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Abstract: The high incidence of Zika virus (ZIKV) infection in the period of 2015-2016 in Brazil
may have affected linear height growth velocity (GV) in children exposed in utero to ZIKV. This
study describes the growth velocity and nutritional status based on the World Organization (WHO)
standards of children exposed to ZIKV during pregnancy and followed up in a tertiary unit, a
reference for tropical and infectious diseases in the Amazon. Seventy-one children born between
March 2016 and June 2018 were monitored for anthropometric indices: z-score for body mass
index (BMI/A); weight (W/A); height (H/A) and head circumference (HC/A); and growth velocity.
The mean age at the last assessment was 21.1 months (SD =+ 8.93). Four children had congenital
microcephaly and severe neurological impairment. The other 67 were non-microcephalic children
(60 normocephalic and 7 macrocephalic); of these; 24.2% (16 children) had neurological alterations,
and 28.8% (19 children) had altered neuropsychomotor development. Seventeen (24.2%) children
had inadequate GV (low growth velocity). The frequencies of low growth among microcephalic
and non-microcephalic patients are 25% (1 of 4 children) and 23.9% (16 of 67 children); respectively.
Most children had normal BMI/A values during follow-up. Microcephalic patients showed low
H/A and HC/A throughout the follow-up, with a significant reduction in the HC/A z-score. Non-
microcephalic individuals are within the regular ranges for H/A; HC/A; and W/A, except for
the H/A score for boys. This study showed low growth velocity in children with and without
microcephaly, highlighting the need for continuous evaluation of all children born to mothers
exposed to ZIKV during pregnancy.

Keywords: Zika virus; arbovirus; congenital Zika virus syndrome; child growth; growth velocity;
anthropometry; infant nutrition; non-microcephalic children

1. Introduction

The Zika virus (ZIKV) is a flavivirus, identified in 1947, transmitted mainly by the bite
of the Aedes mosquito [1]. In February 2016, due to outbreaks in the Pacific and mainly
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in the Americas, ZIKV became an international public health emergency [2]. In the recent
epidemic of 2015-2016, sexual, perinatal, and blood [3-6] transmission was evidenced, in
addition to neurological complications, serious complications compatible with congenital
Zika virus syndrome (CZVS), changes in growth and development of children whose
mothers were exposed during pregnancy, low birth weight, and even fetal loss [7-15].

Diffuse placental injury, trophoblast hyperplasia, fetal necrosis, and loss of embryonic
blood vessels associated with ZIKV infection can promote serious adverse outcomes in
pregnancy, fetus, and neonate [7,16-20]. High frequencies of neonatal adverse outcomes
(low birth weight, microcephaly, stillbirth, and premature birth) were especially associated
with ZIKV infection during early pregnancy in a cohort of pregnant women exposed to
ZIKV in the Brazilian Amazon (Manaus, Amazonas) during the peak period of ZIKV
transmission (47th epidemiological week of 2015 to last epidemiological week of 2016) [21].
Similar outcomes associated with the presence of maternal symptoms of ZIKV infection in
the first trimester of pregnancy were also evidenced by Souza et al. [22], which highlights
the high frequency of intrauterine growth restriction and babies being born small.

In CZVS, the prevalence of low birth weight is four times higher than in newborns
without CZVS [10]. In addition to low birth weight, postnatal growth deficits in children
with congenital microcephaly and those who are normocephalic but with some neurological
abnormality were evidenced [9]. Compromised growth and development in CZVS may be
associated with hyperirritability, hyperexcitability, and sucking and swallowing difficulties,
which are relevant nutritional findings [23]. However, it is important to highlight that
children without microcephaly, but exposed to ZIKV during pregnancy, are smaller, have
lower weight, and have a lower percentage of fat compared to non-exposed children [24].
Regardless of microcephaly status, reports on the growth of children exposed to ZIKV
during pregnancy are still scarce.

This study describes the linear height growth velocity (GV) and nutritional status
based on World Health Organization (WHO) standards of children exposed to ZIKV
during pregnancy and cared for in a tertiary unit, which is a reference for tropical and
infectious diseases in the Amazon. GV allows a better understanding of growth dynamics
when compared to the isolated analysis of other anthropometric parameters, which are
cumulatively affected by pre- and postnatal factors; moreover, adversities in maternal or
fetal life may interfere with postnatal growth by producing a deceleration of GV [25-29].

2. Materials and Methods

Between March 2015 and August 2017, 77 women with laboratory-confirmed ZIKV
infections during pregnancy and participants in the cohort of Redivo et al. [21] and Abtibol-
Bernardino et al. [30] were invited to participate in the present study. Maternal ZIKV
infection was confirmed in a blood or urine sample through real-time reverse transcriptase
polymerase chain reaction (RT-PCR) detection. RT-PCR was performed following the
protocol of Lanciotti et al. [31] at the Central Public Health Laboratory in Amazonas
(LACEN-AM). Tests for Dengue virus and parvovirus B19 infections were performed
by the Virology Laboratory at the Tropical Medicine Foundation Doutor Heitor Vieira
Dourado (FMT-HVD), using Dengue Virus IgM Capture and Parvovirus B19 IgM kits
(DxSelectTM Focus Diagnostics, Cypress, CA, USA). The detection of etiological agents
of TORCH syndrome was mainly performed at the Clinical Analysis Laboratory of the
FMT-HVD; however, new tests were not performed when the patient had recent test results
from another (public or private network) laboratory. Malaria was investigated through
a thick blood smear test in the FMT-HVD, but only in pregnant women with a positive
clinical-epidemiological history.

Children born between March 2016 and June 2018 to mothers from the Redivo and
Abtibol-Bernardino cohorts [21,30] were followed up at the outpatient clinic of the FMT-
HVD, a tertiary reference center for tropical and infectious diseases in the state of Amazonas,
for 42 months. At least two pediatric evaluations were performed during that follow-
up period.
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Children were monitored and evaluated for growth by a multidisciplinary team
composed of a pediatrician, a pediatric nutritionist, a pediatric neurologist, an infectious
disease specialist, a psychologist, a speech therapist, a physiotherapist, and an occupational
therapist at the FMT-HVD outpatient clinic. Information on maternal history, prenatal
history, and birth was obtained through interviews with the mothers, in the pregnant
woman’s and child’s health booklet, and in the mothers’ electronic medical records. The
pediatric clinical examination was performed by a pediatrician in accordance with the
pediatric examination recommended by Nelson [32].

Anthropometric measurements of weight, height, head circumference, and GV were
conducted according to international methods recommended by the WHO and the norms of
the Brazilian Ministry of Health’s Manual for Monitoring Growth and Development, using
a pediatric electronic scale and anthropometer [33-37]. Anthropometry was analyzed (i) at
birth and (ii) during follow-up based, respectively, on charts internationally standardized
by INTERGROWTH-21 [38,39] and the WHO (WHO Anthro software), the latter being an
instrument used to monitor growth in the population of children aged 0 to 60 months [40].
For cases of prematurity, the chronological age was corrected during the first two years of
life in accordance with Babson [41]; neuropsychomotor developmental disorders (NPMD)
were defined according to Abtibol-Bernardino [30].

Growth velocity was defined by the difference between “B” and “A” heights divided
by the time interval between the two assessments (minimum of 3 months and maximum
of 12 months between them), being classified as (i) low growth (GV < 25th percentile) or
(i) adequate growth (GV > 25th percentile). The GV was calculated in centimeters per year
according to the Tanner methodology [42]. Maternal, birth, and neonatal variables were
used to verify possible associations with GV.

Nutritional status was assessed using anthropometric indices: z-scores for body
mass index for age (BMI/A), weight (W/A), and height (H/A). BMI/A is classified as
(i) eutrophic (BMI/A < +1 and >—2 standard deviation—SD), (ii) underweight (<—2 and
>—3 SD), (iii) risk of overweight (<+2 and >+1 SD), (iv) overweight (<+3 and >+2 SD),
or (v) obesity (>+3 SD), and these last three categories were unified and classified as
inadequate BMI/A. Weight could be classified as adequate weight for age (W/A > —2 and
<+2 SD), low weight for age (W/A < —2 SD), or high weight for age (W/A > +2 SD). The
z-score of head circumference for age at birth was used to classify children as microcephalic
(HC/A < —2 SD), macrocephalic (>+2 SD), or normocephalic (between >+2 and <—2 SD).
Linear height growth was assessed by height-for-age z-score (H/A) and classified as
follows: (i) adequate height for age (H/A > —2 and <+2 SD); (ii) low for age (>—3 and
<—2 SD) and (iii) very low for age (< —3 SD), unified and classified into inadequate H/A;
and (iv) high for age (>+2 SD) [34,36,40].

This study is part of the project “Epidemiological, clinical, nutritional, virological,
histopathological and immunological characteristics of ZIKV infection in pregnant women
with acute exanthematous disease and its relationship with microcephaly or possible
adverse outcomes in Manaus, Amazonas” approved by the Committee of Ethics in FMT-
HVD (CAAE: 60168216.2.0000.0005, with approval number: 10806.030). Parents or legal
guardians signed an informed consent form agreeing to the child’s participation.

Descriptive statistics were used representing categorical variables in frequency and
percentage, and continuous variables were presented as means and standard deviations.
We evaluated possible associations between categorical variables using the chi-square test,
Student t-test, and Wilcoxon rank sum test for continuous variables. Statistical significance
was considered when p < 0.05. Statistical analyses were performed using the R software,
version 4.1.0 [43].

3. Results

Of the 77 children in the Abtibol-Bernardino [30] cohort, 71 were followed up regarding
their anthropometric measurements and growth velocity. Of that group, 6 children were
excluded because they attended a single assessment or went more than 12 months between



Viruses 2023, 15, 662

40f12

assessments. The more detailed clinical characteristics of the individual children and their
mothers are shown in Supplementary Table S1.

The mean number of evaluations over the follow-up was 3.8 (SD = 1.96). The mean
age at the first assessment was 7.1 months (SD =+ 6.10), and at the last one it was 21.1 months
(SD = 8.93), with the maximum age at the last assessment being 41.2 months. Seventeen
(24.2%) children had inadequate GV (low growth velocity). Table 1 presents the sociodemo-
graphic and prenatal clinical characteristics of the 71 pregnant women, according to the
children’s growth velocity. The average age of mothers was 28 years old, and most of them
had 9-11 schooling years (37 mothers, 52%). Most ZIKV infections occurred in the second
trimester (29 women, 41%) of pregnancy. In children with inadequate GV, the infection
frequency was greatest in the first trimester of pregnancy (7 children, 41%).

Table 1. Sociodemographic and clinical characteristics of pregnant women with positive RT-PCR for
Zika virus, distributed according to the children’s growth velocity, Amazonas, Brazil.

Low Growth Velocity Adequate Growth Velocity Overall

Characteristics n=171 n=541 n=711 p-Value 2

Age, in years, mean (SD) 30.0 (5.6) 27.5 (6.4) 28.0 (6.2) 0.25
Years of schooling 0.62

1-4 years 1/17 (5.9%) 4/54 (7.4%) 5/71 (7.0%)

5-8 years 3/17 (18%) 5/54 (9.3%) 8/71 (11%)

9-11 years 7/17 (41%) 30/54 (56%) 37/71 (52%)

>12 years 6/17 (35%) 15/54 (28%) 21/71 (30%)
Prenatal consultation >0.99

>6 consultations 15/17 (88%) 48/54 (89%) 63/71 (89%)

<6 consultations 2/17 (12%) 6/54 (11%) 8/71 (11%)
Trimester of ZIKV infection 0.12

1st trimester 7/17 (41%) 10/54 (19%) 17/71 (24%)

2nd trimester 4/17 (24%) 25/54 (46%) 29/71 (41%)

3rd trimester 6/17 (35%) 19/54 (35%) 25/71 (35%)
Tobacco intake 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Alcohol intake 0/17 (0%) 2/54 (3.7%) 2/71 (2.8%) >0.99
Illicit drugs intake 0/17 (0%) 0/54 (0%) 0/71 (0%) >0.99
Hypertensive disease 4/17 (24%) 7/54 (13%) 11/71 (15%) 0.44
Gestational diabetes 0/17 (0%) 3/54 (5.6%) 3/71 (4.2%) >0.99
Intrauterine growth restriction 1/17 (5.9%) 0/54 (0%) 1/71 (1.4%) 0.24
Coinfection occurrence * 2/17 (12%) 14/54 (26%) 16/71 (23%) 0.32
Herpes simplex type 1 and 2 2/17 (12%) 3/54 (5.6%) 5/71 (7.0%) 0.59
Parvovirus B19 1/17 (5.9%) 1/54 (1.9%) 2/71 (2.8%) 0.42
HIV 0/17 (0%) 2/54 (3.7%) 2/71 (2.8%) >0.99
Epstein-Barr 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Hepatitis B 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Dengue 0/17 (0%) 4/54 (7.4%) 4/71 (5.6%) 0.57
Toxoplasmosis 0/17 (0%) 2/54 (3.7%) 2/71 (2.8%) >0.99
Malaria 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Urinary tract infection 3/17 (18%) 11/54 (20%) 14/71 (20%) >0.99

1 n/N (%); Mean (SD); 2 Pearson’s chi-squared test; Fisher’s exact test; Wilcoxon rank sum test; * Some pregnant
women had been coinfected with more than one infectious agent.

Of the children with low growth velocity, 71% were female, 5.9% were small for their
gestational age, 5.9% had neonatal epileptic seizures, and 47% had altered neurological de-
velopment upon examination. Except for gender (p: 0.044), the other variables did not show
statistically significant differences. Four children had congenital microcephaly and severe
neurological impairment. The other 67 were non-microcephalic children (60 normocephalic
and 7 macrocephalic); of these, 24.2% (16 children) had neurological alterations, and 28.8%
(19 children) had altered neuropsychomotor development. The frequencies of low growth
among microcephalic and non-microcephalic patients were 25% (1 of 4 children) and 23.9%
(16 of 67 children), respectively (Table 2).
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Table 2. Birth, neonatal, and postnatal clinical characteristics of children exposed in utero to the Zika
virus, distributed according to the children’s growth velocity, Amazonas, Brazil.

Low Growth Adequate Growth

Characteristics Velocity Velocity O‘_/eralll p-Value 2
n=171 n=541 n=71
Gender 0.044
Male 5/17 (29%) 31/54 (57%) 36/71 (51%)
Female 12/17 (71%) 23/54 (43%) 35/71 (49%)
Childbirth Type 0.85
Vaginal 8/17 (47%) 24 /54 (44%) 32/71 (45%)
Cesarean 9/17 (53%) 30/54 (56%) 39/71 (55%)
Apgar at 5th min <7 0/16 (0%) 1/53 (1.9%) 1/69 (1.4%) >0.99
Gestational age, median (SD) 39.00 (0.79) 39.00 (2.27) 39.00 (2.02) 0.88
Prematurity 0/17 (0%) 5/54 (9.3%) 5/71 (7.0%) 0.33
Low birth weight (<2500 g) 1/17 (5.9%) 4/54 (7.4%) 5/71 (7.0%) >0.99
Weight for gestational age at birth 0.51
Appropriate for gestational age 16/17 (94%) 50/54 (93%) 66/71 (93%)
Small for gestational age 1/17 (5.9%) 1/54 (1.9%) 2/71 (2.8%)
Large for gestational age 0/17 (0%) 3/54 (5.6%) 3/71 (4.2%)
Length at birth 0.67
Appropriate length at birth 16/17 (94%) 45/51 (88%) 61/68 (90%)
Low length at birth 1/17 (5.9%) 6/51 (12%) 7/68 (10%)
Head circumference at birth >0.99
Normocephaly 15/17 (88%) 44 /53 (83%) 60/70 (84%)
Microcephaly 1/17 (5.9%) 3/53 (5.7%) 4/70 (5.7%)
Macrocephaly 1/17 (5.9%) 6/53 (11%) 7/70 (10%)
Time Breastfeeding 0.9
6 months 10/17 (59%) 28/54 (52%) 38/71 (54%)
<6 months 7/17 (41%) 23/54 (43%) 30/71 (42%)
Not breastfed 0/17 (0%) 3/54 (5.6%) 3/71 (4.2%)
Neonatal Complication 3/17 (18%) 19/54 (35%) 22/71 (31%) 0.17
Neonatal Hyperbilirubinemia 1/17 (5.9%) 16/54 (30%) 17/71 (24%) 0.054
Intracranial hemorrhage >0.99
Grades 1 and 2 0/17 (0%) 3/54 (5.6%) 3/71 (4.2%)
Grades 3 and 4 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Neonatal Sepsis 1/17 (5.9%) 4/54 (7.4%) 5/71 (7.0%) >0.99
Hyaline Membrane Disease 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Bronchopulmonary Dysplasia 0/17 (0%) 1/54 (1.9%) 1/71 (1.4%) >0.99
Neonatal Epileptic Seizures 1/17 (5.9%) 2/54 (3.7%) 3/71 (4.2%) 0.57
Dysphagia 1/17 (5.9%) 6/54 (11%) 7/71(9.9%) >0.99
Neurological Examination altered 8/17 (47%) 15/54 (28%) 23/71 (32%) 0.14
NPMD * altered 6/17 (35%) 19/54 (35%) 25/71 (35%) >0.99

1 n/N (%); mean (SD); 2 Pearson’s chi-squared test; Fisher’s exact test; Wilcoxon rank sum test. NPMD *: neu-
ropsychomotor development.

Based on gender, mean BMI/A, H/A, HC-A, and W/ A z-scores were plotted against
the presence of microcephaly and non-microcephaly (Figure 1). All scores varied over the
follow-up period between boys and girls. Most children had normal BMI/A throughout
the entire follow-up. However, two microcephalic patients presented BMI/A in the obesity
range (Figure 1A,B). Microcephalic patients had low H/A and HC/A throughout the entire
follow-up (Figure 1C-F), with a significant reduction in HC/ A over the follow-up period
(Figure 1E,F). Non-microcephalic subjects were within normal ranges for H/A, HC/A, and
W/ A, except for H/ A scores for boys (Figure 1A-H). The anthropometric indices, at each
assessment, of the 71 children during the pediatric follow-up for 42 months are presented
in Supplementary Table S2.
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Figure 1. Body mass index (BMI/A) (A,B), height (H/A) (C,D), head circumference (HC/A) (E,F)
and weight (W/A) (G,H) z-scores by sex between non-microcephalic (with and without neurological
alteration) and microcephalic children according to age.

In the final evaluation, this cohort had 48 (67.6%) eutrophic children, 1 (1.4%) with
thinness, and 22 (31%) with inadequate BMI/ A (risk of overweight/overweight and obe-
sity). There were 66 (92.9%) with adequate W/A, 2 (2.8%) with low weight for their
age, and 3 (4.2%) with high weight for their age. Furthermore, 64 (90%) had adequate
height for their age, 6 (8.4%) had inadequate height for their age (short and very short),
and one (1.4%) was tall for their age. At the last evaluation, the four children who
were born with HC/A < —2 SD remained microcephalic; of the seven children who were
born with HC/A > +2 SD, two remained macrocephalic, and the others remained normo-
cephalic [34,36,40].
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4. Discussion

The high incidence of ZIKV in the period of 2015-2016 in Brazil may have significantly
affected GV in children exposed to ZIKV. In this study, we describe the GV alterations of
children exposed in utero to ZIKV when both mothers and children were followed up in a
cohort in the Brazilian Amazon [21,30]. We showed that 24.2% of children had inadequate
GV, and the frequency of inadequate GV was similar between microcephalic and non-
microcephalic patients (approximately 24%), indicating the need for microcephalic and non-
microcephalic patients to be evaluated constantly and without predilections. Linear growth
faltering in early childhood has long-term negative consequences such as cardiometabolic
disease, obesity, diabetes, short stature in adolescence, and poor cognitive and school
performance [44-49], and therefore children with altered GV must be constantly evaluated.

We evidenced similar aspects in relation to the anthropometric characteristics found
by Aguiar et al. in a Brazilian cohort of women and children studied by the Oswaldo Cruz
Foundation (FIOCRUZ) in Rio de Janeiro, Brazil [29]. However, we present GV for children
with intrauterine exposure to ZIKV. GV allows the observation of a child’s linear growth
compared to expected norms over a defined interval [50]. In addition, GV is more dynamic
and valuable for assessing a child’s growth when compared to the size achieved or isolated
anthropometric measurements [51-54]. Distinctly from Aguiar et al. [29], we found a lower
frequency of growth alterations (24%) among microcephalic patients through a more reliable
growth assessment tool. Additionally, we found growth alterations in non-microcephalic
children, an aspect not evidenced by Aguiar et al. when assessing height. In a series of cases
with 23 children exposed to the Zika virus who were born without microcephaly but who
developed postnatal microcephaly and most of whom had neurological alterations, carried
out in Pernambuco, Brazil, with children from the Pediatric Cohort of the Microcephaly
Epidemic Research Group (MERG-PC), the monthly change in z-scores for length was
-0.023 (95% CI —0.046 to 0.0001, p = 0.050), but their results for confidence intervals contain
zero, so the data may indicate individual variations in opposite directions over time or that
there was no change in the growth rate [55]. We showed statistically significant differences
in GV between genders, with greater impairment of GV in females [33,56]; however, as
distinctly described in the literature, boys, in general, tend to be more affected by height
failures than girls in the first three to five years of life [29,34,44,57]. Ramos et al. showed no
statistical difference between sexes in the monthly change in z-scores for length; however,
for girls as a whole, there was decrease in z-score over time, but also with individual
variations during the follow-up period [55]. Children with GV reduction, but who still have
normal height, should be investigated early, even before their height becomes evidently
compromised [28,33].

The frequency of inadequate GV in children with alterations in neurological exams
was high (47%), although not statistically significant, when compared to children with
adequate GV. In a cohort consisting of 29 children conducted at the Federal University
of Rio de Janeiro (UFR]J) in Rio de Janeiro, Brazil, similar aspects were evidenced [9].
However, in that study the authors used anthropometric measurements (z-score for growth:
weight, length, and HC) which are highly sensitive to short-term effects [58,59]. When we
evaluated isolated anthropometric measures using scores corrected for age, we showed
high variations over time, although higher rates of alteration were found in each age
interval among microcephalic individuals, and trends were found in non-microcephalic
individuals with neurological alteration. The greater the degree of neurological impairment,
regardless of microcephaly at birth, the greater the impacts on growth, and such impacts
can be associated with a greater degree of energy expenditure on sensory, behavioral, and
cognitive factors related to secondary conditions (gastroesophageal reflux and constipation),
which may lead to impaired food intake and absorption in children with neurological
impairments [9,60,61].

In children with low growth rate, the infection frequently occurred in the first trimester
of pregnancy (7 children, 41%). Other studies reveal an impairment of the growth pattern
of children after birth in cases of congenital infection by other diseases such as HIV, syphilis
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and cytomegalovirus, for example, in the first trimester of pregnancy [62-64]. Different
studies provide evidence of increased risks of adverse events (including miscarriage, fetal
loss, low birth weight, and congenital malformations, especially in the central nervous
system) in early ZIKV infections during pregnancy [13,58,59,65-68]. Neurological impair-
ment seems to be greater in children whose mothers had an infection in the first trimester
of pregnancy [30], and the probable risk of growth deficit seems to be associated with the
presence of some degree of neurological impairment, even in children born without micro-
cephaly [9]; nonetheless, nutritional and non-nutritional factors should be better evaluated,
aiming to potentially understand the multifactorial etiology of impaired GV in children
exposed to ZIKV. Small-for-gestational-age newborns following exposure to ZIKV during
the first trimester of pregnancy were evidenced in another study [22]. Low birth weight
was found in 2.8% of the children in the study, but 5.9% of those with low birth weight
showed inadequate growth velocity. Such percentages are lower than those described in
the national and international literature for children exposed to ZIKV [9,22,69-72].

This study has some limitations. The small sample size hinders a more robust statistical
analysis. The lack of follow-up of a greater number of children born to mothers from
Redivo’s cohort [21] is explained by the difficulty in keeping the children’s families adhering
to continuous clinical evaluations, as many were born asymptomatic and without the
CZVS phenotype. The number of children with microcephaly is small, and meaningful
comparisons cannot be inferred, but we present findings that corroborate data from the
literature, and we point out the need to assess both neurological and growth impairment in
children exposed to ZIKV. There is no control group that allows assessing regional issues
that may also be influencing children’s growth. In addition, it is necessary to evaluate other
nutritional and non-nutritional factors (such as genetic and environmental factors) that can
predict lower GV.

5. Conclusions

This study shows inadequate growth with low growth velocity in children with and
without microcephaly, highlighting the need for continuous and thorough evaluation of all
children born to mothers exposed to ZIKV during pregnancy in pediatric and multidisci-
plinary follow-up, but more studies are needed to support data capable of guiding clinical
practice in the care of these children.
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Amazonas, Brazil.
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