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On February 1, 2016, the World Health Organization declared that the cluster of
microcephaly cases and other neurological disorders constitute public health emergency
of international concern. Furthermore, few studies demonstrated that there was an
increased evidence of causal relationship of Zika virus (ZIKAV) infection and micro-
cephaly, birth abnormalities and neurological disorders such as Guillain—Barré syndrome.
ZIKAV transmission occurs mainly by the bite of infected mosquitos (Aedes species), but
there are also reports that infections could occur via the placenta, breast milk, saliva,
blood transfusion and sex. This article reviews the global efforts, progress in scientific
research to understand the pathogenesis of ZIKAV infection & disease, clinical pre-
sentations, congenital transmission and autoimmune neurological disorders. The paper
further explores the knowledge gaps, future priority research agenda for strategic
response including vector control and prevention. We conducted a systematic literature
review to synthesise available evidence on ZIKAV infection and its vector and host

Guillain—Barré syndrome
Zika virus research

interaction from electronic databases.

1. Introduction

Zika virus (ZIKAYV) is an emerging mosquito-borne flavivi-
rus that was first identified in Uganda in 1947 and later found in
humans with increasing outbreaks in Uganda, Yap Island,
French Polynesia in 1952, 2007, 2013, respectively, and New
Caledonia, Easter Islands and Cook Islands in 2014 [1-4].

From 1 January 2007 to 4 May 2016, ZIKAV outbreaks were
reported in a total of 57 countries and territories. In 44 countries
these outbreaks were reported for the first time. Four of them
(Cook Islands, French Polynesia, Isla de Pascua — Chile, and
New Caledonia) reported a ZIKAV outbreak that is now over.
Seven countries (Argentina, Chile, France, Italy, New Zealand,
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Peru and the US) have now documented locally acquired in-
fections without any evidence indicating the presence of the
presumptive vectors, probably through sexual transmission [51.

ZIKAV is primarily transmitted by the bite of infected
mosquitoes, and the virus has been isolated from a number of
Aedes mosquito species [6], notably Aedes aegypti (Ae. aegypti).
The Ae. aegypti mosquito species are predominantly found in
tropical and sub-tropical areas. Another potential transmitter,
Aedes albopictus (Ae. albopictus), is entomologically well
recognized in several parts of Europe, particularly in Mediter-
ranean countries. Aedes polynesiensis is also incriminated as a
possible contributor to ZIKAV transmission in the outbreak of
French Polynesia. Other possible ways of ZIKAV transmission
are detailed below. However there are several unknown facts
and knowledge gaps about the pathogenesis, transmission,
complications and treatment of ZIKAV infection.

This article discusses in detail the occurrence of ZIKAV as a
public health threat, the progress and gaps in research related to
the epidemiology of the virus, pathology, clinical presentations,
knowledge, host and vector interaction, vector surveillance,
transmission patterns, immunity and immunogenicity, genetic
and molecular studies, the development of vaccines, new
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therapeutics and new methods of vector control strategies. The
paper reviews the current progress in research and the gaps by
elucidating the association of complications of ZIKAV in-
fections, clinical presentations, neurological disorders, and
foetal/birth abnormalities such as microcephaly.

We conducted a systematic literature review to synthesise
available evidence on ZIKAV infection and its vector and host
interactions from electronic data repositories namely from
PubMed, Medline, Scopus, JSTOR, of peer reviewed published
articles from January 2000 to 2016 including situational reports
of World Health Organization (WHO). Publication bias was
minimized by searching reports from well recognized interna-
tional public health agencies and the ZIKAV research database
created by the Pan American Health Organization. The search
words “Zika”, “ZIKAV”, and “Zika virus” were used. All au-
thors independently screened and short listed abstracts using the
search strategy.

2. ZIKAYV epidemiology
2.1. Geographic distribution

ZIKAV was first isolated in 1947 from rhesus monkey in
Uganda. The virus was later named after the geographic loca-
tion, Zika Forest, where it was isolated [7]. The virus was first
confirmed as a cause of human disease when three persons
became ill in Nigeria in 1953 [8]. Thereafter, ZIKAV was
associated with sporadic infections and only 13 cases were
documented over the next 57 years [9-11]. It was thus
astounding when the first major outbreak of ZIKAV was
recognised in the Yap Islands of Micronesia in 2007 with
approximately 5000 cases reported among a total population
of 6700 [2]. French Polynesia also reported an outbreak of
32000 persons infected in 2013-2014 [4.12-16]. Subsequently,
ZIKAV outbreaks occurred on other Pacific islands [4.15.16].
ZIKAV was first reported as causing an outbreak in the
Western Hemisphere in 2014 in Chile's Easter Island [17]. The
virus was subsequently detected in Brazil in March 2015 [6.18].
ZIKAV had spread to 14 Brazilian states by October 2015 and
an estimated 1.3 million cases had occurred [19]. Officials in
the Pan American Health Organization on May 2016 estimated
as many as 550 million people at risk of ZIKAV infection in
the Americas.

Recent results of phylogenetic and molecular clock analyses
point towards an introduction of ZIKAV in Brazil as early as
May 2013 [20l. However, ZIKAV transmission was only
confirmed in the north-eastern states of Brazil in May 2015
[6]. This event was followed by a rapid spread throughout the
country, and subsequently to most of the countries in the
Americas. In 2016, it was reported that an outbreak of ZIKAV
was occurring in the Americas, the Pacific and the Caribbean
[21-23],

In December 2014, an outbreak of ZIKAYV infection was
reported in Haiti rural community [24]. In this outbreak,
researchers were able to isolate the virus from three students
at different locations in west of Port-au-Prince. The study with
phylogenetic analysis suggested that the infection was wide
spread in the communities. The viral sequencing showed genetic
similarity and relations with ZIKAV from Brazil. Furthermore,
the analysis showed the existence of at least three major African
sub-lineages and established that the South American epidemic
may have begun through the introduction of an initial ZIKAV

outbreak in French Polynesia into Easter Island, then to the
countries and territories in the Americas [241.

Similarly, in October 2015, the sera of four ZIKAV patients
from Suriname were subjected for genomic sequencing and it
was identified to be of the Asian genotype as opposed to the
African lineage. The Suriname genotype shows over 99% pro-
tein and gene homology with the strain isolated from French
Polynesia in 2013 [251.

In 2016, numerous countries have reported autochthonous
ZIKAV transmission including Aruba, Barbados, Belize, Bolivia,
Bonaire, Brazil, Cape Verde, Colombia, Costa Rica, Cuba,
Curacao, Dominica, Dominican Republic, Ecuador, El Salvador,
Fiji, French Guiana, Guadeloupe, Guatemala, Guyana, Haiti,
Honduras, Jamaica, Korea, Federated States of Micronesia,
Marshall Islands, Martinique, Mexico, New Caledonia, Nicaragua,
Panama, Paraguay, Saint Lucia, Saint Martin, Saint Maarten, Saint
Vincent and the Grenadines, Samoa, Suriname, Tonga, Trinidad
and Tobago, and Venezuela [26-28].

The characterization of ZIKAV strains collected from six
African and Asian countries, as published by researchers,
showed that there are two geographically distinct lineages of the
phylogenetic trees of the virus. The relationships and hence the
epidemiological evidence of the Yap Island outbreak may
confirm that it originated in South-East Asia [29].

According to the Pan American Health Organization sur-
veillance data, the geographical distribution of ZIKAV has
steadily widened since the virus was first detected in the
Americas in 2015. Autochthonous ZIKAV transmission (mos-
quito borne infection) has been reported in 35 countries and
territories of the region. In those countries and locations where
the presence of competent mosquito vectors like Ae. aegypti
have been identified, ZIKAV outbreaks and transmission are
most likely to occur [1].

2.2. Zika case definitions

The WHO has issued interim case definitions of ZIKAV
infections. These definitions identified three categories; i.e.,
suspected, probable and confirmed ZIKAV cases [30l. A
suspected case of ZIKAV is characterized by the presence of
rash and/or fever with arthralgia, arthritis, or non-purulent
conjunctivitis. A probable case requires these symptoms in
conjunction with the presence of anti-Zika immunoglobulin M
(IgM) antibodies and an epidemiologic link within two weeks
prior to symptom onset to a region with local autochthonous
transmission. A confirmed case of ZIKAV disease requires
laboratory confirmation of recent ZIKAV infection by either
presence of ZIKAV RNA or antigen in serum or other samples
(e.g. saliva, tissues, urine, whole blood), or IgM antibody against
ZIKAV positive and PRNT90 for ZIKAV with titre 20 and
ZIKAV PRNTOO titre ratio 4 compared to other flaviviruses, and
exclusion of other flaviviruses.

2.3. Methods of ZIKAV transmission

Human to human transmission of ZIKAV predominantly occur
from the bite of an infected mosquito of the Aedes species [1.311.
ZIKAV RNA has been isolated in blood, semen, urine, saliva,
amniotic fluid, breast milk and cerebrospinal fluid [15.27.32-37].
Transmission of ZIKAV has been suggested via other non-vector
means such as sex, maternal-foetal transmission and blood trans-
fusions [38-49]. However, no study described transmission of
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ZIKAV person to person casually or by non-sexual close contact.
There has been one reported case of laboratory-acquired ZIKAV
disease in the US [32].

2.3.1. ZIKAV transmission by mosquito

The Aedes mosquito bite, which transmits numerous medi-
cally significant arboviruses such as Zika, dengue, chikungunya
and yellow fever viruses, is in abundance in tropical countries
[6,16,32,50-53]. Ae. aegypti, which is widely spread in the tropics
and subtropics, is the main mosquito vector associated with the
transmission of ZIKAV [23]. Other Aedes species are capable of
transmitting ZIKAV such as Ae. albopictus, Aedes africanus,
Aedes luteocephalus, Aedes vittatus, Aedes furcifer, Aedes
hensilii and Aedes apicoargenteus [54]. Many reports have
indicated that Ae. albopictus is established in many parts of
Europe, as well as in Mediterranean countries. Aedes
polynesiensis is also suspected to contribute to ZIKAV
transmission in French Polynesia.

Ae. aegypti lives in close proximity to people and their en-
virons and may be found both indoors and outdoors. The
mosquitoes typically breed in stagnant water which may be
found in puddles, flower pots, buckets and other small con-
tainers. Aedes mosquitoes bite people mainly in the daytime but
may also bite at twilight and at night. In the process, they may be
infected by ZIKAV from humans. Infected mosquitoes feeding
on un-infected non-immune persons may then transmit ZIKAV
infection [32.55].

2.3.2. Sexual transmission

Isolations of ZIKAYV in semen and few cases of transmission
by sexual intercourse were reported in few settings [38-
42,44.4555-58]. A man can sexually transmit ZIKAV to his
partner and ZIKAV was first reported as being sexually
in 2008, Colorado, USA [39]. ZIKAV was
transmitted from a male to a female after vaginal sexual
intercourse that occurred prior to the onset of the man's
clinical illness. Hematospermia was noted in this case report.
In 2014, an autochthonous case of ZIKAV infection possibly
due to sexual transmission was described in Florence, Italy
[45]. Several reports of confirmed cases of sexual transmission
of ZIKAV have been documented in 2016 associated with the
outbreak of ZIKAV in the Western Hemisphere [44.56].
Replication-competent ZIKAV has been isolated in semen up
to 62 days after the onset of fever while blood RT-PCR was
negative at the time [40.41.53]. The duration of persistence of
ZIKAV in semen is unknown.

All reports of sexual transmission of ZIKAV involve trans-
mission from a man to his partner following vaginal or anal
intercourse before the development or after the resolution of
clinical symptoms. Although presence of ZIKAV in female
genital tract of ZIKAYV infected woman is theoretically possible,
no reports were made on the possibilities or potential sexual
transmission of ZIKAV from an infected woman to her partner
[431.

transmitted

2.3.3. Transplacental and perinatal transmission
Pregnant women can become infected with ZIKAV and
maternal-foetal ZIKAV transmission can occur throughout preg-
nancy [47.48]. ZIKAV RNA has been detected in the amniotic fluid
of the expectant mothers whose foetuses were found to have
cerebral abnormalities on ultrasonography [48.57.59,60]. Zika viral

antigen and RNA has been isolated in the placenta and brain
tissues of babies with microcephaly who died soon after birth and
in the tissues after miscarriages [61]. There have been two reports
of perinatal ZIKAV transmission described in mother-infant pairs
where the mothers developed clinical features of ZIKAV
infection in the perinatal period. In both cases, the mothers and
the babies had ZIKAV infection confirmed within 4 days of the
delivery date. In the first case, the infant was asymptomatic while
the other infant was described as having an isolated diffuse rash
[47]. Microcephaly can be classified as primary (congenital) or
secondary (postnatal) [62]. Primary microcephaly can be detected
before 36 weeks of gestation [61]. Breastfeeding has not yet been
described as a mode of ZIKAV transmission, however, it has
been reported that other flaviviruses could be transmitted through
breast milk [32.63.64].

2.3.4. Transmission by blood transfusion

Transmission of ZIKAV by blood and blood related products
has not been reported. However the possibilities and potential
risk of transfusion-related ZIKAV transmission definitely exist.
As theoretical possibilities, molecular screening was imple-
mented in French Polynesia for blood donors during the terri-
tories’ outbreak. It was noted that 2.8% of asymptomatic blood
donors, at the time of donation, were found to be positive for
acute ZIKAYV infection after screening [33].

3. Clinical presentation of ZIKAYV disease

Before 2013, ZIKAYV infection had been described as a mild,
self-limiting illness associated with fever, rash, joint pain and
conjunctivitis [2]. Other clinical presentations have been described
in association with ZIKAV infection during the current outbreak.

The incubation period for ZIKAV is unknown but the
symptoms may appear within 3-12 days after the infected
mosquito bite and may resolve within 7 days [65]. The illness is
usually mild and 80% of cases of ZIKAV infection may be
asymptomatic [1]. Symptoms and signs of ZIKAV may include
“low-grade fever, maculopapular rash, arthralgia, conjunctivitis,
malaise, myalgia, retro-orbital pain and asthenia” [23.66.67].
Rarely, other features such as nausea, diarrhoea, abdominal
pain, mucus membrane ulceration and pruritus may occur [68].
Thrombocytopenia has been noted in case reports [69.70]. The
symptoms of ZIKAV infection usually resolve within 7 days.
Severe disease is uncommon, hospitalization is not usually
required and the case fatality rate is low [71.72].

4. Zika-associated neurological syndromes

A rise in Guillain—Barré syndrome (GBS) has been reported
in several countries in the Americas and the Pacific in associa-
tion with the current ZIKAV outbreak [12.14.36.73.74]. GBS is a
serious, immune-mediated illness exhibiting as progressive pa-
ralysis over 1-3 weeks, with a 5% death rate and up to 20% of
patients left with a significant disability. Based on the study
methods and case ascertainment, the annual incidence of GBS
could be estimated in the range of 0.4—4.0 cases per 100000
population per year. Furthermore, earlier studies have also found
that GBS is more common in adults, with risk increasing with
age and men more likely to be affected than women [75]. During
the outbreak of ZIKAV in French Polynesia, in the 4 months
between November 2013 and February 2014, 42 patients were
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diagnosed with GBS among 28000 persons presenting for
medical care [12], representing a marked increase from the
approximately 5 cases detected annually in the previous 4
years [291. A case-control study in French Polynesia also
showed an odds ratio of > 34 between GBS and a history of
ZIKAV infection. Overall, 7 countries in the Americas have
reported an increase in cases of GBS with at least one case
detected to have laboratory confirmed ZIKAV [1.4].

Other neurological complications have been reported in associ-
ation with ZIKAYV including acute myelitis [76], meningoencephalitis
[77] and brain ischemia [78].

5. Congenital microcephaly

Babies born to women infected with ZIKAV have severe
neurological sequelae. An unusual cluster of cases of congenital
microcephaly and other neurological disorders have been re-
ported. Congenital microcephaly (Figure 1) and other foetal
malformations potentially associated with ZIKAV infection or
suggestive of congenital infection have been reported in Brazil
(1271 cases), Cabo Verde (3 cases), Colombia (7 cases), French
Polynesia (8 cases), Martinique (3 cases) and Panama (4 cases).
Two were detected in the US and Slovenia with links of temporary
stay in Brazil [5]. Available preliminary data suggest that severe
congenital abnormalities are linked to ZIKAYV infection [79]. The
cases described share many characteristics with congenital
abnormalities associated with other viral infections, although the
abnormalities presumably linked to ZIKAV may have
distinguishing characteristics. In some cases, ZIKAV foetal
syndrome resembles other viral infection related congenital
disorders, but it is more severe than that observed with many
other intrauterine viral infections [80].

Few studies have reported that the presence of ZIKAYV infec-
tion as evident through laboratory confirmation. ZIKAV RNA
either in the amniotic fluid, or brain tissues of infants born with
microcephaly as well as the high rates of microcephaly among
infants born to mothers with proven antecedent acute ZIKAV
infection, provides strong evidence linking microcephaly to
maternal ZIKAV infection [48.57.59.61.81-83]. ZIKAV infection in
utero may contribute to the development of microcephaly. The
outbreaks in Brazil, Polynesia and Micronesia suggest that there
is a high probability of microcephaly in the newborns if the
infection has taken place in the first trimester [84-88], however
microcephaly may occur at up to 18 weeks gestational age
[57,59,82,85,89]. According to the Brazilian Ministry of Health,
more than 5000 reported cases of microcephaly with suspected
or associated ZIKAV infection have been investigated and
classified [27.88,90-92],

{

Figure 1. Newborn with microcephaly.

Ophthalmological findings have also been reported in in-
fants with microcephaly and presumable intra-uterine ZIKAV
infection [49.86-88]. These findings include severe ocular
abnormalities including important macular and optic nerve
abnormalities. Focal pigment mottling, chorioretinal atrophy
and optic disc abnormalities were reported among the
ophthalmologic manifestations described [92-94]. The range
of congenital abnormalities seen with infants born to ZIKAV
infected mothers indicates the relationship of ZIKAV and
microcephaly, neurological disorders and ophthalmological
disorders and a potential of ZIKAV congenital syndromes.

6. Zika diagnosis and treatment

In many advanced laboratories, diagnostic testing for ZIKAV
is performed primarily on serum. Other specimen types such as
urine, saliva, amniotic fluid, and tissue has also been evaluated.
However, ZIKAV is routinely diagnosed using RT-PCR for
Zika viral RNA or ZIKAV serology [66.9596]. A definitive
diagnosis of ZIKAYV infection is made by the recognition of
viral nucleic acid in serum while viremia is often brief and
diagnosis by RT-PCR will be productive if undertaken in the
first week after the commencement of clinical symptoms [97.98].
RT-PCR is positive for a short window period after clinical
infection and during viremia [97]. Additionally, it may be
difficult to isolate nucleic acid from clinical samples in the
low level viremia generally observed in ZIKAYV infection [98].
For these reasons, negative results of RT-PCR testing cannot
be used to exclude ZIKAYV infection. Experience from the study
of similar arbo-flaviviruses indicates that as the presence of
active virus in the blood diminishes the ZIKAV, IgM antibodies
will occur and will remain detectable for several months [99].
ZIKAV IgM and neutralizing antibodies classically develop
towards the end of the first week of clinical presentation [100].
ZIKAV-specific IgM antibodies detected by IgM-capture
enzyme-linked immunosorbent assay or immunofluorescence
assays in serum may be used for the diagnosis of ZIKAV
infection six or more days after the onset of clinical symptoms
[95]. A major challenge in the interpretation of serological test
results is cross-reacting antibodies against related arbo-viruses
(e.g. dengue, chikungunya and yellow fever viruses). The pla-
que reduction neutralization test can be used to differentiate
antibodies of closely related antibodies and aid in the verification
of results [101]. There is limited data that ZIKAV RNA can be
detected by RT-PCR in urine [34-36,102] and saliva [35].

Antenatal diagnostic procedures and techniques for the diag-
nosis of ZIKAYV infection have not yet been reliably established.
ZIKAV has been identified by RT-PCR in the amniotic fluid of

\
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congenital ZIKAV infected cases [48.57.82,103,104]. Immuno-
histochemistry and RT-PCR have also identified ZIKAV infec-
tion in the tissues of foetal losses and infant demise shortly after
birth [79]. Ultrasonography may detect microcephaly and
congenital malformations associated with ZIKAV infection
including brain atrophy, hydranencephaly, abnormal gyration,
cerebral calcifications, absent corpus callosum, ventricular
dilatation, hydrops fetalis, anhydramnios and intrauterine growth
retardation [57.82.89,105]. These findings were noted as early as
18-20 weeks of gestation although they are often detected later
[57.89,106]. Challenges exist with respect to clinical and technical
factors associated with the use of ultrasonography to detect
microcephaly [107] and the sensitivity of detecting microcephaly
using ultrasonography [108]. A more detailed evaluation of the
foetal intracranial anatomy by means of serial foetal
ultrasonography or foetal brain MRI might be recommended.

Treatment of ZIKAV infection is non-specific. Treatment is
generally supportive and is based on relieving symptoms mainly
based on pain relief, fever reduction, and anti-histamines for
pruritic rash including preventing dehydration with oral fluids.
Treatment with acetylsalicylic acid and non-steroidal anti-in-
flammatory drugs is discouraged because of a potential increased
risk of haemorrhagic syndrome. Pregnant women should be
treated with acetaminophen for alleviation of fever [105].

The immunological response of the human host following
ZIKAYV infection is subject for future studies. The experience and
lessons learnt from other human infection and immunological
reaction from dengue infection in humans may be used as a
reference point until further immunological observation is known.
The potential role of antibody dependent enhancement of ZIKAV
infection and disease has not been examined [109]. Immunological
analysis as illustrated by two case reports, demonstrated that
recovery from ZIKAV infection is associated with restoration of
normal numbers of immune cells in the periphery as well as
with normal function of antigen-presenting cells [69].

7. Vector control interventions and personal
protection

Several epidemiological studies examined risk factors for
ZIKAV transmission and human exposure to mosquitos and
conditions for ZIKAV circulation. Historically ZIKAV trans-
mission is known to take two different pathways; an enzootic
sylvan cycle, where the virus circulates between arboreal Aedes
spp. mosquitoes and non-human primates; and a human cycle,
between humans and peridomestic/domestic Aedes spp.
mosquitoes [110].

ZIKAV is mosquito transmitted flaviviridae. Among the
various mosquito species, Aedes (Stegomyia) mosquitoes appear
to be the most important vector for ZIKAV transmission,
although some Anopheles, Culex, Eretmapodites, and Mansonia
species are known to contribute for the transmission of ZIKAV.
The relative importance of non-human primates or other po-
tential hosts compared to humans in the transmission cycle of
ZIKAV is not well known.

As introduced earlier, ZIKAV was isolated first from mos-
quito vectors in 1948 and in 1956 from Aedes africanus speci-
mens. In addition to this, other researchers have also surveyed
many other Aedes species including human and non-human
primates to isolate ZIKAV using RT-PCR methods [109]. It is
also interesting to note that some researchers failed to
critically consider looking into the possibilities of other vector

species such as Culex. Faye et al. reported a long list of
mosquito species from which ZIKAV strains were isolated,
including several species of Aedes and Anopheles coustani
[111], The presence of ZIKAV in any mosquito species does
not necessarily mean that the vector is an efficient vehicle for
transmission.

Vector control activities should aim at reducing Aedes mosquito
densities to the lowest possible levels to ensure that ZIKAV trans-
mission is not taking place or is fully interrupted. A comprehensive
vector control activity should include well-structured entomological
surveillance focusing on local geospatial distribution of the vectors
and measurements of the vector population over time to facilitate the
right control interventions. WHO promotes integrated vector
management as a strategic approach to vector control [110.112].
Vector control approaches need to implement studies and
methods that focus on the local ecology, species, susceptibility
and resistance patterns to insecticides used, as well as the
programmatic operations at different stages of the life cycle of the
mosquitoes [113]. Countries need to strengthen vector surveillance
and collaborate to close the research gaps through data sharing in
order to monitor the spread of arboviruses, the dynamics and
insecticide susceptibility status of vector populations and the risk
of disease outbreaks.

Countries and territories affected by ZIKAV need to target
efforts by prioritizing vector control interventions based on
surveillance information and research findings. It is most
appropriate that vector control strategies to be more proactive
and be able to promptly provide special care for pregnant
women in order to prevent the occurrence of ZIKAV congenital
syndromes by instituting preventive measures like adequate re-
pellent lotion and insecticide treated nets. Furthermore, this kind
of interventions targeting pregnant women need to be carefully
monitored for its efficacy most particularly during ZIKAV
outbreaks. Personal protection measures should be considered
for women of childbearing age and at household level in general
[113].

Intensified vector control activities have to be prioritized in
areas with large populations and determining specific areas of
focus for interventions [110]. In order to curb the current global
ZIKAV outbreak and tackle the existing burden of dengue
viral infections, WHO has evaluated some newer tools [114].
This innovation includes a genetically modified mosquito
prototype known as OX513A, which is a transgenic strain of
Ae. aegypti engineered to carry a dominant, repressible, non-
sex-specific, late-acting, lethal genetic system, together with a
fluorescent marker. Larvae carrying the OX513A gene develop
normally, but die before becoming an adult. This technology has
been demonstrated to reduce Ae. aegypti populations in small-
scale field trials in several countries, but there is a lack of data
on epidemiological impact. Implementing this tool requires the
sustained release of transgenic male mosquitoes to maintain
suppression of wild Ae. aegypti populations. Another technique
being developed involves a mass release of male insects that
have been sterilized by low doses of radiation. The method
actually decreases the chance of the female's eggs from devel-
oping to full maturity [114].

A promising biological control method is one that uses male
mosquitoes carrying the naturally occurring Wolbachia bacteria,
which are found in 60% of common insects, including butterflies
and fruit flies. Laboratory results show that Wolbachia infection
reduces the replication of dengue, chikungunya and ZIKAV
within Aedes mosquitoes, and eliminates or substantially delays
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the appearance of virus in mosquito saliva, thus reducing the
competence of the mosquito to transmit viruses. The mosquitoes
are not genetically modified. Mosquitoes carrying Wolbachia
bacteria have been released in several places, including
Australia, Brazil, Indonesia and Vietnam as part of control
strategies for dengue. Some countries affected by Zika are using
biological methods as part of an integrated approach to mosquito
control [112].

As ZIKAV exerts its presence in the Region of the Americas,
researchers need to elucidate the interaction and adaptation of
the new virus in these susceptible hosts and other intermediary
organisms and vector species [109]. Entomological surveillance is
vital for any good vector control initiative. For areas with
established populations, monitoring Aedes mosquitoes at
immature (mainly larvae and pupae) and adult life stages
should be undertaken.

8. Promoting research and development

As of March 2nd, 2016, 67 companies and research in-
stitutions were already working on a number of products (31 on
diagnostics, 18 on vaccines, 8 on therapeutics, 10 on vector
control), which are at various stages of early development. No
vaccine or therapeutic modality has yet been tested on humans
[112]. However, the use of different animal models to study viral
pathogenesis and develop candidate vaccines is urgently
required.

According to the WHO emergency research and development
plan and Zika product landscape, a number of in-vitro diagnostic
(IVD) manufacturers have already expressed interest in devel-
oping assays to support the control effort. More than 30 IVDs
have been developed or are at various stages of development. Of
the few IVDs commercially available, even fewer have under-
gone regulatory premarket assessment. Several vaccine devel-
oping institutions and commercial interests are actively pursuing
vaccine development. Vaccine approaches include purified
inactivated virus, nucleic acid based vaccines (DNA, RNA), live
vectored vaccines, subunit vaccines, virus-like particles tech-
nologies and live recombinant approach [115].

The rapid spread and occurrence of ZIKAV outbreak in the
region of the Americas in the last two years and past outbreaks
since 2007 in other regions begged for firm scientific knowledge
and research about ZIKAV. Some of the research questions are
directed in the areas of modes of transmission; i.e. if Zika is
transmitted by other vectors, which mosquito species are
involved? What is the efficiency of person-to-person trans-
mission via bodily fluids such as saliva? What is the perinatal
transmission rate and timing? How often does transmission
occur sexually? What is the blood transfusion transmission rate?
Is it possible for ZIKAV to result in a chronic infection? Is a
long lasting protective immune response produced after ZIKAV
infection? Is re-infection with ZIKAV possible [109]?

It is unclear what factors gave rise to the emergence of
ZIKAV in the current outbreak in the Western Hemisphere.
Several explanations have been proposed including common
underlying mechanisms related to the emergence of ZIKAV,
dengue and chikungunya and the Aedes mosquito vectors such
as globalization, urbanization and environmental factor [52.116].
Another hypothesis is that ZIKAV recombination in nature as
a possible adaptive response to the mosquito vectors as a
proposed influence on ZIKAV spreading patterns [117]. It has
also been suggested that mutations in ZIKAV affecting

virulence and viral introduction or transmission to vulnerable,
non-immune populations may contribute to the spread of the
epidemic [84]. The incidence of ZIKAYV infection in the current
outbreak in the Americas is difficult to determine because
ZIKAV infection may be asymptomatic or mild [118].

Research gaps exist with respect to Zika transmission.
Although there is accumulating evidence to suggest that Zika
can be transmitted sexually through semen, gaps in data exist on
the risk of sexual transmission and the duration of ZIKAV
detection in semen [42]. It is unknown if a man can transmit
ZIKAV to his partner if he has ZIKAV infection and is
asymptomatic [42.43]. There is also a paucity of available data
on whether females can transmit ZIKAV sexually or if
ZIKAV can be transmitted via oral sex [42]. Zika may also be
present in other body fluids such as saliva in the acute phase,
but there are gaps in data on ZIKAV viability, viral load,
duration and risk of transmission in saliva [37]. ZIKAV has
been isolated in stored blood samples by RT-PCR, however
data are unavailable regarding the survival of ZIKAV in pro-
cessed and stored substances of human origin [94]. It is unknown
if ZIKAV can be transmitted via breast milk or the frequency
and persistence of the ZIKAV in breast milk. It is also
unknown if breast milk contains protective antibodies in
women previously infected with ZIKAV [114].

Prior to the outbreak of ZIKAYV in the Americas, the causal
and temporal link between ZIKAV infection, maternal-foetal
transmission and congenital abnormalities had not been
described.

Research gaps also exist on the frequency and risk factors for
maternal-foetal ZIKAV transmission. It is unknown if the risk of a
foetus developing congenital anomalies is different based on sexual
transmission versus mosquito-borne transmission [44]. The role of
viral load in pathogenesis and in utero transmission are also
unknown. Information on the complications resulting from
ZIKAYV infection is still limited. Researches that define the clinical
spectrum and characterization of the congenital abnormalities are
still needed. Studies relating to the association between ZIKAV
and other viral outbreaks such as chikungunya and dengue and the
potential for immunological interaction or co-infection contrib-
uting to viral transmission and virulence are needed. It is recom-
mended that further studies are conducted on ZIKAV basic science
and epidemiology to guide interventions [88].

Questions exist on how Zika affects the nervous system and on
the evidence and causality to guide interventions [77.116]. The risk
of a baby developing microcephaly after ZIKAV infection in
pregnancy is also unclear [65]. The full spectrum of
manifestations of congenital ZIKAV infection has also yet to be
described [84]. It has been proposed that the recently observed
manifestations of neurologic and congenital malformations in
association with ZIKAV infection may be a reflection of
increased incidence or viral mutation [84]. Challenges also exist
pertaining to the availability of reliable antenatal diagnostic
regimens to establish antenatal ZIKAV infection as well as the
role of RT-PCR on amniotic fluid and cord blood samples [65].

Commercially available diagnostics for ZIKAV are under
development, but currently there are few available [108]. The
Zika RT-PCR test is the first commercially available assay in
the US. The test was developed from a commercial laboratory
provider which was granted an Emergency Use Authorization
for testing for ZIKAV RNA. Prior to this, the only ZIKAV tests
approved by the Food and Drug Administration under Emer-
gency Use Authorization were accessible from the Centers for
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Disease Control and were to be used in Centers for Disease
Control designated laboratories. There is a need for the devel-
opment of rapid ZIKAV serologic tests. Further research is
recommended on the use and validation of non-blood specimens
such as urine and saliva for diagnostic purposes [34.37.40,109].
Challenges also exist with respect to cross reactivity between
other flavivirus antibodies and diagnosing Zika by serological
methods [90].

Extensive antibody cross-reactivity between ZIKAV and other
flaviviruses complicates the use of serology, which is often
fundamental to viral diagnosis and surveillance [84]. Past infection
with other flaviviruses or previous flavivirus vaccination may
result in immunoglobulin G antibodies that could bind to ZIKAV.

A priority research agenda is the development of convenient,
easy to use serological assays for monitoring the transmission of
ZIKAV and studying the associations between ZIKAYV infection
and severe clinical manifestations [109].

There is currently a paucity of evidence on the role of anti-
virals for the treatment of ZIKAV infection and studies in
affected regions are needed to guide local risk assessment,
therapeutics development and a vaccine [84].

9. Conclusion

The rapid distribution and outbreak of ZIKAV remains a
global concern and threat. The spread and transmission of the
virus will likely continue to be detected in new geographic lo-
cations and populations. Many countries harbour the mosquito
vectors responsible for the transmission of ZIKAV. Other po-
tential transmission patterns and ways may also contribute to-
wards a long term circulation of the virus.

Ongoing ZIKAYV emergency research and development plans
need to be expanded based on the current evidence of the as-
sociations between ZIKAV infections, congenital Zika syn-
dromes, foetal malformations; post-infectious GBS or any other
autoimmune neurological disorders may have significant impli-
cations to public health.

Many uncertainties about ZIKAV transmission exist. The
degree to which viremic persons or other species can transmit
ZIKAV to insect vectors is not well understood. The previous
transmission cycle and range of insect vectors associated with
ZIKAV transmission in the past may differ from the trans-
mission cycle and strain of ZIKAV, now circulating in the
Americas. It is still unclear how infectious the circulating strain
of ZIKAYV is as well as how long viremia lasts, the degree of
viremia and the risk of chronic viral persistence after initial
infection [111]. What is the relationship between pregnant
women weakened immunity and foetal infections? The timing
and prolonged infection in women and foetuses need further
understanding. Overall there is a knowledge gap about the
way zika infection progress in humans.

Opportunities exist for furthering ongoing research on novel
vector interventions for the control of ZIKAV transmission,
other flaviviruses as well as other potential emerging arthopod
borne infections. What is the role (if any) of previous infections
by (or immune responses to) other flaviviruses, in ZIKAV
pathogenesis? What about co-infections with different arbovi-
ruses [118]? No vaccine or antivirals medications currently
approved for ZIKAV infection. The only good reason for
optimism is that vaccine trials have commenced and many
researchers are working hard to close the knowledge gaps.
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