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Abstract 

Objective To describe the feeding characteristics and growth of children with prenatal exposure to Zika virus (ZIKV) 
from birth to 48 months.

Design Using data from the prospective Microcephaly Epidemic Research Group Pediatric Cohort (MERG‑PC), 
children without microcephaly born to mothers with evidence of ZIKV infection during pregnancy (ZIKV‑exposed 
children without microcephaly) and children with Zika‑related microcephaly were compared using repeated 
cross‑sectional analyses within the following age strata: birth; 1 to 12; 13 to 24; 25 to 36; and 37 to 48 months. The 
groups were compared in relation to prematurity, birth weight, breastfeeding, alternative feeding routes, dysphagia 
and anthropometric profiles based on the World Health Organization Anthro z‑scores (weight‑length/height, weight‑
age, length/height‑age and BMI‑age).

Results The first assessment included 248 children, 77 (31.05%) with microcephaly and 171 (68.95%) without micro‑
cephaly. The final assessment was performed on 86 children. Prematurity was 2.35 times higher and low birth weight 
was 3.49 times higher in children with microcephaly. The frequency of breastfeeding was high (> 80%) in both groups. 
On discharge from the maternity hospital, the frequency of children requiring alternative feeding route in both groups 
was less than 5%. After 12 months of age, children with microcephaly required alternative feeding route more often 
than children without microcephaly. In children with microcephaly, the z‑score of all growth indicators was lower 
than in children without microcephaly.

Conclusions Children with Zika‑related microcephaly were more frequently premature and low birth weight 
and remained with nutritional parameters, i.e., weight‑for‑age, weight‑for‑length/height and length/height‑for‑age 
below those of the children without microcephaly.
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Introduction
Children with congenital Zika virus (ZIKV) infection 
may present with severe brain damage, neuropsycho-
motor developmental delays, and dysphagia, that can 
contribute to compromised nutrition and growth over 
the early life course [1, 2]. In addition to their role in 
causing swallowing disorders, ZIKV-related neurologi-
cal impairments may also lead to challenges with intro-
ducing solid foods and with acquiring motor skills for 
performing the eating-related tasks required to attain 
an appropriate diet. Some recent studies have sug-
gested that the greater the severity of ZIKV-related 
microcephaly, the greater the impairment of neurode-
velopment in children [3, 4].

The growth patterns of children with neurological 
impairment often differ from those of the typical pedi-
atric population. Between 2001 and 2012, Araújo and 
Silva observed, in a cross-sectional study with 187 chil-
dren with cerebral palsy not attributable to Zika, that 
the weight found was considered below the 50th per-
centile in most individuals, both on the curve for head 
circumference (HC) (56%) and on the CDC curve (86%) 
[5].

There are still few studies on the growth patterns of 
children with CZS. In general, these are studies with 
small samples, and with children evaluated up to a maxi-
mum of 2  years of age. Silva et  al. reporting the early 
growth of 48 infants with probable CZS, most of them 
with microcephaly (86.7%), followed to age 1–8 months. 
They found a decreasing of –0.08 and –0.16 per month 
for the mean weight and length z-scores, respectively 
[6]. In another Brazilian study, França et al. found a sig-
nificant difference in relation to height and weight meas-
urements when compared 8 children with microcephaly 
with 16 children as a typical control group, both with 
an average age of 20.5 months [7]. Santos et al., in a case 
series with 65 infants with microcephaly, describe that 
20% of them had a weight-age (W/A) deficit and 23% 
had a length/height-age (H/A) deficit at birth and that up 
to 12–23 months, 41.5% of them had a W/A deficit and 
56.9% had H/A deficit [6].

 Using longitudinal data collected prospectively from 
the Microcephaly Epidemic Research Group Pediatric 
Cohort (MERG-PC) [8] this study aims to describe the 
feeding characteristics and growth of children without 
microcephaly born to mothers with evidence of ZIKV 
infection during pregnancy (ZIKV-exposed children 
without microcephaly), comparing with a group with 
Zik-related microcephaly, from birth to 48 months.

Methods
As described in detail in the cohort profile paper [8], 
the MERG-PC follows up children with prenatal ZIKV 
who were born with and without apparent symptoms of 
Congenital Zika Syndrome (CZS) during the 2015–2016 
ZIKV epidemic in Pernambuco, Brazil. The current 
study, which includes follow-up until March 2020, ana-
lyzes repeated cross-sections based on age groups of the 
children; hence, the number of children assessed varies 
across the specific age strata and therefore the children 
assessed at each moment were not necessarily the same.

The study sample included children without micro-
cephaly born to mothers with evidence of ZIKV infec-
tion during pregnancy (ZIKV-exposed children without 
microcephaly) and children with Zik-related microceph-
aly. The group with microcephaly included children who 
(i) were born during the microcephaly epidemic between 
May 2015 and April 2017, (ii) were diagnosed with micro-
cephaly at birth or during the follow-up period, and (iii) 
had laboratory evidence of ZIKV infection or phenotypic 
features and imaging abnormalities consistent with CZS. 
These criteria, take into account laboratory evidence of 
ZIKV infection and TORCHs and central nervous system 
imaging, were adapted from França et al [9]. The group 
without microcephaly included children who (i) were 
born between December 2015 to June 2017 to mothers 
with rash during pregnancy, (ii) were never diagnosed 
with microcephaly during follow-up, and (iii) had labora-
tory evidence of ZIKV infection during pregnancy.

Microcephaly was defined as a head circumference 
(HC) z-score ≤ -2 for sex and age. HC z-score calcula-
tions at birth were based on INTERGROWTH-21st 
curves; for children born preterm, a correction was made 
until the completion of 64 weeks of gestational age [10]. 
After birth for term children or after 64  weeks for pre-
term children, HC z-score calculations were based on 
World Health Organization (WHO) Anthro curves [11] 
Children’s HCs were evaluated at birth and during fol-
low-up, and children who developed microcephaly post-
natally were analyzed as part of the group of children 
with microcephaly.

Children’s exposure to ZIKV during pregnancy was 
based on a combination of longitudinal data from 
molecular (quantitative reverse transcription poly-
merase chain reaction [qRT-PCR]) and serological 
(immunoglobulin [Ig]M, IgG3, and plaque reduction 
neutralization  [PRNT50]) testing for ZIKV in pregnant 
women and categorized as positive, suspected or nega-
tive. As previously described [12] the ZIKV-positive 
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group was divided into three subcategories of robust, 
moderate and limited diagnostic evidence. Cases with 
robust evidence had a positive qRT-PCR test, sero-
conversion, at least two positive serologic tests in 
pregnancy, or one positive serologic test (i.e., IgM 
or IgG3) in pregnancy paired with a non-negative 
 PRNT50 within six months post-pregnancy. Cases with 
moderate evidence had only one positive serologic test 
(i.e., IgM or IgG3) in pregnancy, an indication of sero-
conversion by  PRNT50 during pregnancy, or an equiv-
ocal PRNT50  test result in pregnancy paired with a 
positive  PRNT50  within three months post-pregnancy. 
Cases with limited evidence had a positive  PRNT50  in 
pregnancy or within 6  months post-pregnancy or 
an indication of  PRNT50  seroconversion during the 
2 to 3  months post-pregnancy. Suspected cases had 
 PRNT50 titers ≥ 20 and < 100 (in pregnancy or 1 month 
post-pregnancy) or a non-negative result (unspecified 
titer ≥ 20) during pregnancy or within 1  month post-
pregnancy [12].

The children were assessed through multidisciplinary 
care cohort collective efforts, which took place monthly 
at the Centro de Reabilitação da Fundação Altino 
Ventura (FAV) and, whenever necessary, reassessed at 
the Hospital Universitário Oswaldo Cruz.

The groups were divided into the following age 
groups: birth, from 1 to 12  months, from 13 to 
24  months, from 25 to 36  months and from 37 to 
48 months.

The anthropometric profile of the children was estab-
lished based on the Z-score for each variable, using the 
WHO growth curves [11] as a reference.

In the anthropometric assessment, weight, length and 
head circumference were measured as described below.

Children were weighed using an electronic baby-weigh-
ing scale with a maximum capacity of 15 kg and divisions 
of 5 g. When a child weighed more than 15 kg, a portable 
electronic scale was used, with a capacity of 180 kg.

Length was measured with the participation of two 
examiners (generally a mother and a professional), with 
an anthropometric ruler, with the child naked and bare-
foot, lying in dorsal decubitus on a flat surface. Due to 
the physical limitations of children with microcephaly, 
this technique was only used in children over 2 years of 
age, when the height would normally be measured while 
the child was standing.

The nutritional classification was performed using the 
WHO Anthro® [13] and the results were expressed in 
Z-scores, considering the length/height-for-age (H/A), 
weight- for-age (W/A), weight-for-height/length (W/H) 
and body mass index-for-age (BMI/A).

For the purpose of analysis, some categories of nutri-
tional variables were grouped as described below:

– Weight-for-Age Z-score: Very low weight + low 
weight; appropriate weight + length/height.

– Length/Height-for-age: Very short + short.
– Weight-for-length/height: Marked thinness + thin; 

risk of overweight + overweight + obese.
– BMI-for-age: Marked thinness + thin; risk of over-

weight + overweight + obese.

Variables obtained at birth that could influence the 
nutritional status of the children were: prematurity, birth 
weight, breastfeeding on discharge from the maternity 
hospital and duration of breastfeeding. This information 
was collected at the first interview to avoid information 
bias. The groups of children were compared regarding 
the frequency of these variables.

Information on factors that may interfere with growth 
was obtained after birth until 48  months of age: food 
allergy; food intolerance; use of alternative feeding route; 
type of alternative feeding route, classified as nasogas-
tric tube (NGT), nasoenteral tube (NET) or gastrostomy 
(GTT); and the presence and level of dysphagia. Dyspha-
gia was defined and classified based on the PAD-PED 
[14] from a Clinical Speech-Language Pathology Assess-
ment of Swallowing [14]. The two groups of children 
were compared regarding the factors described above in 
each cross-section.

Ethics
The study was approved by the Research Ethics Com-
mittee and was conducted in accordance with the Dec-
laration of Helsinki. Parents/guardians provided written 
informed consent for the children to participate.

Outcomes
Feeding characteristics of study participants were evalu-
ated based on data collected at birth/first evaluation and 
during the follow-up. Data were obtained using medical 
records, standardized data collection instruments admin-
istered to mothers by trained interviewers and evalu-
ation by the research team. Variables obtained at birth 
that could influence the nutritional status of the children 
were: prematurity, birth weight, breastfeeding on dis-
charge from the maternity hospital.

Additional information on factors that may influence 
growth was obtained after birth until 48  months of age 
and included data on: duration of breastfeeding, food 
allergies, food intolerances, use of and type of alternative 
feeding route (i.e., NGT, NET or GTT) and the presence 
and level of dysphagia. Dysphagia was defined and classi-
fied based on the PAD-PED [14] from a Clinical Speech-
Language Pathology Assessment of Swallowing [15]. The 
person accompanying the child was weighed with the 
child on their lap and then alone, so that the weight of the 
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child was obtained from the difference between the two 
weights. Length was measured with an anthropometric 
ruler and the participation of two examiners (generally a 
caregiver and a professional), with the child barefoot and 
lying in dorsal decubitus on a flat surface.

The nutritional classification was performed using the 
WHO Anthro® [13] and the results were expressed in 
z-scores, considering the length/height-for-age (H/A), 
weight- for-age (W/A), weight-for-height/length (W/H) 
and body mass index-for-age (BMI/A). For the pur-
pose of analysis, some categories of nutritional variables 
were grouped as: i) weight-for-Age (z-score): very low 
weight + low weight, appropriate weight + length/height; 
ii) length/height-for-age: very short + short; iii) weight-
for-length/height: marked thinness + thin, risk of over-
weight + overweight + obese; iv) BMI-for-age: marked 
thinness + thin, risk of overweight + overweight + obese.

Statistical analysis
The statistical analysis was performed using STATA SE 
14.2 (College Station, TX, USA). Categorical variables 
were summarized in absolute numbers and percent-
ages. To compare the groups of children, the chi-square 
test was used. The Fisher’s exact test was used when cells 
contained 5 or fewer observations. Continuous variables 
were summarized as means and standard deviation. To 
estimate the change in the HC (z-score), weight (z-score) 
and length/height (z-score over time) we used multilevel 
mixed effects linear regressions with child-specific ran-
dom effects.

Results
In the current study, data were analyzed in five cross-
sections occurring at birth (n = 248), from 1 to 12 months 
(n = 99, median 9  months), from 13 to 24  months 
(n = 162, median 20  months), from 25 to 36  months 
(n = 175, median 30 months) and from 37 to 48 months 
(n = 8, median 39 months).

Among both children with and without microcephaly, 
the majority of children were born at term; however, pre-
maturity was 2.4-times more frequent in the group with 
microcephaly (Table 1). The groups also differed in terms 
of birth weight, with the frequency of low birth weight 
being 3.4-times higher in children with microcephaly. No 
significant differences between children with and with-
out microcephaly were observed regarding the use and 
period of breastfeeding and the way the children were fed 
when discharged from the maternity hospital. In assess-
ments performed after 12 months, we observed that chil-
dren with microcephaly used an alternative feeding route 
more frequently (approximately 18%) than children with-
out microcephaly (approximately 1%) (Table  2); never-
theless, we note that one child without microcephaly was 

using NET at the time of the second assessment (i.e., dur-
ing infancy). By the end of follow-up, four children with 
microcephaly were using a definitive alternative feeding 
route (i.e., GTT). No specific pattern of change in the 
BMI z-score was observed after the introduction of the 
alternative feeding route in these children. The frequency 
of reporting food allergy and food intolerance was low in 
both groups throughout the follow-up period (Table 2).

Table 1 Characteristics at birth and feeding type at birth and 
after discharge of children exposed to the Zika virus, with and 
without microcephaly, Pernambuco/Brazil, 2016–2020

Variables Microcephaly Without 
Microcephaly

N % N %

Prematurity (n = 211)
 No 50 79.4% 135 91.2%

 Yes 13 20.6% 13 8.8%

P-value p‑value 0.001

Birth weight (n = 248)
 < 2500 g 22 31.4% 16 9.0%

 > 2500 g 48 68.6% 162 91.0%

P-value p‑value 0.000

Breastfeeding (n = 243)
 Yes 60 87.0% 161 92.5%

 No 9 13.0 13 7.5%

P-value p‑value 0.172

Duration of breastfeeding
 ≤6 months 40 58.0% 90 51.1%

 > 6 months 29 42.0% 86 48.9%

P-value p‑value 0.335

Feeding Route at discharge from maternity hospital
 Mother’s breast (n = 245)
  Yes 37 54.4% 109 62.6%

  No 31 45.6% 65 37.4%

p-value = 0.239
 Bottle (n = 242)
  Yes 4 5.9% 3 1.7%

  No 64 94.1% 171 98.3%

p-value = 0.083
 Nasogastric tube (n = 242)
  Yes 2 2.9% 3 1.7%

  No 66 97.1% 171 98.3%

p-value = 0.109
 Nasoenteral tube (n = 242)
  Yes 1 1.5% 0 ‑

  No 67 98.5% 174 100%

 Beaker
  Yes 6 8.8% 10 5.8%

  No 62 91.2% 164 94.3%
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Among infants aged 1 to 12  months, the frequency 
of dysphagia was 50.0% in children with microcephaly 
and 8.7% in children without microcephaly. In the last 
cross-section, performed when the children were 37 to 
48  weeks of age, the frequency of dysphagia was 66.7% 
in the group with microcephaly, while in the group with-
out microcephaly there were no children with dysphagia 
(Table 2). The frequency of severe dysphagia in children 
with microcephaly increased from zero at birth to 15.6% 

in the second cross-section. In the final two cross-sec-
tions, the frequency of dysphagia was 20.0% and 12.1%, 
respectively (Table 2).

At birth, the frequency of underweight (i.e., very low 
weight and low weight) children was more than four 
times higher in the group with microcephaly, when com-
pared to the group of children without microcephaly. 
This difference between the groups remained apparent 
throughout the follow-up period (Table  3). Regarding 

Table 2 Factors associated with the outcome that may influence the growth of children exposed to Zika virus, with and without 
microcephaly, Pernambuco/Brazil, 2016–2020

∗ The children in this sample were aged between 5 months (1 child), 7 months (2 children), 11 months (1 child). NGT- nasogastric tube/ NET- nasoenteral tube/ GTT- 
gastrostomy

1 to 12 months 13 to 24 months 25 to 36 months 37 to 48 months

Microcephaly Microcephaly Microcephaly Microcephaly

Yes No Yes No Yes No Yes No

Food allergy N = 29 N = 115 N = 263 N = 93

N = 8 (27.6%) N = 21 (72.4%) N = 4 (3.5%) N = 111 (96.5%) N = 44 (17.11%) N = 219 (82.89%) N = 32 (34.4%) N = 61 (65.6%)

 No 7 (87.50%) 21 (100%) 3 (70.0%) 106 (95.5%) 43 (97.7%) 130 (93.5%) 29 (90.6%) 59 (96.7%)

 Yes 1 (12.5%) ‑‑‑‑‑ 1 (3.0%) 5 (4.5%) 1 (2.3%) 89 (6.5%) 3 (9.4%) 2 (3.3%)

P-value 0.276 (Fisher) 1.000 (Fisher) 0.455 (Fisher) 0.335 (Fisher)

Food intoler-
ance

N = 29 N = 143 N = 181 N = 94

N = 8 (27.6%) N = 21 (72.4%) N = 33 (23%) N = 110 (77%) N = 44 (24.3%) N = 137 (75.7%) N = 33 (35.15%) N = 61 (64.9%)

 No 7 (87.5%) 20 (95.2%) 30 (90.9%) 105 (95.5%) 42 (95.5%) 129 (94.2%) 29 (87.9%) 59 (96.7%)

 Yes 1 (12.5%) 1 (4.8%) 3 (9.1%) 5 (4.6%) 2 (4.6%) 8 (5.8%) 4 (12.1%) 2 (3.3%)

P-value 0.483 (Fisher) 0.386 (Fisher) 1.000 (Fisher) 0.179 (Fisher)

Alternative 
feeding route

N = 31 N = 145 N = 179 N = 94

N = 8 (25.8%) N = 23 (74.2%) N = 32 (22.1%) N = 113 (77.9%) N = 43 (24%) N = 136 (76%) N = 34 (36.2%) N = 60 (63.8%)

 No 8 (100%) 23 (100%) 27 (81.8%) 112 (99.1%) 36 (83.7%) 134 (98.5%) 28 (82.4%) 60 (100%)

 Yes ‑‑‑‑‑‑ ‑‑‑‑‑‑ 5 (18.2%) 1 (0.9%) 7 (16.3%) 2 (1.5%) 6 (17.7%) ‑‑‑‑‑

P- value ‑‑‑‑‑‑ 0.001 (Fisher) 0.001 (Fisher) 0.002 (Fisher)

Type of alterna-
tive feeding 
route*

N = 31 N = 6 N = 8 N = 6

N = 5 (83.3%) N = 1 (16.7%) N = 6 (75%) N = 2 (25%) N = 6 (100%)

 NGT ‑‑‑‑ ‑‑‑‑ ‑‑‑ ‑‑‑‑ ‑‑‑‑ 2 (100%) 1 (16.7%) ‑‑‑‑

 NET ‑‑‑‑‑ ‑‑‑‑‑ 5 (100%) 1 (100%) 3 (50%) ‑‑‑‑ 1 (16.7%) ‑‑‑‑‑

 GTT ‑‑‑‑‑ ‑‑‑‑‑ ‑‑‑‑ ‑‑‑‑ 3 (50%) ‑‑‑‑ 4 (66.7%) ‑‑‑‑‑

P-value ‑‑‑‑‑ ‑‑‑‑‑ 0.036 (Fisher) ‑‑‑‑‑‑‑‑

Dysphagia N = 31 N = 143 N = 182 N = 94

N = 8 (25.8%) N = 23 (74.2%) N = 30 (21%) N = 113 (79%) N = 45 (24.7%) N = 137 (75.3%) N = 33 (35.1%) N = 61 (64.9%)

 No 4 (50%) 21 (91.3%) 13 (40.6%) 109 (96.5%) 17 (37.8%) 136 (99.3%) 11 (33.3) 61 (100%)

 Yes 4 (50%)* 2 (8.7%) 17 (59.4%) 4 (3.5%) 28 (62.2%) 1 (0.7%) 22 (66.7%) ‑‑‑‑‑

P-value 0.026 (Fisher) < 0.001 (Fisher) < 0.001 (Fisher) < 0.001 (Fisher)

Level of dys-
phagia

N = 31 N = 145 N = 182 N = 94

N = 8 (25.8%) N = 23 (74.2%) N = 30 (21%) N = 113 (79%) N = 45 (24.7%) N = 137 (75.3%) N = 33 (35.1%) N = 61 (64.9%)

 Absent 4 (50%) 21 (91.3%) 13 (40.6%) 109 (96.5%) 17 (37.8%) 136 (99.3%) 11 (33.3%) 61 (100%)

 Light 3 (37.5%) 2 (8.7%) 2 (6.3%) 3 (2.7%) 6 (13.3%) ‑‑‑‑ 11 (33.3%) ‑‑‑‑

 Moderate 1 (12.5%) ‑‑‑ 10 (37.5%) 1 (0.9%) 13 (28.9%) 1 (0.7%) 7 (21.2%) ‑‑‑‑

 Severe ‑‑‑‑ ‑‑‑ 5 (15.6%) ‑‑‑‑ 9 (20.0%) ‑‑‑‑ 4 (12.1%) ‑‑‑‑‑

P-value 0.026 (Fisher) < 0.001 (Fisher) < 0.001 (Fisher) < 0.001 (Fisher)
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length/height-for-age, most children in both groups pre-
sented appropriate parameters, although we observed a 
higher percentage of children who were categorized as 
very short and short in the group with microcephaly in 
all assessments (Table 3).

In the longitudinal analyses of weight, children with 
microcephaly presented with a monthly decrease in the 
weight-for-age z-score of -0.006 (95%CI -0.010 to 0.002; 
p = 0.050). In contrast, children without microcephaly 
presented with a monthly increase in the weight-for-age 
z-score of 0.012 (95%CI 0.005 to 0.018; p = 0.000). The 
difference between the two groups was significant: -1.50 
(95%CI -1.84 to -1.15; p = 0.000) (Fig. 1A). When weight 
was considered in relation to length/height, no signifi-
cant changes in the mean monthly weight-length/height 
z-score in children with (p = 0.087) or without micro-
cephaly (p = 0.075). A drop in the z-score was observed 
up to approximately 30  months of age, followed by 
growth from this age onwards. The difference between 

the groups was -0.49 (95%CI -0.85 to -0.13; p = 0.007) 
lowest for the group with microcephaly (Fig. 1B).

In longitudinal analyses of length/height, children 
with microcephaly presented with a monthly decrease 
in the length/height-age z-score of -0.01 (95%CI -0.02 to 
-8.28e-06; p = 0.050) (Fig. 1C). In contrast, children with-
out microcephaly presented with a monthly increase in 
the length/height-age z-score of 0.006 (95%CI -0.002 to 
0.016; p = 0.143).

In longitudinal analyses of BMI, children with micro-
cephaly presented with no significant change in BMI-age 
z-scores (0.01, 95%CI -0.005 to 0.02; p = 0.189) (Fig. 1D). 
In contrast, children without microcephaly presented 
with a monthly increase in the BMI-age z-score of 
0.01(95%CI 0.005 to 0.017; p < 0.001). Notably, on aver-
age over the duration of follow-up, BMI-age z-scores 
were significantly lower among children with microceph-
aly compared to children without microcephaly (-0.68, 
95%CI -1.02 to -0.33; p < 0.001).

Fig. 1 Evolution of the anthropometric indices, through linear trend analysis, of children born to women exposed to the *Zika virus, 
with and without microcephaly, Pernambuco/Brazil, 2016–2020. A Assessment of the linear trend, in the comparison between groups, 
of the weight‑age z‑score from birth to age 37–45 months, of children born to women exposed to the Zika virus, with and without microcephaly, 
Pernambuco‑ Brazil, 2016‑ 2020. B Linear trend, in the comparison between groups, of the weight‑height z‑score from birth to age 37–45 months, 
of children born to women exposed to Zika virus, with and without microcephaly, Pernambuco/Brazil, 2016–2020. C Linear trend, in the comparison 
between groups, of the height‑age z‑score from birth to age 37–45 months, of children born to women exposed to Zika virus, with and without 
microcephaly, Pernambuco/Brazil, 2016–2020. D Linear trend, when comparing groups, from BMI‑age z‑score at birth to age 37–45 months, 
of children born to women exposed to Zika virus, with and without microcephaly, Pernambuco/Brazil, 2016–2020
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Discussion
In this study, children with ZIKV-related microcephaly 
differed from children without microcephaly in terms 
of weight and prematurity and presented deficits in the 
growth process during the study period. The frequency of 
birth weight of less than 2500 g, of weight-for-age z-score 
indicating low weight, of length/height-for-age z-score 
indicating very short stature, and of weight-for-length/
height z-score indicating thinness was higher in children 
with Zika-related microcephaly. The growth curves were 
different between the groups with and without micro-
cephaly, with significant deficits in the first group. The 
frequency of prematurity also differed between groups, 
and was higher among children with microcephaly.

The frequency of prematurity in children with micro-
cephaly was 20.63%, while in children without micro-
cephaly it was 8.78% (p = 0.001). A higher frequency of 
prematurity in children with microcephaly (27%) was 
also observed in another study conducted by our group 
[16]. In children without microcephaly, the frequency of 
prematurity was similar to the general population of Bra-
zil (7.2%) [17].

The occurrence of low birth weight in children without 
microcephaly (8.99%) was similar to that described by the 
Brazilian Ministry of Health (8%) [17]. In children with 
microcephaly, this frequency was 31.43%, which could be 
related to intrauterine growth retardation, as suggested 
by Brasil et al [18].

The frequency of breastfeeding was high both in chil-
dren with microcephaly (86.96%) and in children without 
microcephaly (92.5%), as was the duration of breastfeed-
ing, which continued until the sixth month and beyond. 
The breastfeeding rate in Brazil, in August 2020, was 54% 
[19]. Although some studies have indicated the presence 
of the Zika virus in breast milk, the Brazilian Ministry 
of Health has recommended that breastfeeding should 
continue for mothers with ZIKV infection, taking into 
account that the studies have not indicated transmis-
sibility via this route [20]. The protocols and guidelines 
for the care of these children may justify the high rate of 
breastfeeding in this population. In addition, the chil-
dren received long-term medical follow-up, during which 
breastfeeding was encouraged. This justifies the fact that 
the breastfeeding rate of mothers who gave birth to chil-
dren with microcephaly and of those who had Zika dur-
ing pregnancy and had children without microcephaly 
was higher than the national rate [20].

With regard to the feeding route of children after 
being discharged from the maternity hospital, we 
observed that most children from both groups left the 
maternity hospital receiving exclusive breastfeeding. 
It is important to mention that the Global Strategy for 
Infant and Young Child Feeding, created in 2002 by the 

United Nations Children’s Fund (Unicef ) and the World 
Health Organization (WHO), in addition to the crea-
tion of the strategy for the Hospital Amigo da Criança 
(Friends of Children Hospitals), by the Brazilian Min-
istry of Health, may have generated positive results for 
initiating and continuing with breastfeeding in general 
[21].

In terms of requiring an alternative feeding route on 
discharge from the maternity hospital, we observed 
that the frequency in both groups was less than 5%, i.e., 
despite the brain damage of children with microcephaly, 
their swallowing function was normal during the neona-
tal period.

In our study, the frequency of food allergy and intoler-
ance was low in the assessments of both groups through-
out the period. This result is consistent with studies 
that suggest an association between a high frequency of 
breastfeeding and a reduction in allergies and intolerance 
[22].

In later assessments, especially after 12 months of age, 
children with microcephaly in the study required the use 
of an alternative feeding route more often than children 
without microcephaly. We also observed that 16 to 18% 
of these children with microcephaly progressed from a 
temporary alternative route to a definitive alternative 
route (GTT). The use of an alternative feeding route may 
be directly linked to the need for adequate nutritional 
support and/or difficulties in food intake. The NET is 
indicated for short periods of up to six weeks and after 
this period, if there is no improvement, a route which is 
considered definitive should be chosen, which is gastros-
tomy [22].

The use of an alternative feeding route is directly 
related to the presence of dysphagia. Dysphagia occurs 
at a frequency that varies between 48 and 88.9% in chil-
dren with microcephaly, resulting from neurological 
alterations that cause swallowing difficulties [15, 23, 24]. 
Swallowing in the first weeks of life, even in children with 
severe brain damage, occurs reflexively, which is why the 
onset of dysphagia occurs later, when the swallowing 
process would be governed by the cerebral cortex [25].

In our study, we observed that in the second assess-
ment, when children were aged between 1 and 
12  months, 50% of those with microcephaly presented 
dysphagia, as opposed to 8.7% of those without micro-
cephaly. In the following periods, the frequency of dys-
phagia increased in children with microcephaly (59.4%, 
62.2% and 66.7%) while in the group without micro-
cephaly there was a reduction. We found no studies that 
describe the findings of dysphagia over time, although 
other studies have suggested that the presence of dyspha-
gia in children with microcephaly has a frequency greater 
than 50% [23–25].
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The results on the growth trajectory of the children 
assessed in this study demonstrated that children with 
microcephaly, when compared to children without 
microcephaly, in the assessment through the z-score in 
successive cross-sections, presented a higher frequency 
of very low weight and low weight in weight-for-age, 
of being very short and short in length/height-for-age 
(p < 0.000), with the exception of the period from 13 to 
24 months. In the assessment of weight-for-length/height 
and BMI-for-age, there was no difference between the 
groups. In turn, Soares et  al. monitoring children born 
to women both exposed and not exposed to ZIKV infec-
tion during pregnancy until 3  months of age, described 
that weight and length, arm circumference, arm muscle 
circumference and fat-free mass were different between 
children in the two groups in the third month of life and 
suggested changes in the nutritional status of children 
born to women exposed to the Zika virus [26]. Another 
study, in children with microcephaly aged between 12 
and 23  months, observed changes in the z-score from 
length to age [27]. Despite some differences in the vari-
ables and groups compared in these studies, the results 
seem to converge to a nutritional deficit in children 
exposed to congenital ZIKV infection.

We observed differences in the monthly growth for 
weight-for-age, weight-for-length/height and length/
height-for-age, observing that the group of children with 
microcephaly demonstrated a decrease in the z-score 
during the follow-up period. For the parameters weight-
for-age and length-for-age, the z-score remained con-
stant until 20–40  months, starting to decrease in the 
group of children with microcephaly from then on. For 
the weight-for-height parameter, the drop in the z-score 
started to occur after 30 months of age. The inadequacy 
of the abovementioned parameters may be related to 
insufficient caloric intake. Appropriate nutrition involves 
exclusive breastfeeding until the sixth month, with the 
introduction of solid food from that point onwards and 
a family menu for children from 24  months onwards 
[27]. Taking into account the presence of dysphagia in 
children with microcephaly, it may be stated that the dif-
ficulty in eating some foods may justify the nutritional 
deficit of these children when compared to those without 
microcephaly, especially after the breastfeeding period. 
Another possible explanation for some cases is endo-
crinological disorders associated with brain damage that 
affects the hypothalamic-pituitary axis, which may also 
cause then to be short [28].

The growth curves recommended by the WHO [11] 
are widely used tools for monitoring child growth, since 
they enable an accurate assessment of growth trajectories 
and nutritional monitoring. They serve as a basis for for-
mulating health policies for specific groups of children. 

Finding an index that most closely approximates children 
with specific characteristics to a pattern of normality is 
crucial for clinical practice. In this study, we observed 
that there was no difference in the BMI-age index 
between the groups of children with and without micro-
cephaly, and therefore this index may become a tool to 
assess children with microcephaly. However, we would 
admit that one limitation of the research is the fact that 
we did not assess the body composition, and therefore, 
this indicator may be valorizing a greater fat mass.

In a study carried out in the Northeast region of Bra-
zil with children presenting congenital infection with 
and without microcephaly, Cavalcante et  al. observed 
that the mean weight-for-age, weight-for-length/height 
and length/length-for-age z-scores of children with 
microcephaly tended to decrease slightly after birth up 
to 36  months. Moreover, they reported that the mean 
length-for-age z-cores differed significantly between the 
two groups at six, 12, and 24 months of age, and consist-
ent decreases in z scores were observed in children with 
and without microcephaly. In the present study, it was 
also observed that children with microcephaly presented 
with malnutrition until 12  months of age, after which 
they remained stable [28]. In our study [29], we observed 
weight stability up to approximately 30  months, after 
which there was a drop. This result indicates that there 
are losses in the nutritional status of children with micro-
cephaly in both studies.

In another study, only involving children with micro-
cephaly, the weight-for-age z-score was -1.12 at birth and 
decreased by -0.08 per month, while the length-for-age 
z-score was -1.57 at birth, and decreased by –0.16 per 
month [29]. This finding brings a similar result to our 
study that detected a loss in the parameters of the z-score 
of weight and height of children with microcephaly of 
-0.001, although it was not statistically significant.

Although there are specific charts for children with 
neurological impairment, taking into account that the 
ZIKV infection and the children affected by it are still 
being characterized, we prefer to adopt the assessment 
suggested by the WHO and the Brazilian Ministry of 
Health to monitor the growth pattern of children from 0 
to 5 years. Furthermore, WHO accepts the use of a com-
mon international framework, particularly in countries 
that do not have their own chronologically and methodo-
logically updated framework, with the aim of reducing 
costs and enabling comparisons between different popu-
lation groups [30, 31].

This investigation has presented strengths and limita-
tions. The study compared two groups with intrauterine 
exposure to ZIKV, but with different clinical conditions, 
expanding the view of the growth trajectory of these chil-
dren. The broad inclusion criteria allowed us to assess 
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growth with the criteria adopted by WHO and the Bra-
zilian Ministry of Health, across the entire spectrum of 
congenital Zika syndrome. One of the main limitations of 
this study is the lack of other measures that could pro-
vide data on body composition, as well as the lack of an 
assessment on food/calories intake by the study popula-
tion, which could be compared to the nutritional needs 
of children in both groups. Thus, we suggest studies that 
may assess children regarding these aspects, in both 
groups. The description of the z-score behavior over time 
in addition to the β calculation enabled a greater under-
standing of how these parameters developed over time. 
Another limitation is that our investigation does not have 
a control group representative of the general population. 
It occurred because it started just after the microcephaly 
epidemic was identified, and children with microcephaly 
or born to ZIKV exposed mothers were prioritized to 
be followed. However, comparing children with micro-
cephaly with children born to ZIKV exposed mothers 
without microcephaly, we were able to show important 
differences in the group with Zika-related microcephaly. 
Another concern is the loss of follow-up during the study 
period, due the long time of the study. To deal with this 
problem we used two different approaches: repeated 
cross-sectional analyses and multilevel mixed effects lin-
ear regressions with child-specific random effects.

We have concluded that children with Zika-related 
microcephaly remained with nutritional parameters, i.e., 
weight-for-age, weight-for-length/height and length/
height-for-age below those presented by children without 
microcephaly. Following both groups over time will allow 
us to understand the evolution of dietary characteristics 
and growth parameters and provide support for defining 
therapeutic and care strategies.
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