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In 2015, the spotlights were directed towards Brazil when the
country experienced an unprecedented epidemic of Zika virus
(ZIKV) infection.1 Since then, much has been studied on the
pathophysiological mechanisms by which ZIKV is transmitted,
gains access to the nervous system, replicates in the human host,
and damages neuronal cells and their precursors.2

Additionally, a growing body of scientific articles has demon-
strated the clinical presentations of infants affected by congenital
Zika syndrome (CZS). Severe motor delays, functional impair-
ments, and a strong risk factor to the comorbid diagnosis of
cerebral palsy are some of the features described in recent
studies.3 It has been postulated that infants who do not show any
clinical manifestations at birth might display neurodevelopmental
abnormalities, including learning and memory deficits, in their late
childhood years.4

As the likelihood of a second wave of ZIKV epidemic remains
high, designing predictive models to assess CZS severity is urgently
necessary. Moreover, as children affected by CZS are growing, some
of whom are now 3 years of age, it is time to invest in studies that
will look further into how health care professionals can optimize an
adequate array of resources that would define directives for goal-
oriented early stimulation programs in this population according to
their clinical presentations and psychosocial needs.
We propose the creation of a multilevel-based research

framework on CZS that could possibly result in predictive models
that would be likely beneficial for the early identification of
newborns and infants born with CZS who are at higher risk for
disease burden, including, for example, the risk of cerebral palsy
and autism spectrum disorders.
These studies should be organized based on the multifaceted

medical aspects that, together, form the still-enigmatic CZS’s
biopsychosocial gestalt. Ideally, the research comprising the
framework should follow a bottom-up timeline progression
according to the unfolding new clinical observations found in
Zika cohorts over time as the studies’ participants grow and
develop. Some examples of what has been already accomplished
and future perspectives on CZS research, according to each level
of the framework, are described below and illustrated in Fig. 1.

LEVEL 1: EPIDEMIOLOGICAL
The association between regional meteorological changes and the
proliferation of the Aedes sp.; the association between the Aedes
aegypti mosquitoes and CZS; the association between pregnancy
and laboratory-confirmed ZIKV infection.1

LEVEL 2: CLINICAL
Patterns of congenital anomalies secondary to central and
peripheral nervous system involvement. The distinctive pheno-
type of CZS including severe microcephaly with partially collapsed
skull, thin cerebral cortices with subcortical calcifications, macular
scarring and focal pigmentary mottling, congenital contractures,
marked early hypertonia, and symptoms of extrapyramidal
involvement.4

LEVEL 3: NEUROIMAGING
Due to limited laboratory-related technical diagnostic accuracy of
ZIKV exposure in asymptomatic pregnant women, as well as the
lack of specific serology tests for ZIKV, the unique radiological
pattern observed in infants with CZS can play an important role in
the early diagnosis of this condition.

Pre-natal ultrasonography (US) screening findings: brain calcifica-
tions, cerebral atrophy, posterior fossa and corpus callosum
abnormalities, ventriculomegaly. In addition, measurement of
the head circumference is a crucial evaluation and one of the main
clinical evaluations to detect microcephaly.
Post-natal US findings: thinning of the frontoparietal parenchyma
with punctiform hyperechoic findings consistent with calcifica-
tions and mainly observed on the frontal brain surfaces,
dysgenesis of the corpus callosum.
Computed tomography findings: microcephaly, exuberant exter-
nal occipital protuberance, reduced frontonasal angle and
redundant scalp skin, premature closure of cranial sutures, brain
calcifications specifically in the junction between the cortex and
the subcortical white matter.
Magnetic resonance imaging findings: malformations of cortical
development and sulcation, simplified pattern of cortical sulci and
gyri and normal cortical thickness, associated with areas of
polymicrogyria and/or pachygyria with a thick cortex predomi-
nantly observed in the frontal lobes.5

LEVEL 4: LABORATORY
The laboratory criteria for the confirmation of ZIKV infection is
based on the detection of the virus in the blood (acute phase) and
urine (after the first week of symptoms). Real-time reverse
transcription–polymerase chain reaction analysis contributes to
detect the viral RNA. The diagnosis might also be assessed with
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analysis for immunoglobulin M (IgM) and the plaque reduction
neutralization test for antibodies against the virus. In some cases,
the diagnosis is established retrospectively and confirmed by
serologic assays.5

LEVEL 5: GENETICS
The identification of protective genes might play an important
role in the pathophysiology of ZIKV infection. A recent study using
CRISPR technology6 identified the IFI6 gene as a potent antiviral
gene targeting flaviviruses. The researchers used traditional cell
culture studies to confirm the gene’s role in protecting against
infection by Zika, West Nile, dengue, and yellow fever viruses.

LEVEL 6: NEUROPHYSIOLOGY
Due to the cell damage caused by ZIKV in the central nervous
system,2 seizures can be a clinical manifestation in the early ages.
The diagnosis of epilepsy in infants with CZS can be linked to a
poor prognosis in their neurodevelopmental outcomes.

LEVEL 7: DEVELOPMENTAL
The impact on motor, language, cognition, social-communication
skills, and behavior,4 in addition to a higher risk for the frequently
found comorbid diagnosis of cerebral palsy,3 might be early
determined by interdisciplinary evaluation. Individualized, goal-
oriented, and family-centered rehabilitation programs could be
designed based on these measurements.

LEVEL 8: PSYCHOSOCIAL
The severity of the abnormalities at birth—coupled with the
anticipation of a lifetime of caregiving and economic burdens,
uncertainty about the unfolding developmental and medical
consequences, social isolation, and potential stigma—can lead to
high levels of family distress. The support to caregivers requires a
family-centered approach, extensive care coordination, access to
evolving new information, ongoing surveillance, and individua-
lized planning for child and family services.7

As knowledge on ZIKV progresses, data generated through this
proposed framework might be used to create binary predictive
modules that ultimately will contribute to the diagnostic accuracy
of CZS, the neurodevelopmental prognostication of infants born
with this novel congenital infectious disease, and the determina-
tion of those who would benefit from goal-oriented early
interventions.
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Fig. 1 Timeline of what has been already accomplished and future
perspectives on CZS research based on a multilevel system for the
creation of predictive models of severity of CZS
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