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Abstract
Potential medium- and long-term neurodevelopmental sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection during pregnancy have not been ruled out. We aimed to systematically review and summarize the evidence 
regarding the effects of intrauterine exposure to SARS-CoV-2 on infant development and behavior. Scopus, PubMed, Web 
of Science, CINAHL, and PsycNet databases were searched for studies published up to February 6, 2023, investigating the 
effects of gestational SARS-CoV-2 on infant development and behavior. We performed narrative synthesis according to 
updated protocols. Studies using comparison groups and with the Ages and Stages Questionnaires-Third Edition (ASQ-3) 
scores available were included in a meta-analysis performed according to Cochrane protocols. We used the Newcastle–Ottawa 
Quality Assessment Scale to analyze the risk of bias. Heterogeneity was calculated using the I2 statistic. The search identi-
fied 2,782 studies. After removing duplicates and applying the eligibility criteria, we performed a narrative synthesis of 10 
included studies and a meta-analysis of three. There was no evidence of higher developmental delay rates in infants exposed 
to SARS-CoV-2 during pregnancy compared to non-exposed infants. However, the exposed infants scored lower than either 
the non-exposed children or pre-pandemic cohorts in some domains. Pooled results from the random-effects model indicated 
that SARS-CoV-2-exposed infants had lower scores on fine motor (mean difference [MD] = -4.70, 95% confidence interval 
[CI]: -8.76; -0.63), and problem-solving (MD = -3.05, 95% CI: -5.88; -0.22) domains than non-exposed infants (heterogeneity: 
I2 = 69% and 88%, respectively). There was no difference between the exposed and non-exposed infants in the communica-
tion, gross motor, and personal-social ASQ-3 domains.

Conclusion: We did not find evidence confirming the association between SARS-CoV-2 gestational exposure and neu-
rodevelopmental delays. However, the meta-analysis indicated that gestational exposure negatively affected fine motor and 
problem-solving skills. Robust evidence on this topic is still incipient, and the available studies present methodological 
inconsistencies that limit the drawing of clear-cut conclusions. 

PROSPERO registration: #CRD42022308002; March 14, 2022.

What is Known:
• COVID-19 is associated with adverse pregnancy outcomes potentially linked to neurodevelopmental delays.
• SARS-CoV-2 vertical transmission is rare; however, infections during pregnancy can be deleterious to the fetus, possibly mediated by mater-

nal immune activation and other inflammatory mechanisms.
What is New:
• No evidence of increased developmental delay rates among SARS-CoV-2 gestational-exposed infants was found. However, a meta-analysis of 

three studies showed lower scores in fine motor and personal social ASQ-3 domains among exposed infants.
• SARS-CoV-2 gestational exposure and the pandemic can affect child development via many mechanisms. Potential neurodevelopmental 

sequelae of SARS-CoV-2 exposure during gestation have not been ruled out.
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Abbreviations
ABR	� Auditory Brainstem Response
ASQ-3	� Ages and Stages Questionnaires, Third 

Edition
ASQ: SE-2	� Ages and Stages Questionnaires: Social-

Emotional, Second Edition
CDC-DM	� Centers on Disease Control -Developmental 

Milestones
CM	� Communication
DD	� Developmental Delay
DP3	� Developmental Profile 3
FFA	� Retinal ultra-widefield fluorescein 

angiography
FM	� Fine motor
GM	� Gross motor
GMA	� General Movement Assessment
LMIC	� Low- and middle-income countries
MeSH	� Medical Subject Headings
MIA	� Maternal immune activation
MOOSE	� Meta-Analyses of Observational Studies in 

Epidemiology
MOS-R	� Motor Optimality Score – Revised
NOS	� Newcastle-Ottawa Quality Assessment Scale
PBS	� Problem-solving
PCR	� Polymerase chain reaction
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-analyses
PS	� Personal-social
SD-OCT	� Spectral Domain Optical Coherence 

Tomography
SE	� Socio-emotional
SWiM	� Synthesis Without Meta-Analysis
TEOAE	� Transient Evoked Otoacoustic Emissions
TORCH	� Toxoplasmosis, “other” infections, rubella, 

cytomegalovirus, and herpes simplex virus

Background

Since the beginning of the coronavirus disease 2019 
(COVID-19) pandemic, more than 58 million women of 
reproductive age (15–40 years) have been infected by the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. The prevalence of COVID-19 in pregnant 
women varies from 6 to 8%, based on universal screen-
ing surveys [2–4]. A serologic survey that analyzed 1,900 
asymptomatic dyads in the first week after childbirth, 
between April and August 2021, found that 13% of puer-
peral women were seropositive for SARS-CoV-2 anti-N 
IgG as were 15% of their neonates [5].

Growing evidence has shown that SARS-CoV-2 vertical 
transmission is rare [6–10]. However, even in the absence 
of vertical transmission and a direct effect of the virus 
on the fetus, gestational infections can still be deleterious 

to the offspring, possibly mediated by maternal immune 
activation (MIA) and other inflammatory mechanisms 
[10–14]. It has been well documented that COVID-19 is 
associated with adverse pregnancy outcomes potentially 
linked to neurodevelopmental delays, such as preeclamp-
sia, preterm birth, fetal distress requiring cesarean deliv-
ery, and neonatal intensive care admission [2, 4, 15–18].

Moreover, gestational infections induce inflammatory 
and immunological responses, which may disrupt the 
placental function, altering hormonal release, increasing 
cytokine production, and immune cell infiltration [19]. 
Placental malfunctioning is also related to fetal distress, 
lower cord pH, fetal hypoxia, and NICU admission [18]. 
Secondary neuroinflammation and modified embryogen-
esis may potentially interfere with central nervous system 
development [19]. Although neonatal COVID-19's most 
common manifestation is a sepsis-like syndrome, neuro-
logic symptoms and neurologic inflammation secondary 
to SARS-CoV-2 vertical transmission have been dem-
onstrated [9]. Neurological manifestations are relatively 
common in neonatal COVID-19 and may be due to the 
direct viral cytopathic effect, but also due to prematurity 
induced by maternal COVID-19 [8, 9, 13, 14].

Regardless of the biological plausibility of the adverse 
outcomes of SARS-CoV-2 gestational exposure, it is 
important to consider the effect of COVID-19 pan-
demic–related psychological stress on gestational and 
neonatal outcomes [20–23]. Pre- and postnatal maternal 
depression may compromise the quality of parenting prac-
tices and mother–child interactions, such as low respon-
siveness to the child’s needs and harsh parenting [24, 25]. 
Feelings of uncertainty and fear, death of loved ones, 
social isolation, loss of income, and domestic violence 
are some factors that can contribute to maternal anxiety 
and depression, and increasing, though, the risk of nega-
tive outcomes related to child development [24, 26–28]. 
A recent Brazilian study explored the association between 
COVID-19 and women’s mental health. Almost half of the 
1,041 pregnant women included in the study were sus-
pected of suffering from common mental disorders, and 
the negative feelings brought about by the pandemic, such 
as fear and anxiety, were strongly associated with these 
symptoms [29].

Current literature has generally explored the short-term 
neonatal outcomes of children born to infected mothers [4, 8, 
16, 17, 30, 31]. Nevertheless, such exposure may have long-
term effects, even without direct neonatal infection [10–12, 
20–23]. Given the large number of pregnant women infected 
by the SARS-CoV-2, even a modest increase in the risk for 
adverse neurodevelopmental outcomes would still have a 
massive public health impact [12].

Despite a notable increase in the knowledge around ges-
tational exposure to SARS-CoV-2, studies analyzing the mid 
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and long-term effects of this exposure are still incipient [12, 
21], and the potential neurodevelopmental sequelae have not 
been ruled out [12, 21]. Therefore, the present study aimed 
to systematically review and summarize the evidence con-
cerning the effects of intrauterine exposure to SARS-CoV-2 
on infant development.

Methods

We conducted a rapid systematic review of primary studies 
according to the JBI Manual for Evidence Synthesis [32], 
Meta-Analyses of Observational Studies in Epidemiology 
(MOOSE) [33], Synthesis Without Meta-Analysis (SWiM) 
[34], and Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) [35] guidelines. The review 
protocol was registered with PROSPERO on March 14, 2022 
(#CRD42022308002). The review question was: What are 
the effects of being exposed to SARS-CoV-2 during gestation 
on infants’ development?

Outcomes

The primary outcome, developmental and behavioral disor-
ders, refers to physical and/or mental impairments that limit 
the child from progressively developing and achieving the 
skills expected at each age [36].

Eligibility criteria

The following inclusion criteria were used to select studies 
that investigated: (a) the impact of SARS-CoV-2 infection 
during pregnancy on the development and behavior of chil-
dren aged from 1 to 23 months; (b) SARS-CoV-2 infection 
during pregnancy confirmed by viral tests, or presumed by 
serological or antigen tests, or documented in medical records 
or official reporting databases; (c) SARS-CoV-2 infection that 
occurred at any gestational period with any clinical presenta-
tion, including asymptomatic cases; (d) standardized assess-
ment of child development and behavior using validated tests, 
based on direct observation or parental reports; and (e) obser-
vational studies (cohort, case–control, cross-sectional).

We excluded studies regarding (a) maternal exposure to 
other infectious diseases during pregnancy (e.g., SARS-
CoV-1, MERS-CoV); (b) infants with congenital malfor-
mations, sensory deficits, chromosomal disorders, and other 
conditions that can affect neurodevelopment; (c) isolated 
assessments of neurosensory functions without a link to 
child development and behavior; (d) letters, editorials, com-
mentaries, book chapters, and qualitative, psychometrics 
studies, reviews, meta-analyses, case reports, protocols, and 
pilot studies; and (f) papers not written in English, Spanish, 
or Portuguese.

Search strategy

The research team developed, tested, and revised the search 
strategy based on the eligibility criteria after the pilot test. 
Eligible studies were searched for in five electronic data-
bases: Scopus, PubMed, Web of Science, CINAHL, and 
PsycNet. The databases were accessed on February 6, 2023. 
Descriptors were identified in the Medical Subject Head-
ings (MeSH). The search strategy was adapted based on the 
descriptors in each database and is presented in Table S1 
(see Additional File 1).

Selection process

All identified studies were included and managed during 
the screening phase at the Rayyan web app for systematic 
reviews [37]. Screening and removal of duplicate papers, ini-
tial screening based on the title and abstract, and full reading 
of the screened papers were performed by two independent 
researchers according to the eligibility criteria (G.S.M.A.P. 
and R.C.S.). Studies that met all the eligibility criteria 
were included in the present rapid review. Discordance was 
resolved by consensus with other authors.

Data extraction and synthesis

Data, including author, year of publication, study location, 
objective, instruments, data collection procedure, study 
design, and main findings, were extracted using a prede-
fined form. The data extraction process was performed 
by two authors based on the SWiM protocol [34] and 
was validated by the research team. Data were organized 
in tables and presented as follows: author and year, study 
design, country, follow-up period, sample characteristics, 
instruments, and main results. Additionally, we evaluated 
whether the studies had sufficient data to conduct a meta-
analysis. Studies that included a control group and presented 
the child scores by Ages and Stages Questionnaires-Third 
Edition (ASQ-3) domains met the criteria for meta-analysis 
[38–40]. ASQ-3 scores by domain were the main outcome 
of the meta-analysis.

Risk of bias

The Newcastle–Ottawa Quality Assessment Scale (NOS) 
[41] assesses three quality parameters (selection, compara-
bility, and outcome) and is widely used to analyze the risk of 
bias in observational studies. The highest score (nine stars) 
indicates a high-quality study, while studies with less than 
five stars indicate a high risk of bias. The risk of bias of the 
10 studies included in the rapid review was independently 
assessed by two researchers and is presented in Table S2 (see 
Additional File 1).
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Statistical analysis

No statistical method other than the description of propor-
tions and frequencies of the main findings was used to per-
form the narrative synthesis.

Meta-analysis were performed using Cochrane Rev-
Man Manager 5.4.1 software [42]. Treatment effects were 
expressed as mean differences (MDs) and calculated using 
a random-effects model. Considering the small number of 
studies included in the meta-analysis, the Mantel–Haenszel 
method was used to estimate the effect size. Forest plots 
were used to visualize treatment effects. The effects of statis-
tical heterogeneity between the studies were assessed using 
the Cochran Q test. The I2 statistic was used to assess the 
extent of heterogeneity between studies. Heterogeneity was 
considered low for I2 < 30%, moderate for I2 ≥ 30 and ≤ 75%, 
and high for I2 > 75% [43]. Prediction intervals and subgroup 

analyses were not performed because of the small number of 
included studies. The risk of publication bias was examined 
using the asymmetry of the funnel plot and Egger’s test.

Results

Study selection

The search identified 2,782 studies. After removing dupli-
cates (n = 1,389), titles and abstracts of the remaining 1,393 
studies were screened. Initial screening identified 15 stud-
ies that met the eligibility criteria. During the full-reading 
phase, five more studies were excluded. The remaining 10 
studies were included in the narrative synthesis, and three 
of them were included in the meta-analysis. Figure 1 shows 
the PRISMA flow diagram.

Fig. 1   PRISMA 2020 flow 
diagram [35]
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Studies overview

The overview of the studies is detailed in Table 1. For most 
of the 10 studies included in the present review, data collec-
tion was carried out in 2020 (n = 9) [38–40, 44–50]. These 
studies were conducted in China (n = 3) [38, 39, 46], Italy 
(n = 1) [48], the United States (n = 3) [40, 45, 49], United 
States and Brazil (n = 1) [50], India (n = 1) [47], and Kuwait 
(n = 1) [44].

Most studies used a prospective design (n = 9) [38, 40, 
44–50], and six used a comparison group [39, 40, 47–50].

Gestational exposure to SARS-CoV-2 was defined based 
on nasal-swab polymerase chain reaction (PCR) results 
in the majority of studies (n = 8) [38, 40, 44, 45, 47–50]. 
Serology results (n = 1) [35] and information extracted from 
medical records or official databases (n = 6) [38, 39, 44, 46, 
49, 50] were also accepted to define gestational exposure. 
Except for the study by Shuffrey et al. [40], all other studies 

included women who were predominantly infected in the 
third trimester of gestation [38, 39, 44–50]. Maternal disease 
presentation was described in nine of the 10 studies, and 
most of the women had mild or asymptomatic COVID-19 
[38–40, 44–46, 48–50]

Methodological aspects

Tables  2 and 3 summarize the studies’ assessment 
approaches and main findings. Regarding the characteristics 
of the study samples, Wu et al. and Cheng et al. compared 
exposed infants to non-exposed ones [38, 39]. Shuffrey 
et al. initially compared exposed and non-exposed infants; 
afterward, children born during the pandemic period were 
grouped to explore the differences between pandemic and 
pre-pandemic cohorts [40]. Martinez et al. also compared 
exposed infants to neurotypical pre-pandemic controls [50]. 

Table 1   Studies overview

RT-PCR real time-polymerase chain reaction, Trim trimester, NP nasopharyngeal

Authors (year/country) Study design Sample characteristics

Maternal infection defini-
tion

Moment of gestational 
exposure

Maternal clinical condition

Wang et al. (2020) [46]
(China)

Single-arm cohort National Epidemic Report 
System

2nd Trim – 7%
3rd Trim – 93%

86% Mild
14% Severe

Munian et al. (2021) [47]
(India)

Cohort RT-PCR 3rd Trim – 100% -

Wu et al. (2021) [39]
(China)

Cohort National Epidemic Report 
System

2nd Trim – 7%
3rd Trim – 93%

86% Mild
14% Severe

Cheng et al. (2021) [38]
(China)

Case–control Medical records based on RT-
PCR results

3rd Trim – 100% 100% Mild

Schuh et al. (2022) [45]
(USA)

Single-arm cohort RT-PCR  > 14 days from delivery – 
39%

10–14 days from delivery 
– 6%

 < 10 days from delivery – 
55%

45% Symptomatic

Shuffrey et al. (2022) [40]
(USA)

Cohort RT-PCR and/or serology 1st Trim – 15%
2nd Trim – 32%
3rd Trim – 28%
unknown – 25%

34% Asymptomatic
62% Mild
4% Severe

Buonsenso et al. (2022) [48]
(Italy)

Single-arm cohort RT-PCR 1st Trim – 3%
2nd Trim – 3%
3rd Trim – 83%
unknown – 10%

58% Asymptomatic
34% Symptomatic
8% unknown

Ayed et al. (2022) [44]
(Kwait)

Single-arm cohort Medical records based on RT-
PCR results

1st Trim – 2%
2nd Trim – 7%
3rd Trim – 91%

40% Asymptomatic
7% Severe

Mulkey et al. (2022) [49]
(USA)

Cohort RT-PCT 1st Trim – 4%
2nd Trim – 21%
3rd Trim – 75%

57% Symptomatic

Martinez et al. (2023) [50]
(USA / Brazil)

Cohort RT-PCT 1st Trim – 14%
2nd Trim – 30%
3rd Trim – 57%

15% Asymptomatic
68% Mild/moderate
18% Severe
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Table 2   Studies methodology and main findings

Author, year N Sample Main findings

Groups Instruments N per 
instrument

Child’s age 
at assessment

Wang et al. [46] (2020) 57 EN (n = 57) ASQ-3
ASQ: SE-2

57 3 months Children at risk for delay:
19.2% CM, 13.5% GM, 23.1% FM, 19.2% 

PBS, 23.1% PS, 86.4% SE
Subdomain scores inversely associated with 

the duration of dyad separation:
CM (p = 0.026), GM (p = 0.036), PS 

(p = 0.044)
Wu et al. [39]
(2021)

135 EN (n = 57)
NE (n = 78)

ASQ-3
ASQ: SE-2

135 3 months % Global delay: EN > NE (p = 0.35)
% SE delay: EN > NE (p = 0.2)
Subdomain delay: EN > NE, FM (p = 0.092) 

and PS (p = 0.24)
Subdomains scores: EN < NE, GM 

(p = 0.006), FM (p = 0.038), PBS 
(p = 0.002), and PS (p = 0.002)

Subdomain scores inversely associated with 
the dyad separation duration:

GM (p = 0.008)
Cheng et al. [38] (2021) 18 EN (n = 9)

NE (n = 9)
ASQ-3 18 8–10 months Subdomain scores: EN < NE, FM 

(p = 0.031), CM (p = 0.086), GM 
(p = 0.521) PBS (p = 0.401), PS (p = 0.430)

Schuh et al. [45] (2022) 33 EN (n = 33) ASQ-3 15 6 months All normal
Shuffrey et al.[40]
(2022)

317 PC (n = 255)
EN (n = 114)
NE (n = 141)
HC (n = 62)

ASQ 3 317 5- 6 months Comparison between exposed and non-
exposed infants:

Subdomain scores: EN < NE, CM (p = 0.89), 
GM (p = 0.63), PBS (p = 0.81)

EN = NE, FM (p = 0.99)
EN > NE, PS (p = 0.34)
Comparison between pandemic and histori-

cal cohorts:
Subdomain scores: PC < HC, GM 

(p < 0.001), FM (p < 0.001), PS (p = 0.01), 
PBS (p = 0.67)

PC > HC, CM (p = 0.29)
Subdomain delay: PC > HC, GM (p = 0.01)
Association between the trimester of preg-

nancy and the pandemic peak:
Subdomain scores: 1st trim < 2nd and 3rd 

trim, GM(p = 0.001), FM(p = 0.0005), PS 
(p = 0.002)

Munian et al. [47]
(2021)

127 PEN (n = 19)
NEN (n = 108)

DP3
Amiel-Tison

127 6 months Global delay: 5.2% PEN vs. 0.9 NEN 
(p > 0.05)

Buonsenso et al. [48]
(2022)

199 EN (n = 199) Postural develop-
ment

(GM)

120
82
40
20

1 month
3 months
6 months
9 months

All normal

Ayed et al. [44] (2022) 298 EN (n = 298) ASQ-3 298 10–12 months Children at risk for delay: 0.3% CM, 2.6% 
GM, 4% FM, 1% PBS, 3% PS

Association of gestational trimester and 
risk for delay: 1st and 2nd trim > 3rd trim 
(p < 0.001)
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Munian et al. grouped the neonates of infected mothers 
according to their infection status; thus, positively exposed 
neonates were compared to negatively exposed ones [47]. 
Mulkey et al. compared exposed infants born to symptomatic 
and asymptomatic mothers and perinatally infected neonates 
[49]. Wang et al., Schuh et al., Buonsenso et al., and Ayed 
et al. did not group the participants [44–46, 48].

Child neurodevelopment was assessed using standardized 
questionnaires in eight studies [38–40, 44–47, 49], and neu-
rological examination was reported in four studies [47–50] 
(Table 2). Additionally, three studies explored neurosensory 
functions based on audiological [40, 42, 43] and ophthalmo-
logical tests [48] (Table 3).

The ASQ-3 was the most commonly used tool (n = 7) to 
assess children’s development, considering the communication, 

fine motor, gross motor, problem-solving, and personal-social 
domains [38–40, 44–46, 49]. In two studies, the ASQ: Social-
Emotional, Second Edition (ASQ: SE-2) was also used [39, 
46]. The Developmental Profile 3 (DP3) was used in one study 
to assess adaptative behavior, social-emotional, cognitive, and 
communication skills [47]. Developmental assessments were 
performed when the children were 3 to 17 months old.

Standardized neurological examination using the 
Amiel-Tison method at six months old [47], gross motor 
skills based on postural milestones in children from zero 
to nine months old [48], General Movement Assessment 
(GMA) videos between 3 and 5  months [50], and the 
CDC´s developmental milestones between 6 and 8 months 
of age [50] were also used to assess child development.

Table 2   (continued)

Author, year N Sample Main findings

Groups Instruments N per 
instrument

Child’s age 
at assessment

Mulkey et al. [49]
(2022)

34 IU-S (n = 16)
IU-A (n = 12)
Neo (n = 6)

ASQ-3 34 3–17 months Children at risk for delay (ASQ scores close 
to or below the cutoff):

Any ASQ domain: 69% IU-S, 50% IU-A, 
50% Neo

CM: 38% IU-S, 17% IU-A, 33% Neo
GM: 56% IU-S, 33% IU-A, 17% Neo
FM: 69% IU-S, 42% IU-A, 33% Neo
PB: 50% IU-S, 25% IU-A, 33% Neo
PS: 63% IU-S, 17% IU-A, 33% Neo
Association of maternal symptoms and risk 

for delay:
Global: IU-S > IU-A (p = 0.04), FM: 

IU-S > IU-A (p = 0.01), PS: IU-S > IU-A 
(p = 0.02)

Martinez et al. [50]
(2023)

239 EN (n = 124)
NTC (n = 115)

GMA
CDC-DM

230
109

3–5 months
6–8 months

General movements assessments:
MOS-R median (IQR): 23 (21–24) EN, 25 

(24–26) NTC (p < 0.001)
MOS-R optimal range (25–28): 17.4% EN, 

54.8% NTC (p < 0.001)
MOS-R < 20: 14% EN, 0% NTC (P < 0.001)
EN: 7% abnormal exaggerated fidgety 

movements; 11.3% normal equals to or less 
than abnormal movement patterns; 71.3% 
normal equals to or less than abnormal 
postural patterns; 78.3% Abnormal but 
not cramped-synchronized movements 
(p < 0.001)

CDC-DM assessment:
% Developmental Delay (DD): EN 11.9%
% DD by gestational trimester: 23.1% T1, 

9.1% T2, 11.1% T3 (p = 0.40)

EN exposed neonates, NE non-exposed neonates, PEN positive exposed neonates, NEN negative exposed neonate, PC pandemic cohort, HC 
historic cohort, IU-S in utero exposed to symptomatic mothers, IU-A in utero exposed to asymptomatic mothers, Neo exposed in the neonatal 
period, NTC neurotypical controls, ASQ-3 Ages and Stages Questionnaires Edition 3, ASQ:SE-2 Ages and Stages Questionnaire: Social-Emo-
tional, second edition, DP3 Developmental Profile 3, GMA General Movement Assessment, CDC-DM Centers on Disease Control - Develop-
mental Milestones, CM communication, GM gross motor, PBS problem-solving, SE socio-emotional, FM fine motor, PS personal-social, MOS-R 
Motor Optimality Score - Revised



2048	 European Journal of Pediatrics (2023) 182:2041–2055

1 3

All three studies that assessed neurosensory outcomes 
examined the infant Auditory Brainstem Response (ABR) 
[45, 47, 48] (Table 3). Buonsenso et al. [48] completed the 
audiological evaluation using the Transient Evoked Otoa-
coustic Emissions (TEOAE) test. In addition, they reported 
that infants’ ophthalmological examinations included reti-
nal ultra-widefield fluorescein angiography (FFA), retinal 
spectral domain optical coherence tomography (SD-OCT), 
and behavioral assessment of visual function (ability to fix, 
track, saccade movements, visual acuity, attention at dis-
tance, binocular visual fields, and contrast sensitivity) [48].

Main findings of individual studies

The main findings of individual studies were described 
according to the tools used to assess children’s developmental 
and neurosensory outcomes, as presented in Tables 2 and 3.

Child development and behavior

Regarding the three single-arm cohorts based on the ASQ-3, 
Schuh et al. reported that all 15 exposed infants were clas-
sified as normal at six months old [45]. Conversely, Wang 
et al. reported that the proportion of children at risk of devel-
opmental delay at three months of age varied between 13.5% 
and 23.1% in the ASQ-3 subdomains but reached 86.4% in 
the socio-emotional domain [46]. According to Ayed et al., 
10% of 10–12 month-old children scored below the cut-
off in at least one subdomain, with fine motor, personal 
social, and gross motor being the most frequently affected 
[44]. Ayed et al. also explored the association between the 
moment at which maternal infection occurred and the risk of 
developmental delay and showed that infections in the first 
and second trimesters were associated with a higher risk of 
developmental delay than those in the third trimester [44].

Among the studies with comparison groups, Wu et al. 
described an overall developmental delay in 13.5% of the 
exposed and 8.1% of the non-exposed infants (p = 0.35); and 
also a higher proportion of delay in fine motor and personal 
social skills in the exposed infants at three months of age, 
although the difference was not statistically significant [39]. 
Mulkey et al. showed that the proportion of children at risk 
for developmental delays was higher when they were born 
to symptomatic mothers compared to asymptomatic mothers 
or when they were infected after birth in all ASQ domains 
[49]. Moreover, the authors found an association between 
maternal symptoms and the risk for global developmental 
delay (p = 0.04), fine motor delay (p = 0.01), and personal 
social delay (p = 0.02). Munian et al. did not find differ-
ences in overall or specific domain delays when compar-
ing positive and negative exposed neonates using the DP3 

questionnaire [47]. Martinez et al. compared the movement 
patterns of children exposed to SARS-CoV-2 during preg-
nancy with neurotypical children born before the pandemic 
using the Motor Optimality Score- Revised (MOS-R) [50]. 
The authors observed abnormal movement and postural 
patterns and movement characters more frequently in the 
exposed children than in the control group (p < 0.001).

Considering the ASQ-3 subdomain scores, Wu et al. 
found that exposed infants scored significantly lower on 
gross motor, fine motor, problem-solving, and personal 
social skills at three months of age [39]. Cheng et  al. 
reported that exposed infants also had lower scores on com-
munication, gross motor, fine motor, problem-solving, and 
personal-social skills than non-exposed infants between 
8 and 10 months of age; however, the difference was not 
significant [38]. Shuffrey et al. did not find differences in 
any of the five ASQ-3 subdomain scores when comparing 
exposed and non-exposed infants [40].

Chinese authors have also performed other analyses con-
sidering the association between mother-infant separation 
duration after birth and ASQ subdomain scores [39, 46]. 
Communication, gross motor, and personal social domain 
scores were inversely associated with the duration of mother-
infant separation, but no statistical difference was noted in 
the socio-emotional domain [39, 46].

Shuffrey et al. compared pandemics (exposed and non-
exposed) to historical cohorts [40]. Children born dur-
ing the pandemic had significantly lower scores on gross 
motor, fine motor, and personal-social skills and a higher 
proportion of gross motor delay than the historical cohort. 
Furthermore, infants born to mothers in the first trimester 
of pregnancy during the first-wave pandemic peak scored 
lower in gross motor, fine motor, and personal social 
domains than others.

Neurological exam

All the children assessed by Buonsenso et al. and Munian 
et al. had normal neurological examination results. Buon-
senso et al. assessed postural milestones in infants from 1 to 
9 months of age, while Munian et al. assessed passive and 
active tone and primary reflexes (Amiel-Tison method) at 
six months of corrected age [47, 48]. Nevertheless, Martinez 
et al. performed a neurological examination and develop-
mental milestones assessment (CDC tool) in 109 exposed 
infants between 6 and 8 months of age and found that 12% 
of them presented developmental delay. In addition, the 
prevalence of developmental delay among infants exposed 
to SARS-CoV-2 in the first trimester of gestation was higher 
than that in other trimesters, although the difference was not 
statistically significant (p = 0.42) [50].
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Audiological assessment

The number of exposed neonates with abnormal audiologi-
cal evaluation referred to retest and with confirmed abnor-
mal audiological function was comparable to that of non-
exposed infants of the same age [45, 47, 48]. 

Ophthalmological assessment

Regarding structural assessment, all exposed infants pre-
sented with age-appropriate retinal development, and no 
other abnormalities were identified on SD-OCT exami-
nation; 15% of them had retinal vascular abnormalities. 
Behavioral assessment of visual function was normal in 
85% of children. Notably, six children (30%) had reduced 
attention at a distance, while three (15%) had reduced con-
trast sensitivity [48].

Results of meta‑analysis

Figure 2 shows the meta-analysis results of the three stud-
ies with data on ASQ-3 domains (communication, gross 
motor, fine motor, problem-solving, and personal social) 
in comparison groups [38–40].

Pooled results from the random-effects model indi-
cated that exposed infants had lower scores on fine motor 
[MD = -4.70, 95% CI: -8.76; -0.63] and problem-solving 
[MD = -3.05, 95% CI: -5.88; -0.22] domains than non-
exposed infants. There was no difference between the 

exposed and unexposed infants regarding communication 
[MD = -3.40, 95% CI: -10.42; 3.63], gross motor skills 
[MD = -3.16, 95% CI: -6.41; 0.08], and personal-social 
skills [MD = -1.98, 95% CI: -4.61; 0.66]. The heteroge-
neity between the studies was moderate for gross motor 
(I2 = 73%) and problem-solving (I2 = 69%) skills, but high 
for communication (I2 = 96%), fine motor (I2 = 88%), and 
personal social (I2 = 80%) skills (Fig. 2).

Discussion

The present rapid review analyzed 10 papers published 
between 2020 and 2023, selected from more than 2,700 
studies identified in the five databases. Although it seems 
few, it is important to consider that the COVID-19 pandemic 
was officially recognized in March 2020 [51]. Furthermore, 
the main outcome analyzed—the development and behav-
ior of infants exposed to SARS-CoV-2 during gestation—is 
time-consuming, considering the pregnancy duration and the 
time needed for developmental and behavioral disorders to 
emerge. It is noteworthy that only one study collected data 
from low- and middle-income countries (LMIC). The others 
were predominantly from China, which may not reflect the 
worldwide phenomenon.

The longest follow-up was 17 months, which may be 
a very short period, considering that most developmental 
delays emerge only when children are older [52]. Only four 
studies compared the exposed infants to a non-exposed con-
trol group. The lack of a comparison group made it difficult 

Table 3   Study methodology and main neurosensory findings

PEN positive exposed neonate, NEN negative exposed neonate, EN exposed neonate, NE non-exposed neonate, ABR Auditory Brainstem 
Response, TOEAE transient evoked otoacoustic emission, FFA ultra-widefield fluorescein angiography, SD-domain optical domain-optical 
coherence tomograph

Author, year N Sample Main findings

Groups Instruments N per instrument Child’ age at 
the assessment

Munian et al. [47]
(2021)

127 PEN (n = 19)
NEN (n = 108)

ABR PEN (n = 2)
NEN (n = 9)

- PEN ~ NEN (p = 1.0)

Schuh et al. [44]
(2022)

33 EN (n = 33) ABR 33 Newborn 30 passed
3 failed unilaterally

Buonsenso et al. [48]
(2022)

199 EN (n = 199) TOEA 143 At birth 27 failed: 14 were retested in 
1 month =  > all normal

ABR 34 3–6 months All normal
FFA 20 3–7 months 3 Bilateral choroidal perfusion 

anomalies
1 Bilateral vascular tortuosity

SD-DOCT 20 3–7 months All normal
Behavioral 

assessment of 
visual function

20 2–7 months 25% immature visual acuity
30% reduced attention at distance
15% reduced contrast sensitivity
15% Abnormal total score
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Fig. 2   Forest plot of the effect of the SARS-CoV-2 exposure on ASQ-3 domains
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to determine the effect of gestational exposure from other 
possible contextual and cultural risk factors. Moreover, 
children’s development has mostly been assessed using par-
ent-informed screening questionnaires. Only one study has 
performed a direct observational assessment of the general 
movements of very young infants. This implies that more 
information is necessary to confirm the causal relationship 
between gestational exposure to SARS-CoV-2 and develop-
mental and behavioral disorders. Notably, only two studies 
included behavioral assessments, and only one had a com-
parison group.

Buonsenso et al. performed a neurodevelopmental assess-
ment based on postural milestones and auditory and visual 
function evaluation [48]. The other two studies included an 
audiological assessment of exposed infants [45, 47]. Sensory 
integration is primordial to optimal development [53], and 
the experience with the TORCH infections (toxoplasmosis, 
“other” infections, rubella, cytomegalovirus, and herpes 
simplex virus) reinforces the importance of neurosensorial 
approaches for children exposed to gestational infections 
[54]. Although the studies analyzed did not demonstrate an 
association between SARS-CoV-2 gestational infection and 
neurosensorial outcomes, Martinez et al. observed subopti-
mal motor development using GMA in infants exposed to 
SARS-CoV-2 during gestation. GMA is a predictor of motor, 
cognitive, and neurodevelopmental outcomes, mainly cer-
ebral palsy and neuropsychiatric disorders [50]. Abnormal 
movements are related to gestational conditions, includ-
ing infections and maternal stress; however, the authors 
could not discard the associations between these factors 
and child motor development [50]. Despite its relevance, 
these findings should be cautiously interpreted because the 
comparison group was a selected sample of pre-pandemic 
neurotypical infants. Furthermore, elevated stress triggered 
by maternal infection and pandemic circumstances may be 
involved in GMA results.

None of the three papers that included a non-exposed 
comparison group demonstrated an association between 
SARS-CoV-2 gestational exposure and developmental 
or socio-emotional delays based on ASQ-3 and ASQ:SE 
[38–40]. Of note, two studies investigated the same sample 
[39, 46]. The 57 exposed infants described by Wang et al. 
[46] were compared with non-exposed infants in a study by 
Wu et al. [39]. Wang et al. [46] found a considerable propor-
tion of children at risk for delay, especially in the socio-emo-
tional domain (86.4%). Nevertheless, when compared to the 
non-exposed sample, there were no differences in the pro-
portion of children with delay between the groups in any of 
the domains. Mulkley et al. also found a high proportion of 
children at risk for developmental delays among infants born 
to symptomatic mothers; however, when compared to those 
in utero exposed children born to asymptomatic mothers and 
those infected perinatally, differences were not significant 

[49]. Thus, these results do not enable us to conclude about 
the association between SARS-CoV-2 gestational exposure 
and developmental delay.

Considering the screening test cutoffs, no differences 
between the exposed and non-exposed children were dem-
onstrated regarding the risk of developmental delays. Nev-
ertheless, the meta-analysis showed that the exposed infants 
had lower fine motor and problem-solving scores than the 
non-exposed infants. Individually, the papers reported diver-
gent results. Wu et al. [39] found that 3-month-old exposed 
infants had lower scores in gross motor, fine motor, problem-
solving, and personal social skills than non-exposed infants. 
Shuffrey et al. [40] assessed infants at six months of age and 
did not find the same tendency. Cheng et al. [38] assessed 
infants between eight and ten months old, and at this age, 
exposed infants had lower scores than non-exposed infants 
only in the fine motor subdomain. Although the studies 
included in the meta-analysis [38–40] used the same instru-
ment and design, the heterogeneity was moderate to high. 
This could be related to differences in the sample size and 
age range at the time of assessment [43]. Populational stud-
ies demonstrate that the prevalence of developmental delay 
increases with children’s age [55]; thus, these initial results 
highlight the need for long-term follow-up studies to clarify 
the present research question.

The timing of infection is an important factor that may 
be associated with the offspring outcomes in gestational 
infections [15]. Most mothers in the included studies were 
infected during the third gestational trimester. The timing 
of maternal SARS-CoV-2 infection was associated with 
developmental outcomes reported by Shuffrey et al. [40]. 
However, Ayed et al. and Martinez et al. found a higher pro-
portion of children at risk for developmental delay when 
they were exposed early in pregnancy, although only Ayed 
et al. demonstrated a significant association [39, 50]. A 
recent study examining fresh tissues of human fetuses aged 
9–21 post-conception weeks reported SARS-CoV-2 infec-
tion in the fetal brain associated with hemorrhage, disrupted 
endothelial integrity, and infiltration of immune cells in the 
developing cortex [13]. Nevertheless, the authors highlighted 
that it is still unclear whether these findings are due to a 
direct effect of SARS-CoV-2 infection or a consequence of 
MIA. Most fetuses with cerebral hemorrhages were between 
12 and 14 weeks of gestation, a critical window of human 
fetal brain development when endothelial tight junctions 
increase to form the blood–brain barrier [13]. Conversely, 
Bard et al. concluded that the risk of adverse obstetric and 
neonatal outcomes, many of which are somewhat related 
to brain development, is higher when SARS-CoV-2 infects 
mothers during the late second and third trimesters of gesta-
tion [15]. Immunological and inflammatory events related to 
SARS-CoV-2 infection during pregnancy are complex and 
not completely understood [8, 18].
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Many other factors, such as placenta maturity, the devel-
opmental stage of the fetus’s central nervous system at the 
moment of maternal infection, the viral load and variants, 
and the COVID-19 clinical presentation, would theoretically 
modify developmental outcomes [10, 15, 56–60]. Regard-
ing the severity of maternal disease, most mothers in the 
analyzed studies were asymptomatic or had mild COVID-
19 symptoms. Shuffrey et al. found no association between 
the severity of maternal disease and child developmental 
outcomes [40]. However, Mulkey et al., analyzing a very 
small sample of neonates exposed to SARS-CoV-2 in utero 
and after birth, demonstrated a higher proportion of infants 
at risk for developmental delay among symptomatic moth-
ers [49]. Nevertheless, the authors highlighted that 31 of 
the 34 neonates were admitted to the NICU, which may 
be a confounder because it indicates other clinical events 
possibly associated with adverse developmental outcomes. 
Unfortunately, most of the studies included in the present 
review did not explore many of these aspects, limiting their 
conclusions.

Beyond SARS-CoV-2’s direct effect on mothers and 
infants, it is crucial to recognize the potential impact of 
the pandemic on the children’s development and behavior 
[22, 25, 27]. Shuffrey et al.’s primary analysis showed no 
association between SARS-CoV-2 infection, timing, or dis-
ease severity and ASQ-3 scores [40]. Nevertheless, when 
the pooled healthy infants born during the pandemic cohort 
were compared to a historical cohort, the authors observed 
significant differences between the groups in the gross 
motor, fine motor, and personal social domains. These find-
ings agree with Huang et al. results, which used the ASQ-3 
to compare children born during the pandemic to a histori-
cal cohort [61]. In this paper, 12-month-old children from 
the pandemic cohort had lower scores in the fine motor 
and communication domains than those from the histori-
cal cohort, implying that the “pandemic context” cannot be 
neglected. Thus, special attention to mother–child mental 
health and socioeconomic disparities must be universally 
assured through integral and nurturing care, aiming to miti-
gate the long-term effects of the pandemic on humanity.

Finally, Chinese studies have analyzed the impact of 
mother-newborn separation on child outcomes [39, 46]. It 
is noteworthy that early in the pandemic, international pro-
tocols recommended that SARS-CoV-2-infected mothers 
be kept apart from their newborns immediately after birth 
[7]. At that time, a meta-analysis of 176 published cases of 
neonatal SARS-CoV-2 infections concluded that mother-
neonate rooming-in increased the incidence of neonatal 
infection fourfold in the first three days after birth [8]. Wang 
et al. and Wu et al. demonstrated that the negative develop-
mental outcomes of children exposed to SARS-Cov-2 during 
pregnancy were moderated by the duration of mother–child 

separation, confirming that this protocol was more deleteri-
ous than helpful for many child outcomes [39, 46].

Concerning sensorial assessments, studies have shown 
that referral and confirmed auditory disorder rates among 
exposed infants were similar to the overall global incidence 
[45, 47, 48, 62]. This tendency was similar to that reported 
by Ghiselli et al., although previous studies documented a 
high rate of infants exposed to SARS-CoV-2 during ges-
tation who were referred for a retest [63, 64]. The retinal 
vascular problems identified by Buonsenso et al. [48] in a 
small sample of children exposed to SARS-CoV-2 during 
gestation were also described by Kiappe et al. [65]. Despite 
being incipient, these preliminary results highlight the need 
for neurosensory assessments and multidisciplinary follow-
up of prenatally exposed infants.

To the best of our knowledge, this is the first study to 
review the potential impact of gestational exposure to 
SARS-CoV-2 on child development and behavior. Although 
we followed the recommended and updated protocols to con-
duct the present review and performed a meta-analysis, some 
limitations should be considered. We aimed to perform a 
rapid review; thus, we searched a limited number of data-
bases and did not include preprint papers.Therefore, there is 
a chance that some studies were missed. The meta-analysis 
results of the communication and personal-social domains 
should be interpreted cautiously, as the overall effect test was 
higher than the recommended cutoffs.

Future research should investigate the impact of gesta-
tional exposure in other contexts, mainly in low- and mid-
dle-income countries, where the pandemic has deepened 
social inequalities and raised many environmental stressors. 
Furthermore, the use of observational techniques to assess 
child development with longer follow-up periods, as well 
as considering the clinical features of maternal infection, 
would provide more evidence of the impact of SARS-CoV-2 
gestational exposure.

Although some clues have been raised, the present sys-
tematic review did not find sufficient evidence to confirm the 
association between SARS-CoV-2 gestational exposure and 
neurodevelopmental delays. However, the meta-analysis indi-
cated that gestational exposure negatively affected fine motor 
and problem-solving skills. Robust evidence on this topic is 
still incipient, and the available studies present methodological 
inconsistencies that limit the drawing of clear-cut conclusions.
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