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ABSTRACT

Zika virus (ZIKV) has recently emerged as a novel teratogenic agent associated with severe neurological
complications. The risk associated with maternal infection remains to be exactly defined but appears to be
significant. Like other TORCH agents (toxoplasmosis, other agents, rubella, cytomegalovirus and herpes simplex),
it is unlikely that all affected fetuses will be symptomatic at birth. It is therefore urgent to better define the
spectrum of anomalies observed in infected fetuses to provide adequate parental counseling. In this review, we
provide a comprehensive analysis of major cases described to date and highlight specific prenatal and postnatal
radiological findings of congenital ZIKV infection. A total of 19 reports were included in our analysis. ZIKV seemed
to harbor a specific tropism for the central nervous system, and anomalies were mostly limited to the brain. Major
radiological findings were ventriculomegaly, diffuse calcifications and signs of abnormal gyration as well as cortical
development. In addition, a significant number of fetuses suffered from intra uterine growth restriction. Based on
these findings, we provide recommendations for adequate radiological monitoring of at-risk pregnancies. © 2016

John Wiley & Sons, Ltd.
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INTRODUCTION

The year 2015 has seen the emergence of a novel teratogenic
infectious agent, Zika virus (ZIKV). A dramatic discovery of this
nature has not been made since 1942, when first reports on
congenital rubella syndrome occurred.! By the end of 2015,
the Brazilian government noticed an increase in the incidence
of microcephaly suspected to be related to the ongoing ZIKV
epidemic.?

ZIKV is a member of the Flaviridea family, which also
includes dengue and West Nile viruses. As these viruses are
mostly transmitted through arthropods, they are also known
as arboviruses (i.e. arthropods borne viruses).> Additional
modes of transmission of ZIKV include blood products,* sexual
intercourse® and, potentially, breastfeeding® and saliva,”®
although no cases have been confirmed so far. First isolated
in 1947 in Uganda,” ZIKV had always been considered a benign
infection; until 2007, only 14 human cases were described in
the literature.'® ZIKV infection is asymptomatic in 80% of
cases. When reported, symptoms are mostly unspecific and
mimic other viral diseases (pruritic maculo-papular rash
associated with low-grade fever, asthenia, arthralgia/myalgia
and conjunctivitis).'® It is only with the recent outbreaks, first

Prenatal Diagnosis 2016, 36, 799-811

in French Polynesia and New Caledonia, and recently in the
Americas, that severe-related neurological complications, in
particular  Guillain-Barre  syndrome, and congenital
malformations have emerged.'®! The small number of cases
in previous epidemics as well as the lack of interest from
developed countries may explain why these dramatic
complications were not described earlier. Evidence has now
accumulated and scientific communities agree that ZIKV
should be considered similarly to the toxoplasmosis, other
agents (e.g. Syphillis, varicella virus, herpes virus), rubella,
cytomegalovirus and herpes simplex (TORCH) agents.'?
Figure 1 highlights the major events in the history of ZIKV
leading to its acceptance as an emerging teratogenic agent.
Nevertheless, many questions remain to be answered.'® The
magnitude of the epidemic, especially affecting countries with
high pregnancy rates, suggests that even in the case of a low-
transmission risk, the number of potential infected fetuses
could be significant. Currently, over 2 billion people are living
in areas with potential ZIKV circulation, representing 5.42
million potential pregnancy exposures in 2015."* Serosurveys
from previous epidemics in Yap Island and French Polynesia,
in which 50-72.5% of the population were infected,'® suggest

© 2016 John Wiley & Sons, lid.
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Countries with active ZIKV circulation

Caribbean

Central America

South America

Mexico Cuba St Maria Colombia
Guatemala Jamaica St Lucia Venezuela
Belize Haiti St Maarten Guyana
Honduras Dominican Republic St Barthelemy French Guiania
Nicaragua Puerto Rico Guadeloupe Surinam
El Salvador U.S. Virgin Islands Barbados Brazil
Panama Aruba Trinidad and Tobago  Bolivia
Costa Rica Curacao St Vincent and Ecuador
Bonaire Grenadines Peru
Martinique Dominica Paraguay
Argentina
Other Pacific
Cap Verde American Samoa

Fiji

Marshall Islands
Micronesia

New Caledonia
Papua New Guinea
Samoa

Tonga

Figure 1 History of Zika virus (ZIKV). This timeline presents the most important events in ZIKV history that have lead to its emergence as a
teratogenic agent. In addition, it presents a list of countries with active circulation, as to date on June 16, according to the American
Centers of Disease Control®®: 1947,%1° 1954,1978 2007,'97? 2014,'°8° January-March 2015,'%81 November 2015,20:2182784 Febryary

20168° and May 2016'2

a high rate of human infection in case of epidemic in a non-
immune population, as observed today.

In that context, it is critical to rapidly characterize the
spectrum of anomalies and prognosis of infected fetuses to
provide adequate parental counseling. Similarly to other
TORCH agents, it is likely that not all infected fetuses will
develop symptoms. The challenge will therefore be to
identify fetuses with a poor prognosis. For other congenital
infections, the presence of fetal anomalies, particularly of
the brain, is considered the most specific predictive factor
of severe at birth'>'% it accepted as
justification for termination of pregnancy (TOP) by most
obstetrical associations.'”!® It might be speculated that a
similar course exists for ZIKV-infected fetuses. It is therefore
important to better understand the spectrum of anomalies

symptoms is

observed in ZIKV-infected fetuses and their prognosis. We
thus provide a comprehensive analysis of major cases
described so far and highlight specific prenatal and
postnatal radiological findings of congenital ZIKV infection.
In light of these findings, we provide recommendations for
adequate radiological monitoring of at risk pregnancies.

METHOD

Using the search terms ‘ZIKA’ and ‘pregnancy’,
systematically searched PubMed for published studies

we
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(Appendix 1). Alternative spellings were used for search terms
with multiple accepted spellings (ZIKV, pregnant). To ensure
completeness, the references of extracted articles and review
articles were also analyzed. The two authors evaluated the
articles and extracted data. Searches were limited to English
language. We excluded articles that were not based on ‘fetus/
fetal’ or ‘neonate/neonatal’ or did not provide adequate
imaging description.

PERINATAL TRANSMISSION OF ZIKA VIRUS

The first perinatal transmission was described by Besnard
et al.'® and likely occurred during delivery. Subsequently,
Calvet et al?®* isolated ZIKV in the amniotic fluid of two
fetuses with significant cerebral malformations whose mothers
had presented with symptoms compatible with a ZIKV
infection, supporting a transplacental transmission of the
virus. Transplacental transmission has now been confirmed
by in vivo experimental studies.?**?

Although now commonly accepted, the risk of materno-fetal
transmission as well as the gestational ages (GA) during which
exposure carries the highest risk of malformations is currently
unknown. So far, ZIKV infection during pregnancy has been
associated with early and late miscarriages, stillbirths, intra
uterine growth restriction (IUGR), hydrops fetalis and cerebral

fetal malformations (recently reviewed by Panchaud et al.'').
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The ZIKV congenital syndrome seems to include microcephaly
associated with other cerebral malformations that may lead to
severe mental retardation and significant motor disabilities,
ocular anomalies and auditory defects.!?**> Additional
malformations have been occasionally observed, such as
hypospadias, cryptorchidia and mircopenis.?®*’ Based on a
retrospective analysis of epidemiological data from previous
outbreaks in the Pacific as well preliminary data from
Brazilian surveys, several groups have tried to provide risk
estimations. These reports have evaluated the risk of
microcephaly to be the highest in cases of maternal infection
during the first trimester,”®>>° with an absolute risk ranging
from approximately 1-14%, depending on the assumed rate
of exposition in the population.?**! This correlates with the
recent findings in a cohort of 1850 Columbian pregnant
women, in which 612 contracted ZIKV in the third trimester
and none of their newborns presented with microcephaly;
results regarding outcomes from pregnant women exposed
earlier in pregnancy are still pending.>* Nevertheless, these
reports are based on the assumption of exposure to ZIKV,
and further studies are needed to confirm these estimations.
Cerebral anomalies (ventriculomegaly and calcifications) have
been observed in cases of suspected infections occurring as
late as 27 weeks of gestation (WG).*® Finally, even if the risk of
severe cerebral anomalies may be lower in case of infections
occurring in late second or third trimesters, other adverse
pregnancy outcomes have been observed in particular IUGR
and stillbirths.®® Additional studies are needed to better
characterize the spectrum of disease at each GA.

RADIOLOGICAL FINDINGS OF ZIKV CONGENITAL
INFECTION

Prenatal findings
We isolated 14 publications, with a total of 66 cases, providing
adequate prenatal imaging descriptions ?®?!26:27,33-42

addition to ultrasounds, six reports also provided information
) 27,34,36,37,39-41

In

on fetal magnetic resonance imaging (MRI
Major findings are summarized in Table 1. A time lapse of at
least 3weeks**?! and up to 15 weeks®> was observed between
suspected maternal infection and identification of fetal
anomalies. The most frequent prenatal findings (>10% of
reviewed cases) were a reduced head circumference (HC),

ventriculomegaly, calcifications and neuronal migration
anomalies, marked by lissencephaly, pachy/agyria,
polymycrogyria or opercular anomalies. In addition,

dysgenesis of the corpus callosum, either directly observed or
suggested by the rupture of the septum pellucidum, was
frequently observed, a finding also reported in toxoplasmosis'®
and cytomegalovirus (CMV) infections.**

Ventriculomegaly

Contrary to what is observed for toxoplasmosis or lymphocytic
choriomeningitis virus (LCMV, another recently discovered
teratogenic agent), in which ventriculomegaly is often bilateral
and symmetrical,**** ZIKV-induced ventriculomegaly most
frequently demonstrated a non-hypertensive pattern and was
often asymmetrical or unilateral. In toxoplasmosis or LCMV,
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ventriculomegaly is thought to be due to Sylvius’s aqueduct
obstruction by necrotizing process.***® ZIKV-associated
ventriculomegaly, however, is probably related to the cerebral
atrophy, as suggested by the thinning of the cortical mantle
frequently observed simultaneously.

Calcifications

Calcifications have been described to correspond to area of
focal necrosis, often with poor calcification at the time of
prenatal diagnosis and therefore appearing as echogenic foci
without posterior shadowing effect.'>*** In ZIKV-related
cases, calcifications were mostly localized at the cortico-sub
cortical white matter junction and did not seem to harbor
the specific periventricular localization frequently observed
in CMV or LCMV infections,”* although periventricular
calcifications were also sometimes observed. Additionally,
calcifications were also observed in the midbrain, basal
ganglia, brainstem and cerebellum similarly to what may
be observed for toxoplasmosis, CMV and LCMV.!®#345 In
addition to widespread calcifications, dysgenesis of the
cerebellum, brainstem, thalamus, basal ganglia and spinal
cord was reported in some cases, highlighting the diffuse
lesions induced by ZIKV. Cerebellar hypoplasia has
frequently been described in case of CMV** or LCMV.*® For
the latter, it has even been described as the sole abnormal
findings in two cases.”> Only one report described partial
cerebellar hypoplasia in a case of toxoplasmosis,*” but this
may be due to the low number of reports including fetal
MRI.

Microcephaly

A reduced HC < —2SD, suggestive of a microcephaly, was the
third most common finding observed after ventriculomegaly
and calcifications. Caution should be made, as authors did
not always precise the cut-off used, and as discussed later,
a cut-off of HC < —3SD is more appropriate.*® Importantly,
this finding was always found in association with other
cerebral anomalies. In the report by Driggers et al,’® the
HC remained within normal ranges, but a decrease from
the 47th to the 24th percentile between the 16 and 20 WG,
when pregnancy was terminated, was observed, suggesting
that a pathological HC may have been reached later on.
Congruently, in all reports, the diagnosis of microcephaly
was made between 26 and 33WG and suggests that it is
probably a late finding. Others described normal HC despite
other severe brain anomalies. In the study of Franca et al.*
evaluating 1501 Brazilian newborns, one in five definite or
probable cases of ZIKV infection presented an HC within
normal range at birth.

Destruction of the germinal matrix, abnormal migration and cortical
organization

Abnormal migration and cortical organization are shown by
abnormal gyration that is reduced (pachy/agyria) or increased
(polymycrogyria), heterotopias and dysgenesis of the corpus
callosum. In addition, destructive cystic lesions such as
porencephaly, schizencephaly or in forms,
hydranencephaly, are frequently observed because of previous

extreme
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necrosis of neural progenitors. Similar destructive lesions are
frequently observed in other congenital infections'®**** but

were not frequently reported in ZIKV cases, with
hydranencephaly only observed in one case.*®
Interestingly, no ventricular hemorrhages, indirectly

reflecting a direct damage to the highly vascularized
germinal matrix (GM), were observed in the reports
analyzed here. Although suspected in one case on prenatal
ultrasound, ventricular hemorrhage was not confirmed by
fetal MRL*® Damage to the GM, however, was indirectly
shown by the identification of occipital sub-ependymal
pseudocysts.”” Sub-ependymal pseudocysts are thought to
develop following GM hemorrhages and are frequently
observed in premature newborns®%; alternatively,
intraventricular synechia may also develop but have not
been highlighted in the cases reported here. Although most
of these pseudocysts are benign, when located in the
occipital or temporal horn, they are associated with poor
outcomes, due to early destruction of the GM.?! Destruction
of the GM and corresponding anomalies are also frequently
observed in CMV or LCMV infections***>*® but are less
common in case of toxoplasmosis infections.'>**

Additional findings

Signs of placental inflammation such as increased thickness
and calcifications were observed in some cases. Such placental
anomalies have also been described in toxoplasmosis and are
unspecific.** Placental dysfunction induced by ZIKV infection
has been suggested to contribute to the development of brain
damage, especially in case of early infection, when maternal
placental circulation is not yet established.” The identification
of sonographic markers of placental inflammation may
support this hypothesis.

Lastly, IUGR was observed in 14% of ZIKV cases and could be
related to both the direct effect of fetal infection and/or
placental insufficiency. Additional findings associated with
placental insufficiency (i.e. abnormal Doppler studies or
oligoamnios), however, were only reported in three cases.?!
Nevertheless, this appears to be an important finding, as an
in vivo model-confirmed IUGR induced by ZIKV infection.?®

Postnatal findings

We identified nine studies, with a total of 158 cases, providing
an adequate description of postnatal imaging of children born
either with microcephaly suspected to be related to
ZIKV2274153756 o horn from a mother with a confirmed

26,34 relies on

infection. Postnatal cerebral evaluation
transfontanellar ultrasound primarily used as a fast screening
tool, CT or MRI. Currently, the Brazilian government
recommends a CT without contrast for all children with
microcephaly; MRI is additionally performed according to
clinical findings, as for example, in case of epilepsy or severe
abnormal motor findings.>* Major clinical and radiological
findings are described in Table 2. Postnatal imaging generally
correlates with prenatal observations. Diffuse cerebral
calcifications, with preferential localization to the cortico-
subcortical ~white matter junction, non-hypertensive

ventriculomegaly, signs of abnormal migration and cortical

Prenatal Diagnosis 2016, 36, 799-811

development were the most frequent findings described.
Dysgenesis of the cerebellum and brainstem was also
observed. Additional findings include abnormal density of the
white matter compatible with delayed myelinisation.>**°
Finally, an abnormal skull with overridden bones and
premature closure of the anterior fontanel were frequently
observed. These findings are suggestive of the fetal brain
disruption sequence that includes severe brain damage,
leading to microcephaly with overlapping skull bones and
prominence of the occipital bone plate, as well as excess scalp
skin with a normal hair pattern,®” all of which have been
described in newborns with a suspected ZIKV infection. This
sequence is thought to be due to brain insults occurring after
18 WG, as suggested by the normal hair pattern, and is
associated with a poor prognosis, due to severe neurological
impairment.>” In a series of 20 cases presenting with this
sequence, death occurred in seven because of aspiration
pneumonia in the first year of life, and the remaining had
severe developmental skills impairments.>” Prognosis of the
children reported here remains to be defined, as most of them
are only currently a couple of months old.

RADIOLOGICAL MONITORING OF EXPOSED PREGNANCY

Basic ultrasound monitoring

Due to the high proportion of asymptomatic cases, ZIKV should
be suspected in every pregnant woman with or without
compatible symptoms living in or returning from countries with
active ZIKV circulation (presented in Figure 1).°® Moreover, it is
currently unknown whether a prior maternal infection is
protective, similarly to toxoplasmosis, or whether a re-infection
can still be associated with fetal transmission, as observed in
case of CMV infection. Laboratory diagnosis
challenging and relies on molecular detection through RT-PCR
or serological assays.'”**® Baud et al.>*®® recently proposed
recommendations for adequate testing and monitoring in
exposed pregnancies. A strong emphasis should be placed on
basic ultrasound, as currently ZIKV is primarily circulating in
countries where access to specialized materno-fetal centers is
limited. Ultrasound monitoring is required independent of
maternal testing because of the difficulties of diagnosis.>
Similarly to other congenital infections, reports identified here
suggest a significant delay between maternal infection and
onset of fetal anomalies, enhancing the importance of regular
ultrasound monitoring. In addition, it has been shown for other
congenital infections that neurological lesions can rapidly
evolve. As previously recommended, ultrasound should ideally
be performed every 4 weeks starting from suspected exposure,
and at least one ultrasound should be performed between 28—
33WG.%® At this GA, the correlation between fetal HC and
occipito-frontal circumference (OFC) at birth is the most
accurate,®’ and cortical structures are developed enough to
allow adequate evaluation of abnormal processes.®*% After
34 WG, skull ossification impairs the penetration of sound
waves and adequate brain parenchymal evaluation. In cases of
late exposure, even in the presence of normal ultrasound at this
GA, monitoring should probably be maintained up to delivery
because of the potential of late onset complications and the risk

remains
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of stillbirths.®® Structures that should be evaluated in particular
include biometrical parameters, placental thickness, size and
shapes of ventricles, cerebellum, thalami and cavum septum
pellucidum. In addition, sonographers should actively search
for intraparenchymal, intraventricular or intraplacentar
echodense foci or calcifications.*® A transvaginal approach
should be preferred at early GA or in case of cephalic
presentation because of its higher performance.®*%¢

It should be emphasized that microcephaly remains a
postnatal finding, which can only be suspected by prenatal
evaluation. In addition, HC may not reflect an abnormal
cerebral development and should therefore be evaluated with
caution. Sloping of the forehead or associated additional brain
lesions are suggestive of pathological microcephaly. In
addition, most ultrasound devices provide calculators that
refer to percentile and not standard deviation (SD).
Microcephaly is defined as a postnatal OFC< —2nd SD
adapted to GA and sex (i.e. below the 2.3 percentile) and severe
microcephaly as an OFC<-3SD (ie. below the 0.1
percentile).*”% As suggested by the International Society of
Ultrasound in Obstetrics and Gynecology, microcephaly
should only be suggested in case of an HC < —3SD*%; in case
of isolated microcephaly < —2SD, ultrasound should be
repeated after 2-3weeks prior to subsequent evaluation.*®
The presence of any anomalies, in particular calcifications,
ventriculomegaly, pathological HC, namely, <—3SD, or with
associated signs as described earlier, disruption of the cavum
spetum pellucidum, abnormal morphology/size of the thalami
and cerebellum should prompt subsequent specialized
evaluations. Isolated IUGR should also alert sonographers.

Fetal neurosonogram or MRI

These highly specialized techniques
description of fetal brain structures. They have been shown
to be extremely useful in the evaluation of gyration disorders,
as frequently observed in ZIKV-infected fetuses.®>®* Although
MRI was initially thought to be superior, the significant
progress in ultrasound techniques, in particular 3D
examinations, has increased its sensitivity and therefore may
now be considered as a sufficient examination.®*% In addition
to the cost advantage, neurosonogram offers a better
characterization of calcifications and is better tolerated than
MRI. Nevertheless, MRI is not influenced by the mother’s body
mass index, amniotic fluid volume or fetal presentation.
Indeed, in case of cephalic presentation, a transvaginal
approach may be required to perform optimal
neurosonogram.®® As mentioned eatlier, the sensitivity of the
ultrasound decreases after 34 WG because of skull ossification.
The ideal period to evaluate gyration disorder is between 28—
32 WG for both techniques.®*%

Fetal MRI has been shown to increase the positive predictive
value of diagnosis of fetal brain anomalies in comparison with
ultrasound alone, for example, in case of congenital CMV
infection.”® However, fetal MRI has a lower negative predictive
value than ultrasound and may be associated with false
positive results.”’ Therefore, caution should be taken in the
presence of brain anomalies identified by fetal MRI alone.

enable a better
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Considering earlier, fetal neurosonogram is probably the ideal
investigation prior to 34 WG. It can be complemented by fetal
MRI in cases of ambiguous results or if TOP is considered, to
help parental decision.

DISCUSSION AND PERSPECTIVES

Current reports highlight the specific cerebral tropism of
ZIKV. The pattern of cerebral anomalies is highly
destructive and mimics the most severe anomalies found
in congenital CMV or LCMV and to a lesser extent
toxoplasmosis infections. No other systemic malformations
seem to be induced, unlike CMV or toxoplasmosis
infections. The specificity of neurological anomalies is also
observed in LCMV infections, in which the only additional
anomalies described were hydrops fetalis and IUGR, as
currently described for ZIKV. Nevertheless, the diagnosis of
TORCH infections cannot rely on radiological evaluation
alone.”

Zika virus prenatal infection is associated with severe
cerebral lesions associated with a dismal prognosis. Most of
them are related to severe early injuries to the developing
brain, which depends on three distinct essential processes.”
First is the neuronal proliferation occurring between the 2nd
and 4th months of gestation that gives rise to both neurons
and glial cells, followed by neuronal migration during 3rd-
5th month of gestation and finally cortical organization
through cell differentiation and laminar/columnar
organization.”? This final step starts around the 22nd WG
and will continue in the postnatal life.”” Current experimental
in vitro studies?®”® demonstrated the ability of ZIKV to alter all
of these processes, first by inducing the mortality of the neural
progenitor cells™®” and subsequently by altering cortical
development and maturation.?® Despite the severity of ZIKV-
associated cerebral lesions, both suggested by these
experimental studies and the fetal cases reported here,
caution should be taken on these preliminary conclusions, as
current reports may only reflect the most severe forms of the
disease.

Extreme caution should be taken when counseling parents
of exposed fetuses. So far, few cases have been well described,
and the recommendations described here may become
obsolete. The sole presence of fetal microcephaly should not
be considered as a marker of ZIKV infection as, both in
Brazil and French Polynesia, all newborns with a confirmed
infection had additional cerebral lesions on postnatal
imaging? It should probably not be considered as
justification for a TOP alone, due to the lack of reliability of
prenatal measurements, as discussed previously.61 Similarly,
isolated ventriculomegaly, brain calcifications or sub-
ependymal pseudoycsts
favorable prognosis.’>"*"> A similar prognosis might be
suspected for isolated anomalies, even in case of ZIKV
exposition, but further studies are needed. Currently,
prognosis of infected fetuses remains difficult to establish
because of lack of follow-up studies and knowledge of
disease’s spectrum. Further studies are urgently needed."
With increasing knowledge, it is likely that additional
prognostic factors may develop such as maternal or amniotic

have been associated with a
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fluid viral load, which could assist in parental decision-
making. Finally, it is extremely important to remember that
ZIKV is currently affecting countries in which abortion
remains illegal or poorly accepted.”® In that countries, the
benefit of screening is highly questionable, especially as it
may lead to illegal and inadequate TOP.”” Nevertheless, a late
3rd trimester should be at least proposed to decide on
location of delivery.
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