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REVIEW

Zika virus and Zika fever
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An emerging mosquito-borne arbovirus named Zika virus (ZIKV), of the family Flaviviridae and
genus Flavivirus, is becoming a global health threat. ZIKV infection was long neglected due to its
sporadic nature and mild symptoms. However, recently, with its rapid spread from Asia to the
Americas, affecting more than 30 countries, accumulating evidences have demonstrated a close
association between infant microcephaly and Zika infection in pregnant women. Here, we reviewed
the virological, epidemiological, and clinical essentials of ZIKV infection.
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DISCOVERY OF THE ZIKA VIRUS

In the late 1940s, two groups of investigators that were
searching primarily for the natural source of the yellow
fever virus independently isolated an unrecorded virus in
the Zika forest near Lake Victoria in Uganda, an East
African country. The first isolation, by G. W. A. Dick,
was made from the serum of a sentinel febrile rhesus
monkey in April 1947. The second isolation, by S. F.
Kitchen, was obtained from a batch of Aedes africanus
mosquitoes in January 1948. Viruses from these two
isolations were shown to be identical by the reciprocal
neutralization test and it was named the Zika virus
(ZIKV) (766 strain) after the forest where it was isolated
(Dick et al., 1952). In a subsequent test at the same loca-
tion, ZIKV neutralizing antibodies were detected in the
sera of 6 of 99 humans and 1 of 15 wild monkeys (Dick,
1952).

The first isolation of ZIKV from humans was repor-
ted in 1954 in eastern Nigeria, a West African nation,
where ZIKV was isolated from one of three patients that

were infected during an epidemic (Macnamara, 1954).
Two years later, the Eastern Nigerian strain of ZIKV was
inoculated into a volunteer resulting in a mild, short-
lived febrile condition without involvement of any par-
ticular tissue or viscus (Bearcroft, 1956). A study in the
late 1970s demonstrated that 40% of Nigerians had Zika
virus neutralizing antibodies, showing the extensive pre-
valence of ZIKV infection in this country (Fagbami,
1979).

RAPID SPREAD OF ZIKV IN RECENT YEARS

Since the discovery of ZIKV, several outbreaks have
been reported in tropical Africa and in some areas of
Southeast Asia. In 1954, neutralizing antibodies specific
to ZIKV were detected in 16.8% of human sera obtained
from various districts throughout India, but no docu-
mented cases of infection were reported (Smithburn et
al., 1954).

In 1977–1978, ZIKV infection was considered to be
the cause of fever in Indonesia (Olson et al., 1981).
However, the first major epidemic of Zika fever was re-
ported in 2007 in the Yap Islands of the Federated States
of Micronesia, in which 185 cases were confirmed, but
without severe morbidity or mortality (Duffy et al.,
2009). The origin of ZIKV on Yap Island remains un-
clear, but it was likely introduced through infected hu-
mans or mosquitoes. Phylogenetic research conducted by
Haddow et al. (2012) to clarify the genetic relationship
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among geographically different ZIKV strains and the ori-
gin of the strains responsible for the 2007 outbreak on
Yap Island consolidated the previous epidemiological
evidence that the EC Yap strain, an isolate determined by
epidemic consensus (EC) from the viral RNA of four pa-
tients, originated in Southeast Asia. This conclusion was
further corroborated by the geographical proximity of
Yap Island to Indonesia and Malaysia (known ZIKV af-
fected areas).

Before the outbreak on Yap Island, only 14 human
cases of ZIKV infection had ever been reported. How-
ever, ZIKV has since spread rapidly throughout South
and Central America. In 2013, French Polynesia con-
fronted a large epidemic of Zika fever, which was thought
to be from an independent introduction of the virus from
Asia rather than an extension of the Yap Island outbreak
(Gatherer and Kohl, 2016). In February 2014, ZIKV ap-
peared in the Western Hemisphere. One year later,
Brazilian authorities officially acknowledged the first 16
Zika fever cases in its 14 states, and by the end of 2015
ZIKV was suspected to be the cause of 4,200 possible
cases of microcephaly and 29 infant deaths in this coun-
try (Heukelbach et al., 2016). In other regions, ZIKV has
appeared sporadically in travelers to the United States
and Europe (Dyer, 2015). In February 2016, China re-
ported the first case imported from America (Deng et al.,
2016).

On the 24th of January 2016, the World Health Organ-
ization (WHO) warned that ZIKV is likely to spread
throughout the Americas because its vector, the Aedes
aegypti mosquito, is found in all countries in the region,
except Canada and continental Chile. At about the same
time, a travel alert was issued by the United States Cen-
ters for Disease Control and Prevention advising preg-
nant women to postpone travel to the following coun-
tries and territories: Brazil, Colombia, El Salvador,
French Guiana, Guatemala, Haiti, Honduras, Martinique,
Mexico, Panama, Paraguay, Suriname, Venezuela, and
the Commonwealth of Puerto Rico.

CHARACTERISTICS OF ZIKV

ZIKV belongs taxonomically to the family Flaviviridae
and genus Flavivirus. It is similar to other flaviviruses,
such as Japanese encephalitis, yellow fever, dengue, and
West Nile viruses (Pinto Junior et al., 2015), and is
phylogenetically and antigenically related to the Spond-
weni virus. The ZIKV genome is a single-stranded posit-
ive sense RNA molecule, 10.7 kb in length, consisting of
two flanking noncoding regions (5′ and 3′) and a single
open reading frame encoding a polyprotein (NH3-C-
prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-
COOH) (Cunha et al., 2016; Enfissi et al., 2016b).

ZIKV can be classified into three lineages: West African,
East African, and a more distantly related Yap (Baronti
et al., 2014; Berthet et al., 2014). However, it is usually
restricted to two distinct lineages: African and Asian
(Enfissi et al., 2016a). Compared with the Asian lineage,
deletions in a potential glycosylation site (Asn-154 of the
E protein) were observed in several African lineages fol-
lowing alignment. This variation may result from viral
evolution or passaging because some of these ZIKV
strains were passaged intracranially in mice. Given the
importance of N-linked glycosylation at this site for in-
fectivity and assembly of flaviviruses, its significance in
the current epidemic and associated neural disorders re-
quires further investigation.

TRANSMISSION, VECTORS, AND RESERVOIRS
OF ZIKV

Transmission of ZIKV occurs usually by a bite of infec-
ted mosquitoes from the Aedes genus, primarily A. ae-
gypti in tropical regions (Figure 1). However, A. poly-
nesiensis was the vector spreading ZIKV in the 2013
French Polynesia epidemic (Baronti et al., 2014). It re-
mains unclear whether changes in the vector preference
of ZIKV and/or differences in vectors are a reason for its
rapid spread.

In addition to vector-borne transmission, ZIKV could
potentially be transmitted by blood transfusion like other
flaviviruses, and several affected countries have de-
veloped strategies to try and screen blood donors (Fran-
chini and Velati, 2015; Marano et al., 2015). A remark-
able feature of ZIKV is its potential sexual and vertical
perinatal transmission. There have been already two
cases of sexual transmission and two cases of vertical
perinatal transmission reported (Besnard et al., 2014;
Musso et al., 2015; Gatherer and Kohl, 2016).

ZIKV reservoirs in nature remain unclear. Some scholars
indicate there is a primate reservoir, while others indic-
ate that they have detected anti-Zika antibodies in vari-
ous animals such as elephants, rodents, zebras, and oran-
gutans (McCrae and Kirya, 1982; Darwish et al., 1983).

ZIKV SUSCEPTIBLE CELLS AND POTENTIAL
RECEPTORS

Study of ZIKV was long neglected because, until the re-
cent outbreak, the infections did not appear to be severe
or to cause any unexpected effects. Thus, little is known
about the life cycle of ZIKV in infected cells. Mosqui-
toes are capable of inoculating ZIKV into the human
skin through a bite. Thus, potential target cells for this
virus may be present in the epidermis and dermis, which
are the first line of defense. Indeed, Hamel et al. (2015)
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used human permissive cells to demonstrate receptors for
ZIKV entry and viral-host interaction. Specifically, these
authors found that skin cells, including immature dend-
ritic cells, epidermal keratinocytes, and dermal fibro-
blasts, were all permissive for ZIKV infection. In epi-
dermal keratinocytes, the presence of pyknotic nuclei in
the stratum granulosum and the appearance of cytoplas-
mic vacuolization were found following inoculation of
ZIKV, indicating apoptosis in these cells. In skin fibro-
blasts, high RNA copy numbers were detected rapidly
upon ZIKV infection, and a gradual increase in the pro-
duction of nascent viral particles was observed over
time, implying active viral replication in these cells. The
presence of apoptosis was similar to observations made
with dengue virus that induced apoptosis in infected hu-
man epidermis explants (Limon-Flores et al., 2005;
Hamel et al., 2015). However, because monocytes rather
than fibroblasts and keratinocytes are the major target
cells for dengue virus in vivo, their contribution during
ZIKV infection requires further validation.

Neural progenitor cells (NPCs) are precursors from
which neurons are produced. In addition to fibroblasts,
NPCs are target cells for ZIKV (Tang et al., 2016). Mounting
evidence has defined the causal relationship between mi-
crocephaly and ZIKV infection. However, there were no
direct experimental studies confirming this relationship
until the appearance of data that NPCs can be directly
targeted by ZIKV. Specifically, Tang et al. (2016) cor-
roborated that ZIKV could efficiently infect NPCs in
vitro and that the infected cells could release a large number
of infectious ZIKV particles. Additionally, ZIKV infec-
tion induced NPC apoptosis and cell cycle dysregulation.
These effects ultimately reduced the NPC population

during cerebrum development thereby decreasing the
number of neurons in the developing fetal brain.

Using the mice lacking the interferon receptor (Ifnar1-/-),
Lazear et al.(2016) established a ZIKV infection animal
model which developed neurological disease and suc-
cumbed to infection. High viral loads were detected in
the brain, spinal cord and testes of Ifnar1-/- mice, consist-
ent not only with evidence that ZIKV causes neurodevel-
opmental defects in human fetuses, but also with poten-
tial sexual transmission of ZIKV.

Hamel et al. (2015) tested some entry and/or adhesion
factors, that are crucial for flavivirus entry, for their ca-
pacity to mediate the entry of ZIKV. These researchers
found that the TAM receptor, AXL, dendritic cell-specif-
ic intracellular adhesion molecule 3-grabbing noninteg-
rin (DC-SIGN or CD209), Tyro3, and, to a lesser extent,
TIM-1, permitted ZIKV entry. Among the factors tested,
AXL is likely to play a major role in ZIKV infection,
which shows strong expression in ZIKV susceptible cells
and tissues in vivo, including human radial glial cells, as-
trocytes, endothelial cells, and microglia in developing
human cortex and by progenitor cells in developing ret-
ina (Nowakowski et al., 2016).

INNATE IMMUNITY INDUCED BY ZIKV
INFECTION

By analyzing the expression profile of antiviral genes, it
has been demonstrated that ZIKV induced an innate anti-
viral response in primary human fibroblasts at early time
points following infection (Hamel et al., 2015). As soon
as 6 hours post infection (hpi), the expression of pattern
of recognition receptors including TLR3, MDA5, and

Figure 1.  The transmission cycle, vectors and clinical manifestations of ZIKV. The transmission cycle of ZIKV encom-
passes sylvatic cycle and urban cycle. In the sylvatic cycle, rhesus monkey is a corroborated ZIKV reservoir with the
reality that a live ZIKV strain has been isolated from it. It is highly suspected that orangutan, zebra, elephant, and ro-
dent are probable ZIKV reservoirs with regard to the detection of anti-ZIKV antibody in these animals. The transmission
vectors of ZIKV are Aedes mosquitoes, especially Aedes albopictus and Aedes aegypti. Sexual transmission of ZIKV
has been suggested, though currently, the cases are all involved in transmission from infected males to females. Most
human infections (up to 80%) are asymptomatic, and in the apparently presented Zika cases, fever, maculopapule, arth-
ralgia, and even complications such as GBS and microcephaly are reported.
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RIG-I was upregulated in ZIKV-infected fibroblasts,
with maximum mRNA levels detected at 48 hpi. Knock-
down of TLR3 by siRNA in HFF1 cells caused a sharp
augmentation of viral RNA copy number 48 hpi. This in-
dicated that the recognition of viral pathogen-associated
molecular patterns by TLR3 and other pattern recogni-
tion receptors initiated downstream signaling pathways
that enhanced the innate antiviral reaction.

Type I and type II interferons (IFNs) are able to inhib-
it ZIKV replication in skin fibroblasts. In ZIKV-infected
fibroblast, mRNA levels of IRF7 are also increased.
IRF7 is a transcription factor that binds to the IFN-stimu-
lated response element (Honda et al., 2005). Thus, in-
crease in IRF7 controls not only the upregulation of a set
of IFN-stimulated genes such as OAS2, ISG15, and MX1,
but also the increased IFN-α and IFN-β detected follow-
ing ZIKV infection.

Type III interferon has been recently shown to be an
important factor for ZIKV protection. Upon ZIKV infec-
tion in pregnant women, type III interferon (IFNλ1) is
constitutively released by primary human trophoblast
cells and functions in both a paracrine and autocrine
manner to protect trophoblast and non-trophoblast cells
from ZIKV infection. However, the mechanism or path-
way through which ZIKV evades restriction by tropho-
blast-derived IFNλ1 and accesses the fetal compartment
to cause microcephaly is yet unknown (Bayer et al., 2016).

CLINICAL MANIFESTATIONS AND
COMPLICATIONS OF ZIKV INFECTION

Symptoms caused by ZIKV infection resemble those of
other flavivirus infections such as dengue fever, but are
milder in form and usually last only four to seven days.
Most cases (60%–80%) are asymptomatic. When
present, the main clinical symptoms are low-grade fever,
conjunctivitis, transient arthritis/joint pain (mainly in the
smaller joints of the hands and feet), a maculopapular
rash that often starts on the face and then spreads
throughout the body (Musso et al., 2014), and frequently
pruritic, vertigo, myalgia, and digestive disorders.
Neither severe presentation nor death has been reported
with ZIKV infection. However, ZIKV infection can be
associated with neuronal disorders such as Guillain–
Barré syndrome (Cao-Lormeau et al., 2016; Fauci and
Morens, 2016). The clinical manifestations of ZIKV in-
fection are similar to those of other arboviruses (e.g.
chikungunya, dengue) leading to diagnostic challenges.
However, because Zika fever features edema of the ex-
tremities, a unique maculopapular rash, and conjunctivit-
is (positive symptoms), and is also characterized by the
absence of hepatomegaly, leukopenia, or hemorrhage,
symptomatic diagnosis is still valuable and important.

The most severe problem caused by ZIKV infection
appears to be microcephaly in a developing fetus. Con-
ventionally, microcephaly has a low incidence rate and is
usually caused by infections in early pregnancy, expos-
ure to toxins or heavy metals, as well as genetic aberra-
tions like Down Syndrome. However, during the ZIKV
outbreak in Brazil last year, there was a sharp increase in
the incidence of infants born with microcephaly in this
country. The average rate of microcephaly over the pre-
vious five years in Brazil was 163 cases per year but
there were over 4200 cases in 2015, leading to the initial
connection with ZIKV infection (Faria et al., 2016). In a
retrospective study focusing on the association between
microcephaly and ZIKV infection in French Polynesia in
2013-15, it was found that the risk of microcephaly asso-
ciated with Zika virus infection was 95 cases (34–191)
per 10 000 women infected in the first trimester, while
the baseline prevalence of microcephaly in the same re-
gions was two cases (95% CI 0–8) per 10 000 neonates,
implying that the risk of microcephaly in fetuses and
neonates whose mothers are infected with Zika virus in-
creases 50 folds (Cauchemez et al., 2016).

ZIKV has been detected by electronic microscopy in
neural cells from fetuses with microcephaly. This sug-
gested that a transplacental infection of the fetus may
lead to microcephaly and other forms of brain damage
(Oliveira Melo et al., 2016). In February 2016, Mlakar et
al. (2016) reported genetic and electron-microscopic data
for a pregnant European woman who was infected with
ZIKV at 13 weeks of gestation while working in Brazil.
In this case, microcephaly with calcifications in the fetal
brain and placenta were revealed by ultrasonography
performed at 29 weeks of gestation. By performing a
fetal autopsy after termination of the pregnancy as re-
quested by the mother, ZIKV was observed in the fetal
brain by electron microscopy and validated by the re-
verse transcription polymerase chain reaction (RT-PCR)
assay (Mlakar et al., 2016; Rubin et al., 2016). These res-
ults strengthened the association between ZIKV infec-
tion and microcephaly.

DIAGNOSIS, TREATMENT, AND PROPHYLAXIS
OF ZIKV INFECTION

As noted above, diagnosing Zika fever based solely on
the clinical presentation is difficult because of the simil-
arity of its symptomology with other arboviruses that are
endemic to similar areas (Fauci and Morens, 2016).
ZIKV can be identified by RT-PCR, which specifically
detects its genomic RNA in acutely ill patients. Although
the period of viremia is very short, the period during
which viral particles may be found in the saliva and ur-
ine is longer (Gourinat et al., 2015; de et al., 2016). The
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WHO recommends RT-PCR testing be done on serum
collected within 1 to 3 days of symptom onset, or on
saliva or urine samples collected during the first 3 to 5
days. One to 2 weeks later, serological detection of
ZIKV specific IgM and IgG antibodies can also be per-
formed. IgM is detectable within 3 days of the onset of
illness (Hayes, 2009), but serological cross-reactions
with closely related flaviviruses, such as dengue virus
and West Nile virus, as well as following vaccination to
other flaviviruses, are possible (Faye et al., 2008; Lanci-
otti et al., 2008). These limitations may be overcome
when highly specific commercial Zika diagnostic kits are
available.

Because ZIKV was not well-studied until the major
outbreak in 2015, neither specific antiviral treatments nor
an effective Zika vaccine are yet available (Ioos et al.,
2014). The protective effect of interferon on ZIKV infec-
tion found in vitro (Hamel et al., 2015) has not been veri-
fied in animals or humans in vivo. At the current time,
the most effective method to prevent Zika fever is vector
control programmes. Current treatment for Zika fever is
limited to supportive care including treatments to minim-
ize pain, fever, and itching. Aspirin and other non-ster-
oidal anti-inflammatory drugs are not advised to treat
Zika fever because of the known potential of these drugs
to elicit the hemorrhagic syndrome when used for treat-
ing other flaviviruses. For pregnant women, it is best to
avoid any risk of infection because, once infected, there
is little that can be done beyond supportive care (Petersen
et al., 2016).

Anyone who has not been exposed to ZIKV is sus-
ceptible to infection. Currently, it is not known whether
patients develop effective immunity against a second
ZIKV assault. Further researches on the basic immuno-
logy and virology of ZIKV will improve our understand-
ing of Zika fever and facilitate the development of more
effective preventative and treatment measures.

CONCLUSION

ZIKV, an emerging flavivirus, was not deemed to be a
formidable threat to global public health due to the pur-
portedly mild ailment it causes. However, with the re-
cent spread of ZIKV infection throughout the world, the
potential for this virus to induce a serious set of neural
disorders has become evident. To date, we have very
sparse knowledge of the basic virology and immunology
of ZIKV, and as a result, there is minimal information on
specific prophylaxis and treatment of Zika fever. The
ever-neglected ZIKV has proven its capacity to bring a
global plague to mankind. Thus, in order to properly and
effectively tackle the Zika plague, we should first carry
out vector control programmes that have been proven to
be very cost-effective means to halt the Zika epidemic

(Benelli and Mehlhorn, 2016). Vaccine development
should also be emphasized. Finally, additional basic re-
searches on ZKIV and Zika fever are needed to improve
our understanding of the physiologic and molecular
pathology of this virus, and enable the rapid develop-
ment of a vaccine and antiviral treatments.
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