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Abstract
Background: The implications of congenital Zika Virus (ZIKV) infections for pediatric neurodevelopment and
behavior remain inadequately studied. The aim of this study is to investigate patterns of neurodevelopment and
behavior in groups of children with differening severities of ZIKV-related microcephaly and children with prenatal
ZIKV exposure in the absence of microcephaly.
Methods: We conducted a cross-sectional study, nested in a cohort, of 274 children (aged 10–45 months) who
were born during the peak and decline of the microcephaly epidemic in Northeast Brazil. Participants were
evaluated between February 2017 and August 2019 at two tertiary care hospitals in Recife, Pernambuco, Brazil. We
analyzed the children in four groups assigned based on clinical and laboratory criteria: Group 1 had severe
microcephaly; Group 2 had moderate microcephaly; Group 3 had prenatal ZIKVexposure confirmed by maternal RTPCR testing but no microcephaly; and Group 4 was a neurotypical control group. Groups were evaluated clinically
for neurological abnormalities and compared using the Survey of Wellbeing of Young Children (SWYC), a
neurodevelopment and behavior screening instrument validated for use in Brazil. Children with severe delays
underwent further evaluation with an adapted version of the SWYC.
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Results: Based on the SWYC screening, we observed differences between the groups for developmental milestones
but not behavior. Among the 114 children with severe microcephaly of whom 98.2% presented with neurological
abnormalities, 99.1% were ‘at risk of development delay’ according to the SWYC instrument. Among the 20 children
with moderate microcephaly of whom 60% presented with neurological abnormalities, 65% were ‘at risk of
development delay’. For children without microcephaly, the percentages found to be ‘at risk of developmental
delay’ were markedly lower and did not differ by prenatal ZIKV exposure status: Group 3 (N = 94), 13.8%; Group 4
(N = 46), 21.7%.
Conclusions: Among children with prenatal ZIKV exposure, we found a gradient of risk of development delay
according to head circumference. Children with severe microcephaly were at highest risk for delays, while
normocephalic ZIKV-exposed children had similar risks to unexposed control children. We propose that ZIKVexposed children should undergo first-line screening for neurodevelopment and behavior using the SWYC
instrument. Early assessment and follow-up will enable at-risk children to be referred to a more comprehensive
developmental evaluation and to multidisciplinary care management.
Keywords: Child behavior, Child development, Congenital Zika syndrome, Microcephaly

Background
Zika virus (ZIKV) is a teratogenic arthropod-borne
flavivirus, and its vertical transmission can lead to
fetal injury, which can clinically manifest in a pattern
of signs and symptoms recognized as Congenital Zika
Syndrome (CZS) [1]. The CZS phenotype is marked
by structural defects, including morphological alterations to the limbs, eyes, and brain as well as functional impairments, such as difficulty in swallowing
and communication [2].
Current evidence suggests that many of the functional
disabilities associated with CZS arise from damage to
the developing nervous system. Intrauterine ZIKV infections exhibit a marked neurotropism, and recent studies
indicate that ZIKV is able to impair the viability and
growth of neural progenitor cells and post migratory
neurons [3–5]. Indeed, microcephaly - a hallmark of
CZS - is thought to arise when prenatal infections with
ZIKV trigger fetal brain disruption sequence, resulting in
brain volume loss, reduced intracranial pressure, and
skull collapse [2, 6].
Despite an increasing understanding of the pathogenic
mechanisms of fetal ZIKV infection and the resultant
structural changes, the long-term implications of
congenital ZIKV exposure on neurodevelopment and behavior remain understudied. To address the pressing
need for research on the prognosis of children exposed
to ZIKV during pregnancy, we evaluated children enrolled in the Cohort of Children of the Microcephaly
Epidemic Research Group (MERG) using the Survey of
Wellbeing of Young Children (SWYC) screening instruments [7–9], which are validated for use in Brazil [10].
Although there are several instruments available for
identifying signs of risk for developmental delays, [11]
the SWYC is particularly advantageous due to its ease of
use as a first-line screening tool and its capacity to assess

children with varying degrees of neurological
impairment.
The aim of this study is to investigate the neurodevelopment and behavior of groups of children with severe
and moderate ZIKV-related microcephaly and children
with prenatal ZIKV exposure in the absence of microcephaly, born between 2015 and 2017 in Pernambuco
State, the epicenter of the microcephaly epidemic in
Northeast Brazil [12].

Methods
We conducted a cross-sectional study, nested in the
MERG pediatric cohort of children born during the peak
and decline of the ZIKV-related microcephaly epidemic
in the Northeast of Brazil. Detailed clinical histories for
all participating children were available in the core cohort dataset.
The MERG Pediatric cohort includes children recruited
from: (i) outpatient care at three health centres who were
identified in the peak of the microcephaly epidemic as
having a head circumference below 33 cm and/or with severe neurological abnormalities; (ii) the MERG Microcephaly case-control study; and (iii) the offspring of the
MERG cohort study of pregnant women with rash. Ethical
approval for the recruitment, follow-up, and screening
was provided by local institutional review boards (MERG
Pediatric Cohort, CAAE 52803316.8.0000.5192; MERG
Pregnant Women Cohort, CAAE 53240816.4.0000.5190;
MERG Case-Controlled Study 51849215.9.0000.5190).
Participants were evaluated between February 2017 and
August 2019 at two tertiary care hospitals (the Hospital
Universitário Oswaldo Cruz and at the Rehabilitation
Center of the Fundação Altino Ventura) in Recife, Pernambuco, Brazil.
From a total of 608 children followed in the MERG
Pediatric Cohort, SWYC screening information was
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unavailable in 80 participants who either could not be
assessed by SWYC or had inconsistencies in completing
the form. Of the remaining 528 children, a further 254
normocephalic children were not included as their
mothers had no laboratory testing for ZIKV by PCR.
Thus, the analysis was conducted on the 274 children
who completed neurodevelopmental screening and
whose mothers had their ZIKV infection status molecularly confirmed during pregnancy. Of note, we restricted
inclusion in this study to participants whose mothers
underwent PCR testing for ZIKV, as PCR provides the
most robust laboratory evidence of an acute infection
during pregnancy (Fig. 1).
Group allocation depended on children’s head circumference (HC) and prenatal ZIKV exposure status.
To differentiate the severity of microcephaly between
groups 1 and 2, we considered the HC measure collected closest to the date of the SWYC assessment.
To differentiate between the children without microcephaly in groups 3 and 4, we considered the maternal ZIKV infection testing results obtained during
pregnancy and at birth.
The children in Groups 1 and 2 were born during the
peak of the microcephaly epidemic and referred for further neuro-pediatric evaluation as part of their tertiary
health care for CZS. Group 1 consisted of 114 children
with severe microcephaly and other clinical and/or
radiological abnormalities consistent with CZS. Severe
microcephaly was defined as a HC corresponding to ≥ 3
standard deviations (SD) below the mean for sex and age
(corrected for prematurity), according to Intergrowth
charts
[13]. Group 2 included 20 children with

Fig. 1 Flow diagram of children enrollment
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moderate microcephaly and other clinical or radiological
abnormalities consistent with CZS. Moderate microcephaly was defined as a HC between 2 and < 3 SD
below the mean [13].
Group 3 included 94 children without microcephaly
born to mothers who tested positive for ZIKV during
pregnancy by one-step reverse-transcription polymerase
chain reaction (RT-PCR) using primers and probes previously described by Lanciotti and et al., [14]. Detailed
descriptions of the laboratory testing during pregnancy
have been previously published [15]. Group 4 included
46 neurotypical children with no microcephaly nor any
other brain abnormalities detectable by brain ultrasound
at birth who were born to mothers with no laboratory
evidence of ZIKV infection during pregnancy. The children in Group 4 were recruited at birth as the control
group of a case-control study of microcephaly, whose
detailed descriptions of ZIKV testing and clinical evaluations have been previously published [16].

Screening assessment and clinical evaluations
Trained health professionals evaluated children using
the SWYC, a standardized instrument for surveillance of
children’s neurodevelopment and behavior, which has
been translated into Brazilian Portuguese and validated
for use in Brazil [10]. If a child was administered the
SWYC more than once during follow-up, we analyzed
only the results from the oldest age at screening. Similarly, in the case of repeated neurological evaluations, we
used the data from the evaluation that was closest in
time to the SWYC assessment.
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The SWYC includes: (a) milestones for screening cognitive, language, and motor development in children
under 60 months of age, [7] (b) the Baby Pediatric
Symptom Checklist (BPSC) for social/emotional screening of children under 18 months of age [8] and (c) the
Preschool Pediatric Symptom Checklist (PPSC) for social/emotional screening of children aged 18 to 60
months [9] .
For the milestones, each form is age-specific (with corrected age for children born prematurely) and includes
10 items. Children were considered at “risk of developmental delay” when their total score for the milestones
fell below the cut-off points for the respective age
groups, using the standardized scoring thresholds for
both the original test from the United States of America
(USA) [7] and the Brazilian version [8]. For the behavioral evaluations, children were considered to have ‘suspected behavior abnormalities’ if they scored ≥ 3 on any
domains of the BPSC (i.e., irritability, inflexibility, and
difficulty with routines) or ≥ 9 for the PPSC, using the
American standardized scoring [9, 10]. Parents were informed of the screening outcomes and received guidance
on appropriate home stimulation.
Following initial observations that many of the children with microcephaly did not perform any skills
predicted by their chronological age, we adapted the
SWYC milestones form to explore the extent of the
delays. Specifically, we listed the SWYC milestones
from 1 to 36 months of age in increasing order of
complexity and evaluated children’s abilities to perform the ranked skills. Assessment using the adapted
form was brought to an end for a given child after
six answers of “not yet.”
Neurologic assessments were performed by qualified
pediatric neurologists. Neurological impairment was
identified as the occurrence of abnormalities in consciousness, irritability, tone, muscular trophism, muscular strength, and/or proprioceptive reflexes. Radiological
abnormalities were detected by brain ultrasound, computed tomography (CT), and/or magnetic resonance imaging (MRI) and included the presence of calcifications,
ventriculomegaly, cortical or cerebellar atrophy, and/or
neuronal migration disorder.

Data management and statistical analysis
We used the chi-squared test to compare the distribution of participants’ characteristics (sex, gestational age,
birthweight, small-for-gestational age, neurologic abnormalities identified by clinical evaluation, and neuroimaging abnormalities) across groups 1 to 4. We reported the
overall statistical significance (p-value for Σ2 test), but
also calculated the residuals to identify the cells making
the greatest contribution to significant results. We calculated the Chi-squared test for trend to compare the
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proportions of children ‘at risk’ for neurodevelopmental
delays and behavioral symptoms across the four groups.
To evaluate skill performance by age in children with
severe microcephaly (Group 1), we applied the adapted
milestones form in two age subsets: children evaluated
at 24 months of age and younger versus children older
than 24 months. The non-parametric Mann-Whitney U
test was used to test for differences in the performance
of development milestones, measured as ordinal scores
on the SWYC adapted form. This test is an alternative
to the one-way analysis of variance for data that is not
normally distributed.
We considered significant level set up at p < 0.05, and
all testing was two-tailed. Data were double entered into
the secure digital platform. Analyses were performed
using Stata, version 15 statistical software (StataCorp
LP) and R software.
A total of 274 infants underwent neurodevelopmental
and behavioral assessment. As this is the first study to
use SWYC assessment in children with CZS, there are
no previous data to inform the sample size calculations.
Therefore, we enrolled all children who fulfilled the inclusion criteria.

Results
The study sample comprised 274 children evaluated
using SWYC at a mean age of 31.4 months.
The HC of the children with microcephaly (Groups 1
and 2) ranged from − 2.03 to -10 SD below the mean for
age and sex.
Table 1 shows that severe microcephaly cases
(Group 1) had a statistically significant higher frequency of abnormal neurological findings (112 of 114
[98.2%]) than the other groups. Similarly, neuroradiological alterations (103 of 106 [97%]) were elevated in
Group 1 as compared to moderate microcephaly cases
(Group 2) (6 of 16 [37.5%]) and normocephalic children born to ZIKV-positive mothers (Group 3) (5 of
43 [11.6%]). Other clinical findings in Group 1 included: pyramidal syndrome (i.e., defined by the presence of hypertonia, clonus, hyperreflexia, and
increased archaic reflexes) (89.2%), inadequate responses to visual stimuli (57%), and inadequate responses to auditory stimuli (14%). The frequency of
seizures differed across the ZIKV-exposed groups and
were reported 67.9% [72 of 106] of the children in
Group 1, 17.6% [3 of 17] in Group 2, and 2.2% [2 of
90] in Group 3 (data not shown). The number of
children in the groups varied by outcome as not all
of the children were able to participate in all of the
assessments.
For Group 1, SWYC screening indicated risks of development delay in 99% of the children using the Brazilian
threshold (100% using the American threshold).
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Table 1 Birth characteristics, neurological and radiological characteristics of groups of infants with severe and moderate Zika related
microcephaly, as well as those exposed and neurotypical controls
Biological
and
radiological
characteristics

Study Groups
Group 1

Group 2

Group 3

Group 4

Severe Microcephaly
(n = 114)

Moderate microcephaly
(n = 20)

ZIKV maternal
infectiona
(n = 94)

Controlsb
(n = 46)

P Value

Female

64 (56.1)

12 (60.0)

47 (50.0)

25 (54.3)

.786

Male

50 (43.9)

8 (40.0)

47 (50.0)

21 (45.7)

Sex, No. (%)

Prematurity, Weeks of Gestational Age, No. (%)
< 37

16 (14.2)

4 (25.0)

6 (7.9)

7 (15.2)

≥ 37

97 (85.8)

12 (75.0)

70 (92.1)

39 (84.8)

Missing

1

4

18

0

< 2500

28 (25.5)

10 (58.8)c

5 (7.1)

2 (4.3)

2500–2999

47 (42.7)

3 (17.6)

14 (20.0)

12 (26.1)

≥ 3000

35 (31.8)

Missing

4

3

4 (23.5)

51 (72.9)

29 (26.4)

8 (47.1)c

5 (7.1)

2 (4.3)

No

81 (73.6)

9 (52.9)

65 (92.9)

44 (95.7)

Missing

4

3

24

0

.249

Birthweight, g, No. (%)
< 0.001

32 (69.6)

Small-for-gestational age, No. (%)
Yes

< 0.001

Clinical neurological abnormalities, No. (%)
Yes

112 (98.2)c

12 (60.0)

10 (11.1)

3 (7.5)

No

2 (1.8)

8 (40.0)

80 (88.9)

37 (92.5)

Missing

0

0

4

6

6 (37.5)

5 (11.6)

< 0.001

Neuroimaging abnormalities, No. (%)
Yes

103 (97.2)c

0 (0)
d

No

3 (2.8)

10 (62.5)

38 (88.4)

46 (100)

Missing

8

4

51

0

< 0.001

The number of children varied due to missing values
a
Normocephalic children born to mothers ZIKV PCR+
b
Normocephalic children, considered neurotypical controls
c
Cells making the greatest contribution to significant results
d
For Group 3 brain ultrasound was performed within the first 6 months of life. For children who had the first evaluation over 6 months, neuroimaging was
performed only according to clinical indication

Strikingly, none of the children in Group 1 were able to
perform the milestone skills expected for their chronological age. For Group 2, SWYC screening indicated risks
of developmental delay in 65% of the children using the
Brazilian threshold (70% using the American threshold).
Of note, Group 3 (ZIKV-exposed children without microcephaly) and Group 4 (neurotypical controls) had similar
frequencies of children at risk of development delay. Overall, there was a clear gradient of risk (chi-squared test for
trend, df = 3, p < 0.01), with a greater proportion of children at risk of developmental delay in the microcephalic
groups compared to the normocephalic groups. Results of
the behavior evaluations with the BPSC and PPSC are

presented together (i.e., independently of age group) due
to the small number of children evaluated under 18
months of age. Based on the BPSC and PPSC, there were
no significant differences between the four groups in the
frequency of children with ‘at risk’ behavior (Table 2).
Among the Group 1 children assessed for developmental milestones using the adapted SWYC milestone form,
73% (82 of 111) were evaluated after two years of age. Almost all children scored lower than expected, independent
of the age of assessment. There were no statistically significant difference in scores by age of assessment except
for the milestone of “Laughs” (Table 3).

Sobral da Silva et al. BMC Pediatrics

(2020) 20:472

Page 6 of 11

Table 2 SWYC neurodevelopmental and behavioral outcomes in children with severe and moderate Zika related microcephaly,
children exposed without microcephaly and neurotypical controls
SWYC components

P Value (Σ2)

Study Groups
Severe
Moderate microcephaly ZIKV maternal infectiona Controlsb
Microcephaly
(n = 114)

(n = 20)

(n = 94)

(n = 46)

“At risk”/Needs review

113 (99.1)c

13 (65.0)c

13 (13.8)

10 (21.7)

“Appears to Meet Age Expectations”

1 (0.9)

7 (35.0)

81 (86.2)

36 (78.3)

“At risk”/Needs review

114 (100.0)c

14 (70.0)c

19 (20.2)

12 (26.1)

“Appears to Meet Age Expectations”

0 (0.0)

6 (30.0)

75 (78.8)

34 (73.9)

“At risk”/Needs further evaluation or investigation 55 (51.0)

13 (65.0)

40 (42.5)

28 (63.7)

Adequate

53 (49.0)

7 (35.0)

54 (57.5)

16 (36.3)

Missing

6

0

0

2

Development milestone (Brazil), No. (%)
< 0.001

Development milestone (USA), No. (%)
< 0.001

Baby and Preschool Pediatric
Symptoms Checklist, No. (%)
0.70

a

Normocephalic children born to mothers ZIKV PCR+
b
Normocephalic children, considered neurotypical controls
c
Cells making the greatest contribution to significant results
Σ2test for trend: 151.6 (p < 0.0000001) OR: 1 (controls); 0.58 (ZIKV maternal infection); 6.69 (moderate microcephaly); 406.8 (severe microcephaly)
Σ2test for trend: 138.2 (p < 0.0000001) OR: 1 (controls); 0.72 (ZIKV maternal infection); 6.61 (moderate microcephaly); not calculated (severe microcephaly)

Out of the full MERG pediatric cohort (N = 608) there
were 80 losses to follow-up, of whom 19 had microcephaly, 58 were offspring of the MERG Pregnant Women
Cohort, and 3 were from the control group of the
MERG case-control Study. To analyze if the 80 losses
would result in bias, we compared the characteristics of
children lost to and included in follow-up. For children
with microcephaly, both groups were similar. Of the 58
children born to mothers from the Pregnant Women
Cohort, 16 were born to mothers who were PCR- negative for ZIKV and did not meet the inclusion criteria for
the current study; we therefore excluded them from the
comparison (Table 4). From the remaining 42 children
considered lost to follow-up, 31 mothers were not tested
by PCR during pregnancy and 11 were PCR + for ZIKV
during pregnancy.

Discussion
Prior studies have highlighted both the urgent need
for further investigation of neurodevelopmental outcomes in children with prenatal ZIKV exposure and
the challenge of identifying instruments appropriated for evaluating children across the spectrum of
CZS, especially those with severe microcephaly
[17–19].
In this investigation, we applied the SWYC screening test to assess the neurodevelopment and behavior
of prenatally ZIKV-exposed children with and without
microcephaly who were born during the ZIKV

microcephaly epidemic (2015–2017) in Pernambuco
in the Northeast of Brazil [20].
According to the SWYC screening, virtually all participants with severe microcephaly (Group 1) and approximately two-thirds of participants with moderate
microcephaly (Group 2) were considered ‘at risk of development delay.’ In comparison, 13.8% of ZIKVexposed normocephalic children (Group 3) and 21.7% of
control group children (Group 4) were identified by
SWYC assessment as being ‘at risk.’.
The high frequency of ‘risk of development delay’
observed in children with microcephaly is likely attributable to the severity of the cerebral damage.
Cerebral malformations generally indicate a poor
prognosis in terms of neurodevelopmental function
[21]. In a child with microcephaly caused by etiologies other than ZIKV, the risk of intellectual disability
has been estimated to be 10.5% for HC between − 2
and − 3 SD, 51.2% for HC between − 3 and − 4 SD,
and 100% for HC below − 4SD [22].
In this cohort of children with ZIKV-related microcephaly, the majority of cases in Group 1 had marked
chronic encephalopathy and extensive intraparenchymal
cortical calcifications, among other neuroimaging abnormalities. Furthermore, the frequency of central nervous
system malformations, pyramidal syndrome, epilepsy, inadequate response to visual and auditory stimuli were
higher in Group 1 than in the other groups evaluated.
These neuroimaging and clinical findings are predictors
of severe neuropsychomotor impairment and are among
the phenotypic characteristics of CZS [1, 2, 23–25].
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Table 3 Differences in development milestones gains between children with severe Zika-related Microcephaly, divided by age
groups, using the SWYC adapted form
Development Milestones

Makes sounds that let you know he or she is happy or upset

≤ 24 months (n = 29)

> 24 months (n = 82)

Not
yet

Some
what

Very
much

Mean
Rank

Not
yet

Some
what

Very
much

Mean
Rank

P
Valuea

0

6

23

53.5

5

6

71

56.9

0.44

Seems happy to see you

1

2

26

54.8

2

4

76

56.4

0.61

Follows a moving toy with his or her eyes

5

10

14

50.3

7

26

49

58.0

0.21

Turns head to find the person who is talking

0

9

20

53.5

5

14

63

56.9

0.53

Holds head steady when being pulled up to a sitting position

9

12

8

54.3

25

30

27

56.6

0.73

Brings hands together

14

6

9

53.9

40

8

34

56.7

0.66

Laughs

1

5

23

50.2

3

2

77

58.0

0.03

Keeps head steady when held in a sitting position

9

14

6

50.3

19

37

26

58.0

0.23

Makes sounds like “ga,“ “ma,“ or “ba”

19

4

6

51.0

46

8

28

57.8

0.27

Looks when you call his or her name

3

9

17

50.3

7

15

60

58.0

0.17

Rolls over

16

8

5

52.4

42

16

24

57.3

0.45

Passes a toy from one hand to the other

26

0

3

52.9

67

4

11

57.1

0.35

Looks for you or another caregiver when upset

7

8

14

56.2

30

6

46

55.9

0.96

Holds two objects and bangs them together

26

1

2

54.7

71

3

8

56.5

0.66

Holds up arms to be picked up

26

2

1

50.8

64

4

14

57.8

0.14

Gets into a sitting position by him or herself

28

1

0

52.3

72

1

9

57.3

0.16

Picks up food and eats it

24

1

4

56.6

69

3

10

55.8

0.85

Pulls up to standing

25

4

0

52.0

65

1

16

57.4

0.26

Plays games like “peekaboo” or “patacake”

24

3

2

55.0

67

2

13

56.4

0.76

Calls you “mama” or “dada” or similar name

26

2

1

53.3

69

0

13

57.0

0.39

Looks around when you say things like “Where’s your bottle?“
or “Where’s your blanket?“

24

4

1

52.8

64

0

18

57.1

0.38

Copies sounds that you make

26

1

2

52.9

67

9

6

57.1

0.35

Walks across a room without help

29

0

0

53.5

77

0

5

56.9

0.18

Follows directions like “Come here” or “give me the ball”

28

1

0

51.8

71

4

7

57.5

0.13

Runs

29

0

0

53.5

77

0

5

56.9

0.18

Walks upstairs with help

28

0

1

55.4

78

0

4

56.2

0.75

Kicks a ball

27

2

0

57.8

80

0

2

55.4

0.29

Names at least 5 familiar objects like ball or milk

28

0

1

54.9

77

1

4

56.4

0.59

Names at least 5 body parts like nose, hand, or tummy

29

0

0

55.5

81

0

1

56.2

0.55

Climbs up a ladder at a playground

28

1

0

55.3

78

0

4

56.2

0.72

Uses words like “me” or “mine”

28

1

0

55.9

79

0

3

56.0

0.93

Jumps off the ground with two feet

28

1

0

55.9

79

0

3

56.0

0.93

Puts 2 or more words together like “more water” or “go
outside”

29

0

0

55.0

80

1

1

56.3

0.40

Uses words to ask for help

28

1

0

55.4

78

1

3

56.2

0.73

a

Mann-Whitney U test

Consistent with our findings, a 2019 Brazilian investigation assessing children with cerebral palsy and probable CZS, of whom 97.5% had microcephaly, using the
Bayley Scale of Infant and Toddler Development III
(Bayley-III) reported scores below 70 (i.e., suggesting severe developmental delays) for almost all participants

across all three scales: cognitive, 95.1%; language, 97.6%;
motor, 97.6% [23].
A case series study assessing 24 children with ZIKVrelated microcephaly in Northeast Brazil using the Denver Developmental Screening Test II also found a high
degree
of
impairment
for
neuropsychomotor
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Table 4 – Comparison of the children with Zika related microcephaly and children exposed without microcephaly, included in the
analysis versus losses to follow-up, in relation to biological, clinical and radiological characteristics
Biological, clinical and radiological characteristics

Sex, N (%)

Prematurity, Weeks of Gestational Age, N (%)

Birthweight, g, N(%)

Microcephaly

Children born to PCR + mothers

Losses
(n = 19)

Included
(n = 134)

Losses*
(n = 42)

Included
(n = 94)

Female

7 (42.1)

24 (41.4)

19 (45.2)

47 (50.0)

Male

11 (57.9)

34 (58.6)

23 (54,8)

47 (50.0)

< 37

2 (20.0)

20 (15,0)

4 (22.2)

6 (7.9)

≥ 37

3 (60.0)

109 (85,0)

14 (77.8)

70 (92.1)

Missing

14

5

24

18

< 2500

2 (25.0)

38 (29.9)

4 (15.4)

5 (7.1)

2500–2999

3 (37.5)

50 (39.4)

8 (30.8)

14 (20.0)

≥ 3000

3 (37.5)

39 (30.7)

14 (53.8)

51 (72.9)

Missing

11

7

16

24

Mother’s age

Years

25.5 (22–34)

28 (21–31)

25 (20–32)

Image abnormalities

Yes

2 (33.6)

109 (89.3)

3 (23.1)

5 (11.6)

No

4 (66.7)

13 (10.7)

13 (76.9)

38 (88.4)

Missing

13

12

26

51

*11 children born to PCR + mothers plus 31 children whose mothers were not tested PCR

development. The study reported that children with a
mean age of 19.9 months scored, on average, development milestones equivalent of ages 2.1 to 3.4 months,
across the domains of language, motor, and personal/social skills [26].
Microcephaly, of any severity, is considered a useful
indicator for developmental delays. However, in our
study we compared neurodevelopment in children with
severe and moderate microcephaly and observed, that
among children with moderate microcephaly, 35% “Appear to Meet Age Expectations” using the SWYC assessment. Therefore, this strategy of classifying the
microcephaly into moderate or severe allowed us to observe that the predictive value of SWYC varies according
to the severity of microcephaly.
Although the frequency of cases with moderate microcephaly in our sample ‘at risk of developmental delay’
was lower than the frequency in cases with severe microcephaly, the percentage of ‘at risk’ children was higher
than that found in the normocephalic groups, which included the ZIKV-exposed and control children. Indeed,
both normocephalic groups had similar frequencies of
‘at risk’ children to each other and to the percentage of
‘at risk’ children in the general population that would be
expected to be found with screening tests [27].
Prior to this study, few studies with comparable
methods have investigated the development of children
without microcephaly who were exposed to ZIKV prenatally. In a cohort in the Southeast Brazil that was
assessed using Bayley-III, 28% of ZIKV-exposed children
presented with at least one below average score (i.e.,
scores < 85 − 70) for cognitive, language, and motor

function [28]. In using a screening test instead of a more
comprehensive developmental assessment, such as
Bayley-III, we would expect an even higher percentage
of children to be identified as being at risk of developmental delay; however, our results from the SWYC
screening suggest a lower frequency of children at risk
of developmental delay in this cohort than compared
with the Rio de Janeiro sample. Nevertheless, we note
that a normal SWYC test cannot exclude subsequent
later-onset neurodevelopment repercussions. Therefore,
we recommend that children with prenatal ZIKV exposure should undergo a longitudinal evaluation, using additional and more accurate and comprehensive tests, such
as the Bayley-III [29].
Using the adapted SWYC form, the expected score
would be the one predicted by the child’s age at assessment (i.e., the child should perform most of the milestones expected for their age, as well as the milestones
of the lower age groups). This adaptation made it possible to observe that children with severe microcephaly
were severely limited in their ability to achieve developmental milestones that were appropriate for their
chronological age. Even though over 74% of the children
assessed were > 24 months of age, over 80% were unable
to perform tasks corresponding to the expected skill acquisition for 5–8 month of age, such as item 14 of the
adapted form (“passes a toy from one hand to another”).
When children were divided into two age groups (14–
24 months vs. 25–32 months), we observed no differences in the achievement of developmental milestones,
with the exception of the item “Laughs”. The acquisition
of this milestone by the older children may be explained
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by the fact that this is a predominantly socio-emotional
skill, and less dependent on motor and cognitive functions, which are usually highly affected in these children.
When comparing the performance of the older and
younger groups, these findings suggest a significant limitation in the ability of the children with severe microcephaly to achieve new milestones as they get older,
which may be explained by the severity of their neurological impairment.
Although the SWYC tool was not specifically designed
to provide the deficit profile of development, this study
demonstrates an additional application of the SWYC,
which addresses the current lack of specific instruments
for evaluating development in children with severe
neurological impairment. Further follow-up studies and
repeated measures will be valuable for confirming the
observation that children with severe ZIKV-related
microcephaly maintain the neurodevelopment far below
their expected age.
Using the SWYC checklists, the risk for behavioral and
emotional symptoms was observed to be similar among
the groups. It is plausible that the SWYC questions related to behavior and emotional symptoms may have
generated inconsistent responses for children with severe
microcephaly, due to the children’s serious motor and
intellectual limitations. Questions such as “Is your child
interested in playing with other children”, “Does your
child break things on purpose”, or “Is your child fidgety
or unable to sit still” are likely out of context for most
children with severe microcephaly. Therefore, we suggest that these results do not mean that Group 1 has
lower risk for behavioral problems, but rather that children with severe microcephaly do not possess the cognitive, emotional and motor skills required to demonstrate
the ‘at risk’ behaviors. Therefore, this result should be
interpreted with caution.
Initial descriptions of CZS mentioned irritability as
a frequent clinical finding [30]. Although this characteristic was often reported and observed in newborns
and young infants with a phenotype typical for CZS,
irritability became less evident as the children grew
(personal observation of the authors). In this investigation, irritability was not a predominant complaint
in Group 1, which may be related to the fact that
most of these children were assessed after the second
year of life, at which time irritability may have been
less likely to be presented. It is not possible to determine whether the condition was resolved or if this
behavior was modified by the frequent use of anticonvulsants in this population [31].
Also unexpectedly, children without microcephaly
(Groups 3 and 4) demonstrated high frequencies of
risk signs of behavioral and emotional symptoms
(42.5% and 63.7%, respectively). Although the
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underlying cause in this cohort is currently unknown,
we note that studies have shown a progressive increase of the prevalence of behavioral abnormalities
in childhood worldwide [32–34].

Limitations and strengths
Since cases of microcephaly were identified during an
emerging epidemic, and since it is not possible to ensure
that microcephaly was representative of all cases born
during the Zika outbreak, there is a potential for selection bias. Specifically, the moderate cases of microcephaly that are less readily clinically detectable could be
underrepresented in this cohort. In addition, a survival
bias related to CZS severity cannot be excluded as the
neurodevelopment assessments were performed at different ages across the clinical groups. Additionally, selection bias in group 3 may have occurred as 31 children
without microcephaly and unknown prenatal ZIKV exposure status from the MERG pregnancy cohort were
lost to follow-up and more likely than the included children to be born with low birth weight or prematurely,
two characteristics associated with both ZIKV exposure
and neurodevelopmental delay.
Nevertheless, efforts were undertaken to mitigate the
potential for bias in this study. First, the field workers
were trained to uniformly apply the SWYC. For normocephalic children, the staff were blinded to information
about mothers’ gestational and ZIKV testing history;
however, for children with microcephaly (Groups 1 and
2), a blinded assessment was not possible. Second, this
study utilizes a validated translation of SWYC to
minimize risks of cross-cultural biases and to achieve reliable and comparable measures of the developmental
and behavioral domains.
The sample size was large enough to detect the differences among groups in relation to development milestones. For the behavioral evaluations, as the difference
in the frequency of “suspected behavior abnormalities”
between groups was not large, we found a low power of
the study to detect differences of the magnitude. Power
of comparison between groups 1 + 2 vs. group 3 = 31%;
power of comparison between groups 1 + 2 vs. group
4 = 24%; power of comparison between groups 3 vs.
group 4 = 63%.
Among the strengths of this study, we can highlight
the possibility of comparing children with different levels
of ZIKV involvement, including children with and without microcephaly, in addition to a control group. Also,
the use of the adapted form not only enabled the detection of the delay, but also enabled us to define skills that
were expected but not achieved, which allows earlier
and more targeted multidisciplinary intervention to address the identified needs in children with severe
microcephaly.
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Conclusions
Children with prenatal exposure to ZIKV may manifest
different levels of neurodevelopmental impairment, and
even amongst children with microcephaly, there is a
variability in functional performance. Our results suggest
that children with severe microcephaly do not seem to
acquire new skills beyond a certain stage of development. To confirm these findings, we suggest that children with severe microcephaly should be evaluated with
repeated measurements from the adapted form. For children with prenatal exposure to ZIKV at risk of developmental delay, we suggest repeated neurodevelopmental
assessments using more accurate and comprehensive instruments, such as the Bayley-III. SWYC may be
adopted as a screening tool, thereby enabling at-risk
children to be referred for further detailed assessment
and multidisciplinary care.
Abbreviations
BPSC: Baby pediatric symptom checklist; CT: Computed tomography;
CZS: Congenital zika syndrome; HC: Head circunference; MERG: Microcephaly
Epidemic Research Group; MRI: Magnetic resonance imaging;
PCR: Polymerase chain reaction; PPSC: Preschool pediatric symptom checklist;
RT-PCR: Reverse-transcription polymerase chain reaction; SD: Standard
deviations; USG: Ultrasonography; SWYC: Survey of wellbeing of young
children; ZIKV: Zika Virus
Acknowledgements
The authors thank the patients and their families for their study
collaboration.
Authors' contributions
PFSS, SHE, MDCGC, RAAX, DBMF conceptualized and designed the study,
designed the data collection instrument, coordinated and supervised data
collection. PFSS, SHE, FCLSPG, MCL, WVS and URM performed the statistical
analysis and interpretation of data. PFSS and SHE drafted the initial
manuscript. DBMF, RAAX, MCL, CMTM, TVBA, EBB and LCR critically reviewed
and revised the manuscript. All authors read and approved the final
manuscript.
Funding
This work was supported by the: European Union’s Horizon 2020 Research
and Innovation programme (https://ec.europa.eu/programmes/horizon2020/)
under ZikaPLAN grant agreement (No. 734584 to RAAX), (https://zikaplan.
tghn.org/); Wellcome Trust & the UK Department for International
Development (201870/Z/16/Z to DBMF & 205377/Z/16/Z to RAAX; https://
wellcome.ac.uk/); Wellcome Trust - Research Enrichment in Epidemic
Situations (107779/Z/15/Z; with ER1505 & ER1601 to RAAX); Medical Research
Council on behalf of the Newton Fund and Wellcome Trust (MC_PC_15088;
https://mrc.ukri.org/); Fundação de Amparo à Ciência e Tecnologia de PE FACEPE (APQ-0192-4.01/17 to Programa de Pós-graduação em Ciências da
Saúde-UPE and APQ-0172-4.01/16 to DBMF; http://www.facepe.br/); Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – Brasil (CAPES) – Finance Code 001; Scholarship: Conselho Nacional de Desenvolvimento
Científico e Tecnológico (309722/2017-9 to RAAX, 306708/2014-0 to CMTM,
308175/2017-4 to MCL; http://www.cnpq.br/), Secretaria de Vigilância em
Saúde/ Ministério da Saúde de Brasil Resposta à Emergência em Saúde Pública – Zika vírus e Microcefalia (837058/2016 to RAAX); Conselho Nacional de
Desenvolvimento Científico e Tecnológico, Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (http://www.capes.gov.br/); Departamento de Ciência e Tecnologia (http://rebrats.saude.gov.br/noticias/59DECIT)
for Prevenção e Combate ao vírus Zika I (440839/2016-5 to RAAX). The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Page 10 of 11

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Protocols were approved by the institutional review board at Fiocruz-PE and
Universidade de Pernambuco (UPE) and was conducted in accordance with
the Declaration of Helsinki, the International Conference on Harmonisation
guideline for Good Clinical Practice, and the codes and regulations of Brazil
regarding research on human subjects. Written informed consent was obtained from parents or guardians. The study protocols are available at the
MERG website.
Consent for publication
Does not apply.
Competing interests
The authors declare that they have no competing interests.
Author details
Hospital Universitário Oswaldo Cruz, Recife, Brasil. 2Universidade Federal de
Pernambuco, Recife, Brazil. 3Instituto de Pesquisa Aggeu Magalhães, Recife,
Brazil. 4London School, London, England.
1

Received: 19 April 2020 Accepted: 7 September 2020

References
1. Miranda-Filho D, de B, Martelli, Ximenes CM. RA, et al. Initial description of
the presumed congenital Zika syndrome. Am J Public Health. 2016;106(4):
598–600. https://doi.org/10.2105/AJPH.2016.303115.
2. Moore CA, Staples JE, Dobyns WB, et al. Characterizing the pattern of
anomalies in congenital Zika syndrome for pediatric clinicians. JAMA
Pediatr. 2017;171(3):288–95. https://doi.org/10.1001/jamapediatrics.2016.
3982.
3. Tang H, Hammack C, Ogden SC, et al. Zika virus infects human cortical
neural progenitors and attenuates their growth. Cell Stem Cell. 2016;18(5):
587–90. https://doi.org/10.1016/j.stem.2016.02.016.
4. Garcez PP, Loiola EC, Madeiro da Costa R, et al. Zika virus impairs growth in
human neurospheres and brain organoids. Science. 2016;352(6287):816–8.
https://doi.org/10.1126/science.aaf6116.
5. Driggers RW, Ho CY, Korhonen EM, et al. Zika virus infection with prolonged
maternal viremia and fetal brain abnormalities. N Engl J Med. 2016;374(22):
2142–51. https://doi.org/10.1056/NEJMoa1601824.
6. Corona-Rivera JR, Corona-Rivera E, Romero-Velarde E, Hernandez-Rocha J,
Bobadilla-Morales L, Corona-Rivera A. Report and review of the fetal brain
disruption sequence. Eur J Pediatr. 2001;160(11):664–7. https://doi.org/10.
1007/s004310100813.
7. Sheldrick RC, Perrin EC. Evidence-based milestones for surveillance of
cognitive, language, and motor development. Acad Pediatr. 2013;13(6):577–
86. https://doi.org/10.1016/j.acap.2013.07.001.
8. Moreira RS, Magalhaes LC, Siqueira CM, Alves CRL. “Survey of Wellbeing of
Young Children (SWYC)”: how does it fit for screening developmental delay
in Brazilian children aged 4 to 58 months? Res Dev Disabil. 2018;78:78–88.
https://doi.org/10.1016/j.ridd.2018.05.003.
9. Sheldrick RC, Henson BS, Neger EN, Merchant S, Murphy JM, Perrin EC. The
baby pediatric symptom checklist: development and initial validation of a
new social/emotional screening instrument for very young children. Acad
Pediatr. 2013;13(1):72–80. https://doi.org/10.1016/j.acap.2012.08.003.
10. Sheldrick RC, Henson BS, Merchant S, Neger EN, Murphy JM, Perrin EC. The
Preschool Pediatric Symptom Checklist (PPSC): development and initial
validation of a new social/emotional screening instrument. Acad Pediatr.
2012;12(5):456–67. https://doi.org/10.1016/j.acap.2012.06.008.
11. American Academy of Pediatrics. Screening Time: Tuning in to the Needs of
Families. 2017 https://screeningtime.org/star-center/#/screening-tools#top.
12. Wilder-Smith A, Preeta R, Brickley EB. ZikaPLAN: addressing the knowledge
gaps and working towards a research preparedness network in the
Americas. Global Health Action. 2019. [Available from: https://doi.org/10.
1080/16549716.2019.1666566].
13. Villar J, Cheikh Ismail L, Victora CG, et al. International standards for
newborn weight, length, and head circumference by gestational age and

Sobral da Silva et al. BMC Pediatrics

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

(2020) 20:472

sex: the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project.
Lancet. 2014;384(9946):857–68. https://doi.org/10.1016/S01406736(14)60932-6.
Lanciotti RS, Kosoy OL, Laven JJ, et al. Genetic and serologic properties of
Zika virus associated with an epidemic, Yap State, Micronesia, 2007. Emerg
Infect Dis. 2008;14(8):1232–9. https://doi.org/10.3201/eid1408.080287.
Ximenes RAA, Miranda-Filho DB, Brickley EB, et al. Zika virus infection in
pregnancy: Establishing a case definition for clinical research on
pregnant women with rash in an active transmission setting. PLoS Negl
Trop Dis. 2019;13(10):e0007763. https://doi.org/10.1371/journal.pntd.
0007763.
de Araujo TVB, Ximenes RAA, Miranda-Filho DB, et al. Association between
microcephaly, Zika virus infection, and other risk factors in Brazil: final report
of a case-control study. Lancet Infect Dis. 2018;18(3):328–36. https://doi.org/
10.1016/S1473-3099(17)30727-2.
Kapogiannis BG, Chacktoura N, Hazra R, Spong CY. Bridging knowlwdge
gaps to understand how Zika virus exposure and infecction affect child
development. JAMA Pediatr. 2017; 171(5): 478–85. https://doi.org/10.1001/
jamapediatrics.2017.0002.
Hotez PJ. What does Zika virus mean for the children of the Americas?
JAMA Pediatr. 2016; 170(8):787–9. https://doi.org/10.1001/jamapediatrics.
2016.1465.
Wheeler AC. Development of Infants with congenital Zika syndrome: What
do we know and what can we expect? Pediatrics. 2018;141(2):154–60.
https://doi.org/10.1542/peds.2017-2038D.
Marinho F, de Araújo VEM, Porto DL, et al. 2016; Microcephaly in Brazil:
Prevalence and characterization of cases from the Information system of
live births (Sinasc), 2000–2015. Epidemiol Serv Saude. 2016; 25(4):701 – 12.
https://doi.org/10.5123/S1679-49742016000400004.
Rice D, Barone S Jr. Critical periods of vulnerability for the developing
nervous system: evidence from humans and animal models. Environ Health
Perspect. 2000;108(Suppl 3):511–33. https://doi.org/10.1289/ehp.00108s3511.
Suppl3 ) .
Ashwal S, Michelson D, Plawner L, Dobyns WB. Practice parameter:
Evaluation of the child with microcephaly (an evidence-based review).
Neurology 2009; 73(11):887–97. https://doi.org/10.1212/WNL.
0b013e3181b783f7.
Carvalho A, Brites C, Mochida G, et al. Clinical and Neurodevelopment features
in children with cerebral palsy and probable congenital Zika. Brain
Development. 2019; 41(7):587–94. https://doi.org/10.1016/j.braindev.2019.03.005.
Pool KL, Adachi K, Karnezis S, et al. Association between neonatal neuro
imaging and clinical outcomes in Zika-exposed infants from Rio de Janeiro,
Brazil. JAMA Netw Open. 2019;2(7):e198124. https://doi.org/10.1001/
jamanetworkopen.2019.8124.
Eickmann SH, Carvalho MD, Ramos RC, Rocha M, Vv L, Silva PF. Síndrome da
infecção congênita pelo vírus Zika [Zika virus congenital syndrome]. Cad
Saude Publica. 2016;32(7):0102–311 × 2016000700601. https://doi.org/10.
1590/0102-311X00047716.
Alves LV, Paredes CE, Silva GC, Mello JG, Alves JG. Neurodevelopment of 24
children born in Brazil with congenital Zika syndrome in 2015: a case series
study. BMJ Open. 2018;8(7):e021304. https://doi.org/10.1136/bmjopen-2017021304.
Halpern R, Giugliani ERJ, Victora CG, Barros FC, Horta BL. Risk factors for
suspicion of developmental delays at 12 months of age. J Pediatr (Rio J).
2000;76(6):421–8. https://doi.org/10.1590/S0103-05822013000400006.
Nielsen-Saines K, Brasil P, Kerin T, et al. Delayed childhood
neurodevelopment and neurosensory alterations in the second year of life
in a prospective cohort of ZIKV-exposed children. Nat Med. 2019;25(8):1213–
17. https://doi.org/10.1038/s41591-019-0496-1.
Bayley N. Bayley Scales of infant and Toddler development – Third edition.
San Antonio: Harcourt Assessment Inc.; 2006.
Silva AAM, Ganz JSS, Sousa PS, et al. Early growth and neurologic outcomes
of infants with probable congenital Zika virus syndrome. Emerg Infect Dis.
2016;22(11):1953–6. https://doi.org/10.3201/eid2211.160956.
Carvalho MDCG, Ximenes R, Montarroyos UR, et al. Early epilepsy in children
with Zika-related microcephaly in a cohort in Recife, Brazil: Chatacteristics,
electroencephalographic findings, and treatment response. Epilepsia. 2020;
00:1–10. https://doi.org/10.1111/epi.16444.
Gleason MM, Goldson E, Yogman MW. Addressing early childhood
emotional and behavioral problems. Pediatrics. 2016;138(6):e20163025.
https://doi.org/10.1542/peds.2016-3025.

Page 11 of 11

33. Bagner DM, Rodriguez GM, Blake CA, Linares D, Carter AS. Assessment of
behavioral and emotional problems in infancy: A systematic review. Clin
Child Psychol Rev 2012; 15(2): 113–28. https://doi.org/10.1007/s10567-0120110-2.
34. Slomski A. Chronic mental health issues in children now loom larger than
physical problems. JAMA. 2012; 308:223–5. https://doi.org/10.1001/jama.
2012.69.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

