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Abstract
Background  There are known maternal and obstetrical risks following SARS-CoV-2 infection in pregnancy, but the 
impact on offspring is not well known. The objective of this study was to examine offspring risks of hospitalization and 
emergency department visits in the first year of life following SARS-CoV-2 infection in pregnancy.

Methods  This was a retrospective cohort study in Ontario, Canada of infants born from March 1, 2020 to December 
31, 2021 using health administrative databases. The exposure group was defined by a positive SARS-CoV-2 PCR 
test in pregnancy, while the comparator group included pregnancies without a positive test recorded. The primary 
outcomes included all-cause offspring hospitalizations and emergency department (ED) visits in the first year of life. 
Poisson regression was used to adjust for maternal sociodemographic factors, medical and obstetrical history, and 
health behaviours. The main secondary outcome was risk of infections (including respiratory, gastrointestinal and 
otitis media infections) in the first year of life. A sensitivity analysis was conducted in which individuals with a negative 
SARS-CoV-2 test served as the comparator group.

Results  There were 222,448 live births during the study period; following matching 45,958 pregnancies were 
included. Cases were matched on maternal age, geography, and last menstrual period date in a 10:1 ratio. The 
exposed group included 5,291 pregnancies and the comparator group included 40,667 pregnancies. There was 
no significant difference observed between groups in risk of hospitalization (aRR (95% CI): 1.10 (0.99–1.22)). Small 
increases in risk of both ED visits (aRR 1.12 (1.06–1.17)), and infections (aHR 1.16 (1.11–1.21) were observed in the 
exposed group. When the comparator group was limited to pregnancies with a negative SARS-CoV-2 test, there was 
no difference in risk of ED visits, but the increased risk of infections persisted.

Conclusions  A positive SARS-CoV-2 test in pregnancy was not associated with an increased risk of hospitalization in 
the offspring’s first year, which may be reassuring to parents and healthcare providers. However, there may be a small 
increased risk of offspring infections.
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Background
COVID-19, the disease caused by the SARS-CoV-2 virus, 
continues to affect individuals worldwide, and while sci-
entific knowledge of the illness has grown exponentially 
since it was first described in late 2019, questions remain 
regarding long-term repercussions of infection. In par-
ticular, the impact of the SARS-CoV-2 virus in pregnancy 
has been explored through large cohort studies and sys-
tematic reviews, but postnatal effects on infants exposed 
in utero are not well-described.

The risks of intensive care unit (ICU) admission and 
death are increased in those who are pregnant and 
infected with SARS-CoV-2 compared to those who are 
not pregnant and infected [1–4]. Pregnancies compli-
cated by SARS-CoV-2 infection are also reported to have 
an increased risk of preeclampsia, preterm birth, and 
stillbirth [1, 5, 6]. Evidence to date regarding offspring 
outcomes is limited to the immediate neonatal period, 
with one study demonstrating an increased risk of admis-
sion to higher-level NICU, longer length of hospital stay, 
and greater need for ventilatory support in infants born 
to individuals with SARS-CoV-2 infection in pregnancy 
[7]. Beyond the early neonatal period, there is a paucity of 
evidence on the offspring effects.

As is observed for other pathogens, there may be long-
term repercussions of maternal infection in pregnancy 
for the offspring. It is well established that some infec-
tions in pregnancy are teratogenic, producing profound 
congenital effects in offspring, for example as seen with 
‘ToRCH’ infections (toxoplasmosis, rubella, cytomegalo-
virus, herpes virus, syphilis) [8–12]. Others pose a risk of 
vertical transmission and lifelong offspring infection, for 
example HIV and hepatitis B. Fortunately, most evidence 
indicates that the risks of vertical transmission and con-
genital anomalies attributable to SARS-CoV-2 in preg-
nancy are low [1, 13, 14].

Other offspring effects of maternal infection may be 
possible, with one study suggesting there is an increased 
risk of offspring hospitalization following urinary tract 
infections in pregnancy [15]. Recent studies of influenza 
in pregnancy have suggested a link with febrile seizures 
in early childhood [16, 17].

The objective of this study is to explore whether the 
impacts of SARS-CoV2 exposure in utero extend beyond 
the early neonatal period into the first year of life. We 
hypothesize that fetal exposure to SARS-CoV2 virus in 
pregnancy may be associated with an increased risk of 
all-cause hospitalization and emergency department 
(ED) visits in children up to 1 year of age, compared to 
children who have not been exposed in utero. Second-
arily, we hypothesize that SARS-CoV-2 exposure may be 
associated with an increased risk of infant infection in 
the same time frame.

Methods
Study setting, population and data sources
This was a population-based retrospective cohort study 
of pregnant individuals and their offspring born in hos-
pital between March 1, 2020 to Dec 31, 2021 in Ontario, 
Canada. The study start date reflects approximately the 
time when SARS-CoV-2 began widely circulating in Can-
ada, with a state of emergency declared in the province of 
Ontario on March 17, 2020. The study end date reflects 
when routine PCR testing for all suspected SARS-
CoV-2 infections was stopped in the province. Data were 
obtained from ICES, a non-profit research institute based 
in Ontario, Canada whose legal status allows it to collect 
and analyze health care and demographic data, without 
consent, for health system evaluation and improvement 
[18].

The study cohort was assembled using the MOMBABY 
data set [19], which links birthing parents with hospi-
tal-born infants using the Maternal-Newborn Match-
ing number, and sociodemographic information was 
ascertained from the Registered Persons Database [20] 
Those with missing or invalid birth dates or not eligible 
for provincial health insurance were excluded. SARS-
CoV2 infection was identified using the C19INTGR data-
base [19], which records SARS-CoV-2 PCR test results 
in Ontario. In Ontario, all individuals with suspected 
SARS-CoV-2 infection due to symptoms or contact 
with an infected individual were tested using PCR until 
December 31, 2021. COVID-19 vaccination informa-
tion was ascertained from the Ontario COVID-19 Vac-
cine Database (COVaxON). Hospitalization and ED visits 
were identified from the Canadian Institute for Health 
Information (CIHI) Discharge Abstract Database, and 
National Ambulatory Care Reporting System databases 
respectively [21]. Visits to outpatient primary care were 
ascertained via the Ontario Health Insurance Plan data-
base. These datasets were linked using unique encoded 
identifiers and analyzed at ICES.

Exposure and outcomes
The exposed group included pregnancies with con-
firmed SARS-CoV2 infection, and the comparator group 
pregnancies without confirmed SARS-CoV2 infection, 
including those who tested negative and those who were 
not tested. The unexposed group was matched in an 
up to 10:1 ratio to the exposed group by maternal age 
(within ± 5  years), geography (using forward sortation 
area), and last menstrual period date (within ± 2 weeks).

The primary outcome included all-cause offspring hos-
pitalizations (excluding the birth admission) and ED vis-
its in the first year of life. Secondary outcomes included 
infant upper and lower respiratory tract infections, otitis 
media, gastrointestinal (GI) infections, and any of these 
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infections in the first year of life, diagnosed in hospital, 
ED, or in a primary care setting.

Covariates
Covariates were pre-selected based on clinical and epide-
miological rationale and included maternal age, income 
quintile of the neighbourhood, age and labour force quin-
tile of the neighbourhood [22], number of COVID-19 
vaccines received prior to birth of infant, rurality, par-
ity, prenatal care utilization index [23], pre-existing and 
gestational diabetes and hypertension; number of mater-
nal hospitalizations and ED visits in the five years prior 
to the index birth, multiple birth, birth season, gesta-
tional age at birth, birthweight, infant sex, and small for 
gestational age (SGA, defined as birthweight less than 
the 10th percentile for gestational age and sex using the 
INTERGROWTH growth standard) [24] diagnosis, and 
large for gestational age (LGA, greater than 90th percen-
tile for gestational age and sex using INTERGROWTH) 
diagnosis.

Statistical analyses
Analyses were conducted using SAS Enterprise Guide, 
version 8.3 (SAS Institute, Inc). Descriptive statistics were 
used to describe the characteristics of the exposed and 
unexposed groups. Continuous variables were described 
using medians and interquartile ranges (IQR) due to 
skewed data, while categorical variables were described 
using frequencies (n) and percentages (%). Standardized 
differences of 0.10 or greater were considered to be indic-
ative of covariate imbalance between the exposed and 
unexposed groups. Poisson regression was used to assess 
the association between exposure and pediatric all-cause 
hospitalization and ED visits at 1 year of infant life, while 
adjusting for covariates. Time-to-event analyses for sec-
ondary outcomes were conducted using multivariable 
Cox proportional hazards regression models. A complete 
case analysis approach was used when modelling to han-
dle missing data (< 1%).

We performed an a priori power calculation, estimated 
a sample size of at least 35,000. Using a background rate 
of 1% for infant hospitalization [25], we calculated > 80% 
power to detect a relative incidence of 1.2 and > 90% 
power to detect a relative incidence of 1.3.

Sensitivity analysis
To account for potential differences in access to SARS-
CoV-2 PCR testing and health care services, sensitivity 
analyses for the primary and secondary outcomes were 
conducted in which only individuals with a negative 
SARS-CoV-2 test served as the unexposed group (test-
negative design) [26].

Results
There were 222,448 live births between March 1, 2020 
and December 31, 2021 that met all eligibility criteria. 
There were 5291 pregnancies with a positive SARS-
CoV-2 test, matched to 40,667 pregnancies without a 
positive test (Fig. 1).

The median age of birthing parents in the study was 
32 years (IQR 29–34 years), and the median gestational 
age at birth was 39 weeks (IQR 38–40 weeks). Maternal 
demographic characteristics were mostly similar between 
the two groups (Table 1). However, there were more indi-
viduals who did not receive any doses of the SARS-CoV-2 
vaccine in the documented infection group compared to 
those without documented infection. The median num-
ber of ED visits and hospitalizations in the 5 years prior 
to the birth admission were slightly higher in the exposed 
group, compared to the unexposed group. A higher pro-
portion of the exposed group were multiparous, com-
pared to the unexposed group.

Obstetrical complications and birth outcomes in 
both exposed and unexposed groups were also similar 
(Table 2). The length of the birth admission was similar 
between groups.

Association between SARS-CoV-2 infection and outcomes
The mean (SD) number of all-cause hospitalizations 
excluding the birth admission was 0.12 (0.44) in the 
exposed group, and 0.11 (0.39) in the unexposed group 
(SMD 0.03). In the exposed and unexposed groups 
respectively, 8.3% and 7.9% of infants had one hospital-
ization (SMD 0.02). More than 90% of both groups did 
not have any hospitalizations (see Table 3).

Compared with unexposed infants, SARS-CoV-2 
infection during pregnancy was associated with a small 
increase in the rate of hospitalization in the first year of 
life in the unadjusted model (Crude Rate Ratio (cRR) 
1.13, 95% CI 1.02–1.25) (Table  4). After adjusting for 
covariates, the effect was slightly attenuated and no sta-
tistically significant difference was observed (Adjusted 
Rate Ratio (aRR) 1.10, 95% CI 0.99–1.22).

The mean (SD) number of all-cause infant ED visits in 
the first year of life was 0.66 (1.11) in the exposed group 
and 0.57 (1.02) in the unexposed group (SMD 0.08). 
There was at least one ED visit in 38.7% of the exposed 
group and 35.4% of the unexposed group. Table 3 further 
details number of ED visits by group. Compared with 
unexposed infants, SARS-CoV-2 infection during preg-
nancy was associated with a small increase in the rate 
of ED visits in the unadjusted model (aRR 1.13 (95% CI 
1.08–1.19)), and this increased rate persisted after covari-
ate adjustment (aRR 1.12 (95% CI 1.06–1.17).

There was a small increase in risk of any infection 
(upper and lower respiratory tract infection, otitis 
media, or gastrointestinal infection) in offspring from 
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pregnancies with a positive SARS-CoV-2 test compared 
to those without a positive test in the unadjusted model 
(crude Hazard Ratio (cHR) 1.16, 95% CI 1.11–1.20. The 
increased risk persisted after adjusting for covariates 
(adjusted HR (aHR) 1.16, 95% CI 1.11–1.21). In adjusted 
analyses of individual infection categories, there was an 
increased risk of upper respiratory tract infection (aHR 
1.19, 95% CI 1.14–1.25), lower respiratory tract infection 
(aHR 1.20, 95% CI 1.10–1.30), and otitis media (aHR 1.28, 
95% CI 1.16–1.41). There was no difference in the risk of 
gastrointestinal infection between groups, in either the 
crude (cHR 0.98, 95% CI 0.90–1.07) or adjusted models 
(aHR 0.99, 95% CI 0.91–1.08).

Sensitivity analyses
For our planned sensitivity analyses, 5068 pregnancies 
with a positive SARS-CoV-2 test, were matched to 25,212 
pregnancies with a negative test to create the exposed 
and unexposed groups, respectively. Maternal demo-
graphics in both groups were similar to those observed 
in the main analysis. In this analysis, the rates of all-cause 
offspring hospitalization (aRR 1.05, 95% CI 0.94–1.18) 
and ED visits (aRR 1.04, 95% CI 0.99–1.10) were not sig-
nificantly different between those who were exposed to 

SARS-CoV-2 infection in pregnancy and those who were 
unexposed.

When pregnancies with a negative SARS-CoV-2 test 
were used as the unexposed group, results of analysis 
of infections were similar to those observed in the main 
analysis. Compared with unexposed infants, SARS-
CoV-2 infection during pregnancy was associated with 
a small increase in the risk of infections in the first year 
of life, after covariate adjustment (aHR 1.08, 95% CI 
1.04–1.13).

Discussion
In this retrospective cohort study of over 45,000 preg-
nancies in Ontario, Canada, a positive SARS-CoV-2 test 
in pregnancy was not associated with an increased rate 
of hospitalizations in the first year of life, although there 
was a small increase in the rate of respiratory tract infec-
tions and otitis media compared to those without a posi-
tive test.

Although there was a small increase in the rate of ED 
visits in the first year of life that persisted in adjusted 
analysis, when a negative SARS-CoV-2 test was used as 
the unexposed group in our planned sensitivity analysis 
there was no longer a significant difference. This suggests 

Fig. 1  Cohort flow chart illustrating the inclusion and exclusion criteria of participants in the study
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that the association seen in our primary analysis may 
have been driven by selection bias due to health-seeking 
behaviour of parents. Namely, those who sought SARS-
CoV-2 testing may have been more inclined to interact 
with the health care system, a behaviour that extended to 
care of the infant, and reflected by more ED visits.

This study demonstrates an increased risk of infections 
in infants of parents who had SARS-CoV-2 in pregnancy. 
There are both social and biologic explanations to con-
sider. Those with a positive SARS-CoV-2 test in preg-
nancy may have more exposures to respiratory infections 
in general, due to parity, place of employment, or local 
population density. We attempted to control for such fac-
tors by including maternal age, neighbourhood income 
and labour force quintiles, geographic code (forward sor-
tation area) and rurality in adjusted analysis.

An underlying biologic explanation for this is 
unproven. However, the multisystem inflammatory syn-
drome has been reported to occur in infants whose birth-
ing parent had SARS-CoV-2 infection in pregnancy [28]. 
This raises the question of whether there may be long-
term effects on such infants due to the rigorous immune 
response. Studies on the impact of influenza infection in 
pregnancy have suggested that the link to adverse child-
hood outcomes, such as seizures, may be mediated by 
virally induced hypoxia and placental inflammation [17]. 
More studies are needed to understand the mechanism 
by which maternal infection predisposes to childhood 
infection.

Of other studies documenting infant outcomes fol-
lowing in utero exposure to SARS-CoV-2, one other 
describes hospitalizations up to 6  months as a second-
ary outcome [29]. In this descriptive study of surveillance 
data from the United States, there were 3,967 pregnancies 

Positive 
SARS-
CoV-2 Test 
(n = 5,291)

No positive 
SARS-
CoV-2 Test 
(n = 40,667)

Standard-
ized mean 
differencea

Total number of live 
births

5,377 217,047

Number of live births 
after matching

5,291 40,667

Median age (IQR), years 31 (28–34) 32 (29–34) 0.10
Neighbourhood Income Quintile, n (%)
  1 (lowest) 1,258 (23.8%) 7,991 (19.6%) 0.10
  2 1,123 (21.2%) 8,740 (21.5%) 0.007
  3 1,247 (23.6%) 9,691 (23.8%) 0.006
  4 987 (18.7%) 8,234 (20.2%) 0.04
  5 (highest) 667 (12.6%) 5,936 (14.6%) 0.058
  Missing 9 (0.2%) 75 (0.2%) 0.003
Age and Labour Force Quintileb, n (%)
  1 (least marginalized) 2,114 (40.0%) 16,484 

(40.5%)
0.01

  2 1,149 (21.7%) 8,807 (21.7%) 0.001
  3 843 (15.9%) 6,233 (15.3%) 0.02
  4 630 (11.9%) 5,116 (12.6%) 0.02
  5 (most marginalized) 516 (9.8%) 3,797 (9.3%) 0.01
  Missing 39 (0.7%) 230 (0.6%) 0.02
Prenatal Care Utilization Indexc, n (%)
  Intensive 56 (1.1%) 404 (1.0%) 0.006
  Adequate 697 (13.2%) 6,006 (14.8%) 0.05
  Intermediate 2,888 (54.6%) 22,193 

(54.6%)
0

  Inadequate 1,301 (24.6%) 8,930 (22.0%) 0.06
  No care 349 (6.6%) 3,134 (7.7%) 0.04
Number of SARS-CoV-2 vaccinations at 14 days prior to birth, n (%)
  0 3,855 (72.9%) 26,162 

(64.3%)
0.19

  1 537 (10.1%) 4,685 (11.5%) 0.04
  2 +  899 (17.0%) 9,820 (24.1%) 0.18
  Rurality, n (%) 270 (5.1%) 2,195 (5.4%) 0.01
Parity, n (%)
  Nulliparous 2,053 (38.8%) 17,787 

(43.7%)
0.1

  Multiparous 3,238 (61.2%) 22,880 
(56.3%)

0.1

  Pre-existing diabetes, 
n (%)

145 (2.7%) 785 (1.9%) 0.05

  Pre-existing hyper-
tension, n (%)

100 (1.9%) 775 (1.9%) 0.004

Table 1  Maternal baseline characteristics in pregnancies with 
and without a positive SARS-CoV-2 test Positive 

SARS-
CoV-2 Test 
(n = 5,291)

No positive 
SARS-
CoV-2 Test 
(n = 40,667)

Standard-
ized mean 
differencea

  Number of hospi-
talizations in 5 years 
prior to birth admission, 
median IQR)

1 (0–1) 0 (0–1) 0.11

  Number of emer-
gency department visits 
in 5 years prior to birth 
admission, median (IQR)

1 (0–3) 1 (0–3) 0.21

aA standardized mean difference greater than or equal to 0.10 is considered 
indicative of covariate imbalance between exposed and unexposed groups
bThe Age and Labour Force Quintile is a dimension of the Ontario Marginalization 
Index (ON-Marg), and includes the proportion of the population who are aged 
65 and older, the proportion of the population who are not participating in the 
labour force, and a dependency ratio [27].
cThe Revised-Graduated Prenatal Care Utilization Index is a measure of 
adequacy of prenatal care provided to a birthing parent by healthcare providers 
during the prenatal period using the number of prenatal visits, gestational age 
of the newborn, and the date when prenatal care began [23].

Table 1  (continued) 
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affected by SARS-CoV-2 included. The incidence of all-
cause hospitalization through 6 months of age was 4.1%, 
with primary indications of non-SARS-CoV-2 acute 
respiratory illness, jaundice, and feeding issues. The study 
design did not include a comparator group, though the 
authors note that this rate of hospitalization was similar 
to historical cohorts. Our study supports this finding, as 
there was no increased risk of hospitalization using either 

Table 2  Obstetrical complications and birth outcomes in 
pregnancies with and without SARS-CoV-2 test

Positive 
SARS-
CoV-2 Test 
(n = 5,291)

No positive 
SARS-
CoV-2 Test 
(n = 40,667)

Stan-
dardized 
mean 
difference

Multiple pregnancy, n (%) 158 (3.0%) 1,322 (3.3%) 0.02
Gestational diabetes, n (%) 667 (12.6%) 4,627 (11.4%) 0.04
Hypertensive disorder of 
pregnancy, n (%)

416 (7.9%) 3,159 (7.8%) 0.004

Gestational age at birth, 
weeks, median (IQR) weeks

39 (38–40) 39 (38–40) 0.05

Length of birth admission, 
median (IQR) days

1 (1–2) 1 (1–2) 0.03

Infant birth weight, g, 
median (IQR)

3300 
(2960–3620)

3316 
(2980–3650)

0.04

Infant sex female, n (%) 2,630 (49.7%) 19,791 
(48.7%)

0.02

Small for gestational 
age < 3%ile at birth, n (%)

50 (0.9%) 386–390* 0.001

Small for gestational 
age < 10%ile at birth, n (%)

237 (4.5%) 1732–1736* 0.01

Large for gestational 
age, > 90%ile at birth, n (%)

977 (18.5%) 8129–8133* 0.04

*Precise number suppressed due to < 5 missing outcomes

Table 3  Outcomes in the first year of life for offspring of 
pregnancies

Positive 
SARS-
CoV-2 Test 
(n = 5,291)

No posi-
tive SARS-
CoV-2 Test 
(n = 40,667)

Stan-
dardized 
mean 
difference

Number of ED visits, 
median (IQR)

0 (0–1) 0 (0–1) 0.08

Number of ED visits, n (%)
  0 3,241 (61.3%) 26,287 (64.6%) 0.07
  1 1,252 (23.7%) 9,172 (22.6%) 0.026
  2 446 (8.4%) 3,200 (7.9%) 0.01
 ≥ 3 352 (6.7%) 2,008 (4.9%) 0.073
  Number of hospitaliza-
tions, median (IQR)

0 (0–0) 0 (0–0) 0.02

Number of hospitalizations, n (%)
  0 4,771 (90.2%) 36,921 (90.8%) 0.02
  1 440 (8.3%) 3,210 (7.9%) 0.02
  2 54 (1.0%) 400 (1.0%) 0.004
 ≥ 3 26 (0.5%) 136 (0.3%) 0.024
  Any infection, n (%) 2,744 (51.9%) 18,944 (46.6%) 0.11
  Upper respiratory tract 
infection

2,139 (40.4%) 14,281 (35.1%) 0.11

  Lower respiratory tract 
infection

680 (12.9%) 4,268 (10.5%) 0.08

  Gastrointestinal tract 
infection

579 (10.9%) 4,514 (11.1%) 0.005

  Otitis media 510 (9.6%) 3,123 (7.7%) 0.07

Table 4  Comparing outcomes in offspring of pregnancies with a 
positive SARS-CoV-2 test vs control
Outcome Relative risk/

hazard ratio 
(95% confi-
dence interval)

Main analysis, unadjusted comparison to no positive SARS-CoV-2 test 
(N = 45,958)
  Hospitalization 1.13 (1.02–1.25)
  ED visit 1.13 (1.08–1.19)
  Any infection 1.16 (1.11–1.20)
  Upper respiratory tract infection 1.20 (1.14–1.25)
  Lower respiratory tract infection 1.22 (1.12–1.32)
  Gastrointestinal infection 0.98 (0.90–1.07)
  Otitis media 1.27 (1.15–1.40)
Main analysis, adjusteda comparison to no positive SARS-CoV-2 test 
(N = 45,958)
  Hospitalization 1.10 (0.99–1.22)
  ED visit 1.12 (1.06–1.17)
  Any infection 1.16 (1.11–1.21)
  Upper respiratory tract infection 1.19 (1.14–1.25)
  Lower respiratory tract infection 1.20 (1.10–1.30)
  Gastrointestinal infection 0.99 (0.91–1.08)
  Otitis media 1.28 (1.16–1.41)
Sensitivity Analyses, unadjusted comparison to those with documented 
negative SARS-CoV-2 test (N = 30,280)
  Hospitalization 1.06 (0.95–1.19)
  ED visit 1.04 (0.98–1.09)
  Any Infection 1.07 (1.03–1.12)
  Upper respiratory tract infection 1.11 (1.06–1.17)
  Lower respiratory tract infection 1.16 (1.06–1.26)
  Gastrointestinal infection 0.94 (0.86–1.04)
  Otitis media 1.10 (1.0–1.23)
Sensitivity Analyses, adjusteda comparison to those with documented 
negative SARS-CoV-2 test (N = 30,280)
  Hospitalization 1.05 (0.94—1.18)
  ED visit 1.04 (0.99—1.10)
  Any Infection 1.08 (1.04–1.13)
  Upper respiratory tract infection 1.12 (1.06–1.17)
  Lower respiratory tract infection 1.15 (1.05–1.26)
  Gastrointestinal infection 0.96 (0.88–1.06)
  Otitis media 1.12 (1.01–1.24)
aAdjusted for maternal age, neighbourhood income quintile, neighbourhood 
age and labour force quintile, vaccination status, prenatal care utilization 
index, rurality, parity, maternal diabetes or hypertension (gestational and pre-
existing), maternal health care utilization in 5  years prior to birth admission, 
birth season, multiple birth, gestational age at birth, infant birth weight, infant 
sex, small for gestational age diagnosis, large for gestational age diagnosis
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lack of positive SARS-CoV-2 test, or negative test as the 
comparator.

A 2022 case–control study suggested that full maternal 
vaccination (i.e. with 2 doses) against SARS-CoV-2 dur-
ing pregnancy decreased the risk of infant hospitaliza-
tion compared to no vaccination [30]. Similarly, a large 
population-based cohort study found that vaccination (at 
least one dose) decreased the rate of hospital admission 
up to 6 months of age [31]. The rate of full vaccination in 
our exposed cohort was 17%, which while less than the 
rate of vaccination in the comparator group (24%), may 
have been sufficient to protect against hospitalization in 
this study.

Beyond outcomes in the first year of life, other stud-
ies have examined the potential neurodevelopmental 
impact of SARS-CoV-2 in pregnancy on offspring. Some 
studies have suggested an increased risk of delay in fine 
motor and personal-social domains [32, 33], though oth-
ers have found no difference in neurodevelopmental out-
comes [34]. Important potential confounders that have 
been postulated include the higher risk of preterm birth 
in those with SARS-CoV-2 infection [35], parent-infant 
separation [36], and pandemic-era social changes [37]. 
A follow-up study examining neurodevelopmental out-
comes is planned for this cohort.

The main strength of this study is its inclusion of live 
hospital births in the largest province of Canada during 
the early years of the COVID-19 pandemic, making this 
a significant study of infant health outcomes following 
birthing parent SARS-CoV-2 infection in pregnancy. The 
health administrative datasets available for linkage also 
allowed important covariates to be included in multivari-
ate regression analysis.

A limitation of the study derives from the changing 
nature of the pandemic over the past several years. Most 
data on maternal SARS-CoV2 infection during preg-
nancy in this study derives from a pre-Omicron variant 
period; and information on the precise variant is not 
available from the C19INTGR database for this time. 
SARS-CoV-2 variants in wide circulation now are differ-
ent from those affecting individuals in this study, and it 
has been demonstrated that severity of infection and vac-
cine protection differs by variant [38]. It is unclear how 
this may affect infant hospitalization, ED visits, and risk 
of infection. This may be an area of future research, how-
ever the decline in access to PCR confirmatory testing for 
SARS-CoV-2 may limit the sample size of such research.

Although the study group is large, it notably does not 
include non-hospital births, since the administrative 
database utilizes hospital diagnostic and physician bill-
ing codes. In the context of initial outbreak of the SARS-
CoV-2 pandemic in 2020, the proportion of non-hospital 
births in Ontario increased to 2% [39].This observation 
may have been due to choice, as birthing parents may 

have attempted to avoid acquiring infections in the hos-
pital setting, or due to circumstance, due to “social dis-
tancing” measures. The same context could also lead to 
parents unable or choosing not to bring infants to hos-
pital. However, the overall proportion of non-hospital 
births (2%) is small compared to the overall study size, 
and thus may not substantially impact the results.

Retrospective database studies are limited in their abil-
ity to ascertain some variables. For example, we were 
unable to determine disease severity using the standard 
definitions of need for hospitalization since all included 
patients were hospitalized for birth. During the pan-
demic, it was briefly standard practice to swab all birth-
ing parents at birth admission, further complicating 
assessment of disease severity.

Despite these limitations, population database studies 
such as this one are the only feasible type of study in the 
setting of a rapidly evolving pandemic.

Conclusions
In this population-based retrospective cohort study com-
paring infant health outcomes following pregnancies 
with a positive SARS-CoV-2 to those without a positive 
test, there was an increased risk of respiratory infections 
in the first year of life. However, this risk did not trans-
late to increased risks of infant hospitalization or ED vis-
its. This finding may motivate some birthing parents to 
take additional precautions in pregnancy to avoid SARS-
CoV-2 infection and to increase vaccine uptake to mini-
mize risk.
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