
1Department of  Infectious Diseases, Atatürk 
University School of  Medicine, Erzurum, Turkey
2Department of  Medical Education, Atatürk 
University School of  Medicine, Erzurum, Turkey

Received: May 12, 2017 
Accepted: May 12, 2017  

Correspondence to: Zulal Ozkurt
E-mail: zulalozkurt@atauni.edu.tr 

DOI 10.5152/eurasianjmed.2017.17147

©Copyright 2017 by the Atatürk University School of  
Medicine - Available online at www.eurasianjmed.com

ABSTRACT 

Zika virus (ZIKV) is an arbovirus of the Flavivirus genus, and it has an envelope and a single RNA molecule. 
In early 2016, the World Health Organization declared ZIKV infection to be an emerging global health 
threat. The major transmission route of the virus to humans is Aedes mosquitoes. ZIKV can be trans-
mitted between humans by transplacental, perinatal, and sexual routes and via blood and body fluids. 
ZIKV infection usually results in a mild and self-limiting disease with low-grade fever, conjunctivitis, and 
periorbital edema. Neurological complications such as Guillain-Barré syndrome, meningoencephalitis, 
acute disseminated encephalomyelitis, acute myelitis, and transverse myelitis have been reported during 
ZIKV infection. Intrauterine and congenital ZIKV infections have strong teratogenic effects on the fetus. 
Intrauterine or congenital ZIKV infection can lead to microcephaly, ocular anomalies (such as macular 
atrophy, pigment mottling, and optic nerve anomalies), and cardiac anomalies (such as atrial or ventricular 
septal defect). Calcification in the brain between the cortical and subcortical areas, ventriculomegaly, cer-
ebellar hypoplasia, corpus callosum hypoplasia, cortical/subcortical atrophy, delayed myelination, enlarged 
cisterna magna, and craniofacial disproportion have been reported as brain development defects. ZIKV 
infection usually results in a mild disease, and it does not require specific therapy. However, complications 
of infection during the early period of life are serious. Thus, many drugs have been investigated, and vac-
cine development studies have been conducted to prevent ZIKV infection. Vector control and personal 
protection from mosquito-borne transmission are important for decreasing the prevalence of ZIKV 
infection. In particular, pregnant residents or travelers to endemic areas should be carefully protected 
against mosquito-borne transmission. 
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ÖZ 

Zika virus (ZIKV), Flavivirus ailesinden sivrisineklerle bulaşan zarflı ve tek sarmallı RNA’ya sahip bir ar-
bovirusdur. 2016 yılı başında Dünya Sağlık Örgütü (DSÖ) ZIKV enfeksiyonunun giderek önemi artan bir 
küresel tehdit olduğunu açıklamıştır. Virusun insanlara esas geçiş yolu Aedes tipi sivrisineklerin ısırmasıdır. 
İnsanlar arasında transplasental, perinatal, cinsel yolla, ayrıca kan ve vücut sıvıları aracılığı ile bulaşır. ZIKV 
enfeksiyonu genellikle hafif ve kendini sınırlandıran hastalık olup, düşük derecede ateş, konjuktivit ve 
periorbital ödem ile seyreder. ZIKV enfeksiyonu esnasında Guillain-Barre sendromu, meningoensefalit, 
akut dissemine ensefalomyelit (ADEM), akut myelit, transvers myelit gibi nörolojik komplikasyonlar ra-
por edilmiştir. Intrauterin ve konjenital ZIKV enfeksiyonu fetus üzerinde ağır teratojenik etkiye sahiptir. 
İntrauterin enfeksiyon mikrosefali, oküler anomaliler (maküler atrofi, pigment beneklenmesi ve optik 
sinir anomalileri gibi) ve kardiyak anomalilere (atrial veya ventriküler septal defekt gibi) yol açabilir. Beyin 
gelişim defektleri olarak kortikal ve subkortikal alanda kalsifikasyonlar, vetrikülomegali, serebellar hipop-
lazi, kortikal/subkortikal atrofi, korpus kallosum hipoplazisi, gecikmiş myelin gelişimi, geniş sisterna magna 
ve kraniofasiyal orantısızlık bildirilmiştir. ZIKV enfeksiyonu genellikle hafiftir ve tedavi gerektirmez. Fakat 
hayatın erken döneminde geçirilen enfeksiyonun komplikasyonları ciddidir. Bu yüzden ZIKV’e karşı pekçok 
ilaç araştırılmakta ve aşı geliştirme çalışmaları yürütülmektedir. Vektör kontrolü ve sivrisinek ısırığından 
korunmak için kişisel koruyucu önlemler ZIKV enfeksiyonunu azaltmak için önemlidir. Özellikle gebeler, 
endemik bölgede oturanlar ve seyahat edenler sivrisinek ısırığından dikkatice korunmalıdır. 

Anahtar Kelimeler: Zika virus, Flavivirus, mikrosefali, Guillain-Barré Sendromu, aedes, arbovirus
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Epidemiology
Virus, history, and geographic distribution
Zika virus (ZIKV) is an enveloped and single RNA virus of the Flavivirus genus. It is an arbovi-
rus transmitted by Aedes mosquitoes. The virus was detected in a monkey in 1947 in Uganda 
and in humans in 1952 in Uganda and Tanzania [1, 2]. The first outbreaks of ZIKV infection 



were reported in 2007 from Micronesia, and 
later, other outbreaks occurred in the French 
Polynesia, the Pacific Islands, and northern Brazil 
[2-6]. Later on, the virus rapidly spread to other 
regions in Brazil and to other Latin American 
countries. There are two lineages of the virus: 
African and Asian. The virus in the Americas 
originated from the Asian lineage [7]. 

In 2015, the association between ZIKV and 
microcephaly was reported in northern Brazil 
[8-11]. From 2015 to 2016, the number of 
reports on microcephaly increased by up to 20 
times and reached 5,400 cases [12, 13]. After 
the first report suggested an association between 
Guillain-Barré syndrome (GBS) and ZIKV, health 
authorities in Brazil became aware of a similar 
relationship because of the 29.8% increase in 
the number of GBS cases from 2014 to 2015 
[12-14]. A recent report has suggested that the 
incidence of brain anomalies increased by 20 
times during ZIKV outbreaks (between January 
2015 and September 2016) in America too [15]. 

In early 2016, the World Health Organization 
(WHO) declared ZIKV infection to be an 
emerging global health threat [16]. Viral dis-
tribution has been continued to different geo-
graphical areas, and case reports are being 
published almost every day on infection due to 
travel to endemic areas. Thus, ZIKV has spread 
worldwide by both travelers and mosquitoes, 
and so far travelers WHO describes geographic 
risk assessment for Zika virus transmission 
(Figure 1) [3, 17, 18].

Transmission 
To date, ZIKV has been isolated from nonhu-
man primates and mosquitoes as well as humans 
[19]. The major transmission route of the virus 
to humans is mosquitoes, and Aedes aegypti is 
the main vector of ZIKV. 

The virus can be transmitted between humans 
via transplacental, perinatal, sexual, and blood-
borne routes [3, 20-23]. The virus has been 
isolated from blood, urine, saliva, and semen, 
and person-to-person transmission is possible 
because the virus can spread through these 
body fluids [24]. During the outbreak in the 
French Polynesia, Polymerase Chain Reaction 
(PCR) positivity for ZIKV was found in 3% of 
the sera of blood donations [3]. Additionally, the 
virus can persist in vaginal secretions and semen 
for up to 115 days [17, 24-27]. 

Recently, ZIKV RNA was found in the breast 
milk of three mothers with ZIKV infection, and 
two of their newborns were diagnosed with 
ZIKV infection. Although perinatal transmission 

is possible in these cases, the role of breastfeed-
ing was not clear [28].

Pathogenesis
Zika virus enters cells by endocytosis, and it is 
seen in the nucleus. Similar to other flaviviruses, 
ZIKV replicates in dendritic cells and spreads in 
blood. ZIKV infection is self-limiting [17]. 

The absolute risks of microcephaly in live births 
in Brazil in 2012 and 2014 have been reported 
to be 10% and 50%, respectively, and the 
relative risk has been estimated to be 1.98 in 
10,000 live births. The risk of microcephaly 
in infants whose mothers have ZIKV infection 
during pregnancy has been reported 18-127-
times greater than others, and the association 
between microcephaly and ZIKV has been 
reported in numerous studies [8, 11, 29-31].

Zika virus can be transmitted through transpla-
cental routes and can lead to fetal infection [10]. 
The virus was seen in the brain tissue of fetuses 
[32]. Similar to other congenital infections such 
as rubella, ZIKV infections are more teratogenic 
in the first trimester and neurological complica-
tions such as microcephaly develop during this 
period. The impact on the fetus continues with 
or without microcephaly, low fetal weight, and 
ophthalmic and cardiac anomalies.

Zika virus IgM antibodies have been detected 
in the cerebrospinal fluid in a microcephalic 

infant as evidence of ZIKV being the causative 
agent of microcephaly [33, 34]. Hughes et al. 
[35] found persistent infection in immature 
neuronal tissues. Bhatnagar et al. [36] reported 
PCR positivity for ZIKV in 62% of the brain 
tissue samples of microcephalic fetuses and in 
placental/fetal tissues of 52 pregnant women. 
They demonstrated persistent viral replication 
in brain and placental tissues, which resulted 
in the loss of pregnancy in the first or second 
trimester. Although the virus was detected in 
brain and placental tissues, it was not detected 
in other tissues such as the liver, spleen, and 
kidney. Thus, they suggested that this provides 
evidence for the association between the virus 
and microcephaly. In contrast, Chan et al. [37] 
found both viral replication and cytopathic 
effects in neuronal, placental, hepatic, colonic, 
retinal, pulmonary, and muscular cell lines. They 
found viral replication but not cytopathic effects 
in renal, testicular, and prostate cells.

In experimental studies, viral surface glycopro-
tein E has been found to interact with neural 
cell surface receptors such as AXL. Brault et al. 
[38] found that ZIKV is a tropism to neural stem 
cells, impairing cell cycle progression and inhibit-
ing apoptosis at the early stages of infection. 
McGrath et al. [39] showed that the virus can 
impair neuronal differentiation. Recently, Smith 
et al. [40] showed that ZIKV causes acute and 
subacute encephalitis/encephalomyelitis, neuro-
nal cell death, and astrogliosis.

Figure 1. Countries affected by ZIKV. Countries with a reported outbreak from 2015 onwards 
(Category 1), countries with possible endemic transmission or evidence of  local mosquito-borne 
ZIKV infections in 2016 (Category 2), countries with evidence of  local mosquito-borne ZIKV 
infections in or before 2015, but without documentation of  cases in 2016 (Category 3), area with an 
established competent vector but no known documented past or current transmission (Category 4).
ZIKV: Zika virus

COUNTRIES AFFECTED BY ZIKA

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4
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In their experimental study, Cugola et al. [41] 
reported that ZIKV causes birth defects. They 
demonstrated that after the virus crosses the 
placenta, it infects cortical cells and causes cell 
death and impairs neurodevelopment.

In a recent study, Vermillion et al. [42] investi-
gated the intrauterine pathogenesis of ZIKV in 
a mouse model. They found the viral antigen in 
placental trophoblast and endothelial cells and 
in fetal brain endothelial, glial, and neural pro-
genitor cells. They showed the ability of ZIKV to 
infect fetal and placental tissues and to reduce 
fetal viability through placental inflammation and 
dysfunction. ZIKV may lead to a thinner fetal 
brain cortex due to increased microglial activity. 

Clinical features and differential 
diagnosis
The incubation period of ZIKV infection is 3-12 
days [2, 26, 43]. ZIKV infection usually results 
in a mild and self-limiting disease [26]. It is esti-
mated that 80% of cases may be asymptomatic 
[17]. The symptoms and signs of the disease are 
low-grade fever (15 days), pruritic maculopapu-
lar rash (lasting 4-6 days), conjunctival hyper-
emia, headache, sore throat, retro-ocular pain, 
joint pain, back pain, myalgia, and distal edema 
on the limb and desquamation on hands and 
feet, as well as lymphadenopathies [2, 5, 14, 26]. 
Transient hearing loss and genitourinary symp-
toms such as hematospermia and hypotension 
were reported to be rare [44]. The symptoms 
last for one week on average, and arthralgia may 
last two weeks [45]. Conjunctivitis and perior-
bital edema are more frequent symptoms than 
in other Flaviviridea infections such as dengue 
[46, 47]. The hospitalization rate is low and 
fatality is extremely rare [3]. Fatal outcomes are 
only seen in cases with present immunosup-

pression, alcoholism, or sickle cell anemia and 
in infants [44].

Guillain-Barré syndrome might develop after 
ZIKV infection as an immunological complica-
tion. There are many pieces of evidence for the 
close relationship between the GBS and ZIKV 
infection [4, 12]. Some other neurologic com-
plications such as meningoencephalitis, acute 
disseminated encephalomyelitis, acute myelitis, 
and transverse myelitis have been reported dur-
ing ZIKV infection [12, 48-50].

Rubella, measles, adenovirus, enterovirus, par-
vovirus, and other Flavivirus infections such as 
dengue and chikungunya should be considered as 
differential diagnosis. Malaria, rickettsia, leptospi-
rosis, and group A beta hemolytic Streptococcus 
infection should also be kept in mind considering 
the similarity of some features [43]. 

Congenital and intrauterine Zika 
virus infection
The most frequent clinical symptoms in infants 
with ZIKV infection are irritability, convulsion, 
clonus, crying, pyramidal and extrapyramidal 
symptoms, epilepsy, dysphagia, and persistent 
primitive reflex [51]. Positive examination find-
ings were reported to be poor head growth and 
negative z-score, biparietal depression, promi-
nent occiput, excess nuchal skin, congenital club-
foot, arthrogryposis, cleft lip, or cleft palate [51]. 
Microcephaly may be present or develop within 
5 months after birth in infants with congenital 
ZIKV infection [52]. Kleber et al. [8] reported 
that febrile illness with rash in the first trimester 
was associated with microcephaly. França et al. 
[9] found that the presence of rash in the third 
trimester of pregnancy was associated with fetal 
brain anomalies despite normal head size. 

Congenital anomalies were reported in 5% of 
infants from 972 completed pregnancies out 
of 1,297 pregnancies with ZIKV infection. The 
anomaly rate was similar in infants from symp-
tomatic and asymptomatic pregnancies. The 
ratio of congenital anomaly was 15% in infants 
whose exposure of the virus occurred during 
the first trimester. Microcephaly was found in 
75% of infants with brain anomalies from moth-
ers with confirmed ZIKV infection [53].

Ocular pathologies were found bilaterally in 
34% of the cases. The most frequently reported 
were macular atrophy, pigment mottling (63%), 
optic nerve anomalies (such as hypoplasia with 
double ring sign) (11%), lacunar maculopathy 
(6.9%), foveal reflex loss, and increased cup-
disk ratio [31, 43, 54, 55]. Additionally, Yepez 
et al. [54] recently reported congenital glau-
coma, corneal clouding, buphthalmos, increased 
intraocular pressure, and the clinical triad of 
epiphora, blepharospasm, and photophobia in 
infants with microcephaly. 

A recent study demonstrated that 13% of 
103 intrauterine cases with ZIKV infection had 
cardiac anomalies such as ostium secundum 
atrial septal defect (in 5 of 14 cases), small apical 
ventricular septal defect (in 8 cases), and large 
ventricular septal defect (in 1 case) [56].

The clinical features of congenital Zika syn-
drome have been summarized in Table 1.

Laboratory features and diagnosis
Parallel to other viral infections, lymphopenia, 
neutropenia, thrombocytopenia, and mild ele-
vated liver enzymes and inflammation markers 
such as CRP were noted as laboratory features 
of ZIKV infection.

Table 1. Clinical Features of  ZIKV* infection

ZIKV Infection	 Complications of ZIKV Infection	 Congenital Zika Syndrome

Low-grade fever 	 Guillain-Barré syndrome Meningoencephalitis	 Irritability, convulsion, clonus, crying, epilepsy, dysphagia,

Pruritic maculopapular rash 	 Acute disseminated encephalomyelitis (ADEM)	 pyramidal and extrapyramidal symptoms, and persistent primitive

Periorbital edema 	 Acute myelitis	 reflex

Conjunctival hyperemia 	 Transverse myelitis	 Brain anomalies:

Headache		  Microcephaly, brain calcification, ventriculomegaly, cerebellar

Sore throat 		  hypoplasia, cortical and subcortical corpus callosum hypoplasia,

Retro-ocular pain 		  delayed myelination, enlarged cisterna magna

Joint pain		  Ocular pathologies:

Back pain		  Macular atrophy, pigment mottling, optic nerve anomalies, lacunar

Myalgia		  maculopathy (6.9%), foveal reflex loss, congenital glaucoma,

Desquamation on hands and feet		  epiphora, blepharospasm, photophobia, corneal clouding,

Transient hearing loss Lymphadenopathies		  buphthalmos, increased intraocular pressure

		  Cardiac anomalies:

		  Atrial or ventricular septal defect

ZIKV: Zika virus; ADEM: acute disseminated encephalomyelitis
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Diagnosis is made by viral culture, PCR, detect-
ed specific antigen, antibody (IgM, IgG) with 
ELISA, or a plaque reduction neutralization test. 
Acute samples should be tested in 3-10 days. 
Samples should be stored at 2-8°C if tested in 
the first 48 hours, at -10°C to -20°C if tested 
between 48 h and 7 days, and at -70°C if tested 
later than 7 days [57] (Table 2).

IgM might be negative during the acute phase, 
so antigen and PCR might be useful at this phase 
[44, 58]. After 7 days, the onset of viremia 
symptoms decreases, so serological methods 
are preferred at this period. Neutralizing anti-
body occurs later after the end of the first 
week, usually after the 4th day. Thus IgM might 
be negative in the first week. IgM positivity lasts 
for 2-12 weeks [57]. False-positive results were 
detected by serological assay in people vacci-
nated with yellow fever and Japanese encepha-
litis virus. Additionally, cross reactivity in other 
Flavivirus infections such as dengue are a major 
problem for ZIKV serological test, so the useful-
ness of these tests is limited [2, 44]. When the 
ZIKV neutralizing antibody titer is more 4 times 
the titer of antibodies against dengue, ZIKV 
diagnosis is confirmed; if it is less than 4 times 
the titer of antibodies against dengue, the result 
is interpreted as intermediate [57]. 

The diagnosis of congenital infection was made 
with PCR positivity in fetal samples such as 
blood, cerebrospinal fluid, cord blood, amniotic 
fluid, and placenta [57]. For cases in which ZIKV 
infection occurred in the early period of preg-
nancy, PCR results were found to be negative 
because the virus was not present. In this situa-
tion, IgM screening in infant samples by ELISA is 
recommended [57]. 

Radiologic image findings of 
congenital Zika syndrome
Abnormal brain development, microcephaly 
(85%), brain calcification between the cortical 
and subcortical areas, ventriculomegaly, cerebel-
lar hypoplasia, cortical (mostly the frontal lobe)/
subcortical atrophy, craniofacial disproportion 

(95.8%), corpus callosum hypoplasia, delayed 
myelination, and enlarged cisterna magna have 
been reported as brain development defects 
[51, 59]. These findings were symmetric in 75% 
of the patients [59].

Treatment
Zika virus infection usually results in a mild 
disease, and it does not require specific therapy. 
Bed rest, drinking fluids, and fever and pain 
therapy are sufficient. If a patient shows severe 
symptoms, he/she should be admitted to a 
hospital. 

A new drug that is active against ZIKV is needed. 
The US National Institute of Health (NIH) has a 
program that aims to develop a broad-spectrum 
antiviral drug against all flaviviruses such as den-
gue and yellow fever [12]. Sixty antiviral drugs 
were investigated, and 15 of them were found 
to be active against ZIKV [60]. Recently, it has 
been suggested that sofosbuvir, which is used in 
HCV treatment, is used as a second-line drug 
for ZIKV [61]. Nucleoside inhibitors are under 
investigation [62]. 

In an experimental model, Type 1 interferons 
have been successfully used to treat ZIKV-
disseminated infection, including orchitis, in an 
immunosuppressed mouse [63].

Prevention 
Vector control 
Both vector control and personal protection are 
essential to prevent ZIKV infection. Aerial spray-
ing of insecticides should be carried out 400 m 
around a city or relevant locations [63, 64]. The 
number of adult and larval mosquitoes can be 
reduced by repeated aerial sprays [65]. Breeding 
sites of mosquitoes such as construction sites or 
junk car lots should be removed [66]. 

Other vector control strategies consist of bio-
logical control of Aedes by Wolbachia bacteria to 
reduce the number of larvae by modifying genes 
and sterile insect technologies. However, the 
long-term results of these are not still clear [12]. 

Personal protection
People living in and traveling to endemic areas 
should be informed about both the ZIKV infec-
tion and protective measures. In particular, preg-
nant women should be protected. Personal 
protection from the transmission of ZIKV should 
aim to prevent mosquito bites. For such protec-
tion, it is necessary to wear pale-colored clothes, 
to avoid sleeping outside, to close doors and 
windows or use physical barriers, and to use 
repellents (such as N,N-diethyl-meta-toluamide: 
DEET) [66]. DEET (20% DEET for pregnant 
women and 10% DEET for children under 2 
years), picaridine, IR3535, oil of lemon eucalyp-
tus, para-menthane-diol, and 2-undecanone have 
been approved by the Environmental Protection 
Agency to be safe for use in pregnant and breast-
feeding women [66]. Lemon eucalyptus and 
para-menthane-diol should not be used in chil-
dren younger than 3 years. No insecticide should 
be used for those younger than 2 months [65].

People living in or traveling to endemic areas 
should cover their arms and legs with dressing. 
Additionally, people travelling back from endem-
ic to non-endemic areas should use repellents 
for 2-3 weeks to prevent the transmission of 
ZIKV to non-infected mosquitoes [66]. To pre-
vent the sexual transmission of ZIKV, condom 
usage is recommended [65]. 

UVA light inactivation and amotosalen (a pho-
tochemical treatment using a psoralen)-inac-
tivation processes may reduce the ZIKV load 
in plasma, so these techniques can be used to 
prevent virus transmission through blood trans-
fusion [43].

Vaccine
A vaccine is an important and emergent require-
ment for the prevention of ZIKV. There are 
many researchers who have been conducting 
studies for developing a vaccine [67]. The NIH 
is investigating a DNA vaccine, and 18 compa-
nies are conducting various studies on live, live 
attenuated, and inactivated vaccines. Kim et al. 
[68] have successfully developed an adenoviral-
based vaccine and a subunit vaccine against the 
envelope (E) antigen. They suggested that the 
ZIKV E antigen vaccine is a promising candidate 
[68]. Larocca et al. [69] have developed a vac-
cine that is an inactive subunit E antigen plasmid 
DNA vaccine, and they found that single-dose 
immunization provides protection against ZIKV. 
Shan et al. [70] have reported a safe and effec-
tive live attenuated vaccine.

Studies concerning the development of vaccines 
should progress faster in order to meet public 
needs [12].

Table 2. Diagnostic methods and samples in ZIKV infection 

Samples	 PCR	 IgM by ELISA/IFA

Serum, CSF	 7 days after symptom onset (may be 	 ≥5th day after symptom 
	 positive up to the 10th day)	 onset

Saliva	 First 3–5 days after symptom onset	

Urine, semen	 7 days after symptom onset	

Placenta, umbilical cord, amniotic fluid	 During delivery	

Fetal samples		  2 days after delivery

ZIKV: Zika virus; CSF: cerebrospinal fluid; PCR: polymerase chain reaction; ELISA: enzyme-linked immunosorbent assay; IFA: 
indirect fluorescent antibody
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Conclusion
Zika virus is an important public health prob-
lem. In recent years, ZIKV has spread through-
out a wide geographic area, and it affects large 
numbers of people. Public health authorities 
have to estimate the future direction of this 
global threat. .They should be monitored spread 
of ZIKV in order to prepare for new outbreaks 
and economical burden of the disease. Rapid 
diagnostic and screening tests and vaccine and 
drug development studies must be encour-
aged. Public education of both residents of the 
endemic area and travelers must be continuous. 
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