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Objectives: Data are lacking regarding the long-term consequences of SARS-CoV-2 and COVID-19 mRNA
vaccine on infants exposed in utero. We aimed to evaluate the neurodevelopment of infants exposed
prenatally to SARS-CoV-2 or mRNA-COVID-19 vaccine during pregnancy at 12 months after birth.
Methods: Infants born to mothers exposed to SARS-CoV-2 or mRNA-COVID-19 vaccine during pregnancy,
or unexposed to either the virus or the vaccine were enrolled from 2021 to 2023. Infants with prenatal
exposure to the virus or vaccine were compared with infants without prenatal exposure to the virus and/
or vaccine. Parents received a neurodevelopmental questionnaire (ages and stages questionnaire third
edition) at 12 months after birth assessing five subdomains: communication, gross motor, fine motor,
problem-solving, and personal social development. A low score was defined as <2 standard deviations
below the normative mean in at least one of the subdomains.
Results: A total of 330 infants were included (76 in the SARS-CoV-2 group, 153 in the mRNA-COVID-19
vaccine group, and 101 in the reference group). In utero exposure to the SARS-CoV-2 or mRNA-COVID-
19 vaccine was not associated with an increased risk of a low score for at least one subdomain
compared with the reference group. The crude ORs were 1.16 (95% CI, 0.59e2.28) and 1.04 (95% CI, 0.58
e1.86), respectively. Results remained consistent in the multivariate analysis, showing no increased risk
of a low score for at least one subdomain for infants exposed to the SARS-CoV-2 or mRNA-COVID-19
vaccine, compared with the reference group. The adjusted ORs were 1.74 (95% CI, 0.76e3.99) and 0.76
(95% CI, 0.39e1.49), respectively.
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Discussion: In utero exposure to SARS-CoV-2 or mRNA-COVID-19 vaccine was not associated with an
increased risk of a low score for at least one ages and stages questionnaire third edition subdomain at
12 months after birth. Additional studies are needed to confirm our results, especially longer-term
evaluation of infant development. Guillaume Favre, Clin Microbiol Infect 2025;31:266
© 2025 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

Women who tested positive for SARS-CoV-2 during pregnancy
have been reported to be at high risk for a severe form of the dis-
ease, including increased risk for admission to the intensive care
unit, advanced oxygen requirements, and death [1,2]. They also
have an increased risk of preterm delivery, often medically induced
for maternal indication [1]. The risk of stillbirth seemed to be
higher during the pandemic period, which may partially be
attributed to placental deterioration caused by the virus itself [3,4].
A few cases were published reporting fetal hypoxia shortly after
confirmed mild to moderate maternal COVID-19, leading to emer-
gency delivery and critical neonatal situations. The placentas of
these women showed critical intervillitis, resulting in acute
placental insufficiency that may have been responsible for stillbirth
if not detected on time [5]. Additionally, a positive test for SARS-
CoV-2 during pregnancy has been associated with a higher inci-
dence of low placental weight at birth [6]. The long-term conse-
quences of exposure to SARS-CoV-2 during pregnancy still remain
unclear [7]. Drawing an analogy with HIV-exposed uninfected in-
fants, it is conceivable that infants exposed to SARS-CoV-2 during
pregnancy might experience worse neurodevelopmental and in-
fectious outcomes [8,9].

Since the advent of the COVID-19 vaccine, recommendations
have progressively emerged to promote vaccination during preg-
nancy. Despite the exclusion of pregnant women frommost clinical
trials, evidence from observational studies showed that vaccines
against SARS-CoV-2 are safe and effective to protect against severe
COVID-19, for both the mother and her offspring due to the trans-
placental transfer of antibodies [10e13]. However, the long-term
consequences of COVID-19 vaccine exposure during pregnancy on
infant health are unknown [14].

A study by Shuffrey et al. [15] suggested that infants exposed in
utero to SARS-CoV-2 did not report lower neurodevelopmental
scores as measured by a standardized screen. However, the in utero
exposure was associated with lower scores compared with a his-
torical cohort of infants evaluated before the pandemic, especially
in the gross motor, fine motor, and personal social subdomains of
the test. Similarly, another study conducted by Edlow et al. [16]
suggested that SARS-CoV-2 in utero exposure (n ¼ 222) was asso-
ciated with neurodevelopmental disorders at 1 year of life, how-
ever, they used only diagnostic codes for conditions, which are
more often diagnosed outside of the included age range.

The neurodevelopmental impact of SARS-CoV-2 on infants
exposed in utero continues to require better clarification. To the
best of our knowledge, only one study has been published
regarding the impact of COVID-19 vaccine exposure during
pregnancy, which suggested no impact on infant neuro-
development [17].

We thus aimed to investigate the neurodevelopment of infants
born to mothers exposed to SARS-CoV-2 infection or COVID-19
vaccine during pregnancy compared with infants born to unin-
fected/unvaccinated mothers, at 12 months of life, using a stan-
dardized parent-based questionnaire.
Methods

Settings

Infants were enrolled in this study from September 2021 to April
2023 through the prospective COVI-PREG registry [1], which aims
to assess the impact of SARS-CoV-2 infection in pregnant women
and their newborns. Three Swiss hospitals participated in this
study: Lausanne University Hospital, Bern University Hospital, and
Chur Hospital. The Swiss Ethical Board (CER-VD-2020-00548)
approved the study.

Participants

Liveborn infants were eligible for the study. Infants included
were born to mothers within the subsample of the COVI-PREG
registry from Lausanne University Hospital, Bern University Hos-
pital, and Chur Hospital, as previously described in references
[1,11,18]. Infants from multiple pregnancies and those with pa-
thology known to induce a neurodevelopmental impairment (e.g.
Down syndrome) were excluded. Infants born to mothers who
were under the legal age of 18 years and/or who were not able to
consent were also excluded. Written consent was obtained from
both the mother and her partner, when applicable.

Data collection

Infants were eligible for inclusion if their mother was exposed to
either SARS-CoV-2 or mRNA-COVID-19 vaccine during pregnancy.
Pregnant women who tested positive for SARS-CoV-2 or received
an mRNA-COVID-19 vaccine injection during pregnancy were
initially included in the COVI-PREG registry [19] at the time of the
positive test or vaccine injection, to investigate the impact of
exposure on maternal, pregnancy, and neonatal outcomes. In-
vestigators completed a form at inclusion and a follow-up form at
the end of the pregnancy.

A comparison group, defined as the reference group, was
selected by identifying infants born immediately after each
included infant in the exposure group using data from the local
delivery registries of the maternity unit.

Parents of eligible infants were contacted at 12 months after
birth and invited to participate. If they accepted, parents received a
consent form and a questionnaire with questions related to the
exposure (virus/vaccine) during pregnancy and the age-dependent
ages and stages questionnaire third edition (ASQ-3) [20]. Data were
collected individually from medical records and stored as de-
identified data using the Research Electronic Data Capture online
database.

SARS-CoV-2/COVID-19 vaccine exposure and reference groups

Infants were allocated to the SARS-CoV-2 group if their mother
tested positive for SARS-CoV-2 during pregnancy. Infants were
allocated to the vaccine group if their mother was vaccinated with

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


G. Favre et al. / Clinical Microbiology and Infection 31 (2025) 266e273268
at least one injection of COVID-19 mRNA vaccine between
conception and the end of pregnancy and never tested positive for
SARS-CoV-2 during pregnancy. Infants were allocated to the
reference group if their mother was neither vaccinated nor tested
positive for SARS-CoV-2 during pregnancy. No information was
available about SARS-CoV-2 infection or vaccine exposure before
the pregnancy.

If infants initially allocated to the reference group were exposed
to the SARS-CoV-2 or COVID-19 vaccine during pregnancy, based on
their answers to the questionnaire, they were reallocated to the
corresponding groups. Infants whose mothers were exposed to
both SARS-CoV-2 during pregnancy and COVID-19 vaccine during
pregnancy were excluded.
Infant neurodevelopment follow-up

Infant neurodevelopment was assessed using the ASQ-3. This
questionnaire was sent to the parents of the infant at 12 months
after birth. The questionnaire was answered by parents at home. It
assessed five subdomains of the neurodevelopment of the infant:
communication, gross motor, fine motor, problem-solving, and
personal social activities, individually scored on a total of 60. Pre-
mature infants were assessed using the adjusted age [20].
Neurodevelopment scores

A low neurodevelopmental score was defined as a score below
the age-dependent ‘referral’ cut-off of the ASQ-3 subdomain
[corresponding to <2 standard deviations (SDs) of the validated
cohort] [20].

An intermediate neurodevelopmental score was defined as a
score below the age-dependent ‘monitoring’ cut-off of the ASQ-3
subdomain (corresponding to <1 SD of the validated cohort) [20].
Composite low score subdomains outcome

We defined a composite low score subdomain outcome as an
infant having at least one of the five subdomains with a score <2
SDs (‘�1 low score subdomain’).
Covariates

Infant demographic characteristics included maternal charac-
teristics, pregnancy, and neonatal outcomes as listed in Supple-
mentary data.
Statistical analysis

We conducted descriptive statistics using absolute numbers (n),
proportions (%), and 95% confidence intervals (CIs) for baseline
characteristics, ASQ-3 scores, and the number of neuro-
developmental subdomains with low scores. Means and inter-
quartile intervals were used for cord blood arterial pH. Means, SDs,
and interquartile intervals were used for ASQ-3 scores. The asso-
ciation between SARS-CoV-2 or COVID-19 vaccine exposure during
pregnancy and the presence of at least one neurodevelopmental
subdomain with a low score was compared with the reference
group. A multivariate analysis was performed using a logistic
regression, adjusting for all potential confounding factors that were
unbalanced between groups, defined as a standardized difference
>10% between groups. Statistical analyses were performed with
Stata (StataCorp. 2015. Stata Statistical Software: Release 16. Col-
lege Station, TX: StataCorp LLC).
Sensitivity analysis

The ASQ-3 questionnaire is, by definition, adjusted for prema-
turity with the use of corrected age based on gestational age at
birth. However, because SARS-CoV-2 infection has been associated
with birth below 37 weeks of gestation [22,23] and prematurity
could also impact infant neurodevelopment, we conducted a
sensitivity analysis excluding preterm infants [24].

Results

Altogether, 659 participants were approached for the study,
including 88 who never answered, 5 who declined to participate,
and 566 who accepted to participate at our phone call. Out of 566
who accepted by phone, 330 participants completed and returned
the questionnaire. A total of 330 infants were included, with 76 in
the SARS-CoV-2 group, 153 in the vaccine group, and 101 in the
reference group. Baseline characteristics of patients are presented
in Table 1.

Among infants in the SARS-CoV-2 group, prenatal exposure to
the virus occurred during the first, second, and third trimesters, in
42.1% (n ¼ 32/76), 21.1% (n ¼ 16/76), and 35.5% (n ¼ 27/76) of cases,
respectively. The period of exposure was unknown in 1.3% (n ¼ 1/
76). Among mothers of infants prenatally exposed to SARS-CoV-2,
6.6% (n ¼ 5/76) were asymptomatic, 86.8% (66/76) had mild to
moderate symptoms, and were not hospitalized, 2.6% (n ¼ 2/76)
were hospitalized without oxygen requirements, and 3.9% (n ¼ 3/
76) required mechanical ventilation. Among infants in the vaccine
group, prenatal exposure to the vaccine occurred during the first,
second, and third trimesters in 9.8% (n ¼ 15/153), 46.4% (n ¼ 71/
153), and 30.1% (n ¼ 46/153) of cases, respectively. The period of
exposure was unknown in 13.7% (n ¼ 21/153) of cases. Mode of
delivery was similar between groups, with vaginal delivery ranging
from 79.7% to 84.2% of cases. Preterm deliveries accounted for 2.6%
(n ¼ 2/76), 7.2% (n ¼ 11/153), and none in the SARS-CoV-2, COVID-
19 vaccine, and reference groups, respectively. Apgar scores of <7
accounted for 1.3% (n¼ 1/76), 0.7% (n¼ 1/156), and 1.0% (n¼ 1/101)
in the SARS-CoV-2, COVID-19 vaccine, and reference groups,
respectively. Neonatal intensive care unit admission was higher in
the SARS-CoV-2 group, accounting for 9.2% (7/76) compared with
the COVID-19 vaccine and reference groups, with 3.3% (n ¼ 5/153)
and 3.0% (n ¼ 3/101), respectively. Standardized differences be-
tween groups are reported in Table S1.

Neurodevelopmental scores

ASQ-3 mean scores and subdomain categories are presented in
Table S2 and Table 2. A total of 76, 153, and 101 ASQ-3 question-
naires were completed at 12 months after birth in the SARS-CoV-2,
COVID-19 vaccine, and reference groups, respectively.

SARS-CoV-2 group
The subdomains with the highest proportion of low scores at

12 months were gross motor skills (n ¼ 12/76, 15.8%; 95% CI,
8.4e26.0), and problem-solving (8/76, 10.5%; 95% CI, 4.7e19.7).

Vaccine group
The subdomain with the highest proportion of low scores at

12 months was gross motor skills (n ¼ 33/153, 21.6%; 95% CI,
15.3e28.9).

Reference group
The subdomain with the highest proportion of low scores at

12 months was gross motor skills (n ¼ 21/101, 20.8%; 95% CI,
13.4e30.0).



Table 1
Baseline maternal, obstetrical, and neonatal characteristics of infants exposed to SARS-CoV-2 or COVID-19 vaccine during pregnancy compared with the reference group.

SARS-CoV-2 COVID-19 vaccine Reference

n ¼ 76 n ¼ 153 n ¼ 101

n % n % n %

Maternal age in years-n %
�25 4 5.3 % 1 0.7 % 2 2.0 %
26e30 20 26.3 % 22 14.4 % 31 30.7 %
31e35 34 44.7 % 71 46.4 % 40 39.6 %
36e40 14 18.4 % 48 31.4 % 26 25.7 %
>40 4 5.3 % 11 7.2 % 2 2.0 %

Maternal marital status-n %
Married or domestic partnership 57 75.0 % 124 81.0 % 76 75.2
Single never married 18 23.7 % 24 15.7 % 21 20.8 %
Divorced or separated 1 1.3 % 4 2.6 % 3 3.0 %
Widowed 0 0.0 % 0 0.0 % 0 0.0 %
Unknown 0 0.0 % 1 0.7 % 1 1.0 %

Maternal ethnicity-n %
White 66 86.8 % 129 84.3 % 69 68.3 %
Hispanic or Latino 4 5.3 % 7 4.6 % 5 5.0 %
Black or African American 2 2.6 % 1 0.7 % 3 3.0 %
Asian or Pacific Islander 1 1.3 % 1 0.7 % 4 4.0 %
Other 2 2.6 % 4 2.6 % 6 5.9 %
Unknown 1 1.3 % 11 7.2 % 14 13.9 %

Mother education level-n %
Higher education 59 77.6 % 135 88.2 % 73 72.3 %
Secondary school completed 10 13.2 % 14 9.2 % 22 21.8 %
Primary school or less 3 3.9 % 1 0.7 % 2 2.0 %
Unknown 4 5.3 % 3 2.0 % 4 4.0 %

Partner education level-n %
Higher education 53 69.7 % 115 75.2 % 64 63.4 %
Secondary school completed 16 21.1 % 21 13.7 % 21 20.8 %
Primary school or less 1 1.3 % 1 0.7 % 4 4.0 %
Unknown 6 7.9 % 16 10.5 % 12 11.9 %

Maternal BMI-n %
BMI >35 3 3.9 % 1 0.7 % 2 2.0 %

Maternal addiction
Drug 0 0.0 % 1 0.7 % 2 2.0 %
Tobacco 7 9.2 % 6 3.9 % 13 12.9 %
Alcohol 1 1.3 % 3 2.0 % 1 1.0 %
Total 7 9.2 % 8 5.3 % 15 15.5 %

Maternal obstetrical history
Nulliparous 30 39.5 % 87 56.9 % 56 55.4 %

Maternal medical history
Pulmonary 2 2.6 % 19 12.4 % 4 4.0 %
Cardiac 0 0.0 % 3 2.0 % 2 2.0 %
Hypertensive 1 1.3 % 0 0.0 % 0 0.0 %
Diabetes 1 1.3 % 0 0.0 % 0 0.0 %
Immunosuppression 0 0.0 % 3 2.0 % 0 0.0 %
Neurological 1 1.3 % 0 0.0 % 1 1.0 %
Digestive 1 1.3 % 3 2.0 % 1 1.0 %
Renal 0 0.0 % 0 0.0 % 1 1.0 %
Urological 0 0.0 % 2 1.3 % 0 0.0 %
Oncological 0 0.0 % 0 0.0 % 0 0.0 %
Thyroid imbalance 4 5.3 % 15 9.8 % 5 5.0 %

Pregnancy complications
Preeclampsia 2 2.6 % 4 2.6 % 2 2.0 %
Gestational diabetes 3 3.9 % 8 5.2 % 9 8.9 %
Intrauterine growth restriction 1 1.3 % 19 12.4 % 12 11.9 %
Abnormal fetal Doppler 0 0.0 % 0 0.0 % 0 0.0 %
Macrosomia 1 1.3 % 1 0.7 % 2 2.0 %
Threatened preterm labour 2 2.6 % 2 1.3 % 0 0.0 %
PPROM 0 0.0 % 4 2.6 % 0 0.0 %
Postpartum haemorrhage 1 1.3 % 22 14.4 % 14 13.9 %

SARS-CoV-2 exposure-Trimester of infection
Trimester 1 32 42.1 % d d

Trimester 2 16 21.1 % d d

Trimester 3 27 35.5 % d d

Unknown 1 1.3 % d d

Vaccine exposure-trimester of injection
Trimester 1 d 15 9.8 % d

Trimester 2 d 71 46.4 % d

Trimester 3 d 46 30.1 % d

Unknown d 21 13.7 % d

Delivery
Vaginal delivery 64 84.2 % 122 79.7 % 85 84.2 %
Caesarean delivery 12 15.8 % 31 20.3 % 16 15.8 %

(continued on next page)
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Table 2
Description of ASQ-3 categories (normal, intermediate, and low) in infants, at 12 months after birth, after in utero exposure to SARS-CoV-2 infection or COVID-19 vaccine
compared with the reference group.

SARS-CoV-2

Normal Intermediate Low

n % 95% CI n % 95% CI n % 95% CI

Follow-up at 12 months n ¼ 76
Communication 74 97.4 % 90.8 - 99.7 2 2.6 % 0.3 - 9.2 0 0.0 % 0.0 - 4.7
Gross motor 52 68.4 % 56.7 - 78.6 12 15.8 % 8.4 - 26.0 12 15.8 % 8.4 - 26.0
Fine motor 68 89.5 % 80.3 - 95.3 6 7.9 % 3.0 - 16.4 2 2.6 % 0.3 - 9.2
Problem-solving 64 84.2 % 74.0 - 91.6 4 5.3 % 1.5 - 12.9 8 10.5 % 4.7 - 19.7
Personal social 61 80.3 % 69.5 - 88.5 11 14.5 % 7.5 - 24.4 4 5.3 % 1.5 - 12.9

COVID-19 vaccine

Normal Intermediate Low

n % 95% CI n % 95% CI n % 95% CI

Follow-up at 12 months n ¼ 153
Communication 139 90.8 % 85.1 e 94.9 9 5.9 % 2.7 e 10.9 5 3.3 % 1.1 e 7.5
Gross motor 92 60.1 % 51.9 e 67.9 28 18.3 % 12.5 e 25.4 33 21.6 % 15.3 e 28.9
Fine motor 137 89.5 % 83.6 e 93.9 12 7.8 % 4.1 e 13.3 4 2.6 % 0.7 e 6.6
Problem-solving 133 86.9 % 80.5 e 91.8 15 9.8 % 5.6 e 15.7 5 3.3 % 1.1 e 7.5
Personal social 130 85.0 % 78.3 e 90.2 17 11.1 % 6.6 e 17.2 6 3.9 % 1.5 e 8.3

Reference

Normal Intermediate Low

n % 95% CI n % 95% CI n % 95% CI

Follow-up at 12 months n ¼ 101
Communication 95 94.1 % 87.5 e 97.8 2 2.0 % 0.2 e 7.0 4 4.0 % 1.1 e 9.8
Gross motor 68 67.3 % 57.3 e 76.3 12 11.9 % 6.3 e 19.8 21 20.8 % 13.4 e 30.0
Fine motor 90 89.1 % 81.3 e 94.4 8 7.9 % 3.5 e 15.0 3 3.0 % 0.6 e 8.4
Problem-solving 91 90.1 % 82.5 e 95.1 7 6.9 % 2.8 e 13.8 3 3.0 % 0.6 e 8.4
Personal social 90 89.1 % 81.3 e 94.4 8 7.9 % 3.5 e 15.0 3 3.0 % 0.6 e 8.4

Normal: score >1 standard deviation (SD). Intermediate: score >2SD and <1SD. Low: score <2SD. ASQ-3, ages and stages questionnaire third edition.

Table 1 (continued )

SARS-CoV-2 COVID-19 vaccine Reference

n ¼ 76 n ¼ 153 n ¼ 101

n % n % n %

Gestational age at birth
�37 þ 0 weeks 74 97.4 % 142 92.8 % 101 100.0 %
Preterm 32þ0e36 þ 6 wk 2 2.6 % 11 7.2 % 0 0.0 %
Preterm 28þ0e31 þ 6 wk 0 0.0 % 0 0.0 % 0 0.0 %
Preterm 24þ0e27 þ 6 wk 0 0.0 % 0 0.0 % 0 0.0 %

Neonatal details
Female 45 59.2 % 87 56.9 % 57 56.4 %
Apgar <7 at 5 min 1 1.3 1 0.7 % 1 1.0 %
Weight at birth < p10a 3 3.9 % 7 4.6 % 8 7.9 %
Weight at birth < p3a 1 1.3 % 2 1.3 % 3 3.0 %
NICU admission 7 9.2 % 5 3.3 % 3 3.0 %

BMI, body mass index; NICU, neonatal intensive care unit; O2, oxygen; pHa, arterial pH; PPROM, preterm premature rupture of membranes.
a <p10, <p3: birth weight <10th and 3rd percentile according to INTERGROWTH-21st charts [21].
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Composite low score subdomain outcome

Regarding our composite outcome, 27.6% (95% CI, 18.0e39.1;
n¼ 21/76), 25.5% (95% CI, 18.8e33.2; n¼ 39/153) and 24.8% (95% CI,
16.7e34.3; n¼ 24/101) of infants had at least one subdomainwith a
low score in the SARS-CoV-2, vaccine, and reference groups,
respectively (Table 3).

SARS-CoV-2 exposure in utero was not associated with an
increased risk of having at least one subdomain with a low score at
12 months, compared with the reference group, with a crude OR of
1.16 (95% CI, 0.59e2.28) and an adjusted OR of 1.74 (95% CI,
0.76e3.99) (Table 4). Similarly, COVID-19 vaccine exposure in utero
was not associated with an increased risk of having at least one
subdomain with a low score in infants, compared with the
reference group, with a crude OR of 1.04 (95% CI, 0.58e1.86) and an
adjusted OR of 0.76 (95% CI, 0.39e1.49) (Table 4).
Sensitivity analysis

Two neonates were born preterm in the SARS-CoV-2 group,11 in
the COVID-19 vaccine group, and none in the reference group. After
the exclusion of these preterm neonates, the SARS-CoV-2, COVID-
19 vaccine, and reference groupswere composed of 74,142, and 101
infants, respectively (Table S3). ASQ-3 scores are presented in
Tables S4 and S5. The proportion of infants with at least one sub-
domain with a low score is presented in Table S6. After excluding
preterm births, results were unchanged with an adjusted OR of 1.58



Table 3
Numbers of ASQ-3 with low score domains in infants, at 12 months after birth, after in utero exposure to SARS-CoV-2 infection or COVID-19 vaccine compared with the
reference group.

SARS-CoV-2 COVID-19 vaccine Reference

n % 95% CI n % 95% CI n % 95% CI

Follow-up at 12 months n ¼ 76 n ¼ 153 n ¼ 101

�1 low score domain 21 27.6 % 18.0 e 39.1 39 25.5 % 18.8 e 33.2 25 24.8 % 16.7 e 34.3
No low score domain 55 72.4 % 60.9 e 82.0 114 74.5 % 66.8 e 81.2 76 75.2 % 65.7 e 83.3
1 low score domain 18 23.7 % 14.7 e 34.8 30 19.6 % 13.6 e 26.8 20 19.8 % 12.5 e 28.9
2 low score domain 1 1.3 % 0.0 e 7.1 6 3.9 % 1.5 e 8.3 3 3.0 % 0.6 e 8.4
3 low score domain 2 2.6 % 0.3 e 9.2 2 1.3 % 0.2 e 4.6 1 1.0 % 0.0 e 5.4
4 low score domain 0 d 0 d 0 d

5 low score domain 0 d 1 0.7 % 0.0 e 3.6 1 1.0 % 0.0 e 5.4

Low: score <2SD. ASQ-3, ages and stages questionnaire third edition; SD, standard deviation.

Table 4
Association between the proportion of low neurodevelopment domain score and in utero exposure to SARS-CoV-2 infection or COVID-19 vaccine compared with controls
among infants evaluated at 12 months after birth.

Univariate analysis Multivariate analysis

OR 95% CI p adj. OR 95% CI p

12 months follow-up
�1 low score domain SARS-CoV-2 vs. reference group 1.16 0.59 d 2.28 0.666 1.74a 0.76 d 3.99 0.188

COVID-19 vaccine vs. reference group 1.04 0.58 d 1.86 0.895 0.76b 0.39 d 1.49 0.427

Adjustment with all potential confounding factors unbalanced between groups is defined as a standardized difference of >10%. Adj. OR, adjusted OR; BMI, body mass index.
a Maternal age, marital status, maternal ethnicity, maternal and partner education level, maternal BMI >35, maternal addiction, maternal nulliparous status, pregnancy

complications, neonatal birth weight < p10, and admission to the neonatal intensive care unit.
b Maternal age, marital status, maternal ethnicity, maternal and partner education level, maternal addiction, maternal medical history, pregnancy complications, mode of

delivery, prematurity, and neonatal birth weight < p10.
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(95% CI, 0.69e3.66) and 0.83 (95% CI, 0.43e1.64), for SARS-CoV-2
and COVID-19 vaccine exposure in utero, respectively (Table S6).

Discussion

To the best of our knowledge, this is the first study investigating
the neurodevelopmental impact in infants after COVID-19 vacci-
nation exposure in utero. Infants exposed to the SARS-CoV-2 or
COVID-19 vaccine in utero had neurodevelopmental ASQ-3 mean
scores within the normal expected range in all five subdomains
assessed. SARS-CoV-2 and COVID-19 vaccine exposure in utero does
not appear to be associated with a significant increased risk of
altered developmental trajectories at 12 months of life, when
compared with an unexposed reference group, within the limits of
the small sample size of this study.

These results are consistent with a recent study that assessed
ASQ-3 scores at 6 months after birth in infants born to mothers
exposed to COVID-19 during pregnancy. The authors did not find
any association with neurodevelopmental changes in the five
subdomains compared with infants born tomothers not exposed to
the virus. However, they found that infants born during the
pandemic, regardless of the maternal SARS-CoV-2 status, had lower
scores than a historical cohort of infants assessed before the
pandemic, highlighting the potential impact of the pandemic
environment itself [15]. Similar results have been published in an
update by this group, where again they found no difference be-
tween infants born to mothers with asymptomatic to mild SARS-
CoV-2 infection during pregnancy compared with unexposed in-
fants [25]. Our cohort extends this by including a contemporane-
ously recruited reference group of children not exposed to SARS-
CoV-2 or a COVID-19 vaccine, and found no difference in the
developmental trajectories in Swiss childrenwith in utero exposure
to either SARS-CoV-2 infection or COVID-19 vaccination.

Our findings contrast with those from the Edlow et al. [16] study,
however, which used data from a population database including
222 patients who tested positive for SARS-CoV-2 during pregnancy.
That study reported that SARS-CoV-2 exposure during pregnancy
was more frequently associated with a neurodevelopmental dis-
order diagnosis in the exposed infants, with an OR of 2.17 (95% CI,
1.24e3.79; p 0.006) and an adjusted OR of 1.86 (95% CI, 1.03e3.36;
p 0.04), compared with unexposed infants. This study did not
distinguish between neurodevelopmental disorders, and the pri-
mary outcome definition was based on the International Classifi-
cation of Disease 10th Revision for neurodevelopmental disorders,
which may lack sensitivity. Additionally, follow-up was limited to
1 year of age, which is lower than the average age of diagnosis for
most of the included neurodevelopmental disorder outcomes [16].

This study adds to the evidence that the COVID-19 vaccine
during pregnancy appears to be safe for infant neurodevelopment.
A study by Jaswa et al. [17] reported that COVID-19 vaccinationwas
safe during pregnancy from the perspective of infant neuro-
development up to 18 months of age. These findings align with
previous studies that assessed the developmental and health out-
comes of infants after exposure to influenza or pertussis vaccines
during pregnancy [26e28].

Strengths and limitations

The strength of our research lies in the prospective inclusion of
infants and the relatively large number of parents who responded
to the questionnaires across all three groups. The patients were
enrolled in Switzerland, mitigating potential confounders related to
inter-cultural and socio-economic factors often present in inter-
national studies. The inclusion of a contemporary reference group
is of major importance as the pandemic environment itself may
represent a potential confounder, as previously described in refer-
ence [15].

Several limitations need to be addressed. First, the identification
of SARS-CoV-2 exposure in uterowas influenced by evolving testing
policies, which changed over time and across hospitals. This may
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have introduced a misclassification bias, a concern previously
highlighted in our research. Second, the ASQ-3 is a parent-reported
questionnaire and therefore open to a degree of bias. However,
parents are well placed to understand their child's everyday
development and the ASQ-3 has been demonstrated to be a sen-
sitive and reliable predictor of clinical outcomes [29]. However, it
will be important for future research to further investigate neuro-
developmental outcomes following SARS-CoV-2 and COVID-19
vaccine exposure using standardized and blinded research-
administered direct assessments of development. Third, the size
of the samples does not allow us to conclude on the significance of
subtle differences. It is also important to mention that half of the
solicited potential participants did not return the questionnaire,
introducing a selection bias. Finally, symptoms caused by vaccina-
tion were not collected from the questionnaire sent to participants
and could represent potential factors that have an influence on the
outcome, such as fever during pregnancy.

Future research should focus on longer-term neuro-
developmental assessment of both in utero SARS-CoV-2 and COVID-
19 vaccine exposure at and beyond 2 years of life. Neuro-
development typically becomes more stable at this point and a
better predictor of later developmental outcomes [30].

In conclusion, our findings indicate that both SARS-CoV-2 and
COVID-19 vaccine exposure in utero were not associated with an
increased risk of neurodevelopmental low scores of at least one of
the five subdomains, as assessed by the ASQ-3, among infants
compared with the reference group at 12 months after birth.
However, these results remain limited and future studies should
focus on larger sample sizes and explore neurodevelopmental
outcomes beyond 2 years of age.
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