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Abstract

Background

A high population level of vaccination is required to control the COVID-19 pandemic, but not

all Canadians are convinced of the value and safety of vaccination. Understanding more

about these individuals can aid in developing strategies to increase their acceptance of a

COVID-19 vaccine. The objectives of this study were to describe COVID-19 vaccine accep-

tance, hesitancy and refusal rates and associated factors in Saskatchewan, Canada.

Methods

This is a cross-sequential study that consisted of pooled responses from weighted samples

of 9,252 Saskatchewan adults (�18 years) across nine rounds of data collection between

May 4, 2020 and April 3, 2021. The outcome variable was vaccine intention: vaccine accep-

tance, hesitancy, and refusal. The independent variables were layered into socio-demo-

graphic factors, risk of exposure to coronavirus, mitigating behaviours, and perceptions of

COVID-19. Data were analyzed using multinomial logistic regression and a classification

and regression tree.

Results

Seventy-six percent of the respondents indicated that they had been or were willing to be

vaccinated, 13% had not yet decided, and the remaining 11% said they would not be vacci-

nated. Factors that increased the likelihood of vaccine refusal and hesitancy were lower

education level, financial instability, Indigenous status, and not being concerned about

spreading the coronavirus. Perceiving COVID-19 to be more of a threat to one’s community

and believing that one had a higher risk of illness or death from COVID-19 decreased the
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likelihood of both vaccine refusal and hesitancy. Women and newcomers to Canada were

more likely to be unsure about getting vaccinated. Respondents who did not plan to be vac-

cinated were less likely to wear face masks and practice physical distancing.

Conclusion

While many Canadians have voluntarily and eagerly become vaccinated already, reaching

sufficient coverage of the population is likely to require targeted efforts to convince those

who are resistant or unsure. Identifying and overcoming any barriers to vaccination that

exist within the socio-demographic groups we found were least likely to be vaccinated is a

crucial component.

Introduction

Globally, the coronavirus disease 2019 (COVID-19) caused by the novel severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2) has caused illness and death in more people than

any other pandemic in the last hundred years. As of October 22 2021, nearly 242 million peo-

ple had been infected, while 4.9 million had died worldwide [1]. As Canada continues its

efforts to bring the pandemic under control, 1.7 million people have been infected (4,462 per

100,000 population), with 28,729 (76 per 100,000 population) COVID-19 related deaths [2].

Residents of the province of Saskatchewan are among those disproportionately affected by

COVID-19 in Canada [2]. In the last week of October 2021, Saskatchewan had 266 active cases

per 100,000 populations, ranking third on the Canadian league table [2]. Furthermore, 69 out

of 100,000 Saskatchewan residents have died from COVID-19 [2].

Biomedical prevention methods such as vaccinations (when combined with socio-behav-

ioral measures) have been highly effective in controlling communicable diseases, including the

eradication of smallpox and polio. Successful COVID-19 vaccination campaigns will save mil-

lions of lives and gradually enable communities to reopen and return to some form of their

pre-COVID states. While the exact percentage of the population that must be vaccinated to

reach herd immunity is being debated [3], estimates have benchmarked 60–80% [4–6]. How-

ever, with the emergence of new strains of SARS-CoV-2, that number may rise to as high as

85–90% of the population, with some questioning whether it is even possible to achieve herd

immunity now [7, 8]. As of October 22 2021, 77.63% of Canadians had received at least one

vaccine dose, while only 73.13% were fully vaccinated.

Evidence supporting COVID-19 vaccine safety and cost-effectiveness is mounting [9, 10],

yet vaccine hesitancy and refusal continue to pose significant roadblocks to attaining herd-

immunity level coverage. The Strategic Advisory Group of Experts on Immunization (SAGE)

defines vaccine hesitancy as “delay in acceptance or refusal of vaccines despite availability of ser-

vices” [11]. In this paper, we use the term “vaccine hesitancy” to describe individuals who were

unsure whether they would be vaccinated and “vaccine refusal” to denote complete rejection of

vaccination. Different intervention approaches will be necessary for these two groups. For

example, social influencers and clear messaging about safety may help clear the doubts and con-

cerns about vaccination among hesitant groups, whereas stronger incentives or mandates may

be required for who refuse to be vaccinated. For these reasons, there is sustained interest in

understanding the psycho-socio-behavioral factors which impact vaccine hesitancy and refusal.

Literature on COVID vaccine intentions remains limited in Canada with other studies focus-

ing on healthcare workers [12], or limited to descriptive results [13, 14] or qualitative
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assessment [15]. In a Canada-wide survey conducted during the vaccine testing and approval

stages, 75% of Canadians expressed willingness to receive a COVID-19 vaccine [13]. The main

reasons for vaccine hesitancy identified by this survey were lack of confidence in vaccine safety

(54.2%) and fear of side-effects (51.7%) [13]. Much lower acceptance rates were found in polls

conducted pre-vaccine rollout by the Angus Reid Institute (66%) [16] and BEworks (63%) [17].

Patterns of vaccine hesitancy and refusal have changed after vaccine rollout began in Canada.

According to Angus Reid Institute, there have been declining trends in vaccine hesitancy and

refusal—53% of adults reported receipt of first dose of vaccine, while another 29% would like to

be vaccinated [18]. In a qualitative study which examined 3915 tweets from Canadian Twitter

users, the major reasons for vaccine hesitancy were described as safety concerns, conspiracy the-

ories, misinformation, and doubts about the credibility of pharmaceutical companies [15].

Our study contributes to a fast-moving knowledge base that has been dominated by polling

data. We sought to identify a broad range of factors associated with COVID-19 vaccine readi-

ness/receipt, hesitancy, or refusal in Saskatchewan, using a mix of probability-based and con-

venience sampling. The findings from this study are expected to guide and inform policy

makers, governments, health experts, and media in driving successful COVID-19 immuniza-

tion campaigns.

Materials and methods

Study setting

Saskatchewan is a landlocked province in Western Canada that is bordered on the south by

the United States, west by Alberta, north by Northwest Territories, east by Manitoba, and

northeast by Nunavut. In the first quarter of 2021, Saskatchewan’s population was estimated at

1.2 million, translating to 3.1% of Canadian inhabitants [19]. More than half of Saskatchewan

residents live in the southern prairie, especially the largest city (Saskatoon) and capital city

(Regina). The northern part of the province is sparsely populated. Currently, Saskatchewan

accounts for 13.3% of the Indigenous population in Canada [20].

Study sample and design

This prospective cross-sequential study included pooled responses from weighted samples of

9,252 Saskatchewan adults (18 years and older), collected over nine waves of the Social Con-

tours and COVID-19 survey between May 4, 2020 and April 3, 2021. The purpose of the parent

study is, briefly: 1) Collect behavioural, perceptual, social, and place-based data (i.e., how we

act, think, interact, and move); 2) Assign a COVID-19 risk level to people and places, over

time; 3) Identify lower- and higher-risk regions in the province of Saskatchewan; and 4) Com-

municate this information to public health officials and the general public. The hybrid sample

included participants from an online panel of Saskatchewan adults (the Community Panel),

originally enrolled through a probability sampling of landlines and mobile lines accessed

through random digit dialing (RDD) and volunteer participants recruited monthly via an

online survey platform, managed by the Canadian Hub of Applied and Social Research at the

University of Saskatchewan in Saskatoon. The sample was estimated to achieve a ±3.1% mar-

gin of error. To ensure data representativeness, samples were weighted by age, gender, and

location of residence within Saskatchewan using 2016 Canadian Census data.

Ethics

The study protocol was reviewed and approved by the University of Saskatchewan Ethics

Board (Beh-1971). The Social Contours study was conducted in accordance with the 2018 Tri-
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Council Policy Statement for the Ethical Conduct for the Research involving Humans (article

2.5). Consent for the Social Contours study was obtained online, following REB approval for

the study, by having potential participants read information about the study (including volun-

tary nature of the study, confidentiality and anonymity, potential risk, and how the data will be

used). Clicking a button to advance to the starting page of the online questionnaire implies

consent to participate (S1 File).

Variables

The outcome of interest was COVID-19 vaccine intention. Respondents who had already been

vaccinated or intended to be vaccinated were termed “vaccine ready” and constitute the refer-

ence category. Those who said they “didn’t know yet” whether they would get vaccinated were

categorized as “vaccine hesitant” and those who indicated they would not get vaccinated were

referred to as “refused vaccine.”

Based on a priori importance to the outcome variable and evidence from the literature and

theoretical focus of this study, we included a large number of independent variables, of the fol-

lowing types: socio-demographic factors, risk of exposure to SARS-CoV-2, mitigating behav-

iours, and perceptions of COVID-19. The independent variables are fully described in the S1

Box). Table 1 lists all the variables entered into the model.

Statistical analyses

We modelled the relationship between vaccine intentions, sociodemographic characteristics,

risk exposure behaviours, mitigating factors against COVID-19 and perceptions of the pan-

demic using both a conventional statistical approach (i.e., multinomial logistic regression) and

predictive machine learning algorithm (i.e., classification and regression tree (CART), other-

wise known as decision tree). We used the predictive machine learning approach to visually

depict the hierarchical relationships between our outcome of interest and the predictors, and

among the predictors in a multidimensional space. This approach also validates the findings of

the multinomial regression because CART is more robust when dealing with skewed data,

multicollinearity, multilevel interaction, outliers, non-linear distribution, and missing values

[21]. Data quality checks were ensured before modelling.

Multinomial logistic regression. To assess multicollinearity among the candidate vari-

ables, the mean variance inflation factor (VIF) was computed. With a mean VIF of 1.24, multi-

collinearity was not a threat to internal validity. Using a stepwise and backward selection

approach, we initially fitted a full (saturated) multivariate multinomial logistic regression

model which adjusted for the confounding effects of covariables and determined the main

effects of the predictor variables on vaccine intentions. To avoid over- or under-fitting, a p-

value of�0.2 was used to select candidate variables for retention in the parsimonious model.

Model performances were assessed with adjusted R-squared, Akaike information criterion

(AIC), Bayesian information criterion (BIC) and log likelihood. Self-reported level of exposure

at work was not included as a variable, because it was limited to only those working outside

their homes; that is, it excluded those who were working from home or were unemployed. The

most parsimonious model with the lowest predictive errors excluded current work/volunteer-

ing situation, level of exposure at recent places visited, and being tested for SARS-CoV-2.

Adjusted relative risk ratios (aRRR) and 95% confidence intervals (CI) were used to estimate

the strength of association. The statistical significance level of association was set at p<0.05,

two-tailed. The multinomial regression model was implemented in StataTM version 16.1 [22].

Classification and regression tree. Given the predictive capacity of machine learning and

its limited application in population health research [23], a decision tree analysis was conducted
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in SAS JMPTM version 16.0 (SAS Cary, NC, USA) to complement and validate the multinomial

regression models [24]. The plurality of methods gives more confidence to the study findings.

Using all the candidate independent variables (see above, Variables), the growing method for

CART was a recursive partitioning based on LogWorth statistic (i.e., negative log of adjusted p-

value for Chi-squared statistic) and G-squared statistic (i.e., likelihood ratio Chi-squared). The

LogWorth statistic and G-squared statistic were used in splitting the tree at the optimal split

Table 1. Independent variables included in statistical analyses.

Category Variables

Socio-demographic Age (year born; then grouped<=49, 50–64, >=65yrs)

Gender (men, women)

Employment status (grouped: employed, unemployed/retired)

Educational level (advanced/professional degree, completed diploma/certificate or bachelor’s degree, some college or university, no

formal/some/completed secondary)

Perceived financial security (grouped: secure, not secure)a

Place of residence (6-digit postal code; then grouped: rural, mid-sized town/city, large cities)

Immigration status (born in Canada, born outside Canada, here > = 20 years, born outside Canada, here <20 years)

Indigenous status (North American Indigenous, non-indigenous)

Household composition (live alone, live with only adults, live with only children, live with both adults and children)

Exposure risk level Risk level of places visited during preceding week (grouped into low, moderate, high based on high circulation, closed places, e.g., bars,

restaurants, fitness centres)

Number of close contacts (with people not in household, unmasked, not distancing) x duration of contact

Perceived risk of exposure at work (grouped into low, moderate, high)b

Extent of contact with others while working/volunteering (grouped: low, moderate, high)c

Frequency of in-person grocery shopping (grouped: low, moderate, high)d

Household density (ratio of residents to bedroom)

Travel outside province since start of pandemic (yes, no)

Mitigating factors Frequency of face mask use when inside building other than home (grouped Adhering: all/most/some of the time, Non-adhering: little

or never)

Physical distancing when inside building other than home (grouped Adhering: all/most/some of the time, Non-adhering: little or

never)

Current health status (self efficacy grouped into poor/fair, moderate, good, very good/excellent)e

Being tested for COVID-19 (yes, no)

Perceptions Adequacy of provincial government’s response to pandemic (strongly/somewhat agree, neither agree nor disagree, strongly/somewhat

disagree)

Degree to which others are following public health recommendations (strongly/somewhat agree, neither agree nor disagree, strongly/

somewhat disagree)

Size of threat posed by COVID-19 to one’s community (very small, fairly small; very big, fairly big)

Likelihood of becoming infected in the next week (not at all, somewhat/fairly/very likely)

Perceived severity of consequences should one become infected (would not get very sick at all, develop mild to moderate disease, get

very sick, likely to die)

Concern about spreading virus to others if infected (very concerned, somewhat concerned, slightly/hardly concerned at all)

aSelf-perceived: Do you feel financially secure right now?
bSelf-perceived scores were recoded as “not exposed or low risk” (0), “moderate risk” (1–3) and “high risk” (4–6)
cLow risk: did not work/volunteer outside their homes or worked/volunteered outside homes without interacting with people outside their households, moderate risk:

worked outside their homes in an indoor setting with co-workers who did not interact with the public, and high risk: worked outside their homes primarily in an indoor

setting with interaction with different people.
dLow risk: did not currently shop for groceries, moderate risk: visited physical stores at most once a month, and high risk: visited physical stores everyday or a couple of

times a week
eRespondents were asked: “Compared to other people your age, how would you rate your current health?”

https://doi.org/10.1371/journal.pone.0259513.t001
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points. In selecting the partition rule (i.e., optimal split), the algorithm automatically estimated

the maximum LogWorth statistic from all the possible partitions for each variable. The process

continued until the desired fit was reached. Initially, a tree with a maximum depth was fitted

until no further splits could be made. Afterwards, different trees of variable depths were formed.

For ease of interpretation and to reduce redundant predictive attributes, we tuned the decision

tree to a minimum size that could best predict the outcome variable as determined by the lowest

validation error. On this note, a parsimonious model was fitted with five depths, or branches of

tree, 11 nodes, of which six nodes were leaves (i.e., terminal nodes). Out the 9252 responses,

7402 (80%) were randomly assigned to a training set and 1850 (20%) to a validation set for the

purpose of externally validating the decision tree model. The model-fit was assessed with area

under the receiver operating characteristics (AUROC) curve, lift curve, root average squared

error (RASE), and generalized R-squared. Following approach by Beleitesa et al., we calculated

the sensitivity and specificity for the multi-class confusion matrix [25].

Results

The general characteristics of respondents are shown in Table 2. The average age was 55 years

(interquartile range (IQR): 42–65 years); 75.74% were women, 92.66% were born in Canada,

and 72.54% had at least a technical diploma or certificate. Overall, 76.13% of the respondents

reported being vaccinated or willing to get a COVID-19 vaccine, while 13.3% were unsure and

10.56% refused to be vaccinated.

Predictors of vaccine acceptance

Multinomial logistic regression modeling found several sociodemographic variables to be

associated with refusing vaccination, being unsure, or both (see Fig 1 for adjusted relative risk

ratios (aRRR) and 95% confidence intervals (CI)). Financially insecure respondents were more

likely to refuse to be vaccinated or to be unsure. Education level was strongly associated with

vaccine intentions: respondents who had less than an advanced or professional degree were

much more likely to refuse vaccination or be unsure. Respondents who self-identified as Indig-

enous were 2.4 times as likely to refuse vaccination (95%CI: 1.2–4.6) and 1.7 times as likely to

be unsure (95%CI: 1.0–2.7).

Gender was related to vaccine hesitancy but not refusal, with women more likely to be hesi-

tant than men (aRRR: 2.2, 95%CI: 1.6–3.0). Similarly, being born outside Canada and living in

the country for <20 years was associated with a greater likelihood of vaccine hesitancy, but not

refusal. Compared with respondents residing in mid-sized towns or cities, Saskatoon residents

were less likely to refuse vaccination (aRRR: 0.5, 95%CI: 0.3–0.8). Respondents living only

with other adults were less likely to be vaccine refusers than respondents living alone (aRRR:

0.6, 95%CI: 0.4–1.0).

Only one exposure risk was predictive of vaccine intentions: Respondents with moderate or

high risk levels for coronavirus exposure related to grocery shopping were more likely to be

unsure about getting vaccinated.

In terms of mitigating behaviours, vaccine refusers were less likely to wear face masks and

to socially distance.

Several perceptions were associated with vaccine intentions. Respondents who neither

agreed nor disagreed that the government was taking the right steps to stop the spread of the

virus and that people around them were following public health recommendations were more

likely to refuse to be vaccinated, compared to those who agreed with these statements.

Respondents’ degree of concern that they could spread the virus to others were they to

become infected was positively associated with vaccine acceptance. Compared to respondents
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Table 2. Characteristics of respondents and vaccine intention rates in Saskatchewan, Canada.

Variables Overall Vaccine Ready Vaccine hesitant Refused vaccine

n (%) n (%) n (%) n (%)

Overall 9252 (100) 7044 (76.13) 1231 (13.3) 977 (10.56)

Socio-demographic

Age (years)
< = 49 3680 (39.78) 2691 (73.11) 517 (14.05) 473 (12.84)

50–64 3058 (33.05) 2340 (76.53) 402 (13.15) 316 (10.32)

> = 65 2514 (27.17) 2013 (80.07) 312 (12.4) 189 (7.53)

Gender
Men 2213 (24.26) 1721 (77.77) 189 (8.56) 303 (13.67)

Women 6908 (75.74) 5256 (76.08) 1004 (14.53) 649 (9.39)

Education
Advanced/professional degree 2538 (27.44) 2208 (87) 219 (8.64) 111 (4.36)

Completed diploma/certificate or bachelor’s degree 4455 (48.15) 3333 (74.8) 616 (13.83) 506 (11.36)

Some college or university 1164 (12.58) 803 (68.98) 211 (18.09) 151 (12.93)

No formal/some/completed secondary 1095 (11.83) 700 (63.95) 185 (16.89) 210 (19.16)

Place of residence
Mid-sized town/city 1099 (12.15) 790 (71.89) 187 (16.99) 122 (11.12)

Regina 1828 (20.21) 1469 (80.38) 215 (11.77) 144 (7.85)

Rural 2733 (30.21) 1879 (68.73) 428 (15.66) 427 (15.61)

Saskatoon 3387 (37.44) 2779 (82.04) 365 (10.79) 243 (7.17)

Immigration status
Born in Canada 7763 (92.66) 5806 (74.8) 1156 (14.89) 801 (10.31)

Born outside Canada; here�20 years 435 (5.19) 351 (80.64) 38 (8.77) 46 (10.59)

Born outside Canada; here <20 years 180 (2.15) 117 (65.18) 40 (22.08) 23 (12.74)

Indigenous status�

No 8063 (96.24) 6087 (75.49) 1171 (14.52) 805 (9.98)

Yes 315 (3.76) 188 (59.55) 63 (19.93) 65 (20.52)

Employment status
Employed 5263 (56.88) 3954 (75.14) 726 (13.8) 582 (11.06)

Unemployed/retired 3990 (43.12) 3090 (77.44) 505 (12.64) 396 (9.91)

Financial security
Secure (A little/somewhat/absolute) 7524 (81.33) 5996 (79.68) 874 (11.62) 654 (8.7)

Not secure (A little/somewhat/absolute) 1728 (18.67) 1048 (60.66) 357 (20.64) 323 (18.7)

Household composition
Live alone 1599 (17.29) 1203 (75.24) 207 (12.96) 189 (11.8)

Live with only adults 4806 (51.94) 3795 (78.95) 611 (12.72) 400 (8.33)

Live with only children 264 (2.85) 179 (67.94) 45 (17.19) 39 (14.88)

Live with both adults and children 2583 (27.92) 1867 (72.27) 367 (14.21) 349 (13.52)

Risk of exposure to COVID-19

Risk level of places visited
Low risk 540 (5.84) 459 (85.04) 39 (7.18) 42 (7.79)

Moderate risk 3606 (38.97) 2902 (80.49) 428 (11.86) 276 (7.65)

High risk 5106 (55.19) 3682 (72.11) 765 (14.97) 659 (12.91)

Number of close contacts
Low risk 2884 (35.83) 2272 (78.78) 221 (7.68) 391 (13.54)

Moderate risk 2541 (31.57) 1963 (77.23) 201 (7.90) 378 (14.87)

High risk 2634 (32.6) 1747 (66.57) 485 (18.49) 392 (14.94)

(Continued)
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Table 2. (Continued)

Variables Overall Vaccine Ready Vaccine hesitant Refused vaccine

n (%) n (%) n (%) n (%)

Shopping for groceries
Low risk 572 (6.3) 514 (89.76) 36 (6.31) 22 (3.92)

Moderate risk 6402 (70.57) 4972 (77.67) 856 (13.38) 573 (8.95)

High risk 2098 (23.13) 1413 (67.33) 316 (15.03) 370 (17.63)

Extent of contact with others while working/volunteering
Low risk 5055 (60.33) 3890 (76.95) 692 (13.69) 473 (9.36)

Moderate risk 1504 (17.95) 1095 (72.81) 252 (16.74) 157 (10.44)

High risk 1819 (21.71) 1290 (70.89) 290 (15.94) 240 (13.16)

Travel outside province since start of pandemic
Yes 3326 (42.03) 2503 (75.25) 453 (13.62) 370 (11.12)

No 4586 (57.97) 3374 (73.57) 742 (16.18) 470 (10.25)

Household density
More than one bedroom per person 1570 (16.96) 1042 (66.41) 221 (14.06) 307 (19.53)

One bedroom per person 2589 (27.98) 2050 (79.2) 340 (13.13) 198 (7.66)

Less than one bedroom per person 5094 (55.06) 3951 (77.57) 670 (13.16) 473 (9.27)

Mitigating factors

Face mask use
Compliant (all/most/some) 6680 (83.23) 5337 (79.9) 957 (14.33) 386 (5.77)

Not compliant (little/none) 1346 (16.77) 649 (48.19) 234 (17.41) 463 (34.4)

Social distancing
Compliant (all/most/some) 7403 (92.15) 5718 (77.23) 1111 (15) 575 (7.76)

Not compliant (little/none) 631 (7.85) 265 (42.02) 94 (14.97) 271 (43)

Current health status
Poor/fair 2134 (23.07) 1609 (75.38) 280 (13.1) 246 (11.52)

Good 3106 (33.57) 2392 (77) 485 (15.62) 229 (7.38)

Very good/ excellent 4012 (43.36) 3043 (75.86) 466 (11.62) 502 (15.52)

Being tested for COVID-19
Yes 1966 (21.31) 1604 (81.55) 243 (12.37) 119 (6.07)

No 7261 (78.69) 5417 (74.6) 987 (13.59) 857 (11.81)

Perceptions

Prov. gov’t is taking steps needed to stop viral spread
Strongly/somewhat agree 4587 (52.21) 3456 (75.35) 703 (15.32) 428 (9.32)

Neither agree nor disagree 794 (9.03) 431 (54.27) 110 (13.89) 253 (31.85)

Strongly/somewhat disagree 3405 (38.76) 2759 (81.02) 379 (11.13 268 (7.86)

People around me follow public health recommendations
Strongly/somewhat agree 5937 (64.17) 4657 (78.44) 750 (12.63) 530 (8.92)

Neither agree nor disagree 485 (5.24) 257 (53.08) 59.13 (12.20) 168 (34.72)

Strongly/somewhat disagree 2831 (30.59) 2129 (75.23) 422 (14.9) 280 (9.87)

Threat of COVID-19 to community
Very/fairly small 2817 (33.62) 1496 (53.11) 560 (19.89) 761 (27.01)

Very/fairly big 5561 (66.38) 4779 (85.93) 674 (12.12) 109 (1.96)

Likelihood of becoming infected in next week
Not at all 6009 (71.73) 4432 (73.76) 836 (13.91) 741 (12.34)

Somewhat/fairly/very likely 2369 (28.27) 1842 (77.77) 398 (16.81) 128 (5.41}

Anticipated consequences of infection
Would not get very sick at all 1405 (15.18) 751 (53.45) 201(14.31) 453 (32.24)

(Continued)
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who were very concerned about spreading the infection, those who were “somewhat con-

cerned” were 2.7 times more likely to refuse vaccinations (95%CI: 1.8–4.3) and those who

reported “slight concern” were 7.4 times more likely to refuse (95%CI: 4.9–11.0). Respondents

who reported “slight concern” about spreading the coronavirus to others were 2.5 times more

likely to be vaccine-hesitant, compared to respondents who reported being “very concerned”

(95%CI: 1.6–3.8).

Respondents’ beliefs about the threat posed by COVID-19 to their community and to them-

selves personally were also associated with the likelihood of vaccine intention. Respondents

who perceived COVID-19 as a very/fairly big threat were 86% less likely to refuse vaccination

(aRRR: 0.14, 95%CI: 0.1–0.2), and 57% less likely to be vaccine-hesitant compared to those

who believed the threat was very/fairly small (aRRR: 0.43, 95%CI: 0.3–0.6). Compared with

respondents who believed they would not get very sick at all if they contracted the virus, the

likelihood of vaccine refusal was 50% lower among those who felt they would develop mild to

moderate symptoms (aRRR: 0.5, 95%CI: 0.3–0.8), 65% lower among those who believed they

would likely get sick (aRRR: 0.4, 95%CI: 0.2–0.6), and 70% lower among those who believed

they would likely die (aRRR: 0.3, 95%CI: 0.1–0.8). Those who believed they were likely to be

sick were 34% less likely to be vaccine-hesitant, compared to those who believed they would

not get sick (aRRR: 0.7, 95%CI: 0.5–1.0).

Classification and regression tree

In the root node of the decision tree, 76.88% of respondents had already been or intended to

be vaccinated (“vaccine ready”), 10.95% refused, and 12.18% were unsure (Fig 2). The first

determining factor (first-level node) of COVID-19 vaccine intent in Saskatchewan was the

level of perceived threat of the pandemic in the community (column contribution = 0.4428,

G2-statistic = 913.57) (Fig 3). Fig 3 shows each successive determining factor, in descending

order of contribution or importance.

Among those who perceived COVID-19 as a small threat to their community, 55.49% were

vaccine ready, 24.7% refused, and 19.81% were unsure (LogWorth = 100.59, G2-statis-

tic = 4649.64). In contrast, among those who perceived the pandemic to be a serious threat,

86.94% were vaccine ready, while only 4.47% refused and 8.58% were unsure (Log-

Worth = 82.62, G2-statistic = 4691.23).

The best discriminator/predictor of the perceived small threat to the community was per-

sonal concern about spreading the virus to others if infected. Out of the respondents who per-

ceived COVID-19 to be a small threat, 63.35% of those who were concerned about

transmitting the virus if infected were vaccine ready, 15.74% refused and 20.91% unsure. In

Table 2. (Continued)

Variables Overall Vaccine Ready Vaccine hesitant Refused vaccine

n (%) n (%) n (%) n (%)

Would have mild to moderate symptoms 4900 (52.96) 3825 (78.06) 666 (13.6) 409 (8.34)

Would get very sick 2483 (26.85) 2097 (84.42) 292 (11.75) 95 (3.83)

Likely to die 464 (5.01) 371 (80.06) 72 (15.47) 21 (4.47)

Concern about spreading infection if infected
Very concerned 6658 (79.47) 5418 (81.37) 945 (14.19) 295 (4.44)

Somewhat concerned 1066 (12.73) 651 (61.06) 173 (16.25) 242 (22.69)

Slightly/hardly concerned at all 654 (7.80) 206 (31.45) 116 (17.71) 332 (50.83)

�Indigenous persons originating from North America included First Nations, Inuit, Métis, and others.

https://doi.org/10.1371/journal.pone.0259513.t002
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Fig 1. Adjusted relative risk ratios for the determinants of COVID-19 vaccine intent in Saskatchewan, Canada. Color

code: black (reference), green (likely to be vaccine ready), red (likely to refuse or hesitant), and purple (not statistically

significant).

https://doi.org/10.1371/journal.pone.0259513.g001
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contrast, more than half of those who were not concerned about transmitting the virus were

vaccine refusers (63.11%), while less than 21.81% were vaccine ready and 15.08% were unsure.

Compliance with face mask wearing was the major discriminator of placement in the group

of respondents who perceived COVID-19 as a big threat. Among those who perceived

COVID-19 as a big threat and complied with mask wearing, 83.61% were vaccine ready,

14.76% refused, while 1.61% were unsure. Surprisingly, 87.79% of those people who were less

compliant with mask wearing were also vaccine ready, with vaccine refusers and those who

were unsure making up 1.84% and 10.37%, respectively. The determining factor for vaccine

intentions in the group that complied with mask wearing was compliance with social distanc-

ing measures. Financial stability determined the splitting of people in the non-compliant mask

wearing group. Over 80% of the vaccine ready group who reported compliance with social

Fig 2. Decision tree model for COVID-19 vaccine intentions in Saskatchewan, Canada. To interpret the decision tree, the branches should be traced from the root

node—vaccine intentions (i.e., first node with highest information gain) to the subsets of root node (i.e., internal nodes). The internal nodes (i.e., predictor variables)

represent attributes associated with vaccine intentions (i.e., root node) based on statistical probabilities. The first set of internal nodes represents the most influential

predictors of the outcome variable. The furthest nodes are the terminal nodes or leaves.

https://doi.org/10.1371/journal.pone.0259513.g002

Fig 3. Column contributions of independent variables in CART model.

https://doi.org/10.1371/journal.pone.0259513.g003
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distancing measures were also wearing masks consistently, but 9.96% refused and 1.17% were

hesitant. On the other hand, 0.87% of the vaccine ready group that reported non-compliance

with social distancing measures were consistently wearing masks, and 99.13% refused a vac-

cine. In the group that did not comply with mask wearing but were financially stable, 91.07%

were vaccine ready, 1.02% refused and 7.9% were hesitant. Among those who were non-com-

pliant to mask wearing and not financially stable, 70.08% were vaccine ready, 6.23% refused

and 23.68% were hesitant.

Overall, respondents who perceived a greater threat of COVID-19 to the community were

more likely to be vaccinated but individual concerns about viral transmission to others was

also critical. For those who perceived a lesser COVID-19 threat, financial stability played a

prominent role, with financially stable people having more inclination towards vaccines.

Model validation

Based on the AIC and BIC values from the multinomial regression, the parsimonious model

fitted better than the full (saturated) model. The AIC values were 5732.91 and 5736.37 for the

parsimonious and full models, respectively. Also, BIC was much lower (6272.87) for the parsi-

monious model, compared to 6316.72 for the full model. The adjusted R-squared showed that

24.96% of the variations in the outcome variable was explained by the independent variables in

the final parsimonious model. However, the AUROC curve for vaccine acceptance was 0.78,

translating to sensitivity and specificity rates of 79.54% and 28.92%, respectively.

For CART, the AUROC curves for vaccine acceptance in the training set was 0.77 (translat-

ing to sensitivity rate of 98.36% and specificity rate of 18.51%), and validation set was 0.71

(translating to sensitivity rate of 98.78% and specificity rate of 18.49%). The similar patterns of

AUROC curves and lift curves for training and validation sets suggest that the tree model did

not overfit the data. Also, the training RASE (0.423) was relatively lower than validation RASE

(0.4433), further confirming that training dataset fits better than the validation set. Similar to

multinomial regression model, the proportion of variance explained by the tree model was

23.24%.

Discussion

Using two different modelling techniques (i.e., conventional statistical and machine learning

approaches) give more confidence to the study findings. This study uncovered factors associ-

ated with COVID-19 vaccine intentions in Saskatchewan, Canada. Both multinomial regres-

sion and CART models showed good sensitivity (i.e., ability to correctly identify people who

reported willingness to be vaccinated) but poor specificity (i.e., ability to correctly identify peo-

ple who were hesitant or refused vaccines). We observed that sensitivity was higher for the

CART model, however, the multinomial regression model had higher specificity. The findings

from these analytical methods converged.

Overall, our sample had a vaccine acceptance rate of 76%, while one in ten did not intend

to be vaccinated, and another 13% had not yet decided. The percentage accepting vaccination

is very similar to that of Canada overall (76.9%) [13], the United Kingdom (71.1%) [26] and

France (77.6%) [27]. Countries with higher vaccination acceptance rates include Ecuador

(97%) [28] and China (91.3%) [29], while others, notably the United States (67%) [30] and

Australia (59%) [31], are lower.

Respondents who said they would not get vaccinated and those who were unsure shared

several important characteristics. They tend to have lower education levels and are more likely

to be financially insecure and Indigenous than those who have been or plan to be vaccinated.

They also share some key beliefs: that the pandemic is not a big threat to their community, that
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they are unlikely to become ill should they get infected, and that the possibility of spreading

the virus to others is not concerning.

These findings suggest some direction for efforts to increase vaccine acceptance. First, extra

effort must be made to reach the demographic groups that are least likely to seek vaccination

on their own, by working with organizations and agencies that have already established good

relationships with these population sectors to provide information, role modelling, and where

feasible, access to vaccines. The vaccination rollout amongst Indigenous residents of Saskatch-

ewan to date is an example of the difference such an approach can make. Indigenous people

tend to be at greater risk of severe COVID-19 infection and they also tend to be less trusting of

the healthcare system and government initiatives. Delivery of vaccines to Indigenous commu-

nities as well as Indigenous people living away from their communities has been prioritized

and planned and led by First Nations and Métis partners, supported by the federal government

through Indigenous Services Canada (ISC). Several Indigenous organizations have set up their

own vaccine clinics in partnership with the provincial health authority and ISC, focusing on

providing a safe cultural space and removing barriers such as lack of transportation [32, 33].

First Nations and the Metis Nation have also used a variety of communication channels

including social media and radio to encourage their members to get vaccinated in order to

protect their community. Elders have played a central role as early adopters of vaccines, pro-

viders of cultural support, and translators [34].

While vaccine administration is still underway, as of the time of writing, uptake among

Indigenous people in Saskatchewan appears to be much better than expected [35, 36].

Another socio-demographic characteristic we found to be associated with a higher likelihood

of refusing vaccination or being hesitant is financial insecurity (self-assessed). The pandemic has

shone a spotlight on health inequities in Canada, with higher rates of infection in many low-

income areas [37]. In addition, the restrictions of economic activity imposed during the pan-

demic have increased financial instability for many people, with those who were already on

lower incomes more likely to be affected [38]. Now, reports suggest that people living in low-

income neighbourhoods are less likely to be vaccinated [39]. While this may in part reflect the

less positive views of vaccination we found among people experiencing financial instability, it is

also important to consider and remove barriers to accessing vaccination. For example, many

vaccinations have been provided in Saskatoon and Regina at drive-through clinics that require

individuals to have a vehicle and time to wait in a long line. Even finding out how and where to

get vaccinated can be more challenging for those with fewer financial means, especially as the

options have become more complicated. Individuals who are determined to get vaccinated what-

ever it takes have shown great tenacity in achieving their goal but for others, vaccination must be

made much easier to access. Those who are unsure about the safety and value of vaccination

could be easily dissuaded if their initial attempts to find an appointment are unsuccessful. More-

over, even some who said they would get vaccinated may give up if the challenges are too great,

especially if their lives are filled with other challenges. Innovative strategies such as mobile or

pop-up clinics that take the vaccines to where people who need them are, combined with the

opportunity to have questions answered in plain language, are likely what will be required.

Understanding the differences between these two groups—those who refuse to get vacci-

nated and those who are hesitant—rather than lumping them together as “anti-vaxxers” is also

important. 35 We found that those who refuse vaccines (but not those who are unsure) are less

likely to report wearing a face mask and physically distancing. This is troubling. If sufficient

numbers of Saskatchewan residents refuse to be vaccinated, and these individuals are also

unwilling to follow public health measures that reduce viral spread, the risk remains that

SARS-CoV-2 will continue to circulate, especially as the province “re-opens” and more trans-

missible variants become dominant.
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To maximize the likelihood of achieving herd immunity, in the absence of government-

mandated vaccination, the ‘vaccine refusal’ group needs to be kept as small as possible. Indi-

viduals who are unsure about vaccination are likely more open to education and influence

regarding the safety and value of being vaccinated than “anti-vaxxers” and efforts to convince

them to get vaccinated are therefore likely to yield greater results. Our finding regarding gen-

der differences illustrates the fluidity in vaccine intentions: Women in our survey were more

likely to be unsure about vaccination, but not more likely to refuse to be vaccinated. As Sas-

katchewan’s vaccination program has continued to be implemented, however, more women

have been vaccinated than men in every age group, indicating that whatever hesitancy we

found among women was overcome by the time they were eligible for vaccination [40].

The other demographic group in which we found a tendency to be unsure about vaccina-

tion is newcomers to Canada (less than 20 years in the country). Data on vaccine acceptance

by immigration status is not available, but this finding suggests it would be prudent to work

with settlement agencies and other organizations serving newcomers to make sure they have

good access to the information they need to address any concerns about vaccination and that

vaccination is available somewhere they can easily get to and feel comfortable in. Ideally this

would include materials in the language they are most comfortable with, opportunities to have

questions answered by someone they trust who is knowledgeable, and encouragement and

reassurance from those within their community who have already been vaccinated. One exam-

ple of this is a vaccine clinic held in May 2021 in a welcome centre for immigrants and refugees

in Saskatoon, with interpreters providing translation in several languages [41].

The federal government has recognized the value of supporting community-based promo-

tion and delivery of vaccination by providing funding for organizations through its Vaccine

Community Innovation Challenge; however, none of the recipients are located in Saskatche-

wan [42]. Similarly, Manitoba announced in June 2021 that organizations, businesses,

churches and others working in and with “low-uptake communities” could apply for a Pro-

tectMB Community Outreach and Incentive Grant to address vaccine hesitancy [43].

The differences in beliefs between those who are ‘vaccine ready’ and those who are not can

help us tailor communications to increase the perceived importance of vaccinations. It makes

sense that individuals who believe that COVID-19 poses a significant threat to their commu-

nity and to themselves and are concerned about the possibility of spreading the virus to others

would be more likely to want to get vaccinated, to protect themselves and those around them.

This is consistent with research that has found perceived threat to be a strong predictor of self-

protective behaviour in the context of COVID-19 [44, 45] and underscores the important role

emotional factors play. Those who do not share these beliefs may have been exposed to differ-

ent sources of information, in their social circles and online, including disinformation about

the severity of the pandemic and their personal risk, and have less trust in public health and

medical authorities [35]. They may also have been influenced by what they have observed

around them; if they have not known anyone personally who experienced more severe

COVID or did not hear of many cases in their local community, this could create a false sense

of security. It is important to recognize, as well, that people may not want to get vaccinated for

other reasons, and convince themselves that the pandemic is not a threat, that they have a

strong enough immune system, and that they wouldn’t spread it to others in order to justify

their aversion to vaccination; in other words, the beliefs they expressed that we found to be

associated with lower likelihood of getting vaccinated may not actually be the causes of not

being vaccinated.

The paradox here is that as vaccination rates rise, case numbers, hospitalizations and deaths

are all decreasing, which makes it more difficult to convince those who did not already believe

that COVID was a threat to their community. However, evidence is also accumulating that the
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unvaccinated now make up the majority of those who are falling ill and requiring hospitaliza-

tion. Messages that emphasize the risk faced by individuals who are not vaccinated may help

to persuade some of those who are unsure, even in the context of declining overall case

numbers.

Some of the factors that we found to not be associated with vaccine intentions are also inter-

esting to consider. Logically, those who are older, in poorer health, and who believed they

were likely to become infected would all have good reason to want to be vaccinated, especially

given the strong messaging in the media regarding the impact of age and pre-existing health

conditions on COVID-19 outcomes. Yet none of these variables were found to predict vaccine

intentions. This is good news, of course, because the widespread vaccination needed to protect

the whole population cannot rely solely on perceptions of individual risk. It is encouraging

that while 72% of respondents assessed their own risk of becoming infected as extremely low,

the majority also perceived COVID-19 to be a big threat to their community (66%) and were

very concerned about spreading the virus to others should they become infected (80%) and

that these two variables were the strongest predictors of intention to get vaccinated. This sug-

gests that most people who are getting vaccinated are considering not only what is best for

them but also what is best for those around them.

In some of the later cycles of this survey, we asked those who said they would not get vacci-

nated and those who didn’t know to indicate their reasons. insufficient clinical trials conducted

to evaluate safety (13.7%), lack of trust in the vaccine approval process (1.8%), misconcep-

tions/conspiracy theories/misgivings about vaccine safety (1.2%), medical reasons (hypersensi-

tivity to vaccines) (0.88%), and religious grounds (0.11%). These responses are consistent with

what has been observed and extensively commented on in the media and are not surprising,

given the huge amount of information about vaccines circulating: from disinformation to mis-

information to information that is developing over time and difficult to understand. It is possi-

ble that many or most vaccine refusers will hold tight to their beliefs about why vaccination is

unnecessary or harmful. But if vaccination is made easier and more accessible to everyone and

those with questions get satisfactory answers, simply observing more and more people getting

safely vaccinated and experiencing the benefits may be enough to convince those who were

initially unsure.

This study had one main limitation, non-participation bias due to the data collection

method used (i.e., web-based, and random digit dialling). To minimize its effect, the samples

were weighted using the 2016 Census to ensure representativeness of the Saskatchewan popu-

lation. However, there was residual oversampling of women which could be due to gender pat-

tern of samples in the community panel and volunteers. Due to diversity in social norm and

sociodemographic characteristics, the study findings might not necessarily extend to other set-

tings. As well, this study has some strengths. The strength of evidence from this study is robust

because of the plurality of analytical methods used. The findings from CART further corrobo-

rate the results from the multinomial regression, hence the associations reported were less

likely due to chance. As far as we know, no previous published research has investigated the

factors associated with COVID-19 vaccine intention in Saskatchewan. This study provides

more insights to guide stakeholders in the implementation of current COVID-19 vaccination

strategies. Since issues of COVID-19 vaccine hesitancy and rejection in Saskatchewan can

change over time, continuous data collection systems should be introduced.

Conclusion

This study has shown that many Saskatchewan residents are vaccine ‘ready’ (received already

or intent to receive one), one in four are either hesitant or will not receive vaccine. Reaching
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sufficient coverage of the population is likely to require targeted efforts to convince those who

are hesitant or unsure. Targeted and accurate messaging to specific socio-demographic groups

who are less likely to be vaccinated, and encouragement and modeling by people who they

trust, are crucial steps. Further, ensuring a successful vaccination campaign will also entail

rebuilding public trust through transparent action, clear communication and demonstrated

accountability of the key stakeholders in our society, including governments and health care

systems.
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