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ABSTRACT

During the rapid deployment of COVID-19 vaccines in 2021, safety concerns may have led some pregnant
individuals to postpone vaccination until after giving birth. This study aimed to describe temporal
patterns and factors associated with COVID-19 vaccine series initiation after recent pregnancy in
Ontario, Canada. Using the provincial birth registry linked with the COVID-19 vaccine database, we
identified all individuals who gave birth between January 1 and December 31, 2021, and had not yet
been vaccinated by the end of pregnancy, and followed them to June 30, 2022 (follow-up ranged from 6
to 18 months). We used cumulative incidence curves to describe COVID-19 vaccine initiation after
pregnancy and assessed associations with sociodemographic, pregnancy-related, and health behavioral
factors using Cox proportional hazards regression to estimate adjusted hazard ratios (aHR) and 95%
confidence intervals (Cl). Among 137,198 individuals who gave birth in 2021, 87,376 (63.7%) remained
unvaccinated at the end of pregnancy; of these, 65.0% initiated COVID-19 vaccination by June 30, 2022.
Lower maternal age (<25 vs. 30-34y aHR: 0.73, 95%Cl: 0.70-0.77), smoking during pregnancy (vs.
nonsmoking aHR: 0.68, 95%Cl: 0.65-0.72), lower neighborhood income (lowest quintile vs. highest aHR:
0.79, 95%Cl: 0.76-0.83), higher material deprivation (highest quintile vs. lowest aHR: 0.74, 95%Cl: 0.70-
0.79), and exclusive breastfeeding (vs. other feeding aHR: 0.81, 95%Cl: 0.79-0.84) were associated with
lower likelihood of vaccine initiation. Among unvaccinated individuals who gave birth in 2021, COVID-19
vaccine initiation after pregnancy reached 65% by June 30, 2022, suggesting persistent issues with
vaccine hesitancy and/or access to vaccination in this population.
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Introduction
pregnant population in 2021 was lower than in the general

COVID-19 disease during pregnancy is a risk factor for severe
maternal illness and adverse birth outcomes;'™” COVID-19
vaccination has, thus, been recommended for pregnant indivi-
duals in many countries.” Although COVID-19 vaccination
during pregnancy has been found to be effective against
SARS-CoV-2 infection in pregnant individuals,”'® has been
associated with a lower incidence of SARS-CoV-2 infection in
newborns,''** and has not been associated with adverse preg-
nancy or birth outcomes (e.g., preterm birth, small-for-gesta-
tional-age at birth, and stillbirth),"*"" vaccine coverage in the

population of women of reproductive age in many
settings,”>*" including in Ontario, Canada.”” Lower uptake of
the COVID-19 vaccine primary series by pregnant people in
2021 may have reflected safety concerns at that time,”> > poten-
tially leading some people to postpone vaccination until after
giving birth. Similar to influenza vaccination during pregnancy,
COVID-19 vaccine hesitancy among pregnant people is likely
influenced by a variety of factors such as low perceived effec-
tiveness of the vaccine, lack of confidence in vaccine safety, and
misconceptions about the disease or vaccine.*®
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A survey conducted in the United Kingdom in late 2020 of
over 1,500 participants with a current or recent pregnancy
found that a higher proportion of individuals was ‘definitely’
or ‘leaning toward’ accepting a future COVID-19 vaccine once
no longer pregnant (81.2%), rather than while pregnant
(62.1%).>* Thus, some individuals who were reluctant to get
vaccinated against COVID-19 during pregnancy, may have
been more willing to get vaccinated after giving birth. The
objectives of this study, therefore, were to describe COVID-
19 vaccine series initiation after pregnancy and to assess socio-
demographic, pregnancy-related, and health behavioral deter-
minants of COVID-19 vaccine series initiation after pregnancy
in a population-based study of people who gave birth in 2021
and remained unvaccinated against COVID-19 by the time of
delivery.

Methods
Study design, setting, and data sources

We conducted this population-based retrospective cohort study
in Ontario, Canada’s most populous province with approxi-
mately 140,000 births each year”” and a publicly funded health-
care system. The COVID-19 vaccination program in Ontario
began in December 14, 2020. Initially, pregnant individuals
could only access COVID-19 vaccines if they were part of an
early eligibility group (e.g., healthcare workers); however, preg-
nancy became prioritized in the vaccination program on
April 23, 2021, as a high-risk population for COVID-19
complications.”® From May 18, 2021, all individuals over 18y
of age became eligible for COVID-19 vaccination.*

We used data from the Better Outcomes Registry &
Network (BORN)**—Ontario’s birth registry — to identify the
study population. BORN Ontario receives pregnancy and birth
information from all hospitals with birthing units, all midwif-
ery practice groups, birth centers, and prenatal screening
laboratories in the province. The registry collects data on
maternal demographics, health behaviors, preexisting medical
health conditions, obstetric complications, pregnancy history,
and birth outcomes. The registry data have been shown to be
of high quality in validation studies.’®*' Using unique health
card numbers, birth registry records during the study period
were deterministically linked with the provincial COVID-19
immunization database, COVaxON, which contains immuni-
zation records for all COVID-19 vaccines administered in the
province. Maternal residential postal code was used to link the
study population to Statistics Canada’s 2016 Census to obtain
information on rural/urban residence and neighborhood
income, and to the Ontario Marginalization Index, which
provides four area-based measures reflecting social and eco-
nomic marginalization.”> Additional details on data sources
are provided in Table S1.

Study population

The source population included all Ontario residents who gave
birth in the province between January 1 and December 31,
2021 (i.e., the first year of the province’s COVID-19 vaccina-
tion program). We excluded individuals who had a surgical or

medical termination of pregnancy, or had a documented gesta-
tional age <20 weeks” and birth weight <500 grams, because
these events are not systematically captured in the birth reg-
istry. We then excluded individuals who had already received
one or more doses of COVID-19 vaccine before or during
pregnancy (up to and including the date of delivery). To assess
the determinants of COVID-19 vaccine series initiation after
pregnancy, we further restricted the study population to indi-
viduals who gave birth on or after May 1, 2021, when COVID-
19 vaccines were widely available to the general population of
adults in Ontario.”

Measures

The study outcome was COVID-19 vaccine series initiation
after pregnancy, defined as receiving at least one dose of
COVID-19 vaccine from 1 d after the date of delivery until
the end of follow-up on June 30, 2022; follow-up time ranged
from 6 to 18 months depending on calendar month of delivery
(i.e., all individuals had a minimum of 6 months of follow-up
after delivery).

The following variables were evaluated as potential deter-
minants of COVID-19 vaccine series initiation after preg-
nancy: maternal age at delivery (<25, 25-29, 30-34, 35-39,
240 y); month of delivery; parity; multiple birth; preexisting
maternal health conditions (composite of asthma, chronic
hypertension, diabetes, heart disease, thyroid disease); exclu-
sive breastfeeding at discharge from hospital/birth center
after delivery (yes/no); healthcare provider at delivery (mid-
wife, registered nurse or clinical nurse specialist/nurse prac-
titioner, family physician, obstetrician, other, unattended);
self-reported maternal smoking or substance use during
pregnancy (yes/no); pregnancy complications (composite of
gestational hypertension, eclampsia, pre-eclampsia, gesta-
tional diabetes, pulmonary embolism); preterm birth (deliv-
ery at <37 weeks’ gestation; yes/no); pre-pregnancy body
mass index (kilograms/meter2 [kg/mz]); provincial public
health unit region (seven geographic regions); rural/urban
residence; neighborhood-level income quintiles; and neigh-
borhood-level marginalization quintiles (four dimensions:
residential instability, material deprivation, dependency, eth-
nic concentration).’> Additional details on variables are
available in Table S1.

Statistical analysis

Follow-up time began 1 d after the date of delivery and con-
tinued until either the date that dose 1 was received or until
follow-up ended on June 30, 2022. We first plotted descriptive
cumulative incidence curves displaying time-to-COVID-19
vaccine series initiation by 6 months (24 weeks), 12 months
(48 weeks), and by the end of follow-up, overall and stratified
by calendar month of delivery. Plots were also stratified by
maternal age group (<30 vs. 230 y) and newborn feeding status
at discharge from hospital/birth center.

Among the subgroup of individuals who gave birth
between May 1 and December 31, 2021, when COVID-19
vaccines were widely available,”® we calculated unadjusted
incidence rates of COVID-19 vaccine series initiation per



1,000 person-days of follow-up by sociodemographic, preg-
nancy-related, and health behavioral factors. Cox propor-
tional hazards regression was used to assess associations
between these factors with COVID-19 vaccine series initia-
tion after pregnancy; we computed unadjusted hazard ratios
(HR) and 95% confidence intervals (CI) as well as hazard
ratios adjusted for a core set of important sociodemographic
variables: maternal age, neighborhood income quintile, rural
residence, and public health unit region. We assessed the
proportional hazards assumptions by examining Schoenfeld
residual plots and Wald tests for interaction between the
variables in each multivariable model and time. In
a subgroup analysis, we explored whether there was any
modification of associations by calendar time by stratifying
according to timing of delivery (i.e., from May 1 to August 31,
2021, and from September 1 to December 31, 2021). In
a sensitivity analysis, we also specifically explored COVID-
19 vaccine series initiation during the first 6 months after
pregnancy descriptively (through cumulative incidence plots
and a Lexis diagram) and by repeating the analyses of deter-
minants of series initiation, limited to 6 months of follow-up
after pregnancy.

Multiple imputation was used to address variables with
missing values using a fully conditional specification to gen-
erate five multiple-imputation datasets using the ‘MI” proce-
dure (SAS Version 9.4, SAS Institute Inc, Cary, NC). The crude
and imputed frequencies of baseline characteristics for vari-
ables with missing information are shown in Table S2. We
used SAS Version 9.4 (SAS Institute Inc, Cary, NC) for data
imputation and all analyses and R 4.2.0 and RStudio 2022.02.1
(RStudio Boston, MA) for cumulative incidence curves and the
Lexis diagram. The study was approved by the Children’s
Hospital of Eastern Ontario (CHEO) Research Ethics Board
(REB protocol number 21/05PE).

Results
Study population

Among 137,198 individuals who gave birth between January 1
and December 31, 2021, 49,822 (36.3%) had already received
one or more doses of COVID-19 vaccine before or during
pregnancy, leaving a study population of 87,376 unvaccinated
individuals (Figure 1). The monthly percentage of individuals
who remained unvaccinated at the time of delivery decreased
from 99.9% in January 2021 to 36.1% in December 2021 (Table
S3). In addition to the decreasing number of individuals
remaining unvaccinated at the time of delivery each month,
the distribution of sociodemographic characteristics of these
individuals also changed over time - compared to
January 2021, a higher proportion of those who gave birth in
December 2021 was under 25y of age and living in neighbor-
hoods with lower household incomes and higher material depri-
vation (Figure S1). Between January and December 2021, there
were also small increases in the proportion of individuals who
smoked during pregnancy, had a BMI >30 kg/m?, or resided in
a rural setting, while the proportion of individuals with
a preexisting medical condition or who were exclusively
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breastfeeding their newborn at the time of discharge from
hospital/birth center after delivery decreased slightly
(Figure S1).

Temporal trends in COVID-19 vaccine series initiation
after pregnancy

Overall, the cumulative incidence of COVID-19 vaccine series
initiation after pregnancy increased most rapidly in the first
several months after delivery, reaching 56.3% by 6 months (24
weeks) and 65.0% by the end of follow-up (Figure 2 and Table
S4). When stratified by month of delivery, 6-month cumula-
tive incidences of series initiation ranged from a low of 26.0%
among individuals who gave birth in December 2021 to a high
of 69.6% among those who gave birth in April 2021 (Figure 3
and Table S4). Among individuals who had a minimum of 12
months of follow-up (i.e., those who gave birth in January
through June 2021), 12-month cumulative incidences of
COVID-19 series initiation ranged from a low of 59.5%
among individuals who gave birth in July 2021 to a high of
77.1% among those who gave birth in March 2021 (Figure 3;
Table S4).

Overall COVID-19 vaccine series initiation by 6 months
after pregnancy was higher among those 30y of age and
older at delivery (60.2%) compared with those under 30y of
age (49.5%), and while this was a consistent pattern in each
calendar month of delivery, the absolute differences between
age groups decreased over time (Figure S2 and Table S5). The
6-month cumulative incidence of series initiation did not
differ appreciably according to newborn feeding status at the
time of discharge from hospital/birth center (55.1% among
those who were exclusively breastfeeding; 57.2% among those
who were using other methods for newborn feeding; Figure S3
and Table S5) and did not demonstrate any clear temporal
patterns.

Determinants of COVID-19 vaccine series initiation after
pregnancy

Among 44,986 individuals who gave birth between May 1 and
December 31, 2021, the crude incidence rates of COVID-19
vaccine series initiation after pregnancy were lower in the
lowest (<25y of age: 2.2 per 1,000 person-days) and highest
(240 y: 2.6 per 1,000 person-days) maternal age groups, com-
pared with those 30-34 y of age (3.4 per 1,000 person-days).
Even after adjustment for neighborhood income quintile,
rural residence, and region of residence, COVID-19 vaccine
series initiation was significantly lower in these age groups
relative to those 30-34y of age (<25 vs. 30-34y aHR: 0.73,
95% CI: 0.70-0.77; 240 vs. 30-34 y aHR: 0.79, 95% CI: 0.74-
0.84) (Table 1). Vaccine series initiation was also significantly
lower in each month of delivery, relative to the month of
May 2021, and decreased monotonically from June until
December. Compared with nonsmokers, those who smoked
during pregnancy had lower likelihood of initiating vaccina-
tion (smoking vs. nonsmoking aHR: 0.68, 95% CI: 0.65-0.72);
a similar pattern was observed for substance use during
pregnancy (vs. nonuse aHR: 0.67, 95% CI: 0.63-0.71). Other
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January 1 to December 31, 2021

n=137,731

All Ontario residents who gave birth in the province from

533 excluded
204 Gestational age at birth <20 weeks and birth weight <500 grams
329 Surgical or medical termination of pregnancy

Source population of individuals who gave birth from
January 1 to December 31, 2021

n=137,198

49,822 excluded
49,822 Received 21 dose of COVID-19 vaccine before or during
pregnancy (i.e., up to and including the date of birth)

Study population of individuals who had not received
any doses of COVID-19 vaccine by the time of delivery

n =87,376

Temporal analyses of COVID-19 vaccine series initiation
after pregnancy

n=87,376

42,390 excluded

42,390 Births before May 1, 2021

Analyses of determinants of COVID-19 vaccine series

May 1 to December 31, 2021

n = 44,986

initiation after pregnancy among those who gave birth from

Figure 1. Study flow diagram.

factors associated with a lower likelihood of COVID-19 vac-
cine series initiation after delivery included rural residence
(vs. urban aHR: 0.72, 95% CI: 0.69-0.74), lower neighbor-
hood income (lowest quintile vs. highest aHR: 0.79, 95% CI:
0.76-0.83), higher neighborhood material deprivation (high-
est quintile vs. lowest aHR: 0.74, 95% CI: 0.70-0.79), higher
neighborhood social dependency (highest quintile vs. lowest
aHR: 0.89, 95% CI: 0.85-0.93), and exclusive breastfeeding at
time of hospital discharge (vs. other type of newborn feeding
aHR: 0.81, 95% CI: 0.79-0.84). Having a preexisting chronic
medical condition was associated with a higher likelihood of
vaccine series initiation after pregnancy (vs. no condition
aHR: 1.09, 95% CI: 1.05-1.14), as was having pregnancy
complications (vs. no complication aHR: 1.18, 95% CI:
1.14-1.22) and residing in a neighborhood with the highest

ethnic concentration (highest quintile vs. lowest aHR: 1.30,
95% CI: 1.24-1.37).

Subgroup and sensitivity analyses

Following stratification by time period of delivery, we gener-
ally observed the same patterns of associations with COVID-
19 vaccine series initiation, with respect to both direction and
magnitude of the hazards ratios (Table S6). However, the
likelihood of COVID-19 vaccine series initiation among
those 240y of age compared with those 30-34y of age was
qualitatively lower between September and December 2021
(aHR: 0.69, 95% CI: 0.62-0.78) than between May and
August 2021 (aHR: 0.84, 95% CI: 0.78-0.91). Conversely,
COVID-19 vaccine series initiation was higher among those
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Figure 2. Cumulative incidence plot of time-to-COVID-19 vaccine series initiation after pregnancy among individuals who gave birth between January 1 and
December 31,2021 . 2 Dashed line displays COVID-19 vaccine series initiation by 6 months (24 weeks). ® Dash-dotted line displays COVID-19 vaccine series initiation

by 12 months (48 weeks).

living in neighborhoods with the highest ethnic concentration
compared with the lowest ethnic concentration between
September and December 2021 (aHR: 1.47, 95% CI: 1.34-
1.62) than between May and August 2021 (aHR: 1.22, 95%
CL: 1.14-1.29). When we restricted the follow-up period to
only the first 6 months after pregnancy, there were no changes
in direction or magnitude of the results (Table S7). As can be
seen in the Lexis diagram (Figure S4), there were no clear
temporal patterns in series initiation in the first 6 months
after pregnancy with respect to time since the delivery; the
most intense calendar period of COVID-19 vaccine series
initiation occurred from May to June 2021, corresponding to
when COVID-19 vaccines became widely available to the gen-
eral adult population in the province.

Discussion

In this population-wide study of 87,376 individuals who gave
birth in 2021 and were not yet vaccinated by the end of their
pregnancy, the cumulative incidence of COVID-19 vaccine
series initiation after delivery reached 65.0% by the end of
June 2022. Series initiation after pregnancy by June 30, 2022,
was highest among those who gave birth in the first 4 months
of 2021; nevertheless, it was still considerably lower among
these individuals than in the general population of women of
reproductive age in Ontario (92% coverage by early
July 2022**), despite having had 15-18 months to initiate vac-
cination by the end of the study period. Factors associated with
lower likelihood of COVID-19 vaccine series initiation after
pregnancy included younger and older maternal age, smoking

and substance use during pregnancy, rural residence, lower
neighborhood income, higher material deprivation and social
dependency, and exclusive breastfeeding at the time of dis-
charge from hospital/birth center. Individuals with a family
doctor-attended or midwife-attended delivery (vs. obstetri-
cian) also had lower likelihood of initiating their COVID-19
vaccine series after giving birth. In contrast, having
a preexisting chronic medical condition, having complications
during pregnancy, and residing in a neighborhood with the
highest ethnic concentration were associated with a higher
likelihood of vaccine series initiation after pregnancy.

There are few studies that have specifically assessed
COVID-19 vaccine uptake among postpartum individuals —
consistent with our findings, a few small studies from the
U.S. have demonstrated that lower COVID-19 vaccine uptake
among pregnant and postpartum individuals was associated
with a number of sociodemographic characteristics, including
younger age, lower education, reported substance use, and
higher parity.**** Similar patterns of association have also
been observed in studies assessing COVID-19 vaccine cover-
age during pregnancy.’®*>*>>%*” Some of the sociodemo-
graphic subgroups in which vaccine initiation after delivery
was lowest in our study (e.g., rural residence, lower neighbor-
hood income, and higher neighborhood material deprivation)
may reflect individuals who have less access to health services
during pregnancy, even within the context of a publicly funded
healthcare system.”® Healthcare providers play a critical role in
enhancing vaccination rates in the obstetric population both
by providing access to vaccination, as well as by providing
information and education to their patients about safety and
effectiveness of vaccination during pregnancy.’”*
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Figure 3. Cumulative incidence plots of time-to-COVID-19 vaccine series initiation after pregnancy, by calendar month of delivery®®. @ Dashed line displays COVID-19
vaccine series initiation by 6 months (24 weeks). b Dash-dotted line displays COVID-19 vaccine series initiation by 12 months (48 weeks).

A U.S. survey of pregnant and postpartum individuals related
to vaccination status 3-6 months after an initial baseline
assessment of intention to receive COVID-19 vaccination
showed hesitancy at baseline was associated with persistent
hesitancy at follow-up; only a few individuals who reported
hesitancy at baseline were later vaccinated.*' In addition, sur-
veys, conducted in more than 15 countries, of pregnant and
postpartum individuals about perceptions and attitudes
toward COVID-19 vaccination found that barriers to accessing

healthcare services, negative attitudes toward other vaccina-
tions routinely recommended during pregnancy, and lack of
information and concerns about side effects of the vaccine for
themselves or their baby - especially in this context of a newly
developed vaccine — were associated with a lower likelihood of
getting vaccinated against COVID-19.>*>**'"*} These factors,
combined with the prominence of misinformation about
COVID-19 vaccination and adverse effects on fertility, preg-
nancy outcomes, and breastfeeding**** as well as concerns
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about transitory changes in the menstrual cycle following
COVID-19 vaccination®, may have contributed to the lower
vaccination rates in this population. An additional important
consideration in the postpartum population that may impact
willingness to become vaccinated is breastfeeding. The World
Health Organization and other pediatric associations recom-
mend exclusive breastfeeding for the first 6 months of life.*”**
Although breastfeeding people might be more willing to get
vaccinated against COVID-19 than pregnant people,” there
could be some reluctance to initiate vaccination while still
breastfeeding if there are perceived safety concerns,”**>
despite recommendations for lactating individuals to get
vaccinated.®

It has been suggested that immunization should become
a part of routine obstetrical care to increase vaccine confidence
and uptake and decrease misinformation.””*’ One small study
conducted at a single hospital in mid-2021 explored willing-
ness of obstetric patients admitted for delivery to initiate their
COVID-19 vaccine series during their hospitalization; among
221 obstetric patients who had not yet received any doses of
COVID-19 vaccine, 19.5% successfully received their first dose
in that clinical setting.”' Inpatient vaccination has also been
found to improve postpartum vaccination rates for other vac-
cines; for example, offering human papillomavirus and pertus-
sis vaccination prior to hospital discharge substantially
increased vaccination rates among postpartum patients not
yet vaccinated.”>>*> Addressing concerns about COVID-19
vaccines by obstetrical care providers and administering vac-
cines in hospital could be an efficient way to increase COVID-
19 vaccine coverage among individuals who are not yet vacci-
nated by the time of delivery, particularly in settings where the
majority of births take place in a hospital. Nevertheless, efforts
should be made to ensure COVID-19 vaccination before or
during pregnancy in order to protect individuals during their
pregnancy, when they are at higher risk of serious COVID-19
disease,'* and also to provide passive protection to
newborns.''

Strengths and limitations

This study was population-based and included all individuals in
Ontario, who gave birth in 2021 and had not yet received any
doses of COVID-19 vaccine by the time of delivery. We fol-
lowed these individuals until June 30, 2022, to assess COVID-19
vaccine series initiation after pregnancy, with a minimum of 6
months of follow-up for everyone in the study population
(maximum follow-up was 18 months). We were able to explore
associations between COVID-19 vaccine series initiation after
pregnancy with a wide range of sociodemographic, pregnancy-
related, and health-related factors. Nevertheless, we were unable
to measure some factors that may have been important - for
example, we had no information about individual or contextual
factors that could have influenced individuals’ decisions about
whether, or when, to initiate their primary COVID-19 vaccine
series (i.e., knowledge, beliefs, attitudes, intentions, past experi-
ence, confidence or trust in the healthcare system or healthcare
providers, social or cultural norms and values). Although we
explored COVID-19 vaccine series initiation by 6 months after
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pregnancy, which is a time when recommendations for new-
born feeding change,”” we did not have information on the
actual method of newborn feeding after discharge from hospi-
tal/birth center.

Conclusion

This study found that among individuals not yet vaccinated
against COVID-19 by the end of their pregnancy in 2021, the
initiation of COVID-19 vaccination after delivery — even many
months after giving birth - was lower than among women of
reproductive age in the general population. This suggests that
there may be persistent vaccine hesitancy among individuals
experiencing a recent pregnancy or possibly reduced access to
health care. Barriers to access, vaccine hesitancy, and vaccine
misinformation could be addressed by targeted interventions to
improve both pregnant and postpartum individuals’ awareness
of the risks of COVID-19 and the benefits of COVID-19 vac-
cines. Given ongoing recommendations for vaccination of preg-
nant and lactating individuals, additional research is needed to
better understand barriers to COVID-19 vaccination during
pregnancy and after giving birth, and to monitor trends in
COVID-19 vaccine coverage in these populations over time.
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