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Zika Virus: What Have We Learned?
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Zika virus (ZIKV) is an emerging arthropod-borne, enveloped
RNA virus of the Flaviviridae family, which belongs to the genus
Flavivirus, related to dengue, yellow fever, Japanese encephalitis, and West Nile viruses. Two major lineages, African and
Asian, have been identiﬁed through phylogenetic analyses.1
ZIKV is transmitted to humans primarily by Aedes aegypti
mosquitoes (and less commonly by other Aedes species, such as
Aedes polynesiensis, Aedes hensilli, and Aedes albopictus), the
same vector that can transmit dengue, chikungunya, and
yellow fever viruses.2 Additional modes of transmission have
been identiﬁed, including perinatal, in utero, sexual (ZIKV can
be transmitted by a man to his sex partners), blood transfusion,
and laboratory exposure.3 Although ZIKV RNA has been
detected in breast milk, transmission through breastfeeding
has not yet been demonstrated, reinforcing the current
recommendations that mothers with ZIKV infection should
maintain breastfeeding to their infants.3
For 60 years, after it was ﬁrst isolated from a rhesus
monkey in a forest in Uganda in 1947, ZIKV has been only
associated with sporadic cases in humans in Africa and Asia.
However, since 2007 when the ﬁrst outbreak of ZIKV outside
Africa and Asia was reported in the Federated States of
Micronesia (Yap), it has been identiﬁed in subsequent outbreaks in Southeast Asia and the Western Paciﬁc.4,5 In
May 2015, the Ministry of Health of Brazil conﬁrmed autochthonous transmission of ZIKV associated with an outbreak of
“dengue-like syndrome” cases in northeastern Brazil.6 The
ZIKV outbreak continued to evolve, spreading geographically
very rapidly in the Americas. As of June 8, 2016, 60 countries
and territories report continuing mosquito-borne transmission, of which 46 countries (from the Americas, Africa,
Southeast Asia, and Western Paciﬁc regions) have been
experiencing a ﬁrst outbreak of ZIKV since 2015, with no
previous evidence of circulation, and with ongoing transmission by mosquitos (►Fig. 1).7
ZIKV diagnosis is primarily based on the detection of ZIKV
RNA by real-time reverse transcriptase-polymerase chain
reaction in serum and/or urine during the 1st week after
onset of symptoms. However, since viremia decreases and
disappears after the 1st week of illness, a negative test result
from serum collected more than 5 to 7 days after symptom

onset does not exclude infection deﬁnitively. Recent data
suggest that in urine ZIKV RNA can be detected longer, at
least 2 weeks after onset of symptoms.8
ZIKV-speciﬁc IgM and neutralizing antibodies can be
detected by enzyme-linked immunosorbent assay and immunoﬂuorescence assay in serum specimens toward the end of the
1st week of illness and typically persist for approximately 2 to
12 weeks. IgG antibodies develop within days after IgM and can
be detected for months to years. However, false-positive results
due to cross-reaction with related ﬂaviviruses (e.g., dengue and
yellow fever viruses) are commonly observed. Positive results in
primary ﬂavivirus infections should be conﬁrmed with a fourfold increase in the titer of neutralizing antibodies to the ZIKV
with plaque reduction neutralization test. In endemic areas,
where a great proportion of the population is likely to have been
previously infected with other ﬂaviviruses or vaccinated against
a related ﬂavivirus (i.e., secondary ﬂavivirus infection), neutralizing antibodies might still yield cross-reactive results in these
individuals.8
It is estimated that approximately 80% of persons infected
with ZIKV are asymptomatic. When symptomatic, the infection
is considered to be associated with a mild, self-limited disease,
lasting a few days and characterized by low fever, a pruritic rash,
edema of extremities, headache, and myalgia. Less common
manifestations include gastrointestinal symptoms, retro-orbital
pain, and lymphadenopathy.9 Severe presentations of the disease or deaths associated with ZIKV infection were not reported
before the outbreaks in French Polynesia and Brazil.
However, the results of a recent study in a large series of
patients from French Polynesia who developed Guillain–
Barré syndrome (GBS) following ZIKV infection, suggested
that ZIKV should be included in the list of potential infectious
pathogens that can trigger the development of GBS.10 In
Brazil, hospital-based surveillance data revealed a signiﬁcant
increase in the number of GBS and other neurological and
autoimmune complications (including myelitis and acute
disseminated encephalomyelitis) reported during the recent
outbreak in several states of the northeastern region.11,12
Furthermore, Colombia, Venezuela, and other countries
from the Central America also reported an increase in the
rates of GBS compared with previous years.13
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Fig. 1 The cumulative number of countries, territories, and areas by the World Health Organization region reporting mosquito-borne Zika virus
transmission in years, 2007 to 2014, and monthly from January 1, 2015 to June 8, 2016. (Reprinted with permission from World Health
Organization.7)

The most striking ﬁnding during the ZIKV outbreak in
Brazil, however, is the strong cumulative evidence that
provided the basis to establish a link between ZIKV infection
during pregnancy and fetal and placental abnormalities,
including detection of virus genome by reverse transcriptase-polymerase chain reaction in amniotic ﬂuid samples of
women whose fetuses have been diagnosed with microcephaly, in placental tissues from early miscarriages and also in
the blood and brain tissue of infants with congenital neurological anomalies, including microcephaly. The congenital
neurological malformations were characterized predominantly by microcephaly (with signiﬁcant cranium–facial
disproportion) and cerebral calciﬁcations, but lissencephaly
with agenesis of the corpus callosum, pachygyria, hydrocephalus, and cerebellar dysplasia were also reported.14–18
The severity of the neurological alterations appears to be
related to the period of gestation when the women are
infected, that is, the earlier the infection during pregnancy,
the more severe the neurological outcomes to the fetus.
Arthrogryposis, microphthalmia, funduscopic alterations in
the macular region, as well as optic nerve abnormalities were
also described in infants with suspected congenital ZIKV
infection.14–23
In a study performed in Rio de Janeiro, women infected
during pregnancy with ZIKV were followed prospectively,
and clinical and ultrasonographic data were collected. The
authors found that fetal abnormalities were detected by
Doppler ultrasonography in approximately 30% of the
women. Also, important was the ﬁnding that neurological
congenital abnormalities were seen in fetuses infected as
late as 27 weeks of gestation. 18
Since September 2015, in the northeastern region in Brazil,
where ZIKV outbreaks peaked, a signiﬁcant increase in the
number of newborns with microcephaly, compared with the
median rates reported in previous years to the local health
authorities, was observed. As of June 4, 2016, 7,830 suspected
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cases of microcephaly and/or central nervous system malformation were reported in Brazil—of these 4,813 have been
investigated further and among these cases, 1,551 had clinical
and laboratory characteristics compatible with a congenital
infection, and 224 had laboratory-conﬁrmed ZIKV infection
(►Fig. 2).23
The true burden of the congenital disease associated with
ZIKV is probably underestimated assuming that it is likely
that a signiﬁcant proportion of the affected newborns have
subclinical manifestations at birth, without microcephaly,
preventing these infants from being diagnosed by the current

Fig. 2 The distribution of the conﬁrmed cases of microcephaly and/or
neonatal central nervous system alterations suggestive of congenital
infections (Brazil, 2016). (Reprinted with permission from the Brazilian
Ministry of Health. 23)
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ascertainment methods, at least until later stages of childhood/adolescence when cognitive, developmental, and/or
visual limitations can be detected.21
The unique characteristics of the ZIKV outbreak in Brazil,
where the population was completely susceptible (naive) to
the virus, affecting millions of persons from highly populated
urban areas with established surveillance reporting system,
are possible reasons explaining why the role of the ZIKV as a
potential cause of congenital disease has only been recognized after circulating in Brazil. Interestingly, after the reports
from Brazil, establishing that a causal relationship between
ZIKV infection in pregnancy and microcephaly and other
congenital malformations existed, a retrospective study performed in French Polynesia found an association between
ZIKV and microcephaly.24
We currently do not have any available vaccines to prevent
the disease or speciﬁc antiviral treatment for patients with
ZIKV disease. One recent study showed that chloroquine
exhibited antiviral activity against ZIKV in VERO, human
brain microvascular endothelial, and neural stem cells. In
this study, the authors were able to demonstrate that chloroquine reduced, in vitro, the number of ZIKV-infected cells,
virus production, and cell death promoted by ZIKV infection
without cytotoxic effects.25
The substantial number of infants born with the congenital
Zika syndrome, presenting microcephaly and other neonatal
neurological malformations that will be identiﬁed in the
following months, not only in Brazil, but also in other
countries, emphasizes the need to strengthen laboratory
capacities and establish a quality surveillance system to
detect these cases and conﬁrm the association with ZIKV
infection with well-designed epidemiological studies.
Finally, it is of paramount importance that health authorities in Brazil, as well as other affected countries in the region,
intensify the efforts to control the Aedes aegypti mosquito, the
same vector responsible for transmitting dengue, chikungunya, and yellow fever. In the short term, this is the most
efﬁcient measure to mitigate the huge public health burden of
these infections.
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