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Abstract

Background: Additional doses of COVID-19 vaccine have been proposed as solutions to waning immunity and
decreased effectiveness of primary doses against infection with new SARS-CoV-2 variants. However, the effectiveness
of additional vaccine doses relies on widespread population acceptance. We aimed to assess the acceptance of addi-
tional COVID-19 vaccine doses (third and annual doses) among Canadian adults and determine associated factors.

Methods: We conducted a national, cross-sectional online survey among Canadian adults from October 14 to
November 12, 2021. Weighted multinomial logistic regression analyses were used to identify sociodemographic and
health-related factors associated with third and annual dose acceptance and indecision, compared to refusal. We also
assessed influences on vaccine decision-making, and preferences for future vaccine delivery.

Results: Of 6010 respondents, 70% reported they would accept a third dose, while 15.2% were undecided. For
annual doses, 64% reported acceptance, while 17.5% were undecided. Factors associated with third dose acceptance
and indecision were similar to those associated with annual dose acceptance and indecision. Previous COVID-19
vaccine receipt, no history of COVID-19 disease, intention to receive an influenza vaccine, and increasing age were
strongly associated with both acceptance and indecision. Chronic illness was associated with higher odds of accept-
ance, while self-reported disability was associated with higher odds of being undecided. Higher education attain-
ment and higher income were associated with higher odds of accepting additional doses. Minority first language was
associated with being undecided about additional doses, while visible minority identity was associated with being
undecided about a third dose and refusing an annual dose. All respondents reported government recommendations
were an important influence on their decision-making and identified pharmacy-based delivery and drop-in appoint-
ments as desirable. Co-administration of COVID-19 and influenza vaccines was viewed positively by 75.5% of the dose
3 acceptance group, 12.3% of the undecided group, and 8.4% of the refusal group.

Conclusions: To increase acceptance, targeted interventions among visible minority and minority language popula-
tions, and those with a disability, are required. Offering vaccination at pharmacies and through drop-in appointments

*Correspondence: smacdon@ualberta.ca

! Faculty of Nursing, University of Alberta, AB, Edmonton, Canada
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-022-14025-8&domain=pdf

Reifferscheid et al. BMC Public Health (2022) 22:1745

Page 2 of 15

are important to facilitate uptake, while offering COVID-19/influenza vaccine co-administration may have little benefit

among those undecided about additional doses.

Keywords: COVID-19, Vaccine, Immunization, Booster dose, Third dose, Annual, Seasonal

Background

COVID-19 vaccines have proven to be highly effective at
limiting morbidity and mortality associated with SARS-
CoV-2 infection [1]. However, the ongoing emergence
of new SARS-CoV-2 variants of concern, and waning
immunity among already vaccinated individuals, have
highlighted the need for additional vaccine doses to boost
population immunity [2-4]. In settings where primary
series coverage exceeds 50%, booster dose programs may
be a more effective strategy for limiting population-wide
negative effects of COVID-19 disease than improving
primary series uptake among the unvaccinated [5]. This
has led some countries, including Canada [6, 7], to con-
sider additional COVID-19 vaccine doses as a key strat-
egy to combat the evolving COVID-19 pandemic.

While the scientific evidence for boosters is encour-
aging, this strategy requires population acceptance and
significant public health efforts. Even among those who
have already received a two-dose series, there is a con-
siderable portion of the population who are unwilling
or undecided about receiving a third dose [8—11]. How-
ever, adult perceptions on ongoing booster doses (i.e.,
annual COVID-19 vaccination) are largely unknown,
and evidence on additional vaccine dose acceptance
among Canadian adults, particularly among populations
who may be at greater risk for COVID-19 infection and/
or severe illness, is required. To ensure that COVID-19
vaccination programs are both acceptable and sustain-
able, we need an understanding of perceptions on strate-
gies used to promote vaccine uptake over the long term,
including vaccination mandates and restrictions, vaccina-
tion locations, and COVID-19 vaccine co-administration
with other vaccines [12].

The aim of this study was to determine Canadian
adults’ intention for receiving additional doses of
COVID-19 vaccine (i.e., third or annual doses), and
examine factors associated with acceptance. We further
sought to understand influences on vaccination decision-
making, and preferences around vaccine delivery loca-
tion, and COVID-19 vaccine co-administration.

Methods

Study design and setting

We conducted an online, cross-sectional survey among
Canadian adults from October 14 to November 12,
2021. At the time of this study, Canada was experienc-
ing the “fourth wave” of the COVID-19 pandemic, driven

largely by the Delta variant [13], and concerns around the
Omicron variant were starting to develop [14]. Jurisdic-
tions across Canada were focusing on improving vaccine
uptake, with many requiring proof of vaccination for
certain groups to access certain businesses, venues, and
activities [13]. Approximately 87% of adults had received
at least one dose of COVID-19 vaccine [15], and a third
dose had only been recommended for immunocompro-
mised individuals and other select groups, based on level
of disease risk [16]. Vaccines requiring only a one dose
primary series were not approved for use in Canada at
that time [17].

Sample

Respondents were drawn from a national polling panel
of>400,000 Canadians [18]. Participants were recruited
through email to closely match Canadian population pro-
portions by region of residence, age, and sex [19]. Addi-
tionally, potential participants were randomly selected
from target populations of interest, in order to include
populations that were prioritized for additional doses
of COVID-19 vaccine, have experienced disproportion-
ately high rates of COVID-19 infection, and those often
underrepresented in research. We sought to recruit mini-
mum quotas of the following target populations: parents/
caregivers (defined as having one or more children aged
0-17 in their home), Indigenous persons, visible minori-
ties, those with a minority first language, newcomers
(defined as arriving to Canada within the past 5 years),
persons with chronic medical conditions, persons with
disabilities, and healthcare workers. Based on the maxi-
mum variability possible in the outcome variable in the
population (i.e., a proportion of 0.50), with a margin of
error of 5% and 95% confidence intervals (CI), the
minimum sample size for each target population was
estimated to be 402 respondents. In order to complete
the survey, internet access and the ability to read either
English or French was required. All respondents aged
18 years and older were included in this analysis.

Data Collection

Online survey questions were developed based on a pre-
vious national survey about perceptions and intentions
for COVID-19 vaccination [20], areas of focus for our
policy partners, and the expertise of our national team of
immunization researchers and policy advisors. The sur-
vey was reviewed by public health experts for content
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validity and tested for readability and usability by team
members. The survey was also pilot tested with 47 mem-
bers of the public; revisions were made based on their
feedback. Survey questions used in this study are pro-
vided in Table A1.

Quality control efforts to promote rigour and validity
of survey responses included creation of a unique URL
identifier for each respondent, telephone follow-up for
identity confirmation with 15% of the respondents, and
embedded consistency questions to identify and elimi-
nate inattentive respondents [18]. Ethics approval for
this study was received from the Health Research Ethics
Board at the University of Alberta.

Measures

All respondents were asked about their current COVID-
19 vaccine status, defined as having received none, one,
or two doses of COVID-19 vaccine. Respondents who
had received at least one dose were then asked about
their intention to receive additional doses. Our outcome
variable of “COVID-19 third dose intention” was coded
as acceptance (those who responded “yes”), undecided
(those who were “undecided”), and rejection (those who
responded “no” and those who had not yet received any
doses of COVID-19 vaccine). Using the same method, we
constructed an outcome variable for “COVID-19 annual
dose intention”.

We examined the association of our two outcome
variables with a number of exposure variables. Soci-
odemographic variables included age, gender, region
of residence, self-reported race and ethnicity, level of
education, and annual household income. Respondents
were also asked about the first language they learned to
speak (to differentiate between French/English [Canada’s
official languages] and a minority language), parent/car-
egiver status, length of time in Canada, and if they were
employed in healthcare. Participants were also asked
to indicate any disability, chronic condition, previous
COVID-19 disease, and COVID-19 vaccination status.

All respondents were asked to identify important influ-
ences on their COVID-19 vaccination decision. Respond-
ents who had received at least one dose of COVID-19
vaccine were further asked to identify their main reason
for having received a COVID-19 vaccine, their percep-
tions of COVID-19 vaccine co-administration, and ways
to make future vaccinations easier. Where collected, free-
text responses were coded into existing categories or new
categories.

Statistical analysis

Survey results were weighted to more accurately rep-
resent Canada’s national population, following Leger’s
standard protocol. Raking, an iterative proportional
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fitting method, was used to calculate individual weights
based on age, gender and province of residence accord-
ing to data from the 2016 Canadian Census [19]. As
we had included targeted sampling of particular popu-
lation groups in our sampling method, weights were
adjusted to ensure our overall sample did not overrep-
resent any of these groups. For these target variables,
weighting was based on Census data when available
(i.e., race/ethnicity, newcomer status, and first lan-
guage). For variables without corresponding Census
data, weighting estimates were based on standard pro-
cesses established by the survey company, drawing on
total survey attempts and results from weekly panel-
wide surveys [18].

We used unweighted and weighted data to calcu-
late descriptive statistics for all variables, including
frequencies and percentages for categorical variables
and means and standard deviations for continuous
variables. Using weighted data, we developed bivari-
ate and multivariate multinomial logistic regression
models to determine the factors associated with each
of our two outcome variables (COVID-19 dose 3 inten-
tion, COVID-19 annual dose intention), presented as
adjusted odds ratios (aOR) and 95% confidence inter-
vals (CI). For both outcome variables, we compared
those who intended to receive the vaccine (acceptance
group) and those who were undecided (undecided
group), to those who did not intend to receive the vac-
cine (refusal group). The continuous age variable met
the assumption of linearity in the final model. Region of
residence was removed from the final model as the AIC
was significantly higher with it included. All included
variables were confirmed to provide unique informa-
tion (defined as variance inflation factor <5). ‘Prefer not
to answer’ responses were excluded from the regression
analyses via listwise deletion. Descriptive analyses were
completed using SPSS version 26.0 (IBM, Chicago, IL,
USA) and regressions were completed using R version
4.0.2 (R Foundation, Vienna, AT).

Results

The survey was completed by 6010 adult respondents.
Unweighted and weighted characteristics and vaccina-
tion intentions for the respondents are presented in
Table 1. The majority of respondents (70.3%) reported
that they planned to receive a third dose of the vac-
cine, while 15.2% and 14.5% reported they were unde-
cided or refused to receive a third dose, respectively.
Most respondents (64.7%) also reported acceptance of
an annual COVID-19 vaccine dose, with the remaining
respondents divided between undecided (17.5%) and
refusal (17.8%).
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Table 1 Respondent characteristics and COVID-19 vaccine
additional dose acceptance (unweighted and weighted)

Characteristic Unweighted Weighted
(N=6010)
n % % (95% CI)
Age
18-24 409 6.8 128(12.0-13.7)
25-34 1268 21.1 17.1(16.1-18.1)
35-44 1499 249 156(14.7-16.5)
45-54 1284 214  173(16.3-19.2)
55-59 444 74  9.0(83-9.7)
60-69 650 108  14.6(13.7-15.5)
70+ 456 76  136(12.7-145)
Gender
Woman 3425 570 51.1(49.9-524)
Man 2545 423 480 (46.8-49.3)
Other® 40 07 08(0.6-1.1)
Region of residence
British Columbia 743 124 13.6(12.7-145)
Alberta 651 108 11.2(104-12.0)
Saskatchewan 156 26  26(2.2-3.0)
Manitoba 235 39 40(35-45)
Ontario 2103 350 385(37.3-39.7)
Quebec 1724 287  233(22.3-244)
Atlantic® 398 66 68(62-74)
Self-reported race and ethnicity®
White 4004 677 73.1(720-74.2)
Visible minority 1408 238 21.9(20.8-22.9)
Indigenous® 503 85 50(45-56)
Prefer not to answer 95 1.6 N/A
First language
English/French 5279 878  79.0(78.0-80.0)
Other 731 122 21.0(20.0-22.0)
Newcomer®
Yes 506 84 35(3.1-4.0)
No 5504 916 965 (96.0-96.9)
Parent
Yes 2530 421 30.2 (29.1-31.4)
No 3480 579 69.8(68.6-70.9)
Disability'
Yes 887 148 173(163-18.2)
No or don't know 5097 848 82.7(81.8-83.7)
Prefer not to answer 26 04 N/A
Chronic illness®
Yes 1555 259 26.2(25.1-27.3)
No 4455 741 73.8(72.7-74.9)
Healthcare worker
Yes 694 115 84(7.7-9.1)
No 5316 885 91.6(90.9-92.3)
Annual household income
<40,000 1037 173 20.8(19.8-21.8)
40,000-79,999 1610 268 30.7 (29.6-31.9)
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Table 1 (continued)
Characteristic Unweighted Weighted

(N=6010)

n % % (95% Cl)
80,000+ 2801 466  485(47.2-49.7)
Prefer not to answer 562 94  N/A

Education
High school or less 1001 16.7  19.8(18.8-20.8)
Non-university certificate or diploma 1872 31.1 293 (28.2-30.5)
University certificate, bachelor’s 3102 516 509 (49.6-52.2)
degree, post-graduate degree
Prefer not to answer 35 06 N/A
Plan to receive seasonal influenza vaccine
Disagree 2001 333  304(29.3-316)
Neutral 905 15.1 148 (13.9-15.7)
Agree 3104 516 547 (534-56.0)
COVID-19 vaccination status
No doses 519 86 86(7.9-93)
One dose 183 30 28(3-32)
Two doses 5308 883 886(87.8-894)
COVID-19 disease history
No or Don't know 5378 895 90.1(89.3-90.8)
Yes or Think so, but not confirmed 620 103 99(9.2-10.7)

COVID-19 dose 3 intentions

No 949 158  145(13.6-154)

Undecided 967 16.1 152 (14.3-16.1)

Yes 4094 681 70.3 (69.1-71.5)
COVID-19 annual dose intentions

No 1183 197 17.8(16.8-187)

Undecided 1139 190 175(16.6-185)

Yes 3688 614  64.7 (63.5-65.9)

Cl confidence interval, N/A not applicable

? Includes options for gender non-conforming, transgender, two-spirit, and
open-ended responses

b Nova Scotia, New Brunswick, Prince Edward Island, and Newfoundland and
Labrador

¢ Self-identified as White or visible minority groups (e.g. Black, Latin/Central
American, Arabic/West Asian/North African, East Asian, South Asian, Other) as
per Statistics Canada (2021). Visible minorities are defined as non-White and
non-Indigenous (Statistics Canada, 2021)

d Self-identified as First Nations, Métis, or Inuk (the three Indigenous populations
in Canada)

€ Arrived in Canada within the past 5 years

f Self-reported limitation in type or amount of activity because of a long-term
physical condition, mental condition, or health problem

9 Pre-existing chronic conditions defined as severe asthma requiring medical
follow-up or hospitalization, other severe chronic lung disease requiring regular
medical follow-up or hospitalization (e.g. emphysema, chronic bronchitis,

or cystic fibrosis), severe heart problem requiring regular medical follow-up

or hospitalization (e.g. angina, heart failure, heart attack), diabetes, liver
disease, chronic kidney disease, cancer or other immune system disorder,
immunocompromised state from organ transplant or immune deficiencies,
obesity, dementia
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Factors associated with accepting or being undecided
about third dose COVID-19 vaccination

In the multivariable model (Table 2), increasing age,
positive or neutral intention to receive a seasonal influ-
enza vaccine, previous receipt of a COVID-19 vaccine
(one or two doses), and no history of COVID-19 dis-
ease were all associated with both accepting or being
undecided about receiving a third dose of COVID-19
vaccine (compared to refusal). Non-parent status, pres-
ence of a chronic illness, and a higher level of educa-
tional attainment were also associated with higher odds
of accepting a third dose, but not significantly associ-
ated with being undecided about third dose receipt.
Identifying as a visible minority, minority (i.e., non-
English or French) first language, and presence of a dis-
ability were also associated with higher odds of being
undecided about receiving a third dose, compared with
refusal.

Both the acceptance and undecided groups identi-
fied government recommendations (65.1%, 44.1%), per-
sonal and/or family health reasons (57.5%, 53.5%), and
healthcare provider recommendations (53.7%, 40.1%)
as the most important influences on their vaccination
decision-making (Fig. 1). The top three decision influ-
ences reported by the refusal group included personal
and/or family health reasons (46.0%), government rec-
ommendations (33.6%) and conversations with friends
and/or family (30.8%). Social media was identified as
a decision influence by 6.8% of the acceptance group,
4.5% of the undecided group, and 10.8% of the refusal
group. The refusal and undecided groups were most
likely to specify a single influence on vaccine decision-
making (67.2% and 48.6%, respectively), while the
acceptance group was most likely to report three or
more influences (43.1%).

Factors associated with accepting or being undecided
about annual COVID-19 vaccination

In the multivariate model (Table 3), increasing age,
minority first language, positive or neutral influenza vac-
cination intentions, no history of COVID-19 illness, and
receipt of two doses of COVID-19 vaccine were associ-
ated with higher odds of annual dose acceptance (com-
pared to refusal) and higher odds of being uncertain
about receiving an annual dose (compared to refusal).
Higher household income, higher level of education,
non-parent status, and receipt of one COVID-19 vac-
cine dose were also associated with higher odds of annual
dose acceptance. Presence of a disability was associated
with increased odds of being undecided about annual
dose receipt. Identifying with visible minority status was
associated with lower odds of annual dose acceptance.
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When compared to female gender, male gender was
associated with lower odds of being undecided about an
annual dose.

For the annual dose intention groups, influences on
vaccine decision-making were similar to patterns noted
among dose 3 acceptance groups (Fig. B1).

Vaccination motivations and delivery preferences
Motivations for having previously received a COVID-
19 vaccine dose for the dose 3 intention groups are
presented in Fig. 2. Protection of self (62.6%), protec-
tion of family (19.4%), and a desire to return to normal
(6.2%) were the most commonly reported reasons for
previous COVID-19 vaccine receipt among the accept-
ance group. Approximately 2.9% of this group identified
vaccine mandates or restrictions as a main motiva-
tor. Protection of self and family were also the top two
most commonly identified motivators for the unde-
cided group (44.3% and 20.7%, respectively), with vac-
cine mandates or restrictions the third most commonly
chosen reason (17.8%). Among the third dose rejec-
tion group, 52.3% reported they had been vaccinated
because of mandates/restrictions, with 19.7% and 14.1%
reporting self or family protection as the main motiva-
tor, respectively.

The majority of the dose 3 acceptance group agreed
with COVID-19 vaccine co-administration with the influ-
enza vaccine (75.7%) or with routine vaccines (79.3%)
(Fig. 3). Most of the undecided group were neutral about
COVID-19 vaccine co-administration with influenza
(50.7%) and routine vaccines (52.6%), while the major-
ity of the refusal group disagreed with co-administration
(with influenza (86.6%), with routine vaccines (79.5%)).
Overall, 60.9% and 64.8% of respondents agreed with
COVID-19 vaccine co-administration with influenza and
routine vaccines, respectively.

All groups identified pharmacy as the preferred loca-
tion to receive a COVID-19 vaccine (43.8% acceptance
group, 40.3% undecided group, 38.6% refusal group), fol-
lowed by temporary vaccination centres (23.4% accept-
ance group, 27.1% undecided group, 26.7% refusal group)
(Fig. 4). Less than 3% of each group identified their child’s
school or their home as places they would prefer to
receive a vaccine.

For all dose 3 intention groups, the most common
recommendation for making vaccination easier was
the ability to be vaccinated without an appointment
(58.9% acceptance group, 58.4% undecided group,
55.0% refusal group), followed by close proximity to
vaccination services (53.7% acceptance group, 46.3%
undecided group, and 33.6% refusal group) (Fig. 5). Pro-
viding childcare or allowing for family appointments
was the third most commonly chosen recommendation
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Table 2 Weighted proportions and multinomial logistic regression of factors associated with COVID-19 vaccine third dose intentions

Characteristic

Acceptance Undecided Refusal

%

%

%

Acceptance vs. Refusal

Undecided vs. Refusal

Unadjusted OR
(95% CI)

Adjusted OR (95%
()]

Unadjusted OR
(95% CI)

Adjusted OR (95%
Cl)

Age (in years)

Gender

Woman 69.6 16.6

Man 71.0 137

Other 725 13.7
Region of residence

British Columbia ~ 71.5 16.9

Alberta 709 14.9

Saskatchewan 65.0 17.8

Manitoba 73.1 9.7

Ontario 70.3 16.3

Quebec 68.6 144

Atlantic 73.2 10.8
Self-reported race and ethnicity

White 716 13.7

Visible minority 684 19.7

Indigenous 67.9 12.8
Majority first language (English or French)

Yes 70.5 14.5

No 69.5 17.9
Newcomer

No 705 15.1

Yes 64.0 18.5
Parent

Yes 62.3 179

No 73.8 14.0
Disability

No 70.0 15.2

Yes 72.8 144
Chronic illness

No 67.5 16.9

Yes 781 104
Healthcare worker

No 70.1 154

Yes 729 12.5
Annual household income

<40,000 64.8 16.8

40,000-79,999 703 15.8

80,000+ 74.0 129
Education

High school or 66.4 16.5

less

Non-university 67.1 15.3

certificate or

diploma

University 739 14.6

certificate, bachelor's

degree, post-graduate

degree

13.8
153

11.5
14.2
17.2
17.2
135
17.0
16.0

14.7
120
193

15.0
126

144
17.5

19.8
12.2

14.8
12.8

15.6
11.5

14.5
14.6

1.03 (1.03, 1.04)

Ref
0.93 (0.80, 1.07)
1.11 (048, 2.54)

Ref
0.81(0.60, 1.11)
0.61(0.38,0.99)
0.69 (0.46, 1.03)
0.84 (0.66, 1.08)
0.65 (0.50, 0.85)
0.74 (0.52,1.04)
Ref
1.17(0.97,1.41)
0.72(0.53,0.98)

Ref
1.18(0.98,1.42)

Ref
0.75(0.52, 1.08)

Ref
1.91(1.64, 2.22)

Ref
1.20(0.98,1.47)

Ref
1.56 (1.31, 1.86)

Ref
1.04(0.80, 1.35)

Ref
1.43(1.16, 1.77)
1.60(1.32, 1.94)

Ref

0.98 (0.80,1.91)

1.65 (1.36, 1.99)

1.03 (1.02, 1.03)

Ref
1.13(0.90, 1.42)
1.51(0.37,6.15)

Ref
0.92(0.67, 1.25)
0.79 (049, 1.27)

Ref
1.34(0.97,1.85)

Ref
0.85 (0.49, 1.50)

Ref
1.27 (1.00, 1.60)

Ref
1.33(0.96, 1.86)

Ref
1.37(1.03, 1.82)

Ref
0.80(0.55, 1.15)

Ref
1.15(0.83,1.59)
1.21(0.88, 1.65)

Ref

0.96 (0.70,1.31)

1.41(1.04, 1.92)

1.01(1.00, 1.01)

Ref
0.75 (0.62, 0.90)
0.82(0.28,2.43)

Ref

0.73 (049, 1.06)
0.70(0.39,1.27)
0.39(0.22,0.68)
0.82(0.61,1.11)
0.58 (0.42,0.80)
046 (0.29,0.73)

Ref
1.76 (1.40, 2.21)
0.71 (0.46, 1.09)

Ref
1.47 (1.17,1.85)

Ref
1.02(0.64,1.62)

Ref
1.26 (1.04, 1.53)

Ref
1.09 (0.85, 1.41)

Ref
0.83 (0.66, 1.05)

Ref
0.80(0.57, 1.14)

Ref
1.24(0.95, 1.62)
1.08 (0.84, 1.38)

Ref

0.90 (0.69, 1.16)

1.30(1.02, 1.66)

1.01(1.01,1.02)

Ref
0.93(0.73,1.19)
1.48(0.34,6.52)

Ref
1.41(1.02, 1.95)
0.80 (0.47,1.36)

Ref
1.44(1.03,2.02)

Ref
0.74 (0.40, 1.36)

Ref
0.90(0.70,1.15)

Ref
1.58(1.11, 2.23)

Ref
0.90 (0.66, 1.22)

Ref
0.67 (044, 1.01)

Ref
1.06 (0.75, 1.48)
0.83(0.59,1.15)

Ref

0.89 (0.64, 1.24)

1.10(0.79, 1.53)




Reifferscheid et al. BMC Public Health ~ (2022) 22:1745 Page 7 of 15

Table 2 (continued)

Characteristic Acceptance Undecided Refusal Acceptance vs. Refusal Undecided vs. Refusal
% % % Unadjusted OR Adjusted OR (95% Unadjusted OR Adjusted OR (95%
(95% CI) Cl) (95% Cl) Cl)
Influenza vaccination intention
Disagree 36.5 22.7 40.8 Ref Ref Ref Ref
Neutral 59.1 26.5 144 3.66 (2.94, 4.56) 4.01 (2.94, 5.46) 2.96 (2.31, 3.80) 2.86 (2.07, 3.95)
Agree 89.8 7.9 23 34.42 (26.80,44.19) 15.75(11.71, 5.46 (4.11,7.25) 2.90 (2.09, 4.03)
21.18)
COVID-19 vaccination status
None received 50 14 83.5 Ref Ref Ref Ref
Received only 1 36.7 17.5 458 13.30(7.90,22.39) 13.78(7.40,25.64) 2.79(1.68, 4.64) 3.07 (1.74,5.42)
dose
Received 2 doses ~ 77.7 155 6.8 189.33 (125.56, 97.68 (60.25, 16.48 (12.23,22.20) 13.67 (9.68, 19.30)
285.51) 158.38)
COVID-19 disease history
Yes 523 159 319 Ref Ref Ref Ref
No 724 151 126 3.51(2.88, 4.28) 1.80(1.31,2.47) 2.41(1.85,3.15) 1.64(1.16, 2.32)

Ref reference category

Note: statistically significant associations (p < 0.05) are bolded

: 65.1%
Govennnent/pubhc health ”

recommendations
33.6%

57.5%
Personal and/or family health reasons 53.5%
[ 46.0%

— 53.7% B Acceptance Grou
Healthcare provider recommendation 40.1% (N=4gl 2 70. 31%;1)
@ Undecided Group

\
19.2%
(N=910, 15.2%)

_ﬁ\% _
Conversations with family and/or friends | 35.1% ORefusal Group

] 30.8% (N=870, 14.5%)

26.1%

News reports 16.5%
13.6%
6.8%
Messaging on social media 4.5%
10.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
Proportion of respondents (% within each dose 3 intention group)
Fig. 1 Influences on COVID-19 vaccine decision making by dose 3 intention group

Respondents were asked to select all answers that apply

for the acceptance and undecided groups (39.7% and  refusal group (31.7%). Responses for annual dose inten-
33.6%, respectively), while paid time off from work was  tion groups showed similar patterns (see Appendix B,
the third most common recommendation from the Figures B2-B5).
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Table 3 Weighted proportions and multinomial logistic regression of factors associated

intentions

(2022) 22:1745

Page 8 of 15

with COVID-19 vaccine annual dose

Characteristic

Acceptance Undecided Refusal

%

%

%

Acceptance vs. Refusal

Undecided vs. Refusal

Unadjusted OR
(95% ClI)

Adjusted OR (95%
Q)

Unadjusted OR
(95% ClI)

Adjusted OR (95%
ql)

Age (in years)
Gender
Female
Male
Other
Region of residence
British Columbia
Alberta
Saskatchewan
Manitoba
Ontario
Quebec
Atlantic

Self-reported race and ethnicity

White

Visible minority

Indigenous
Newcomer

No

Yes

Majority first language (English or French)

Yes
No
Parent
Yes
No
Disability
No
Yes
Chronic illness
No
Yes
Healthcare worker
No
Yes

Annual household income

<40,000

40,000-79,999

80,000+
Education

High school or
less

Non-university
certificate or
diploma

63.1 20.1
66.3 149
74.5 1.8
66.9 17.8
68.7 16.1
64.3 159
64.0 16.7
64.0 19.0
61.8 171
68.3 133
66.3 16.1
61.7 221
62.8 17.2
65.2 17.3
526 23.2
65.1 16.5
63.4 21.2
558 20.0
68.6 16.5
64.1 17.8
68.3 16.2
614 19.5
74.0 12.1
64.6 176
65.8 16.6
59.9 17.2
63.8 18.8
68.7 15.7
61.5 17.0
60.3 19.1

153
15.2
19.7
19.2
16.9
21.1
184

17.7
16.2
199

17.5
24.2

184
154

24.2
15.0

18.2
155

19.1
139

17.8
17.6

230

174
15.6

206

1.04 (1.03, 1.04)

Ref
0.95 (0.82, 1.08)
1.52 (0.66, 3.48)

Ref
1.03(0.77,1.38)
0.75(0.48,1.17)
0.76 (0.52,1.12)
0.87 (0.69, 1.08)
0.67 (0.53, 0.85)
0.85(0.62, 1.17)

Ref
1.02(0.86, 1.21)
0.84(0.62,1.14)

Ref
0.58 (0.42, 0.82)

Ref
1.17(0.98, 1.39)

Ref
1.98 (1.72, 2.28)

Ref
1.24 (1.03, 1.50)

Ref
1.66 (1.41,1.95)

Ref
1.02(0.80, 1.31)

Ref
1.41(1.16,1.71)
1.69(1.41,2.02)

Ref

1.03 (0.85,1.23)

1.03 (1.02, 1.03)

Ref
1.08 (0.88,1.33)
3.04(0.74,12.45)

Ref
0.70(0.53,0.92)
1.03 (0.64, 1.66)

Ref
0.62(0.37,1.02)

Ref
1.46 (1.09, 1.95)

Ref
1.43(1.14,1.78)

Ref
1.25(0.92,1.70)

Ref
1.51(1.16, 1.96)

Ref
0.84(0.59, 1.19)

Ref
1.23(0.92, 1.65)
1.59(1.19, 2.11)

Ref

1.04 (0.77,1.39)

1.01(1.01, 1.02)

Ref
0.67 (0.56, 0.79)
0.73(0.24,2.25)

Ref

0.91(0.63, 1.30)
0.70(0.39,1.25)
0.74 (0.46,1.21)
0.97(0.73,1.27)
0.70(0.52, 0.93)
0.62 (0.41, 0.95)

Ref
1.50(1.22, 1.85)
0.95 (0.64, 1.40)

Ref
0.98 (0.66, 1.46)

Ref
1.54(1.25,1.89)

Ref
1.33(1.11, 1.58)

Ref
1.06 (0.84, 1.35)

Ref
0.86 (0.69, 1.06)

Ref
0.95(0.70, 1.30)

Ref
1.45(1.13, 1.85)
1.35(1.07, 1.70)

Ref

1.17 (0.93,1.49)

1.01(1.01, 1.02)

Ref
0.76 (0.61,0.94)
1.36 (0.29,6.28)

Ref
1.04 (0.78,1.38)
1.38(0.85, 2.26)
Ref
0.68 (041, 1.14)
Ref

1.65(1.23,2.22)

Ref
1.06 (0.85, 1.33)

Ref
1.40 (1.02, 1.92)

Ref
1.01(0.76, 1.34)

Ref
0.82(0.56, 1.20)

Ref
1.28(0.95,1.73)
1.19(0.88, 1.60)

Ref

1.12(0.83,1.51)
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Table 3 (continued)

Characteristic Acceptance Undecided Refusal Acceptance vs. Refusal Undecided vs. Refusal
% % % Unadjusted OR Adjusted OR (95% Unadjusted OR Adjusted OR (95%
(95% CI) ()] (95% Cl) Cl)
University 68.8 16.8 144 1.67 (1.40, 1.99) 1.57 (1.18, 2.09) 1.48 (1.18, 1.85) 1.33(0.99,1.79)
certificate, bachelor’s
degree, post-graduate
degree
Influenza vaccination intentions
No 29.1 26.6 443 Ref Ref Ref Ref
Undecided 493 331 17.5 4.28 (3.46, 5.30) 5.41 (4.07,7.20) 3.14(2.51,3.93) 3.29(2.47,4.38)
Yes 88.7 82 3.0 44.33 (35.31,55.65) 25.83(19.77, 4.50 (3.49, 5.81) 2.70(2.01, 3.62)
33.74)
COVID-19 vaccination status
None received 4.1 11.0 84.9 Ref Ref Ref Ref
Received only 1 32.7 115 558 12.27 (7.07,21.28) 10.75(5.51,20.97) 1.63(0.93,2.86) 1.58 (0.84, 2.98)
dose
Received 2 doses  71.6 183 10.1 148.20 (94.85, 66.97 (39.71, 14.15(10.52,19.03) 11.49(8.19, 16.13)
231.53) 112.96)
COVID-19 disease history
Yes 46.7 164 369 Ref Ref Ref Ref
No 66.7 17.7 15.6 3.37 (2.78, 4.09) 1.70(1.25, 2.33) 2.57(1.99, 3.32) 1.61(1.17,2.23)

Cl confidence interval, Ref reference category

Note: statistically significant associations (p < 0.05) are bolded

— 62.6%
To protect myself from COVID-19 44.3%
|

19.7%
4 19.4%
To protect my family from COVID-19 20.7%
14.1%
6.2%
To end the pandemic and return to normal life 10.0%
0,
6b% B Acceptance Group
(N=4179, 76.9%)
To prevent the spread of COVID-19 in my community 4577,/% B Undecided Group
or at work 4:30/: (N=8372, 15.4%)

ORefusal Group
(N=4192, 8.0%)

Because it is recommended by experts and healthcare 23 ql;/"
providers 3"10;0

W 29%
Because it is/was required by mandates or restrictions 17.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (% within each dose 3 intention group)

] 52.3%

Fig. 2 Primary motivation for previous COVID-19 vaccine receipt by dose 3 intention group

®Respondents who chose not to answer the question were removed from the denominator
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100

90

——

80

70

60

50 T
40

30

Proportion of respondents
(% of each dose 3 intention group)

20

) -
0
Disagree Neutral Agree
Agreement with COVID-19 vaccine co-administration with influenza vaccine

m Acceptance Group (N=4189, 76.5%) @ Undecided Group (N=851, 15.5%) ORefusal Group (N=438, 8.0%)

90

80

—t

70

60

o

50

40

30

Proportion of respondents
(% of each dose 3 intention group)

20

10
0 -
Disagree Neutral Agree
Agreement with COVID-19 vaccine co-administration with routine vaccines

b) m Acceptance Group (N=4189, 76.5%) @ Undecided Group (N=851, 15.5%) ORefusal Group (N=438, 8.0%)

Fig. 3 Agreement with COVID-19 vaccine co-administration with (a) influenza vaccine, and (b) routine vaccines, by dose 3 intention group.
Included only respondents who had received at least one dose of COVID-19 vaccine
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— 43.8%

Pharmacy 40.3%
S —%4%

Temporary vaccination centre 27.1%

| 26.7%
11.5%
Doctor's office ;IV 113%
. 0
; ) 9.5%
Public health centre 1} Ql/?% B Acceptance Group

(N=4188%, 76.5%)

Place of work 5.3%/;1 % @ Undecided Group
8.0% (N=851, 15.5%)
bil . 1,9% O Refusal Group
Mobile vaccination clinic -.%1(%% (N=438, 8.0%)

. 2.3%
Child's school® r0.9%
0.3%

0.4%

Home ; 0.1%
0.5%

0.6%
No preference I:?A‘%?
2.1%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (% within each dose 3 intention group)

Fig. 4 Preferred vaccination location by dose 3 intention group. Included only respondents who had received at least one dose of COVID-19
vaccine

Respondents were asked to choose one answer

. _ — 58.9%
No appointment required 58.4%

[ 54.9%

o . 53.7%
Vaccination services nearby | 46.3%
33.5%

39.7%
Childcare or family appointments provided 33.6% ’ ® Acceptance Group
0,
_1223% (N=4188, 76.5%)

—ﬁ/gl 8Undecided Group
Paid time off from work 30.4% (N=851, 15.5%)

| 31.7% O Refusal Group
Language-appropriate information, 5 %igj%
culturally safe setting 20_'7%0

(N=438, 8.0%)
11.2%

12.5%
12.3%

g eqe egege 9‘5%
Accessibility for all abilities 8.0%
6.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (% within each dose 3 intention group)
Fig. 5 Recommendations for making the vaccination process easier by dose 3 intention group. Included only respondents who had received at
least one dose of COVID-19 vaccine

Transportation provided

.

Respondents were asked to select all answers that applied
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Discussion

We completed a national, cross-sectional survey to eval-
uate Canadians’ intentions to receive booster (third and
annual) COVID-19 vaccine doses, at a time when recom-
mendations on additional COVID-19 vaccine doses were
evolving. We found that 70% of all respondents, and 78%
of those who had completed a two-dose series, indicated
they would accept a third dose of COVID-19 vaccine.
The proportion of two dose recipients willing to receive
a third dose of vaccine was somewhat lower than find-
ings from surveys conducted in other countries during
the same time period (79-95.5%) [8-10, 21-24]. How-
ever, more than 15% of respondents in our study reported
they remained undecided about receiving a third dose,
including over 10% of those who had not yet received any
COVID-19 vaccines. Therefore, even in a population with
high primary series coverage (almost 90% in our study),
there is potential to improve uptake of both primary and
additional doses.

Acceptance of an annual dose (65%) was lower than
third dose acceptance (70%), indicating that, if COVID-
19 vaccines are required on an ongoing basis, uptake
may decline over time. Factors associated with accept-
ing an annual COVID-19 vaccine were similar to third
dose intentions; however, those of male gender, lower
income, and visible minority identity appeared less likely
to accept annual vaccination. Given that almost 20% of
respondents remain undecided about annual COVID-19
vaccination, and the important influence of government
and healthcare provider recommendations on vaccina-
tion decisions, acceptance is likely to be improved by
clear guidelines around annual dose vaccinations, if or
when they are required.

We found that many respondents with established
risk factors for COVID-19 morbidity and mortality (e.g.,
higher age, pre-existing chronic conditions) were sig-
nificantly more likely to report acceptance of additional
COVID-19 vaccine doses. The relationship between
increasing age and additional dose acceptance is similar
to findings on third dose acceptance from other coun-
tries [9-11, 22, 24]. Literature indicates mixed results on
the impact of a pre-existing chronic condition on uptake
of additional COVID-19 vaccines [8-11, 23], though we
defined chronic conditions more narrowly, as those at
highest risk for COVID-19 morbidity/mortality. People
who live with disability may also be at increased risk for
both infection and negative disease outcomes, though
risk varies with both type and severity of impairment
[25, 26]. However, self-reported disability was not asso-
ciated with higher odds of additional dose acceptance in
our study; instead, these respondents were more likely
to be undecided about additional dose acceptance. For
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some respondents, this could be related to concerns
around vaccine service accessibility; approximately 8%
of survey respondents indicated that improved vaccine
service accessibility for all abilities would be important
for making vaccination easier. To ensure those who plan
to receive additional vaccine doses are able to act on
their intentions, and facilitate uptake in those who are
undecided, vaccine services must consider the needs of
all abilities [27], and involve those who live with disabili-
ties in service planning [28]. Improved understanding of
potential barriers to vaccine uptake in this population is
also required [29].

Our results indicated both concerning and encourag-
ing relationships between sociodemographic factors and
additional vaccine dose acceptance. Concerningly, lower
socioeconomic status (i.e., lower household income
and educational attainment) and visible minority status
were related to less positive intentions toward receiving
additional COVID-19 vaccines, though results were not
always statistically significant. These findings are consist-
ent with third dose vaccination intentions in the United
Kingdom [10], though other research suggests socioeco-
nomic status has little impact [11, 30]. Encouragingly,
other populations thought to be at risk for undervac-
cination (e.g. newcomers, first language not English or
French, Indigenous identity) in Canada [31], reported
third dose vaccination intentions that were not signifi-
cantly different from the general population or more pos-
itive. Results may reflect the success of specialized public
health measures within these communities, minimizing
previously existing health disparities [24]. However, some
inequities remain, requiring further investigations.

It is also concerning that neither parental status nor
employment as a healthcare worker was associated with
more positive intentions around additional COVID-
19 vaccine doses, as both populations have significant
potential to influence the health and vaccination status
of others. Parental intention for self-vaccination is a sig-
nificant predictor for COVID-19 vaccination intent for
their children [20]. Healthcare workers are consistently
identified as important influences on vaccine uptake
decisions, both here and in other literature [32], and
those who are personally vaccinated are more likely to
recommend vaccination to patients [33]. However, it is
important to acknowledge that there is significant het-
erogeneity around vaccine acceptance within both par-
ents [20] and healthcare workers [34], though stressing
altruistic reasons for receiving additional doses (e.g.
protecting children, protecting patients) may be effec-
tive for both [20, 35].

Unsurprisingly, both previous COVID-19 vaccina-
tion and seasonal influenza vaccination intention were
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significant predictors of favorable intentions towards
additional doses. However, previous COVID-19 vaccine
receipt did not uniformly predict acceptance of addi-
tional doses; more than 20% of those who had received
two doses, and 60% of those who had received only one
dose, did not accept additional doses. Our results indi-
cate that COVID-19 disease history, and motivation for
receiving initial doses, may explain some of that differ-
ence. In our study, those who had experienced COVID-
19 disease were more likely to refuse additional vaccine
doses. This relationship between previous infection and
future dose refusal is not consistently found in the liter-
ature [8, 10, 11, 36], though timing of infection relative
to vaccination may be important [10, 11]. Given that the
evidence around vaccination after SARS-CoV-2 infec-
tion is still emerging [6], confusion over the need for,
and timing of, vaccination post-infection is likely. As the
number of people who have experienced SARS-CoV-2
infection continues to grow, clear messaging around the
effectiveness of additional vaccine doses will be required.
We also found that vaccination mandates or restrictions
were the main motivation for previous COVID-19 vac-
cine receipt for significant portions of both the refusal
(almost 50% of 419 respondents) and undecided (almost
20% of 837 respondents) groups, compared to less than
3% of the acceptance group (4179 respondents). Thus,
while coercive measures may positively influence initial
vaccine receipt, vaccination experience is not enough
to overcome hesitancy toward additional vaccine doses.
This supports observations that initial hesitancy about
COVID-19 vaccination appears to persist, even after
two-dose completion [10]. Other factors, including belief
that sufficient protection is acquired through a two-dose
series [8-10], experiencing side effects from previous
doses [8, 37], and concerns over receiving additional vac-
cine doses while other countries are struggling to secure
first doses may also play a role [38].

While our results indicate that pharmacy-based deliv-
ery and drop-in appointments may increase COVID-
19 vaccine uptake, offering co-administration of the
COVID-19 vaccine with influenza or routine vac-
cines may not have the positive impact on uptake that
is expected. In general, respondent attitudes regard-
ing vaccine co-administration mirrored their intentions
for additional COVID-19 vaccine doses; however, while
almost 95% of the refusal group (N=419) did not agree
(disagree or neutral) with co-administration, only around
three quarters of the acceptance group (N=4179), and
less than 17% of the undecided group (N=2837), agreed
with co-administration. Thus, while more than 60% of all
respondents agreed with COVID-19 vaccine co-admin-
istration, hesitancy towards co-administration is greater
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than hesitancy towards the COVID-19 vaccine alone.
While there is some evidence to support this finding [12],
one study found that a combination influenza/COVID-19
vaccine had higher acceptance than a COVID-19 vaccine
alone [39]. More work is required to understand whether
and how acceptance of co-administration differs from
acceptance of combination vaccines, and whether these
options differentially impact uptake across populations.
Providing public choice around vaccine co-adminis-
tration will be important to avoid negatively impacting
future uptake.

Strengths and limitations

Our study benefits from a large sample size that was rep-
resentative of the Canadian population in age, sex, and
region of residence. Another strength of our study was
the targeted effort to include respondents of populations
typically underrepresented in research and of particular
focus for COVID-19 vaccination programs. However,
there are a number of limitations associated with our
sample that limit generalizability of our results. First, our
sample was drawn from a pre-existing panel with inter-
net access who could communicate in English or French.
Second, while we sought to recruit a heterogenous sam-
ple, and weighted responses to selected population pro-
portions, we were unable to account for all population
variables. For example, the education level of our partici-
pants was higher than in the general Canadian popula-
tion (51.6% of our sample reported university education,
compared to 31.6% of the Canadian population [19]).
Finally, the cross-sectional design of our study prevents
identification of any trends in additional vaccine dose
acceptance. A number of changes to additional vac-
cine dose recommendations have been made in Canada
since the time of our data collection, which may impact
COVID-19 vaccination acceptance.

Conclusions

Overall, intent to accept additional COVID-19 vac-
cine doses was high. We found that acceptance of annual
COVID-19 vaccine doses was lower than acceptance for
third doses, though clear guidelines and health care worker
recommendations around the need for annual doses may
increase uptake. Visible minority and minority language
populations, and those with a disability, may be particu-
larly receptive to interventions promoting and facilitat-
ing vaccine uptake. Efforts to promote vaccine uptake
among parents of minor children and healthcare workers
are needed to improve vaccine coverage overall. While
approaches to facilitate access to vaccination services are
important for continued uptake of COVID-19 vaccine,
promoting vaccine co-administration may be less effective.
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