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Abstract

Since its first discovery in 1947, the Zika virus did not cause any public health concerns at a global level until 2015 in South

America. The virus belongs to the family flaviviridae and it is an enveloped virus housing within its capsid a positive sense RNA ge-

nome. The primary mosquito vectors for the transmission of this virus are Aedes aegypti and Aedes albopictus, amongst others. The

virus appears to infect phagocytic cells through apoptotic mimicry, utilizing receptors involved in the phagocytic uptake of apoptotic

bodies. In addition to transmission through mosquitos Zika virus infection can be perinatal or congenital. In the latter, infection of

the mother in the first trimester has been implicated in causing microcephaly. Not all Zika virus infections present clinical signs and

symptoms but when present they may include low-grade fever, maculopapular rash, arthralgia/arthritis, edema, headaches, retro-

orbital pain, conjunctivitis, maculopapular rash on face and limbs, myalgia, vomiting and other digestive disorders. Less commonly

reported symptoms, as seen in other flaviviruse infections, are lymphadenopathy, prostatitis, anorexia, vertigo and hematospermia.

The similarities between the Zika virus and the Yellow Fever, Japanese Encephalitis, Tick-Borne Encephalitis, and Dengue viruses al-

lowed for rapid and effective development of diagnostic methods and great progress towards vaccine development.
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Introduction

The Zika virus (ZIKV) is a mosquito-borne arbovirus that be-
longs to the family Flaviviridae, genus Flavivirus [1]. Flaviviruses
have similar size, symmetry, and form under electron microscopy.
The majority of the members in this genus are transmitted through
the bite of an infected arthropod - classifying them as an arbovi-
rus [2]. The most common vectors of flaviviruses are mosquitoes
or ticks. Other flaviviruses that are related to ZIKV are: Yellow Fe-
ver virus (YFV), dengue virus (DENV), Hepatitis C virus, West Nile
Virus (WNV), Japanese encephalitis (JE) and tick-borne encephali-
tis viruses [1]. ZIKV was first distinguished from these similar ill-
nesses in 1947 by the Rockefeller Foundation whilst serosurveys
of jungle Yellow Fever on rhesus monkeys were being performed
in the Zika Forest, Uganda [1]. The ZIKV was subsequently identi-
fied in humans, but remained of little concern to global health orga-
nizations for the next 5 decades. Unexpectedly, Zika fever became
epidemic in Yap islands, 2007, French Polynesia, 2013, followed by
Brazil and parts of the Americas in 2015 - 2016 [3]. Associated with
these outbreaks are neurological manifestations including Guillain-
Barré syndrome (GBS) in adults and microcephaly in neonates, al-
though the mechanism of causation is poorly understood [2]. If the
molecular biology of the ZIKV - how it relates to and differs from
other flaviviruses - can be defined, it follows that the appropriate
steps can be taken for rapidand efficient clinical diagnoses of ZIKV

and promote the development of effective therapeutic strategies.

Molecular Biology of the Zika Virus
Structure and Morphology

The structure of the ZIKV and other flaviviruses have been de-
termined by x-ray crystallography and cryo-electron microscopy
[4]. It has been shown that flaviviruses are enveloped viruses with
a genome of approximately 11kb and have a spherical geometry
and a capsid surrounded by a lipid membrane [4]. The membrane
on flaviviruses contains two integrated surface proteins that are
arranged in an icosahedral-like symmetry [5,6]. The genomes of
these types of viruses are singular linear positive-sense RNA (+ss-
RNA) [4]. While there are limited numbers of full viral sequences
available, it is now known that ZIKV contains 10794 nt that en-
code for several structural and non-structural proteins [2,7]. The
description of the viral sequence allows for the classification of
Zika strains. Molecular data shows that ZIKV likely evolved in East
Africa, then subsequently spread to West Africa and Asia [2]. The
genotypes are denoted by the MR766 cluster, the Nigerian Clus-
ter, and the Asian cluster respectively. There is a minimum of 88%
nt homology between all isolated ZIKV strains [2,7]. Sun (2017)
showed that Virus Pathogen Database and Analysis Resource
(ViPR) completed the identification of 172 Zika genomic variants
and found that 148 were Asian genotypes, 15 and 8 were East Af-
rican and West African genotypes, respectively [8]. The low level
of nucleotide divergence between all known strains has beneficial

implications for vaccine and xenobiotic development.
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ZIKV has mature and immature forms, which have diameters of
approximately 50 nm and 60 nm respectively [4]. Mature virions
contain two virus-encoded membrane proteins, denoted M (mem-
brane) and E (envelope), and have a relatively smooth morphology
[4]. This is contrasted by the immature virions which are spiky and
contain E and prM (precursor membrane) proteins [4,5]. There is
a difference because 60 trimer projections of prM-E heterodimers
make up portions of the surface of immature virions while 90 E
proteins having the C-terminus end being anchored to the viral
membrane contribute to the mature viral surface [4]. The Zika vi-

rus closely resembles the Dengue virus in this way (see Figure 1).

Figure 1: The Dengue Virus (left, [57]) and the Zika Vi-
rus (right, [58]). From visual representation of these two
similar flaviviruses one can see that their morphology is
quiet similar. The likeness between the two viruses will
hopefully allow for the development of a ZIKV vaccine, or
cross-neutralizing therapeutic agents based upon the exist-

ing therapies for DENV.

A feature of ZIKV that also closely resembles other flavivirus-
es is the attachment of a glycan loop to the E proteins of the viral
membrane [9]. The virus isolated during the Yap outbreak in 2007
and thereafter, it has been noted that the glycan loop is significantly
longer than the analogous carbohydrates seen in viruses such as

Dengue or Yellow Fever [4]. In older isolated strains (including
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MR766 from Uganda, 1947), the E protein either has a modified
glycan loop, or lacks one entirely [10]. It can therefore be hypoth-
esized that a glycosylated E protein increases ZIKV virulence and
may have contributed to its current global prevalence and to the
divergence of different strains. On the other hand, other research
stated that post-translational modification events have involve-
ment more towards viral replication and maturation; due to ZIKV
strains possess variations located at amino acid 154 in the E pro-
tein which is known as the glycosylation motif. The 12 nucleotides
thatare presentin several flaviviruses at that location; majority are
absent in ZIKV strains [11-14]. An additional source of Zika vari-
ability that is comparable to DENV morphology is the pre-mature
or incomplete cleavage of prM proteins leading to partially mature
virions [15]. These particles have the ability to become infectious
and are a complication of drug development since this process
is quite variable and results in alternate protein conformations
[16,17]. Research has shown that DENV is pleomorphic; due to the
variably in the prM content which led to the existence of different
states of DENV including, protein dynamics as well as temperature
dependent transition. Lui (2017) showed that the presence of NS1
(non-structural protein 1) in the blood system of infected person
determines the aggressiveness of ZIKV transition to Aedes aegypti.
Their results showed that the strains that caused the recent epide-
miological events in South America are more infectious then the
Cambodian strain (FSS13025). Their phylogenetic analyses indi-
cated that NSI possesses single amino acid substitution at location
188 (alanine to valine). Their findings showed that acquiring Va-
line at that location enhance the viral infectivity and its prevalence
in A. aegypti, which could be the reason for Asian lineage stain of
ZIKV viral transmission and the cause of the recent epidemiologi-
cal events in South America [18]. Therefore, the question would be
asked is Does post-translational modification affecting the struc-

tural heterogeneity of ZIKV?

Another striking feature of the ZIKV is the constant dynamic
motion of the membrane proteins as suggested by cryo-EM [19].
Viral neutralization assays also conclude that the viral epitopes
are transiently accessible due to different conformations that the
E membrane protein can adopt throughout the viral life cycle [20].
The ability to undergo dynamic conformational changes is known
as viral breathing [4]. The consequences of viral breathing as re-
lated to ZIKV are not well understood, however it is thought to
simultaneously contribute to the high thermal stability of ZIKV
and the difficultly in developing anti-viral agents that target viral
epitopes [19,20]. Additionally, viral breathing may help to expose
parts of the virus that interact with TIM/TAM receptors and may
be a mechanism of infection, as described in the next section. Vi-
ruses belonging to the family Flaviviridae have accordingly similar
morphological features, but there are some unique features of the
ZIKV that warrant further investigation including, sequence varia-

tions, and glycosylation event.
Structure and Morphology

The molecular mechanism of ZIKV infection is poorly defined
at the present time but we continue to make progress in that di-
rection. Envelope proteins on the viral membrane surface mediate
attachment to the host cell and are thought to induce engulfment

and direct endosomal membrane fusion [4]. Host cell-receptor
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molecules may differ from species to species, and likely from tissue
to tissue [4]. Some implicated host proteins that facilitate entry into
dermal fibroblasts, keratinocytes and dendritic cells are TIM-1 (T-
cell immunoglobulin mucin domain) and TAM (Tyro3, Axl and Mer)
entry and adhesion factors [21]. These receptors normally induce
phagocytic cellular activity when they bind extracellular phospha-
tidylserine from apoptotic remains, however, research suggested
that they may interact with the lipid membrane of the virus, which
is transiently exposed as a result of viral breathing [21-23]. It can
be hypothesized that ZIKVs gain access to cells by way of apoptotic
mimicry as viral breathing, giving access to host TIM/TAM recep-

tors, which engulf and internalize the viral particle [22,23].

Viral Life Cycle and Replication

Even though ZIKV life cycle is still unclear, research relate ZIKV
to Flaviviruses’ life cycle and replication. Flaviviruses replicate via
the attachment of the viral E protein to host receptors, thus me-
diating internalization into the host cell [5]. This is accomplished
by receptor-mediated endocytosis or by apoptotic mimicry; as re-
cent research has concluded that TIM-1 facilitates the interaction
between the viral E protein and the targeted cells which then trans-
fers the virus particles to TAM for the endocytosis event. As their
results suggested that the expression of AXL and Tyro3 showed to
be up to 70% infectivity whereas the expression of TIM-1 and 4
resulted in basal infectivity [21-23]. On the other hand, TIM-1 was
shown to be involved the viral infectivity and transmission during
the course of pregnancy since TIM-1 was shown to be greatly ex-
pressed on many cell types including mid-gestation, late-gestation,
and placental cells. As for AXL and Tyro3, they were found to be
under expressed [24]. Following internalization there is fusion
mechanism between the virus membrane and the host’s endosomal
membrane, leading to the release of the viral genomic RNA into the
cytoplasm, known as ‘acidic-pH-triggered’ [5]. Due to ZIKV’s huge
similarities to the DENV type 2 and other flaviviruses, the viral as-
similation structure reveals important closer similarities between
ZIKV and DENV including, three domains (I, II, and III) as they are
connected to the two transmembrane (TM) helices and anchored
stem regions by a short linker. Therefore, the acidic environment
leads to dissociate the E dimer and expose the fusion loop (FL),
since it was assumed that the FL is also available at the tip of ZIKV’s
domain II, to facilitate the interaction with cytosolic membranes.
More structural reorganization causes domain III to relocate and
arranging atrimer hairpin-like structure in which the FL and the
TM regions are merged creating two lipid bilayers. That allows the
release of the gnomic RNA. The viral RNA is to be served as mRNA
and translated into a polyproteins which they code for three struc-
tural and seven non-structural proteins (Capsid ‘C’, prM, E, and NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5 respectively) [4,5,25]. Al-
though research on ZIKV is still on going, the questions remain to
be answered are Does the structure of all Flaviviruses utilize the

same route in influencing host interactions and virus tropism?

The replication of viral particles takes place in the cytosol,
where a double-stranded RNA (dsRNA) genome is synthesized
from the genomic RNA [5]. Once the dsRNA genome is synthesized,
the dsRNA genome is then transcribed and replicated. This process
produces viral mRNA along with new ssRNA(+) genomes as well
as the post- and co-translational modification of all viral proteins.
Next, assembly of the virus occurs at the endoplasmic reticulum,
the virion buds, and is then transported to the golgi apparatus via

the exocytic pathway towards the trans-Golgi network (TGN). Once
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in the golgi apparatus, the acidic environment leads to the rear-
rangement of the E proteins, the cleavage of prM protein into pr
and M by the furin protease activity, maturing the virion, and al-
lowing for the release of new virions via exocytosis [4,5]. Once re-
leased from the infected cell it disperses into the host bloodstream

and lymph nodes [1].

Modes of Transmission

The most common mode of transmission of ZIKV is via mos-
quitos, mainly of the genus Aedes [1]. The main vectors associat-
ed with the spread of the ZIKV are the yellow fever mosquito, A.
aegypti, and the Asian tiger mosquito, A. albopictus [27]. Recent
studies show that the transmission of ZIKV could also occur via a
multitude of other Aedes mosquito species such as: A. africanus, A.
luteocephalus, A. vittaus, A. furcifer, A. hensilli, A. dalzieli, A. polyne-
siensis, A. taylori and A. apicoargenteus [1,2]. These mosquitoes live
both indoors and outdoors and are found to bite humans largely
during the daytime [2]. These mosquitoes are carriers of the vi-
rus once they have drawn blood from an individual who has been
infected with the ZIKV - once infected the mosquitoes are able to
spread the virus to others. These mosquitoes have an almost un-
noticeable bite, and have the ability to bite multiple humans in a
single meal [2,3]. Other modes of transmission include mother-in-

fant transmission, sexual intercourse, and blood transfusions [2].

Even though it is still unclear where ZIKV is located in the mos-
quito, one may make inference to other arboviruses. Once the mos-
quito is infected by a virus, the virus will make its way to infect the
salivary glands of the mosquito as soon as the incubation and rep-
lication periods are over at the midgut wall of the mosquito. After
that mosquitos would be ready to bite and infect other individuals
as research has reported that they would live shorter lives and may
lay fewer eggs. In fact, mosquito already has a shot live and if virus-
es would kill them sooner than we would have never experienced
arboviruses’ diseases [26]. On the other hand, Mosquito co-infec-
tion of ZIKV with chikungunya virus (CHIKV) allows simultaneous
transmission without affecting vector competence of A. aegypti.
A recent research has shown that metabolome of A. Aegypti dur-
ing DENV infection; as their results suggested that DENV infection
precisely alters the lipid repertoire at the midgut of the mosquito
(viral replication site), which could be important to highlight the
metabolic pathways that may be required for successful dissemi-
nation and ultimately transmission [27]. Other research has also
shown that ZIKV can be co-circulated or co-infected with other vi-
ruses including CHIKV and DENV. Their results show that A. Aegyp-
ti has the ability to transmit two or more viruses at the same time
as their results showed that A. Aegypti managed to simultaneously
transmit ZIKV and CHIKV through a single bite without further in-
ference unlike other studies that showed the co-infection of CHIKV
and DENV require sequential bites as well as Sindbis virus and
DENV showed low rate of infectivity and infection [28]. Therefore,
the question is; does DENV co-infection enhance or reduce ZIKV
infectivity and pathogenicity? Does pathogenic ZIKV enhance the
pathogenicity of non-pathogenic flaviviruses?

In experimental ZIKV infection models it is important to dis-
tinguish between needle-based (subcutaneous) infections of ex-
perimental animals versus mosquito bite-based infections. The
latter will clearly better emulate the natural transmission kinetics
in humans and other primates. There are documented differences

between both routes of infections in terms of viral replication,
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pathogenesis, and transmission kinetics. Differences are also seen
in tissue distribution of the virus in mosquito-infected animals
where the virus is detected only in hemolymphatic tissue, female
reproductive tract tissue, kidney, and liver [29]. Other differences
reported included delay to peak viremia and decreased genetic
diversity of the virus in the infected animal population [29]. Ad-
ditionally, passage of the virus from mice through the mosquitos to
macaques was observed to result in alteration of the frequencies
of single nucleotide polymorphism (SNP) in ZIKV populations as
compared to the stock virus.

ZIKV can be transmitted from a mother to a fetus during preg-
nancy (otherwise referred to as congenital transmission), or trans-
mission can occur around the time of birth (referred to as perina-
tal transmission) [2,30]. Congenital transmission occurs when the
mother is infected with ZIKV early in the pregnancy, and before de-
livery the virus has passed to the fetus. On the other hand, perinatal
transmission occurs when the mother is infected with ZIKV around
two weeks before delivery. The virus is subsequently transferred to
the fetus during or close to the time of delivery [2]. After perinatal
transmission occurs, it is reported that infants can develop symp-
toms indicative of ZIKV, such as macropapular rash, conjunctivitis,
arthralgia, and fever [30]. According to Petersen,, et al. [2], in addi-
tion to the ZIKV symptoms, there also is evidence that ZIKV RNA is
present in the amniotic fluid, further suggesting direct transmis-
sion of the virus from the mother to the fetus. Moreover, ZIKV can
also be transmitted to infants and children postnatally, like adults,

through the mosquito bite from infected arthropod vectors.

Recent studies are considering the possibility of ZIKV infected
mothers transmitting the virus to the infants via breastfeeding
practices [31]. Certain studies suggest that ZIKV can be detected
in the breast milk of infected mothers, although there is not a suf-
ficient amount of data to confidently conclude that ZIKV can be
transmitted in this manner [31]. Another possible route of ZIKV
transmission is through sexual intercourse between partners
[2,32]. Individuals that are infected with ZIKV are able to transmit
the virus through bodily fluids, even before the symptoms start to
present themselves. Viral RNA can be found in the semen, vaginal
fluids, and urine [32]. ZIKV is the first flavivirus that is known to be
sexually transmittable between symptomatic or asymptomatic pa-
tients [32-35]. ZIKV can also be transmitted person-to-person via
blood transfusions [2]. From this data, it is obvious that care must
be taken to ensure individuals are aware of all the possible routes
of ZIKV transmission. The knowledge may help to curb the spread

of the virus across the globe.

Epidemiology
Early Years of ZIKV

The temporal and geographical pathway of ZIKV transmission
by the arthropod vector Aedes is fairly well understood and can be
delineated according to its time-space relationship. Firstly, the Zika
virus was identified in the Zika Forest of Uganda in 1947 [3]. During
a Yellow Fever serosurvey being conducted, the Rockefeller founda-
tion distinguished and isolated ZIKV from YFV - both in a febrile
rhesus monkey (Monkey 766) and in a pool of A. africanus mosqui-
toes [1,3]. The first human isolate occurred in 1952 in Uganda [3].
In the following two decades, 15 types of Arboviruses were isolated
from 171 subjects [36]. In comparison to other flaviviruses such as
YFV and DENV, ZIKV occurred at a low frequency, but did exhibit
seasonal patterns (fewer ZIKV isolations in dry seasons and more

in rainy seasons) that corresponded to the prevalence of compe-
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tent mosquito vectors [37]. The virus remained relatively obscure
for a number of years, though it had been reportedly isolated in
mosquitoes, primates and humans in at least 14 countries, includ-
ing Uganda, Tanzania, Egypt, Central African Republic, Sierra Le-
one, Gabon, India, Malaysia, Philippines, Thailand, Vietnam, Indo-
nesia, Senegal and the Ivory Coast [1,3]. In fact, it was not until
1999 that three distinct strains of ZIKV were isolated as part of a
series of studies of YFV in the Ivory Coast [36,38]. In the time since
then very few cases had been reported; no hospitalizations, deaths
or severe hemorrhagic illness had been found [36]. This remained
true until the ZIKV outbreak in Yap, of the Micronesia Pacific, in
2007.

Emergent Years of ZIKV

The Zika virus has been considered an emergent threat to pub-
lic health since the Yap epidemic in 2007 [3]. During the health
crisis, no hospitalizations or deaths were recorded, but it was the
first time that Zika fever was found to be hemorrhagic [3]. It was
estimated that 68 - 77% of the Yap population aged 3 years or old-
er were carriers of ZIKV antibodies, and of a population approxi-
mately 7400, there were 108 biologically confirmed ZIKV cases
from April-August 2007 [3]. The generally accepted vector for the
spread of the virus in this region is A. hensilli, although entomolo-
gists could not isolate the virus from the vector at the time of the
outbreak [3]. It is thought that most infections were not reported
as the majority of cases are believed to be asymptomatic. Addi-
tionally, this was the first time that ZIKV was discovered outside
of the typical geographical range - Africa and Asia [1]. It was hy-
pothesized that ZIKV could spread to other Pacific Islands or to the

Americas following this emergent outbreak.

The next major Zika event to catch the attention of the general
public was the French Polynesian epidemic in 2013. Ioos and col-
leagues indicated that approximately 10% of the French Polyne-
sian population sought out medical attention for suspected ZIKV
infections [3]. As with the Yap outbreak, no deaths caused by ZIKV
infection were reported, but hospitalization and hemorrhagic fe-
ver were noted. In contrast to the inability to isolate the ZIKV from
a vector in Yap (2007), entomologists were able to isolate it from
two vectors in French Polynesia (2013). It was discovered that
mosquito species A. aegypti and A. polynesiensis were spreading
and perpetuating the viral infection [3]. Furthermore, the Zika out-
break in French Polynesia was the event that sparked investiga-
tion into the association between ZIKV infection and neurological
symptoms. In fact, 72 cases of biologically confirmed ZIKV had re-
ported neurological manifestations of the illness, and of these, 42
cases of GBS were diagnosed [3,7]. It is important to note that the
country was in the midst of a Dengue viral epidemic (DENV types
1 and 3) when the Zika outbreak occurred [3]. The extreme condi-
tions of Zika co-circulating with Dengue warrant further investi-
gation into the effect of concurrent or serial flavivirus infections,
and well as the possibility of viral cross-neutralization and viral

enhancement.

Finally, March of 2015 played host to the first suspected case
of ZIKV in the Americas [3]. By March of 2016, Zika is reported to
have spread to 33 countries in the Americas, with the majority of
cases concentrated in Brazil [3,39]. The prevalence of the ZIKV had
a major global impact; not only in the eyes of the World Health Or-
ganization, but athletes, tourists and even spectators felt the nega-
tive impact of the emergent disease in Brazil. In fact, the Brazilian

Ministry of Health suspected that 1.3 million cases of ZIKV infec-

Citation: Mazen Saleh,, et al. “Zika Virus: Transmission and Infectivity”. Acta Scientific Microbiology 1.5 (2018): 66-74.



Zika Virus: Transmission and Infectivity

tions had occurred by March 2016 [3,39]. During this time, Brazil
experienced a considerable increase in the number of fetal micro-
cephaly and congenital malformations being reported [2,3,39].
This discovery prompted French Polynesian health officials to look
back at their own data. They identified an increase in the number
of fetal abnormalities that coincided with the time and locations
of ZIKV prevalence [3]. The mechanisms by which ZIKV can cause
neurological complications are not clear as of yet. Steps must be
taken to better understand the effect of ZIKV so that efficient di-

agnoses can be made and vaccination therapies can be developed.

Clinical Aspects of Zika Virus Infections

Symptoms and Diagnosis

Most of the data concerning ZIKV infections has been inferred
from data collected from other flaviviruses. The similarities be-
tween these viruses that allow useful data to be extrapolated are
also the cause of difficulty in the symptomatic diagnosis of Zika
fever. The common symptoms of ZIKV are quite broad in nature
and are characteristic of many flaviviruses,such as Dengue [2].
These symptoms can persist for 3 - 12 days and include arthralgia/
arthritis, edema, fever (mild-low grade), headaches, retro-orbital
pain, conjunctivitis, maculopapular rash on face and limbs, myalgia,
vomiting and other digestive disorders [2,3]. Less commonly re-
ported symptoms of flaviviruses are lymphadenopathy, prostatitis,
anorexia, vertigo and hematospermia [40]. Before the outbreak in
French Polynesia (2013), there was neither severe presentations of
these symptoms nor hospitalization due to ZIKV infection reported
[3]. Currently, there is an association between Zika fever and severe
neurological complications in adults and congenital malformations
in fetuses that has been the cause of some deaths (see Complica-

tions section).

Another diagnostic difficulty is the apparent lack of symptoms
in a large percentage of infected people. It is estimated that only
18% of human infections result in clinical manifestation [41]. In
fact, only 26% of French Polynesian blood donors that tested posi-
tive for ZIKV reported symptoms, and during a serosurvey in Yap
only 19% of confirmed infected residents in reported illness as-
sociated with ZIKV [2]. While the exact Zika incubation period is
unknown, it is thought to average less than one week based upon
other members of the flaviviruses [2]. The virus can be considered
self-limiting, as the viremic period in humans is approximately
3-5 days after the initial onset of symptoms [3,7]. Due to the non-
specific manifestation of flaviviruses, biological and chemical tests
should be used to confirm a diagnosis. The primary and most ac-
curate method of detection for acute ZIKV infection is isolation and
polymerase chain reaction (PCR) of the viral nucleic acid [7,22].
There is however a multitude of diagnostic tests and specific meth-
odologies that are in practice. For example, viral nucleic acid can be
detected by PCR techniques in sera and other fluids, and the pres-
ence of ZIKV antigens can be detected by immunohistochemistry
analysis with monoclonal antibodies [1,42]. Diagnosis relies on re-
verse-transcription PCR (RT-PCR) of viral RNA from blood samples
of patients believed to be infected with the virus [3]. These samples
must be collected no more than 5 days after the onset of symptoms
or detection of the nucleic acid in the sera may not be possible [3].
Enzyme-linked immunosorbent assays (ELISAs) are another se-
rological test used to detect anti-Zika IgM and IgG [3,7]. However,

cross-reactions with other flaviviruses can yield positive results;
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notably if the patient has anti-Dengue and anti-West Nile virus an-
tibodies [7]. IgM-capture (MAC-) ELISA tests can be corroborated
with more specific plaque reduction neutralization tests (PRNTs)
to reduce the possibility of a misdiagnosis due to cross-reactivity
[2]. This method is labour intensive, costly and involves handling
of the live virus - many labs are not equipped to run this type of
tests [2].

Alternatively, RT-PCR of urine, saliva and semen samples may
be used with varying degrees of success to diagnose ZIKV infec-
tion by detecting viral RNA well after the onset and resolution of
symptoms [3,32,43]. In a comparative study conducted by the Cen-
ters for Disease Control and Prevention (CDC) on 53 subjects with
Zika fever, infections were biologically confirmed using RT-PCR in
92% of their urine samples, 81% of saliva samples and only 51%
of serum samples [44]. Furthermore, when comparing the results
of sera and urine samples from 66 infected subjects, viral RNA was
found in 61 urine samples; almost double the number of positive
serum specimens [44]. No positive results from RT-PCR testing
were found for ZIKV in sera after 5 days or longer from the onset
of symptoms [44]. This is because the viremic period is relatively
short, making the viral load higher and infection more detectable
in these alternative fluids than when compared to blood [32]. In
particular, urine and semen show high viral loads [32,43]. The in-
fectious viral load of semen can persist for an unknown duration
and potentially contribute to sexual transmissions of this disease
[32]. It is also unknown how long infectious viral loads can persist
in the blood and amniotic fluid of pregnant women [2]. There is
currently no standard procedure for testing in prenatal and ante-
natal infections, although RT-PCR of cord blood and amniotic fluids
has been used to confirm the presence of viral particles while ul-
trasonography has been used to look for congenital malformations
in the fetus [2].

Treatment and Prevention

As of the time of this review, there is no specific antiviral drug
for the ZIKV infection [3,45]. The treatment is purely based on
symptomatic relief - a combination of antihistamines for rashes,
antipyretics such as acetaminophen for pain and fever, and fluids
for hydration are usually prescribed [3,7,45]. It has been found
that the infection can be complicated by administering acetylsali-
cylic acid which increases the risk of bleeding [41,45]. The risk of
hemorrhaging is also thought to be increased by the use of non-ste-
roidal anti-inflammatory drugs (NSAIDs) [7]. This is largely based
upon the observation of hemorrhagic syndrome onset with other
flaviviruses brought upon by treatment with NSAIDs [45]. In the
viremic phase, individuals with suspected ZIKV infections should
be isolated from other individuals and from mosquitoes to prevent
further transmission of the disease [46]. Other preventative mea-
sures include protecting one’s self against mosquito bites, wearing
long clothes, using insect repellant containing DEET, eliminating or
isolating stagnant water (egg-laying sites), making use of screened-
in outdoor areas, mosquito nets, and avoiding travel to afflicted ar-
eas [3,39]. Extra precautions are to be taken for pregnant women
residing in ZIKV endemic areas as they should always wear protec-
tive clothing, and should always sleep inside screened-in rooms or
under mosquito nets. These means of prevention are largely based

upon personal protection, as no vaccine currently exists [3].
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Vaccinations for Yellow Fever (YF), Japanese Encephalitis (JE),
Tick-Borne Encephalitis (TBE) and Dengue (DEN) currently exist,
so it seems likely that a vaccination for the ZIKV is entirely pos-
sible [4]. In fact, there are currently a number of vaccine and drug
therapies for the ZIKV infection being developed with promising
results. Methodologies being tested include the use of an inacti-
vated virus, live recombinant virus, subunit vaccines, virus-like
particles, live-vectored vaccines, nucleic acid-based vaccines and
repurposing existing drugs [4,47]. For example, the similarities
between the epitope structure for DENV 1-4 and ZIKV may re-
sult in the development of universal structure-based vaccine that
will provide cross-neutralization protection against homologous
infectious particles [4]. Just as with other flaviviruses, the target
of the trial-vaccine forerunners is to alter the functionality of the
precursor-membrane protein (prM) or the envelope protein (E)
with a nucleic acid vaccine [47]. These proteins have become the
primary target of antibodies as their neutralization would interfere
with host membrane receptors and membrane fusion [16,47]. This
is because E is essential for viral attachment to and entry into host
cells, while prM function is vital for virus maturation [17,47]. Their
alteration leads to the formation of subviral particles with E glyco-
protein conformations that produce high antibody titers correlat-
ing to the viral-neutralizing activity of the serum [17]. For example,
Pardi and colleagues developed an mRNA-modified vaccine with
lipid nanoparticles that is structurally based upon the French Poly-
nesian (2013) ZIKV strain (H/PF/2013) [48]. A vaccinated group
of test mice were found to have E protein-specific binding IgG an-
tibodies and neutralizing antibodies, and when they were subse-
quently challenged against the Puerto Rican 2015 ZIKV strain, all
mice blood tested negative for ZIKV RNA [48]. Additionally, Pardi
and colleagues vaccinated rhesus monkeys in one of three differ-
ent vaccine doses (50 pg - 600 pg). Just as with the mice, no ill-
ness or negative effects were observed due to the vaccination and
E-specific antibodies and neutralizing antibodies were once again
produced [48]. Six control monkeys all became infected when chal-
lenged with Puerto Rican ZIKV, while 4 out of 5 vaccinated monkeys
were completely protected from viremia; one vaccinated monkey

experienced low levels of transient viremia [48].

As indicated in this study, there may be a limiting protective
threshold against ZIKV that is dose-dependent based upon the an-
tibody affinity for the virus, the accessibility of the epitope, and the
overall effectiveness of the vaccine [48]. This is very important to
consider during human trials. Antibodies that are not able to meet
or exceed the protective threshold may increase viral production in
monocytes, macrophage, and dendritic cells because viral-antibody
complexes are facilitated in their cellular transport by Fcy recep-
tors. This is called antibody-dependent enhancement (ADE). The
ADE phenomenon has been implicated in the pathogenesis of se-
vere infections causing hemorrhagic fever and shock syndromes
[48]. Additionally, when considering vaccination as a method of
protecting both a pregnant woman and her child from ZIKV infec-
tion, a real danger is that passive immunization (maternal antibod-
ies being shared with the fetus) will result in sub-neutralizing lev-
els of antibodies for the fetus [48]. This may contribute to severe
infantile ZIKV infections and even congenital malformations. Due
to the relationship between severe ZIKV infections and fetal micro-
cephaly and GBS in adults, vaccination and treatments must take
care not to exacerbate the infection because of possible ADE effects.
Other research has shown that potentially PKA inhibitor (PKI) has
the ability to inhibit the replication of ZIKV at the post-entry stage

71
by disturbing negative-sense RNA synthesis and protein transla-
tion. Screening several cellular pathways for inhibitors led to the
identification of the PKI 14-22 inhibitor as to be considered ZIKV’s
potential inhibitor. The study used human endothelial cells and
astrocytes, since they have shown to be ideal modules for ZIKV
infection, to show that PKI effectively suppresses the replication of
several ZIKV strains that have African and Asian/American lineag-
es with minimal cytotoxicity to both cells. This study has shown a
potential in further exploring the therapeutic strategies in tackling
ZIKV replication [49].

Complications

As alluded to earlier in the review the ZIKV was of little con-
cern to the global health organizations before the outbreaks in
Yap (2007) and French Polynesia (2013). This was due to Zika’s
typically mild, uncomplicated and relatively asymptomatic pre-
sentation [50]. Since the emergence of the ZIKV as a global threat
however, the incidence of infection has proportionally increased to
the prevalence of severe neurological complications such as GBSin

adults and microcephaly in neonates.

Neurological Complications in Adults

Before the French Polynesian Zika event, flaviviruses such as
Japanese Encephalitis, West Nile Virus and Dengue had already
been suspected to cause GBS [36]. GBS is an autoimmune disor-
der that is characterized by rapid onset of muscle weakness, motor
function disturbance and ascending paralysis following a minor vi-
ral or bacterial infection; there was an unusually high number of
reported cases during the Zika outbreak in French Polynesia [51].
Sejvar and colleages describe the average number of incidents of
this syndrome per year in the country as 1-3 out of a population
of 100,000 [52]. During the French Polynesian Zika outbreak, af-
ter experiencing ZIKV symptoms, 42 patients in one year had ad-
ditional neurological symptoms develop, and were subsequently
diagnosed with the syndrome [52]. There is clearly a spatial and
time-dependant correlation between ZIKV and the GBS, however,
during this time it was reported that Dengue types 1 and 3 were
co-circulating with ZIKV in French Polynesia [51]. Concurrent fla-
vivirus infections may contribute to the high incidence rate of this

syndrome.

More recently in the Americas, Venezuela reported a 2-3 times
increase of GBS diagnoses from the national average and associ-
ated this increase to ZIKV infections [46]. Additionally, Brazil
and El Salvador reported that of all cases of GBS, more than half
of the patients had Zika-like symptoms preceding their diagno-
sis [39,46]. The link between ZIKV infections and GBS is becom-
ing more apparent over time. In fact, Cao-Lormeau and associates
discovered that there are clinical characteristics of ZIKV-induced
GBS that distinguish the disorder from other types of GBS [51].
They discovered that most of the 42 French Polynesian patients
described above had electrophysiological markers (using electro-
myography assessment techniques) showing acute motor axonal
neuropathy (AMAN) [51]. The onset of this type of syndrome was
extremely rapid, but further investigation showed that the progno-
sis for the ZIKV-GBS patients was generally favourable. This type of
GBS caused ‘reversible conduction failure’ within nerve segments,
which is typical of the AMAN type of GBS [51]. Following these
neurological findings, health organizations in countries where

Zika is endemic or countries that are prime candidates to play host
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to the ZIKV should be prepared to care for ZIKV patients in both

physiological and neurological capacities.

Neurological Complications in Neonates

A second source of neurological complications that have been
associated with ZIKV infections are those having to do with preg-
nant women and their afflicted fetuses. Parallel to the unusually
high number of GBS diagnoses occurring during ZIKV outbreaks,
the frequency of reported cases of neonatal congenital malforma-
tions also follows the temporal and geographical path of the ZIKV.
It is hypothesized that a maternal ZIKV infection results in an in-
crease in the likelihood of microcephaly for neonates characterized
by newborns having a below average size of head (regardless of
sex or age) resulting in slow brain growth and brain abnormali-
ties [53]. These nervous system complications have resulted in the
death of some microcephalic neonates [46]. Though the relation-
ship between microcephaly and ZIKV was initially not as appar-
ent as ZIKV and GBS, etiologic and epidemiologic data encouraged
countries such as French Polynesia to retrospectively consider
the concurrent diagnoses of Zika fever and microcephaly. Indeed,
health organizations in that country found - contrary to the aver-
age annual rate of fetal congenital malformations - 17 cases had
been reported in newborns to accompany the French Polynesian
Zika outbreak [3,46]. In Brazil, there was also a considerable infla-
tion in the number of neonatal congenital malformations, nervous
system defects and microcephaly that were found to coincide with
Zika events [39,46].

The mechanisms of neurological damage to fetuses caused by
Zika viral particles is even less understood than those of GBS. It
is known that Zika RNA can be detected in both the brains of mi-
crocephalic neonates, and the amniotic fluid of the mother [46,53].
Interestingly, the only tissue of newborns to have quantifiable
levels of ZIKV RNA was the brain [54]. This infers that there is a
link between a maternal infection and fetal brain damage. Ultraso-
nography can be used to detect fetal abnormalities; caution must
be taken, however, not to assume that all fetal microcephaly is the
result of Zika infection. Differentiation between genetic micro-
cephaly and acquired microcephaly that is the result of infection
with the Zika virus must be made. This distinction is important so
that mechanisms of neonatal neurological defects caused by a vi-
rus can be studied competently and efficiently. Additionally, Rather
and colleagues discuss that pregnant women who gave birth to af-
flicted newborns likely contracted the virus during the first trimes-
ter of their pregnancy [53]. Petersen and colleagues corroborate
this finding by suggesting that maternal infection often took hold
between 7 and 13 weeks [2]. This is contradictive to the onset of
fetal microcephaly not caused by the Zika virus - which usually oc-
curs in the late second or early third trimester. This being said, it is
not advisable for pregnant women to travel to areas where ZIKV is
circulating during any stage of pregnancyas ZIKV can be transmit-
ted by newly infected mothers to their infants at the time of birth,
resulting in sick infants with typical ZIKV infections [2,30,53].

Canadian Case Study

In Canada there have been a few documented cases of travel-
lers returning home with ZIKV. The first case of a ZIKV infection
in a Canadian was in 2013, when a woman who had travelled to
Thailand returned to her home in Alberta, Canada. She experienced
a number of mosquito bites during her stay. Upon her return and

over a 7 day period, the patient experienced intermittent periods
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of fever and chills, backaches, a popular rash on her extremities,
mild conjunctivitis, joint and muscle tenderness as well as retro-
orbital headaches [55]. She then sought out medical attention
and it was initially thought that she had contracted Dengue Fever
(DENV) [55]. From the patient, Fonseca and colleagues report that
blood, a nasopharyngeal swab and urine samples were collected
and proceeded to be subjected to a differential diagnosis of caus-

ative pathogens.

The patient was determined to be negative for bacterial patho-
gens and malaria, but the blood samples resulted in a positive re-
action to IgM antibodies for Dengue virus [55]. An inconsistency
was discovered with the diagnosis of Dengue fever when the pa-
tient’s serum samples did not show a corroborating positive re-
sult to Dengue IgG antibodies [55]. This encouraged the medical
staff treating her to look at alternate Flaviviruses that might have a
cross-neutralization effect with the DENV IgM antibodies. RT-PCR
was subsequently performed on the patient’s serum, nasopharyn-
geal and urine samples [55]. Fonseca and colleagues reported that
the resultant nucleic acid sequences were found to be nearly iden-
tical with the Asian Zika virus strain. Following this discovery, the
hypothesis of a ZIKV infection was corroborated by Zika-specific
serum IgM tests that were performed using ELISA and PRNT tech-
niques. Additionally, the incubation period from her exposure to
mosquitos until the onset of her symptoms is consistent with the
current model of Zika incubation periods [55]. Finally, the com-
plete Zika viral RNA genome was isolated from the urine samples
and nasopharyngeal swabs at the National Microbiology Labora-
tory in Winnipeg, Manitoba, Canada. It was confirmed that the
patient was the first host of the Zika virus in Canada, having con-
tracted the ZIKV infection from a mosquito-vector from her visit to
Thailand [55-57].

Conclusions

Since the isolation of the ZIKV from rhesus monkey 766 in a
forest of Uganda in 1947, to its recent emergence as a global health
risk, health organizations have accomplished many advancements.
We are now closer to a complete understanding of the molecular
biology of ZIKV and the molecular mechanisms by which it acts.
Although there are not currently vaccinations or drug therapies
available for the Zika fever specifically, the fact that ZIKV is very
similar to other members of the Flaviviridae has allowed for a
rapid progression in the development of the aforementioned viral-
combatant techniques. ZIKV is still spreading across the globe by
way of competent mosquito-vectors and domestic transmission
from person-person via a multitude of possible routes. With fur-
ther research and investigation, however, the threat of the ZIKV
may diminish and with the development of clinical therapies, ZIKV

may return to its mild, nonthreatening status.
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