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ABSTRACT

Aims: To evaluate the impact of intrauterine SARS-CoV-2 exposure on infant growth and neurodevelopment by comparing
anthropometric measurements and Denver Developmental Screening Test II (DDST-II) results between infants born to
mothers with COVID-19 during pregnancy and unexposed controls.

Methods: This retrospective case-control study included 40 term infants born to mothers with confirmed COVID-19 during
pregnancy and 40 term infants born to mothers without COVID-19 infection. The well-child follow-up records from July 2020
to July 2022 were reviewed. Demographic characteristics, anthropometric measurements, and DDST-II results were analyzed.

Results: The groups were comparable in terms of demographic characteristics, birth weight, gestational age, and gender (all
p>0.05). In the study group, 45% of mothers had COVID-19 during their third trimester. At one month, head circumference (HC),
length, and weight percentiles were similar between the groups. At six months, HC below the third percentile was more common
in the exposed group (22.2% vs. 3.6%, p=0.045), whereas length and weight percentiles did not differ. No significant differences
were observed in anthropometric measurements at nine months. DDST-II showed age-appropriate neurodevelopment in 39
infants in each group; one infant in the exposed group had a suspicious result, and one control infant had an abnormal result.

Conclusion: Prenatal SARS-CoV-2 exposure was not associated with significant differences in infant growth or
neurodevelopment during the first year of life. Larger prospective studies with longer follow-up periods are required to
determine the long-term outcomes.
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“This study was presented as a poster presentation at the Congress of Joint European Neonatal Societies, Rome, Italy, September 19, 2023.

INTRODUCTION

COVID-19 symptoms during pregnancy are the same as
those observed in non-pregnant adults. Although more
than 90% of patients with COVID-19 recover without
hospitalization, the severity of the disease may escalate in the
presence of risk factors. Older age, obesity, hypertension, and
diabetes mellitus are risk factors for symptomatic COVID-19
during pregnancy. Furthermore, an increase in obstetric
complications, such as preterm birth, premature rupture
of membranes, fetal distress, and preeclampsia, has been
reported in pregnant females with COVID-19."*

Certain antenatally acquired viral infections can have
permanent, potentially destructive effects on the developing
fetal brain.>® Other viral infections that fail to cross the
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placental barrier, including influenza, have also been
consistently associated with adverse neurodevelopmental
outcomes.”" Infection and inflammation negatively affect
motor development.'

It is generally accepted that respiratory viruses such as SARS-
CoV-2 do not have intrauterine transmission. In a systematic
review evaluating the effects of COVID-19 on maternal,
perinatal, and neonatal outcomes, no conclusive evidence was
identified regarding the maternal-fetal transmission of the
virus."* Moreover, no increase in the incidence of congenital
anomalies has been reported.? However, it has been observed
that the newborns of mothers who contracted COVID-19
during pregnancy were more likely to require admission
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to the neonatal intensive care unit (NICU)." There are
also studies reporting an increase in intrauterine fetal and
neonatal deaths in the presence of COVID-19 infection.*'

Although some studies have investigated the effects of
intrauterine COVID-19 exposure on infant development,
no consensus has yet been reached. While some studies
indicate that infants exposed to COVID-19 are more
neurodevelopmentally delayed,’® others have not found
evidence of a neurodevelopmental delay but have shown that
these infants have lower scores in areas such as fine motor
skills and problem solving."”

The long-term effects of COVID during pregnancy on
newborns remain uncertain. Several studies have reported
negative neurodevelopmental outcomes.'®** However, there
is insufficient information concerning the long-term effects
of COVID-19 during pregnancy and its impact on physical
growth and neurodevelopment in childhood. Some studies
have reported an increase in the rates of neurodevelopmental
diseases.'”'® In the current study, we retrospectively examined
the well-child polyclinic follow-up data, demographic
characteristics, anthropometric measurements, and Denver
Developmental Screening Test IT (DDST-II) results of healthy
term infants under one year of age whose mothers had
contracted SARS-CoV-2 during pregnancy. We aimed to
evaluate the effect of COVID-19 infection during pregnancy
on fetal growth and development by comparing the results
with those of healthy controls.

METHODS

This study was approved by the Ethics Committee of Ankara
Training and Researches Hospital of the University of Health
Sciences (Date: 07.09.2022, Decision No: E-22-1072). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.

This was a retrospective, single-center study. Between July
2020 and July 2022, data obtained from the electronic
medical records of term infants aged 0-12 months who were
followed up at the Well-Child Polyclinic of the Department
of Pediatric Health and Diseases at Health Sciences
University Ankara Training and Research Hospital were
examined in this study. The study group comprised infants
born to mothers who had COVID-19 during pregnancy,
and the control group comprised infants in the same age
range who were followed up during the same period and
whose mothers did not have a history of COVID-19 during
pregnancy. Both groups included only infants with complete
data from at least two of the first, sixth, and ninth month
controls. Furthermore, all infants included in the sample had
undergone anthropometric measurements at the well-child
polyclinic and had completed well-child follow-up forms.
They were all evaluated as “healthy” with a normal birth
weight between the 10™ and 90*" percentiles according to their
gestational age, and they also underwent DDST-II. Infants
who were not followed up regularly or whose information
could not be accessed, and those with complications at birth,
hypoxia, or NICU admission were not included in the study.
Infants with comorbidities, a history of premature birth
(gestational age <37 weeks), low birth weight for gestational
age, below the 10" percentile for intrauterine growth, who
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had not undergone DDST-II, and who were older than 12
months were excluded.

General physical examination findings, percentile values of
body weight (BW), body length (BL), and head circumference
(HC) measurements, and DDST-II results were routinely
recorded in the well-child polyclinic for infants aged 0-1 year
of age. In addition, regular breast milk intake and vitamin
D and iron supplementation were questioned and recorded
during the follow-up period.

During all follow-up examinations, the BW of the infants
was measured without clothing using a regularly calibrated
Wunder BABY scale (barcode number: 1012616913) sensitive
to 10 g BL was measured in the supine position on a hard-
floored bed, with the head fixed at a 90-degree angle to the
bed, while the infant’s whole body was stretched. In this
position, the distance from the top of the head to the tip of
the heel was measured by a physician using a non-flexible
tape measure. HC was measured using a non-flexible tape
measure from the most protruding point of the frontal bone
at the front to the occipital protuberance at the back of the
head.

All measurements were conducted according to the Neyzi
percentile values for each month.” The study and control
groups were considered normal if their BW, BL, and HC
values fell within the range of 3p-97p and non-normal if they
were below 3p, and a statistical comparison was performed.
As there were no infants with values above 97p in the study
or control groups, this threshold was not included in the

grouping.

During follow-up, breast milk intake was assessed every
month. Infants who were constantly breastfed between 0
and 6 months were evaluated as having received breast milk
regularly, whereas the remaining infants were considered to
have received breast milk irregularly.

At our hospital, the DDST-II is performed by certified child
development specialists who have successfully completed
a comprehensive training program. In the current study,
DDST-II was performed on infants aged six-nine months.
The DDST-II was scored as “pass,” “fail,” “impossible,” and
“untestable,” and the test result was interpreted as “normal,”
“suspicious,” “abnormal,” and “untestable”.?? The DDST-1I is a
general developmental screening tool used in Turkiye and is
applied twice to infants under follow-up in our clinic at ages
6-9 months and 18 months.

As this was a retrospective study based on available medical
records, no a priori sample size or power calculations were
performed. Instead, all eligible infants who met the inclusion
criteria during the study period were included in the analysis.

Data analysis was performed using SPSS v. 24.0, and the
results were evaluated at a 95% confidence level. Kurtosis
and Skewness coeflicients were calculated to determine the
suitability of quantitative variables for a normal distribution.
It was concluded that the values were normally distributed
since they were between -3 and +3. The relationship between
normal and non-normal status according to percentile values
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and other demographic data was analyzed using the Chi-
square test. Statistical significance was set at p<0.05.

RESULTS

The study included 80 infants, of whom 40 were in the
study group and 40 were in the control group. The gender
distribution was 55% (n=22) males and 45% (n=18) females
in the study group and 57.5% (n=23) males and 42.5% (n=17)
females in the control group. The mean age of the mothers
was 28.48+5.74 (min: 17-max: 40) years in the study group
and 29.18+6.02 (min: 17-max: 39) years in the control group
(p=0.596). The median week of birth was 39 weeks in both
groups (min: 37-max: 42+1 weeks in the study group, min:
37-max: 41+1 weeks in the control group) (p=0.518). The
mean birth weight was 3,227.38+446.76 g in the study group
and 3,262.50+382.96 g in the control group (p=0.707). In
the study group, 25.0% of mothers contracted COVID-19
in the first trimester, 30.0% in the second trimester, and
45.0% in the third trimester. A comparison of the remaining
demographic characteristics between the study and control
groups is presented in Table 1.

Table 1. Comparison of the demographic characteristics of the study and

control groups

Study group  Control group
n % n %
Maternal Present 6 15.0 2 5.0 0.136
comorbidity Absent 34 850 38 950
Follow-up during Present 37 92.5 36 90.0 0.692
IRy Absent 3 7.5 4 10.0
One 12 30.0 14 35.0
Number of Two 17 42.5 11 27.5 0358
pregnancies Th .
fCeor 41 275 15 375
more
One 14 35.0 16 40.0
Number of living Two 19 47.5 10 25.0 0.072
children Th ’
reeor 7 175 14 350
more
None 31 77.5 34 85.0
Miscarriage or
stillbirth One 6 15.0 5 12.5 0.541
Two 3 7.5 1 2.5
Cesarean 14 450 18 450
section
Mode of delivery 1.000
Nomwel — opemm g5m g0
vaginal
Status of receiving Regular 39 97.5 36 90.0 0.166
breast milk Irregular 1 2.5 4 10.0
Present 8 20.0 16 40.0
Formula use 0.051
Absent 32 80.0 24 60.0
supplementation yrregular 0 0.0 1 2.5 ’
i Regular 33 82,5 34 85.0 0762
supplementation  preoylar 7 175 6 150

*Chi-square test

The first-month HC was determined to be at or below 3p in
four (16.7%) and two (7.7 %) infants in the study and control
groups, respectively (p=0.295). No significant differences
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were detected in the first-month BW, BL, and HC percentile
comparisons between the two groups (p>0.05). At the sixth-
month follow-up, 6 (22.2%) infants in the study group and
one (3.6%) infant in the control group had an HC below 3p,
indicating a statistically significant difference (p<0.045).
However, the length and weight percentiles of the two groups
evaluated at the sixth month did not differ significantly
(p>0.05). At the ninth month, there were no significant
differences between the two groups in terms of BW, BL, or
HC percentiles (p>0.05) (Table 2 and Figure).

Table 2. Comparison of the study and control groups according to whether

their head circumference, length, and weight were within the normal
percentile range at the first, sixth, and ninth-month follow-up visits

Group
Study Control
n % n % P*
Pt Tl Non-normal 4 167 2 7.7 0.295
circumference Normal 20 833 24 923
Non-normal 0 0.0 0 0.0
First-month length -
Normal 19 100.0 18 100.0
Non-normal 1 3.8 0 0.0
First-month weight 0.520
Normal 25 962 24 100.0
S el Non-normal 6 222 1 3.6 00
. .045
circumference Normal 21 778 27 964
Non-normal 4 148 4 14.3
Sixth-month length 0.626
Normal 23 852 24 857
Non-normal 2 7.1 1 3.7
Sixth-month weight 0.514
Normal 26 929 26 96.3
N Non-normal 3 143 2 6.3 0304
circumference Normal 18 857 30 938
Non-normal 3 143 4 125
Ninth-month length 0.580
Normal 18 857 28 875
Non-normal 1 4.8 1 3.1
Ninth-month weight 0.640
Normal 20 952 31 969

*Pearson’s Chi-square test; Fisher’s exact test was used where appropriate
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Figure. Distribution of the study and control groups according to whether
their head circumference, length, and weight were within the normal percentile
range at the first, sixth, and ninth months

Given that the physical examination and laboratory testing
of infants with a low first-month percentile yielded normal
results, only HC was checked and continued to be followed
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up. At the sixth month, three of the six infants whose
HC percentile was not normal had no other remarkable
physical examination findings. Microcephaly screening and
developmental tests of these infants were normal, and their
HC values were within the normal range in subsequent
measurements. The remaining three infants did not attend
subsequent follow-up appointments. According to the sixth-
month measurements, the BL percentile was 3p or below in
four infants in each group. The BW assessment undertaken
at the sixth month revealed that two infants in the study
group and one infant in the control group had values outside
the normal range. These infants were followed up in terms of
both BL and BW.

At the ninth-month follow-up, values in or below 3p were
detected in the HC measurements of three infants in the
study group and two infants in the control group, in the BL
measurements of three infants in the study group and four
infants in the control group, and in the BW measurements
of one infant in each group. One infant in the study group
had both HC and BL values at or below 3p. The patient was
followed up, and her progress was within normal limits. Her
laboratory and developmental test results were normal. It
was observed that one of the other two infants with a low
HC showed normal values during the follow-up, whereas
the remaining infant did not attend the subsequent follow-
up appointments. Of the other two babies in the study group
whose BL values were at or below 3p, one was observed to
have a normal length during the follow-up, while the other
did not attend the subsequent follow-up appointments. It
was observed that the infants in the study group who had
a low BW achieved a normal weight by the 18" month after
following dietary recommendations. In the control group,
one infant had both HC and BL values at the 3p limit, but
these values increased to normal levels in subsequent follow-
up visits. One infant with BW and BL values <3p was referred
to an endocrinologist, but did not attend follow-up visits. The
other patient with a low HC had normal HC measurements
during subsequent follow-ups. The remaining two infants
with a low BL in the control group achieved BL values within
normal limits by the 15"-month of follow-up.

Upon comparison of the first-, sixth-, and ninth-month HC,
BL, and BW percentiles according to gender, we determined
that the HC of 96.4% of the male and 77.3% of the female infants
were within normal limits at the first month (p=0.051). No
statistically significant gender-related differences were found in
the BL and BW percentiles evaluated at the first month or the
HC, BL, and BW percentiles evaluated at the sixth and ninth
months (p>0.05 for all). The comparison of the HC, BL, and
BW percentiles of the infants in the study group according to
the trimester of maternal COVID-19 revealed that the infants
born to mothers who contracted COVID-19 during the second
trimester had higher rates of HC measurements below 3p at all
three follow-up evaluations; however, a statistical comparison
could not be made (Table 3).

To observe the effect of SARS-CoV-2 infection during
pregnancy on the neurodevelopment of infants, we used the
results of the DDST-II, a test routinely performed at the well-
child polyclinic of our hospital. DDST-II revealed that the
neurodevelopment of 39 infants in each group was consistent
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Table 3. Evaluation of whether the percentiles of the study group were

within the normal range according to the trimester during which mothers
had COVID-19

Trimester of maternal COVID-19

First Second Third
n % n % n %
et Tl Non-normal 1 167 2 222 1 11.1
circumference Normal 5 833 7 778 8 889
Non-normal 0 0.0 0 0.0 0 0.0
First-month length
Normal 5 1000 7 100.0 7 100.0
Non-normal 0 0.0 0 0.0 1 10.0
First-month weight
Normal 6 100.0 10 100.0 9 90.0
Sixth-month head Non-normal 1 200 3 300 2 16.7
circumference Normal 4 8.0 7 700 10 833
Non-normal 2 400 1 9.1 1 9.1
Sixth-month length
Normal 3 60.0 10 909 10 90.9
Non-normal 1 20.0 1 9.1 0 0.0
Sixth-month weight
Normal 4 80.0 10 909 12 100.0
Nt il el Non-normal 0 0.0 2 286 1 14.3
circumference Normal 7 1000 5 71.4 6 857
Non-normal 0 0.0 1 143 2 286
Ninth-month length
Normal 7 1000 6 85.7 5 714
Non-normal 1 143 0 0.0 0 0.0
Ninth-month weight
Normal 6 857 7 1000 7 100.0

COVID-19: Coronavirus disease 2019

with their age, while the results were suspicious in one
infant in the study group and abnormal in one infant in the
control group. The infant with a suspicious result in the study
group had problems with gross motor skills, and his mother
contracted COVID-19 during the second trimester (sixth
month) of pregnancy. The infant with abnormal results in the
control group had issues with language development.

DISCUSSION

In this study, we aimed to evaluate the effect of SARS-
CoV-2 during pregnancy on the growth and development
of infants in the first year after birth using anthropometric
measurements and the DDST-II. At the sixth month, the HC
values of six babies (22.2%) in the study group and one infant
(3.6%) in the control group were found to be at or below 3p
(p<0.045). The neurodevelopment of 39 infants in each group
was consistent with their age according to the DDST-II, while
one infant in the study group had a suspicious result and one
infant in the control group had an abnormal result.

It has been reported that SARS-CoV-2 infection during
pregnancy is associated with increased maternal death,
maternal and neonatal morbidity, preterm birth, and an
increased rate of cesarean deliveries.'®* SARS-CoV-2 infection
during pregnancy increases the risk of preeclampsia,
eclampsia, and hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome.** During the study period,
140 infants born to mothers who contracted SARS-CoV-2
during pregnancy were followed up. None of the mothers
had a history of severe COVID-19 infection or related
hospitalization. The final study group consisted of 40 infants
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after excluding nine premature births, three low-birth-weight
infants, five NICU admissions, and other cases that were lost
to follow-up.

In two separate studies examining the pregnancy outcomes
of females with and without a history of SARS-CoV-2
infection during pregnancy, the BW values of the infants
were compared between the two groups, and no significant
difference was detected.?»* Similarly, in our study, there was
no significant difference between the infants in the study and
control groups in terms of their BW.

In a cohort study investigating the clinical course of SARS-
CoV-2 infection and its impact on pregnant females, Sahin et
al.?® found that 44.7% of 533 pregnant females were infected
in the third trimester, 30.9% in the second trimester, and
24.4% in the first trimester. In another study evaluating the
effects of SARS-CoV-2 during and after pregnancy, Lokken et
al.?” reported that the majority of females contracted SARS-
CoV-2 in the third trimester of pregnancy (56.3%), followed
by the second trimester (27.9%) and the first trimester (15.8%).
Similarly, in our study, 25.0% of mothers with a history of
COVID-19 during pregnancy contracted the disease in the
first trimester, 30% in the second trimester, and 45% in the
third trimester.

There is no evidence supporting the idea that cesarean
delivery prevents vertical transmission of COVID-19.%
Mirbeyk et. al.?? conducted a systematic review of pregnant
females with COVID-19 and their newborns and found a
high rate of cesarean delivery (86%). A medical specialty
thesis conducted in Turkiye to compare COVID-19-positive
pregnant females at birth with non-COVID pregnant
females in terms of maternal, neonatal, and perinatal
outcomes showed a high rate of cesarean delivery (46 of 50
births) but noted no significant difference when compared
with the control group.®® Similarly, upon examining the
modes of delivery among the pregnant females in our study
and control groups, we observed that 45% of the females
underwent cesarean sections, while 55% underwent normal
vaginal delivery. There was no significant difference between
the study and control groups in terms of the mode of delivery.
However, as our study did not investigate whether COVID-19
was present at the time of birth, we were unable to determine
the impact of this factor on the mode of delivery.

The optimal course of action for maintaining the health
of a newborn is for a mother with suspected or diagnosed
COVID-19 to breastfeed her infant and continue the normal
process.”® A multicenter study conducted by the Turkish
Neonatology Association on 125 newborns born to females
infected with COVID-19 revealed that the rates of formula
use (56.8%) and expressed breast milk use (36%) were higher
than the rate of breast milk feeding.** In our cohort, 97.5% of
the infants in the study group and 90% of those in the control
group received breast milk regularly for six months. The
absence of a significant difference between the two groups
and the high rate of infants regularly fed breast milk can be
attributed to mothers being informed about the benefits of
breastfeeding.

In a study conducted in South India on postpartum
breastfeeding, the Breastfeeding Self-Efficacy Scale Short
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Form (BSEF-SF) was administered to 63 COVID-19-positive
and 63 COVID-19-negative mothers, and the scores were
significantly lower in the former. In addition, the rate of
mothers with above-average BSES-SF scores was significantly
higher among those who received postpartum breastfeeding
recommendations.*

TORCH (intrauterine) infections are a risk factor for hearing
impairment in newborns. At our hospital, auditory brainstem
response (ABR) screening is performed on all healthy term
babies who have not been admitted to the NICU. In our
cohort, no infant from either group failed the hearing test. In
a retrospective cohort study, Oskovi-Kaplan et al.** examined
the hearing screening results of infants born to mothers
who contracted COVID-19 during pregnancy and found no
statistically significant difference between the COVID-19
and control groups in the risk of hearing loss. In another
study, Alan et al.* compared the hearing screening results
of infants born to pregnant females who tested positive and
negative for SARS-CoV-2 during pregnancy. According to
the ABR test results, the newborns in the COVID-19 group
were more likely to have a “refer” result bilaterally than those
in the control group. These discrepancies in the findings
of previous studies concerning the effect of COVID-19 on
hearing underscore the need for further research.

According to the first-month HC measurements, four infants
(16.7%) in our study group and two (7.7%) in our control
group had values outside the normal range (p>0.05). In
addition, one infant in the study group had a BW in the low
percentile group. At the sixth month, the HC percentile was
evaluated to be within the normal range in six infants (22.2%)
in the study group and one infant (3.6%) in the control group,
indicating a statistically significant difference (p=0.045).
Three infants with low HC measurements achieved normal
HC values during follow-up, while the remaining three
infants did not attend subsequent follow-up appointments.
At the ninth-month follow-up of the infants, no significant
difference was observed between the two groups in relation to
the HC, BL, or BW measurements.

Zeng et al.** conducted a study in China and found that all
physical growth parameters, including BW, BL, and HC, were
above 3p in 72 newborns exposed to SARS-CoV-2. In a study
from the USA, Schuh et al. included 33 infants born to mothers
with SARS-CoV-2 infection and reported BW, BL, and WC
measurements taken at the first postnatal visit, as well as at
two, four, and six months. The authors stated that the infants
had a normal distribution in terms of the Z-scores and growth
rates of these measurements.”” A common result obtained
from these studies is the absence of short-term negative effects
of intrauterine COVID-19 exposure on infants’ physical
growth. In addition, in the above-mentioned study, Schuh
et al.”’ evaluated 15 newborns neurodevelopmentally using
the Ages & Stages Questionnaires®, Third Edition (ASQ-3)
and found the development of the infants to be appropriate
for their age. According to the results of the DDST-II,
which was conducted to observe the effect of SARS-CoV-2
infection during pregnancy on the neurodevelopment of the
infants in our cohort, neurodevelopment was consistent with
chronological age in 39 infants in each group. However, one
infant in the study group had a suspicious result and one
infant in the control group had an abnormal result.
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A study comparing infants born to 222 mothers infected with
SARS-CoV-2 and 7,550 mothers in the control (uninfected)
group during the same period revealed a higher rate of
neurodevelopmental diseases among infants born to infected
mothers. The authors also noted a higher risk among those
exposed to maternal infection in the third trimester.”® In
another study, Pinheiro etal.”” did not find evidence of a higher
neurodevelopmental delay in infants exposed to intrauterine
SARS-CoV-2 compared to unexposed infants, but did show
that the fine motor and problem-solving skills of infants with
SARS-CoV-2 exposure were negatively affected, and they
had lower scores in fine motor skills. In the current study,
infants with suspicious DDST-II results in the study group
had problems related to gross motor skills, while infants with
abnormal DDST-II results in the control group had problems
with language development. We also determined that the
mother of the infant with a neurodevelopmentally suspicious
result contracted COVID-19 in the second trimester (sixth
month) of pregnancy.

Shah et al!® administered the ASQ-3 to term infants
born to pregnant females with SARS-CoV-2 to screen for
neurodevelopmental delays. The ASQ-3 is a screening tool
used to assess neurodevelopment in five specific domains:
communication, fine motor, gross motor, problem solving, and
personal-social skills. In theliterature on the ASQ-3 developmental
screening of healthy term infants without intrauterine COVID-19
exposure, 12.6-13.6% of infants have been reported to have delays
in at least one developmental domain.* In contrast, Shah et al.*®
determined that 24% of the infants were below the cut-off value,
and 29% were near the cut-off value in at least one developmental
domain, indicating a percentage increase in neurodevelopmental
delay in infants with intrauterine COVID-19 exposure.

This study had several limitations. First, its retrospective,
single-center design limits the generalizability of the findings
and may have introduced selection bias, as infants with
incomplete medical records or loss to follow-up were excluded
from the study. In addition, because this was a retrospective
study based on available medical records, no a priori sample
size calculations were performed. Second, the relatively
small sample size, particularly after stratification according
to the trimester of maternal infection, may have reduced the
statistical power to detect subtle differences between groups
and precluded multivariable analyses to adjust for potential
confounders. Third, important confounding variables,
including socioeconomic status, parental education, postnatal
home environment, early developmental stimulation,
nutritional factors, and maternal comorbidities, were not
systematically available and, therefore, could not be accounted
for in the analyses. These factors may independently influence
infant growth and neurodevelopment and should be considered
when interpreting our findings. Fourth, neurodevelopment
was assessed using the DDST-1I, which is a developmental
screening tool rather than a diagnostic assessment, and may
be less sensitive than comprehensive instruments such as
the Ages and Stages Questionnaire, Third Edition (ASQ-3),
or the Bayley Scales of Infant and Toddler Development, for
detecting subtle developmental deficits, particularly in fine
motor and problem-solving domains. Fifth, the follow-up
period was limited to the first year of life and may not have been
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sufficient to identify neurodevelopmental or growth abnormalities
that emerge later in the childhood. Finally, detailed information
regarding the severity of maternal COVID-19, viral load, and
treatment during pregnancy was not systematically available,
preventing the evaluation of possible dose-response or severity-
related associations with infant outcomes.

CONCLUSION

In this retrospective case-control study, maternal COVID-19
infection during pregnancy was not associated with significant
differences in birth weight, gestational age, or overall
neurodevelopment during the first year of life compared to
unexposed infants. A significantly higher rate of HC below the
third percentile was observed in the study group at six months,
although this difference was not sustained at nine months and did
not correspond to abnormal neurodevelopmental screening results
in the affected infants. These findings are reassuring but should be
interpreted with caution, given the limited sample size and short
follow-up duration. Larger prospective multicenter studies with
extended follow-up and more comprehensive neurodevelopmental
assessment tools are needed to clarify the long-term impact
of prenatal SARS-CoV-2 exposure on childhood growth and
development and to determine whether the transient HC findings
observed here reflect a true biological effect or a chance finding,
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