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ABSTRACT
Objective To describe the pattern and progression of
central nervous system (CNS) lesions in microcephalic
fetuses with suspected Zika virus (ZIKV) infection.
Methods In this prospective study in Salvador, Brazil,
we analyzed fetuses diagnosed with microcephaly and
suspected ZIKV infection after a routine primary care
ultrasound scan between July 2015 and February 2016
raised suspicion of fetal microcephaly. The pregnancies
were followed with serial ultrasound scans until delivery
at one of the three main referral centers for fetal
abnormalities in Salvador, Brazil. Microcephaly was
diagnosed when the head circumference was two
or more SDs below the mean for gestational age
and its relationship with ZIKV infection was defined
according to the World Health Organization’s criteria.
All women were interviewed, to assess potential factors
associated with fetal microcephaly. Serology test results
for toxoplasmosis, cytomegalovirus, rubella, syphilis and
human immunodeficiency virus (HIV) were recorded, as
were previous routine ultrasound results. Signs/symptoms
of infection during the pregnancy were noted.
Results Of 60 cases of suspected ZIKV-related fetal
microcephaly seen during the study period, eight were
excluded due to serological evidence of other congenital
infections or major ultrasound chromosomal markers. In
the remaining 52 fetuses, microcephaly was diagnosed
between 19 and 40 (median, 27.7; interquartile range,
23.4–32.0) weeks of gestation. The main ultrasound
findings were: ventriculomegaly (65.4% of cases), cerebral
calcifications (44.2%) and posterior fossa abnormalities
(32.7%). 9.6% presented with arthrogryposis as an

associated finding. Microcephaly was an isolated finding
in four cases (7.7%). While ventriculomegaly was
progressive in 41.2% of cases with this finding,
the velocity of head circumference increase decreased
progressively in almost all cases. Exanthematic disease
was present in the majority (86.5%) of the women, 67.3%
presenting in the first trimester of pregnancy. Additional
lesions were detected after birth in 71.4% of the 35 cases
with neonatal follow-up.
Conclusions The majority of cases of congenital ZIKV
syndrome have other ultrasonographic findings in
addition to microcephaly. ZIKV-related CNS anomalies
present mainly as progressive CNS lesions and slowing
rate of growth of the fetal head, and this seems to be
evident only in the late second trimester, even when
maternal infection occurs in the first trimester. Other
ultrasound findings, such as ventriculomegaly, brain
calcifications and posterior fossa destruction lesions, are
also common in this congenital syndrome. Posterior fossa
destruction lesions and arthrogryposis are an uncommon
finding in other congenital infections, perhaps suggesting
a novel severe congenital syndrome associated with
fetal ZIKV. Copyright © 2016 ISUOG. Published by
John Wiley & Sons Ltd.

INTRODUCTION
According to the World Health Organization (WHO),
microcephaly is a malformation in which the neonatal
head circumference (HC) is two or more SDs below the
mean for a given sex and gestational age at delivery1 .
Congenital infections are one of the main causes of
microcephaly. Recently, Zika virus (ZIKV) infection
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during pregnancy was reported as a cause2,3 . The virus
was detected in the brain tissue of neonatal microcephaly
cases2,3 . Electron microscopy findings suggested flavivirus
replication in brain tissue as a potential cause2 . However,
little is known about the natural history of ZIKV
infection during pregnancy, or about how the time of
maternal infection affects fetal central nervous system
(CNS) development.
Infection by ZIKV can be asymptomatic in a large
proportion (around 80%) of people and usually causes
a mild clinical pattern, characterized by low-grade fever,
maculopapular rash and intense pruritus4 . The definitive
diagnosis usually relies on isolation of the virus, or its
detection following amplification by polymerase chain
reaction (PCR). Serological tests can be performed to
diagnose acute ZIKV infection, with immunoglobulin M
(IgM) antibodies detected through ELISA (enzyme linked
immunosorbent assay) or immunofluorescence5 .
In a preliminary report from a cohort in Rio de
Janeiro, 72 pregnant women with diagnosis of ZIKV
in blood, urine or both were followed to describe
clinical manifestations in mothers and repercussions of
acute ZIKV infection in fetuses. Fetal abnormalities
were detected by ultrasonography in 12/42 (29%)
ZIKV-positive women, but in none of 16 ZIKV-negative
women. The report described fetal abnormalities even
when maternal infection occurred in the second or third
trimester6 . However, information is scarce regarding the
characteristics of CNS lesions in affected fetuses.
The aim of this prospective study was to describe the
pattern and progression of CNS lesions in microcephalic
fetuses with suspected ZIKV infection.

METHODS
The Northeast region of Brazil is a large area that includes
nine states. The state of Bahia has the fourth largest
population among the Brazilian states, and Salvador, its
capital, is the third largest Brazilian city, with around
3 000 000 inhabitants7 . The main referral centers for
fetal abnormalities in Salvador are Maternidade Climério
de Oliveira, Hospital Geral Roberto Santos and Caliper
Escola de Imagem, and between them there are about 90
cases of fetal abnormalities every month. At the public
maternity hospitals Maternidade Climério de Oliveira
(Federal University of Bahia) and Hospital Geral Roberto
Santos (main public general hospital in Bahia) there are
about 500–600 births per month, of which 5–8% present
with fetal malformations, a rate that is higher than that of
other hospitals in Bahia; the general incidence of neonatal
malformation in our state is about 2–3%. Caliper Escola
de Imagem is a private ultrasound training center, which
performs about 14 000 ultrasound scans per year. Around
50% of exams are obstetric, with an average rate of fetal
malformation of 8%.
Inclusion criteria for the study were: suspicion of fetal
microcephaly on routine prenatal ultrasound evaluation,
accurate sonographic estimation of gestational age before
20 weeks, and sufficient available data on prenatal
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care, including detailed medical history of any clinically
relevant condition that could be linked to microcephaly.
Microcephaly was suspected when HC was ≥ 2SD below
the mean for gestational age, and it was diagnosed when
HC was ≥ 3SD below the mean for gestational age or
≥ 2SD below the mean with some other CNS finding,
according to WHO criteria1 .
Fetal microcephaly related to ZIKV infection was
defined according to the Brazilian Ministry of Health8 and
WHO criteria1 as: fetal microcephaly with a molecular
or epidemiological link to ZIKV in the absence of
other conditions that are known to cause microcephaly,
including other congenital infections, exposure to toxic
drugs, chemicals and radiation, genetic abnormalities,
fetal malnutrition and placental insufficiency. A molecular
or epidemiological link with ZIKV was defined when
a pregnant woman: had a confirmed case of ZIKV
disease; or had had sexual contact with a confirmed
case; or had a history of symptoms or signs consistent
with ZIKV infection and was residing/traveling in
an area with ongoing ZIKV transmission during her
pregnancy; or was found to have ZIKV present in
amniotic fluid (identified through amniocentesis and
reverse transcription (RT)-PCR assay), or ZIKV present in
fetal brain tissue (identified postmortem through RT-PCR
assay).
All women were interviewed about demographic
characteristics, social habits, use of drugs, exposure to any
potentially dangerous substance and occurrence of febrile
disease with or without skin rash during pregnancy. This
interview was performed by trained researchers at the first
clinical evaluation and before ultrasound confirmation of
any abnormalities, to avoid any information bias.
Gestational age was determined by menstrual history
and confirmed by measurement of fetal biometry up to
20 weeks of gestation. To evaluate fetal growth we used
Hadlock’s formula incorporating biparietal diameter,
head and abdominal circumferences and femoral length9 .
After initial suspicion was raised, the pregnant women
were referred to our services and we performed serial
obstetric ultrasound examinations, at 20–24 weeks,
26–30 weeks and after 34 weeks. Ultrasound scans were
performed using a Samsung Medison H60 (Samsung
Medison Co., Ltd., Seoul, South Korea), a Toshiba Xario
100 (Toshiba Medical Systems Corporation, Japan) or an
e GE Logiq P5 (GE Healthcare Ultrasound, Milwaukee,
WI, USA) ultrasound machine. A transabdominal convex
transducer was used in most cases, complemented with a
transvaginal transducer when needed. The final prenatal
diagnosis of microcephaly or other fetal defects and
confirmation of gestational age was performed by two
different specialists in fetal medicine who reviewed and
audited all previous obstetric ultrasound results to detect
prior occult fetal CNS abnormalities. These specialists
were distinct from the sonographers who first suspected
the microcephaly cases.
All women received standard prenatal care and
had been screened for antibodies against human
immunodeficiency virus (HIV), cytomegalovirus, rubella,
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toxoplasmosis and syphilis (TORCH panel). No serological tests for ZIKV were carried out.
After birth, children underwent complete clinical evaluation, and additional tests were performed according
to medical indication (cranial ultrasound, computerized tomography, echocardiography, ophthalmological
evaluation).

Data analysis
We used SPSS software (IBM SPSS Statistics for
Windows, Version 20.0. Released 2011. IBM Corp.,
Armonk, NY, USA). Categorical data were reported as
absolute numbers and percentages. Normally distributed
continuous variables were reported as means with SD,
and non-normally distributed continuous variables were
reported as medians with interquartile ranges (IQR). We
plotted our biometric data on the INTERGROWTH-21st
curve10 using Excel software (Microsoft Corp., Redmond,
WA, USA).
The study protocol was approved by the Maternidade
Climério de Oliveira’s ethics committee. Written informed
consent to participate in the study was obtained from all
included women.

RESULTS
Sixty cases of microcephaly were included initially
between July 2015 and February 2016. According
to WHO criteria for diagnosis of ZIKV-related fetal
microcephaly, 47/60 (78.3%) were classified as confirmed
cases and 5/60 (8.3%) as suspected cases; 8/60 (13.3%)
were excluded from the study, due to diagnosis of
other known causes of microcephaly (one case presented
an IgM positive test for cytomegalovirus, one for
toxoplasmosis and three for both cytomegalovirus and
toxoplasmosis, two cases were positive for syphilis
and one case presented major ultrasound chromosomal
markers. The demographic and clinical characteristics of
the 52 pregnant women who formed the study group are
given in Table 1.
Microcephaly was diagnosed between 19 and 40
(median, 27.7; IQR, 23.4–32.0) weeks of gestation. The
vast majority (86.5%) of women reported signs/symptoms
of an exanthematic disease during the current pregnancy,
67.3% during the first trimester, and the rest in the
second trimester. No woman reported such findings in
the third trimester of pregnancy. Table 2 summarizes
the ultrasound findings. The median gestational age
at observation of first abnormality was 24.1 (IQR,
22.6–28.8) weeks, and the most common abnormality
was mild ventriculomegaly.
In 9/52 (17.3%) cases, microcephaly had been present
at a previous ultrasound evaluation, performed by
a primary-care sonographer. However, it was not
suspected at that time, according to the further review
performed by two specialists at the referral centers.
The distribution of HC measurements was plotted on
the INTERGROWTH-21st Project curves10 (Figure 1):
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Table 1 Maternal characteristics and signs/symptoms of
exanthematic disease in 52 cases of Zika virus-related fetal
microcephaly
Characteristic

Value

Age (years)
Gravidity
Parity
Ethnicity
Black
Mixed race
White
Other
Reported skin rash
First trimester
Second trimester
Third trimester
Reported rash and:
Any of following symptoms
Pruritus
Headache
Arthralgia
Fever
Myalgia
Non-purulent conjunctivitis
Retro-orbital pain
Cough
Runny nose
Lymphadenopathy
Vomiting

26.1 ± 6.3
2 (1–3)
1.0 (0–1.0)
19 (36.5)
24 (46.2)
6 (11.5)
3 (5.8)
45 (86.5)
35 (67.3)
10 (19.2)
0
42 (80.8)
38 (73.1)
26 (50.0)
24 (46.2)
23 (44.2)
19 (36.5)
10 (19.2)
5 (9.6)
3 (5.8)
2 (3.8)
1 (1.9)
1 (1.9)

Data are given as mean ± SD, median (interquartile range) or n (%).
Table 2 Ultrasound (US) findings of 52 fetuses with Zika
virus-related microcephaly
US finding

Value

GA (weeks) at observation of first abnormality
24.1 (22.6–28.8)
GA (weeks) at diagnosis of fetal microcephaly
27.7 (23.4–32.0)
Other US findings associated with microcephaly*
Ventriculomegaly
34 (65.4)
Progressive ventriculomegaly
14 (26.9)
Periventricular/basal ganglia calcification
23 (44.2)
Posterior fossa abnormality
17 (32.7)
Corpus callosal dysgenesis
2 (3.8)
Congenital talipes
9 (17.3)
Arthrogryposis
5 (9.6)
Cardiac calcification
2 (3.8)
Pericardial effusion
2 (3.8)
Oligohydramnios
6 (11.5)
Fetal growth restriction
25 (48.1)
Fetal death
4 (7.7)
Data are given as median (interquartile range) or n (%). *Some
cases presented with more than one finding.

the majority of HC measurements were normal between
20 and 24 weeks of gestation; fetal microcephaly was
diagnosed after 24 weeks in 75% of cases. The figure
shows a slowed HC growth rate in almost all cases.
Figure 2 demonstrates the main ultrasound features
observed in ZIKV-related microcephaly cases.
There was ventriculomegaly in 34 cases, 14 (41.2%)
of which showed a progressive pattern. In these cases,
ventriculomegaly was considered mild (lateral ventricular
measurement < 15 mm) in the second trimester, but
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Head circumference (mm)

became severe (≥ 15 mm) in the third trimester. In
6/34 (17.6%) cases it was already severe at the first
evaluation, reaching up to 60 mm and leading to
secondary asymmetrical ventriculomegaly.
Follow-up data were available in 35 of the 52 (67.3%)
fetuses classified as having ZIKV-related microcephaly

350.0
300.0
250.0
200.0

according to WHO criteria (Table S1). All diagnoses
of microcephaly in this group were confirmed after
birth. Of these 35 newborns, 25 (71.4%) presented
findings additional to those observed prenatally, while
six (17.1%) maintained only their prenatal findings. Four
of the 35 (11.4%) were stillborn. The main additional
abnormalities found after birth were: patent foramen
ovale in 16/35 (45.7%) cases, cerebral calcifications in
nine (25.7%), patent ductus arteriosus in seven (20%),
ventriculomegaly in five (14.3%), discrepancy in leg
length in four (11.4%), ophthalmological findings in four
(11.4%), corpus callosal dysgenesis in two (5.7%) and
arthrogryposis in three (8.6%).

150.0
100.0
18

DISCUSSION
23

28

33

38

Gestational age (weeks)

Figure 1 Distribution of head circumference measurements of
52 fetuses with Zika virus-related microcephaly plotted on
INTERGROWTH-21st Project reference curves10 . Thick black lines
represent –3 SD, –2SD, mean and +2 SD10 .

This report describes the main characteristics of 52
cases of ZIKV-related fetal microcephaly, most of them
(67.3%) diagnosed in pregnant women affected by
exanthematic infection in the first trimester of gestation.
We detected severe CNS lesions, occurring mainly
after 24 weeks of gestation, in fetuses with a previous

Figure 2 Different stages of ultrasound abnormalities in fetuses with microcephaly related to Zika virus infection. Images (a–c) show
progressive periventricular and cerebral parenchyma calcifications (arrows) at 20, 26 and 34 gestational weeks, respectively; and images
(d–f) show progressive pattern of posterior fossa lesions (arrows), with megacisterna magna at 20 weeks (d) and cerebellar hypoplasia and
destruction of cerebellar vermis (Dandy–Walker-like) at 26 and 34 weeks (e,f), respectively. Images (g) and (h) show mild ventriculomegaly
(calipers, 13.3 mm) at 20 weeks (g) and severe ventriculomegaly (calipers, 17 mm) at 26 weeks (h). Image (i) shows arthrogryposis at
30 weeks.
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normal ultrasound examination. Besides microcephaly,
several other abnormalities were present, some of them
progressive. Fetal death occurred in 4 (11.4%) cases.
According to WHO, 80% of cases of ZIKV infection
are asymptomatic1 . However, in our study, most (86.5%)
women reported a history of exanthematic disease, 73.1%
with pruritus, and around 45% with headache, arthralgia
and fever. Similarly, Brasil et al.6 reported skin rash
in 44% of PCR-confirmed cases of ZIKV infection in
their population of pregnant women. However, they
found 58% had conjunctival infection and 40% had
lymphadenopathy, signs that were less frequent in our
study (19.2% and 1.9%, respectively).
The sequential ultrasound evaluation showed a pattern
of severe, progressive lesions in ZIKV-related microcephaly cases in Bahia. Besides microcephaly, several other
lesions were detected, including a high rate of ventriculomegaly (65.4%), cerebral calcifications (44.2%) and
posterior fossa abnormalities (32.7%). Increase of ventriculomegaly during pregnancy was common (26.9%
of cases). This fact, coupled with slowed increase in
HC (Figure 1) suggests progressive cerebral atrophy and
impairment of neuronal migration11 .
Some of our findings differ from those observed with
other congenital infections12–14 . In cases of congenital
ZIKV syndrome, we detected normal development of
cerebral parenchyma until 24 weeks. After this point,
we observed slowed growth of HC, asymmetry between
abdominal circumference and head, skin excess at
nuchal and frontal folds, destruction of the mega
cisterna magna and cerebellar vermis, fontanelle occlusion
and posterior fossa lesions with cerebellar hypoplasia
(Dandy–Walker-like lesions). Taken together, these
findings suggest late, progressive brain destruction during
pregnancy, despite that the infection probably occurred
in the first trimester in the majority of cases.
Our ultrasonography findings are similar to those
described recently, with the exception that we did not
detect coarse ocular lesions like crystalline calcifications
or thalamic injury15 . It is important to note that limb
stiffness, with a clinical diagnosis of arthrogryposis, can be
related to brainstem and cerebellar lesions. In necropsies
of aborted sheep fetuses, arthrogryposis was the most
common musculoskeletal defect, and was associated
significantly with flavivirus infections16 .
Diagnosis of ZIKV-related fetal microcephaly was late
in pregnancy, at a median (IQR) of 27.7 (23.4–32.0)
weeks of gestation, although in 17.3% of cases it
could have been established earlier, according to the
pre-existing ultrasound evaluations re-examined by two
different specialists. It is important to emphasize the
need for sequential ultrasound scans. During a ZIKV
outbreak, the WHO recommends one scan in the first
trimester (11–14 weeks), another in the second trimester
(18–20 weeks) and a third at 28–30 weeks1 . In addition,
our findings suggest a need for further evaluation after
34 weeks, preferably with obstetric Doppler, to help in
detection of problems such as fetal growth restriction,
oligohydramnios and risk of fetal death.
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While severe cerebral lesions were observed on prenatal
ultrasound with relatively high frequency, neonatal data
presented an even more dramatic pattern, with additional
findings detected in 71.4% of cases. These lesions may
be a result of the natural history of ZIKV infection,
or may indicate an underestimation of lesion severity
at prenatal ultrasound. Some of these lesions, such as
ophthalmological findings, can impact significantly on the
quality of life of affected children.
The main limitation of this study was the absence of
laboratory confirmation of ZIKV as the causative agent
of microcephaly, despite clinical and epidemiological
suspicion of ZIKV involvement. ZIKV serological tests
were not available at our centers during the study period.
A potential bias was the relatively high rate (5–8% vs
2–3% in the general population in this state) of fetal
malformations at the participating centers. However,
this was expected because they are referral centers for
congenital malformations. This could have increased the
number of cases with severe lesions detected in our
series, but the available published evidence suggests that
these findings are common in cases of congenital ZIKV
syndrome17,18 .
The majority of cases of fetal ZIKV infection usually
present with additional findings rather than isolated
microcephaly. Slowed growth rate of HC seems to best
define ZIKV-CNS abnormalities and is evident only in the
late second trimester. On the other hand, some fetuses
diagnosed as microcephalic, especially those without
additional abnormal findings, could have been wrongly
included in our study group, since, by definition, 2.3%
of normal fetuses will have HC ≥ 2SD below the mean.
However, this applies potentially to just one of our cases.
Ultrasound findings in this study suggest that ZIKV
infection is associated with a new pathology, different
from other congenital infections already described12–14 .
The available evidence suggests that we are facing a
novel, severe congenital syndrome, congenital ZIKV
syndrome, which is a likely consequence of ZIKV infection
during pregnancy. The natural history of this congenital
syndrome and its prenatal consequences require definitive
description by large cohort studies.
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SUPPORTING INFORMATION ON THE INTERNET
The following supporting information may be found in the online version of this article:
Table S1 Ultrasound findings and outcome of 35 of 52 newborns with Zika virus-related microcephaly
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