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ABSTRACT
Objective  To assess the impact of the COVID-19 
pandemic on early childhood vaccination coverage in 
Alberta, Canada.
Setting  Alberta, a western Canadian province, which has 
a population of 4.4 million and approximately 50 000 births 
annually.
Design  In this retrospective cohort study, population-
based administrative health data were analysed to 
determine the vaccination coverage for measles-
containing, pertussis-containing and rotavirus vaccines.
Primary outcome measure  We measured monthly and 
cumulative vaccine coverage. We assessed the absolute 
difference in monthly and cumulative coverage for each 
vaccine dose by comparing children due for vaccination 
in each month of 2019 and 2020, with follow-up to 
determine if missed doses were caught up later.
Participants  We included 114 178 children in the 2019 
analysis cohort and 106 530 children in the 2020 analysis 
cohort.
Results  Monthly vaccination coverage in 2020 was 
higher than 2019 until March, when coverage significantly 
declined. Comparing April 2020 to 2019, coverage was 
9.9% (95% CI 7.9% to 12.0%) lower for measles vaccine; 
4.9% (95% CI 3.3% to 6.5%), 7.1% (95% CI 5.2% to 
9.1%), 5.2% (95% CI 3.1% to 7.4%) and 8.8% (95% CI 
6.6% to 10.9%) lower for first, second, third and fourth 
doses of pertussis-containing vaccine, respectively; and 
4.0% (95% CI 2.3% to 5.7%), 7.1% (95% CI 5.1% to 
9.2%) and 4.6% (95% CI 2.4% to 6.7%) lower for first, 
second and third doses of rotavirus vaccine, respectively. 
Monthly coverage improved during May to July 2020; 
however, some doses experienced a second decline 
during September to October 2020. The cumulative 
coverage analysis showed that the measles-containing 
vaccine had the largest difference in coverage at the end 
of follow-up.
Conclusions  Children who were due for vaccination early 
in the pandemic and in Fall 2020, especially those due for 
measles vaccination, may require additional catch-up.

INTRODUCTION
Background
Health systems worldwide have struggled to 
ensure access to routine vaccination during 
the COVID-19 pandemic. Implementation 
of physical distancing measures and reassign-
ment of public health workers to COVID-19 
screening efforts have led to disruptions 
in routine healthcare,1–4 while fear of 
contracting COVID-19 when accessing health 
services has also contributed to reduced 
service utilisation.5 Immediate declines in 
vaccination uptake due to the pandemic 
have been previously reported, but long-term 
follow-up is lacking and data from Canada are 
limited.1 2 4 6

Following the detection of the first 
confirmed case of COVID-19 in Alberta on 5 
March 2020, the Alberta government imple-
mented various measures to reduce virus 
transmission.7 These measures changed 
over time, varying in how restrictive they 
were in response to disease epidemiology 
(online supplemental appendix figure 
A1). In line with national recommenda-
tions,8 9 Alberta prioritised routine early 

Strengths and limitations of this study

	► This is one of the few studies in Canada assessing 
the impact of the COVID-19 pandemic on childhood 
vaccine coverage.

	► We used a population-based administrative da-
tabase which has complete and timely data on 
immunisation.

	► The findings from this study are based on Albertan 
children and may not be generalisable to other 
jurisdictions.
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childhood vaccinations, with some adjustments in service 
delivery (eg, vaccination-only appointments, COVID-19 
screening, physical distancing).10

It is imperative to quantify the impact of COVID-19 on 
routine vaccination to aid public health in identifying 
vaccines with particularly low coverage. This will support 
the development of strategies for catching up coverage to 
prepandemic levels to reduce the risk of future outbreaks 
once pandemic restrictions are removed. Additionally, 
studying the impact of the COVID-19 pandemic on 
routine immunisations in various jurisdictions provides 
clinicians and policy makers with information on the 
impact of variable strategies for maintaining continuity 
of vaccine programmes in different contexts, which can 
aid in planning for related challenges that we will likely 
encounter in the future.

As such, the objectives of this study were (1) to evaluate 
vaccine coverage in Alberta for selected early childhood 
vaccines in 2020 and to compare it with the coverage in 
2019; and (2) to investigate whether children who were 
delayed in their vaccinations at the start of the pandemic 
were caught up by March 2021.

METHODS
Design
A retrospective cohort design was used to assess early 
childhood vaccine coverage before (2019) and during 
the pandemic (2020). We used the Strengthening the 
Reporting of Observational Studies in Epidemiology 
cohort checklist when writing our report.11

Setting
Alberta is a large western Canadian province with an 
estimated population of 4.4 million12 and approximately 
50 000 births annually.13 Almost 99% of Albertans are 
registered under the universal, publicly funded Alberta 
Health Care Insurance Plan (AHCIP), which covers all 
vaccines listed in the Alberta Ministry of Health (MoH) 
routine vaccine schedule. Routine vaccines for infant and 
preschool-age children in Alberta are exclusively admin-
istered by public health nurses in community-based 
clinics.14

Data
The pandemic and prepandemic cohorts were created 
by linking population-based administrative data from 
the MoH, including vital statistics, birth registrations and 
AHCIP data. Vaccination status was determined from 
the Immunization and Adverse Reaction to Immuniza-
tion (Imm/ARI) repository, which includes information 
on all publicly funded childhood vaccines administered 
in Alberta with some exceptions, described below.15 All 
children born in Alberta were included in the analysis 
unless they died or migrated out of Alberta before their 
eligible date for vaccination, identified as First Nations 
(as data are not consistently submitted to Imm/ARI), 
or were from Lloydminster (as vaccines are delivered 

by a neighbouring province of Saskatchewan). Vaccine 
doses received outside the minimum or maximum age, 
or minimum interval between two doses according to the 
schedule (see online supplemental appendix table A1), 
were also excluded.

Vaccination schedule
This study examined vaccine coverage for three early 
childhood vaccines, each with unique scheduling and 
dose requirements (online supplemental appendix table 
A1). These included pertussis-containing vaccines, namely 
diphtheria-tetanus-acellular pertussis-polio-Haemophilus 
influenzae type b-hepatitis B (DTaP-IPV-Hib-HB) and 
DTaP-IPV-Hib; measles-mumps-rubella-varicella (MMRV) 
vaccine, which is sometimes administered as separate 
measles-mumps-rubella (MMR) and varicella vaccines; 
and rotavirus vaccine. We compared vaccination coverage 
in 2019 and 2020, during which there were no changes in 
the vaccination schedule.

Measures
Vaccine coverage was defined as the proportion of age-
eligible children who were vaccinated by 30 or 31 days 
following the due date (28 or 29 days following February 
due dates). Online supplemental appendix table A2 shows 
the number of eligible children for each vaccine dose. 
The impact of the COVID-19 pandemic on coverage was 
examined in two ways: monthly coverage and cumulative 
coverage.

Monthly coverage
We assessed monthly coverage for each vaccine dose from 
January through December 2020. Coverage during each 
month in 2020 was compared with the corresponding 
month in 2019. Each month was analysed as a separate 
cohort. For example, the April 2020 cohort for the first 
dose of rotavirus vaccine consisted of children who 
turned 3 months old in April 2020 (ie, were due for vacci-
nation in March 2020 when they were 2 months old). The 
comparison cohort was children who turned 3 months 
old in April 2019. This was repeated for all other months 
and vaccine doses.

Cumulative coverage
We assessed cumulative coverage to investigate whether 
children who had delayed vaccinations due to the 
pandemic were caught up later. Specifically, we followed 
the February to May 2020 cohorts until March 2021 and 
followed the February to May 2019 cohorts until March 
2020 to estimate change in coverage levels over time. 
Cumulative coverage for the first and third doses of rota-
virus vaccine was not calculated due to the short time 
window when these doses can be given.16 Follow-up data 
for the second dose of rotavirus vaccine were only avail-
able for children up to 8 months old.

Statistical analyses
Statistical analyses were carried out in April to May 2021 
using SAS V.9.4 (SAS Institute) and Microsoft Excel. 
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Differences in monthly vaccine coverage (2020 minus 
2019) were calculated to compare the coverage between 
two periods. We calculated asymptotic 95% CIs for bino-
mial proportions for both coverage and difference in 
coverage. The overlap of 95% CIs was examined to deter-
mine whether coverage differences were statistically signif-
icant. Given that we used 2019 as our comparison year, 
we considered the possibility that coverage for that year 
might have been abnormally high or low, thus accentu-
ating or masking the impact of the pandemic. To evaluate 
this possibility, we examined 5-year trends in coverage 
for the vaccines in our study and also included coverage 
in January and February 2020 (ie, prepandemic) in our 
main analysis.

Patient and public involvement
Patients and the public were not involved in the design, 
conduct and dissemination of this research.

RESULTS
After exclusions, the final sample consisted of children 
born between June 2017 and September 2019 (n=114 178) 
in the 2019 cohorts and children born between June 2018 
and September 2020 (n=106 530) in the 2020 cohorts.

Monthly coverage
Figures  1–3 present the difference in coverage for the 
three vaccines, while detailed information on monthly 
coverage levels is presented in the online supplemental 
appendix tables A3–A5.

MMR/MMRV vaccine
As shown in figure  1 and online supplemental appendix 
table A3, vaccine coverage at 1 month past the due date for 

MMR/MMRV vaccine was 5.9% (95% CI 3.7% to 8.1%) 
and 6.2% (95% CI 4.1% to 8.3%) higher in January and 
February 2020 than 2019, respectively, and equivalent in 
March. A large decline in coverage was observed in April and 
May 2020, 9.9% (95% CI 7.9% to 12.0%) and 6.2% (95% CI 
4.1% to 8.3%) lower, respectively, than the corresponding 
months in 2019. Vaccine coverage recovered in June and 
July 2020, reaching equivalent coverage to 2019 by July 
and remained similar over the next few months. A second 
decline in vaccine coverage occurred in October 2020, and 
coverage remained below 2019 levels through to December.

Pertussis-containing vaccine
Pertussis-containing vaccine coverage from January to 
March 2020 was similar to 2019 levels for the first and 
second doses (figure 2 and online supplemental appendix 
table A4). Notably, coverage varied across doses. Fourth 
dose coverage was 6.3% (95% CI 4.1% to 8.4%) and 4.8% 
(95% CI 2.7% to 6.9%) higher in January and February 
2020, respectively. Coverage for all doses dropped in April, 
with the second and fourth doses having the largest drops 
in coverage (7.1% (95% CI 5.2% to 9.1%) and 8.8% (95% 
CI 6.6% to 10.9%), respectively. By May, third dose coverage 
was 3.3% (95% CI 1.2% to 5.5%) higher in 2020 than 2019, 
but other doses remained below 2019 levels. Coverage levels 
for all doses were equivalent to or slightly below 2019 levels 
from June to August. In September 2020, there was a sharp 
decline in coverage of 12.9% (95% CI 10.6% to 15.2%) for 
the fourth dose, and coverage remained below 2019 levels 
through December 2020. For the other doses, 2020 coverage 
remained equivalent to or slightly below 2019 between 
September and December, except for the third dose, where 
coverage was 3.7% (95% CI 1.6% to 5.9%) and 2.2% (95% 

Figure 1  Difference in monthly coverage (2020 minus 2019), measured at 1 month following due date,a for MMR/MMRV 
vaccine among children who turned 13 months in each month, in Alberta, Canada. aOne month following due date is defined 
as: up to and including 30 or 31 days following the due date, depending on the calendar month (28 or 29 days for the month of 
February, depending on year). b95% CIs for coverage do not overlap. MMR, measles-mumps-rubella; MMRV, measles-mumps-
rubella-varicella.
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CI 0.1% to 4.3%) higher in November and December 2020, 
respectively.

Rotavirus vaccine
Rotavirus vaccine coverage in 2020 was higher than 2019 
levels during January to March, with varying coverage 
across doses (figure 3 and online supplemental appendix 
table A5). The third dose had the largest difference in 

coverage at 2.6% (95% CI 0.4% to 4.8%) and 3.6% (95% 
CI 1.5% to 5.6%) higher during January and February 
2020, respectively. Coverage for all doses declined in 
April 2020, with the second dose having the largest drop 
of 7.1% (95% CI 5.1% to 9.2%) compared with 2019. By 
May 2020, third dose coverage was 3.7% (95% CI 1.5% 
to 5.8%) higher than 2019 levels, but first and second 

Figure 2  Difference in monthly coverage (2020 minus 2019), measured at 1 month following due date,a for pertussis-containing 
vaccines among children who turned 3, 5, 7 and 19 months in each month in Alberta, Canada. aOne month following due date is 
defined as: up to and including 30 or 31 days following the due date, depending on the calendar month (28 or 29 for the month 
of February, depending on year). b95% CIs for coverage do not overlap for first dose. c95% CIs for coverage do not overlap for 
second dose. d95% CIs for coverage do not overlap for third dose. e95% CIs for coverage do not overlap for fourth dose.

Figure 3  Difference in monthly coverage (2020 minus 2019), measured at 1 month following due date,a for rotavirus vaccine 
among children who turned 3, 5 and 7 months in each month in Alberta, Canada. aOne month following due date is defined as: 
up to and including 30 or 31 days following the due date, depending on the calendar month (28 or 29 for the month of February, 
depending on year). b95% CIs for coverage do not overlap for first dose. c95% CIs for coverage do not overlap for second 
dose. d95% CIs for coverage do not overlap for third dose.
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dose coverage remained below 2019 levels. From June to 
December 2020, coverage rates for all doses were equiv-
alent to or slightly below 2019, with the exception of 
the third dose, which was 4.0% (95% CI 1.8% to 6.2%) 
and 2.7% (95% CI 0.6% to 4.9%) higher than 2019 in 
November and December, respectively.

Our analysis of 5-year trends in vaccination coverage 
showed that coverage in 2019 was higher than in preceding 
years for most early childhood vaccines (online supple-
mental appendix figures A5–A7), but that 2020 was on 
track to continue that trend (see January and February 
2020 coverage in figures 1–3). This validates the use of 
2019 as the comparator year, and the increasing trend 
of vaccine coverage also explains the higher coverage in 
January and February 2020.

Cumulative coverage
Cumulative coverage for March and April cohorts (each 
followed over the following months) for each vaccine is 
shown below. February and May cohorts are available in 
the online supplemental appendix figures A2–A4.

MMR/MMRV vaccine
In the March 2020 cohort, 69% of children (who were 
13 months of age) had received MMR/MMRV, similar 
to the March 2019 cohort (68%) (figure  4A). The 
difference in coverage between the two March cohorts 
was larger in April 2020 (when these children were 
14 months old), with the 2020 cohort having lower 
coverage than the 2019 cohort, and remained constant 
over the following months. At the end of the follow-up 
period (March 2020 or 2021), coverage was 85% for the 
March 2020 cohort compared with 90% for the 2019 
cohort (figure 4A).

In the April 2020 cohorts, coverage was significantly 
lower in April 2020 (58%), compared with 2019 (68%) 
(figure  4B). Over the following months, the differ-
ence in coverage between the April cohorts slightly 
decreased. Coverage at the end of the follow-up was 
84% in 2020, compared with 89% for the 2019 cohort 
(figure 4B).

Pertussis-containing vaccine
Coverage for the first dose of pertussis-containing 
vaccines initially showed a similar pattern as observed 
for MMR/MMRV for both March and April cohorts 
(figure  5A,B). Over the following months, the differ-
ence in coverage between the March 2020 and 2019 
cohorts was small and stable. At the end of follow-up, 
coverage was 92% for the March 2020 cohort, compa-
rable to 93% for the March 2019 cohort (figure  5A). 
For the April cohort, the difference in coverage slightly 
decreased during the follow-up. Coverage was 92% at 
the end of follow-up for the April 2020 cohort, compa-
rable to 93% for the April 2019 cohort (figure 5B).

Similar trends were observed for the second to fourth 
doses (figure  5C–H), with some differences. At the 
beginning of follow-up, the fourth dose had the largest 
difference in coverage (9%) between the April cohorts 
(figure 5H). The difference in coverage at the end of 
follow-up was also slightly higher (2%–3%) for the later 
doses of pertussis-containing vaccine compared with 
the first dose for both March and April cohorts.

Rotavirus vaccine
Coverage for the second dose of rotavirus vaccine at 
the beginning of follow-up for both March and April 
cohorts showed a similar pattern to MMR/MMRV and 
pertussis-containing vaccines (figure  6A,B). For the 
March and April cohorts, the difference in coverage 
was small and stable during follow-up. At the end 
of follow-up, coverage was 84% for the March 2020 
cohort compared with 85% for the March 2019 cohort 
(figure 6A). Similarly, coverage was comparable at the 
end of follow-up for the April cohorts, at 83% for the 
2020 cohort, compared with 85% for the 2019 cohort 
(figure 6B).

DISCUSSION
Monthly coverage for MMR/MMRV, pertussis-
containing and rotavirus vaccines from January to 
March 2020 was higher than corresponding months 

Figure 4  Cumulative coverage for MMR/MMRV vaccine for children who turned 13 months (A) in March 2019 and March 2020 
and (B) in April 2019 and April 2020 in Alberta, Canada. The 2019 cohorts were followed until March 2020 and the 2020 cohorts 
were followed until March 2021. Bars represent 95% CIs. MMR, measles-mumps-rubella; MMRV, measles-mumps-rubella-
varicella.
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in 2019 for most of the doses. After the onset of the 
COVID-19 pandemic in March 2020, coverage was 
lower for all vaccines in April 2020 compared with 
2019. However, coverage for most of the vaccines 
returned almost to normal levels in May and June 
2020. Notably, coverage varied based on age or dose, 

with vaccines given at older ages showing a larger drop 
in 2020 compared with 2019. The exceptions were the 
third doses of the pertussis-containing and rotavirus 
vaccines, which had coverage above 2019 levels in May 
after declining in April. Coverage remained similar to 
2019 levels throughout the summer months and early 

Figure 5  Cumulative coverage for the first dose of pertussis-containing vaccine for Albertan children who turned 3 months in 
(A) March 2019 and March 2020 and in (B) April 2019 and April 2020. Cumulative coverage for the second dose of pertussis-
containing vaccine for Albertan children who turned 5 months in (C) March 2019 and March 2020 and in (D) April 2019 and 
April 2020. Cumulative coverage for the third dose of pertussis-containing vaccine for Albertan children who turned 7 months 
in (E) March 2019 and March 2020 and in (F) April 2019 and April 2020. Cumulative coverage for the fourth dose of pertussis-
containing vaccine for Albertan children who turned 19 months in (G) March 2019 and March 2020 and in (H) April 2019 and 
April 2020. The 2019 and 2020 cohorts were followed until March 2020 and March 2021, respectively. Bars represent 95% CIs.
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fall. Some vaccines experienced a second decline in 
coverage in the later fall months.

Cumulative coverage for the three vaccines was lower 
for the April 2020 cohort of children compared with 
April 2019 during the early stages of the pandemic but 
increased to levels similar to the 2019 cohort over time. 
The March 2020 and March 2019 cohorts had rela-
tively similar vaccination coverage for all three vaccines 
throughout the pandemic. The MMR/MMRV vaccine 
had the highest difference in coverage comparing 2019 
and 2020 at the end of the follow-up period.

Beginning in late March 2020, community health 
centres instituted various public health measures for 
vaccination appointments such as shorter appointments 
for infant immunisations, implementation of public 
health restrictions (ie, wearing personal protective 
equipment and screening for COVID-19) and tempo-
rary suspension of school immunisations.4 10 At the same 
time, parents’ ability or willingness to access routine 
vaccination for their children may have been influenced 
by fear of contracting COVID-19.9 17 This likely explains 
the decline in early childhood vaccination coverage 
seen in April 2020. Some vaccines also showed a second 
decline in the fall, which is when additional public 
health restrictions were implemented in response to 
increased COVID-19 infections. Our finding that early 
childhood vaccine coverage declined after the onset 
of the COVID-19 pandemic aligns with literature from 
other jurisdictions,1 2 6 18 although the declines in Alberta 
were not as extreme. In the USA, Langdon-Embry et al6 
found a 62% decrease in infant immunisation during 
March and April 2020 in New York City, while Bramer et 
al18 reported declines ranging from 5% to 20% in infant 
vaccine coverage in May 2020 in Michigan. One possible 
reason for the smaller impact in Alberta is that childhood 
vaccinations are provided entirely in community health 
centres in Alberta, so the move to virtual appointments 
by many physicians’ offices19 20 would have no impact on 
vaccine service delivery.

For some of the vaccine doses given at older ages (ie, 
6 months or older), 2020 coverage rates were substan-
tially lower than for younger children. Similar findings 
were reported in Michigan.18 One of the reasons for the 
reduced impact of the pandemic on doses given to infants 
compared with toddlers may be the higher priority 
given to primary immunisation series for infants.9 10 The 
exception to this trend in our study was the third dose 
of pertussis-containing and rotavirus vaccines, which 
had higher coverage in May and again in November to 
December 2020. Personal communication with public 
health managers revealed that after initial reduction of 
vaccine service delivery at the start of the pandemic, many 
community health centres were contacting parents of 
6-month-old children to get them vaccinated before they 
aged out of rotavirus vaccine eligibility (online supple-
mental appendix table A1). This might also explain the 
increase in November to December, as increased restric-
tions in October may have been followed by heightened 
efforts to bring in children for the third dose in time.

Our findings also showed that the coverage for most 
of the early childhood vaccines began to recover in May 
and June 2020, a pattern seen elsewhere.6 It is likely that 
strategies such as encouraging health workers to order 
and provide routine vaccines, using reminders and recall 
tools and highlighting the importance of vaccination in 
public press conferences aided in the recovery of vacci-
nation rates.9 10

It is noteworthy that coverage for many early child-
hood vaccines remained slightly below 2019 levels 
throughout late 2020 and early 2021. Accumulation 
of unimmunised and underimmunised children can 
lead to a corresponding increased risk of disease 
outbreaks.3 In a 2019 outbreak of 704 measles cases in 
the USA, 89% of cases were in unvaccinated individ-
uals or those with unknown vaccination status.21 In a 
2013 measles outbreak in Alberta, Canada, linked to a 
religious community from southern Alberta, of the 42 
confirmed cases, all were unimmunised for measles.22 
In light of the evidence of reduced measles vaccine 

Figure 6  Cumulative coverage for rotavirus vaccine (second dose) for Albertan children who turned 5 months in (A) March 
2019 and March 2020 and in (B) April 2019 and April 2020. Cohorts were followed until children turned eight months old (i.e., 
June 2019 or June 2020 for March cohorts, July 2019 or July 2020 for April cohorts). Bars represent 95% CIs. Follow-up data 
were only available until children turned eight months old.
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coverage in our study, catch-up programmes to reach 
unimmunised/underimmunised children are critical. 
In particular, additional efforts such as identification, 
outreach and reminders sent to children who missed 
vaccines during the pandemic are needed to prevent 
potential outbreaks as COVID-19 restrictions ease and 
international travel increases.

Strengths and limitations
A strength of our study was the use of a population-
based repository that contains complete and timely 
information on all childhood vaccinations, as well as 
complete denominator data, which is an improvement 
over previous research that only had access to counts 
of children vaccinated.2 We also included data on a 
variety of early childhood vaccines and age groups over 
an extended period to examine coverage at different 
periods of the pandemic.

As this study focused on vaccination coverage for 
Albertan children, findings may not be generalisable to 
children in other jurisdictions. Additionally, the find-
ings presented here do not infer causality, that is, we 
cannot infer that COVID-19 pandemic is the cause of 
decline in vaccine coverage seen in 2020 compared with 
2019.

Future directions
Future research could investigate reasons for vaccina-
tion decreases, specifically through examination of the 
perspectives and experiences of parents, vaccination 
providers and programme coordinators. This informa-
tion would be useful for any future pandemic prepared-
ness planning to maintain routine vaccination coverage. 
Additionally, analysis of the characteristics of those who 
are missing vaccine doses may be helpful for the devel-
opment of vaccination catch-up programmes.

CONCLUSION
Monthly coverage analyses showed that coverage for 
early childhood vaccines in Alberta declined in April 
2020 following onset of the COVID-19 pandemic. 
Coverage for most of the early childhood vaccines 
improved in May and June 2020. Cumulative coverage 
analyses showed that coverage was initially lower for the 
April 2020 cohort in comparison to 2019 but increased 
to similar levels over time. The MMR/MMRV vaccine 
had the largest difference in coverage at the end of 
follow-up, when comparing 2019 and 2020, suggesting 
that this vaccine may be a priority for catch-up 
programmes.
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