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Background: The COVID-19 pandemic has caused a disruption in childhood immunization coverage
around the world. This study aimed to determine the change in immunization coverage for children
under 2 years old in Ontario, Canada, comparing time periods pre-pandemic to during the first year of
the pandemic.
Methods: Observational retrospective open cohort study, using primary care electronic medical record
data from the University of Toronto Practice-Based Research Network (UTOPIAN) database, from
January 2019 to December 2020. Children under 2 years old who had at least 2 visits recorded in
UTOPIAN were included. We measured up-to-date (UTD) immunization coverage rates, overall and by
type of vaccine (DTaP-IPV-Hib, PCV13, Rota, Men-C-C, MMR, Var), and on-time immunization coverage
rates by age milestone (2, 4, 6, 12, 15, 18 months). We compared average coverage rates over 3 periods
of time: January 2019-March 2020 (T1); March-July 2020 (T2); and August-December 2020 (T3).
Results: 12,313 children were included. Overall UTD coverage for all children was 71.0% in T1, dropped by
5.7% (95% CI: �6.2, �5.1) in T2, slightly increased in T3 but remained lower than in T1. MMR vaccine UTD
coverage slightly decreased in T2 and T3 by approximately 2%. The largest decreases were seen at ages
15-month and 18-month old, with drops in on-time coverage of 14.7% (95% CI: �18.7, �10.6) and
16.4% (95% CI: �20.0, �12.8) respectively during T2. When stratified by sociodemographic characteris-
tics, no specific subgroup of children was found to have been differentially impacted by the pandemic.
Conclusion: Childhood immunization coverage rates for children under 2 years in Ontario decreased sig-
nificantly during the early period of the COVID-19 pandemic and only partially recovered during the rest
of 2020. Public health and educational interventions for providers and parents are needed to ensure ade-
quate catch-up of delayed/missed immunizations to prevent potential outbreaks of vaccine-preventable
diseases.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic and associ-
ated public health measures aiming to limit its transmission have
had an unprecedented impact on healthcare services at all levels,
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including on routine childhood immunizations [1–3]. Multiple
jurisdictions worldwide have reported significant declines in child-
hood vaccines administered and immunization coverage in the
months following the pandemic declaration [4–14]. Disruptions
to routine childhood immunization services leading to decreased
coverage are concerning for possible resurgence of vaccine-
preventable diseases (VPDs), including measles [15–17].

In response to these concerns, international and Canadian pub-
lic health and governmental institutions have recommended that
routine immunizations are essential health services that should
not be deferred, especially the primary series and booster doses
for children aged less than two years [18–20]. Some studies have
nonetheless reported on parents avoiding medical care facilities,
clinics not providing in-person services due to the perceived risk
of COVID-19 transmission, and school immunization programs
being suspended [21,22]. There is currently limited data to quan-
tify the impact of the pandemic on pediatric immunization cover-
age in Canada, and whether the pandemic has impacted access to
vaccination differentially for specific groups of children. The objec-
tive of this study was to compare the immunization coverage for
children under two years old before and during the first waves of
the COVID-19 pandemic by using primary care electronic medical
records (EMR) data in the province of Ontario.
2. Methods

2.1. Study design

We conducted an observational retrospective open cohort study
using EMR data from family medicine practices included in the
University of Toronto Practice-Based Research Network (UTOPIAN)
to assess immunization coverage from January 2019 to December
2020.

2.2. Data source

We used data from the UTOPIAN Data Safe Haven, which is a
secure research database comprised of de-identified patient
records extracted from EMRs of contributing family medicine prac-
tices associated with the University of Toronto, with more than
70% of these family physicians practicing in the Greater Toronto
Area (GTA) in Ontario [23]. From the UTOPIAN database, we
extracted the sociodemographic characteristics (date of birth, sex
and postal code) and immunization records (name of vaccine and
date given) of the children included in the study population. Mea-
sures of socioeconomic status (SES) and marginalization based on
neighborhood income, material deprivation and ethnic concentra-
tion quintiles were derived based on the children’s postal code
using the Statistics Canada Postal Code Conversion File [24–26].

2.3. Study population

We created an open cohort of children using the following eli-
gibility criteria: 1) were aged 0–2 years old during the study per-
iod, 2) had a valid sex and date of birth recorded in their EMR, 3)
had at least two visits recorded in their EMR during the study per-
iod, with at least one visit after the second week of life to ensure
continuity of care.

2.4. Setting

Ontario is Canada’s most populous province, with nearly 40% of
the country’s population [27]. Early in the COVID-19 pandemic,
Ontario declared a state of emergency on March 17, 2020 and
entered its first ‘‘lockdown” [28]. As the first wave of the pandemic
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improved, restrictions were progressively lifted throughout the
province with Toronto being one of the last regions to enter the
final stage of reopening on July 31, 2020 [29]. Ontario experienced
a second wave of COVID-19 cases and deaths from September 2020
to February 2021 [30]. At the end of the study period, Ontario had
experienced the second highest number of COVID-19 cases and
number of deaths in Canada [31]. Within the province, 30% of all
cases have been detected in Toronto and the GTA [30].

In Ontario, immunizations for children under two years old are
usually administered by primary care providers, including family
physicians, during regular well-baby visits [22,32] and docu-
mented in the children’s medical record. EMR data from family
physicians’ clinics has been previously used and validated to study
childhood immunization coverage in Ontario [32–34]. Ontario’s
Publicly Funded Immunization Schedule [35] recommends six dif-
ferent vaccines in the first 24 months of life (Table 1), including
diphtheria, tetanus, pertussis, polio, Haemophilus influenzae type
b (DTaP-IPV-Hib) vaccine, pneumococcal conjugate (PCV13) vac-
cine, rotavirus (Rota) vaccine, meningococcal conjugate (Men-C-
C) vaccine, measles, mumps, and rubella (MMR) vaccine, and vari-
cella (Var) vaccine.

2.5. Outcomes

Our study had two primary outcome measures: up-to-date
(UTD) immunization coverage and on-time immunization cover-
age. UTD immunization refers to receiving all recommended vacci-
nes by a certain age or by a specific point in time [37,38]. On-time
immunization refers to receiving the recommended vaccines for a
specific age milestone within a 30-day leeway period after the due
date [37,38]. For example, a 12-month-old child should receive
PCV13, Men-C-C and MMR vaccines within 30 days after the rec-
ommended age to be considered on-time and should have received
all doses of recommended vaccines since birth to be considered
UTD (Table 1).

2.6. Statistical analysis

The study population’s sociodemographic characteristics were
summarized using frequencies and percentages. Overall UTD cov-
erage rate for all children under 2 years old for all vaccines was
calculated as the number of children who have received all the rec-
ommended vaccines for their age milestone divided by the number
of children aged 2 to 24 months old. UTD coverage rate for each
vaccine (DTaP-IPV-Hib, PCV13, Rota, Men-C-C, MMR, Var) was cal-
culated as the number of children who have received the recom-
mended number of doses of the specific vaccine for their age
milestone divided by the number of children who are eligible to
receive the vaccine up to 24 months old. On-time coverage rate
for each age milestone (2, 4, 6, 12, 15 and 18 months) was calcu-
lated as the number of children who have received all recom-
mended vaccines at the target age milestone plus a 30-day
leeway period divided by the number of children at the target
age milestone.

We calculated weekly (Sunday to Saturday) coverage rates from
January 6, 2019 to December 20, 2020, which were the start of the
first and last full weeks in 2019 and 2020 respectively. We used
linear regression models to compare the average immunization
coverage rates over three periods of time: baseline/pre-pandemic
period, from January 6, 2019 to March 14, 2020 (T1); early pan-
demic period during the first wave/lockdown in Ontario, from
March 15 to August 1, 2020 (T2); and later pandemic period during
the reopening phase after first wave and beginning of second wave,
from August 2 to December 26, 2020 (T3). We also examined if the
differences in on-time immunization coverage rates over the three
time periods were associated with any sociodemographic



Table 1
Ontario’s Publicly Funded Immunization Schedule for children under 2 years old.

Age milestones

Vaccine 2 months 4 months 6 months 12 months 15 months 18 months

DTaP-IPV-Hib X X X X
PCV13 X X X
Rota X X X*
Men-C-C X
MMR X
Var X

*The Ontario publicly funded immunization program transitioned from the monovalent Rota-1 vaccine (Rotarix) that required two doses at 2 and 4 months to the pentavalent
Rota-5 vaccine (RotaTeq) that requires three doses at 2, 4 and 6 months of age around mid-2018 [36].

Table 2
Characteristics of the study population.

All included children N = 12,313 N (%)

Birth year
2017 3,400 (27.6%)
2018 3,412 (27.7%)
2019 3,178 (25.8%)
2020 2,323 (18.9%)
Sex
Female 5,972 (48.5%)
Male 6,341 (51.5%)
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characteristics by fitting adjusted regression models. Each of these
models included time period (to calculate the adjusted difference
in immunization rates between time periods), one sociodemo-
graphic characteristic (to calculate the baseline difference in
immunization rates for each level of the characteristic) and the
interaction between time period and the sociodemographic char-
acteristic (to calculate difference in differences). We also computed
likelihood ratio statistics to assess the contribution of the interac-
tion term to the regression model. Analyses were performed in R
version 3.6.1 and SAS 9.4.
Location
Urban 10,740 (87.2%)
Rural 1,092 (8.9%)
Missing 481 (3.9%)
Neighborhood income quintiles
Q1 (lowest income) 2,757 (22.4%)
Q2 2,246 (18.2%)
Q3 2,224 (18.1%)
Q4 2,132 (17.3%)
2.7. Ethics approval

The study was approved by the University Health Network
(#20-6177) and the University of Toronto Health Sciences Research
Ethics Boards (#40300).
Q5 (highest income) 2,473 (20.1%)
Missing 481 (3.9%)
Neighborhood material deprivation quintiles
Q1 (least deprived) 2,559 (20.8%)
Q2 2,402 (19.5%)
Q3 2,304 (18.7%)
Q4 2,086 (16.9%)
Q5 (most deprived) 2,473 (20.1%)
Missing 489 (4.0%)
Neighborhood ethnic concentration quintiles
Q1 (least diverse) 969 (7.9%)
Q2 1,421 (11.5%)
Q3 2,305 (18.7%)
Q4 3,018 (24.5%)
Q5 (most diverse) 4,111 (33.4%)
Missing 489 (4.0%)
3. Results

A total of 12,313 children aged 0 to 2 years old were included in
our study population. The majority of children lived in an urban
region (87.2%) and in a neighborhood of the most ethnically
diverse quintile (33.4%). They were otherwise almost equally dis-
tributed across birth year, sex, neighborhood income and material
deprivation quintiles (Table 2). They had a median of 9 (interquar-
tile range: 6–13) visits with their family physician during the study
period, which corresponds to the number of recommended routine
care visits for young children [39].
3.1. UTD immunization coverage

At baseline (T1), the average overall UTD immunization cover-
age rate for all children under 2 years old was 71.0% (95% confi-
dence interval (CI): 70.7, 71.3) (Fig. 1). The UTD coverage rate
decreased by 5.7% (95% CI: �6.2, �5.1) in the early pandemic per-
iod (T2). Later in the pandemic (T3), overall UTD coverage
improved slightly but remained 4.1% (95% CI: �4.6, �3.6) below
pre-pandemic levels.

When looking at UTD coverage for each specific vaccine, the
average coverage rate in T1 was the lowest for varicella vaccine
at 72.9% (95% CI: 72.5, 73.4) and was approximately 85% for the
other vaccines (Figs. 2a-b). The UTD coverage rates decreased for
all vaccines in T2 when compared to T1, ranging from a 0.8%
decrease (95% CI: �1.0, �0.6) for PCV13 to a 6.3% decrease (95%
CI: �7.2, �5.4) for Var, and remained at similar reduced rates dur-
ing T3. MMR vaccine coverage rate decreased by 1.7% (95% CI:
�2.3, �1.2) in T2 and by 1.9% (95% CI: �2.4, �1.4) in T3 when com-
pared to the pre-pandemic period.
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3.2. On-time immunization coverage

The baseline T1 average on-time immunization coverage rates
were the highest for younger children and decreased progressively
as children aged, from 88.3% (95% CI: 87.0, 89.5) for 2-month-old
children down to 51.6% (95% CI: 49.8, 53.4) for 18-month-old chil-
dren (Figs. 3a-b). The largest impact from the pandemic was seen
in older children, with drops in on-time coverage rates of 14.7%
(95% CI: �18.7, �10.6) and 16.4% (95% CI: �20.0, �12.8) for 15-
and 18-month-old children respectively during T2 compared to
pre-pandemic period. These coverage rates improved in T3 but
were still significantly lower than T1 rates. The 6- and 12-
month-old children experienced decreases in on-time coverage
rates during T2 of approximately 6.0%, but coverage rates recov-
ered in T3 to pre-pandemic levels. On-time coverage rates for 2-
and 4-month-old children were not significantly impacted by the
pandemic throughout the study observation period.

When stratified by sociodemographic characteristics, baseline
on-time coverage rates in T1 were not found to be statistically



Fig. 1. Overall up-to-date immunization coverage rate of children under 2 years old, from January 2019 to December 2020; weekly coverage rates and fitted average coverage
rates by time period.
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different by sex or by location across all age milestones, except in
4-month-old children living in urban areas who had a lower cover-
age rate than those living in rural areas (Fig. 4). Neighborhood
socioeconomic status measures, however, impacted baseline on-
time coverage rates, with children living in neighborhoods in the
lowest income, the most materially deprived and the most ethni-
cally diverse quintiles showing significantly lower coverage rates
than children from quintiles associated with higher SES, across
all age milestones. When adjusted for these baseline differences,
the variations in coverage rates over time (T2 vs T1 and T3 vs
T1) were similar across all subgroups, including children of differ-
ent sexes or from different locations and neighborhood SES, and
across all age milestones. No specific subgroup was found to be dif-
ferentially impacted by the pandemic by experiencing a signifi-
cantly larger decrease in on-time immunization coverage.
4. Discussion

In this retrospective study using EMR data from a network of
family medicine clinics in the GTA, Ontario, we found that routine
childhood immunization coverage rates in children under 2 years
old decreased significantly in the early months of the COVID-19
pandemic, especially in children aged 15 and 18-months old. The
coverage rates recovered in the second half of 2020 but remained
lower overall compared to pre-pandemic rates. Our study provides
more insight on which groups of children should be prioritized for
immunization catch-up strategies and for targeted interventions to
prevent immunization delays in future pandemic waves or other
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events that could be disruptive to the primary immunization
schedule.

Similar to reports from other countries, we found that the
impact of the pandemic and stay-at-home orders on immunization
coverage rates was the most significant in the early period of the
pandemic and only partially recovered subsequently [9–
11,14,40]. Some of this recovery may have been prompted by pub-
lic messaging from official organizations that routine childhood
immunization is an essential health service [9,10]. In May 2020,
Canada’s National Advisory Committee on Immunization recom-
mended prioritizing primary immunization series up to 18-
months old during the pandemic [20], which may have encouraged
the increase in coverage rates seen in our results starting in June
2020. However, given lower rates persisted until the end of our
observation period in December 2020, more education and support
should be put forward for healthcare providers and parents [21].

Our finding that older (15- and 18-month-old) children have
experienced a more significant drop in immunization coverage
than younger children in the early pandemic period has been noted
in other parts of the world [9–11]. Our study also found that the
baseline on-time immunization coverage rate fell from around
88% for 2-month-old children to 51% at 18-months old. A similar
trend was reported in the United States where the baseline vacci-
nation coverage rate decreased from around 90% for 1-month-old
children to 70% at 16-months old [11]. As children age, it is possi-
ble that there are more delays in attending routine visits as parents
go back to working full-time [41]. Additionally, there may be less
perceived infectious risks for older children, especially if staying
home during lockdown, which may explain why we found that
the varicella vaccine coverage was the lowest at baseline and



Fig. 2a. UTD immunization coverage rates for children under 2 years old by type of vaccine, from January 2019 to December 2020.

Fig. 2b. Average UTD immunization coverage rates by type of vaccine in the pre-pandemic period (T1), and changes in the early pandemic period (T2) and in the later
pandemic period (T3) compared to T1.
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decreased the most after the pandemic onset as it is given as a sin-
gle vaccine at 15-months old. The suboptimal varicella vaccine
coverage and the observed coverage gap where up to 50% of older
infants are delayed in their immunizations leave many children
vulnerable to VPDs, especially if attending daycare.

The MMR vaccine coverage is an often-studied outcome as
measles is a highly transmissible VPD. Substantial drops in MMR
vaccine coverage and administration in children have been
observed in the early pandemic period in several countries
[10,11,42]. In our study, we found that MMR vaccine UTD coverage
for children under two dropped only by 1.7% in the early pandemic
period and remained at the same reduced level during the rest of
1794
2020. However, even small (2–5%) reductions in measles vaccina-
tion coverage have been projected to result in exponential increase
in measles outbreak size [43]. Close monitoring of new cases of
measles and other VPDs will therefore be important as lockdown
measures and travel restrictions are lifted due to the potential risk
of imported cases.

In the United States, vaccine administrations plummeted across
all racial and ethnic groups during the initial lockdown period, but
recovery was lower in non-Hispanic Black children than in other
groups during the reopening period [11]. In our study, we did
not have patient-level ethnicity information, but we stratified
our analyses by neighborhood ethnic concentration quintiles, in



Fig. 3a. On-time immunization coverage rates by age milestone, from January 2019 to December 2020.

Fig. 3b. Average on-time immunization coverage rates by age milestone in the pre-pandemic period (T1), and change in the early pandemic period (T2) and in the later
pandemic period (T3) compared to T1.
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addition to income and material deprivation quintiles. Although
the decrease in on-time coverage rates during the pandemic was
found to be similar across all socioeconomic subgroups in our
study, there was a significant difference in the baseline on-time
coverage rates, with children from the lowest income, the most
materially deprived and the most ethnically diverse quintiles hav-
ing the lowest immunization coverage rates. These neighborhood
quintiles have been associated with higher levels of marginaliza-
tion and to health inequities in other studies [25]. Public health
interventions and catch-up immunization programs should be
1795
preferentially implemented in these low income and ethnically
diverse neighborhoods to provide equitable access to immuniza-
tion services and improve coverage gaps [44,45].

As COVID-19 number of cases and deaths continued to surge in
subsequent waves and as vaccines against COVID-19 have been
rolled out in Ontario in 2021, further studies are needed to trend
the impact on childhood immunization coverage rates during
2021. Additional studies are also needed to better understand
immunization coverage discrepancies between certain neighbor-
hoods and potential association with other individual-, family-



Fig. 4. Average on-time immunization coverage rates by age milestone and sociodemographic characteristics, over the three time periods.
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and health system-level factors, and to quantify the impact of the
pandemic on other immunizations, such as school-based immu-
nization programs.

5. Limitations

The UTOPIAN data is limited to patients living mostly in the
GTA, where there was a high number of COVID-19 cases and
deaths, so our results may not be generalizable to other settings
with lower COVID-19 incidence. Additionally, the patients in our
study had access to family physicians working in clinical practices
affiliated with the University of Toronto that likely had access to
personal protective equipment and remained open to in-person
appointments during the pandemic. Our results may therefore
not be generalizable to children with limited access to primary
care/family physicians, as these children may have experienced
additional barriers to immunization services during the pandemic.
The use of EMR data may lead to children being misclassified as not
up-to-date or on-time in their immunizations if children received
vaccines outside of their primary care practices or if their records
1796
are not adequately updated, which may have limited our analyses
and led to an under-estimation of immunization coverage. How-
ever, primary care EMR data has been evaluated and shown to be
a reliable source for childhood immunization coverage analyses
in Ontario [33,34,38] as immunization services are mainly given
in primary care clinics for infants and pre-school children. We still
aimed to mitigate the possible impact of missing immunization
records by only including patients with at least two visits with
UTOPIAN family physicians to ensure continuity of care and
exclude children who only saw the UTOPIAN-contributing family
physician once (eg. walk-in visit, newborn visit, etc.) and com-
pleted their well-baby visits elsewhere.

6. Conclusion

Our study found that childhood immunization coverage rates
for children under 2 in Ontario, Canada were significantly
decreased during the early period of the COVID-19 pandemic and
only partially recovered during the rest of 2020. Implementation
of public health and primary care interventions for providers and



C. Ji, Pierre-Philippe Piché-Renaud, J. Apajee et al. Vaccine 40 (2022) 1790–1798
parents are needed to ensure adequate catch-up of delayed/missed
immunizations to prevent potential outbreaks of vaccine-
preventable diseases as these children enter daycare/kindergarten,
especially in certain age and socioeconomic groups where baseline
immunization coverage gaps have been identified.
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