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Summary
Background Pregnant individuals have been receiving COVID-19 vaccines following pre-authorisation clinical trials in 
non-pregnant people. This study aimed to determine the frequency and nature of significant health events among 
pregnant females after COVID-19 vaccination, compared with unvaccinated pregnant controls and vaccinated 
non-pregnant individuals.

Methods We did an observational cohort study, set in seven Canadian provinces and territories including Ontario, 
Quebec, British Columbia, Alberta, Nova Scotia, Yukon, and Prince Edward Island. Eligibility criteria for vaccinated 
individuals were a first dose of a COVID-19 vaccine within the previous 7 days; an active email address and telephone 
number; ability to communicate in English or French; and residence in the aforementioned provinces or territories. 
Study participants were pregnant and non-pregnant females aged 15–49 years. Individuals were able to participate as 
controls if they were unvaccinated and fulfilled the other criteria. Data were collected primarily by self-reported survey 
after both vaccine doses, with telephone follow-up for those reporting any medically attended event. Participants 
reported significant health events (new or worsening of a health event sufficient to cause work or school absenteeism, 
medical consultation, or prevent daily activities) occurring within 7 days of vaccination or within the past 7 days for 
unvaccinated individuals. We employed multivariable logistic regression to examine significant health events 
associated with mRNA vaccines, adjusting for age group, previous SARS-CoV-2 infection, and trimester, as 
appropriate.

Findings As of Nov 4, 2021, 191 360 women aged 15–49 years with known pregnancy status had completed the first 
vaccine dose survey and 94 937 had completed the second dose survey. 180 388 received one dose and 94 262 received a 
second dose of an mRNA vaccine, with 5597 pregnant participants receiving dose one and 3108 receiving dose two, and 
174 765 non-pregnant participants receiving dose one and 91 131 receiving dose two. Of 6179 included unvaccinated 
control participants, 339 were pregnant and 5840 were not pregnant. Overall, 226 (4·0%) of 5597 vaccinated pregnant 
females reported a significant health event after dose one of an mRNA vaccine, and 227 (7·3%) of 3108 after dose two, 
compared with 11 (3·2%) of 339 pregnant unvaccinated females. Pregnant vaccinated females had an increased odds of 
a significant health event within 7 days of the vaccine after dose two of mRNA-1273 (adjusted odds ratio [aOR] 4·4 
[95% CI 2·4–8·3]) compared with pregnant unvaccinated controls within the past 7 days, but not after dose one of 
mRNA-1273 or any dose of BNT162b2. Pregnant vaccinated females had decreased odds of a significant health event 
compared with non-pregnant vaccinated females after both dose one (aOR 0·63 [95% CI 0·55–0·72]) and dose two 
(aOR 0·62 [0·54–0·71]) of any mRNA vaccination. There were no significant differences in any analyses when restricted 
to events which led to medical attention.

Interpretation COVID-19 mRNA vaccines have a good safety profile in pregnancy. These data can be used to 
appropriately inform pregnant people regarding reactogenicity of COVID-19 vaccines during pregnancy, and should 
be considered alongside effectiveness and immunogenicity data to make appropriate recommendations about best 
use of COVID-19 vaccines in pregnancy.

Funding Canadian Institutes of Health Research, Public Health Agency of Canada.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction 
The COVID-19 pandemic has disproportionately affected 
pregnant people, who are at higher risk of severe disease 
compared with similarly aged non-pregnant individuals. 
Pregnancy leads to an increased risk of hospital 
admission with COVID-19, intensive care unit admission, 
mech a nical ventilation, and death, due to changes in 

cardiopulmonary and immunological physiology.1 Addi-
tionally, severe acute respiratory syn drome coronavirus-2 
(SARS-CoV-2) infection increases risk of adverse 
pregnancy outcomes such as hypertension, pre- 
eclampsia, impaired fetal growth, and preterm birth.2

COVID-19 vaccines have been available in Canada 
since December, 2020.3 Multiple expert groups published 

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(22)00426-1&domain=pdf
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positive recommendations for use of COVID-19 vaccines 
in pregnancy early on in vaccine deployment, based 
largely on previously established safety of inactivated 
vaccines in pregnancy, several decades of use of vaccines 
in pregnancy (such as tetanus toxoid, influenza, and 
tetanus-diphtheria-pertussis), and reassuring data from 
the small number of incidental pregnancies occurring 
during pre-authorisation trials.4,5 Data from large cohorts 
requires post-implementation studies, and data has been 
accruing on the safety of mRNA vaccines during 
pregnancy.6–8 These are primarily descriptive studies, 
relying on comparisons with historic rates of adverse 
events and mostly without a contemporaneous control 
group to enable comparison with background rates of 
adverse events following immunisation.

The Canadian National Vaccine Safety (CANVAS) 
Network was established during the 2009 influenza 
pandemic to provide rapid, real-time safety data during 
rollout of immunisation programmes, and has monitored 
the safety of seasonal influenza vaccines in Canada and 
other emergency campaigns, such as for a capsular group 

B meningococcal vaccine.9 CANVAS obtains information 
via surveys administered to vaccinated and unvaccinated 
individuals. The CANVAS Network has been monitoring 
COVID-19 vaccine safety in Canada since the start of the 
vaccine rollout.10 The focus of this study and other 
CANVAS studies has been significant  adverse events 
occurring in the week following immunisation that affect 
work or schooling, or that require medical attention. 
Distinguishing components of the CANVAS approach are 
active follow-up of individuals with important health 
events and active enrolment of a control group to enable 
comparisons with unvaccinated individuals in a similar 
time frame. The aim of this analysis was to compare rates 
of health events in (1) vaccinated pregnant females and 
vaccinated non-pregnant females of the same age and (2) 
vaccinated and unvaccinated (control) pregnant females.

Methods 
Study design and participants 
In this ongoing observational cohort study, we actively 
recruited participants from seven Canadian provinces 

Research in context

Evidence before this study
We searched the peer-reviewed (PubMed) and pre-print 
(MedRxiv) literature for studies published in English related to 
safety, reactogenicity, and tolerability of COVID-19 vaccines in 
pregnant people between Nov 1, 2021, and May 9, 2022, with 
no date restrictions, and using search terms “COVID-19”, 
“vaccine” and “pregnancy”, combined with “safety”, 
“reactogenicity”, “adverse events” or “tolerability”. In addition 
to identified primary research articles, we also further reviewed 
citations from review articles that had not been identified in 
our search. Of studies involving direct collection of data from 
participants, we found several observational studies that 
described rates of adverse events after first and second doses or 
booster doses of mRNA vaccines in pregnancy. Most studies 
included a pregnant cohort only (except two that reported on 
vaccine-specific adverse events instead of adverse pregnancy 
outcomes, with smaller cohorts than our study), with some 
studies also including a non-pregnant vaccinated group. There 
were some additional studies using data from administrative 
databases without individual participant verification. Most 
studies described all adverse events reported, with limited 
differentiation of significant/severe/serious adverse events. 
Most comparisons of adverse pregnancy outcomes in 
vaccinated compared with unvaccinated pregnant people 
utilised historical control data, with no studies including a 
contemporaneous pregnant, unvaccinated control group.

Added value of this study
Our study included a sample of 5625 pregnant, vaccinated 
females aged 15–49 years, compared with 185 735 non-
pregnant vaccinated females and 339 pregnant unvaccinated 
controls of a similar age. All data were collected during the 

study period, using standardised surveys, enabling direct 
comparison between groups. We also actively follow-up 
individuals with severe adverse events to enable detailed 
descriptions. Our study focused on significant health events—
new or worsening health events following vaccination 
sufficient to cause work or school absenteeism, medical 
consultation, or prevent daily activities—and included 
sensitivity analyses restricted to events leading to medical 
consultation. Our data provide reassuring evidence that 
COVID-19 mRNA vaccines are safe in pregnancy, with lower 
rates of significant adverse events following immunisation in 
pregnant people than non-pregnant vaccine recipients for both 
mRNA vaccines used in Canada, after dose one and dose two. 
Although rates of significant adverse events following 
immunisation were highest after dose two for mRNA-1273 
recipients, both mRNA vaccines are highly immunogenic and 
effective in pregnancy. Given the increased rate of significant 
complications related to COVID-19 in pregnancy, high vaccine 
coverage in this group is important for protection of the 
pregnant person and young infant.

Implications of all the available evidence
These data can be used in combination with previously 
published data to provide accurate information to pregnant 
females receiving COVID-19 vaccines regarding the rates of 
significant health events occurring after vaccination, putting 
the information in the context of an unvaccinated control 
group, with similar rates of health events other than after a 
second dose of mRNA-1273. The data also provides reassurance 
that the rate of significant health events is lower in pregnant 
people than non-pregnant individuals after vaccination, with 
similar rates of medical consultation for all comparisons.
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and territories accounting for more than 75% of the 
national population including Ontario, Quebec, British 
Columbia, Alberta, Nova Scotia, Yukon, and Prince 
Edward Island.10 At the time of this analysis, the study 
was open to anyone eligible for a COVID-19 vaccine, 
which included individuals aged 12 years and older. 
Vaccinated individuals were eligible if they received the 
first dose of a COVID-19 vaccine within the previous 
7 days; had an active email address and telephone 
number; were able to communicate in English or French; 
and reside in the aforementioned provinces or territories. 
Individuals were able to participate as controls if they 
were unvaccinated and fulfilled the other three criteria. 
Individuals were able to contribute to both vaccinated 
and control groups if they initially enrolled prior to 
vaccination and subsequently enrolled after vaccination. 
Individuals who enrolled as control participants and 
expected to be vaccinated within the next 6 months 
completed a retrospective control survey. All other 
control participants were followed prospectively. All 
participants provided informed consent electronically. 
Each study site obtained approval from Research Ethics 
Boards (British Columbia and Yukon: UBC Children’s & 
Women’s, Ref: H20-03704; Quebec: Centre Intégré 
univrsitaire de santé et de services sociaux de l’Estrie, 
Ref: MP-31-2021-4044; Nova Scotia and Prince Edward 
Island: Health PEI and IWK Health Research, Ref: 
1026400; Alberta: Conjoint Health REB, University of 
Calgary, Ref: REB20-2177; Ontario: Unity Health Toronto, 
Ref: 20-334). The study protocol has previously been 
published. 

Procedures
Recruitment methods for COVID-19 vaccinated par-
ticipants included: (1) passive recruitment via information 
provided at immunisation clinics; (2) electronic invitation 
when an appointment was made for vaccination; and (3) 
electronic invitation after vaccination using names 
obtained from the relevant immunisation registry. 
Control participants were: (1) previous CANVAS study 
participants who indicated their agreement to be 
contacted for research; (2) users of the CANImmunize 
app; (3) enrolled via the study website and (4) recruited 
from volunteer databases. A detailed description of 
recruitment procedures has been previously published.10 
Study enrolment commenced on Dec 22, 2020. Of 
relevance to this analysis, vaccinated participants were 
surveyed via email for the occurrence of adverse events 
following immunisation during the 7 days following each 
dose of COVID-19 vaccine. All participants were asked 
about injection site reactions, but only those that 
indicated they had a significant health event were 
requested to provide further details. Control participants 
were requested to note the occurrence of health problems 
in the previous 7 days, also via email. We did a telephone 
follow-up for those who reported any medically attended 
event. We sent up to two automatic reminders every 72 h 

for all non-responders to address loss to follow-up. 
Survey data were collected in a secure REDCap (Research 
Electronic Data Capture) database.11,12 Data collected 
relevant to this analysis included age group, sex, gender, 
ethnicity, self-reported previous laboratory-confirmed 
SARS-CoV-2 infection, pregnancy and lactation status, 
general health status, COVID-19 vaccine brand  
administered, occurrence or worsening of health events, 
and requirement for medical attention and hospital 
admission related to the health event.

Outcomes 
The primary endpoint was a significant health event, 
defined as a new or worsening health event sufficient to 
cause work or school absenteeism, medical consultation, 
or prevent daily activities in the previous 7 days (for 
controls) or the 7 days following vaccination for those 
that received a COVID-19 vaccine. The secondary 
endpoint was defined as any serious health event (an 
event resulting in emergency department visit or hospital 
admission) in the previous 7 days. Two types of exposures 
were analysed: (1) vaccination status among pregnant 
people, and (2) pregnancy status among vaccinated 
people.

For the purposes of this analysis, we included all 
females reporting a pregnancy on any survey, and 
non-pregnant females in the same age groups 
(15–49 years). When comparing health event rates among 
pregnant people, the same pregnant control group was 
used to compare with vaccinated pregnant people who 
received a first or second dose of a COVID-19 vaccine. 
For statistical modelling, the analysis was restricted to 
those who received any mRNA vaccines (BNT162b2 
[Pfizer] and mRNA-1273 [Moderna]) because very few 
pregnant people reported receiving the ChAdox1-S 
[AstraZeneca] vaccine. For pregnant participants who 
reported experiencing a miscarriage following both dose 
one and dose two, only the first report was included to 
avoid duplicate counting from individuals reporting the 
same miscarriage twice, given the relatively short interval 
between vaccine doses.

Statistical analysis
We estimated rates of significant and serious health 
events including all symptoms following the first and 
second doses of COVID-19 vaccines. To examine 
associations between the outcomes and the exposures, 
two sets of univariable and multivariable logistic 
regression models were built for each type of exposure 
(vaccination status among pregnant people and 
pregnancy status among vaccinated people). When 
fitting multivariable models, we adjusted known or 
expected covariates such as age group, previous 
SARS-CoV-2 infection, and trimester of pregnancy, as 
appropriate. Three different vaccine groups were 
evaluated: (1) BNT162b2, (2) mRNA-1273, and (3) any 
mRNA vaccine. The estimated odds ratio (OR) and 

For the CANVAS study website 
see www.canvas-covid.ca

For previously published 
protocol see https://bmjopen.
bmj.com/content/12/1/e051254.
long

https://bmjopen.bmj.com/content/12/1/e051254.long
http://www.canvas-covid.ca


Articles

1556 www.thelancet.com/infection   Vol 22   November 2022

95% CIs were reported. We did complete case analysis 
because no variable had more than 2% of missing data. 
We verified the absence of multicollinearity with 
variance inflation factor using a cut-off point of less 
than 5. To evaluate the robustness of findings, we did 
two sensitivity analyses. In the first, our primary end 
point (significant health event) was restricted to new or 
worsening health events also resulting in medical 
consultation in the previous 7 days. We repeated the 
same analysis after the first and second doses of 
COVID-19 vaccines. In the second analysis, we restricted 
the dataset of pregnant people to those who reported 
being in excellent health and compared this with the 
results from the primary analysis. Data cleaning was 
done in SAS version 9.4 (SAS Institute) and analysis 
was completed in R software version 4.1.1 (R foundation 
for Statistical Computing, Vienna, Austria).

Role of funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results 
As of Nov 4, 2021, a total of 191 360 women aged 
15–49 years with known pregnancy status had completed 
the first vaccine does survey and 94 937 had completed the 
second dose survey (figure 1). A total of 5625 (2·9%) 
of 191 360 and 3114 (3·3%) of 94 937 women reported 
being pregnant at the time of receiving the first and 
second doses of COVID-19 vaccines (appendix p 1). Of 
these, most pregnant participants had received BNT162b2 
(3414 received dose one and 1892 received dose two) or 
mRNA-1273 (2183 received dose one and 1216 received 
dose two) COVID-19 vaccines and few individuals 
reported receiving ChAdOx1-S (25 received dose one and 
six received dose two). Among the enrolled unvaccinated 
control participants, a total of 6179 females aged 
15–49 years had completed 7-day surveys. Of these, 
339 (5·5%) reported being pregnant during the survey 
period (appendix p 1). Among both vaccinated and control 
groups, pregnant individuals in all three tri mesters were 
well represented (table 1).

Most respondents in both control and vaccinated 
groups were aged 30–49 (ranging from 65 900 [61·5%] of 
107 121 in not-pregnant individuals receiving dose one of 
BNT162b2 to 288 [85·0%] of 339 in the pregnant control 
group) and reported being in excellent/very good/good 
health (ranging from 44 362 [83·6%] of 53 077 in 
not-pregnant individuals receiving dose two of BNT162b2 
to 333 [98·2%] of 339 in the pregnant control group; 
table 1). The ethnic origin of more than half of 
participants in both vaccinated and control groups was 
unknown because the question regarding ethnicity was 
introduced only in the dose two survey questionnaires 
and was optional. Among those who reported their 
ethnicity, the majority were White, followed by East 
Asian, and South Asian. Prevalence of previous 
SARS-CoV-2 infection varied between 2·3% and 4·6% 
(table 1).

Overall, 226 (4·0%) of 5597 mRNA-vaccinated pregnant 
females reported a significant health event within 7 days 
after dose one of an mRNA vaccine, and 227 (7·3%) of 
3108 after dose two (table 1). The rates were similar after 
dose one for both mRNA vaccines (137 [4·0%] of 3414 for 
BNT162b2 and 89 [4·1%] of 2183 for mRNA-1273), but 
higher for mRNA-1273 (147 [12·1%] of 1216) than 
BNT162b2 (80 [4·2%] of 1892) after dose two. The most 
common significant health events after dose two of 
mRNA-1273 in pregnant females were feeling unwell or 
malaise or myalgia (139 [11·4%] of 1216), headache or 
migraine (103 [8·5%] of 1216), and respiratory tract 
infection (68 [5·6%] of 1216; table 2). Among pregnant 
and vaccinated participants who reported significant 
health events, most of them recognised their symptoms 

Figure 1: Study profile
Flow chart depicting the analytical samples (dose one and dose two) for examining adverse events following 
immunisation associated with COVID-19 vaccine. Non-pregnant controls were not included in the regression 
analysis.

Vaccinated individuals
714 777 received dose one
382 862 received dose two
 

Female participants, aged 
15–49 years
191 360 received dose one

94 937 received dose two
 

Individuals with 
non-female biological sex, 
aged <15 years or 
>49 years, and unknown 
pregnancy status excluded 
523 417 received dose one
287 925 received dose two

Received an mRNA vaccine
180 362 received dose one

94 239 received dose two

 

Pregnant participants 
who received an 
mRNA vaccine
5597 received dose 

one 
3108 received dose 

two 

Non-pregnant 
participants who 
received an mRNA 
vaccine
174 765 received dose 

one
91 131 received dose 

two 

339 pregnant 
unvaccinated 
control 
participants

5840 non-pregnant 
unvaccinated 
control 
participants

Individuals who received 
ChAdOx1-S or a vaccine of 
unknown type were 
excluded
10 998 received dose one 

698 received dose two

8607 individuals 
with 
non-female 
biological sex, 
aged <15 years 
or >49 years, 
and unknown 
pregnancy 
status 
excluded

6179 female participants, 
aged 15–49 years

14 786 unvaccinated 
controls (week 1 
survey)

See Online for appendix
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within 24 h following vaccination (overall 130 [57·5%] 
of 226 after dose one and 187 [82·4%] of 227 after dose 
two of an mRNA vaccine) and the majority (124 [54·9%] 
of 226 after dose one and 168 [74·0%] of 227) resolved 
within 3 days (appendix p 2). In comparison, 11 (3·2%) of 
339 pregnant unvaccinated participants (controls) 
reported similar events in the 7 days before survey 
completion (table 1). Of these, two (18·2%) reported their 
symptoms as resolved at least 24 h before the control 
survey and nine (81·8%) reported their events as 
on-going for at least 6 days (appendix 2). The reported 
serious health events were rare (between eight [0·4%] 
of 1892 and 11 [0·9%] of 1216 across various pregnant 
groups; table 1) and occurred at similar rates in vaccinated 
pregnant individuals and unvaccinated controls, and 
after dose one and dose two for all vaccine types (table 1; 
appendix p 3).

Miscarriage or stillbirth was the most frequently 
reported adverse pregnancy outcome and it was reported 
at similar rates between control (seven [2·1%] of 339) and 
vaccinated groups within seven days after dose one of 
any mRNA vaccine (83 [1·5%] of 5597; table 3). Almost 
all pregnancy losses (73 [88%] of 83; occurred during the 
first trimester. There were an additional 175 (5·6%) of 
3114 individuals who reported experiencing miscarriage 
or stillbirth between the first COVID-19 vaccine dose and 
completion of the second (dose two) survey (up to 10 days 
after dose two), although precise timing of these events 
relative to vaccination was not collected. Other adverse 
pregnancy outcomes such as vaginal bleeding, abnormal 
fetal heart rate, and reduced fetal movement were rarely 
reported within 7 days following any mRNA vaccination 
(table 3).

In the multivariable analysis adjusting for age group, 
previous SARS-CoV-2 infection, and trimester, we observed 
an increased risk of significant health events within 7 days 
after the second dose of any mRNA vaccine (adjusted OR 
[aOR] 2·4 [95% CI 1·3–4·5]) or the second dose of 
mRNA-1273 COVID-19 vaccination (aOR 4·4 [2·4–8·3]) 
among pregnant vaccinated individuals, compared with 
pregnant unvaccinated controls (figure 2A). The first dose 
of any mRNA vaccine (mRNA-1273 or BNT162b2) and 
either dose of BNT162b2 were not associated with 
increased risk of significant health events. Similarly, we 
found no significant association between vaccination 
status and serious health events in pregnant people 
(figure 2A).

In the sensitivity analysis, both univariable and 
multivariable models among pregnant individuals with 
excellent health status revealed similar findings to those 
in the main analysis. The increase in significant health 
events after dose two of any mRNA vaccine and 
mRNA-1273 was no longer observed when we restricted 
our outcome variable to events requiring medical 
consultation (any mRNA vaccine: aOR 1·26 [95% CI 
0·45–3·52] and mRNA-1273 vaccine: aOR 1·81 
[0·62–5·28]; appendix p 4).
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Injection site reactions such as redness, pain, or 
swelling were reported in between 1430 (75·6%) of 1892 
(dose two of BNT162b2) and 1884 (86·3%) of 2183  (dose 

one of mRNA-1273) vaccine recipients. The most 
frequently reported significant health events within 
7 days of each vaccine dose were feeling unwell or 

Pregnant 
control group 
(n=339)

Dose 1 Dose 2

Any mRNA 
(n=5597)

BNT162b2 
(n=3414)

mRNA-1273 
(n=2183)

Any mRNA 
(n=3108)

BNT162b2 
(n=1892)

mRNA-1273 
(n=1216)

Health events

Injection site reactions NA 4515 (80·7%) 2631 (77·1%) 1884 (86·3%) 2440 (78·5%) 1430 (75·6%) 1010 (83·1%)

Significant health events* 11 (3·2%) 226 (4·0%) 137 (4·0%) 89 (4·1%) 227 (7·3%) 80 (4·2%) 147 (12·1%)

General

Feeling unwell, malaise, 
or myalgia

3 (0·9%) 168 (3·0%) 104 (3·0%) 64 (2·9%) 205 (6·6%) 66 (3·5%) 139 (11·4%)

Fever 1 (0·3%) 34 (0·6%) 21 (0·6%) 13 (0·6%) 73 (2·3%) 18 (1·0%) 55 (4·5%)

Arthritis or joint pain 2 (0·6%) 31 (0·6%) 16 (0·5%) 15 (0·7%) 57 (1·8%) 19 (1·0%) 38 (3·1%)

Jaundice 0 1 (<0·1%) 0 1 (<0·1%) 0 0 0

Neurological

Headache or migraine 2 (0·6%) 128 (2·3%) 82 (2·4%) 46 (2·1%) 144 (4·6) 41(2·2%) 103 (8·5%)

Dizziness or vertigo 1 (0·3%) 49 (0·9%) 30 (0·9%) 19 (0·9%) 41 (1·3%) 16 (0·8%) 25 (2·1%)

Paresthesia 0 24 (0·4%) 16 (0·5%) 8 (0·4%) 27 (0·9%) 12 (0·6%) 15 (1·2%)

Fainting 0 8 (0·1%) 4 (0·1%) 4 (0·2%) 2 (0·1%) 0 2 (0·2%)

Inability to walk 0 7 (0·1%) 2 (0·1%) 5 (0·2%) 8 (0·3%) 2 (0·1%) 6 (0·5%)

Loss of taste or smell 0 10 (0·2%) 9 (0·3%) 1 (<0·1%) 4 (0·1%) 1 (0·1%) 3 (0·2%)

Loss of vision 0 4 (0·1%) 2 (0·1%) 2 (0·1%) 1 (<0·1%) 0 1 (0·1%)

Sudden unilateral facial 
weakness or paralysis

0 1 (<0·1%) 0 1 (<0·1%) 3 (0·1%) 2 (0·1%) 1 (0·1%)

Seizure or convulsions 0 1 (<0·1%) 0 1 (<0·5%) 0 0 0

Other neurological 
symptoms†

0 9 (0·2%) 5 (0·1%) 4 (0·2%) 3(0·1%) 1 (0·1%) 2 (0·2%)

Infection

Respiratory tract infection 3 (0·9%) 91 (1·6%) 61 (1·8%) 30 (1·4%) 98 (3·2%) 30 (1·6%) 68 (5·6%)

Shingles 0 1 (<0·1%) 0 1 (<0·1%) 1 (<0·1%) 0 1 (0·1%)

Urinary tract infection 
symptoms

0 6 (0·1%) 2 (0·1%) 4 (0·2%) 2 (0·1%) 0 2 (0·2%)

Cardio-respiratory

Chest pain or palpitations 1 (0·3%) 38 (0·7%) 24 (0·7%) 14 (0·6%) 26 (0·8%) 7 (0·4%) 19 (1·6%)

Difficulty in breathing 3 (0·9%) 29 (0·5%) 17 (0·5%) 12 (0·5%) 17 (0·5%) 5 (0·3%) 12 (1·0%)

Cough 2 (0·6%) 27 (0·5%) 19 (0·6%) 8 (0·4%) 15 (0·5%) 8 (0·4%) 7 (0·6%)

Chest tightness 0 20 (0·4%) 13 (0·4%) 7 (0·3%) 17 (0·5%) 6 (0·3%) 11 (0·9%)

Allergic reactions

Hives 1 (0·3%) 14 (0·3%) 8 (0·2%) 6 (0·3%) 10 (0·3%) 5 (0·3%) 5 (0·4%)

Itchy eyes 0 10 (0·2%) 5 (0·1%) 5 (0·2%) 8 (0·3%) 2 (0·1%) 6 (0·5%)

Throat swelling 0 6 (0·1%) 3 (0·1%) 3 (0·1%) 2 (0·1%) 1 (0·1%) 1 (0·1%)

Redness of both eyes 0 3 (0·1%) 1 (<0·1%) 2 (0·1%) 2 (0·1%) 0 2 (0·2%)

Facial swelling 0 2 (<0·1%) 1 (<0·1%) 1 (<0·1%) 3 (0·1%) 0 3 (0·2%)

Eyelid swelling 0 2 (<0·1%) 1 (<0·1%) 1 (<0·1%) 1 (<0·1%) 0 1 (0·1%)

Anaphylaxis 0 1 (<0·1%) 0 1 (<0·1%) 0 0 0

Coagulation symptoms‡

Total number 0 6 (0·1%) 3 (0·1%) 3 (0·1%) 4 (0·1%) 1 (0·1%) 3 (0·2%)

Data are n (%). *All participants were asked about injection site reactions; only those who indicated a significant health event were further asked to provide details and 
participants were able to select multiple symptoms. †Weakness or paralysis of the arms or legs, confusion, change in personality or behaviour, or difficulty with urination or 
defecation. ‡Symptoms of blood clot or bleeding, including swelling, pain in legs, or bruising or pinpoint dark rash

Table 2: Injection site reactions and details of significant health events reported in the 7 days following COVID-19 vaccination in vaccinated pregnant 
females and unvaccinated controls
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malaise or myalgia (between 64 [2·9%] of 2183 for dose 
one of mRNA-1273 and 139 [11·4%] of 1216 for dose two 
of mRNA-1273) and headache (between 46 [2·1%] of 2183 
for dose one of mRNA-1273 and 103 [8·5%] of 1216 for 
dose two of mRNA-1273]; table 2). When comparing 
vaccinated pregnant and vaccinated non-pregnant 
people, significant adverse events following immu-
nisation rates (ie, excluding injection site reactions) were 
consistently lower among pregnant people across all 
mRNA vaccine types and doses (table 1). Overall, 
226 (4·0%) of 5597 pregnant people reported a significant 
adverse event following immunisation after dose one 
and 227 (7·3%) of 3108 reported one after dose two, 
compared with 10 950 (6·3%) of 174 765 after dose one 
and 10 254 (11·3%) of 91 131 after dose two for non-
pregnant people. Similar differences were seen for both 
BNT162b2 and mRNA-1273 after both dose one and 
dose two. The reported rates of serious health events 
were low (<1%) and similar in vaccinated pregnant 
people compared with vaccinated non-pregnant controls 
(table 1).

The multivariable models revealed that pregnancy was 
associated with a decreased risk of significant health 
events for any mRNA vaccine for both dose one (any 
mRNA: aOR 0·63 [95% CI 0·55–0·72]; BNT162b2: 
aOR 0·63 [0·53–0·75]; mRNA-1273: aOR 0·62 
[0·5–0·77]) and dose two (any mRNA: aOR 0·62 
[0·54–0·71]; BNT162b2: aOR 0·52 [0·41–0·65]; 
mRNA-1273: aOR 0·72 [0·6–0·85]; figure 2B). However, 
for the secondary endpoint of serious adverse events 
following immu nisation, we found the second dose of 
mRNA-1273 was associated with a higher risk of serious 
adverse events (aOR 2·3 [95% CI 1·2–4·2]) in pregnant 
individuals compared with non-pregnant individuals. 
The second dose of any mRNA vaccine was also 
associated with a higher risk of serious adverse events 
(aOR 1·6 [95% CI 1·0–2·6]. This asso ciation was not 
observed in individuals who received BNT162b2 for dose 
two or with any vaccine groups for dose one. However, a 
sensitivity analysis that restricted our primary end point 
(significant health event) to those who sought medical 
care 7 seven days following each vaccine dose yielded no 
significant association between any mRNA vaccine and 
pregnancy status among vaccinated individuals 
(appendix p 5).

Discussion 
In our prospective study collecting real-time data from 
pregnant individuals who were both vaccinated and 
unvaccinated, we found that significant health events—
new or worsening health events following vaccination 
sufficient to cause work or school absenteeism, medical 
consultation, or prevent daily activities—were lower in 
pregnant people than in age-matched non-pregnant 
vaccine recipients. Amongst pregnant individuals, 
significant adverse events following immunisation were 
higher in those who received the mRNA-1273 vaccine for 

their second dose than in unvaccinated pregnant people, 
with no difference observed for BNT162b2 after either 
dose. When restricted to events resulting in medical 
consultation, there was no difference between groups in 
any of the analyses. These data can be used to 
appropriately inform pregnant people regarding 
reactogenicity of COVID-19 vaccines during pregnancy 
and should be considered alongside effectiveness and 
immunogenicity data to make appropriate recom-
mendations about best use of COVID-19 vaccines in 
pregnancy.

The largest study to date of COVID-19 vaccine 
reactogenicity in pregnancy, which directly collected data 
from study participants, reported on approximately 
30 000 pregnant people in the USA who had received 
BNT162b2 or mRNA-1273, using data from the v-safe 
registry.8 Pregnant people in this study reported high rates 
of injection site pain (92% after dose two), fatigue (72%), 
headache (55%), myalgia (54%) and fever or chills 
(35–37%), with higher rates of adverse events after dose 
two than after dose one. The data from the v-safe registry 
suggested an increased rate of these events after 
mRNA-1273 compared with BNT162b2 after dose two, but 
no formal comparisons between vaccines was done. 
Notably, the study collected data on all adverse events 
following immunisation and specific information 
regarding severity was not reported, so it is not possible to 
directly compare results with our study, although if  total 
adverse event rates are higher after dose two, and after 
mRNA-1273, then rates of significant adverse events 
would probably follow a similar pattern. A more recent 
study of 7800 pregnant people compared with 
2900 non-pregnant individuals also reported higher rates 
of adverse events, in pregnant people, after dose two of a 

Control 
(n=339)

Any mRNA 
(n=5597)

BNT162b2 
(n=3414)

mRNA-1273 
(n=2183)

Miscarriage or still birth

Overall 7 (2·1%) 83 (1·5%) 51 (1·5%) 32 (1·5%)

1st trimester 7/7 (100·0%) 73/83 (88·0%) 47/51 (92·2%) 26/32 (81·3%)

2nd trimester 0 7/83 (8·4%) 4/51 (7·8%) 3/32 (9·4%)

3rd trimester 0 1/83 (1·2%) 0 1/32 (3·1%)

Unknown 0 2/83 (2·4%) 0 2/32 (6·3%)

Adverse pregnancy outcomes

Any adverse outcome 2 (0·6%) 50 (0·9%) 31 (0·9%) 19 (0·9%)

Preterm labour 0 3 (0·1%) 1 (<0·1%) 2 (0·1%)

High blood pressure 0 6 (0·1%) 4 (0·1%) 2 (0·1%)

Vaginal spotting or vaginal 
bleeding

1 (0·3%) 21 (0·4%) 10 (0·3%) 11 (0·5%)

Abnormal fetal heart rate 0 2 (<0·1%) 1 (<0·1%) 1 (<0·1%) 

Other pregnancy 
complications*

1 (0·3%) 30 (0·5%) 17 (0·5%) 13 (0·6%)

Data are n (%) or n/N (%). Participants were able to report multiple outcomes. *Included lower abdominal pain, 
reduced fetal movement, cramp, and vomiting. 

Table 3: Reported pregnancy outcomes in the 7 days following a first dose COVID-19 vaccination in 
vaccinated pregnant women and unvaccinated pregnant controls 
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COVID-19 mRNA vaccine.13 Some adverse events occurred 
at lower rates in non-pregnant individuals, including 
fever. Specific data on significant adverse events following 
immunisation were not comprehensively reported, 
although 156 pregnant individuals (2·5%) sought medical 
care after their second vaccine dose, compared with only 
1·5% in our cohort. A systematic review including 
Shimabukuro and colleague’s study8 and multiple other 
smaller studies reported similarly higher rates of adverse 
events following immunisation after dose two of a 
COVID-19 vaccine, but no differences between pregnant 
and non-pregnant controls.6

Initial clinical trials of mRNA-1273 and BNT162b2 
reported relatively high rates of adverse events following 
immunisation compared with most routinely admini-
stered vaccines, including higher rates for dose two than 
dose one.14,15 Therefore, the fact that our analysis revealed 
similar patterns among pregnant individuals was 
unsurprising—although we have been able to specifically 
quantify the significant and serious adverse event rates in 
this population for each of the mRNA vaccines. Previous 
studies of influenza vaccines done using the same 
CANVAS methodology similarly reported higher rates of 
adverse events following immunisation among vaccinated 
than among unvaccinated control participants.9

The lower rate of significant adverse events following 
immunisation among pregnant people than among 
vaccinated non-pregnant individuals is important. Before 
the COVID-19 pandemic, influenza and tetanus-
diphtheria-pertussis (Tdap) vaccines had been routinely 
recommended for pregnant people in many countries. 
Previous studies have mostly reported no significant 
differences in adverse events following immunisation 
between pregnant and non-pregnant individuals,16–19 or 
higher rates in pregnancy—for example, one study 
reported increased moderate to severe injection-site pain 
in pregnant (17·9%) compared with non-pregnant (11·1%) 
women after Tdap vaccination.17 Several highly dynamic 
immunological adaptations occur during pregnancy, 
including a skew towards a T-helper-2 dominant state.20 
Because mRNA vaccines have been specifically designed 
to elicit a Th1-biased immune response,21 it is possible 
that the Th2-bias during pregnancy is partly responsible 
for this lower rate of significant adverse events following 
immunisation.

Our study has several strengths and limitations. It is a 
multicentre study across Canada and thus includes broad 
representation of people within Canada, although most 
participants who reported ethnicity were White and these 
data therefore might not be fully generalisable to other 
populations. Overall, the pregnant people in our study had 
similar characteristics (age, residence, health status) to the 
pregnant population in Canada.22–24 Specifically, most of 
our participants were aged 30–49 years (74·7% versus 
61·5% of pregnant people in Canada);24 most participants 
were from Ontario (37·2%), Quebec (26·2%), British 
Columbia/Yukon (20·2%), and Alberta (13·9%), regions 
which represent 37·9%, 22·8%, 11·8%, and 13·7% of live 
births in Canada in 2020;24 89·9% described their health 
as excellent, very good, or good—across Canada, severe 
maternal morbidity has been described in 1·3–1·6% of 
pregnancies22 and 27% of pregnant people have chronic 
conditions (although the severity is variable and some will 
have a good or better than good health status).23 
Participants were enrolled from all trimesters in 
pregnancy and this was included as a co-variate in the 
multivariable models. An important advantage over many 
other similar studies is the contemporaneous recruitment 
of non-pregnant vaccinated individuals, enabling a robust 

Figure 2: Multivariable logistic regression analyses comparing significant and serious health events
(A) Comparison between vaccinated and unvaccinated pregnant females. Red triangles and blue circles represent 
point estimates of adjusted ORs for vaccine doses one and two, with 95% CIs. The reference group is unvaccinated 
pregnant people. ORs are adjusted for age group, trimester, and previous SARS-CoV-2 infection. Seven (0·1%) of 
5936 pregnant vaccinated plus pregnant unvaccinated  cases were not included in the multivariable analysis due to 
missing data. (B) Comparison between pregnant and non-pregnant vaccinated females. Red triangles and green 
circles represent point estimates of adjusted ORs for vaccine doses one and two, with 95% CIs. The reference group 
is vaccinated non-pregnant people. ORs are adjusted for age group and previous SARS-CoV-2 infection. 254 (0·1%) 
of the 180 362 vaccinated cases were not included in the multivariable analysis due to missing data. The x-axis of 
each graph is a log scale. OR=odds ratio.
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direct comparison in significant adverse events following 
immunisation between pregnant and non-pregnant 
individuals. We focused on events occurring within the 
first 7 days following vaccination and thus acute and local 
reactions. Longer-term follow-up of this cohort is ongoing, 
and we will be able to comment on health events that 
occur over a longer time frame after vaccination once 
these data are available.

Furthermore, CANVAS is based on self-reports from 
study participants, without verification from medical 
records. This method of reporting is subjective and 
might be subject to recall bias, but has been shown to be 
reliable for short time periods, such as in this study.25,26 
The study relied on individuals having an email address 
and actively enrolling. Such individuals might differ in 
health-seeking behaviour from the rest of the population 
because they might represent a different socio-economic 
status, but at least for our comparisons between groups 
it would be expected that they would be similarly 
affected by any bias as recruitment required an email 
address. Study participants were asked their age within 
prespecified age groups, and we therefore do not know 
the specific age of each participant. Pregnant 
participants reported trimester of pregnancy rather than 
weeks’ gestation. Finally, our sample size precludes 
detection of very rare adverse events, which can be 
identified in the general population from the passive 
surveillance systems in place across Canada and in 
other countries.

Our data provide reassuring evidence that COVID-19 
mRNA vaccines are safe in pregnancy, with lower rates 
of significant adverse events following immunisation in 
pregnant people than in non-pregnant vaccine recipients 
for both mRNA vaccines used in Canada, after dose one 
and dose two. Although rates of significant adverse 
events following immunisation were highest after 
dose two for mRNA-1273 recipients, both mRNA 
vaccines are highly immunogenic and effective in 
pregnancy.6 Given the increased rate of significant 
complications associated with COVID-19 in pregnancy, 
high vaccine coverage in this group is important for 
protection of the pregnant individual and young infant,27 
via passive transplacental transfer of antigen-specific 
IgG antibody and protection via breast milk.28,29 These 
data can be used to inform pregnant individuals of the 
expected adverse events following vaccination. Further 
studies of non-COVID-19 mRNA vaccines are required 
to identify if the reduced reactogenicity observed in 
pregnant people in this study is a feature of the mRNA 
vaccine platform, or of these specific vaccines. Further 
long-term data are awaited from this cohort following a 
6-month follow-up. The number of pregnant individuals 
receiving the ChAdOx-S vaccine in our population was 
very low and data for this vaccine in countries where it 
has been more widely used are important to provide a 
more complete overview of the safety of COVID-19 
vaccines in pregnancy.
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