virus
antigens and neural antigens. This was confirmed by an autopsy report of a fatal GBS case where there was no evidence
of direct neural invasion suggesting that antibody mediated mechanisms played an important role in pathogenesis of
GBS after Zika virus infection [67].

Animal Models

Various animal models have been used to study the pathogenesis of Zika virus like mice and macaques. Adult mice is
resistant to Zika virus, so neonatal mice or mice deficient in Interferon signalling pathway is used.

Pathogenesis in Immunocompetent Neonatal Mice

Infection of WT C57BL/6 mice with Zika virus resulted in unsteady gait, ataxia and tremors with signs of nervous
degeneration [68]. In another study, 1-day old C57BL/6 was injected with 3 different Zika strains through intraperitoneal
or subcutaneous and they were found to be lethal to the mice [69].

Mouse Models

Immunocompetent mice are resistant to Zika virus since NS5 does not degrade mice STAT 2. So mice with deficiencies
in the Type 1 IFN pathway or receptor can be used to study the pathogenesis of Zika virus. Mice lacking the IFNAR gene
including A129 mice and Ifnar1−/− C57BL/6 mice, AG 129 lacking both type 1 and 2 interferon receptor genes or mice
deficient in Irf3, Irf5, and Irf7.

(Irf3−/− Irf5−/− Irf7−/− triple knockout [TKO]) transcription factors, WT C57BL/6 mice treated with anti-IFNAR 1
blocking monoclonal antibody, STAT 2 -/-mice developed limb weakness and paralysis through any route (subcutaneous,
intraperitoneal or intravenous inoculation of various Zika virus strains). The lethal effects of the virus were also found to
be dependent on the age, with 3 weeks, 5 weeks and 11 weeks mice yielding to infection compared to adult mice [70].

Zika virus infection in humans has been found to cause conjunctivitis and uveitis. IFNAR1-/- mice infected with Zika
virus developed conjunctivitis and panuveitis and the RNA was found in cornea, iris and optic nerve [71]. AG 129 and
IFNAR1 -/- mice infected with Zika virus developed infection in the testicle, epididymis, seminal vesicle and prostate,
which provides an idea about the sexual mode of transmission of Zika virus [72].

In a study by Tang et al, AG129 mice and LysMCre+IFNARfl/fl C57BL/6 mice after hormonal treatments were infected
by Zika virus by the intravaginal route. There was evidence of viremia and viral replication in brain and spleen and the
viral RNA was found in vaginal washes even after 10 days in the diestrus like phase [73].

Infection during pregnancy and fetal pathogenesis.Infection of pregnant IFNAR-/- mice and WT mice treated with
blocking anti-IFNAR monoclonal antibody with Zika virus through subcutaneous route led to placental infection, intra
uterine growth retardation or fetal demise but no microcephaly was observed [74]. But when a pregnant pigtail macaque
was infected with a Zika virus strain, there was evidence of microcephaly, gliosis and axonal damage [75].
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CLINICAL FEATURES
About 80% of Zika virus infections may be asymptomatic. The severity of the disease depends on the immune status of

the individual [76]. After an incubation period of 2-14 days, patients present with a low fever, bilateral conjunctivitis,
maculopapular rash, headache, retro-orbital pain and arthritis or arthralgia with edema of the tiny joints of hands and
feet, myalgia, vertigo and asthenia. The rashes may be erythematous and generalised, pruritic and usually resolves within
the first week, but may remain for two weeks. Conjunctivitis in Zika fever is non-purulent and bilateral [77]. Sometimes it
can present with sore throat, cough and loose stools [78]. It can also present with sore throat, cervical, submandibular,
axillary and inguinal lymphadenopathies. In addition, digestive symptoms may also be present including nausea,
vomiting, diarrhoea, constipation, abdominal pain and aphthous ulcers.

Patients with genitourinary symptoms can present with haematuria, dysuria and hematospermia [79]. Haemorrhagic
complications are not reported in Zika fever unlike Dengue. Arthralgia in Zika fever is not as severe as chikungunya fever.
Because of the varied manifestations, it can be misdiagnosed during the early stages [80].

Neurologic Complications

A temporal association has been observed between Guillain–Barre syndrome with Zika virus infection preceeding the
onset in the Pacific and the Americas [81]. Meningoencephalitis and acute myelitis complicating Zika virus infection also
have been reported in literature. The Zika virus also was isolated from the cerebrospinal fluid [82-83].

Adverse Fetal Outcomes

The most alarming feature of the Zika virus outbreak was the presence of congenital anomalies in the new-born,
mostly microcephaly. Microcephaly in a live born child is defined as head circumference (HC) adjusted for gestational age
and sex <3rd percentile at birth, or if not measured at birth, within first 2 weeks of life (Figure 7).

Figure 7. Microcephaly.

In the event of pregnancy loss, it should be calculated as the prenatal HC more than 3 standard deviations below the
mean based on ultrasound or postnatal HC [84].

The various brain abnormalities observed were microcephaly, Intracranial calcifications, Cerebral atrophy, Abnormal
cortical formation (eg: polymicrogyria, lissencephaly, schizencephaly), Corpus callosum abnormalities, Cerebellar
abnormalities, Porencephaly, Hydranencephaly, Ventriculomegaly, hydrocephaly, Fetal brain disruption evidenced by
collapsed skull, overlapping sutures, prominent occipital bone, scalp rugae.

Neural tube defects (NTD) observed includes Anencephaly/Acrania, Encephalocele, Spina bifida, Holoprosencephaly
and Arhinencephaly [85].

The various ophthalmological abnormalities include Microphthalmia/Anophthalmia, Coloboma, Cataract, Intraocular
calcifications, lacunar maculopathy, Chorioretinal anomalies involving the macula (e.g., chorioretinal atrophy and
scarring, macular pallor and retinal hemorrhage) and Optic nerve atrophy [86].

Congenital contractures (eg: arthrogryposis, club foot, congenital hip dysplasia) and congenital deafness documented
by postnatal testing were also associated with brain abnormalities [87].

The Zika virus RNA was found in the amniotic fluid of foetuses and in the brain tissue of foetuses and infants with
microcephaly. These provide a strong evidence of microcephaly to maternal Zika virus infection [88]. The greatest risk of
microcephaly was in the first trimester, mostly between 7 and 13 weeks of gestation, but it can also occur as late as at
18 weeks of gestation [89].
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LABORATORY DIAGNOSIS OF ZIKA VIRUS INFECTION

Biosafety

Zika virus has been classified as a level 2 pathogen requiring only a biosafety level 2 laboratory by the WHO [90].

Specimen Collection

Zika virus has been detected in serum, plasma, amniotic fluid, cerebro spinal fluid, urine, semen and saliva. There is
evidence that Zika virus persists longer in the semen and urine [91,92]. Specimens suspected of containing Zika virus
should be handled with safety as per WHO international regulations [93].

Clinical Laboratory Testing

The laboratory profile includes leucopenia, thrombocytopenia, albuminemia, C-reactive protein and erythrocyte
sedimentation rate have been reported, but their incidence is underestimated as they are common in many viral
infections. But a complete blood count is done for all suspected cases of Zika fever for differential diagnosis. In patients
with GBS, CSF analysis shows a significant increase in proteins, with normal or little altered cellularity (albumin-
cytological dissociation) [94].

Antigen Detection

Immunohistochemistry (IHC) analysis with monoclonal antibodies and PCR analysis can be used to detect Zika virus
antigen in autopsy tissues. Zika virus antigens have been detected by IHC in fetal brain in areas of micro calcification and
gliosis, fetal retina, and in placental tissues (Hofbauer cells) [95]. The target antigen and its cellular location can be
visualised, but it requires technical expertise for specimen processing [96].

Acute phase of dengue and Zika can be diagnosed by the detection of NS1 in blood by rapid immunochromatography
approach [97].

Culture

Isolation of Zika virus from the serum of monkeys and Aedes africanus mosquitoes was first performed by mouse brain
inoculation. Later chicken embryo yolk sacs, allantoic sacs and chorioallantoic membrane and cell cultures were used
[98,99]. Vero, Rhesus monkey kidney and baby hamster kidney cells were also more sensitive for the isolation of Zika virus
[100]. Zika virus was also successfully cultured by intrathoracic inoculation of Toxorhynchites speldens and C6/C36
mosquito cells [101]. This can be used for viral isolation, production of viral stocks, testing of vaccine and drug targets and
to study the viral replication cycle [102].

Serology

Although serology is the most preferred method for detection of Zika virus because the period of viremia is short lived,
there is the problem of cross reactivity between the surface proteins of Zika and other flaviviruses particularly Dengue
virus [103]. Serodiagnosis also is essential in cases of Guillain Barre syndrome, in cases of Microcephaly and other
congenital syndromes, which all occurs outside the period of viremia [104].

But the chief drawback of serological tests is that their results have to be confirmed by Plaque reduction neutralisation
test [105].

MAC ELISA

IgM antibody capture enzyme-linked immunosorbent assay developed by the CDC Arbovirus diagnostic laboratory is
used for the qualitative detection of IgM antibodies in serum or CSF. IgM antibodies start rising on the 4thday of infection
and persist till 12 weeks or more. Samples collected before 4 days should be tested by RT–PCR or a convalescent serum
sample should be collected to check for the rise in antibody titre [106]. The antibody capture ELISA involves the coating of
capture antibody (anti-IgM) on microtitre plates followed by the addition of patient’s serum and enzyme-conjugated anti-
viral antibody sequentially. The calorimetric change occurring due to interaction between enzyme and substrate is
detected by an ELISA reader. The test is simple, sensitive, can be used on serum and cerebrospinal fluid samples from
humans and animals [107].

The main drawback of the test is serologic cross reactivity which occurs in primary flavivirus infection and titres to the
infecting virus are higher. In contrast when there is a secondary flavivirus infection or vaccination, due to anamnestic
response, the titres to the previous virus is higher [108].
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Plaque Reduction Neutralization Test

Negative or equivocal result to MAC ELISA can be confirmed by PRNT. In this method patient’s serum is incubated with
a standard dose of the infective virus, then inoculated into cell culture monolayers and then a semisolid medium is
overlaid. The virus induced plaques are counted. The endpoint is defined as the titre in which there is 90% reduction of
plaques. Although this is a gold standard for the detection of Flavivirus antibodies, it is cumbersome, costly, not easily
available and can take 3-4 weeks [109].

Molecular Detection

Acute Zika virus infection can be diagnosed by the use of Reverse transcriptase PCR assay (RT-PCR) which was
designed by the CDC using sequence derived from the 2007 Yap Islands epidemic [110]. The viremic period is very brief,
as proved by case reports in which Zika virus RNA was not detected by PCR at 5 days but IgM antibodies were positive. As
flaviviruses are RNA viruses, their amplification needs two steps, RT of genomic RNA into single-stranded DNA (cDNA),
followed by conversion to double-stranded DNA and then amplification of the DNA. Most of the protocols described in
literature target the terminal portion of the NS5-encoding gene or the 3´ NCR of the Flavivirus genome because of highly
conserved regions in this part of the genome. It was also successfully detected with Flavivirus RT-PCR assays targeting
the E-encoding gene, prM coding gene, the NS1-encoding gene, the NS3- encoding gene and the NS5-coding gene
[111,112].

The advantage of PCR is that it can be used for both serum and urine samples. While the duration of detection of Zika
virus was 5 days in serum, it has been shown that Zika virus was detectable in urine at higher titres and for a longer
period.

After detection of Flavivirus RNA, identification to the species level can be done by nucleic acid sequencing [113,114].

Detection of ZIKV in Different Body Fluids

Diagnosis of Zika fever usually relies on the detection of Zika virus RNA in serum and CSF samples during the first few
days after symptom onset.

Saliva, urine, semen and vaginal secretions are the body fluids in which Zika virus was detected. But the duration they
can be detected is not well understood still [115-117].This has enlarged the scope of diagnosis of Zika fever.

Viral RNA was detected in urine as early as the first day and as long as 20 days after the onset of illness [118].

The use of saliva as an alternate to serum for the molecular detection of Zika virus during the acute phase was
published in a study in which there is higher detection rate in saliva. It is of particular use in children and neonates in
whom blood collection is difficult.

Diagnosis of Zika Fever in Countries Where it is Endemic

In countries with good laboratory facilities, RT- PCR of Dengue virus, Chickungunya virus should be done and when it is
negative, Zika virus RT PCR should be done. In countries where there are no advance laboratory capacities, diagnosis is
done by IgM antibody capture ELISA. In all areas where Zika virus is known to be endemic, other arboviruses are also
endemic, making the serodiagnosis very difficult, especially for patients with a secondary Flavivirus infection. When
dengue is suspected a combined NS1 antigen testing with IgM ELISA should be done [119].

Diagnosis of Travelers

Testing for Zika fever should be done in individuals who have (a) Travelled or resided in a Zika virus affected area in the
past two weeks (b) Have 2 of the following features including fever, rash, conjunctivitis or arthralgia [120].

When Zika fever is suspected, a ZIKV RT-PCR assay of serum or saliva should be performed during the acute phase.
Otherwise a pan-Flavivirus RT-PCR assay with sequencing of the PCR product should be done if it is positive.
Serodiagnosis should be preferred if the patient presents late but because Zika virus IgM testing is not conclusive; PRNT
should be performed for confirmation of results.

The following flow charts gives an idea about the laboratory diagnosis of Zika virus infection [121] (Figure 8).
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Figure 8. Laboratory diagnosis of arbovirus infection-acute and convalescent phase.

DENV: Dengue Virus; ZIKV: Zika Virus; CHIKV: Chikungunya Virus; RT-PCR: Reverse Transcriptase Polymerase Chain
Reaction; PRNT: Plaque Reduction Neutralization test.

Diagnosis of Zika Virus in Pregnant Women

Testing for pregnant women should be done under the following circumstances
Category Tests done

Testing symptomatic pregnant women RNA nucleic acid test (NAT) testing and Zika virus IgM testing

Testing Asymptomatic
Pregnant Women

Asymptomatic pregnant women with ongoing
possible Zika virus exposure Testing three times during pregnancy using RNA NAT testing

Asymptomatic pregnant women with recent
possible exposure to Zika

Testing should be considered based on pretest counselling, risk
assessment and patient preferences

Testing pregnant or postpartum women with possible Zika Virus
exposure who have a foetus with ultrasound findings of birth defects or

an infant with zika virus-associated birth defects
1. RNA NAT testing and Zika virus IgM testing 2. Amniotic fluid for Zika viral

RNA testing 3. Placental and fetal tissues testing

Table 1. Testing for pregnant women.

History of recent travel to or residence in an area with risk of Zika (during pregnancy or the periconceptional period (the
6 weeks before last menstrual period or 8 weeks before conception) or Sexual intercourse during pregnancy with a
person who travelled to or lives in an area with risk of Zika virus [122].

The CDC recommended tests done for pregnant women is given in Table 1.

DIAGNOSIS OF INFANTS WITH POSSIBLE CONGENITAL ZIKA SYNDROME
Laboratory testing for Zika virus should be considered in any infant born to a woman with a positive test for Zika virus

infection and for infants with features of congenital Zika syndrome. rRT PCR with the infant’s serum and urine sample
should be performed within the first two days of birth. Cord blood is not recommended for the diagnosis because it can
yield false positive or negative results through maternal blood contamination. The criteria for the diagnosis of infants with
Congenital Zika syndrome is given in the Table 2.
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Table 2. Interpretation of results of laboratory testing of infant’s blood, urine and cereb rospinal fluid for congenital Zika virus
infection.

Tests Interpretation for congenital Zika virus

RT-PCR IgM ELISA infection

Positive Positive or Negative Confirmed infection

Negative Positive Probable infection

Negative Negative Negative

A positive IgM ELISA should be confirmed by PRNT but PRNT cannot distinguish between mother and infant antibodies.
So it is usually advisable to wait for 18 months for the maternal antibodies to decrease and then perform PRNT. When
PRNT is positive ≥ 18 months, it is conclusive of congenital Zika syndrome [123].

EVALUATION OF INFANTS WITH CONGENITAL ZIKA SYNDROME
Infants with features suggestive of Congenital Zika syndrome should undergo an extensive,

(a) Physical examination including size of occipito-frontal circumference, length, weight and evaluation of gestational
age and dysmorphic features.

(b) Assessment of Central nervous system for neurologic abnormalities

(c) Splenomegaly, hepatomegaly and rash.

(d) Cranial ultrasound.

(e) Assessment of hearing by otoacoustic emissions or auditory brainstem response testing.

(f) Ophthalmic examination [124].

TREATMENT
There are no specific antivirals available for Zika virus. Management is supportive and includes adequate rest, fluid

intake, antipyretics for controlling fever and analgesics. Anti-histamines can be taken to reduce the itching due to rashes.
Aspirin and other non-steroidal anti-inflammatory drugs should be avoided until the diagnosis of dengue is excluded to
avoid haemorrhage and Reye’s syndrome in children [125].

MANAGEMENT IN PREGNANCY
Only supportive treatment is recommended during pregnancy. Serial ultrasounds should be done to monitor the foetal

growth and development. It is mandatory to refer to an infectious disease specialist with specialisation in pregnancy
management [126].

MANAGEMENT IN INFANTS WITH CONGENITAL ZIKA SYNDROME
Infants born with features of Congenital Zika syndrome should undergo a battery of tests like complete blood count,

thyroid examination and liver function tests and consultations with various specialists.

(a) Neurologist for determination of neuroimaging.

(b) Infectious disease specialist for evaluation of other congenital infections like syphilis, toxoplasmosis, rubella,
cytomegalovirus infection and herpes simplex virus infection.

(c) Ophthalmologist for a detailed eye examination.

(d) Endocrinologist for evaluation for hypothalamic or pituitary dysfunction.

(e) Orthopaedician and physical therapist for the management of hypertonia and club foot.

(f) Pulmonologist for concerns about aspiration.

(g) Nutritionist, gastroenterologist, or speech therapist for the management of feeding issues.

(h) Auditory brainstem response to assess hearing should be done during discharge and after few months. At each
hospital visit, developmental milestones, feeding and growth, sleep and abnormal movements should be monitored. Eye
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examination and auditory brain stem response should be performed and referred to the concerned specialist in case of
any abnormalities. Family supportive services should be provided [127].

NOVEL DRUGS FOR ZIKA VIRUS INFECTION
Currently there are no approved drugs or vaccines to treat or prevent Zika virus infection. Recently an autophagy

inhibitor and inhibitor of endosomal TLR activation- Hydroxy chloroquine which is already approved for the treatment of
malaria was found to reduce the severe fetal outcomes in pregnant mice [128,129].

Nanchangmycin, a polyether obtained from Streptomyces nanchangensis has insecticidal and anti-bacterial properties
and blocks Zika virus replication in human osteosarcoma cells in vitro [130].

Obatoclax is an anti-cancer and small molecule Bcl-2 protein inhibitor and was found to prevent virus entry into the
cell. These antagonists are effective only against viruses that require a low pH for fusion and entry such as Zika, West
Nile virus and Yellow fever virus [131].

Chloroquine, which is an anti-malarial drug is an endocytosis blocking agent and inhibits Zika virus infection in human
brain microvascular endothelial cells, human neural stem cells, and mouse neuroprogenitor-enriched neurospheres [132].

2′-C-methylated nucleosides were found to be efficient at causing premature termination of nucleic acid synthesis and
so has become a promising drug for the future [133].

Sofosbuvir (Sovaldi) is a uridine nucleotide analog that is used for the treatment of chronic Hepatitis C virus infection.
Its active metabolite is 2′-fluoro-2-C-methyl-UTP, which binds to the active site of NS5 and inhibited Zika virus replication
in vitro. It was also found to decrease Zika viremia and delay mortality and morbidity in Zika infected mice [134].

Tetrapeptide-boronic acid effectively inhibited NS2B-NS3 protease. Berberine, luteolin, Epicatechin gallate and
epigallocatechin gallate strongly inhibited NS3 and hence Zika virus replication [135].

Mycophenolic acid (MPA) is an Inosine monophosphate dehydrogenase inhibitor and showed inhibition of Zika virus
activity in cell culture experiments that was confirmed using quantitative RT-PCR [136].

DRUG REPURPOSING
New drugs may take many years to be licensed as safe and effective. So nowadays the strategy is to use FDA approved

drugs for treatment of Zika infection. This drug repurposing has already been applied successfully to Ebola virus disease,
Giardiasis, Exserohilum rostratum infection,Hepatitis C. Emricasan, a pan-caspase inhibitor inhibited caspase 3 activity
and protected human cortical neural progenitors [137].

A variety of drugs like Azathioprine, Bortezemib, Cycolsporine A, Dactinomycin, Daptomycin, Digoxin, Mefloquine,
Mebendazole, Micafungin, Sretraline, Pyrimethamine, Thioguanine [138]. But their safety profile should be considered in
conditions like pregnancy.

USE OF CONVALESCENT SERUM
The use of convalescent serum for treatment of Zika infection has been observed in Albino mice. It was found to

reduce the infected brain cells, reduced caspase activity and reduced brain progenitor cell death. So this has a better
scope for the treatment of pregnant women infected with Zika virus [139].

USE OF MONOCLONAL ANTIBODIES
Monoclonal antibodies has been in research which was found to neutralize Zika virus E protein and thus reduced Zika

virus replication and maternal fetal transfer [140].

ALTERNATE MEDICINE TREATMENT
Ayurveda and Homeopathy are ancient medical sciences which claims to have remedies for many diseases without any

side effects. Eupatorium perfoliatum, Atropa belladonna, Rhus tox may be used to releive Zika virus symptoms [141].
Atropa belladonna has already been tried to treat Japanese encephalitis virus infection [142].

In Ayurvedic management of Zika virus, Giloya (Tinospora cordifolia), Tulsi swarasa, Turmeric, Ginger was found to have
antipyretic, antibacterial and immunomodulator properties and could be used to reduce the symptoms of Zika fever [143].
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PREVENTION
There are no licensed vaccines for Zika prevention. So the prevention of Zika virus infection lies in the control of vector

mosquitoes and personal protection measures.

CONTROL OF VECTORS
The WHO recommends the Integrated Vector Management which consists of elimination of Aedes aegypti mosquitoes

breeding sites. Buckets, tires, flower pots, planters and pools should be cleaned or covered or emptied to prevent the
breeding of mosquitoes. Use of biological larvicides and Monomolecular films and oils can eliminate the mosquito larva
[144,145].

Control of adult mosquitoes can be achieved by spraying of insecticides and mosquito traps, mosquito nets and air-
conditioned rooms, fumigation of cargoes at ports [146-150]. Wolbachia infected mosquitoes and sterile insect technique
can also be applied to the control of Zika virus [151,152].

PERSONAL PROTECTION MEASURES
The best way to eradicate Zika infection is by following personal safety precautions which includes wearing long-

sleeved shirts and long pants, usage of permethrin-treated clothing and gear, insect repellents, use of mosquito mesh on
windows and doors, indoor insect spray and sleeping under a mosquito bed net [153].

Zika virus infection during pregnancy can have adverse outcomes on the baby. Therefore pregnant women should not
travel to areas with high risk of Zika virus and take proper preventive measures to avoid mosquito bites. Male partners
who are infected with Zika virus or travelled to a Zika endemic region should abstain from sexual intercourse or use
condoms for about six months [154].

People who have travelled to or living in a Zika infected area should avoid blood donation. In an endemic region, blood
should be screened for Zika virus by Nucleic acid amplification tests [155].

ZIKA VACCINES
There has been difficulty in designing a suitable vaccine against Zika virus. There are approved vaccines for other

flavivirus like Japanese encephalitis and Yellow fever. But there is the problem of cross reactivation of antibodies
between Zika and other flaviviruses. Antibodies can lead to exacerbation of secondary flavivirus infections by Antibody
dependent enhancement. The vaccine should be suitable for women of reproductive age and pregnant women. More
than 38 Zika vaccine candidates have been reported to the WHO but none have been licensed so far. There are various
vaccine approaches including live attenuated, inactivated, subunit, DNA, mRNA, proteins and viral vector vaccine
platforms all of which express Zika virus structural proteins [156].

Shan et al. described a live attenuated vaccine with deletions in the 3'untranslated region of the Zika virus genome
that prevented viral transmission during pregnancy and testis damage in mice. Live vaccines have the advantage of
single dose efficacy, low cost and long duration of immunity which will be highly beneficial in low income countries, where
the Zika virus is endemic [157].

Zika purified inactivated vaccine was developed by the Walter and Reed Army Institute of Research. In a study by the
National Institute of Allergy and Infectious diseases the vaccine produced antibodies which provided protection to rhesus
macaque monkeys against the Brazil and Puerto Rico strains of Zika virus [158].

DNA vaccines are safe, thermostable, simple to manufacture and multiple candidate antigens can be used. Larocca et
al. developed a Zika vaccine expressing the M and Env immunogens based on the Brazil BeH815744 strain [159]. But
DNA vaccine was found to be less potent than inactivated vaccine in a study by Abbink et al. [160].

Richner et al. designed a mRNA vaccine in which lipid nanoparticles encapsulate modified mRNA encoding Zika virus
structural genes. The advantage of mRNA based vaccine is that it does not integrate into chromosomes which can lead to
mutagenesis and oncogenesis unlike DNA vaccines. Two doses of immunization with modified mRNA encoding Zika Virus
prM-E vaccine induced high levels of neutralizing antibodies that protected three mice strains [161].

Chahal et al. developed a modified dendrimer nanoparticle (MDNP)-based RNA replicon vaccine which induced anti-
Zika virus IgG responses in C57BL/6 mice. They also identified a Class I MHC-restricted 9-mer peptide to which a CD8+ T
cell response was induced in immunized C57BL/6 mice [162].

Pardi et al. designed a single low-dose intradermal immunization with lipid-nanoparticle-encapsulated nucleoside-
modified mRNA (mRNA–LNP) encoding the prM and E glycoproteins of a strain from the Zika virus outbreak in 2013, that
elicited durable neutralizing antibody responses in mice and macaque monkeys [163].
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DISCUSSION
Recombinant viral vectors are emerging as vaccine carriers due to their safety, easy to manufacture and capability of

mounting a good immune response. An adenoviral-based Zika vaccines expressing the Zika virus envelope gene (E) fused
to the T4 fibritin foldon trimerization domain (Efl) was delivered intradermally through microneedle array (MNA) in
C57BL/6 mice. Pups born to the mice were protected against Zika virus with no neurological signs and weight loss [164].

A single-shot recombinant rhesus adenovirus serotype 52 vector vaccine, expressing Zika virus premembrane and
envelope, produced neutralizing antibodies and protected rhesus monkeys completely against Zika virus infection.
Recombinant vesicular stomatitis virus (rVSV) expressing either the Zika virus envelope or precursor membrane was
found to be a highly effective vector for vaccine purposes. The rVSV-ZIKV constructs showed immunogenicity in murine
models and also maternal protective immunity in newborn mice born to female mice vaccinated with VSV vectored-Zika
Virus [165].

Virus like particles are structures resembling viruses where the immunogens have the ability to mount immune
response and hence are potential vaccine candidates. Boigard et al. designed a Zika virus like particle expressing both
the structural and non-structural proteins and demonstrated their vaccine efficiency in mice. The mice produced
neutralizing antibodies even higher than the antibody titre of a person who recovered from Zika virus infection in Brazil in
2015 [166,167].

Using immunoinformatics, linear and conformational B-cell epitopes and a cytotoxic T-lymphocyte (CTL) epitopes for
Zika virus Envelope (E), N S3 and NS5 proteins were predicted. The binding interactions between the groove of class I
major histocompatibility complex (MHC I) and peptides were studied. The stability of the peptide-MHC I complex was
investigated by molecular modeling simulations. This study on peptide vaccines presents a set of peptides for future
vaccine development against Zika virus [168]. An investigational vaccine which is designed to protect against multiple
mosquito borne diseases called AGS-v was developed by the London based 86 triggers an immune response to four
mosquito salivary proteins. It is evaluated in a Phase 1 clinical trial and is said to provide protection against Dengue,
Zika, West Nile fever and Malaria [169].

CONCLUSION
Zika virus is a potential threat not only to the currently involved American territories but globally. Though it is an arbo

viral disease it is found to spread through sexual contact and blood transfusion. Much advance has been made about the
virus in recent times, yet there are many knowledge gaps which needs to be filled. It leads to neurological complications
and when pregnant women are infected, it can infect the foetus causing a plethora of manifestations. Laboratory testing
and diagnosis. There are no effective anti virals against Zika virus discovered so far. Though many vaccines are in the
pipeline, none of them are licensed for human use so far. So the only effective way to put an end to this disease is by
following prevention measures such as control of the vector mosquitoes, safe blood transfusion and protected sex.
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