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Background: Background incidence rates are critical in pharmacovigilance to facilitate identification of
vaccine safety signals. We estimated background incidence rates of 11 adverse events of special interest
related to COVID-19 vaccines in Ontario, Canada.
Methods: We conducted a population-based retrospective observational study using linked health
administrative databases for hospitalizations and emergency department visits among Ontario residents.
We estimated incidence rates of Bell’s palsy, idiopathic thrombocytopenia, febrile convulsions, acute dis-
seminated encephalomyelitis, myocarditis, pericarditis, Kawasaki disease, Guillain-Barré syndrome,
transverse myelitis, acute myocardial infarction, and anaphylaxis during five pre-pandemic years
(2015–2019) and 2020.
Results: The average annual population was 14 million across all age groups with 51% female. The pre-
pandemic mean annual rates per 100,000 population during 2015–2019 were 191 for acute myocardial
infarction, 43.9 for idiopathic thrombocytopenia, 28.8 for anaphylaxis, 27.8 for Bell’s palsy, 25.0 for febrile
convulsions, 22.8 for acute disseminated encephalomyelitis, 11.3 for myocarditis/pericarditis, 8.7 for
pericarditis, 2.9 for myocarditis, 2.0 for Kawasaki disease, 1.9 for Guillain-Barré syndrome, and 1.7 for
transverse myelitis. Females had higher rates of acute disseminated encephalomyelitis, transverse myeli-
tis and anaphylaxis while males had higher rates of myocarditis, pericarditis, and Guillain-Barré syn-
drome. Bell’s palsy, acute disseminated encephalomyelitis, and Guillain-Barré syndrome increased
with age. The mean rates of myocarditis and/or pericarditis increased with age up to 79 years; males
had higher rates than females: from 12 to 59 years for myocarditis and �12 years for pericarditis.
Febrile convulsions and Kawasaki disease were predominantly childhood diseases and generally
decreased with age.
Conclusions: Our estimated background rates will permit estimating numbers of expected events for
these conditions and facilitate detection of potential safety signals following COVID-19 vaccination.

Crown Copyright � 2022 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Health Canada initially authorized BNT162b2 (Pfizer-BioNTech
Comirnaty) and mRNA-1273 (Moderna SpikeVax) COVID-19 vacci-
nes for use in individuals aged �16 and �18 years, respectively, in
December 2020 [1]. The authorization was later expanded for use
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of BNT162b2 in adolescents aged 12–15 years in May 2021, and for
use of mRNA-1273 in 12–17 years in August 2021 (but that pro-
duct has generally not been used in this age group in Canada)
[2]. Health Canada authorized adenovirus vector-based ChAdOx1
COVID-19 vaccines (AstraZeneca Vaxzevria and COVISHIELD) in
February 2021 for use in individuals aged �18 years [2]. While
Ad26.COV2.S (Johnson & Johnson’s Janssen) vaccine was also
authorized by Health Canada in March 2021 for use in individuals
aged �18 years, it has not been used widely in Canada [3]. Through
effective and rapid post-market vaccine safety surveillance, rare
but important vaccine safety signals have been identified for the
COVID-19 vaccines deployed in Canada, with varying profiles in
terms of factors such as clinical severity and age groups at greatest
risk. Very rare cases of thrombosis with thrombocytopenia have
been reported globally following receipt of adenovirus vector vac-
cines [4]. Rare adverse events such as myocarditis and pericarditis
have been reported after receiving the mRNA vaccines in Canada
and internationally, particularly among adolescent males and
young adults [5–13]. The observed number of myocarditis/peri-
carditis cases was higher than the expected number of cases
among individuals aged 12–39 years in the US and Canada [14–
16]. Facial palsy, including Bell’s palsy has also been reported after
the receipt of an mRNA COVID-19 vaccine, predominantly in adults
aged 18–44 years and rarely in children aged �11 years [17]. Rare
cases of Guillain-Barré Syndrome (GBS) have been reported follow-
ing vaccinations with ChAdOx1 and Ad26.COV2.S vaccines [18–20].
Anaphylaxis has been reported following receipt of mRNA, ChA-
dOx1 and Ad26.COV2.S vaccines [21,22]. Rare cases of acute
myocardial infarction have been reported following vaccination
with BNT162b2 [23–25].

On 26 October 2021, the US Food and Drug Administration rec-
ommended emergency use authorization for a two-dose primary
series of BNT162b2 using one-third (10-lg) of the adolescent and
adult dose in children aged 5–11 years [26]. The US Centers for Dis-
ease Control and Prevention recommended this vaccine for chil-
dren aged 5–11 years on 2 November 2021 [27]. On 19
November 2021, Health Canada authorized the BNT162b2 pedi-
atric vaccine for use in children aged 5–11 years and on the same
day Canada’s National Advisory Committee on Immunization
issued their statement recommending its use [28,29]. The phase
2/3 clinical trial of BNT162b2 in children aged 5–11 years observed
no serious adverse events attributed to the vaccine, including
myocarditis/pericarditis. However, only 1,518 vaccinated children
and 750 children in the placebo group contributed to the safety
data with at least 2 months of follow-up after receipt of the second
dose; an additional 1,509 vaccinated children and 788 children in
the placebo group with only 2.4 weeks of median follow-up after
receipt of the second dose contributed to supplemental safety data.
Thus, post-licensure surveillance is critical to identify vaccine
safety signals for myocarditis, pericarditis, and other rare adverse
events of special interest (AESI) relevant to this population [30,31].

Background rates facilitate the identification of vaccine safety
signals by permitting the calculation of expected numbers of
events, which can be compared to observed events [32–34,31].
Background rates may vary by calendar time, age, sex, socioeco-
nomic status, and geography [31]. There is a lack of data on recent
background rates of potential AESI to inform COVID-19 vaccine
safety surveillance in Ontario. We previously reported the back-
ground incidence rates of selected thromboembolic and coagula-
tion disorders in Ontario [35]. In this paper we report the
background incidence rates of hospitalizations and emergency
department visits for 11 AESI during five pre-pandemic years
(2015–2019) and 2020 in Ontario, Canada. The rates in children
are presented according to vaccine-eligible age bands to facilitate
safety signal assessment in the pediatric population, specifically
in children aged <12 years.
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2. Methods

We conducted a population-based retrospective observational
study using linked health administrative databases from Ontario,
Canada and analyzed at ICES (formerly the Institute for Clinical
Evaluative Sciences). We identified hospitalizations and emer-
gency department visits for 11 AESI: Bell’s palsy, idiopathic throm-
bocytopenia, febrile convulsions, acute disseminated
encephalomyelitis, myocarditis, pericarditis, Kawasaki disease,
Guillain-Barré syndrome, transverse myelitis, acute myocardial
infarction, and anaphylaxis. These AESI were selected from the list
proposed by the Brighton Collaboration-supported Safety Platform
for Emergency vACcines (SPEAC) project, the US Centers for Disease
Control and Prevention (CDC) and the Food and Drug Agency (FDA),
and/or the European Medicines Agency (EMA)-funded vACCine
covid-19 monitoring readinESS (ACCESS) project [31] in order to
align with the AESI included as part of COVID-19 vaccine safety
surveillance by other jurisdictions [24,36,37]. We particularly
included some pediatric-focused AESI, such as febrile convulsions
and Kawasaki disease, to aid Ontario’s COVID-19 vaccine safety
surveillance in the pediatric population. In this study, we selected
only idiopathic thrombocytopenia because it is more relevant to
the pediatric population among the thromboembolic and coagula-
tion disorders assessed in our preceding publication [35]. Cases
were identified using diagnostic codes from the International Statis-
tical Classification of Diseases and Related Health Problems, Tenth
Revision, Canada (ICD-10-CA) [38] (Supplemental Table S1). Where
available, we used codes that have been validated and/or used in
previous studies [32,39,40]. Hospitalizations and emergency
department visits were identified from the Canadian Institute for
Health Information (CIHI) Discharge Abstract Database (DAD) and
CIHI’s National Ambulatory Care Reporting System, respectively.
For hospitalizations, we included cases where an ICD-10-CA code
of interest was listed as the final diagnosis at discharge, was pre-
sent on admission and of primary relevance to the stay, and was
not listed as a secondary diagnosis, comorbidity, or as part of the
medical history. We included emergency department visits where
a code of interest was present in any diagnosis field and the visit
did not result in hospital admission. As Bell’s palsy cases are often
treated in outpatient settings, we also included outpatient Bell’s
palsy cases identified from the Ontario Health Insurance Plan
physician billing claims database, and included these in a broader
case definition combining hospitalizations, emergency department
visits, and outpatient visits. For idiopathic thrombocytopenia,
acute disseminated encephalomyelitis, transverse myelitis, and
anaphylaxis, we also used narrow definitions to estimate conserva-
tive rates for these conditions (Supplemental Table S1).

We used a 365-day cut-off period for inclusion of an AESI for
each individual. Since we linked databases at the individual level,
if an individual had more than one episode of an AESI (in either set-
ting) in a 365-day period, we only included the first incident
episode/diagnosis to avoid duplicate counts. We used a 30-day
cut-off for anaphylaxis. We obtained information on age and sex
from Ontario’s Registered Persons Database, which contains all
Ontarians registered under the Ontario Health Insurance Plan.
2.1. Statistical analysis

For each AESI, we calculated annual incidence rates per 100,000
population by age group (0–4, 5–11, 12–15, 16–19, 20–24, 25–29,
30–39, 40–49, 50–59, 60–69, 70–79 and �80 years), by sex, and by
age group and sex during each of five pre-pandemic years (2015–
2019) and 2020. We included data for the entire year of 2020 as we
did not expect to see many rare AESI post-vaccination in the last
two weeks of the year following initiation of the vaccination pro-
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gram in Ontario on 14 December 2020, which was initially
restricted to residents and staff of long-term care facilities and
high-risk healthcare workers. We also estimated the overall mean
annual incidence for 2015–2019. The rates of idiopathic thrombo-
cytopenia using the narrow definition are presented for 0–29 years
only because the rates for �30 years have been reported previously
[35]. We calculated monthly average rates for 2015–2019 to exam-
ine seasonality in children aged 0–11 years. We used Statistics
Canada Census and intercensal population estimates as denomina-
tors. The 95% confidence intervals (CIs) were calculated using a
gamma distribution [41].
3. Results

3.1. Rates across all ages

The study population included approximately 85 million
person-years of observation for all age groups from 2015 to
2020. The average annual study population was 14 million with
51% female.

During 2015–2019, the overall mean incidence rate of hospital-
izations and ED visits for both sexes and all ages was highest for
acute myocardial infarction (191 per 100,000) and lowest for trans-
verse myelitis (1.7 per 100,000). The mean incidence rates per
100,000 population for other AESI were 43.9 for idiopathic throm-
bocytopenia, 28.8 for anaphylaxis, 27.8 for Bell’s palsy, 25.0 for feb-
rile convulsions, 22.8 for acute disseminated encephalomyelitis,
11.3 for myocarditis/pericarditis, 8.7 for pericarditis, 2.9 for
myocarditis, 2.0 for Kawasaki disease, and 1.9 for Guillain-Barré
syndrome. The mean rate of Bell’s palsy was 71.3 per 100,000 pop-
ulation when cases identified in outpatient physician offices were
Table 1
Annual background rates of adverse events of special interest (AESI) in Ontario from 2015

AESI 2015 2016 201

Bell’s palsy 27.0
(26.1, 27.9)

27.0
(26.1, 27.9)

27.
(27

Bell’s palsy (including outpatient visits) 71.3
(69.9, 72.8)

71.7
(70.3, 73.1)

72.
(70

ITP, narrow definition 6.41
(6.00, 6.85)

6.31
(5.90, 6.74)

6.1
(5.7

ITP, broad definition 40.5
(39.4, 41.5)

43.5
(42.4, 44.6)

44.
(43

Febrile convulsions 23.5
(22.7, 24.3)

28.57
(27.7, 29.5)

23.
(22

ADEM, narrow definition 0.16
(0.10, 0.24)

0.22
(0.15, 0.31)

0.2
(0.1

ADEM, broad definition 21.8
(21.1, 22.6)

23.0
(22.2, 23.8)

23.
(22

Myocarditis/
pericarditis

9.82
(9.30, 10.36)

10.22
(9.69, 10.77)

12.
(11

Myocarditis 2.54
(2.28, 2.82)

2.88
(2.60, 3.17)

3.3
(3.0

Pericarditis 7.53
(7.08, 8.00)

7.64
(7.19, 8.11)

9.3
(8.8

Kawasaki disease 1.96
(1.73, 2.21)

2.00
(1.77, 2.25)

2.0
(1.8

Guillain-Barré syndrome 1.83
(1.61, 2.07)

1.94
(1.71, 2.18)

1.8
(1.6

Transverse myelitis, narrow definition 0.61
(0.49, 0.76)

0.90
(0.75, 1.07)

0.7
(0.6

Transverse myelitis, broad definition 1.27
(1.09, 1.47)

1.84
(1.63, 2.09)

1.6
(1.4

Acute myocardial infarction 192
(189, 194)

198
(196, 200)

192
(19

Anaphylaxis, narrow definition 20.7
(20.0, 21.5)

22.3
(21.5, 23.1)

23.
(23

Anaphylaxis, broad definition 25.0
(24.2, 25.8)

26.9
(26.0, 27.8)

29.
(28

ADEM = Acute disseminated encephalomyelitis, ITP = Idiopathic thrombocytopenia.
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included. Rates were generally consistent over time (Table 1).
Rates were lower in 2020 than during the pre-pandemic years
for febrile convulsions, acute disseminated encephalomyelitis,
Guillain-Barré syndrome, and acute myocardial infarction.

Mean pre-pandemic incidence rates of acute disseminated
encephalomyelitis, transverse myelitis, and anaphylaxis tended
to be higher for females than males (Fig. 1). In contrast, mean
pre-pandemic rates of myocarditis, pericarditis, and Guillain-
Barré syndrome were higher for males than females; rates of ana-
phylaxis were higher for males than females only in children aged
<12 years. Rates for Bell’s palsy, acute disseminated
encephalomyelitis, myocarditis, pericarditis, and Guillain-Barré
syndrome generally increased with age. Mean pre-pandemic rates
of idiopathic thrombocytopenia increased with age after 24 years
of age, and were higher in males than females at �40 years. Mean
pre-pandemic rates of myocarditis/pericarditis were similar for
females and males up to 11 years of age, then diverged to be higher
for males than females, with two peaks in males at 16–24 years
and �70 years (Fig. 1). The mean rates of myocarditis were higher
for males than females aged 12–59 years; rates of pericarditis were
higher for males aged �12 years. Mean pre-pandemic rates of
acute myocardial infarction increased with age, and were higher
in males than females more noticeably at �30 years. Febrile con-
vulsions and Kawasaki disease were predominantly childhood dis-
eases and generally decreased with age. Anaphylaxis decreased
with age in both males and females after 19 years of age.

The annual rates of AESI are presented in Supplemental Tables
S2-S11; the rates of myocarditis/pericarditis, myocarditis, and
pericarditis across all age groups were relatively stable during
2017–2019 (Supplemental Table S6). Overall rates of pericarditis
were approximately 3 times higher than rates of myocarditis.
to 2020.

7 2018 2019 2015–2019 mean 2020

9
.0, 28.7)

27.9
(27.0, 28.7)

29.2
(28.3, 30.1)

27.8
(27.4, 28.2)

31.4
(30.5, 32.3)

0
.6, 73.4)

70.9
(69.6, 72.3)

70.6
(69.2, 72.0)

71.3
(70.7, 71.9)

70.5
(69.1, 71.9)

4
4, 6.56)

5.75
(5.37, 6.16)

5.81
(5.42, 6.21)

6.08
(5.90, 6.26)

4.54
(4.20, 4.90)

8
.7, 45.9)

44.9
(43.8, 46.0)

45.8
(44.8, 47.0)

43.9
(43.4, 44.4)

46.5
(45.4, 47.6)

7
.9, 24.5)

25.5
(24.6, 26.3)

24.0
(23.2, 24.8)

25.0
(24.7, 25.4)

13.5
(12.9, 14.1)

2
5, 0.31)

0.20
(0.13, 0.28)

0.14
(0.09, 0.22)

0.19
(0.16, 0.22)

0.10
(0.06, 0.17)

2
.4, 24.0)

23.0
(22.2, 23.8)

22.9
(22.1, 23.7)

22.8
(22.5, 23.2)

20.1
(19.4, 20.8)

4
.8, 13.0)

11.9
(11.3, 12.4)

12.0
(11.4, 12.6)

11.3
(11.0, 11.5)

10.7
(10.2, 11.2)

8
8, 3.69)

2.58
(2.32, 2.86)

2.93
(2.66, 3.22)

2.86
(2.74, 2.99)

2.42
(2.18, 2.69)

5
5, 9.87)

9.44
(8.94, 9.96)

9.24
(8.75, 9.75)

8.65
(8.44, 8.87)

8.44
(7.97, 8.92)

3
0, 2.27)

2.15
(1.92, 2.41)

1.71
(1.51, 1.94)

1.97
(1.87, 2.07)

1.55
(1.35, 1.76)

3
1, 2.06)

1.88
(1.66, 2.12)

1.82
(1.60, 2.05)

1.86
(1.76, 1.96)

1.34
(1.16, 1.54)

3
0, 0.89)

0.85
(0.71, 1.02)

0.87
(0.73, 1.04)

0.80
(0.73, 0.86)

0.83
(0.69, 1.00)

9
8, 1.92)

1.81
(1.60, 2.04)

1.95
(1.73, 2.19)

1.72
(1.62, 1.82)

1.93
(1.71, 2.17)

0, 194)
186
(183, 188)

188
(186, 190)

191
(190, 192)

170
(168, 172)

8
.0, 24.6)

24.9
(24.1, 25.7)

26.4
(25.6, 27.3)

23.7
(23.3, 24.0)

22.3
(21.5, 23.0)

3
.4, 30.2)

30.4
(29.5, 31.3)

32.0
(31.1, 32.9)

28.8
(28.4, 29.2)

26.8
(26.0, 27.6)



Fig. 1. Age and sex stratified pre-pandemic (2015–2019) mean annual background rates (per 100,000 population) for 11 adverse events of special interest in Ontario.
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3.2. Rates in children aged 0–11 years

The study population included approximately 10.7 million
person-years of observation among children aged 0–11 years from
2015 to 2020; 60% of the study population was aged 5–11 years.
The average annual study population was 1.8 million, with 49%
female.

During 2015–2019, the mean rate of hospitalizations and ED
visits was highest for febrile convulsion (453 per 100,000) in chil-
dren aged 0–4 years and for anaphylaxis (29.5 per 100,000) in chil-
dren aged 5–11 years, and lowest for pericarditis (0.4 per 100,000)
in both age groups. For children aged 0–4 years, the mean rates per
100,000 population for other AESI were 39.2 for anaphylaxis, 31.3
for idiopathic thrombocytopenia, 25.9 for Kawasaki disease, 8.8 for
acute disseminated encephalomyelitis, 5.5 for Bell’s palsy, 1.2 for
myocarditis/pericarditis, 0.9 for myocarditis, 0.7 for Guillain-
Barré syndrome and acute myocardial infarction, and 0.6 for trans-
verse myelitis; the rates for children aged 5–11 years were 20.1 for
febrile convulsion, 13.6 for idiopathic thrombocytopenia, 7.4 for
Bell’s palsy, 7.3 for Kawasaki disease, 4.1 for acute disseminated
encephalomyelitis, 0.8 for myocarditis/pericarditis, and 0.6 for
transverse myelitis and Guillain-Barré syndrome, 0.5 for myocardi-
tis, and 0.1 for acute myocardial infarction. When cases identified
in outpatient physician offices were added, the mean rates per
3308
100,000 population for Bell’s palsy was 21.3 among children aged
0–4 years, and 17.4 among children aged 5–11 years.

The annual rates for most of the studied AESI fluctuated over
the study period and were lower in 2020 than the mean annual
rate during the pre-pandemic years (2015–2019) except for
Guillain-Barré syndrome among children aged 0–4 years and peri-
carditis among children aged 5–11 years (Supplemental Tables S2-
S11). Rates of Kawasaki disease among children aged 0–4 years
were 3–4 times higher than children aged 5–11 years.

Rates of idiopathic thrombocytopenia, febrile convulsions,
Kawasaki disease, and anaphylaxis generally tended to be higher
for males than females for both age groups (Supplemental Tables
S3, S4, S7, S11). In contrast, rates of hospitalizations, emergency
department visits, and outpatient visits for Bell’s palsy tended to
be higher for females than males in children aged 5–11 years (Sup-
plemental Table S2).

We noted seasonality for four AESI: Kawasaki disease peaked
during November through March for children aged 0–4 years and
during December and January for children aged 5–11 years; febrile
convulsions peaked during December through March for children
aged 0–4 years; idiopathic thrombocytopenia among children aged
0–4 years peaked in December, January, and April when using the
narrow definition and in December and January when using the
broad definition; and anaphylaxis peaked in July for children aged
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0–4 years and in September for children aged 5–11 years using
both narrow and broad definitions (Fig. 2).

4. Discussion

In this study, we estimated background rates of hospitalizations
and emergency department visits for selected AESI during 2015 to
2020 in Ontario. Our findings suggest that overall rates were gen-
erally consistent over time. Females had higher rates of acute dis-
seminated encephalomyelitis, transverse myelitis, and anaphylaxis
while males had higher rates of myocarditis, pericarditis, and
Guillain-Barré syndrome. Bell’s palsy, acute disseminated
encephalomyelitis, Guillain-Barré syndrome, and acute myocardial
infarction increased with age. Rates of pericarditis were higher
than myocarditis. The rates of myocarditis and/or pericarditis
increased with age until 79 years; and the rates were higher in
Fig. 2. Monthly average incidence rates of hospitalization and emergency department vis
thrombocytopenia (narrow definition), D. Idiopathic thrombocytopenia (broad definition
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males from 12 to 59 years for myocarditis and in males aged
�12 years, with two peaks for pericarditis. However, in children
aged <12 years, rates varied during the pre-pandemic period and
were lower in 2020 for most of these AESI. Males aged 0–11 years
had higher rates of febrile convulsions, Kawasaki disease, idio-
pathic thrombocytopenia, and anaphylaxis than females aged
0–11 years, whereas females aged 5–11 years had higher rates of
Bell’s palsy than their male counterparts. Kawasaki disease and
febrile convulsions tended to peak during the winter months,
while anaphylaxis peaked during summer and fall.

Compared with the mean prepandemic rate, we observed a
nearly 11% lower rate in 2020 for acute myocardial infarction,
which likely resulted from fewer non-SARS-CoV-2 respiratory virus
infections, such as influenza, as a result of public health measures
against COVID-19. We observed increased rates of Bell’s palsy,
Guillain-Barré syndrome, idiopathic thrombocytopenia, myocardi-
its in Ontario, 2015 to 2020: A. Kawasaki disease, B. Febrile convulsions, C. Idiopathic
), E. Anaphylaxis (narrow definition), F. Anaphylaxis (broad definition).
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tis and/or pericarditis, and acute myocardial infarction with age
similar to previous studies [37]. Contrary to our finding, a gradual
decrease in incidence of myocarditis with age in adults was
reported in a previous study in Finland [42]. We observed a higher
rate in older children aged 16–19 years than younger children sim-
ilar to other studies conducted in hospitalized children [43]. Simi-
lar to our study, rates of myocarditis or pericarditis have been
observed to increase with age with higher rates in males in a multi-
national study [37].

Among children aged <12 years, compared to the mean rates
during the pre-pandemic years, we observed lower rates in 2020
for most of these AESI except for Guillain-Barré syndrome in chil-
dren aged 0–4 years, and pericarditis in children aged 5–11 years.
The most striking absolute reduction in rate was observed for feb-
rile convulsions in children aged 0–4 years. This likely resulted
from the decreased circulation of non-SARS-CoV-2 respiratory
viruses during the pandemic [44] as a result of broad public health
measures in Ontario, including the lockdown in March-June 2020,
continued province-wide mask mandate, and school-based strate-
gies to ensure safe reopening of schools for in-person attendance in
fall 2020 [45]. A change in healthcare-seeking behaviour during the
COVID-19 pandemic, including a decrease in in-person healthcare
sought in 2020, along with surpassed hospital capacity for non-
COVID-19 care at times of peak SARS-CoV-2 circulation, and an
increase in the use of virtual healthcare (i.e., telehealth care/tele-
medicine) [46] may also have caused some reduction in rates of
hospital admissions or emergency department visits.

As expected, rates of Bell’s palsy were higher when outpatient
cases were added to cases that were hospitalized or sought care
in emergency departments. However, the diagnostic code used to
identify outpatient Bell’s palsy cases from the physician billing
claims also includes the diagnosis facial palsy. Consequently, the
rates including outpatient cases may be an overestimate of the rate
of Bell’s palsy. The rate of Bell’s palsy including outpatient and
inpatient cases in US children aged 0–17 years was reported to
be 24 per 100,000 person-years [32]. This rate is comparable to
our estimated pre-pandemic mean rate for inpatient, ED visit,
and outpatient cases for children aged 0–4 years (21.3 per
100,000) but higher than our rate for children aged 5–11 years
(17.4 per 100,000), although the rate from the US is aggregated
for children of all ages (0–17 years), whereas we estimated rates
separately for smaller age bands (0–4 years, 5–11 years, 12–
15 years, and 16–19 years). The background rate of Bell’s palsy
was reported to be 15 per 100,000 person-years in both males
and females aged 1–5 years, and 25 and 21 per 100,000 person-
years in females and males aged 6–17 years, respectively, in a
recent multinational study using electronic health records and
health claims data, including primary care data [37]. The differ-
ences in the background rates between our study and other studies
likely resulted from differences in calendar time, geography, popu-
lation characteristics, distribution of risk factors, local transmission
of possible causative viral infections, and healthcare systems.

Our estimated background rates of Kawasaki disease are within
the previously reported range of 19.1–32.1 per 100,000 in Cana-
dian children younger than 5 years of age [39] and 5.1–50.4 per
100,000 in US children aged 0–6 years of age [36]. Similar to those
studies, we also observed higher rates for males than females
among children aged 0–4 years. Our estimated pre-pandemic
mean rates of GBS are similar to the rates reported in children aged
1–9 years in Denmark [47]. Our mean rates of transverse myelitis
are higher than the rates reported in children aged 1–9 years in
Denmark (0.36 per 100,000 person-years for children aged 4–
9 years) and Israel (0.40 per 100,000 person-years in children aged
0–9 years) [32,47]. We observed seasonality for Kawasaki disease
and febrile convulsions in young children with peak rates during
the winter months conforming to previous reports [48,49].
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There are some limitations of this study. Our rates may be
higher than those reported in the literature using hospitalization
data alone as we also included cases treated in emergency depart-
ments. Imperfect validity of the diagnostic codes in administrative
data without information on clinical and/or diagnostic confirma-
tion may have resulted in under or overestimation. However, we
used previously validated codes and/or codes that have been used
in previous studies [32,39,40] to improve the accuracy of case
ascertainment in administrative data. The quality of DAD hospital-
ization data has been previously evaluated [50]. The increasing use
of virtual healthcare during 2020 may have led to an underestima-
tion of background rates for less severe AESI that do not require
emergency department visit or hospitalization, for example Bell’s
palsy and idiopathic thrombocytopenia. However, our estimated
background rate of Bell’s palsy that included outpatient cases iden-
tified from the physician billing claims database captured virtual
care provided by physicians through virtual care-specific billing
codes. We only included hospitalizations and ED visits for estimat-
ing the rates for all other AESI. Our estimated rates may not be gen-
eralizable to other populations or settings because background
rates are population-specific and differ by calendar time, popula-
tion structure, distribution of risk factors, and healthcare systems
[31].

Our estimated background rates of hospitalizations and emer-
gency department visits for the selected AESI in all age groups will
facilitate estimating the number of expected events for these con-
ditions. Reports of these AESI arising from Ontario’s passive vac-
cine safety surveillance data can be compared to determine if
they are greater than the expected number of events to assess
potential safety signals. Additionally, our estimates suggest that
some of these AESI are common in children aged <12 years and
some have demonstrated seasonality. This information will further
aid clinicians and public health authorities to gauge and contextu-
alize higher observed events following immunization for these
AESI.
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