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Background: The COVID-19 pandemic has a worldwide impact on all health services, including childhood
immunizations. In Canada, there is limited data to quantify and characterize this issue.
Methods: We conducted a descriptive, cross-sectional study by distributing online surveys to physicians
across Ontario. The survey included three sections: provider characteristics, impact of COVID-19 on pro-
fessional practice, and impact of COVID-19 on routine childhood immunization services. Multivariable
logistic regression identified factors associated with modification of immunization services.
Results: A total of 475 respondents answered the survey from May 27th to July 3rd 2020, including 189
family physicians and 286 pediatricians. The median proportion of in-person visits reported by physi-
cians before the pandemic was 99% and dropped to 18% during the first wave of the pandemic in
Ontario. In total, 175 (44.6%) of the 392 respondents who usually provide vaccination to children
acknowledged a negative impact caused by the pandemic on their immunization services, ranging from
temporary closure of their practice (n = 18; 4.6%) to postponement of vaccines in certain age groups
(n = 103; 26.3%). Pediatricians were more likely to experience a negative impact on their immunization
services compared to family physicians (adjusted odds ratio [aOR] = 2.64, 95% CI: 1.48–4.68), as well as
early career physicians compared to their more senior colleagues (aOR = 2.69, 95% CI: 1.30–5.56),
whereas physicians from suburban settings were less impacted than physicians from urban settings
(aOR = 0.62, 95% CI: 0.39–0.99). Some of the proposed solutions to decreased immunization services
included assistance in accessing personal protective equipment, dedicated centers or practices for vacci-
nation, universal centralized electronic immunization records and education campaigns for parents.
Conclusions: COVID-19 has caused substantial modifications to pediatric immunization services across
Ontario. Strategies to mitigate barriers to immunizations during the pandemic need to be implemented
in order to avoid immunity gaps that could lead to an eventual increase in vaccine preventable diseases.

� 2021 Elsevier Ltd. All rights reserved.
1. Background

The coronavirus disease 2019 (COVID-19) pandemic is causing
an unprecedented impact on the delivery of healthcare services
at all levels, including on routine childhood immunizations [1–3].
Studies from France and the Centers for Disease Control (CDC) in
the United States (US) have revealed declines of up to 70% in
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routine childhood vaccine coverage since the beginning of the
COVID-19 pandemic [4–6]. Disruptions to immunizations sec-
ondary to outbreaks of infectious diseases other than COVID-19
have previously resulted in increased rates of vaccine preventable
diseases (VPDs), highlighting the current risks to Canadian children
and their communities [7,8]. Some low- and middle-income coun-
tries have also reported reduced access to mass vaccination pro-
grams and an increase in cases of measles attributed to COVID-
19 [9,10]. In response to the pandemic, various public health and
governmental institutions in Canada have recommended that rou-
tine immunizations constitute an essential health service that
should not be deferred [11,12].

In Canada, about half of the hospitalized children who tested
positive for SARS-CoV-2 were admitted for reasons other than
COVID-19, with SARS-CoV-2 being incidentally detected. Aside
from cases of multisystem inflammatory syndrome in children
(MIS-C) and its temporal association with COVID-19, which
remains poorly understood, children and young adults are gener-
ally mildly affected by the disease when compared to adults
[13,14]. The indirect impacts of the COVID-19 pandemic on access
to medical services, including routine immunizations, represent an
important burden on children’s health that may outweigh the
burden of the infection itself [15].

In Ontario, school-based immunization of adolescents with
hepatitis B vaccine (HBV), human papillomavirus (HPV) vaccine
and meningococcal quadrivalent vaccine is delivered by public
health units, but all other routine infant and childhood vaccines
are most often administered in primary care clinics by family
physicians and pediatricians. Some of the publicly funded vaccines
can also be administered by pharmacists, but only for individuals
older than five years old [16]. While there are anecdotal reports
of caregivers not bringing their children to primary care providers
for immunizations and of clinicians that have ceased to provide
these services due to perceived risk of COVID-19, there are cur-
rently limited data to quantify the magnitude of this issue and
identify contributing factors. Furthermore, whether the COVID-19
pandemic has impacted access to immunization differentially for
specific groups of children is not known. The scarcity of data on
vaccination practices in Canada during the COVID-19 pandemic
precludes any specific evidence-based recommendations regarding
best practices in safely maintaining routine childhood immuniza-
tion. The purpose of this study is to rapidly generate data to better
understand the impact of COVID-19 on physicians’ immunization
practices in Ontario.
2. Methods

This is a descriptive cross-sectional study consisting of a self-
administered online survey. The survey was distributed electroni-
cally to pediatricians and family physicians across the province of
Ontario. Emails were initially sent to a listserv of 347 pediatricians
from the Greater Toronto Area (GTA) on May 27, 2020. An email
was then sent on June 15, with reminders on June 22 and 29, to
the Pediatricians Alliance of Ontario listserv, which comprises
1,313 pediatricians working in Ontario, including the 347 pediatri-
cians from the GTA listserv. The survey was also distributed con-
comitantly on June 12 and 25 to family physicians using a
listserv from the University of Toronto Department of Family and
Community Medicine, which comprises 1,983 family physicians
throughout the GTA and beyond. After having completed the sur-
vey, the respondents were given an individual link to another inde-
pendent survey, where they could provide their name and email
address to participate in an incentive draw for one of three $100
gift cards. The goal was to maximise participation and ensure ade-
quate external validity and representation from the target popula-
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tion [17]. Participants could decide not to opt in for the incentive
draw if they wished to keep their responses completely anony-
mous. The collected emails and names were not linked with the
participants’ responses to maintain confidentiality. Approval from
The Hospital for Sick Children Research Ethics Board (REB) was
obtained for this study (REB 1000070361).

2.1. Survey instrument

The survey instrument was developed with input from hospital
and community-based physicians from general pediatrics, infec-
tious diseases and family medicine. The survey incorporated previ-
ously published questionnaires on immunization practices of
healthcare providers (HCP) and studies on HCP characteristics
associated with up-to-date vaccination coverage of their patients.
The survey was designed using Research Electronic Data Capture
(REDCap) software (version 10.0.4; Vanderbilt University) and dis-
tributed by email as previously described. It was pilot tested with
select pediatricians and family physicians from the target study
population to ensure clarity of questions and instructions, ease of
navigation and time for completion. The survey included three
main sections: (1) HCP socio-demographic and practice character-
istics, (2) impact of COVID-19 on clinical practice, and (3) impact of
COVID-19 on immunization services.

Physician’s characteristics collected in the first section of the
survey included physician’s specialty (family physician, general
pediatrician or pediatric subspecialist), sex (male, female or prefer
not to say), years in practice (<5 years, 5–20 years or > 20 years)
and country of medical training (Canada or outside Canada). Prac-
tice characteristics collected included setting (urban, suburban or
rural), type of practice site (community solo practice, community
group practice, family health team or hospital), practice forward
sortation area (defined by the three first characters of the practice’s
postal code), proportion of patients < 19 years of age (for family
physicians only), as well as availability of personal protective
equipment (PPE) in physicians’ practices. These questions were
selected based on previously published studies documenting HCP
characteristics that may be associated with adequate on-time
immunization coverage of their patients [18].

The second section of the survey aimed to quantify the impact
of the COVID-19 pandemic on physician’s clinical practice. Respon-
dents were asked if the pandemic caused the physical closure of
their practice, and if so, the specific reasons associated with clo-
sure. If their practice had remained open, respondents were asked
to indicate the proportion of visits conducted in-person before the
pandemic and during the pandemic.

The third section of the survey included questions aiming to
assess the impact of COVID-19 on the provision of immunization
services. Respondents were asked to select from a list of what they
felt were significant barriers to their immunization services during
the pandemic. The survey also included questions on respondents’
attitudes towards vaccines during the pandemic, such as if they felt
it was preferable to postpone routine childhood immunizations to
limit the spread of COVID-19 and risk for HCP. Answers for these
questions were based on a five-point Likert scale (strongly agree,
agree, neutral, disagree or strongly disagree). Participants were
also asked if they provided vaccines to patients who were referred
from other clinics, and how they managed their patients who have
missed immunizations due to school closures. Lastly, the survey
included two open-ended questions prompting respondents to
describe any further barriers to the delivery of immunization ser-
vices, as well as ideas and solutions on how routine childhood
immunizations could be safely maintained during the COVID-19
pandemic. Physicians who reported not administering vaccines to
children or teenagers in their regular practice, or family physicians
who do not see children in their usual practice, were only asked the



Table 1
Characteristics of respondents.

Specialty Total [n,
(%)]

Pediatricians
[n, (%)]

Family
physicians [n,
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questions on attitudes regarding vaccines, as well as the open-
ended question about potential solutions to maintain childhood
immunization services. The detailed survey instrument can be
found in the supplementary material (Appendix 1).
(%)]

475
(1 0 0)

286 (60) 189 (40)

Subspecialty
Family physician 186

(39)
– 186 (98)

Emergency physician 3 (1) – 3 (2)
General pediatrician 239

(50)
239 (94) –

Pediatric subspecialist 47 (10) 47 (16) –
Number of years into practice
Less than 5 years 55 (12) 35 (12) 20 (11)
5 – 20 years 209

(44)
119 (42) 90 (48)

More than 20 years 211
(44)

132 (46) 79 (42)

Place of medical training
Canada 334

(70)
166 (58) 168 (89)

Outside Canada 141
(30)

120 (42) 21 (11)

Sex
Female 304

(64)
172 (60) 132 (70)

Male 168
(35)

111 (39) 57 (30)

Prefer not to say 3 (1) 3 (1) 0
Setting of practice
Urban 313

(66)
187 (65) 126 (67)

Suburban 145
(31)

91 (32) 54 (28)

Rural or remote 17 (3) 8 (3) 9 (5)
2.2. Statistical analysis

Survey responses were analysed using Microsoft Excel (Office
365, Microsoft corp., Washington, USA) and Stata version 16.1.
Socio-demographic and practice characteristics of respondents
were summarized using frequencies and percentages. Logistic
regression was performed to identify HCP-associated predictors
of a negative impact from the COVID-19 pandemic on immuniza-
tion services. A negative impact on immunization practices was
reported as a binary variable (impact or no impact) and defined
as a modification in immunization practices or complete closure
of the practice of a respondent who usually provides immunization
to children. Covariates for the multivariable model were selected a
priori and independent of univariate analyses, based on expert
opinion and previous research documenting an association with
on-time immunization coverage. Adjusted odds ratios (aOR) and
95% confidence intervals (CI) were calculated, and p-
values < 0.05 were considered statistically significant. Violin plots
with medians and interquartile ranges (IQR) were generated using
Python’s seaborn package to visualize changes in the proportion of
in-person visits before versus during the pandemic. In respect to
respondents’ qualitative input from the open-ended questions,
thematic content analysis was performed by the first author.
Respondents’ answers were clustered under emerging themes,
and the number of comments within each theme was reported
using frequencies and percentages.
Type of practice site
Community solo practice 114

(24)
100 (35) 14 (7)

Community group practice 208
(44)

129 (45) 79 (42)

Academic practice (Family
Health teams, etc.)

98 (21) 6 (2) 92 (49)

Hospital 55 (11) 51 (18) 4 (2)
Seeing children in practice
Yes – – 183 (97)
No – – 5 (3)
Usually providing vaccines
Yes 392

(83)
211 (74) 181 (96)

No 83 (17) 75 (26) 8 (4)
3. Results

3.1. Participant characteristics

A total of 475 responses were received from throughout Ontar-
io, including 286 pediatricians (21.8% response rate) and 189 fam-
ily physicians (9.5% response rate) within a 5-week period, from
May 27 to July 3, 2020 (14.4% total response rate), a time frame
that corresponded with the first wave of COVID-19 cases in
Ontario. In total, 392 respondents (83%) reported usually providing
vaccines to children and teenagers. In the pediatrician group, 239
(84%) were general pediatricians and 47 (16%) were pediatric sub-
specialists. From the subspecialist group, 21 respondents (44%)
reported usually providing routine childhood immunization. In
the family physician group, the vast majority reported usually see-
ing children as part of their practice (n = 183, 97%) and providing
vaccines to children (n = 181, 96%), with children accounting for
26.2% of their patients on average (standard deviation of 16.8%).
With respect to PPE, a majority of respondents had access to gloves
(n = 457, 96%), surgical masks (n = 452, 95%), eye protection
(n = 399, 84%) and gowns (n = 350, 74%), and about half of respon-
dents reported having access to N95 respirators (n = 220, 46%).
Most respondents reported that their clinic was responsible for
buying PPE (n = 361, 76%), with fewer respondents receiving PPE
from donations (n = 78, 16%) or the government (n = 65, 14%).
All respondent characteristics are detailed in Table 1. Basic demo-
graphic characteristics of all pediatricians from the PAO are similar
to the survey’s respondents (41.8% male, 58.2% female) with a
majority of respondents aged over 40 years old and practicing in
urban settings, including the city of Toronto and the GTA, Ottawa
and Niagara (PAO, personal communication, May 18th, 2021). For
family physicians, there was a larger proportion of female physi-
cians who responded to our survey than throughout the province
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of Ontario (70% compared to 49.5%), but a similar proportion of
physicians who trained outside Canada (21% compared to 25.3%),
with a majority of physicians aged over 40 years old [19]. A map
of the province with an overview of the number of respondents
by forward sortation area was also created (Fig. 1). Of note, the ini-
tial 102 respondents from the GTA pediatrician listserv were not
asked their practices’ forward sortation area and are therefore
not represented on this map.
3.2. Impact on physicians’ practices

In total, 18 respondents (4%) reported that the COVID-19 pan-
demic caused a temporary closure of their practice, with the lack
of PPE being the main reason for the closure (n = 11, 61%). The
median proportion of in-person visits reported by family physi-
cians was 95.5% (IQR 90.0%-100.0%) before the pandemic and
dropped to 12.0% (IQR 9.3%-20.0%) during the pandemic. Similarly,
for pediatricians, the median proportion of in-person visits was
100.0% (IQR 95.0%-100.0%) before the pandemic and dropped to
25.0% (IQR 10.0%-50.0%) during the pandemic. The distribution of



Fig. 2. Violin plots of the proportion of in-person visits (%) before and during the pandemic for pediatricians and family physicians.

Fig. 1. Number of survey respondents by forward sortation area.
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in-person visits before and during the pandemic is displayed in
Fig. 2.

3.3. Impact on physicians’ immunization services

In total, 175 (45%) of the 392 respondents who usually provide
vaccination to children acknowledged a negative impact caused by
the pandemic on their immunization services, including 18 respon-
dents (5%) having closed their practice, 4 (1%) postponing all vac-
cines and 4 (1%) telling their patients to get vaccinated in
another clinic. Most respondents reported only providing immu-
4376
nizations to children of a specific age (n = 103; 26%), with the
majority of this group continuing the vaccination of children aged
18 months and less (n = 97, 94%), and postponing vaccination for
children aged 4–6 years old (n = 79, 77%) and teenagers (n = 100,
97%). Fewer respondents reported only postponing specific vacci-
nes (n = 52, 13%), especially the rotavirus vaccine (n = 33, 63%),
the influenza vaccine (n = 41, 79%), and the HPV vaccine (n = 44,
85%). Fig. 3 represents the reported impact of COVID-19 on immu-
nization practices. In total, 118 respondents (30%) reported provid-
ing immunizations to patients from other clinics that were not
offering this service anymore because of the pandemic, either



Fig. 3. Bar chart representing the impact of COVID-19 on physicians’ immunization services for children. NB percentages are based on physicians who usually provide
vaccines to children (n=392).
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frequently (n = 19, 5%), occasionally (n = 69, 18%) or rarely (n = 30,
7%). A majority of respondents (n = 271, 57%) reported that they
did not have a system in place to keep track of their patients
who may have missed vaccine doses. Regarding vaccines usually
given in school settings (HBV, HPV and meningococcal quadriva-
lent vaccine), many of the survey participants reported not provid-
ing these vaccines and instead leaving the missed doses to be given
in the schools when they would re-open (n = 111, 28%) or to public
health clinics (n = 74, 19%).

Most respondents were in disagreement or strong disagreement
with the following statements: ‘‘I feel it is safe to postpone routine
childhood immunizations because current physical distancing
measures decrease the risk of vaccine preventable diseases”
(n = 430, 91%); ‘‘I feel it is preferable to postpone routine childhood
immunizations to limit the spread of COVID-19” (n = 434, 91%);
and ‘‘I feel it is preferable to postpone routine childhood immu-
nizations to limit the risk of COVID-19 exposure for healthcare
workers” (n = 419, 88%). A majority of respondents acknowledged
that there were significant barriers to the delivery of immunization
services pertaining to the COVID-19 pandemic (n = 328, 84%). The
most frequently identified barriers are shown in Fig. 4. Fig. 5 shows
the PPE elements used by physicians to vaccinate asymptomatic
children, as well as the elements that they think would be truly
necessary.
3.4. Factors associated with decreased immunization services

In the multivariate logistic regression analysis, pediatricians
were more likely to report that COVID-19 negatively impacted
their delivery of immunizations than family physicians
(aOR = 2.08, 95% CI 1.31–3.30), while physicians based in suburban
practices were less likely to report a negative impact than physi-
cians in urban practices (aOR = 0.61, 95% CI 0.39–0.97). Physicians
in practice for less than five years were also more likely to report
impacted immunization services compared to physicians in prac-
tice for 5–20 years (aOR = 2.69, 95% CI 1.30–5.56). There was no
statistically significant association between impacted immuniza-
tion services and either physician’s sex or country of medical train-
ing. All associations, with odds ratio from the univariate analysis
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and adjusted odds ratio from the multivariate analysis are dis-
played in Table 2.

3.5. Thematic content analysis of open-ended questions

The first open-ended question from the survey pertained to fur-
ther barriers identified by respondents regarding provision of
childhood immunization services during the COVID-19 pandemic.
In total, 137 (35%) of the 392 respondents usually administering
vaccines provided answers to this question. The most frequently
identified themes and barriers to immunizations was ‘‘school clo-
sures” (n = 28, 20%), followed by ‘‘vaccine supply issues” (n = 21,
15%) and ‘‘parental concerns” (n = 20, 15%). Identified barriers from
the respondents’ answers are listed in Table 3, with an associated
representative quote. All survey respondents were also asked to
provide suggestions to safely maintain childhood immunizations
throughout the COVID-19 pandemic in a second open-ended ques-
tion. In total, 189 (40%) of the total 475 respondents provided
answers. The most frequent suggestions were: ‘‘assistance in pro-
viding personal protective equipment to practices” (n = 65, 34%),
‘‘reorganization of patient flow” (n = 48, 25%), ‘‘dedicated centers
or practices for vaccination” (n = 41, 22%), as well as ‘‘parental edu-
cation and campaigning” (n = 31, 16%). %). Identified suggestions
from the respondents’ answers are listed in Table 4, with an asso-
ciated representative quote.

4. Discussion

This survey study aimed to evaluate and quantify the impact of
the COVID-19 pandemic on childhood immunization practices in
Canada and to identify the possible practitioner-level predictors
of this impact. Our findings can further inform the implementation
of policies to mitigate a decrease in immunization coverage during
future waves of the COVID-19 pandemic and avoid a potential
surge of VPDs later on.

In our study, close to half of the participating physicians
reported a negative impact of the COVID-19 pandemic on their
immunization services, with a few HCP even postponing all of their
patients’ vaccines. Other provinces in Canada have also described



Fig. 5. Bar chart representing the PPE elements currently used by HCP for vaccination of asymptomatic children, and which elements they think would be necessary. NB
percentages are based on physicians who usually provide vaccines to children (n=392).

Fig. 4. Bar chart representing the identified barriers to childhood routine immunization during the COVID-19 pandemic. NB percentages are based on physicians who usually
provide vaccines to children (n=392).
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similar interruptions to vaccination services, including in Alberta,
where a 20-per-cent decline in overall vaccinations between
March and April 2020 has been reported in the city of Calgary
[11,12]. A pan-Canadian environmental scan involving key infor-
mant structured interviews with public health leaders between
August-October 2020 has also revealed that all provinces had
changes to their routine immunization programs during the early
stages of the pandemic, with programs being affected to varying
degrees. School immunization programs have been most affected
by these disruptions, with a few Canadian provinces or territories
also experiencing temporary suspension of infant and preschool
programs, particularly in the regions with highest COVID-19 inci-
dence [20]. These disruptions to immunization services are aligned
with trends seen in other countries [21,22]. An international pulse
4378
poll aiming to better characterize disruptions to immunization
globally in May 2020 was conducted by the World Health Organi-
zation, Gavi and UNICEF. Of the 65 surveyed countries, seven coun-
tries (11%) reported a complete interruption of their immunization
program, and 38 countries (58%) reported a partial disruption [22].
Fortunately, three quarters of respondents have also indicated that
catch-up plans were being implemented, with main topics of guid-
ance addressing specific safety procedures to carry out routine
immunization sessions, decision-making considerations and dis-
semination of educational messages to the community [22].

In Canada, some of the solutions to the disruption of immuniza-
tion services that have been implemented since the beginning of
the pandemic have included additional clinics for immunization
services, reorganization of patient flow with shortened



Table 2
Multivariable logistic regression of practitioner-level predictors of overall COVID-19 negative impact* on routine childhood immunization services.

Characteristics Univariate analysis Multivariate analysis

OR (95% CI) p-value aOR (95% CI) p-value

Specialty
Family physician ref — ref —
Pediatrician 1.73 (1.16–2.60) 0.008 2.08 (1.31–3.30) 0.002
Site of primary practice
Community solo practice ref — — —
Community group practice 0.91 (0.56–1.48) 0.714 — —
Academic practice

(family health team)
0.90 (0.51–1.60) 0.726 — —

Hospital 0.98 (0.28–3.42) 0.973 — —
Years of practice
<5 years 2.53 (1.24–5.16) 0.011 2.69 (1.30–5.56) 0.008
5–20 years ref — ref —
>20 years 0.89 (0.58–1.36) 0.589 0.75 (0.47–1.18) 0.208
Physician’s sex
Female ref — ref —
Male 1.06 (0.69–1.63) 0.796 1.25 (0.80–1.97) 0.327
Country of medical training
Canada ref — ref —
Outside canada 1.06 (0.69–1.63) 0.796 0.72 (0.44–1.18) 0.192
Setting of primary practice
Urban ref — ref —
Suburban 0.65 (0.42–1.01) 0.055 0.61 (0.39–0.97) 0.037
Rural or remote 0.78 (0.24–2.53) 0.682 1.10 (0.33–3.68) 0.873
Practice in gta
No ref — — —
Yes 1.25 (0.83–1.89) 0.283 — —

Responses of two physicians (0.5%) were excluded from the regression analyses due to missing data points.
* Impact defined as a modification in physicians’ immunization practices or complete closure of the practice.

Table 3
Barriers and impact to routine childhood immunization from respondents’ qualitative input.

Barriers to immunizations Number of related
comments [n, (%)]

Illustrative comments

School closures 28 (20)* School immunizations are impossible to keep up as no contact with public health about what is missed or
started. Plus we do not have those immunizations in the office.

Vaccine supply issue 21 (15) It has brought the fragmentation of our system to the forefront- e.g. we have continued, schools haven’t,
families are confused. Public health reduced our vaccine quantities even though we maintained full service.
This was an unnecessary barrier we had to expend time and energy to overcome.

Parental concerns 20 (15) Government puts such a fear into people of COVID-19 that parents can’t see beyond one illness at present.
Lack of PPE 17 (13) Initially had minimal to no PPE with closure of clinic to virtual visits only, eventually bought PPE to offer

immunizations prioritizing 18 months under.
Significant delays for older

children
16 (12) We aren’t able to bring in the older kids because we want to keep the office clean and safe for the newborns

and infants. We have made this a priority because our group recognizes how important it is to vaccinate
these children.

Reduced office hours 14 (10) Immunization may be delayed because parents do not want to come to the clinic and because I have limited
the hours in my clinic

Unpreparedness 14 (10) At the start of the pandemic we didn’t have a set way to deal with patients but as things evolved, we now
have a smoother system.

Lack of support (Government,
public health, etc.)

11 (8) I do not feel the government has supported physicians at all. As well public health continues to send the
important message to families about vaccinating children yet they are not supporting offices either with
respect to PPE or even stepping up to provide vaccines to older children (ages 4–6) or the grade 7 cohort.

Visits taking longer 10 (7) It takes me about 30–45 min per visit, because I disinfect the room between patients and have parents wait
in the car.

Lack of public awareness /
knowledge

7 (5) PPE and staff safety are the major concerns, as well as lack of education for parents regarding immunization
and COVID 19 risks.

Concerns for staff safety 7 (5) Postponement may occasionally be necessary to protect me and staff if enquiry indicates that the parent(s),
the patient, or house-hold members carry a risk of having Covid19 infection.

Practices’ closure 6 (4) Our government agencies and medical associations were very slow from the start making it clear that many
pediatric offices remained open and that immunizations were still important. Many GP offices in our
community were shut down and remain so. There was a local assumption by many that we were as well.

Total number of comments 137 (35)**

* Percentages were calculated based on number of free text comments received for this question.
** Percentage was calculated based on the number of respondents who usually provide vaccines for children and were presented with this question
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appointment times and opportunistic immunization at other
appointments, guidance documents on immunization services dur-
ing the pandemic and public health released communications for
HCP [20]. Many of these strategies are aligned with the findings
from our survey, with respondents suggesting a reorganisation of
4379
patient flow, patient screenings, centralized guidance documents
and dedicated centers or practices for vaccination in order to main-
tain immunization services for children. In addition, most respon-
dents have highlighted the importance of support programs to
access PPE in order to continue to safely provide vaccines. A



Table 4
Suggestions from respondents to safely maintain immunization coverage for children throughout the COVID-19 pandemic.

Possible solutions Number of related
comments [n, (%)]

Illustrative comments

Assistance in providing PPE to
practices

65 (34)* I have written letters to local businesses, the government and the OMA requesting assistance with
obtaining PPE and have received no assistance or replies. Our clinic is supporting several other clinics in
the area by providing pediatric care for their patients when other offices close. Without PPE, our office will
also have to close.

Reorganising patient flow 48 (25) One parent per child. Parents are called the previous day by me and I go through the child’s development
and answer all their questions. The following day is then only for the actual vaccination. It works about 85%
of the time.

Dedicated centers or practices
for vaccination

41 (22) Trying to establish a community hospital site for routine vaccinations to make sure that primary care
providers with closed offices have a simple alternative. I would love to see all childhood immunizations
given at a centralized location and NOT in pediatrician’s offices.

Education campaigns targeting
parents

31 (16) The phone calls really help. We actively call parents and explain our precautions, and that we feel strongly
that immunization should not be delayed.

Patient screenings 28 (15) The patients appreciate when we screen them over the phone and go through the protocol used, bring
reassurance that we are taking the appropriate measures.

Centralized guidance 14 (7) Better guidance from groups like the CPS which has been virtually completely lacking during this
pandemic. In addition, guidance for the next wave of COVID-19, and for the next pandemic, both of which
will come.

Masking of patients and parents 12 (6) Mom and dads must be masked when they come in, distancing, plexiglass at our reception.
Vaccines given outside of

practices (e.g. drive-thru)
9 (5) We offer vaccine administration in the parking lot where they can wait in their car after the shot to ensure

no reaction. This option is appealing to most parents.
Subsidies for practices 7 (4) We should reimburse pediatricians offices for the extra time and cost encountered by them to provide such

service. I suggest adding Covid surcharge in amount of 30% to all immunization related visits
Ensure adequate vaccine supply 7 (4) A centralized provincial clearinghouse for ordering vaccines and mailing of vaccines directly to our offices

would decrease likelihood of shortages and delays in vaccine administration.
Simplify vaccine schedule 6 (3) Give varicella and Pediacel during the same visit for 15–18 months old instead of 2 separate office visits.

Give the 4–6 year-old vaccines at the same time as flu vaccine.
Centralized immunization

record
4 (2) Centralize the immunization data (should have already been done years ago, would be really helpful about

now), so everybody knows accurately where they stand re: vaccines. Nobody should have to call a doctor’s
office to ‘‘find out” if their vaccines are up to date.

Total number of comments 189 (40)**

* Percentages were calculated based on number of free text comments received for this question.
** Percentage was calculated based on the total of survey respondents.

Pierre-Philippe Piché-Renaud, C. Ji, D.S. Farrar et al. Vaccine 39 (2021) 4373–4382
majority of respondents acknowledged that they do not have a sys-
tem in place allowing them to keep track of patients that may have
missed immunization doses, which causes significant challenges in
planning catch-up immunization schedules. The implementation
of a universal centralized electronic immunization record in
Ontario could facilitate the identification of immunity gaps and
the organization of catch-up programs [23]. The experience from
the COVID-19 vaccination campaign should be leveraged and the
COVID-19 immunization electronic record could be expanded to
the other publicly funded immunizations. Parental concerns about
contracting COVID-19 in healthcare settings were also identified as
the most significant barrier to immunization services for children;
therefore, public health units and governmental bodies should
invest in education campaigns for parents with a focus on vaccine
effectiveness and the safety of getting vaccines in healthcare set-
tings. Parents and patients should be informed that measures aim-
ing to mitigate the transmission of COVID-19 have been
implemented and that benefits from vaccination outweigh the
minimal risks of contracting COVID-19 in healthcare settings.

In Ontario, prior to the COVID-19 pandemic, immunization cov-
erage estimates remained below the 2025 Canadian national goal
of 95% coverage of a regimen of five doses of DTaP, four doses of
polio vaccine and two doses of measles, mumps and rubella vac-
cine by seven years of age. For the 2018–2019 school year, cover-
age of a two-doses regimen of the measles vaccine was
estimated at 86.6% in seven-year-old children throughout Ontario,
with a few areas of the province reporting a vaccination coverage
as low as 50% [24]. Because of the highly contagious nature of
the measles virus, near-perfect vaccination coverage (herd immu-
nity of 93–95%) is required to effectively protect against a resur-
gence of measles [25]. Public health units with a measles
coverage below 80% should therefore further emphasize public
messaging around the importance of maintaining routine child-
4380
hood immunizations during the pandemic and implement previ-
ously discussed strategies to avoid sustained disruption in
immunizations that may translate into future measles outbreaks.
Fortunately, there have been no cases of measles or increase in
VPDs reported by Public Health Ontario in 2020 compared to pre-
vious years [26]. Moreover, there has been a significant decrease in
non-SARS-CoV-2 respiratory viruses throughout Canada during the
2020–21 season compared to previous seasons, with a virtual
absence of influenza detection [27]. Although increased demand
for influenza vaccines was reported at the start of the season, the
Canadian Seasonal Influenza Immunization Coverage Survey has
reported similar vaccine coverage compared to the 2019–20 sea-
son, at 32% among adults aged 18 to 64 years throughout Canada
[28,29]. The stability of this estimate indicates that strategies to
mitigate disruption in immunization services during the second
wave of the COVID-19 pandemic may have been successfully
implemented, and that the observed decline in communicable dis-
eases other than COVID-19 is most likely secondary to the indirect
impact from public health measures aiming to mitigate the spread
of COVID-19. However, as physical distancing measures and travel
restrictions are lifted, the possibility of a delayed surge of VPDs in
cohorts of under-vaccinated children needs to be closely
monitored.

Our study also found that the immunization services provided
by pediatricians, as well as HCP from urban settings and the ones
who have been in practice for a shorter period of time, were signif-
icantly more impacted by the pandemic. While this may inform
which HCP should be preferentially supported in their efforts to
continue providing immunizations to children, our study did not
explore the possible reasons behind these findings. In Ontario,
given that a substantial proportion of COVID-19 cases have been
diagnosed in populous cities, it is not surprising that urban settings
would be more impacted than suburban or rural settings. On the
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other hand, the reasons for preferential negative impact on pedia-
tricians and early-career physicians immunisation practice are
unknown. Previous studies have found that more recently gradu-
ated physicians had decreased odds of believing vaccines are effi-
cacious and safe compared to graduates from a previous 5-year
period, and it is possible that some recent graduates did not priori-
tise immunisation visits as much as their more experienced col-
leagues did. It is also possible that early-career physicians had
been redeployed to other clinical tasks related to the COVID-19
pandemic more frequently than their more senior colleagues,
which could have impacted their immunization practices [30].

Our study has several limitations. First, the low response rate
and the potential introduction of selection bias due to the conve-
nience sampling of respondents can limit the external validity
and generalizability of our study results. Additionally, practice size
and the number of children seen in each practice was not collected
from the survey respondents, which limits the quantification of the
impact on vaccine coverage at a population-level. Also, while
physicians represent a substantial proportion of the HCP providing
vaccines to children in Ontario, we have not evaluated the impact
on the immunization services provided by nurse practitioners,
nurses, and pharmacists. Lastly, in view of the cross-sectional nat-
ure of the study, we were only able to capture the immunization
practices of physicians within a limited timeframe during the first
wave of the COVID-19 pandemic, well before vaccines against
COVID-19 were available.

5. Conclusion

Our survey study reports that COVID-19 has caused substantial
modifications to physicians’ pediatric immunization services
across Ontario in the initial wave of the pandemic, which suggests
that there could be cohorts of under-vaccinated children at
increased risk of VPDs when public health measures aiming to mit-
igate the transmission of COVID-19 are relaxed. The survey respon-
dents have identified multiple solutions to maintaining childhood
immunizations, including assistance in accessing personal protec-
tive equipment, dedicated centers or practices for vaccination, uni-
versal centralized electronic immunization records and education
campaigns for parents. Concerted efforts by HCP, public health
units and government bodies are required to ensure appropriate
provision of routine childhood immunizations throughout the
COVID-19 pandemic, catch-up of any missed vaccines, and educa-
tion of parents and caregivers about the importance of maintaining
vaccine coverage for their children.
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