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4Division of Infectious Diseases and Vaccinology, University of California, Berkeley 94720, USA
Renata Artimos de Oliveira Vianna and Kathryn Lynn Lovero contributed equally to this work.
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ABSTRACT

Objective: To better understand the clinical spectrum and course of congenital Zika syndrome
(CZS) during the first 18 months of life of children whose mothers had rash during pregnancy.
Methods: This longitudinal observational study evaluated the clinical progress from birth until
18 months of life of children of mothers who developed rash during or up to 3 months before gesta-
tion. Maternal rash occurred from November 2015 to May 2017. The study subjects were divided
into three groups: children whose mothers tested positive by RT-qPCR for Zika virus (ZIKV)
(Group 1), children whose mothers tested negative by RT-qPCR for ZIKV (Group 2), and children
whose mothers did not undergo any testing for ZIKV (Group 3) but tested negative for other con-
genital infections.
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Results: Between April 2016 and July 2018, we studied 108 children: 43 in Group 1, 26 in Group 2
and 39 in Group 3. The majority of children were admitted into the study within 6 months of life.
CZS was diagnosed in 26 children, equally distributed in Groups 1 and 3. Of 18 children with micro-
cephaly, 6 were in Group 1 (1 postnatal) and 12 were in Group 3 (5 postnatal). Maternal rash fre-
quency was 10 times higher during the first trimester than in the other trimesters (OR: 10.35; CI
95%: 3.52–30.41). CZS was diagnosed during the follow-up period in 14 (54%) cases.
Developmental delays and motor abnormalities occurred in all children and persisted up to
18 months. Epilepsy occurred in 18 (69%) of the cases.
Conclusions: Infants born of mothers exposed to ZIKV during pregnancy showed progression of de-
velopmental, motor and neurologic abnormalities even if they were born asymptomatic. Continued
postnatal monitoring of such newborns is necessary to preclude disability-associated complications.

K E Y W O R D S : Zika virus, Congenital Zika syndrome, microcephaly, RT-PCR

I N T R O D U C T I O N
Zika virus (ZIKV) infection, previously considered a
mild febrile rash illness, took another form of clinical
manifestation in Brazil that led the World Health
Organization (WHO) to declare it a public health
emergency of international concern in 2016 [1]. The
epidemic of ZIKV infection at the beginning of 2015
and the increase in microcephaly notifications at the
end of the same year in Brazil alerted health professio-
nals to better understand the natural history of ZIKV
infection. Over time, investigators have found that
microcephaly is just one of a variety of neurological
and developmental abnormalities associated with in
utero ZIKV infection, mainly in the first or early se-
cond trimester, collectively referred to as congenital
Zika syndrome (CZS) [2–4]. Based on this evidence,
the Brazilian Ministry of Health (BMoH) proposed a
protocol for diagnosing ZIKV infection, emphasizing
not only microcephaly, but other neurological manifes-
tations to monitor potential risk factors for adverse
child development during the follow-up period [5].

In April 2016, the Hospital Universitário Antônio
Pedro at Universidade Federal Fluminense (HUAP/
UFF) began receiving suspected cases of congenital
ZIKV infection, along with reports from other
regions of Brazil [2, 3, 6–9]. Here, we describe and
compare clinical manifestations during the first
18 months of life of 108 children whose mothers had
rash during pregnancy.

M E T H O D S

Study design and participants
A longitudinal, observational study was carried out
on children whose mothers reported developing rash

during pregnancy coinciding with the period of
ZIKV Public Health Emergency of National
Concern in Brazil (from November, 2015 to May,
2017) [10]. Children born to mothers with rash dur-
ing pregnancy were referred from Health Units to
the pediatric outpatient clinic of the HUAP/UFF, a
reference center for suspected ZIKV infection cases
in the Niterói area, a city in the Rio de Janeiro
metropolitan area with approximately 500000 inhabi-
tants. Children were admitted into the study through
July 2018.

Laboratory evidence for ZIKV infection during
pregnancy was based on mother’s positive RT-qPCR
test results on serum and/or urine samples, done
during the BMoH recommended period at the flavi-
virus reference laboratory of Rio de Janeiro State
(LACEN, RJ, Brazil), based on Lanciotti et al. [11].
A RT-qPCR positive test result at any point after
maternal rash onset confirmed ZIKV infection; a
negative test result excluded ZIKV infection if the
blood sample was tested within the first five days of
rash and/or the urine sample was tested by the 14th
day [5]. Children were classified to belong to a ‘sus-
pected group’, if no laboratory confirmation of ZIKV
infection was made but if they tested negative for
other congenital infections [5]. Maternal clinical
records were used to assess prenatal syphilis, toxo-
plasmosis, rubella, cytomegalovirus and HIV infec-
tion. Serological screening for syphilis,
toxoplasmosis, rubella, cytomegalovirus and HIV in-
fection was done by the Liaison XLVR equipment as
part of routine procedures in the neonatal care clinic
or, if lacking neonatal care, was conducted at their
first visit to our clinic (Diasorin, Saluggia, Italia).
Children with perinatal asphyxia, other etiology of
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microcephaly or other congenital infectious diseases
were excluded from this study, as their outcomes
may be similar to those associated with ZIKV expos-
ure in utero.

After a written consent form was signed by child-
ren’s legal guardian, the participants were classified
into three groups:

a. Group 1: children whose mothers tested
positive for ZIKV by RT-qPCR;

b. Group 2: children whose mothers tested
negative for ZIKV by RT-qPCR;

c. Group 3: children whose mothers did not
receive any laboratory testing for ZIKV.

CZS clinical diagnosis was based on the standard
definition proposed by BMoH [5]. Briefly, suspected
CZS was defined by the presence of neuroanatomical
or neurosensory abnormalities, associated with ma-
ternal rash during pregnancy.

Head circumference (HC) data, obtained within
24–48 hours of birth, were collected from maternity
hospital records. Microcephaly at birth was defined
as HC more than two standard deviations (SD)
below the mean for sex and gestational age and se-
vere microcephaly as HC more than three SD [5].
HC was re-measured with a non-stretch Teflon tape
at each visit. Head growth analyses were based on
intergrowth fetal growth standards and the WHO
child growth standards for infants [12, 13].

Clinical evaluations
After their admission, children were evaluated by a
pediatrician, pediatric neurologist, ophthalmologist,
otolaryngologist, orthopedist and speech therapist.
The frequency of the evaluations depended on a
child’s disease severity, but usually were trimestral.
WHO growth indicators were used to evaluate
weight gain in children [12]. Denver Developmental
Screening Test II (DDST-II) was used to evaluate
development: language, psychosocial, gross motor
and fine/adaptive motor skills [14]. Neurological
abnormalities were classified into three stages: (a)
mild, when a child had delays based on DDST-II;
(b) moderate, when a child had DDST-II delays and
motor abnormalities, such as hypertonia or hypo-
tonia, spasticity, dysphagia, dyskinesia or dystonia;

and (c) severe, when a child had (a) and (b) plus
epilepsy, based on classification of the International
League Against Epilepsy [15]. Neurological examin-
ation was done every 6 months or earlier, depending
on disease severity.

Children underwent at least one neuroimaging
test, including cranial ultrasound (CUS), computer
tomography (CT) or magnetic resonance (MR).
CUS was completed in infants less than 6 months of
age; CT scans were done in children referred after 6
months, those who showed alterations in CUS, and
those with a severe neurological damage. MR was
done to clarify CUS and CT images. Auditory
brainstem response (ABR), echocardiogram, and
hip radiography were completed to assess
auditory, heart, and joint development, respectively.
Electroencephalogram was conducted on children
with seizures.

Statistical analysis
Results were expressed as mean and standard devi-
ation for continuous variables. Categorical variables
were expressed as frequencies and compared by chi-
squared test, where p < 0.05 was considered signifi-
cant. Odds ratios and 95% confidence intervals (CI)
were calculated to estimate the association of cat-
egorical variables among the study groups. Analyses
were performed with Epi Info 2015 version 7.1.5.2
(Centers for Diseases Control and Prevention,
Atlanta, Georgia, USA).

The study was approved by the ethics committee
of the UFF.

R E S U L T S
During the study period, 114 children were referred
to our hospital (Fig. 1). Six were excluded: two with
perinatal asphyxia, two with congenital syphilis, one
with listeriosis and one with primary microcephaly.
The remaining 108 children were classified into
three groups: 43 (40%) whose mother had
laboratory-confirmed ZIKV infection (Group 1), 26
(24%) whose mother was excluded for ZIKV infec-
tion (Group 2), and 39 (36%) whose mother was
suspected to have been infected with ZIKV without
a laboratory test (Group 3).

Overall, most mothers were less than 30 years old
and had at least 9 years of schooling. Thirty-seven
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percent of families earned one or less Brazilian
monthly minimum wage, and 54% were residents of
informal human settlements designated by the
Brazilian Institute of Geography and Statistics as
aglomerados subnormais (AGSN) [16], which were
more frequent in Groups 1 and 2 compared to
Group 3 (p¼ 0.008) (Table 1).

The highest frequency of maternal rash (96%)
occurred from November 2015 to May 2016
(Fig. 2). Rash was reported in 31 (29%) of mothers
during the first trimester, compared to 49 (45%) in
the second trimester, 22 (20%) in the third trimester
and six (5.5%) before pregnancy (p¼ 0.015). The
highest frequency of rash in the first trimester of
pregnancy occurred among mothers without a la-
boratory confirmation (46%). Other maternal symp-
toms of ZIKV infection were similar across groups
(Table 1).

Clinical characteristics of children during the first
year of life

The majority (70%) of children were recruited be-
fore 6 months of age. Median age (in months) at in-
clusion was 5 (IQR¼ 1–8), 4 (IQR¼ 0–7) and 1
(IQR¼ 0–5), in Groups 1, 2 and 3, respectively.
Ninety-two percent of the infants were born term.

Twenty-six (24%) of 108 children were diagnosed
with CZS; 13 in Group 1 and 13 in Group 3. Group
2 (RT-qPCR negative mothers) did not have CZS
newborns. Nineteen (73%) of 26 CZS children were
male whereas among non CZS 15% were female
(OR: 15.8; CI 95%: 4.9–53.2). Eighteen (58%) of

the CZS cases occurred among children of 31 moth-
ers who developed rash in the first trimester com-
pared to 8 (10%) in those whose mother developed
rash later (OR: 11.9; CI 95%: 3.9–38.0). CZS was
diagnosed at birth in 12 children (46%) and 14
(54%) children were diagnosed during the follow-up
period until 10 months of life (Table 2).

Eighteen (69%) CZS children had microcephaly:
six (33%) in Group 1 and 12 (67%) in Group 3. The
other eight children did not have microcephaly, but
all had abnormalities related to CZS. Sixteen (15%)
infants had microcephaly diagnosed at birth
(Table 2) and 12 of them had severe microcephaly.
During the follow-up, four infants’ HC normalized:
three in Group 1 and one in Group 2. None of the
children whose HC normalized had other neuro-
logic, radiologic or anatomical abnormalities. Five
children in Group 3 and one in Group 1 developed
postnatal microcephaly, all with CZS. All HC reclas-
sifications occurred before 10 months of life. At 1
year of follow-up, 12 of the 18 microcephaly con-
firmed cases were diagnosed at birth and the other
six after birth (Table 2).

All CZS children had motor abnormalities and
developmental delays. Epilepsy was diagnosed in 16
(61.5%) CZS children with mean onset of
4.4 months (range: 0–10 months). By neurological
classification, 11 (42%) CZS children were consid-
ered moderate and 15 (58%) severe. Twenty-four
(92%) CZS children had dysphagia, three of them
needed gastrostomy tube and seven had low weight
for age. Ophthalmologic abnormalities (optic nerve
hypoplasia, macular scarring, pigmentary retinal mot-
tling or coloboma) were observed in 12 CZS chil-
dren. Eleven CZS children had clubfoot, eight had
arthogryposis and two congenital hip dysplasia
(Table 2).

At 12 months, seven (8.5%) of 82 children with
no CZS had isolated abnormalities by physical exam-
ination that did not fulfill the criteria for CZS
(Table 2).

Follow-up until 18 months of age
By 18 months, 91 (84%) of 108 children were eval-
uated. All CZS children persisted with different
levels of developmental delays and motor abnormal-
ities. Two new diagnosis of epilepsy were made in

114 children whose 
mothers had rash 
during pregnancy

Group 1: 43 children 
whose mothers tested 
positive for ZIKV by 

RT-qPCR

Group 2: 26 children 
whose mothers tested 
negative for ZIKV by 

RT-qPCR

Group 3: 39 children 
whose mothers did not 
receive any laboratory 

testing for ZIKV

6 excluded: 2 perinatal  asphyxia; 3 
other congenital infections, 1 

microcephaly  of another cause 

FIG. 1. Flowchart of study population.

ZIKV, Zika virus; RT-qPCR, real-time reverse transcription polymerase chain

reaction.
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CZS children at 16 and 18 months, totaling 18 cases
of epilepsy. Of 26 CZS children, 18 had microceph-
aly; 15 of them had severe neurological findings and
three had moderate manifestations. Two of eight
CZS children without microcephaly had severe
neurological signs and the other six had moderate
findings. Epilepsy was more frequently seen in

children with microcephaly (OR: 15; CI 95%: 1.98–
113.16). Dysphagia and ophthalmological abnormal-
ities remained unchanged. Two more children with
CZS developed low weight for age, totaling nine
(35%), all with dysphagia. Two of eight arthrogrypo-
sis cases showed clinical improvements after physio-
therapy sessions (Table 3).

TABLE 1. Maternal sociodemographic and clinical characteristics of the study population

Characteristics Group 1 Group 2 Group 3 Total p valuea

(n¼ 43) (n¼ 26) (n¼ 39) (n¼ 108)
n. (%) n. (%) n. (%) n. (%)

Age group (years) 0.406
<30 26 (61) 17 (65) 29 (74) 72 (67)
�30 17 (39) 9 (35) 10 (26) 36 (33)

Mean (years)b 27.7 (19–40) 25.7 (17–40) 25.9 (15–43) 26.7
Education (years) 0.642
�9 years 15 (35) 12 (46) 16 (41) 43 (40)
>9 years 26 (61) 13 (50) 21 (54) 60 (56)
Unknown 2 (4) 1 (4) 2 (5) 5 (4)

Household monthly income 0.286
�1 MMWc 14 (33) 9 (35) 17 (44) 40 (37)
>1MMWc 26 (60) 14 (54) 15 (38) 55 (51)
Unknown 3 (7) 3 (11) 7 (18) 13 (12)

AGSN residenced 0.008
Yes 28 (65) 17 (65) 13 (33) 58 (54)
No 12 (28) 8 (31) 22 (56) 42 (39)
Unknown 3 (7) 1 (4) 4 (10) 8 (7)

Smoking 4 (9) 7 (27) 6 (15) 17 (16) 0.150
Alcohol 3 (7) 5 (19) 8 (21) 16 (15) 0.174
Rash 0.015e

Before pregnancy 2 (4) 0 4 (10) 6 (6)
1st trimester 10 (23) 3 (11) 18 (46) 31 (29)
2nd trimester 22 (52) 15 (58) 12 (31) 49 (45)
3rd trimester 9 (21) 8 (31) 5 (13) 22 (20)

Fever 14 (32) 11 (42) 18 (46) 43 (40) 0.435
Myalgia 12 (28) 10 (39) 15 (38) 37 (34) 0.527
Arthralgia 25 (58) 13 (50) 21 (54) 59 (55) 0.799
Headache 8 (19) 7 (27) 11 (28) 26 (24) 0.553
Conjunctival hyperemia 10 (23) 8 (31) 5 (13) 23 (21) 0.206

aPearson Chi-square test.
bMean range.
cMMW ¼ monthly minimum wage; 1 MMW in Brazil is BRL$880.00, the equivalent of USD$361.26 (based on average USD–BRL exchange rate during
the enrollment period of 2016).
dAGSN ¼ aglomerados subnormais (informal settlements defined by Brazilian Institute of Geography and Statistics).
e1st trimester versus other trimesters.
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None of 65 children without CZS at 12 months
were diagnosed with CZS at 18 months (Table 3).
Eleven of them had isolated abnormalities by physic-
al examination that did not fulfill the criteria for CZS
(Table 3). The mean of frequency of evaluations was
5 (range: 2–10), with no differences between groups
1, 2 and 3 (p¼ 0.400).

Complementary tests
Four of 87 ABR examinations showed abnormalities,
two of them in CZS children with neurosensorial
hearing loss. All 70 echocardiograms were normal,
but one CZS child had an interatrial communication.

All children completed at least one neuroimaging
test. The most common CT findings in CZS chil-
dren were: calcifications (77%), predominantly in
the transitional area between the cortex and the
white matter; cerebral cortex thinning (73%), abnor-
malities of sulci and/or gyri (69%); and ventriculo-
megaly (61.5%). Seven (8.5%) of 82 children
without CZS had some neuroimaging findings, but
all of them were asymptomatic. All MRI done in chil-
dren without CZS were normal (Table 4).

All included children had negative screening test
results for syphilis, toxoplasmosis, rubella, cyto-
megalovirus and HIV infection.

D I S C U S S I O N
In our study 26 (24%) of 108 children born of moth-
ers with rash during pregnancy were diagnosed with
CZS, 69% of whom had microcephaly. We found 12
children diagnosed to have microcephaly at birth and
another six developed postnatal microcephaly,

emphasizing that children whose mother had rash
during pregnancy with confirmed or suspected ex-
posure to ZIKV in utero need to be monitored be-
yond birth even if they initially do not present with
microcephaly. We should also emphasize that 54% of
CZS cases were diagnosed during the first year of
life. Van der Linden et al. [7] reported that 11 of 13
infants with laboratory evidence of CZS and normal
HC at birth developed postnatal microcephaly dur-
ing the first year of life. Eight CZS children without
microcephaly had other clinical and neuroimaging
abnormalities, findings also described by other
authors [3, 17].

Figure 2 shows that the timing of study cases is
consistent with the Zika epidemic period in Brazil,
with the incidence of gestational rash reaching a
maximum during the rainy season (November
2015–March 2016), followed by a wave of CZV
diagnoses a few months later. The rash epidemic cor-
related more clearly with the distribution of RT-
qPCR-positive mothers, but negative and untested
mothers were also identified during the same period.
The cluster of RT-qPCR-negative mothers without
CZS newborns may have resulted from heightened
alert to gestational rash during the ZIKV epidemic in
Brazil. During this period, the positive predictive
value of rash for CZS was 24% at our study site.

Mothers in Group 3 were younger, less educated,
had lower income, had more smokers and alcohol
users, but differences were not significant except for
the lower proportion of residents living in AGSN.
Unfavorable sociodemographic conditions might
partly explain why women in Group 3 did not

0
2
4
6
8

10
12
14
16

nov/15 jan/16 mar/16 may/16 jul/16 sep/16 nov/16 jan/17

Group 1

Group 2

Group 3

CZS

FIG. 2. Frequency of maternal rash by year and month, and CZS patients’ month of birth.

CZS, congenital Zika syndrome.
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undergo laboratory testing for ZIKV. Moreover, they
might have not been aware of the pregnancy, espe-
cially in the first trimester, did not have medical re-
quest for test, did not seek medical care during the

rash period or attributed the rash to allergy [18].
Among children of mothers who tested positive or
were suspected to have been exposed to ZIKV in
utero (presence of rash during pregnancy), 10 (38%)

TABLE 2. Clinical features up to 12 months of children of mothers who developed rash during
pregnancy

Clinical features Group 1
RT-qPCRþ

Group 2
RT-qPCR-

Group 3
No RT-qPCR

Total

n¼ 43 n¼ 26 n¼ 39 n¼ 108

no. (%) no. (%) no. (%) no. (%)
Small for gestational age 5 (12) 5 (19) 4 (10) 14 (13)
CZS 13 (30) 0 13 (33) 26 (24)
Time of diagnosis of CZS (n¼ 13) (n¼ 0) (n¼ 13) (n¼ 26)

At birth 5 (38) 0 7 (54) 12 (46)
Up to 10 months of life 8 (62) 0 6 (46) 14 (54)

Microcephaly 6 (14) 0 12 (31) 18 (16)
Time of diagnosis of microcephaly

At birtha 8 (19) 1 (4) 7 (18) 16 (15)
After birth 1 (3) 0 5 (13) 6 (6)

Neurological findingsb (n¼ 43) (n¼ 25) (n¼ 38) (n¼ 106)
Normal 27 (62) 24 (96) 22(58) 73 (69)
Mild 1 (3) 1 (4) 0 2 (2)
Moderate 10 (23) 0 6 (16) 16 (15)
Severe 5 (12) 0 10 (26) 15 (14)

Ophthalmologic examination (n¼ 38) (n¼ 25) (n¼ 34) (n¼97)
Optic nerve abnormalitiesc 5 (13) 0 4 (12) 9 (9)
Choriorretinal abnormalitiesc 5 (13) 0 6 (18) 11 (11)

Orthopedic examination
Arthrogryposisd 1 (3) 0 7 (18) 8 (7)
Clubfoot 4 (9) 1 (4) 7 (18) 12 (11)
Congenital hip dysplasia 1 (3) 0 1(3) 2 (2)

Dysphagiae 13 (30) 0 14 (37) 27 (25)
Low weight for agef 6 (14) 0 4 (10) 10 (9)
Time of maternal rash / CZS children (n¼13) (n¼ 0) (n¼ 13)

before pregnancyg 1 (8) 0 0 1 (4)
1st trimester 7 (54) 0 11 (84) 18 (69)
2nd trimester 4 (30) 0 1 (8) 5 (19)
3rd trimester 1 (8) 0 1 (8) 2 (8)

aHC of three children in Group 1 and one in Group 2 normalized during the follow-up period.
bEight CZS children in Group 1 and three in Group 3 had moderate neurological findings. All severe neurological findings were observed in CZS
children.
cObserved in 12 CZS children.
dOnly seen in CZS children.
eObserved in 11 CZS children of Group 1 and 13 of Group 3.
fSeven CZS children had low weight for age (<�2 z score; WHO, 2016).
gUp to 3 months before pregnancy.
CZS, congenital Zika syndrome; RT-qPCR, reverse transcription polymerase chain reaction.
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of 26 children with CZS and 31 (63%) of 49 chil-
dren without CZS were residents of AGSN.

A negative RT-qPCR test in a mother with rash
done during the recommended period had 100% pre-
dictive value for the absence of CZS in the newborn.
These results suggest that, during an epidemic of Zika,
efforts need to be made to test with RT-qPCR all
pregnant mothers with rash, especially during the first
trimester. Otherwise, 67% of ZIKV exposed mothers
did not have a child with CZS at 18 months of follow-
up. Therefore, children with no CZS signs/symptoms
or with nonspecific findings at birth of mothers with
rash during pregnancy who tested positive by RT-
qPCR should be closely monitored after birth, because
clinical abnormalities may appear later.

First trimester maternal rash history occurred in
69% of CZS cases, showing that early occurrence of
maternal infection was associated with worst progno-
sis. In addition, severe neurological presentation and
arthrogryposis were also associated with first trimes-
ter maternal rash. Meneses et al. [9] described mater-
nal rash during first trimester in 54% of 87 children
with CZS. Hoen et al. [19] analyzed ZIKV outbreak
in French Territories in the Americas and found that
the risk of CZS was 6.9%, 1.2%, and 0.9%, when the
infection occurred in the first, second and third tri-
mester, respectively.

In this study, microcephaly was a determining
factor for the severity of other neurological mani-
festations, significantly associated with the higher
frequency of epilepsy. Epilepsy occurred in 69% of
the CZS children, corroborating other studies,
which report similar frequency [20, 21]. All CZS
children persisted with developmental delay and
motor abnormalities up to 18 months of age, dem-
onstrating the devastating progressive effect on
central nervous system. Alves et al. [22], in a study
in Pernambuco, observed similar results with se-
vere impairment of neuropsychomotor develop-
ment of children with microcephaly and CZS
during the second year of life, even with supportive
therapies.

Ocular lesions occurred in 46% of CZS cases and
remained unchanged during follow-up. Similar
results were observed by Zin et al. [23]. These
authors also described ocular abnormalities in chil-
dren without CZS, which was not found in our
study. High frequency (92%) of persistent dysphagia,
compromised weight gain and low weight for age
were seen during the follow-up. Similar results were
reported by França et al. [24] that observed an insuf-
ficient weight gain in CZS children with microceph-
aly by 20 months of age compared to children
without CZS at the same age.

TABLE 3. Clinical features of the study population by 18 months

Clinical features (CZS) Group 1 Group 2 Group 3 Total

n¼ 39 n¼ 20 n¼ 32 n¼ 91

CZS No CZS No CZS CZS No CZS CZS No CZS
n ¼ 13 (%) n ¼ 26 (%) n ¼ 20 (%) n ¼ 13 (%) n ¼ 19 (%) n ¼ 26 (%) n ¼ 65 (%)

Low weight for agea 4 (31) 1 (4) 0 5 (38) 1 (5) 9 (35) 2 (3)
Neurological Examination

Normal 0 22 (85) 16 (80) 0 16 (84) 0 54 (83)
Mild 0 4 (15) 3 (15) 0 1 (5) 0 8 (12)
Moderate 6 (46) 0 1 (5) 2 (15) 2 (10) 8 (31) 3 (5)
Severe 7 (54) 0 0 11 (85) 0 18 (69) 0

Dysphagia 11 (85) 1 (4) 0 13 0 24 (92) 1 (2)
Arthrogryposis 1 (8) 0 0 5 (38) 0 6 (23) 0
Ophthalmological
abnormalitiesb

6 (46) 0 0 6 (46) 0 12 (46) 0

aLow weight for age < �2 z score (WHO, 2006).
bTotal of 67 children.
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No new CZS cases were detected in Groups 1
and 3 during the follow-up at 18 months of life.
Children without CZS did not have clinical features
or neuroimaging abnormalities. However, as clinical

spectrum and long-term impact of ZIKV infection
are not totally understood, longitudinal studies are
important, especially for children with early mild
CZS manifestations.

TABLE 4. Neuroimaging findings of the study populationa

Neurimaging findings Group 1 Group 2 Group 3 Total

CUS CZS
n¼ 9

No CZS
n¼ 17

No CZS
n¼ 12

CZS
n¼ 9

No CZS
n¼ 14

CZS
n¼ 18 n (%)

No CZS
n¼ 43

n (%) n (%) n (%) n (%) n (%) n (%)

Cerebral cortex thinning 2 (22) 0 0 4 (44) 0 6 (33) 0
Ventriculomegaly 3 (33) 0 0 3 (33) 0 6 (33) 0
Calcifications 1 (11) 0 0 4 (44.4) 0 5 (28) 0
Corpus callosum hypoplasia 1 (11) 0 0 0 1 (7.1) 1 (6) 1 (2)
Subependymal cist 0 1 (5.9) 0 0 1 (7.1) 1 (6) 2 (5)
Brain stem hypoplasia 0 0 0 0 0 0 0
Cerebellar hypoplasia 0 0 0 0 0 0 0
Normal 5 (56) 16 (94.1) 12 (100) 3 (33.3) 12 (85.7) 8 (44) 40 (93)

CT n ¼ 13 n ¼ 25 n ¼ 18 n ¼ 13 n ¼ 16 n ¼ 26 n ¼59
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Calcifications 8 (62) 1 (4) 1 (6) 12 (92) 3 (18.8) 20 (77) 5(9)
Cerebral córtex thinning 8 (62) 0 0 11 (85) 0 19 (73) 0
Abnormalities of sulci or gyri 7 (54) 0 0 11 (85) 0 18 (69) 0
Ventriculomegaly 7 (54) 0 0 9 (69) 0 16 (62) 0
Corpus collosum hypoplasia 3 (23) 0 0 4 (31) 0 7 (27) 0
Cerebellar hypoplasia 2 (15) 0 0 2 (15) 0 4 (15) 0
Brain stem hypoplasia 0 0 0 2 (15) 0 2 (8) 0
Normal 3 (23) 24 (96) 17 (94) 0 13 (81.2) 3 (12) 54 (92)

MRI n ¼ 11 n ¼ 17 n ¼2 n ¼ 13 n ¼ 6 n ¼ 24 n ¼ 25
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Cerebral córtex thinning 6 (55) 0 0 12 (92) 0 18 (75) 0
Ventriculomegaly 6 (55) 0 0 12 (92) 0 18 (75) 0
Abnormalities of sulci or gyri 6 (55) 0 0 12 (92) 0 18 (75) 0
Cranial facial disproportion 5 (46) 0 0 11 (85) 0 16 (67) 0
Calcifications 5 (46) 0 0 10 (77) 0 15 (63) 0
Corpus callosum hypoplasia 6 (55) 0 0 9 (69) 0 15 (63) 0
Brain stem hypoplasia 2 (18) 0 0 7 (54) 0 9 (38) 0
Cerebellar hypoplasia 3 (27) 0 0 4 (31) 0 7(29) 0
Other 2 (18) 0 0 0 0 2 (4) 0
Normal 0 17 (100) 2 (100) 1 (8) 6 (100) 1 (8) 25 (100)

aSome children had more than one neuroimaging test.
CUS, cranial ultrasound; CT, computed tomography; MRI, magnetic resonance imaging.
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This study has limitations. Adherence to all
examinations and appointments was made difficult
by the low socioeconomic status of the majority of
families involved. Additionally, as ZIKV infection is
thought to be symptomatic in 27%–50% of cases
[25], we were unable to evaluate all children exposed
to ZIKV in utero, and thus we cannot draw conclu-
sions on precise incidence of CZS outcomes associ-
ated with in utero ZIKV exposure. Information
about maternal dengue fever or Chikungunya infec-
tion, which may have signs and symptoms similar to
those of Zika and share the same vector and seasonal
distribution, was not routinely collected in prenatal
care; thus, we were unable to evaluate in utero ex-
posure to other flaviviruses. In our study, pregnant
mothers who were not tested by RT-qPCR and
developed rash during the first trimester, were more
likely to have children with CZS than those who
were tested. The former group of mothers was iden-
tified only after their children were diagnosed with
CZS and hence this observation is biased. Untested
mothers who developed rash during the first trimes-
ter who did not give birth to a child with CZS would
not have entered the study. Because children were
seen at a referral center, there is likely a selection
bias, with the more severely affected children being
referred. Thus, these findings cannot be generalized
to all children at risk for Zika exposure. Since the
affected children in this study are still young
(18 months of age), precise predictions about their
future developmental and functional status cannot
be made.

While Brazil has ended its state of Zika epidemic
as a public health emergency in May of 2017 [10],
the large number of children with CZS is only the
beginning of another type of epidemic of major na-
tional concern. The CZS cumulative cases in Brazil
are currently estimated as 3279 [26]. Transmission
of ZIKV in the Americas may now have entered a
low-endemic pattern, which means that RT-qPCR
tests to detect ZIKV infection will have lower posi-
tive predictive value. Nevertheless, the test’s negative
predictive value should remain high and thus, con-
centrated efforts at increasing screening mothers, es-
pecially those with rash during pregnancy, should be
made to monitor future occurrence of CZS in new-
borns. Recently developed ZIKV-specific serological

tests may also play an important role in clinical in-
vestigation and surveillance [27].

Infants born of mothers who develop rash during
pregnancy need to be monitored beyond birth even
if they are born asymptomatic. Early identification of
developmental, cognitive, neurologic and motor
abnormalities facilitates intervention and supportive
care that may slow disability progression or improve
quality of life of these children and their families.
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