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Abstract

Background The massive pandemic of Zika virus (ZIKV)
infection is spreading through South America, Central
America, the Caribbean, and possibly the USA. It is the
most recent of four surprising appearances of imperative
arthropod-borne viral illnesses in the Western Hemisphere
over the preceding 20 years.

Objective The objective of this narrative review is to sum-
marize the existing knowledge about the epidemiology,
transmission, clinical manifestations, complications, repli-
cation, pathogenesis, diagnosis, and treatment and preven-
tion of ZIKV infection.

Methods We used electronic databases to identify relevant
published data regarding ZIKV in BOOLEAN and MeSH
searches.

Conclusion This review concludes that the ZIKV predomi-
nantly circulates in arboreal mosquitoes (e.g., Aedes afri-
canus) and wild primates. It rarely causes severe infection
in humans, even in extremely enzootic regions. Currently,
we do not have any efficacious drugs against ZIKV infec-
tion. However, there are virus-specific therapeutic targets,
which may lead to the development of targeted anti-ZIKV
drugs.
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Abbreviations

ZIKV Zika virus

dsRNA  Double-stranded RNA

ER Endoplasmic reticulum

GBS Guillain—Barré syndrome

mRNA  Messenger RNA

PHEIC  Public Health Emergency of International
Concern

RT-PCR Reverse transcription polymerase chain reaction

Introduction

There is a strong relationship between infectious diseases
(IDs) and poverty in that they both aggravate each other.
Numerous studies have reported that the incidence rates of
IDs are highest in areas where poverty is at its peak [1, 2].
This relationship has also been stated in the Global Report
for Research on Infectious Diseases of Poverty [3]. Fur-
thermore, several IDs, such as malaria, dengue and tuber-
culosis, influence the lives of marginalized people living
in developing regions, and these diseases remain uncon-
trolled [4]. Similarly, Zika virus (ZIKV) disease has rapidly
increased and is closely associated with other arthropod-
borne diseases of poverty, such as dengue and chikungunya.

ZIKV is an RNA virus (non-segmented positive-sense
RNA genome) that belongs to the Flaviviridae family and
Flavivirus genus. The virus is approximately 50 nm in
diameter and enveloped and spherical, with an icosahedral-
like arrangement of surface proteins. It is named as “Zika
Forest” and is located near Kampala, Uganda. Over the past
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few months, it has rapidly emerged in the Western Hemi-
sphere [5]. This virus is similar to other member viruses of
the family Flaviviridae, including yellow fever virus, den-
gue virus and West Nile virus, which cause febrile illness
together with rashes. It also shares similar characteristics
with the Spondweni virus [6].

ZIKV is transmitted to humans through the bite of
daytime-active Aedes mosquitoes; however, infection risk
through sexual activity and blood transfusions also exists
[7-9]. Phylogenetic analyses of ZIKV suggest two impor-
tant lineages, Asian and African, originating from a single
ancestor, most likely in Uganda [7]. The possible vectors
of Aedes species include Aedes polynesiensis and Aedes
aegypti, identified in French Polynesia, and Aedes hes-
illi, identified in Yap [8, 10, 11]. Aedes albopictus and A.
aegypti exist in many states of America, including vari-
ous parts of the south-central and south-eastern USA and
Hawaii [5, 8].

The RNA of the virion is infectious and acts as viral
messenger RNA (mRNA) and viral genome. The genome
is translated as a polyprotein with a length of 3419 amino
acids and is processed co- and post-translationally by both
host and viral proteases [12]. The ZIKV reproductive cycle
begins with the attachment of the virion to the cell mem-
brane of the host via an envelope protein that encourages
endocytosis. After endocytosis, the viral membrane fuses
with the endosomal membrane, and the single-stranded
RNA (ssRNA) is discharged into the host cell cytoplasm.
Then, translation begins and a polyprotein is cleaved,
which is involved in the formation of all structural and non-
structural proteins. Replication occurs during the next step,
which occurs in the cytoplasmic viral factories of the endo-
plasmic reticulum (ER), producing double-stranded RNA
(dsRNA). This dsRNA undergoes transcription to form
additional ssRNAs which assemble within the ER to form
new virions. These virions are then transferred to the Golgi
apparatus and are ultimately released into the intracellular
spaces, where they cause infection of new cells [13].

A close resemblance exists among the clinical presenta-
tions of ZIKYV, chikungunya and dengue, which are char-
acterized by headache, fever, maculopapular rash, myalgia,
arthralgia, and an array of complex signs and symptoms
that restrict differential diagnosis. Although ZIKV infec-
tion is in most cases self-limiting or even unapparent, with
a small risk of complications, some patients have devel-
oped neurologic symptoms and Guillain-Barré syndrome
(GBY) in Brazil and French Polynesia [14, 15].

The objective of this narrative review is to present exist-
ing knowledge about the epidemiology, transmission, clini-
cal manifestations, complications, replication, pathogene-
sis, diagnosis, treatment and prevention of ZIKV infection.

@ Springer

Search strategy

We searched PubMed, ScienceDirect and Google Scholar
with the following keywords: “Zika virus”, “Zika fever”,
“Epidemiology”, “Transmission”, “Clinical manifesta-
tions”, “Replication”, “Diagnosis”, “Treatment”, ‘“Pre-
vention” and ‘“Vaccines” in several combinations in
BOOLEAN and MeSH searches. The search covered the
period from 2007 to July 2016.

The references of selected papers were also screened to
identify relevant literature, and review articles were also
cited when applicable. Due to the limited data published in
scientific journals, we also explored the databases of lead-
ing organizations, such as the Centers for Disease Control
and Prevention, World Health Organization (WHO) and
Pan American Health Organization (PAHO).

Epidemiology

ZIKV (strain MR 766) was first isolated in April 1947 from
a rhesus macaque monkey, which was used as a research
animal by scientists of the Yellow Fever Research Institute,
located in Zika Forest, near Lake Victoria, Uganda [16].
These scientists named this filterable transmissible agent
“Zika Virus” in 1948 [17]. In January 1948, this virus was
also isolated from Aedes africanus at the same site. The
very first human cases were reported in 1952 in Tanzania
and Uganda [12].

Between 1951 and 1981, evidence of human ZIKV
infections was confirmed in various countries in Africa,
including Sierra Leone, the Central African Republic,
Gabon, Uganda, Tanzania and Egypt, as well as different
regions of Asia, such as Malaysia, India, Pakistan, the Phil-
ippines, Indonesia, Vietnam and Thailand. Only 14 human
cases were identified until 2007 and these originated in
Southeast Asia and Africa [17].

After its emergence (during the first 60 years), ZIKV
infection showed a geographical restriction [11, 18]. Out-
side of Asia and Africa, the first outbreak of ZIKV infection
was reported on the island of Yap in the Federated States
of Micronesia in April 2007. The disease was manifested
as conjunctivitis, rash and arthralgia and was initially diag-
nosed as chikungunya, dengue or Ross River disease. Later,
specimens obtained from suspected patients were revealed
to contain the RNA of ZIKV. There were approximately
49 confirmed and 59 unconfirmed cases, with no hospi-
talizations or deaths [11]. More than 70 % of the Yap chil-
dren having an age of 3 years developed infection within
4 months [11]. In this outbreak, the attack rate was 14.6 per
1000 inhabitants (range 3.5-21.5 per 1000 inhabitants).
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In French Polynesia, ZIKV was first identified in Octo-
ber 2013. Until December 2013, it was assumed to account
for approximately 19,000 cases of dengue-like syndrome.
Approximately, 30,000 humans (about 11 % of the total
French Polynesian population) developed ZIKV infection
[18-21]. This French Polynesian virus was closely related to
the virus isolated in Cambodia in 2010 [10]. Subsequently, in
2014, ZIKV was also detected in Easter Island (Chile), the
Cook Islands and New Caledonia [22]. Phylogenetic analy-
sis showed that the NS5 gene sequence of the Chilean strains
had 99.8 % nucleotide and 100 % amino acid similarity to the
French Polynesian strains [23]. This epidemic continuously
expanded and caused indigenous human cases in numerous
Latin American countries in the subsequent 2 years.

Brazil is the most adversely affected country of the Latin
American region with an approximately 500,000-1,500,000
ZIKV cases since March 2015 [24]. Numerous cases of
dengue-like syndrome in Natal, in the state of Rio Grande
do Norte, Brazil, were confirmed as ZIKV infection, which
were diagnosed using reverse transcription polymerase chain
reaction (RT-PCR). Afterward, numerous outbreaks occurred
in different states of Brazil, Colombia, Mexico, Guatemala,
Paraguay, El Salvador, Bonaire, Samoa, Trinidad and Tobago,
Aruba, Sint Maarten, Argentina, Venezuela, etc. and subse-
quently reached the USA. A close phylogenetic relationship
between Asian and Oceanic strains and South American
strains of ZIKV may be associated with the introduction of
ZIKV in Brazil by the participants from the Oceanic coun-
tries for the Va’a World Sprint Championship or Asian travel-
ers during the FIFA World Cup [21, 25-27]. In 2015, global
warming and climate changes in association with El Nifio in
North and eastern South America might have further accel-
erated the spread of Aedes mosquitoes and ZIKV in Bra-
zil [28]. At present, more than 30 countries in Asia, Africa,
Oceania, Micronesia and South America have reported indig-
enous human ZIKV cases [29]. The travel-related cases from
epidemic and endemic regions were also reported in North
America, Australia, Europe and Japan [30-37]. As of 27th
July 2016, a total of 50 territories and countries in the Ameri-
cas have reported ZIKV infections. According to most recent
data submitted to ArboNET, a total of 1658 ZIKV cases have
been reported in the USA. Out of these, 1657 were travel
associated. Similarly, a total of 4750 ZIKV cases have been
reported in the US territories. Out of these, only 21 were
travel associated, while the remaining cases were locally
acquired [38]. The Asian lineage is responsible for all ZIKV
outbreaks in the Americas and the Pacific [5].

Transmission

An aggravating factor for the transmission of mosquito-
borne diseases is poverty [39—41]. Mosquito-borne viruses,

such as ZIKV, may hit communities with poor infrastruc-
ture and sanitation more frequently. Overcrowding, lack of
access to piped water, presence of stagnant water, house-
hold sewage, streets strewn with rubbish and swarms of
mosquitoes around the trash give rise to the perfect set
of conditions for the augmented transmission of ZIKV in
poor communities. The recent outbreak of ZIKV disease
in Brazil clearly favors the areas of poverty. Currently,
approximately 1.5 million cases of ZIKV disease have been
reported in Brazil, with the overwhelming majority of cases
occurring in the poorer north-eastern states of Pernambuco,
Bahia and Paraiba [42, 43]. On February 1, 2016, WHO
declared mosquito-borne ZIKV disease a public health
emergency of international concern (PHEIC), following
reports from the Brazilian Ministry of Health and PAHO
[42, 44]. Because there is a debate regarding the relation-
ship between poverty and ZIKV transmission, ZIKV dis-
ease may not be a condition that affects only poor people
because vector mosquitoes can breed in stagnant water,
even in developed regions of the world, and can bite any-
one. The current episode of ZIKV disease in the Americas
[43] adds weight to this argument.

ZIKV is mainly transmitted to humans through mos-
quitos. The most important and common vectors for ZIKV
are Aedes mosquitoes; however, some Anopheles, Eretma-
podites, Culex and Mansonia species have also been pur-
ported as potential vectors [45-47]. In Asia and Africa,
based on serological and virological evidences of ZIKV,
the most probable non-human animal reservoirs are Cer-
copithecus aethiops, Macaca mulatta, Cercopithecus denti,
Cercopithecus ascanius schmidti, Chlorocebus sabaeus,
Lophocebus albigena, Pongo pygmaeus, Erythrocebus
patas and Colobus abyssinicus, and other mammals such as
elephants, zebras and rodents [47—49].

Similar to other arboviruses, the transmission of ZIKV
through blood transfusion is also possible. This is impor-
tant in endemic areas or other regions where the blood-
related products may be gained from ZIKV-infected trave-
lers returning directly from endemic areas. During the
epidemic, the ZIKV RNA was found in 2.8 % of the blood
donors in French Polynesia [50]. There is a high probabil-
ity of ZIKV transmission through sexual route, specifically
in patients of hematospermia having RNA and infectious
viral particles in the semen [51]. No other arbovirus has
shown any association with hematospermia or is found in
the semen [9]. Unintentional sexual transmission of ZIKV
to the female partner and subsequently to the fetus may
result in awful congenital anomalies among the newborns.

Transmission of ZIKV from mother to infant can occur
in utero or perinatally [8, 52, 53]. Transmission of ZIKV
via breastfeeding has not yet been observed [8], although
the transmission of other flaviviruses via this route has been
described previously [54, 55]. The other suspected routes
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of ZIKV transmission include monkey bite, mucocutane-
ous exposure, organ transplantation or hemodialysis [56,
57]. The risk of ZIKV infection among kidney recipients
should also be considered if the donors are either residing
in or returning from endemic regions, because the virus
may be shed in the urine of the infected person for more
than 30 days [31, 32, 58]. Due to occasional detection of
viral RNA in saliva samples and nasopharyngeal swab, it is
still unknown that ZIKV could be spread through respira-
tory droplets [52, 59].

Clinical manifestations

The incubation period of ZIKV is 3—12 days, and the ill-
ness caused in humans is usually mild [60]. Severe illness
and case fatality rates are very low. Symptoms of the ill-
ness are generally relieved within 2—7 days, but ZIKV can
be detected in the blood of an infected person even 1 week
after cure. Upon first exposure, a person develops immu-
nity and does not develop the disease again in the future
[61].

Adults

Approximately, 20-25 % of infected individuals develop
ZIKV disease [11]. Signs and symptoms include short-term
and low-grade fever (37.8-38.5 °C) coupled with macu-
lopapular and pruritic rashes, conjunctivitis (non-puru-
lent) and arthralgia (particularly, the smaller joints of the
feet and hands) [62, 63]. The concurrent presence of two
or more of these symptoms confirms ZIKV disease [64].
Other frequently described clinical signs associated with
acute infection include headache, myalgia, hematospermia
[51], asthenia, transient hearing loss [65], retro-orbital pain
and subcutaneous bleeding [66]. There are additional rarely
observed symptoms of ZIKV disease, including nausea,
diarrhea, mucous membrane ulceration, abdominal pain,
pruritus and thrombocytopenia [34].

The biochemical and hematological laboratory param-
eters are generally normal, though some patients may have
transient and mild leucopenia, lymphopenia or activated
lymphocytes, neutropenia, thrombocytopenia, monocytosis,
increased erythrocyte sedimentation rate and raised serum
levels of gamma-glutamyl transpeptidase, lactate dehydro-
genase, aspartate aminotransferase, ferritin, fibrinogen and
C-reactive protein during the course of the viremic phase
[20, 32, 34].

The ZIKV fever can be individualized from chikun-
gunya and dengue fever by more noticeable edema in the
extremities, low-grade thrombocytopenia, and less severe
malaise and headache [11, 15]. Furthermore, arthralgia in
chikungunya fever is more severe than in ZIKV fever, and
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Box 1 A comparison of the clinical features of the Zika virus with
chikungunya and dengue [66]

Clinical features Zika Chikungunya Dengue
Maculopapular rash +++ 44+ +
Fever ++ +++ +++
Arthralgia ++ +++ —+
Conjunctivitis ++ — _
Headache + ++ ++
Myalgia + + ++
Shock - — 4
Hemorrhage - — 44

in comparison to dengue fever ZIKV fever does not show
hemorrhagic complications (Box 1) [11, 67]. The clinical
characteristics of ZIKV disease in pregnant women are
similar to those of non-pregnant women. Currently, no evi-
dence indicates that pregnancy confers increased suscepti-
bility to ZIKV infection or severe clinical symptoms [52,
68].

Children

Children can be infected with ZIKV through the intrauter-
ine, intrapartum and postnatal routes [8, 53]. Two different
case reports described intrapartum transmission of ZIKV
to infants and newborns, who developed infection within a
few weeks of delivery. One newborn had no clinical signs
or symptoms, whereas the other presented with diffuse
rash and thrombocytopenia [52, 69]. To date, microcephaly
has not been reported in any child who was infected with
ZIKV at the time of birth [70]. The signs and symptoms
of the disease in children are similar to those of infected
adults [11, 69]; however, arthralgia is sometimes difficult
to detect in children and can manifest as irritability, pain on
palpation, walking with a limp, refusal to move or move-
ment with great difficulty, or feeling pain while moving the
affected joint [69]. No growth-related abnormalities have
been reported in children who were born healthy and later
developed ZIKYV disease.

Complications

The major complications associated with ZIKV infection
include congenital microcephaly and GBS.

Intrauterine (congenital) infection
The range of intrauterine consequences related to ZIKV

infection and the determinants of fetal risks have not
been fully explored. Although ZIKV infection has been
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confirmed in numerous cases of microcephaly [14, 71, 72],
how many of these were actually caused by ZIKV infection
has not been confirmed. Furthermore, the ZIKV genome
has also been identified in pathological specimens of first
trimester fetal miscarriages [14, 71], although it has not
been confirmed whether ZIKV was the cause of these fetal
losses.

Typical characteristics of intrauterine ZIKV infec-
tion include redundant scalp skin, low birth weight, poly-
hydramnios, anasarca and arthrogryposis. Neurological
deformities include brainstem dysfunction, cerebral lesions,
absence of swallowing and polymalformative syndromes
[73]. Markedly, certain other characteristic features, for
example chorioretinitis and hepatosplenomegaly, have not
been reported [74]. Ultrasonographic examination shows
intracranial calcifications specifically over the white mat-
ter of the frontal lobes, lentostriatal vessels, caudate, cer-
ebellum, around the lateral and fourth ventricles, cerebral
atrophy, dysgenesis of corpus callosum, enlarged cisterna
magna, vermis and thalami, asymmetrical cerebral hemi-
spheres, midline shift, severe unilateral ventriculomegaly
and thinning of the parenchyma on the dilated side, brain-
stem and pons [68, 74].

The congenital anomalies or intrauterine death may
occur in response to earlier infections during the first or
even second trimesters [14, 75]. As proposed by the pre-
liminary data, the risk of congenital deformities and micro-
cephaly is highest if ZIKV infection occurs in the first tri-
mester [73]. In Brazil, out of the total 35 women having
infants born with microcephaly, 57 and 14 % had a rash
during the first and second trimesters, respectively [74].
There is also a possibility that ZIKV infection occurring in
later stages of pregnancy appears in a different way with
less severe deformities, for example, sensorineural deaf-
ness, ophthalmological lesions, mental retardation or mis-
carriage [74]. Newborns with possible perinatal ZIKV
transmission seem to have mild disease and favorable
consequence [52]. Further studies should be conducted to
define the spectrum of symptoms in various gestational
stages of ZIKV infection.

In parallel to the current ZIKV outbreak in Brazil,
many microcephaly cases have been noted in newborns.
The affected cases have head circumferences >2 standard
deviations below the mean for sex and gestational age at
birth [74]. During the period from March 2015 to February
2016, a greater than 20-fold increase in microcephaly cases
was observed in Brazilian newborns compared to previ-
ous years [22]. A recent retrospective analysis from Brazil
revealed 17 cases of central nervous system-related malfor-
mations among neonates [76].

Before 2007, no cases of birth defects and fetal compli-
cations were reported during the ZIKV outbreaks in Asia
and Africa. Here, this question arises; if ZIKV was present

in Asia and Africa for so many years, then why was its link
with microcephaly not detected before and why has the epi-
demic hit Brazil and not, for instance, Africa? Several rea-
sons might be accountable for this. First, in Africa, ZIKV
remained in a sylvatic cycle largely involving monkeys and
a number of Aedes mosquitoes [6, 77]. This was possibly
because the African lineage strain of ZIKV was associated
with low viremia in humans [77], whereas the Asian line-
age strain of ZIKYV, involved in current outbreaks (Pacific
Islands and in South America), is spreading along long
chains of human-to-human transmissions. Second, the dif-
ferences between the genetic makeup of the African and
Asian lineages and adaptive changes in the Brazilian strain
might explain the recent emergence of ZIKV-associated
complications in humans [78—80]. Third, microcephaly is
a rare disease and has many causes [81] other than ZIKV.
Therefore, during the initial spread of ZIKV in Asia and
Africa, cases of ZIKV-associated microcephaly were not
reported due to the presence of a number of other blaming
factors.

Pathogenesis of microcephaly

Pathogenesis of microcephaly due to ZIKV infection is
still unclear because of the limited experimental evidences.
Recently, a few studies [79, 80, 82—-85] have evidenced the
pathogenic potential of Brazilian strain of ZIKV during
the development of fetus in animal models. These studies
concluded that ZIKV first infects the placenta and then the
brain of fetus, where it preferentially infects neural progen-
itor cells and decreases their viability and growth as neuro-
spheres through down-regulation of genes that are involved
in cell and organ development, and up-regulation of genes
that are involved in immune responses. This results in
inhibited cellular proliferation and differentiation, neuronal
apoptosis, thinning of the cortex and macroscopic features
similar to microcephaly. Based on the results of the above
stated studies [79, 80, 82—85], a causal link between ZIKV
infection and microcephaly could be hypothesized.

Guillain—-Barré syndrome

With regard to the current ZIKV outbreak, an unusual
increase in GBS cases has been reported in the Americas
[14]; however, a linear association has not yet been noted.
During the previous outbreak (2013-14) of ZIKV infec-
tion in French Polynesia, the association between ZIKV
infection and GBS was analyzed in a case—control study.
In this study, two control groups, including a group of 70
patients with ZIKV infection (no neurological complica-
tions) and a second group of 98 patients with non-febrile
illnesses (matched for residence, age and sex) and 42 GBS
cases (test group) were included in the analysis. ZIKV IgM
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was positive in 93 % of GBS cases versus 17 % of patients
in the second control group. In less than 50 % of these GBS
cases, anti-glycolipid IgG antibodies were detected, raising
the probability of direct viral neurotoxicity. Symptoms of
ZIKV infection were observed in 88 % of GBS patients.
All GBS cases were administered immune globulin intra-
venously, and intensive and respiratory care was required
by 38 and 29 % of cases, respectively. Consequently, there
was a 100 % survival rate. The estimated incidence of GBS
was 0.24 cases per 1000 ZIKV infections during the out-
break [86].

Pathogenesis

On biting an infected patient, the Aedes mosquito ingests a
blood meal containing ZIKV. Similar to other flaviviruses,
ZIKV replicates in the midgut and salivary glands. After
an extrinsic incubation period of 5-10 days, ZIKV can
be found in the mosquito’s saliva which can cause human
infection upon biting [87, 88]. Additionally, it can also be
transmitted vertically from mother to child like other flavi-
viruses. When the infected saliva of the mosquito is inocu-
lated into human skin, it can infect fibroblasts in the subcu-
taneous layer, epidermal keratinocytes and the Langerhans
cells [89]. The fibroblasts and keratinocytes contain Tyro3,
AXL and TIM-1 which can serve as receptors for ZIKV.
DC-SIGN in Langerhans cells can also serve as receptors
for virus entry [89]. The primary infection of skin fibro-
blasts with ZIKV is linked to the up-regulation with TLR3
mRNA expression and increased transcription of RIG-I and
MDAS, which are well known innate immune responses to

RNA virus infections. This is followed by a greater expres-
sion of interferon-alpha and -beta, and their downstream
pathways of immune activation. Both of the type I and type
II interferons can restrain the viral load of infected cells.
Since ZIKV has the capability to increase its replication
by inducing autophagy in host cells, the viral load of the
infected cells can also be decreased by autophagy inhibitors
[90]. Infected cells of human skin explant show pyknotic
nuclei, cytoplasmic vacuolation and edema in the stratum
granulosum [89]. After replication in the local tissue cells
and the regional lymph nodes, ZIKV may then spread from
the bloodstream and lymphatics to other tissues and organs,
including the central nervous system, myocardium, skeletal
muscles, and likely to the fetus via placenta [91].

Diagnosis
Direct viral diagnosis

ZIKV infection can be diagnosed primarily by RT-PCR.
The viremic period is believed to be small, as the virus can
be detected in the blood from day O to 4 after the onset of
symptoms. The time required for the recognition of viral
RNA in blood may also depend on the viral load during the
acute phase of the disease, because viremia decreases over
time. A negative PCR result in blood collected 5-7 days
after the onset of symptoms does not exclude the flavivirus
infection. Therefore, serologic testing should be considered
[92].

Various other specimens (for example, saliva and urine),
at different time frames, may also be used for the detection

Urine RT-PCR
Saliva RT-PCR
Semen CcC
RT-PCR
Serum ELISA/IFA (IgG) and NT

Sample type

ELISA/ IFA (IgM)

Serum/Plasma RT-PCR

CcC

|0 |1|2\3|4|5|6|7|8|9|10|11 |12|13|14|15|3weeks |4weeks

| 2 months | 3 months | 6 months |

Days after onset of Zika Virus disease

Fig. 1 An overview of the laboratory diagnosis showing optimal
periods for detection of ZIKV infection in different samples through
different techniques. RT-PCR reverse transcription polymerase chain
reaction; CC cell culture; ELISA enzyme-linked immunosorbent
assay; /FA immunofluorescent assay; N7 neutralization test. Note:
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optimal periods for the detection of ZIKV infection in other samples
such as amniotic fluid, cerebrospinal fluid, joint fluid, bone marrow,
placenta, skin biopsy, nasopharyngeal swabs and other tissues are not
included in the above figure due to unavailability of detailed informa-
tion
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of ZIKV RNA (Fig. 1). The detection period of ZIKV
RNA in saliva (6-8 days after the onset of symptoms) is
not considerably longer than the presence of RNA in blood.
However, it is advantageous because of being non-invasive,
and one study reported even higher sensitivity in testing
[59]. Similar to other flaviviruses, urine may also be used
to detect ZIKV RNA [93, 94]. In fact, ZIKV may stay in
the urine and remain positive for a longer duration than
in the serum [51, 58]. Several studies have reported the
detection of ZIKV RNA in urine more than 10 days after
disease onset [20, 31, 95, 96]. Still at this point, there is
no validated data that suggests the replacement of blood
with urine as a sample specimen [20, 31, 96]. A study has
reported the time of stay of ZIKV in the semen of infected
men for more than 3 weeks [S1], while another study has
reported ZIKV RNA in the semen for up to 62 days [97].
ZIKV detection can also be made in other specimens, for
example cerebrospinal fluid, placenta and amniotic fluid
[14, 71].

Serological diagnosis

Clinical signs and symptoms of ZIKV infection are non-
specific, therefore, requiring laboratory examinations for
differential diagnosis. Serologic testing (i.e., enzyme-
linked immunosorbent assay or immunofluorescence
assays) is used for the detection of ZIKV IgM antibodies
from day 4 to 5 after the onset of symptoms. In general, the
time duration for which the specific IgM antibodies for fla-
viviruses remain detectable is 2—3 months, but sometimes
for a longer period of time, while the specific IgG antibod-
ies remain detectable for several months. At present, there
is no validated commercial assay for ZIKV serological
diagnosis. Therefore, serological confirmation should be
performed in a laboratory with expertise in discriminating
flaviviruses [92].

In countries that are most recently affected, other arbo-
viruses are also present, specially chikungunya and dengue.
These viruses may interfere with the serologic testing and
can cause false-positive results for ZIKV infection. There-
fore, positive results should be confirmed by the plaque
reduction neutralization test. Virus neutralization tests are
the most specific tests for flavivirus serology. A compli-
cated diagnosis may indicate the presence of co-infection
with chikungunya (potential) and dengue (proven) [64].

Treatment strategy

ZIKV illness is generally mild in nature, requiring no
specific treatment. Infected patients should increase their
fluid intake and rest for longer durations. The only phar-
macological treatment is acetaminophen, which is used to

alleviate symptoms of headache, fever and myalgia. Pruri-
tus can be controlled with antihistamines, while fluid loss
through vomiting and sweating should be corrected with
adequate rehydration. Aspirin should not be used because
of the risk of bleeding in patients with thrombocytopenia
[5] and development of Reye’s syndrome in children under
12 years of age. Due to the risk of severe hemorrhagic com-
plications, nonsteroidal anti-inflammatory drugs are also
contraindicated in cases where dengue and chikungunya
infections cannot be assuredly excluded. Latent neurologi-
cal complications, particularly GBS, should be diagnosed
quickly to allow early utilization of plasmapheresis and/or
intravenous immunoglobulins [91]. If convalescent-phase
plasma therapy with neutralizing antibodies is being used
for the treatment of severe ZIKV infection cases, then the
risk of immune enhancement should also be considered
[91].

The infected child and the family should be counseled
by a multidisciplinary team consisting of clinical geneti-
cists or dysmorphologists, pediatric neurologists, pharma-
cists, infectious disease specialists and other related spe-
cialists [98]. Long-term follow-up should also be offered to
monitor functional, physical and intellectual progress of the
child [98].

Prevention

The main vectors involved in the spread and transmis-
sion of dengue, chikungunya and Zika are a wide range of
Aedes mosquitoes. Therefore, preventive measures begin
with strategies intended to avoid mosquito contact. These
strategies include drainage of mosquito breeding sites and
use of insecticides and N,N-diethyltoluamide (DEET) or
picaridin containing insect repellents.

Appropriate arrangements and sanitation campaigns on
large scale should be organized to eradicate the breeding
sites for mosquitoes in household as well as high-risk areas
including construction sites, garbage collection points, and
inappropriate car fields and dumping grounds. A minimum
radius of 400 m of mosquito-free area should be main-
tained around higher population density areas, for example
schools, churches, health-care facilities and transport termi-
nals. The use of sprays should be considered to eliminate
mosquitoes in areas where ZIKV cases have been detected.
Travelers to or residents in the affected areas should spend
maximum time indoor or use insect repellents while going
outdoors. They should also use full sleeve shirts, long pants
and if possible permethrin-treated clothes [98]. Registered
insect repellents, including DEET, should be prepared in
such concentrations that are safe for pregnant and lactat-
ing women (20 % DEET), and children (10 % DEET) aged
>2 months [99]. The asymptomatically infected individuals
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returning from affected areas to non-affected areas should
continue the use of insect repellents for a minimum of
extra 14 days to avoid the local mosquitoes (previously
non-infected) to obtain virus. By this strategy, the mos-
quito—human—-mosquito ZIKV transmission triangle can be
interrupted.

Specific measures are used to prevent the non-vector-
borne transmission of ZIKV, for example universal nucleic
acid testing of blood donors is recommended if a blood
transfusion is to be made. Universal primers should also
be considered that can detect various arboviruses simul-
taneously. Another important measure is to discontinue
the blood donation temporarily during an outbreak. In
non-endemic regions, a questionnaire should be answered
by the blood donors to obtain their recent travel history
to identify the potential carriers. Likewise, the donated
organs, particularly kidneys, from persons with a recent
travel history to affected areas should be examined for
ZIKV, because the virus may exist in the genitourinary tract
for an uncertain time duration [31, 32]. Safe sexual prac-
tices are also recommended to prevent the sexual transmis-
sion of ZIKV. Male partners returning from an infected
area should use condom while having sex with their preg-
nant partners throughout the duration of pregnancy. There
are also recommendations of some regional authorities
for females to avoid pregnancy until an epidemic is over
[100]. Pregnant females or those intending to be pregnant
should avoid traveling to the ZIKV epidemic regions. In
circumstances when travel is unavoidable, these individuals
should strictly follow personal protective measures to avoid
mosquito contact. Other less common routes of transmis-
sion such as mucocutaneous exposure and bites of infected
primates should also be avoided by strictly complying with
the infection control measures.

Although effective vaccines exist for different flavivi-
ruses, no vaccine can prevent ZIKV infection [101, 102].
There is an immediate requirement for ZIKV vaccine.
Some practical approaches are: attenuated chimeric vac-
cine (dengue vaccine employing the yellow fever vaccine
backbone, presently in Phase III clinical trial), killed or live
attenuated vaccine from human cell lines (as that of yellow
fever and Japanese encephalitis vaccines) and DNA and
recombinant protein vaccine [103].

Conclusions

ZIKYV infection is a pandemic that is spreading throughout
different parts of the world. It became the first major ID
linked to human birth defects and created such a dire global
situation that it was declared a PHEIC by WHO. Currently,
what will happen in future regarding ZIKV epidemic is
unpredictable. However, based on the worldwide spread of
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chikungunya and dengue over the last two decades, it may
be assumed that ZIKV has the potential to show similar
spread. Because of prior ignorance and a lack of appropri-
ate research to detect the infectious agents and determine
infection risks, currently we do not have any efficacious
drugs against ZIKV infection. However, there exists virus-
specific therapeutic targets, which may lead to the devel-
opment of targeted anti-ZIKV therapeutic agents. Research
preparedness is required on an immediate basis to improve
mosquito control procedures and to develop point-of-care
laboratory diagnostics, vaccines and antivirals that are
appropriate to be used in pregnant women. It is therefore
time to increase the level of integrated and timely research
and improve our understanding of the complicated ecosys-
tems in which the infectious agents of future pandemics are
rapidly evolving.
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