Carvalho-Sauer et al. BMC Pediatrics
(2020) 20:479
https://doi.org/10.1186/s12887-020-02365-6

RESEARCH ARTICLE

Open Access

Cross-sectional study of the anthropometric
characteristics of children with congenital
Zika syndrome up to 12 months of life
Rita de Cássia Oliveira de Carvalho-Sauer1, Maria da Conceição Nascimento Costa2, Enny S. Paixão3* ,
Natanael de Jesus Silva4, Florisneide Rodrigues Barreto2 and Maria Gloria Teixeira2

Abstract
Background: Little is known about physical development of children with Congenital Zika Syndrome (CZS). This
study aims to evaluate the anthropometric characteristics of children with CZS up to 12 months.
Methods: This is a cross-sectional study developed with 46 children with CZS living in Bahia. We used the Public
Health Events Register, Live Births Information System and Childcare Records of Primary Health Care Services.
Descriptive analysis was performed by distributing absolute and relative frequencies and median and interquartile
range. The Weight/Age (W/A), Length/Age (L/A), Weight/Length (W/L) and Head Circumference/Age (HC/A) indexes
were calculated for each month and expressed in z-score values, and the results were evaluated individually and by
group average. Values between ≥ − 2 and ≤ 2 standard deviations were used as reference. T-Student and
Spearman’s Correlation Tests were applied to verify the existence of any relationship between maternal and
children’s variables with the anthropometric indexes weight/age and height/age at birth and at 3, 6 and 12 months
of age.
Results: The studied children had high proportions of low birth weight (23.9%), dysphagia (56.8%) and seizures
(53.5%). The mean z-score for the HC/A index at birth was − 3.20 and remained below − 3 z-scores throughout the
assessed period. The analysis of the indices equivalent to every single child’s anthropometric measurement showed
a deficit in 20.4% of the W/A, 39.1% of the L/A, 9.2% of the W/L and 85.7% of the HC/A measurements. Distribution
of the mean values of these anthropometric indices revealed a risk of delayed stature growth (L/A < -1 z-score).
There was a statistically significant association between L/A at 12 months and dysphagia (p = 0.0148) and a positive
correlation between breastfeeding time and W/A. No statistically significant correlation was found between any
other tested variables.
Conclusions: We observed a deficit in the HC/A index, which is a common feature in CZS, but also a high
proportion of W/A and L/A deficit. The average group z-score highlighted the risk of delay in stature growth for
age, which calls attention to the need for health interventions, as this condition exposes them to a higher risk of
morbidity and mortality.
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Background
The potential causal association between Zika virus
(ZIKV) infection during pregnancy and congenital malformations was raised in 2015, after an unusual increase
in the number of births of children with microcephaly in
Brazil, months after an unprecedented epidemic produced by this virus [1]. Next, a broad spectrum of congenital malformations and dysfunctions associated with
prenatal ZIKV exposure suggested the detection of a
new syndrome, called “Congenital Zika Syndrome”
(CZS) [2].
The long-term effects on the growth and development
of children with congenital ZIKV exposure are not yet
well known. So far, some of the main reported clinical
abnormalities are low birth weight, arthrogryposis, heart
disease, microcephaly with a specific pattern of brain
damage, delay in neuromotor and cognitive development, impaired vision and hearing, seizures, dysphagia
and failure to thrive [3–7].
In general, a higher nutritional risk is observed among
children with mental disabilities and/or neurological diseases [8–10]. In particular, children with CZS possess
some elements that can constitute important barriers to
adequate nutrition, especially through the combination
of neurological and oral-maxillofacial disorders. Derangement such as cervical hypotonia and appendicular
hypertonia, hyperexcitability with extremely irritated and
hard-to-sooth crying, seizures that over time can become
more resistant to drug treatment [11], potentially impair
the maintenance of an adequate dietary routine for these
children. Additionally, multiple defects of the oral and
maxillofacial structure such as narrow palate form, abnormal insertion of the upper labial frenulum, posterior
lingual frenulum, tongue anterior projection, delayed
dental eruption and oral escape, harm the oral phase of
food and are often associated with presence of dysphagia
[12, 13]. This can be characterized by significant impairment of the oral phase of swallowing, prolonged time for
the preparation of the bolus, delays at the beginning of
the pharyngeal swallowing phase and in the emptying of
the distal esophagus, besides evidence of a higher risk of
aspiration and penetration of food into the airways, typical of severe dysphagia [14].
Considering that most children with CZS in Brazil
come from poorer families [15], socioeconomic difficulties can exacerbate the health risks, in addition to those
already determined by CZS itself.
The critical relationship between food and nutrition
with children’s growth and physical development is
widely recognized [16, 17], however, to date, there have
been few studies characterizing the growth of children
with CZS [18], which is why it is still necessary to increase the evidence on the real impact of this syndrome
on indicators of physical development. This study aims
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to assess the anthropometric characteristics of children
with CZS at birth and up to 12 months of life.

Methods
A cross-sectional descriptive study was carried out in 22
municipalities in the State of Bahia, Brazil. Data collection took place from May to November 2017. Children
were selected by convenience sampling, as they were residents in municipalities which had operational feasibility
for data collection by researchers, and authorization
from Health managers or directors to access health information. The inclusion criteria in this study were: a) to
be resident in one of the participating municipalities, be
notified in the RESP and classified as a confirmed or
presumed case of CZS, through a complete clinical and
epidemiological investigation; b) to have anthropometric
assessments of weight, length or head circumference,
until 12 months of age, in the medical records of the primary care service of their place of residence. Children
classified as confirmed cases of CZS, but who had no anthropometric record in the first year of life found in the
medical records of the primary care service were excluded from the present study.
RESP – Registro de Eventos em Saúde Pública (Public
Health Event Registration) is an electronic form from
the Ministry of Health of Brazil (MoH), where notifications of suspected cases of CZS and respective clinical
and epidemiological investigations are recorded, and the
classification of each notification occurs when sufficient
elements are gathered to classify these suspected cases
based on specific guidelines [19]. Notification of suspected CZS cases is mandatory for all public and private
health services in Brazil. Children whose mother had a
history of suspected or confirmed Zika infection during
pregnancy, or who at birth had a cranial circumference
less than − 2 standard deviations for gestational age at
birth and sex (according to the InterGrowth table [20]),
or craniofacial disproportion, or arthrogryposis, or
neurological, visual or auditory manifestations, or alteration of neuropsychomotor growth and development not
explained by other causes can be considered suspected
cases of CZS. The suspicion of CZS is confirmed by laboratory criteria when there is a positive or reagent result for the Zika virus in RT-PCR or serology test, in a
sample of the child, provided that the quality requirements for the test, and result are negative or inconclusive in at least 1 STORCH (syphilis, toxoplasmosis,
rubella, cytomegalovirus or herpes simplex) in a sample
of the child or the mother (during pregnancy). Children
who meet the epidemiological, clinical and image examination criteria for suspected CZS, with negative laboratory results for STORCH and who for some reason were
unable to undergo the laboratory diagnosis of ZIKV, are
considered presumed cases of CZS.
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In addition to the RESP, data sources for this study
were also SINASC – Sistema de Informação sobre Nascidos Vivos (Live Births Information System) and Childcare Records of Primary Health Care Services. From the
SINASC (state database) we obtained maternal sociodemographic and gestational data, and date of birth, sex,
weight, and length of child, at birth. From childcare records, in primary care services, we obtained children’s
clinical data, including all available records of anthropometric assessments.
In primary care services in Brazil, children’s anthropometry is usually performed by nurses or nursing technicians, following the techniques recommended by the
MoH for children under 2 years old [21]. They are as
follows: a) for weight measurement, the child should be
completely naked and placed on a pre-calibrated balance, on a flat, firm surface. b) regarding body length,
the child should be placed supine, on a smooth, firm
and horizontal surface, with arms parallel to the body,
and head, back, buttocks and heels firmly supported on
the surface, with the knees extended. Then, the distance
between the top of the head and the sole of the feet is
measured with an infantometer. c) to measure the head
circumference, an inelastic tape measure is passed over
the most prominent point at the back of the skull (occipital) and on the eyebrows, and the perimeter is read.
The scales and infantometers used in these different primary care services varied in terms of brand and model.
The maternal information collected were: race/color
(white, black or mixed); age group (≤ 19 years old/teenager or ≥ 20 years old/adult); if she lives with the child’s
father (yes/no); educational level (up to incomplete
elementary school/complete elementary school until incomplete high school/complete high school or more);
type of delivery (vaginal or cesarean); paid work (yes/
no); type of pregnancy (single or twin); duration of pregnancy (< 37 weeks = preterm / ≥37 weeks = term or postterm); and number of children alive (≤2 or ≥ 3). The information collected regarding the child was: date of
birth, sex (male/female), dysphagia (yes/no), seizures
(yes/no), duration of breastfeeding (in months) and anthropometric data – weight (g), length (cm) and head
circumference (cm), with respective measurement dates.
The date of birth of the child and date of measurements
of weight, length and head circumference were used to
obtain anthropometric indices, according to age. For
preterm children, the Intergrowth-21st software was
used to calculate the weight/age (W/A), length/age (L/
A) and head circumference/age (HC/A) indexes from
birth to the age equivalent to 64 weeks after the date of
the last maternal menstruation. After 64 weeks of the
last maternal cycle, these indexes were calculated using
WHO-Anthro software, which was also used to calculate
the weight/length (W/L) index of preterm children and
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all anthropometric indices of term children, from birth
to 12 months of age. The indices were obtained in zscores, and the interval between z-scores ≥ − 2 and ≤ 2
standard deviation (SD) was considered as a reference,
as recommended by the World Health Organization
(WHO) and adopted by the MoH [21, 22].
Descriptive analysis was performed of the absolute and
relative distribution of categorical variables, as well as
the number of children with available anthropometric
measures, for each month of life, and the proportion of
those who had z-score values <− 2 standard deviations
for each anthropometric index evaluated. The median
and interquartile range of the variable “duration of
breastfeeding” was calculated. Mean z-scores from the
available measures, for each month of life, were calculated to verify the distribution of the W/A, L/A, W/L
and HC/A indexes for the whole group of children evaluated. It is important to highlight that the number of
children with available anthropometric measures varied
with each month of life observed. The T-Student Test
was applied to verify the association between the variables child’s sex, low birth weight, dysphagia or seizures
with the W/A and L/A indexes at birth, at 3, 6 and 12
months of life. It was also verified if there was any correlation between head circumference at birth, duration
of breastfeeding, as well as maternal variables age, race /
color, education or duration of pregnancy with the
child’s W/A and L/A indices at birth, at 3, 6 and 12
months of the life, through the calculation of Spearman’s
correlation coefficient.
The project of this study was approved by the Research Ethics Committee of the Institute of Collective
Health of the Federal University of Bahia and met the
recommendations of Resolution 466/2012 of the National Council of Ethics in Research / CONEP for research in human (CAAE registration number no 2.102.
890).

Results
At the beginning of data collection, there were 70 children (born between October 2015 and May 2017) classified as confirmed or presumed cases of CZS in the
participating municipalities. Of these, 10 (14.3%) did not
have records of medical care at the primary care service
and another 14 (20.0%) children had records of child appointments, however, no anthropometric data was recorded up to 12 months of life. The remaining 46
(65.7%) cases comprised the study sample, with 44 presumed CZS cases and 2 confirmed CZS cases by positive
laboratory examination for ZIKV.
Of the total sample, 54.3% were male, 23.9% were born
weighing less than 2500 g, 13.0% were preterm, 2.2%
twin, 15.2% were children of adolescent mothers, 56.8%
had dysphagia, and 53.5% had seizures (Table 1). About
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Table 1 Number and percentagea of children with Congenital Zika Syndrome, born between October 2015 and May 2017,
according to sociodemographic and health characteristics. Bahiab, Brazil, November 2017
Characteristics
Child

Maternal

n

%

Sex

46

-

Female

21

45.7

Male

25

54.3

Low Birthweight

46

-

No

35

76.1

Yes

11

23.9

Dysphagia

44

-

No

19

43.2

Yes

25

56.8

Seizures

43

-

No

20

46.5

Yes

23

53.5

Race/Skin color

37

-

White

2

5.4

Black

7

18.9

Mixed

28

75.7

Age group (years)

46

-

Teenager (≤19)

7

15.2

Adult (≥20)

39

84.8

Schooling

46

-

Up to incomplete elementary school

9

19.6

Complete elementary school until incomplete high school

12

26.1

Complete high school or more

25

54.3

Type of delivery

46

-

Vaginal

26

56.5

Cesarean

20

43.5

Type of pregnancy

46

-

Single

45

97.8

Twinning

1

2.2

Duration of pregnancy (weeks)

46

-

Term (≥37)

40

87.0

Pre-term (< 37)

6

13.0

a

It refers only to children with information available on each variable
Only 22 municipalities

b

75.0% of the mothers lived with the child’s father, 75.7%
declared themselves to be mixed race, 54.3% had completed high school or more, 31.8% had three or more children and 11.1% had paid work. The median duration of
breastfeeding for the group of children, in their first 12
months of life, was 6.7 months (interquartile range = 4.5;
9.5), with a minimum of 0 months (not breastfed) and a
maximum of 12 months (still breastfeeding at 12 months)
– data not presented in the table. The mean z-score for
the HC/A index at birth was − 3.20, and when stratified by
sex, it was − 3.45 for boys and − 2.81 for girls.

None of the children had a complete monthly record
of anthropometric data, which made it impossible to assess the evolution of anthropometric indices over the
first year of life, thus, a cross-sectional approach to the
available data was carried out. A total of 226 weight-,
151 length- and 168 head circumference measurements
were found in the medical records, which is equivalent
to an average, per child, of 4.9 weight measurements
(minimum 2; maximum 10), 3.3 length measurements
(minimum 0; maximum 9) and 3.7 head circumference
measurements (minimum 0; maximum 9), between birth
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0.5477; p = 0.12687) with the L/A index of the child in
the 3rd month of life, however, this had no statistical
significance. All other tested variables showed a weak to
negligible correlation with the W/A and L/A indexes at
birth, in the 3rd, 6th and 12th months of life, without
statistical significance (Table 4).

and 12 months of life. Of the 226 available weight measurements, 46 (20.4%) corresponded to a critical z-score
value less than − 2 standard deviations, for the weight/
age index. Z-scores were also below − 2 standard deviations in 39.1% of the length/age single values, 9.2% of
the weight/length single values and 85.7% of the head
circumference/age single values, of this group of children (Table 2).
The mean values of the W/A, L/A, W/L indices of the
children, at birth, were respectively, − 0.72, − 1.05 and −
0.43 z-scores. From the first month, until 12 months of
life, the W/A mean values ranged between 0.16 and −
1.59 z-scores, while the L/A mean values ranged between − 1.11 and − 3.17 z-scores, and the W/L mean
values ranged between 2.43 and − 0.43 z-scores. When
stratified by sex, in general, the average values of zscores for boys were lower than for girls, for the W/A,
L/A and HC/A indices throughout the period evaluated
(Table 3).
There was a statistically significant association between L/A at 12 months and dysphagia (p = 0.0148) –
data not shown in the table, and a positive correlation
between breastfeeding time and W/A at 3 (rs = 0.7012;
p = 0.0052) and 6 (rs = 0.5388; p = 0.0256) months
(Table 4). We also found a correlation between both age
(rs = 0.5293; p = 0.11565) and maternal race / color (rs =

Discussion
This study shows that a high proportion of the anthropometric assessments of this group of children indicate deficits, mainly those related to growth in height.
The analysis of every single anthropometric assessment
revealed high proportions of low weight and length for
age, although the average values of the anthropometric
indices are within the normal range for the z-score (≥ −
2 and ≤ 2 standard deviations). In addition, we observed
that the average L/A values were always below − 1 zscores, indicating a risk of delay in linear growth, and
the analysis stratified by sex, showed that boys had lower
mean values than girls, for the indices W/A, L/A and
HC/A. The L/A index also showed an association with
the presence of dysphagia. Similar findings were described by Oliveira et al. (2020), who found 33% low
weight in children with CZS versus 4% in a control
group [12], and Soares et al. (2019), who observed that
the mean weight and length in the infants who were

Table 2 Number (N) of children with Congenital Zika Syndromea, with registered anthropometric measurements, and number (n)
and proportion (%) of those who had deficit (z-score < − 2SD) for the Weight/Age (W/A), Length/Age (L/A), Weight/Length (W/L)
and Head Circumference/ Age (HC/A), according to sex and age. Bahiab, Brazil, November 2017
Age
(months)

Anthropometric indexes
W/A
N

L/A
< -2SD

N

W/L
< −2SD

N

HC/A
< −2SD

N

< −2SD

n

%

n

%

n

%

n

%

0c

45

9

20.0

28

11

39.3

22

5

22.7

34

26

76.5

1

25

2

8.0

16

5

31.3

15

1

6.7

20

17

85.0

2

13

3

23.1

8

5

62.5

8

1

12.5

9

9

100.0

3

15

3

20.0

10

5

50.0

10

1

10.0

12

10

83.3

4

17

5

29.4

9

3

33.3

9

-

-

14

12

85.7

5

17

5

29.4

13

4

30.8

11

1

9.1

12

9

75.0

6

19

4

21.1

11

4

36.4

11

-

-

13

13

100.0

7

12

2

16.7

8

3

37.5

8

-

-

6

4

66.7

8

10

4

40.0

6

4

66.7

6

1

16.7

7

6

85.7

9

18

4

22.2

13

4

30.8

13

1

7.7

15

13

86.7

10

12

3

25.0

8

4

50.0

8

-

-

8

8

100.0

11

8

-

-

7

3

42.9

7

-

-

6

6

100.0

12

15

2

13.3

14

4

28.6

14

2

14.3

12

11

91.7

Total

226

46

20.4

151

59

39.1

142

13

9.2

168

144

85.7

SD standard deviation, N number of children with available anthropometric measurements, at each age (in months), in medical records, n number of children with
anthropometric index equivalent to a value less than − 2 SD according to age and sex
a
Children born between October 2015 and May 2017
b
Only 22 municipalities
c
At birth
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Table 3 Average of the z-score values for the indexes weight/age (W/A), length/age (L/A), weight/length (W/L) and head
circumference/age (HC/A), according to age and sex of children with Congenital Zika Syndromea. Bahiab, Brazil, November 2017
Age
(months)

0c

Anthropometric indexes
W/A

L/A

W/L

HC/A

Total

Male

Female

Total

Male

Female

Total

Male

Female

Total

Male

Female

−0.72

−0.86

−0.56

−1.05

−1.36

− 0.63

− 0.43

0.13

−1.23

− 3.20

− 3.45

−2.81

1

− 0.83

− 1.02

− 0.59

− 1.27

− 1.60

− 0.83

0.49

0.94

− 0.02

−4.00

− 4.50

− 3.53

2

− 1.59

−2.02

− 0.91

−2.08

−2.71

− 1.02

0.36

0.40

0.30

−5.80

−6.63

−2.75

3

−0.45

− 0.57

− 0.31

− 1.47

− 1.97

−0.97

1.83

2.18

1.48

−4.10

− 4.52

−3.56

4

−0.93

− 1.07

− 0.83

− 1.23

− 2.22

− 0.74

1.24

1.73

0.99

− 5.10

− 6.61

−4.03

5

− 0.34

− 0.51

− 0.23

− 1.73

− 1.86

− 1.59

1.82

1.16

2.38

−4.00

− 4.55

−3.38

6

−0.27

− 0.93

0.86

− 1.81

−2.12

− 0.98

1.97

1.12

4.25

− 5.10

− 5.27

−4.58

7

−0.11

−1.23

0.46

−1.38

−2.22

− 1.10

2.43

1.43

2.76

−4.40

−5.50

−3.34

8

−1.39

−1.94

−0.85

− 3.17

− 3.27

−2.99

0.45

0.02

1.32

−6.50

−8.12

−4.27

9

−0.38

−0.43

− 0.34

−1.42

−1.46

− 1.38

1.23

0.91

1.61

−5.20

−6.02

−4.34

10

−0.50

−1.14

0.79

−1.93

−2.47

−1.01

1.18

0.74

1.91

−6.00

− 6.20

−4.79

11

0.16

0.30

−0.26

−1.11

− 1.42

− 0.33

1.20

1.75

− 0.17

−5.60

−6.04

−3.53

12

−0.14

− 0.49

0.57

−1.12

−1.16

− 1.05

1.00

0.60

1.71

−6.30

−6.17

−7.45

a

Children born between October 2015 and May 2017
b
Only 22 municipalities
c
At birth

ZIKV exposed in pregnancy were significantly lower
than in non-exposed children, in the control group, at 3
months of age [23]. Santos et al. (2019) [24] also
highlighted a worsening of the nutritional status of children with microcephaly due to ZIKV after 12 months of
life, compared to that presented at birth, and a significant correlation was identified between the values of
HC/A z-scores and all anthropometric indices.
Another important observation in this group of children with a high proportion of W/A deficit was a positive correlation between breastfeeding time and the W/
A index at 3 and 6 months of age. This was considered
an expected result, probably related to the protective effect conferred by breastfeeding. On the other hand, this
association was not observed at 12 months, but it is

worth noting that the median duration of breastfeeding
of these children was 6.7 months and the third quartile
was 9.5 months, which means that a minority of these
children still breastfed at 12 months, and this possibly
explains the difference at this age. Agostoni et al. (1999)
showed that breast fed groups had significantly higher
growth indices at 1 month (W/A, L/A), 2 months (W/A)
and 3 months (W/A, L/A) of age, compared to formula
fed infants [25].
Information extracted from the Brazilian food and nutrition surveillance system showed that 134,913 children
under 2 years old, residents of Bahia, were assessed
anthropometrically in primary care in 2016, and the deficit ratio of anthropometric indices was 3.59% for W/A,
14.49% for W/L and 7.09% for W/L. In 2017, 133,676

Table 4 Spearman correlation coefficient values between maternal and child’s variables and the anthropometric indices Weight/Age
(W/A) and Length/Age (L/A) at birth, and at 3, 6 and 12 months of life of children with Congenital Zika Syndrome born between
October 2015 and May 2017. Bahiaa, Brazil, November 2017
Weight/Age

Length/Age

At birth

At 3 months

At 6 months

At 12 months

At birth

At 3 months

At 6 months

At 12 months

0.047

0.701*

0.539*

0.081

0.175

0.372

0.573

−0.057

Head circumference at birth

–

0.559

0.720

−0.415

–

0.481

0.624

0.182

Mother’s age

0.142

0.163

0.202

−0.404

− 0.006

0.529

0.493

0.298

Breastfeeding time

Mother’s color/race

0.151

0.290

0.057

−0.048

0.080

0.548

−0.311

−0.500

Mother’s schooling

−0.043

0.377

0.168

−0.039

−0.126

− 0.080

0.236

0.485

Duration of pregnancy

−0.067

−0.343

− 0.309

−0.499

− 0.117

0.149

− 0.143

−0.088

a

Only 22 municipalities
*p < 0,05
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children under 2 years were evaluated in Bahia, observing a 3.44% deficit in W/A, 15.91% in L/A and 6.61% in
W/L [26]. Our data show how far away the children with
CZS are from the expected anthropometric values,
which respectively presented the proportions of 20.4,
39.1 and 9.2% for W/A, L/A, W/L < − 2.
Consistent with the literature [27], microcephaly was a
common sign in this evaluated group. It is known that
the reduction in head circumference in children with
CZS is, in general, accompanied by neurological damage
with impaired neuromotor functions [19], and a tendency to have seizures and dysphagia [4, 14, 28]. Although there were reports of these dysfunctions in more
than a half of the children studied, the real magnitude of
seizures and dysphagia in children with CZS may be
even greater, given the possible underreporting of these
diagnoses in the medical records of primary health care
services. This is a worrying because dysphagia can lead
to dehydration, malnutrition and bronchial aspiration
pneumonia [29], and children who need to make chronic
use of anticonvulsants may experience a reduction in
waking hours, due to the drowsiness induced by medications, and this will hinder sufficient food consumption
to supply their daily nutritional requirements.
Regarding the high proportion of low birth weight
found in our study, it is highlighted that both intrauterine growth restriction and low birth weight have been
reported in case series of children with congenital Zika
syndrome [18]. This finding may be related to placental
damage produced by prenatal ZIKV infection [30–32],
which is another condition that can hamper the physical
development of these children. It is worth mentioning
that part of the studied group was born with a gestational age of less than 37 weeks, which may also have
contributed to lower mean values of the z-score for anthropometric indices during the first year of life. This is
because premature infants tend to maintain a lower
weight and height throughout childhood compared to
children born at term [33].
Understanding an individual’s nutritional status goes
beyond elucidating digestive and metabolic processes,
since access and consumption of food are also subject to
socioeconomic, political, social representations, habits
and beliefs, among other factors [34]. Almost half of the
assessed mothers of children with CZS had less than
high school education and only a small proportion had
paid work. These factors, together with the increase in
family expenses due to the itineraries and supplies for
the treatment of the sick child, may interfere with the
family’s financial capacity to preserve the child’s food
and nutritional security. Thus, initiatives such as access
to the Continuous Supply Benefit (Law n° 13.985, April
07 2020) [35], one of the Brazilian government’s social
programs that grants a minimum monthly wage to the
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elderly and people with disabilities, and others such as
multidisciplinary and comprehensive care in the health
care network, with guaranteed nutritional support, in
addition to specific health promotion and education actions to mitigate the problems arising from CZS, can
positively contribute to more appropriate nutritional and
health care, given the special needs of these children.
The limitations of this research include aspects such
as the non-representativeness due to the selection of
participants by convenience sample, unavailability of
complete monthly registration of anthropometric data
and a potential bias in the reporting of seizure, dysphagia and breastfeeding time in primary care records, as
well as the possible lack of standardization of the measurement instruments (scales, measuring tape and infantometer) used in health services. All of these should be
taken into consideration when interpreting the results of
this study. Despite these, however, it is understood that
the findings presented here are relevant to Public
Health, as they corroborate the findings of other authors
and contribute to strengthen the evidence of the possibility of anthropometric deficit during the first year of
life of children with CZS, because these deficits substantially increase the nutritional and health risks [36]. This
alert to the need for careful nutritional monitoring, as
these problems can be minimized with appropriate interventions such as access to multidisciplinary health monitoring and the provision of nutritional support. They
also highlight the urgency of the implementation the
health care network for children with CZS, with a systematic record of anthropometric measures aiming at
their regular growth and development monitoring. This
will enable the carrying out of more robust longitudinal
studies about the growth trajectory of the population affected by CZS and other conditions.

Conclusions
This group of children with Congenital Zika Syndrome,
up to 12 months old, presents a high proportion of
weight deficit for age, and are at risk of delay in stature
growth, which underlines the necessity for health interventions, given that this condition exposes them to a
higher risk of morbidity and mortality.
Abbreviations
CZS: Congenital Zika Syndrome; CAAE: Certificate of Presentation of Ethical
Appreciation; CONEP: National Council of Ethics in Research; HC/A: Head
Circumference/Age; L/A: Length/Age; MoH: Ministry of Health of Brazil;
RESP: Public Health Events Register; SD: Standard Deviation; SINA
SC: Information System on Live Births; WHO: World Health Organization; W/
A: Weight/Age; W/L: Weight/Length; ZIKV: Zika virus

Acknowledgements
Not applicable.

Carvalho-Sauer et al. BMC Pediatrics

(2020) 20:479

Page 8 of 9

Authors’ contributions
RCOCS, MCNC and MGT conceived and designed the study, RCOCS collected
the data, RCOCS, ESP, NJS, FRB carried out the data analysis and
interpretation. RCOCS, MCNC and MGT wrote the first draft of the article. All
authors critically revised the manuscript and approved the final version.

7.

Funding
ESP is funded by the Wellcome Trust (grant number 213589/Z/18/Z),
however the funder of this study had no role in study design, data
collection, data analysis, data interpretation, or the writing of the report.

9.

8.

10.
Availability of data and materials
The data that support the findings of this study are available on request
from the first author (email contact: rita.sauer@outlook.com) and ethical
approval. The data are not publicly available due to restrictions as they
contain information that could compromise the privacy of research
participants.

11.

12.
Ethics approval and consent to participate
CAAE registration number no 2.102. 890. The Research Ethics Committee
approved this study with the dispensation of the application of the Free and
Written Consent Term, in accordance with Directive IV.8 of Resolution
number 466/2012 of the National Health Council of Brazil (approval
no.2.102.890). It was carried out using secondary data provided by Health
Institutions and Units after the consent of their managers.

13.

Consent for publication
Not applicable.

15.

14.

Competing interests
The authors declare that they have no competing interests.
16.
Author details
1
Bahia State Health Secretariat, Epidemiological Surveillance Service of the
East Regional Health Center, Avenida Esperança, 406, Santo Antônio de
Jesus, Bahia ZC 44435-500, Brazil. 2Institute of Collective Health, Federal
University of Bahia, Rua Basílio da Gama, s / n. Canela, Salvador, Bahia
ZC-40.110.040, Brazil. 3London School of Hygiene and Tropical Medicine,
London Keppel St, Bloomsbury, London WC1E 7HT, UK. 4Centre for Data and
Knowledge Integration for Health (CIDACS), Gonçalo Moniz Institute,
Oswaldo Cruz Foundation (FIOCRUZ), Parque Tecnológico da Bahia. Rua
Mundo, 121 – Trobogy, Salvador, Bahia ZC 41745-715, Brazil.

17.

18.

19.

Received: 1 June 2020 Accepted: 29 September 2020

References
1. Teixeira MG, da Conceição N, Costa M, de Oliveira WK, Nunes ML, Rodrigues
LC. The epidemic of Zika virus–related microcephaly in Brazil: detection,
control, etiology, and future scenarios. Am J Public Health. 2016;106(4):601–
5. https://doi.org/10.2105/AJPH.2016.303113.
2. Chan JFWW, Choi GKYY, Yip CCYY, Cheng VCCC, Yuen KY. Zika fever and
congenital Zika syndrome: an unexpected emerging arboviral disease. J Inf
Secur. 2016;72(5):507–24. https://doi.org/10.1016/j.jinf.2016.02.011.
3. Carvalho-Sauer R, Costa MDCN, Barreto FR, Teixeira MG. Congenital Zika
Syndrome: prevalence of low birth weight and associated factors. Bahia,
2015–2017. Int J Infect Dis. 2019;82:44–50. https://doi.org/10.1016/j.ijid.2019.
02.040.
4. 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.
5. Cranston JS, Tiene SF, Nielsen-Saines K, et al. Association between antenatal
exposure to Zika virus and anatomical and neurodevelopmental
abnormalities in children. JAMA Netw Open. 2020;3(7):e209303. https://doi.
org/10.1001/jamanetworkopen.2020.9303.
6. Bertolli J, Attell JE, Rose C, et al. Functional outcomes among a cohort of
children in northeastern Brazil meeting criteria for follow-up of congenital
Zika virus infection. Am J Trop Med Hyg. 2020;102(5):955–63. https://doi.org/
10.4269/AJTMH.19-0961.

20.

21.

22.

23.

24.

Santana MB, Lamas CC, Athayde JG, Calvet G, Moreira J, De Lorenzo A.
Congenital Zika syndrome: is the heart part of its spectrum? Clin Microbiol
Infect. 2019;25(8):1043–4. https://doi.org/10.1016/j.cmi.2019.03.020.
Bertoli S, Cardinali S, Veggiotti P, Trentani C, Testolin G, Tagliabue A.
Evaluation of nutritional status in children with refractory epilepsy. Nutr J.
2006;5(1):14. https://doi.org/10.1186/1475-2891-5-14.
Herrera-Anaya E, Angarita-Fonseca A, Herrera-Galindo VM, Martínez-Marín
RDP, Rodríguez-Bayona CN. Association between gross motor function and
nutritional status in children with cerebral palsy : a cross-sectional study
from Colombia. Dev Med child Neurol. 2016;59(9):936–41. https://doi.org/10.
1111/dmcn.13108.
Dahlseng MO, Finbråten A, Júlíusson PB, Skranes J, Andersen G, Vik T.
Feeding problems, growth and nutritional status in children with cerebral
palsy. Acta Pediatr. 2012;101(1):92–98. https://doi.org/10.1111/j.1651-2227.
2011.02412.x.
Saad T, PennaeCosta AA, de Góes FV, et al. Neurological manifestations of
congenital Zika virus infection. Childs Nerv Syst. 2018;34(1):73–8. https://doi.
org/10.1007/s00381-017-3634-4.
de Oliveira AMM, de Melo EGM, Mendes MLT, et al. Oral and maxillofacial
conditions, dietary aspects, and nutritional status of children with
congenital Zika syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol. 2020;
130(1):71–7. https://doi.org/10.1016/j.oooo.2020.02.019.
Ribeiro RA, Mattos A, Meneghim MDC, et al. Oral and maxillofacial
outcomes in children with microcephaly associated with the congenital
Zika syndrome. Eur J Orthod. https://doi.org/10.1093/ejo/cjaa036.
Leal MC, van der Linden V, Bezerra TP, et al. Characteristics of dysphagia in infants
with microcephaly caused by congenital zika virus infection, Brazil, 2015. Emerg
Infect Dis. 2017;23(8):1253–9. https://doi.org/10.3201/eid2308.170354.
Freitas PDSS, Soares GB, Mocelin HJS, et al. Congenital Zika syndrome:
sociodemographic profile of mothersSíndrome congénito por el virus del
Zika: perfil sociodemográfico de las madres TT - Síndrome congênita do
vírus Zika: perfil sociodemográfico das mães. Rev Panam Salud Publica.
2019;43:e24. https://doi.org/10.26633/RPSP.2019.24.
Chumlea WC. Physical growth and maturation. In: Handbook of pediatric
nutrition. 3a. (Samour, P. Q.; King K orgsed.). Burlington: Jones and Bartlett
Publishers; 2005.
Vaivada T, Gaffey MF, Bhutta ZA. Promoting early child development with
interventions in health and nutrition: a systematic review. Pediatrics. 2017;
140(2):e20164308. https://doi.org/10.1542/peds.2016-4308.
Prata-Barbosa A, Martins MM, Guastavino AB, da Cunha AJLA. Effects of Zika
infection on growth. J Pediatr. 2019;95(S1):30–41. https://doi.org/10.1016/j.
jped.2018.10.016.
Brasil. Ministério da Saúde, Secretaria de Vigilância em Saúde, Secretaria de
Atenção à Saúde. Orientações Integradas de Vigilância e Atenção à Saúde
No Âmbito Da Emergência de Saúde Pública de Importância Nacional:
Procedimentos Para o Monitoramento Das Alterações No Crescimento e
Desenvolvimento a Partir Da Gestação Até a Primeira Infância, Relac. 1a.
Ministério da Saúde, ed. Brasília - DF.; 2017. http://bvsms.saude.gov.br/bvs/
publicacoes/orientacoes_integradas_vigilancia_atencao_emergencia_
saude_publica.pdf.
Villar J, Ismail LC, Victora CG, et al. International standards for newborn
weight, length, and head circumference by gestational age and sex: the
newborn cross-sectional study of the INTERGROWTH-21st Project. Lancet.
2014;384(9946):857–68. https://doi.org/10.1016/s0140-6736(14)60932-6.
Brasil M da SS de A à SD de atenção B. Orientações Para a Coleta e Análise
de Dados Antropométricos Em Serviços de Saúde: Norma Técnica Do
Sistema de Vigilância Alimentar e Nutricional - SISVAN / Básica. Brasília, DF.;
2011. http://bvsms.saude.gov.br/bvs/publicacoes/orientacoes_coleta_
analise_dados_antropometricos.pdf.
World Health Organization WHO. The WHO child growth standards: length/
height-for-age, weight-for-age, weight-for-length, weight-for- height and
body mass index-for-age : methods and development. Geneva: Switzerland;
2006. http://www.who.int/childgrowth/en/.
Soares F, Abranches AD, Villela L, et al. Zika virus infection in
pregnancy and infant growth, body composition in the first three
months of life: a cohort study. Sci Rep. 2019;9(1):19198. https://doi.org/
10.1038/s41598-019-55598-6.
dos Santos SFM, Soares FVM, de Abranches AD, da Costa ACC, Moreira MEL,
de Matos Fonseca V. Infants with microcephaly due to ZIKA virus exposure:
nutritional status and food practices. Nutr J. 2019;18(1):4. https://doi.org/10.
1186/s12937-019-0429-3.

Carvalho-Sauer et al. BMC Pediatrics

(2020) 20:479

25. Agostoni C, Grandi F, Gianni ML, et al. Growth patterns of breast fed and
formula fed infants in the first 12 months of life: an Italian study. Arch Dis
Child. 1999;81(5):395–9. https://doi.org/10.1136/adc.81.5.395.
26. Brasil. Ministério da Saúde. SISVAN Sistema de Vigilância Alimentar e
Nutricional. Relatórios de Acesso Público. Estado Nutricional. https://sisaps.
saude.gov.br/sisvan/relatoriopublico/index.
27. del Campo M, Feitosa IMLL, Ribeiro EM, et al. The phenotypic spectrum of
congenital Zika syndrome. Am J Med Genet Part A. 2017;173(4):841–57.
https://doi.org/10.1002/ajmg.a.38170.
28. Besnard M, Eyrolle-Guignot D, Guillemette-Artur P, Lastère S, Bost-Bezeaud
F, Marcelis L, Abadie V, Garel C, Moutard ML, Jouannic JM, Rozenberg F,
Leparc-Goffart I, Mallet HP. Congenital cerebral malformations and
dysfunction in fetuses and newborns following the 2013 to 2014 Zika virus
epidemic in French Polynesia. Euro Surveill. 2016;21(13). https://doi.org/10.
2807/1560-7917.ES.2016.21.13.30181.
29. Santos D, Braga N, Silva L. A disfagia na criança. Rev Baiana Pediatr. 2004;
1(1):36–47 ISSN 1806–7085. www.sobape.com.br.
30. Cugola FR, Fernandes IR, Russo FB, et al. The Brazilian Zika virus strain
causes birth defects in experimental models. Nature. 2016;534(7606):267–71.
https://doi.org/10.1038/nature18296.
31. Marrs C, Olson G, Saade G, et al. Zika virus and pregnancy: a review of the
literature and clinical considerations. Am J Perinatol. 2016;33(7):625–39.
https://doi.org/10.1055/s-0036-1580089.
32. Mysorekar IU, Diamond MS. Clinical implications of basic research modeling
Zika virus infection in pregnancy. N Engl J Med. 2016;375:481–4. https://doi.
org/10.1056/NEJMcibr1605445.
33. Cardoso-Demartini ADA, Bagatin AC, Silva RPGVCD, Boguszewski MCDS.
Crescimento de crianças nascidas prematuras. Arq Bras Endocrinol Metabol.
2011;55(8):534–40. https://doi.org/10.1590/S0004-27302011000800006.
34. Barros DC, Engstrom E, Bagni US, Baião MR. Determinantes de saúde e
nutrição da população brasileira. In: ENSP FIOCRUZ, ed. Alimentação e
Nutrição: Contexto Político, Determinantes e Informação Em Saúde. EAD/
ENSP. Rio de Janeiro: FIOCRUZ; 2013:285p. : il; tab; graf.
35. Brasil. Governo Federal. Diário Oficial Da União. Lei No 13.985 de 07 de Abril
de 2020. http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Lei/L13
985.htm.
36. McDonald CM, Olofin I, Flaxman S, et al. The effect of multiple
anthropometric deficits on child mortality: meta-analysis of individual data
in 10 prospective studies from developing countries. Am J Clin Nutr. 2013;
97(4):896–901. https://doi.org/10.3945/ajcn.112.047639.

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

Page 9 of 9

