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Abstract: The COVID-19 pandemic has highlighted the adverse consequences created by an info-
demic specifically on compliance with public health guidance and vaccine uptake. COVID-19 vac-
cine hesitancy is a complex construct that is related to health beliefs, misinformation exposure, and
perceptions of governmental institutions. This study draws on theoretical models and current data
on the COVID-19 infodemic to explore the association between perceived risk of COVID-19, levels
of misinformation endorsement, and opinions about the government response on vaccine uptake.
We surveyed a sample of 2,697 respondents from the US, Canada, and Italy using a mobile platform
between 21-28 May, 2021. Using multivariate regression, we found that country of residence, risk
perception of contracting and spreading COVID-19, perception of government response and trans-
parency, and misinformation endorsement was associated with the odds of vaccine hesitancy.
Higher perceived risk was associated with lower odds of hesitancy, while lower perceptions of gov-
ernment response, and higher misinformation endorsement were associated with higher hesitancy.
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1. Introduction

In the last twenty years, rapidly evolving technologies, including the use of mobile
communications and social media platforms, have dramatically increased the complexity
of the information ecosystem altering the traditional means by which people access and
share information. Such complexity has challenged governments’ capabilities in com-
municating to the public and creates infodemic situations in which there is an overabun-
dance of information, some accurate and some not, during epidemics [1].

Infodemics create a myriad of communication problems whereby individuals not
only do not know which information is accurate or trustworthy, but mis-and disinfor-
mation can thrive. The COVID-19 pandemic has highlighted the negative consequences
of an infodemic. Roozenbeek et al. demonstrated that increased susceptibility to misinfor-
mation reduces people's compliance with public health guidance, as well as their intention
to get vaccinated and to recommend the vaccine to friends and family [2].

A study conducted in the United Kingdom and the United States quantified the im-
pact of misinformation on vaccination intent and found that in an experimental setting
exposure to misinformation decreased study participants’ self-reported intent to get the
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COVID-19 vaccine [3]. The phenomenon of vaccine hesitancy is widespread, and a vary-
ing amount of COVID-19 vaccine hesitancy is present in all countries [4]. However, the
relationship between vaccine hesitancy and the incidence of COVID-19 infection is not
clear. A recent review of the literature on COVID-19 vaccine hesitancy showed a decline
in vaccination intention in the USA and Italy, during a time when confirmed COVID-19
cases in both countries were among the ten highest in the world [5-7].

Vaccinations have long been a central topic of the mis- and disinformation discourse,
often as part of conspiracy theories where the sentiment of distrust in governments and
healthcare institutions is part of the narration [8-11]. Such theories, once limited to fringe
audiences, have now become commonplace in mass media, the internet, and social media
[12]. Conspiracy theory creation thrives in both information voids and complex infor-
mation ecosystems as audiences attempt to find explanations for missing, confusing, con-
tradictory, and overload of information they are experiencing [13, 14]. This confusion is
sometimes attributed to low scientific literacy and/or contradictory messages released by
government officials and scientists, which are likely to reduce the trust in those authorities
[15]. In such a complex information environment, the public’s attention can easily shift
from public health and/or government advice towards alternative explanations that can
negatively impact people’s actions. Consequently, vaccine hesitancy and lack of compli-
ance with public health advice are fueled not only by the spread of misinformation but
also by distrust in scientific and government institutions [16-20].

Theories of health behavior also identify a broad array of cognitive, social, and con-
textual factors that can relate to hesitancy. Subjective risk perception of vaccine acceptance
may be affected by psychological dispositions, fear of side effects and individualized lack
of efficacy, health-related fears, beliefs and cognitions, and confirmatory biases involving
pursuance of information congruous with one's established beliefs about vaccines [21, 22].
The Health Belief Model (HBM) which has been used to study COVID-19 vaccine hesi-
tancy and attitudes towards vaccination requirement for travel, asserts that people weigh
the severity of the health threat they confront (e.g., perceived risk of getting infected and
sick from SARS-CoV2), and the perceived benefits or harms of taking a specific action
(e.g., vaccination) [10, 23-26]. It is also theorized that the individual assessment of one’s
own risk can be influenced by the information received, and the social context in which
the individual lives and interacts [27]. It is well-established that many people seek infor-
mation that supports their convictions - a phenomenon called “confirmation bias” [28, 29].
Misinformation is frequently shared in echo chambers of like-minded groups of individ-
uals [30]. As such, within these groups, the social expectation of not getting the vaccine
may play a critical role in shaping vaccine intentions.

Vaccine hesitancy related to COVID-19 is a complex construct that has been found to
be related to health beliefs, misinformation exposure, and perception of governmental in-
stitutions. This study draws on the existing theoretical literature and current information
on the COVID-19 infodemic to explore the association between perceived risk of COVID-
19, levels of misinformation endorsement, and opinions about the government response
on vaccine uptake in a sample of over 2,500 respondents from the US, Canada, and Italy.

2. Materials and Methods

2.1. Data Collection

We used a cross-sectional online survey study design. The survey was implemented
via mobile phones using the survey platform Pollfish (www.pollfish.com) and limited to
individuals aged = 18 residing in the US, Canada, and Italy. Like third-party advertising
companies, Pollfish pays mobile application developers to display and promote the sur-
veys to their users using crowdsourcing. The survey was implemented between 21-28
May 2021. A screening question was used to identify respondents who were not vac-
cinated or who had received only one dose of a COVID-19 vaccine requiring two doses.
The study protocol and survey instrument were approved by the Harvard T.H. Chan
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School of Public Health Institutional Review Board (IRB) on December 8, 2020 (protocol
#20-203) and by the Bocconi University IRB on April 22, 2021 (protocol #31146). Partici-
pants were asked to consent to participate in the study immediately prior to starting to
respond to the survey questions. The English version of the questionnaire is provided as
supplementary material to this manuscript. Questions related to misinformation were cre-
ated based on a previous analysis of frequently reported tropes and misinformation nar-
ratives [31]. The questions were tested on a small sample (20 individuals) and the feedback
was incorporated in a revised version of the questionnaire prior to its implementation. All
samples had equally distributed quotas by sex and age groups and the Canadian sample
was equally distributed between French and English speakers. The survey was translated
into Canadian French and Italian and back-translated into English for validation pur-
poses. In Canada, we sampled two different groups, one from the English-speaking part
of the country and one from the French-speaking, to fully acknowledge the role that the
two different cultures could play in vaccine hesitancy. Canadian respondents were given
the option to respond in English or French, and the datasets derived from the two samples
were analyzed independently. As the minimum amount of time to thoughtfully complete
the survey was tested to be three minutes, we used this time criteria as a method for data
quality assurance and removed any questionnaire completed in less than three minutes.

2.2. Dependent Variable

The dependent variable of interest was COVID-19 vaccine hesitancy. It was meas-
ured by the response to the question: “If you were offered a COVID-19 vaccine—at no cost to
you—how likely are you to take it?” Responses were coded as “hesitant” if answering with
any of the following options: 1) I would not take it at the moment but would consider it
later on, 2) Very unlikely, 3) Somewhat unlikely, 4) I am not sure, and 5) Somewhat likely
and 6) Very likely. For dichotomization of the dependent variables, responses were coded
as “not hesitant” if the answer “Very likely” was chosen, and as “hesitant” if any other
category was chosen.

2.3. Independent Variables

Table 1 presents the list of independent variables and how responses were catego-
rized. We collected data on age, sex, race, educational attainment, employment status,
country of residence, risk perception of contracting and spreading COVID-19, opinions
about the government appropriateness response in trying to curb the spreading of the
virus, experience in seeking government aid, and endorsement of COVID-19 vaccine be-
liefs related to misinformation. Race was not collected for the Italian sample. More specif-
ically, participants were asked if they thought they were receiving transparent infor-
mation about the COVID-19 situation from national government officials, and their opin-
ion about the appropriateness of the response measures taken by their country’s govern-
ment up to the time of the survey (May 2021). Regarding their experience in seeking fi-
nancial aid, respondents were asked to report if they had requested and received govern-
ment aid since the start of the pandemic such as unemployment benefits, wage support,
paid leave, business aid, and other types of aid (i.e., food, benefits, allowances).

We measured COVID-19 risk perception using three questions that described situa-
tions related to the spread of the virus: contracting COVID-19 at work, contracting
COVID-19 outside of work, and infecting your family or friends with COVID-19. For each
question, respondents were asked to report their level of concern ranging from 1 (not con-
cerned) to 3 (very concerned). We then performed a principal component factor analysis
on the three items, found that there was one factor, and as a result, summed the responses
from each of the three questions to create a summative 3-item scale. This scale had values
ranging from 3 to 9. From the sample’s responses obtained, we categorized the responses
into quartiles and then created three levels of COVID-19 risk perception: low (<25th per-
centile), medium (225th percentile; <75th percentile), and high (>75th percentile) with the
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“medium” category intentionally twice as large as the “low” and “high” categories to cap-
ture the more extreme responses.

To operationalize the construct of COVID-19 vaccine misinformation endorsement,
respondents were asked to indicate how much they agreed with seven statements on a 7-
point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The seven state-
ments referred to misinformation such as the belief that: you can get COVID-19 from the
vaccine, you can get other diseases from the vaccine, the vaccine contains toxic ingredients
that can harm your health, the vaccine can mess up your DNA, the vaccine can cause
infertility, the fast production of the vaccine compromised its safety, and that it contains
a microchip with tracking capabilities. The questions were negatively worded to avoid
spreading misinformation using the survey itself and subsequently reverse-coded so that
a higher score indicated greater misinformation endorsement. Following principal com-
ponent factor analysis and confirming unidimensionality, we created a summative score
by adding the responses to the seven statements. The score had values ranging from 7 to
49, with again higher scores indicating stronger endorsement. The summative score was
then categorized into quartiles to create four levels of misinformation endorsement: low
(<25th percentile), medium-low (225th percentile; <50th percentile), medium-high (=50th
percentile; <75th percentile), and high (=75th percentile).

2.4. Statistical Analyses

We first computed descriptive statistics and performed Chi-squared tests to deter-
mine if the distributions of the dependent and independent variables differed by country.
We then performed a principal component factor analysis to explore the factor structure
of the risk perception and misinformation endorsement scales. Following, we utilized
nested hierarchical logistic regression models to investigate predictors of COVID-19 vac-
cine hesitancy with the following methodology: model 1 estimated the association be-
tween hesitancy and socio-demographic variables (age, sex, education attainment, em-
ployment status, country of residence with the additional differentiation of preferred lan-
guage for Canada) and COVID-19 risk perception. Model 2 included all the parameters
from model 1 and added three variables related to the perception of government response
and request for aid. Model 3 then added a nominal variable for the quartiles in the misin-
formation endorsement scale. Finally, we tested for the interaction between perception of
government transparency and misinformation endorsement.

To explore the differences and similarities in the results by country, we repeated the
analyses presented in model 3 separately for each of the three countries: United States
(n=726), Canada (n=985), and Italy (n=984). We included a variable for respondent race in
the analyses that were restricted to the United States and Canada that had similar race
categories based on Census definitions.

Model fit was assessed performing the Hosmer-Lemeshow Goodness of Fit test and
model discrimination was assessed with the area under the ROC curve [32-34]. P-values
corresponding to multivariate Wald test statistics were used to assess significance for the
independent variables, and a likelihood ratio test was used to assess the significance of
the interaction between perception of government transparency and misinformation en-
dorsement. The alpha value for significance was set at 0.05. Data were analyzed using
STATA (version 15).

3. Results

Table 1 — Descriptive Statistics (Overall and by Country)

Variable

United States Canada Italy Total Country x?
(n=726) (n=985) (n=986) (n=2697) p-value

COVID-19 Vaccine Hesitancy
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Non-Hesitant 268 37% 572  58% 560 57% 1400 52%
Hesitant 458 63% 413  42% 426 43% 1297  48% <000t
Age Category (balanced by design)
18-24 141 19% 198 20% 194 20% 533 20%
25-34 147 20% 193 20% 196 20% 536 20%
35-44 143 20% 196 20% 198 20% 537 20% N/AP
45-54 149 21% 199 20% 198 20% 546 20%
Over 54 146 20% 199 20% 200 20% 545 20%
Sex (balanced by design)
Male 364 50% 491  50% 489 50% 1344  50% 1ab
Female 362 50% 494  50% 497 50% 1353  50% A
Race?
White, Non-Hispanic 463 64% 677 69% - - 1140 67%
Black, Non-Hispanic 63 9% 52 5% - - 115 7%
Asian 45 6% 128 13% - - 173 10% <0.001
Hispanic 62 9% 14 1% - - 76 4%
Two or more/Other/Prefer not to say 93 13% 114 12% - - 207 12%
Education Category
Less than high school 49 7% 49 5% 83 8% 181 7%
High school or equivalent 162 22% 238 24% 440 45% 840 31%
Some college 140 19% 276 28% 133 13% 549 20%

<0.001
Bachelor’s degree 132 18% 296 30% 277 28% 705 26%
Post-graduate degree 221 30% 118 12% 51 5% 390 14%
Other 22 3% 8 1% 2 0% 32 1%
Employment status
Not employed (includes students and retired individuals) 290 40% 370 38% 353 36% 1013  38% 0216

Employed 436 60% 615 62% 633 64% 1684  62%

COVID-19 Risk Perception

Low COVID-19 Risk Perception
178  25% 215  22% 94 10% 487 18%
(<25th percentile)

Medium COVID-19 Risk Perception
294 40% 508 52% 548 56% 1350  50% <0.001
(>25th percentile; <75th percentile)

High COVID-19 Risk Perception
254 35% 262 27% 344 35% 860 32%
(<75th percentile)

Perception of government response measures

Government measures just right 239 33% 469 48% 469 48% 1177  44%
Government measures not right 487 67% 516 52% 517 52% 1520  56% <000t
Request for government aid

No requests for government aid rejected or requested 482 66% 858 87% 877 89% 2217  82%

At least one request rejected 244 34% 127 13% 109 11% 480 18% <0001

Perception of government transparency
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Government has been transparent

441 61% 653 66% 743 75% 1837  68%

<0.001
Government has not been transparent 285 39% 332 34% 243 25% 860 32%
Misinformation Endorsement Scale Quartile
Low Misinformation Endorsement

155 21% 283 29% 226 23% 664 25%

(<25th percentile)
Medium-Low (>25th percentile; <50th percentile) 116 16% 233 24% 308 31% 657 24%

<0.001
Medium-High (>50th percentile; <75th percentile) 198 27% 242 25% 251 25% 691 26%

High Misinformation Endorsement

(>75th percentile)

257 35% 227 23% 201 20% 685 25%

2 Race was not assessed in the Italian Survey
®N/A - Analysis “Not applicable” because survey was balanced by design

3.1. Sample Characteristics

Descriptive statistics are presented in Table 1. We collected data from 2,750 respond-
ents of which 1,000 respondents were from Canada (50% French-speaking by sample de-
sign), 1,000 from Italy, and 750 from the USA, 53 questionnaires (2% of the sample) were
removed from the sample due to a completion time of fewer than 3 minutes, leaving 2,697
completed questionnaires suitable for data analysis. The sample was balanced by design
in terms of age and sex as described in the methods. Except for age, sex, and employment
status, the distribution of all variables varied by country (Chi-square, p<0.001). Race was
only assessed in the United States and Canada — the majority of respondents from these
two countries (67%) identified as non-Hispanic white. The plurality of the sample had
attained a high school or equivalent level of education (31%), 14% had attained a post-
bachelor’s degree and 7% had less than a high school degree. The US sample had the
greatest proportion of respondents holding a post-bachelor’s degree (30%), while Italy
had the greatest proportion of respondents whose level of education was less than high
school (8%). Employment status did not vary by country, and overall, 62% of respondents
were employed. Overall, 35% of respondents said they had not received the vaccine yet
and were not scheduled for an appointment. When asked if they would take the vaccine
if offered to them at no cost, 48% of respondents expressed some hesitation. The sample
of respondents living in the US had the greatest proportion of vaccine hesitancy (63%),
followed by the Italian respondents (43%) and Canadians (42%).

3.2. COVID-19 Risk Perception

Bartlett’s test of sphericity (p<0.001) and Kaiser-Meyer-Olkin (KMO=0.7) measures of
sampling adequacy indicated the three items related to COVID-19 risk perception were
suitable for factor analysis. When we repeated the measures among the country samples,
Canada and Italy both had a KMO of 0.69, and the US KMO was 0.71. In the overall sam-
ple, principal component factor analysis of the three items resulted in one factor with an
eigenvalue greater than one explaining 69.9% of the variance. All factor loadings of the
three questions were over 0.8. We obtained similar results when repeating the factor anal-
ysis within each country subsample — all three questions loaded onto one factor with an
eigenvalue greater than one, and all factor loadings were equal to or above 0.8. Cronbach
alpha values for the items were as follows: entire sample = 0.78; US = 0.8; Canada = 0.77;
Italy = 0.78. After summing the responses for the three items, the resulting score had mean
of 6.4 (SD 1.9) and median of 7 (range 3-9). Our final COID-19 risk perception variable was
developed by categorizing the sample responses based upon quartiles, and then re-cate-
gorizing the quartiles into three levels as follows: low (<25th percentile), medium (>25th
percentile; <75th percentile), and high (=75th percentile) as mentioned previously in the
methods section. Chi-squared results indicated that the distribution of risk perception var-
ied significantly by country (p<0.001). The United States had the highest percentage of
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respondents with low COVID-19 risk perception (25%), while Italy had the lowest (10%).
Both the US and Italy had higher percentages of respondents with high COVID-19 risk
perception (35% each) than Canada (27%).

3.3. Perception of Government Response and Request for Government Aid

Overall, 56% percent of respondents felt the measures undertaken by their govern-
ment to control the pandemic were not effective. American respondents had the highest
proportion of individuals believing the measures were ineffective (67%). In terms of re-
quests for government aid, 18% of respondents reported they applied for government aid
during the pandemic and at least one or more requests of theirs were rejected. Italy and
Canada had similar percentages of respondents whose requests for aid were rejected (11%
and 13%, respectively), while the US had the highest percentage (34%). Most respondents
believed their government had been sharing transparent information with the public
about the COVID-19 situation throughout the course of the pandemic (68%), however,
American respondents were less likely to believe that their government had been trans-
parent (39%).

3.4. Misinformation Endorsement

Bartlett’s test of sphericity (p<0.001) and Kaiser-Meyer-Olkin (KMO>0.8) measures of
sampling adequacy indicated that the seven statements used to describe misinformation
endorsement were suitable for factor analysis among the entire sample, as well as for each
country-specific subsample. Principal component factor analysis of the seven items re-
sulted in one factor with an eigenvalue greater than one explaining 51.4% of the variance.
All factor loadings of the seven questions were over 0.6. We obtained similar results when
repeating the factor analysis within each country subsample — all seven questions loaded
onto one factor with an eigenvalue greater than one, and all factor loadings were above
0.5. Cronbach alpha values for the items were as follows: entire sample = 0.84; US = 0.88;
Canada = 0.87; Italy = 0.73. The resultant summative score had a mean of 24.2 (SD 9.1) and
a median of 25 (range 7-49), with higher scores indicating stronger misinformation en-
dorsement. Two percent of the sample indicated that they strongly agreed with all state-
ments, which would indicate no misinformation endorsement. After the score was di-
vided into quartiles, Chi-squared tests indicated significant differences by country
(p<0.001). The US had the highest proportion of respondents in the fourth quartile (35% in
the strongest endorsement group), while Italy had the lowest at 20%. Canada had the
highest proportion of respondents in the first quartile (29% in the weakest endorsement
group), while the US had the lowest at 21%.
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Table 2 — Nested Logistic Regressions for Vaccine Hesitancy in the Overall Sample (n=2,697)

Model 1 — Socio-demographics & Model 2 - Model 1 + Government Model 3 - Model 2 + Misinformation

Risk Perception Perceptions Endorsement
N 2,697 N 2,697 N 2,697
Pseudo R? 0.0929 Pseudo R? 0.162 Pseudo R? 0.268
Wald Wald Wald
VARIABLES OR SE 95% ClI Test p- OR SE 95% ClI Test p- OR SE 95% ClI Test p-
value value value
Age group <0.001 0.004 0.018
18-24 ref ref ref
25-34 0.88 0.12 (0.68-1.13) 0.94 0.13 (0.71-1.23) 0.9 0.14 (0.67-1.21)
35-44 084 011  (0.64-1.09) 092 013  (0.7-1.21) 0.8 012  (0.6-1.08)
45-54 0.79 0.11 (0.61-1.03) 0.97 0.14 (0.74-1.28) 0.88 0.13 (0.65-1.18)
55+ 0.48** 0.06 (0.37-0.63) 0.62**  0.09  (0.47-0.81) 0.61**  0.09  (0.45-0.82)
Sex 0.020 0.122 0.544
Male ref ref ref
Female 1.22* 0.1 (1.03-1.44) 1.15 0.1 (0.96-1.37) 1.06 0.1 (0.88-1.28)
Educational attainment <0.001 <0.001 0.027
Less than high school ref ref ref
High school or equivalent 0.96 0.17 (0.68-1.35) 1.04 0.19 (0.72-1.49) 1.22 0.24 (0.83-1.78)
Some college 0.7 0.13 (0.49-1) 0.82 0.16 (0.56-1.2) 1.13 0.24 (0.76-1.7)
Bachelor's degree 0.67* 0.12 (0.47-0.95) 0.79 0.15 (0.54-1.14) 1.15 0.23 (0.78-1.71)
Post-Bachelor’s degree 0.34**  0.07 (0.23-0.5) 0.40**  0.09  (0.26-0.61) 0.73 0.17  (0.47-1.14)
Other 241 128  (0.85-6.82) 2.14 116  (0.74-6.22) 242 1.37 (0.8-7.33)
Employment status 0.410 0.632 0.744
Not employed (includes students and retired) ref ref ref



https://doi.org/10.20944/preprints202203.0283.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2022 d0i:10.20944/preprints202203.0283.v1

9 of 19
Employed 0.93 0.09  (0.77-1.11) 0.95 0.09  (0.79-1.16) 0.97 0.1 (0.79-1.19)
Country of residence and language <0.001 <0.001 <0.001
Residents in US ref ref ref
Residents in Canada - English speaking 0.35** 0.05 (0.27-0.45) 0.38**  0.05 (0.29-0.49) 0.41**  0.06 (0.31-0.55)
Residents in Canada - French speaking 0.31** 0.04 (0.24-0.4) 0.43** 0.06 (0.33-0.57) 0.48**  0.07 (0.35-0.65)
Residents in Italy 0.36** 0.04  (0.29-0.45) 0.47**  0.06 (0.37-0.6) 0.52**  0.07 (0.4-0.67)
COVID-19 risk perception <0.001 <0.001 <0.001
Low COVID-19 risk perception
ref ref ref
(<25th percentile)
Medium COVID-19 risk perception
0.44** 0.05 (0.35-0.56) 0.59**  0.08  (0.46-0.76) 0.66**  0.09 (0.5-0.87)
(>25th percentile; <75th percentile)
High COVID-19 risk perception
0.25** 0.03  (0.19-0.32) 0.35** 0.05 (0.26-0.46) 0.37**  0.06 (0.27-0.5)
(<75th percentile)
Perception of government measures to respond
<0.001 <0.001
to the pandemic
Government measures just right ref ref
Government measures have not been right 3.04** 028  (2.54-3.64) 244** 024 (2.01-2.96)
Request for government aid 0.001 0.076
No requests rejected or applied for ref ref
At least one request was rejected 151** 019 (1.19-1.93) 1.27 0.17 (0.98-1.64)
Perception of government transparency <0.001 0.005
Government has been transparent ref ref
Government has not been transparent 188** 019  (1.55-2.28) 1.35%* 0.15 (1.09-1.67)
Misinformation endorsement <0.001

Low misinformation endorsement
ref
(<25th percentile)

Medium-Low (>25th percentile; <50th percentile) 3.76** 057 (2.79-5.05)
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Medium-High (>50th percentile; <75th percentile) 9.82** 1.49 (7.3-13.23)

High misinformation endorsement
13.68** 218  (10.01-18.7)
(>75th percentile)

“The marginal test associated with the coefficient produced a p-value between 0.01 and 0.05
“The marginal test associated with the coefficient produced a p-value smaller than 0.01
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3.5. Multivariable Analysis

In Table 2, we present the results of the nested hierarchical logistic regression models
for COVID-19 vaccine hesitancy in our overall sample.

In Model 1, Wald tests indicated that the odds of vaccine hesitancy varied by age,
sex, educational attainment, country, and risk perception of contracting and spreading
COVID-19. Except for sex, these variables remained associated with vaccine hesitancy
across all models. Specifically, we observed that participants who were 55 and older had
52% reduced odds of being vaccine-hesitant compared to those aged 18-24 (OR=0.48, 95%
CI: 0.37-0.63). Across all models, this association was confirmed, with little change to its
magnitude and direction. With respect to the participant’s sex, results indicated that fe-
males had 22% increased odds of vaccine hesitancy compared to males (OR=1.22, 95% CI:
1.03-1.44). Compared to participants with lower than high school education, those with a
bachelor’s degree (OR=0.67, 95% CI: 0.47-0.95) and post-bachelor’s degree (OR=0.34, 95%
CI: 0.23-0.5) had lower odds of vaccine hesitancy. When taking into consideration the lan-
guage preferred by the respondent to complete the questionnaire, results indicated that
English-speaking respondents in Canada (OR=0.35, 95% CI: 0.27-0.45), French-speaking
respondents in Canada (OR=0.31, 95% CI: 0.24-0.4), and Italian respondents (OR=0.36, 95%
CI: 0.29-0.45) had lower odds of vaccine hesitancy than US residents. This association per-
sisted across all subsequent models, with little change to its magnitude. Finally, we ob-
served a graded negative association between COVID-19 risk perception and the odds of
vaccine hesitancy — compared to those with low COVID-19 risk perception, those with
medium risk perception (OR=0.44, 95% CI: 0.35-0.56) and high-risk perception (OR=0.25,
95% CI: 0.19-0.32) had lower odds of being hesitant. Again, we note that there was little
change to these estimates in all subsequent models.

In Model 2, we added three more variables to Model 1: perception of government
measures to respond to the pandemic, perception of government transparency, and re-
quest for government aid. In this model, we no longer observed a significant difference in
the odds of vaccine hesitancy by sex. Additionally, the difference in odds of being hesitant
between those with a bachelor’s degree and those with less than high school education
was no longer significant.

We continued to observe differences by age, country of residence and language, ed-
ucation status (post-bachelor’s degree vs. less than high school), and risk perception of
contracting and spreading COVID-19 — with little change to the associations described
above. All three of the variables added to Model 2 were associated with vaccine hesitancy.
Respondents who believed that the government response was either excessive, not useful,
counter-productive, or were unsure about its effectiveness had 3.04 times the odds of be-
ing hesitant compared to those who believed the measures were “just right” (OR=3.04,
95% CI: 2.54-3.64). Those who had at least one request for aid rejected by their government
had 51% increased odds of being hesitant compared to those who had not had a request
submitted or rejected (OR=1.51, 95% CI: 1.19-1.93). Finally, participants who believed the
government had not been sharing transparent information about the COVID-19 situation
with the public had 88% increased odds of being hesitant compared to those who believed
the government had shared transparent information (OR=1.88, 95% CI: 1.55-2.28).

Model 3 included all the parameters from Model 2 with the addition of a nominal
variable for misinformation endorsement scale quartile. The Hosmer-Lemeshow Good-
ness of Fit test confirmed that the model was a good fit for the data (p=0.248), and the area
under the ROC curve for this model was 0.832 [32-34]. With the addition of misinfor-
mation endorsement, we observed that the difference in the odds of vaccine hesitancy
among those with a post-bachelors degree and those with less than high school education
was no longer significant. Additionally, having a request for aid rejected by the govern-
ment was no longer associated with vaccine hesitancy.

In this Model 3, age, country of residence and language, risk perception of contract-
ing and spreading COVID-19, perception of government response and transparency, and
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misinformation endorsement were associated with the odds of vaccine hesitancy. Specif-
ically, respondents aged over 55 had 39% decreased odds of being hesitant compared to
respondents aged 18-24 (OR=0.61, 95% C.I. 0.45-0.82). English-speaking respondents from
Canada (OR=0.41, 95% CI: 0.31-0.55), French-speaking respondents from Canada
(OR=0.48, 95% CI: 0.35-0.65), and Italian respondents (OR=0.52, 95% CI: 0.4-0.67) all had
lower odds of vaccine hesitancy than respondents from the United States. Respondents in
the medium category of risk perception had 34% decreased odds of being hesitant com-
pared to respondents in the lowest category of risk perception (OR=0.66, 95% C.I. 0.5-0.87),
and those in the highest category of risk perception had 63% decreased odds of being
hesitant compared to those in the lowest category of risk perception (OR=0.37, 95% C.I.
0.27-0.5). Respondents who believed that the government response was either excessive,
not useful, counter-productive, or were unsure about its effectiveness had 144% increased
odds of being hesitant about the vaccine compared to those who thought the government
response was “just right” (OR=2.44, 95% C.I. 2.01-2.96). Similarly, those who believed the
government had not shared transparent information about the COVID-19 situation with
the public had 35% increased odds (OR=1.35, 95% C.I. 1.09-1.67) of being vaccine-hesitant,
compared to those who believed the government had shared transparent information.

In this Model 3, we found a dose-response relationship between misinformation en-
dorsement and vaccine hesitancy. Respondents in the second quartile of the level of mis-
information endorsement had 3.76 times the odds of being vaccine-hesitant compared to
those in the first quartile, the lowest level of endorsement (OR=3.76, 95% C.I. 2.79-5.05).
Those in the third quartile had 9.82 times the odds of being vaccine-hesitant compared to
those in the first quartile (OR=9.82, 95% C.I. 7.3-13.23), and finally, those in the fourth
quartile (highest level of endorsement) had 13.68 times the odds of being vaccine-hesitant
compared to those in the first quartile (OR=13.68, 95% C.I. 10.01-18.7). No interaction was
found between perception of government transparency and misinformation endorse-
ment.
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Table 3 — Final Model (Model 3) in United States, Canada, and Italy
United States Canada Italy
N 726 N 985 N 984
Pseudo R? 0.398 Pseudo R? 0.326 Pseudo R? 0.167
Wald Wald Wald
VARIABLES OR SE 95% CI Test p- OR SE 95% CI Test p- OR SE 95% ClI Test p-
value value value
Age group 0.008 <0.001 0.182
18-24 ref ref ref
25-34 0.66 0.23  (0.33-1.32) 1.08 0.28 (0.65-1.78) 0.97 0.23 (0.6-1.55)
35-44 0.30** 0.11 (0.15-0.61) 111 0.29 (0.67-1.85) 1.21 0.29 (0.76-1.94)
45-54 0.76 0.27 (0.38-1.51) 0.74 0.2 (0.43-1.26) 131 0.32 (0.81-2.12)
55+ 0.96 0.36 (0.46-2) 0.31**  0.09 (0.17-0.56) 0.77 0.19  (0.48-1.25)
Sex 0.253 0.687 0.313
Male ref ref ref
Female 13 0.3 (0.83-2.05) 0.93 0.16 (0.67-1.3) 0.85 0.13  (0.63-1.16)
Race 0.198 0.016
White, Non-Hispanic ref ref
Black, Non-Hispanic 2.06 0.79 (0.97-4.37) 131 0.47 (0.65-2.65)
Asian 1.81 0.85  (0.73-4.53) 0.48**  0.13 (0.29-0.81) a
Hispanic 1.88 0.72 (0.88-4) 0.97 0.64 (0.26-3.56)
Two or more/Other/Prefer not to say 1.62 0.57 (0.81-3.23) 1.36 0.37 (0.8-2.32)
Educational attainment 0.100 0.954 0.866

Less than high school ref ref ref



https://doi.org/10.20944/preprints202203.0283.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2022 d0i:10.20944/preprints202203.0283.v1

14 of 19
High school or equivalent 281* 125 (1.18-6.71) 0.97 0.39 (0.44-2.14) 112 0.3 (0.66-1.9)
Some college 1.95 0.87  (0.82-4.66) 1.03 041 (0.47-2.26) 0.98 0.32 (0.52-1.85)
Bachelor's degree 1.88 0.84  (0.79-4.51) 1.04 0.42 (0.47-2.28) 111 0.32 (0.63-1.96)
Post-Bachelor’s degree 1.16 053  (0.48-2.82) 0.86 0.38 (0.36-2.02) 1.47 0.6 (0.66-3.28)
Other 2.23 16  (0.55-9.11) 2.35 274  (0.24-23.21) b
Employment status 0.686 0.596 0.896
Not employed (includes students and retired) ref ref ref
Employed 111 028  (0.67-1.82) 0.9 0.17 (0.62-1.31) 0.98 016  (0.71-1.35)
COVID-19 risk perception <0.001 0.040 0.014
Low COVID-19 risk perception
ref ref ref

(<25th percentile)
Medium COVID-19 risk perception

0.47* 015  (0.24-0.89) 0.74 0.16 (0.48-1.14) 0.79 021  (0.47-1.33)
(>25th percentile; <75th percentile)
High COVID-19 risk perception

0.17** 0.06  (0.09-0.34) 0.53* 0.13 (0.32-0.87) 0.53* 0.15 (0.3-0.91)
(<75th percentile)
Perception of government measures to respond

<0.001 <0.001

to the pandemic
Government measures just right ref ref ref <0.001
Government measures have not been right 2.22** 051 (1.42-3.47) 3.05** 0.54 (2.16-4.31) 2.28** 0.35 (1.68-3.08)
Request for government aid 0.155 0.074 0.019
No requests rejected or applied for ref ref ref
At least one request was rejected 0.71 0.17 (0.44-1.14) 1.61 0.43 (0.95-2.72) 1.73* 0.4 (1.1-2.73)
Perception of government transparency 0.243 0.146 0.480
Government has been transparent ref ref ref
Government has not been transparent 1.34 0.33 (0.82-2.17) 13 0.24 (0.91-1.86) 1.13 0.2 (0.8-1.6)
Misinformation endorsement <0.001 <0.001 <0.001

Low misinformation endorsement ref ref ref
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(<25th percentile)
Medium-Low (>25th percentile; <50th percentile) 221* 076  (1.13-4.33) 5.08** 1.45 (2.91-8.88) 3.16**  0.73  (2.01-4.98)
Medium-High (>50th percentile; <75th percentile) ~ 6.23** 2.1  (3.22-12.07) 14.98** 425 (8.59-26.12) 6.02** 144  (3.77-9.63)
High misinformation endorsement
7.42%* 249  (3.85-14.32) 22.01** 653  (12.31-39.38) 10.20**  2.64  (6.14-16.95)

(>75th percentile)

“The marginal test associated with the coefficient produced a p-value between 0.01 and 0.05
“The marginal test associated with the coefficient produced a p-value smaller than 0.01
2 Race was not assessed in the Italian survey

® Two respondents in the Italian survey indicated they had received an “other” level of education — these respondents were excluded from the analysis
due to a low cell count
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3.6. Multivariable Analysis by Country

In Table 3, we present the results of the final model (Model 3) in each of the three
countries we collected responses from: United States (n=726), Canada (n=985), and Italy
(n=984). We included a variable for respondent race in the analyses that were restricted to
the United States and Canada. Within all three countries, the following variables were
associated with vaccine hesitancy: risk perception of contracting and spreading COVID-
19, perception of government measures to respond to the pandemic, and misinformation
endorsement. Please refer to Table 3 for country-specific point estimates. Specifically, in
each country, respondents in the highest category of risk perception had lower odds of
being hesitant compared to those in the lowest category of risk perception. Respondents
who believed that the government response was either excessive, not useful, counter-pro-
ductive, or were unsure about its effectiveness had higher odds of being vaccine-hesitant
compared to those who thought the government response was “just right”. Within each
country, we observed a dose-response relationship between misinformation endorsement
and the odds of vaccine hesitancy. In contrast to the aggregated results, within each coun-
try, both educational attainment and perception that the government was sharing trans-
parent information were not associated with vaccine hesitancy.

We also noted the following differences between countries. In the United States, re-
spondents who were aged 35-44 had 70% decreased odds of being vaccine hesitant com-
pared to those aged 18-24 (OR=0.3, 95% C.I. 0.15-0.61), while respondents in Canada who
were 55 and older had 69% decreased odds of being vaccine-hesitant compared to those
who were 18-24 (OR=0.31, 95% C.I. 0.17-0.56). However, in Canada, compared to non-
Hispanic white respondents, Asian respondents had 52% decreased odds of being vac-
cine-hesitant (OR=0.48, 95% C.I. 0.29-0.81). Finally, Italy was the only country in which
having a request for aid rejected by the government was associated with vaccine hesitancy
- those who had at least one request for aid rejected had 73% increased odds of being
vaccine-hesitant compared to those who had not had a request submitted or rejected
(OR=1.73, 95% CI: 1.1-2.73).

4. Discussion

Our results are consistent with previous research demonstrating that risk perception
about the harm caused by COVID-19 is a strong predictor of vaccine acceptance [35-37].
Risk perception, or an individual’s perceived susceptibility to a threat, is a key component
of many health behavior change theories, and overall, communication strategies that suc-
cessfully influence risk perception result in the population being more compliant with
recommended behaviors. Based on our survey results, individuals with a high perception
of getting sick from COVID-19 were less likely to be vaccine-hesitant and this result was
consistent within each of the three countries examined in this study.

However, risk perception is only one of the many factors related to vaccine hesitancy.
The construct of trust, for example, has also been studied as another important predictor
of compliance with recommended COVID-19 public health measures including the vac-
cine. Our results show that individuals believing that measures adopted by the govern-
ment had not been “right” and the government had not been transparent in communi-
cating with the public were more likely to be vaccine-hesitant compared to those with a
favorable opinion about their government’s response. Building a trusted relationship with
the public is critical to implementing successful public health interventions. Existing re-
search has indicated that countries with higher levels of social and government trust have
typically seen lower mortality rates [38]. A recent analysis of communication efforts across
the Group of Seven (G7) countries (Canada, France, Germany, Italy, Japan, the United
Kingdom, and the United States) revealed that trusted sources of information strongly
predicted public attitudes toward protective measures promoted by the government [39].
In parallel, recent evidence from the United States and the United Kingdom shows that
political trust appeared to be highly volatile and fragmented at the local level during the
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COVID-19 pandemic and that it depended on the level of reliance on science advice [40,
41]. In the United States, the level of governmental distrust was already high before the
pandemic and the low reliance on science at federal levels might explain why governmen-
tal distrust is so high in such a sample [40].

Political distrust in Italy is coupled with higher levels of vaccine hesitancy among
those individuals who requested financial aid during the pandemic, but their application
was rejected. This is in line with previous literature showing that political trust is strongly
related to welfare measures. Specifically, higher political dissatisfaction increased be-
tween 2008 and 2016 subsequent to welfare retrenchment measures of several govern-
ments in Europe [42].

In the COVID-19 vaccine hesitancy literature, trust has been analyzed across different
dimensions such as: trust in the information being disseminated, trust in the messengers
(i.e. health officials), trust in healthcare providers, trust in vaccine developers, and trust
in research in general [6, 43, 44]. Our study has examined this construct from a different
perspective compared to previous studies, focusing on opinions toward the adequacy of
the measures the government adopted to respond to COVID-19, and about the transpar-
ency of government communication efforts.

The third area of our analysis related to the effect of the infodemic, and specifically
misinformation. Our data show an interesting “infodemic” phenomenon with a dose-re-
sponse relationship between levels of misinformation endorsement and vaccine hesitancy.
These results support the idea that not only the type of misinformation an individual be-
lieves may harm compliance with recommended behaviors, but also the amount of mis-
information the individual endorses. The COVID-19 pandemic has highlighted the im-
portance of infodemic management, government-level functions necessary to maintain
the effectiveness of the communication in promoting healthy behaviors, and in mitigating
the harm caused by mis-disinformation [8, 45]. However, data from a recent Organization
for Economic Co-operation and Development (OECD) report on public communication
states that only 38% of Centre of Governments have developed guidance related to the
management of mis-disinformation, indicating that governments may be inadequately
prepared to address this phenomenon and that future plans need to focus on this im-
portant capability [46].

We recognize several limitations in our study. First, we do not know the extent to
which expressed intent to take a vaccine is associated with actual behavior and as such,
we are unable to validate our results in terms of the impact of the variables we found to
be associated with intention to get vaccinated compared to actual behaviors. Second, the
cross-sectional study design is a key limitation for the conclusions concerning the explan-
atory variables, as such, we do not know whether the beliefs, attitudes, and opinions we
measured are causally related to willingness to take the vaccine. Third, measuring misin-
formation is not a standardized process. We used specific beliefs and statements to con-
ceptualize this construct, but misinformation evolves over time as science develops and
new beliefs and uncertainties are expressed in the online and offline space. Despite the
study limitations, we believe our results are informative in supporting the need for en-
hancing governments’ capabilities in addressing mis-disinformation. As part of such ca-
pabilities, our results suggest that being transparent in the communication process, ac-
knowledging what is unknown about the safety and effectiveness of an intervention, how
decisions are made, and managing expectations about the government response may have
a positive impact in enhancing the population’s compliance with recommended behav-
iors.

5. Conclusions

We found a dose-response relationship between misinformation endorsement and
vaccine hesitancy, with individuals endorsing a greater amount of incorrect information
being more likely to be vaccine-hesitant. Individuals of younger age, those with greater
risk perception of contracting and spreading COVID-19, those with negative opinions
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about the effectiveness of the government response, and about government transparency
in communication efforts were also more likely to be vaccine-hesitant. Our results suggest
that being transparent in the communication process, and managing expectations about
the government response may have a positive impact in enhancing the population’s com-
pliance with COVID-19 vaccine uptake.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, S1: Survey Instrument.
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