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Abstract

Objectives We aimed to elicit preferences of the French-speaking Quebec population regarding a COVID-19 vaccination
program and to characterize individuals with respect to their vaccination behaviors.

Methods A discrete choice experiment was conducted in Autumn 2020 via a web-based survey. Its design included seven
attributes: vaccine origin, vaccine effectiveness, side effects, protection duration, priority population, waiting time to get vac-
cinated, and recommender of the vaccine. Utilities were estimated using a mixed-logit model and a latent class logit model.
Results Our sample included 1599 individuals. From this total, 119 always chose the opt-out option (7.4%). According
to the mixed-logit model, the relative weights of attributes were as follows: effectiveness (28.48%), side effects (23.68%),
protection duration (17.41%), vaccine origin (12.75%), recommender (11.96%), waiting time to get vaccinated (3.62%), and
priority population (2.11%). Five classes were derived from the latent class logit model. Class 1 (9.13%) wanted to get vac-
cinated as fast as possible and was composed of uncertain and more vulnerable individuals. Class 5 (25.14%) was similar
to the full sample, mostly favoring vaccination. Classes 2 (7.69%) and 4 (15.82%) included “vaccine hesitant and demand-
ing” individuals but were different in their sociodemographic profiles. Finally, “anti-vaccine” and other “vaccine hesitant”
individuals were in class 3 (42.21%).

Conclusions This study showed the vaccine characteristics that are likely to improve vaccine uptake, which may more eas-
ily lead to herd immunity. Different profiles of respondents also showed various levels of acceptance toward a COVID-19
vaccination program, which may help to better understand vaccine hesitancy behaviors.

1 Introduction

Key Points for Decision Makers

As of 24 November, 2021, 5,166,192 deaths had been

reported due to the novel coronavirus disease 2019 This is the first study to conduct a discrete choice experi-

(COVID-19) [1]. Following the race to develop a vaccine, ment to elicit Pref.erences of the Quebec population
four vaccines are now available in Canada [2] (Pfizer- toward a vaccination program.
BioNTech, Moderna, Janssen, and AstraZeneca), 25 have Beyond effectiveness and side effects, the duration of the
been granted emergency use authorizations by national protective effect and the origin of the vaccine were found
authorities, and seven have been approved by the World to be the most preferred attributes.
This study provided indications that vaccination hesi-
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Health Organization (WHO)-recognized stringent regula-
tory authority. Each of these vaccines has specific charac-
teristics in terms of efficacy (from 62 to 95%), side effects
(e.g., pain, redness, fever, swelling), number of doses (one
or two shots), or technology used (viral vector or messen-
ger RNA). Regarding the side effects, several safety con-
cerns have appeared. Blood clots were observed following
the vaccines from AstraZeneca, which was restricted to
adults aged under 55 years in Canada in late March 2021
[3], and from Johnson & Johnson in the USA, which was
not recommended for women aged under 50 years in April
2021 [4]. Additionally, vaccine hesitation and aversion in
some groups can be explained by health controversies and
scandals, such as Dengvaxia [5] or the Pandemrix [6-8],
and by false information/misinformation, such as associa-
tions with autism [9, 10] or multiple sclerosis [11], the use
of aluminum [12], or new technologies such as messenger
RNA [13, 14].

The growing hesitation of populations about vaccina-
tion is a major issue in the COVID-19 crisis. As defined
by MacDonald and the SAGE Working Group on Vaccine
Hesitancy, “vaccine hesitancy refers to delay in accept-
ance or refusal of vaccination despite availability of
vaccination services. Vaccine hesitancy is complex and
context specific, varying across time, place and vaccines.
It is influenced by factors such as complacency, conveni-
ence and confidence” [15]. To achieve herd immunity, it
is necessary to understand which populations are hesitant
to better meet their demands and thus increase the uptake
of a vaccine.

Using a discrete choice experiment (DCE), we aimed to
assess the vaccination preferences of the Quebec popula-
tion and to establish sociodemographic profiles to high-
light which characteristics of the vaccination program are
of particular importance in the decision to receive the vac-
cine. Our DCE is the first conducted in Canada to achieve
this aim. Although information on COVID-19 vaccine
preferences remains fragmented and limited to a few coun-
tries, some vaccine attributes are recurrent in the recent
literature (e.g., effectiveness, safety, protection duration).

For instance, in China, Leng et al. [16] estimated that
a vaccine with 85% effectiveness and a low probability
of side effects is strongly preferred, while other attrib-
utes were considered of lower importance. According to
the best vaccine scenario, they estimated an 85% uptake.
Dong et al. [17] found similar preferences in addition to a
protection duration of 18 months or more. Among health-
care workers, Fu et al. [18] found that those attributes
were not always as important as in studies that targeted a
general representative population. Indeed, these authors
underlined the importance of the perceived trend of the
epidemic and the infection probability over effectiveness.
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In Europe, McPhedran and Toombs [19] showed a high
utility induced by a vaccine effectiveness of 90% compared
with a level of 70% in the British population. In France, the
study by Schwarzinger et al. [20] highlighted the importance
of the origin of the vaccine. Indeed, the general French adult
population preferred a vaccine manufactured in the Euro-
pean Union or in the USA and rejected a Chinese vaccine,
showing a preference for Western countries. They also found
a consistent decrement in preferences about the effectiveness
and the risk of serious side effects.

In the USA, Kreps et al. [21] and Motta [22] found similar
results with a preference for the USA as the manufacturer
compared to the UK, China, or Russia, and a consistent dec-
rement in preferences for the effectiveness and the prob-
ability of side effects of the vaccine. Kreps et al. also added
the recommender of the vaccine as an important attribute in
vaccine choice and found a preference for a vaccine recom-
mended by the Centers for Disease Control and Prevention
or by the WHO. Craig [23] estimated an 86% probability of
uptake under the best vaccine scenario (i.e., effective and
safe) with a choice of setting and vaccination card offered.
He highlighted that anti-vaccine proponents tended to be less
educated and less vulnerable to severe forms of COVID-19
illness (e.g., younger adults, without medical conditions).

In Australia, Borriello et al. [24] estimated the probabil-
ity of uptake at 99% in the best-case scenario. However, in
this study, effectiveness was not considered as important as
safety, and individuals also gave importance to the date until
when the vaccine was available.

Other DCEs related to the COVID-19 vaccination pro-
gram have been conducted but aimed to assess the prefer-
ence for deservingness and priority populations. Luyten
et al. [25] defined two prioritization strategies for a vacci-
nation program based on five attributes, including belonging
to a medical risk group, being a virus spreader, and being
an essential worker. They defined a “utilitarian” strategy
consisting of prioritizing spreaders of the virus and a “pri-
oritarian” strategy consisting of prioritizing the medical
risk groups. Another study by Reeskens et al. [26] defined a
profile of an individual who should get prioritized for vac-
cination: an individual aged between 40 and 60 years, in a
healthy condition, who respects the COVID-19 measures
and is a healthcare worker. In the Netherlands, priority pref-
erence was given to young and health-worker individuals
with high risk-conscious behavior [27].

In this study, which was conducted prior to the start of
the vaccine program, we focused mainly on the origin, effec-
tiveness, and safety of the vaccine, as well as on who rec-
ommended the vaccine and which groups should be given
priority. In the next sections, we describe the methodology
used and then present and discuss the results.
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2 Methodology
2.1 Survey Design

Our target population was the French-speaking Quebec pop-
ulation aged over 18 years. The online survey was conducted
between 19 October and 17 November, 2020 by Dynata Inc.
and was structured to achieve quota sampling by age, sex,
and educational level with reference to the national statis-
tics provided by the Institut de la Statistique du Québec.
The sampling was done among the panel owned by Dynata
Inc. To reach a statistical power of 95% with a first-species
risk a of 3% (i.e., rejecting the null hypothesis when it is
actually true) and a relevant population of 6.5 million, 1067
individuals were needed (https:/fr.surveymonkey.com/mp/
sample-size-calculator/). Consequently, this was the minimal
sample size targeted to have a representative sample of the
French-speaking general population in Quebec. In addition,
some authors have suggested a minimum of 10-20 responses
per choice task [28, 29]. Considering that we had 360 choice
tasks (see below) and that each respondent answered 12
choice tasks, this suggestion was achieved with a minimum
of 600 respondents (i.e., 360%20/12).

The survey included a sociodemographic section, ques-
tions related to health condition, COVID-19 experience,
the Fear of COVID19 Scale (FCV-19S) [30], health-related
quality-of-life questionnaires [31-33], the DCE with follow-
up questions, personal vaccination perception questionnaire,
and the 3-item Sense of Coherence questionnaire (SOC-3)
[34]. The sociodemographic section included age, sex, mari-
tal status, household income, occupation, education, type of
residence, and family information. The FCV-19S is a 7-item
validated questionnaire with a 5-point Likert scale range
from “strongly disagree” to “strongly agree”. The higher the
score, the higher the fear of COVID-19. We measured vac-
cination trust via four questions whose sum scored between
0 and 5 (the higher the score, the higher the vaccination
trust). We also measured vaccination hesitancy via an eight-
item questionnaire with a five-point Likert scale inspired by
Shapiro et al. [35] and calculated a score range from O to 32
(the higher the score, the higher the vaccination aversion).
Both latter questionnaires are partially validated instruments
as they were adapted from previous questionnaires for child
immunization acceptance. In this study, they were mainly
used to summarize the information about trust and hesitancy.

2.2 DCE Design, Attribute, and Levels

As recommended by various experts in the field [36-38], we
performed a mixed-methods study to build our DCE ques-
tionnaire. First, we conducted a rapid review of the literature
to find relevant information about the attributes and levels

of vaccination programs that are of importance for people
in their decision to be vaccinated or not. This was done in
PubMed and Scopus using the keywords “discrete choice
experiment” and “vaccine”. This led to various studies [17,
39-45], including reviews of the literature and original stud-
ies dealing with focus groups and published surveys. A first
list of attributes and levels that can be used to influence
vaccine choice was set at this stage. Second, we consulted
experts in public health (n = 2) and health economics (n =
1), as well as a few citizens (n = 3), to hear their opinion
about what was found in the literature and to provide insight
into other potential attributes. This was done face to face
through a phone or web meeting. This information made it
possible to determine the attributes and levels to be used to
characterize the risks and benefits of the vaccine and thus
to define choice tasks for the DCE. In particular, this led to
a list of eight attributes that were considered important, and
one was excluded because it would have generated inco-
herent choice tasks combined with the other attributes (i.e.,
number of injections). The levels for each attribute were then
adjusted to the extant knowledge about future vaccines that
will be available by the end of 2020 as well as political con-
cerns in Quebec (e.g., which population to prioritize, accept-
able delay). Some levels were also selected for their capac-
ity to ensure a better discrimination (i.e., effectiveness, side
effects, protective duration). The experts and citizens then
considered through an iterative process by e-mails whether
the attributes and levels used made sense and qualitatively
validated the questionnaire. This was done with a specific
focus on univocity (i.e., unambiguous) of the phrasing and
relevance of the attributes and levels based on the judgment
of the participants. Likewise, a pretest was carried out on
individuals from the general population to validate the con-
sistency and unambiguity of the content of the questionnaire.

Our DCE was composed of seven attributes with three to
six levels each (Table 1). Using an orthogonal selection pro-
cedure, a set of 300 choice tasks was produced. Each choice
task consisted of two scenarios, and an opt-out option (no
vaccine) was allowed. These choice tasks were randomly
divided into 30 blocks. In each block, a rationality test was
added (i.e., one scenario completely dominated the other
scenario), and one choice task was repeated (choice tasks
2 and 12) to test the temporal consistency of respondents.
This yielded a total of 360 choice tasks. Each respondent
was randomly attributed one block of choice tasks. An illus-
tration of a choice task is presented in Fig. 1. The first col-
umn in the choice task corresponded to the generic names
of the seven attributes, the second to the levels presented in
vaccine program A, and the third to the levels presented in
vaccine program B. In the database, each possible choice
(i.e., A, B, or opt-out) for each choice task corresponded to
an observation (i.e., yielding three observations [or a triad]
per choice task responded). Dummies were created for each
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level of the seven attributes, and each dummy was coded
with a value of 1 when the level was described in the vac-
cination program offered and O otherwise [46]. In the esti-
mates, levels were dummy coded relative to the best level of
each attribute. For the alternative specific constant, which
captures the experimentally designed profiles in the sur-
vey, if the respondent answered choice A or B, the first two
observations in each triad were coded 1, and the third obser-
vation for the opt-out option was coded 0; if the respondent
answered the opt-out choice, the first two observations in
each triad were coded 0, and the third observation for the
opt-out option was coded 1.

2.3 Models

Two models were tested: a mixed-logit (MXL) model [47,
48] and a latent class logit (LCL) model [49, 50]. The MXL
model estimates the distribution of the mean and the stand-
ard deviation of each individual’s preferences. The LCL
model allows the generation of different groups of individu-
als presenting similar preference patterns (intra-class) that
are heterogeneous from one group to another (inter-class).
For the sake of clarity, the models are presented with the
best vaccination program as a reference: a vaccine manufac-
tured in Canada, 95% efficacy with the fewest side effects,
24 months of protection duration, elderly individuals as a
priority population, a waiting time of 2 months, and both the
WHO and the Quebec Public Health Department as recom-
menders. Models were assessed using Akaike Information
Criteria and likelihood function. The LCL model was run
with several classes, and we based our choice on the Akaike
Information Criteria, the likelihood function, and the inter-
pretation of the results.

2.4 Descriptive Analysis

Using the LCL model, descriptive analyses were performed
with five classes as well as with the full sample. We pre-
sented each class and the full sample with its sociodemo-
graphic characteristics and all relevant information afore-
mentioned. We also computed several scores: certainty of
DCE choices, FCV-19S, vaccination trust, vaccine hesitancy,
and SOC-3. We used means to describe continuous vari-
ables. Finally, depending on the nature of the variable, we
tested independence between classes using the Chi-squared
test, Fisher’s exact test, or Kruskal-Wallis test and means’
test equality with analysis of variance. A p value less than
0.1 was considered statistically significant. Because these
results do not consider confounding effects, a multinomial
logistic regression to measure the class membership prob-
ability function was also conducted and used respondent
characteristics as arguments.

A\ Adis

2.5 Ethics

This study was approved by the ethics committee of our
institution. Subjects indicated their consent by clicking on
the start button at the end of the explanatory letter. All ques-
tionnaires were completed anonymously.

3 Results
3.1 Sample

Of the 3615 individuals solicited to participate, 1980
accepted, and 1696 completed the DCE. Among these
1696, several were excluded because they responded to
the 12 choice tasks in the DCE in less than 1 minute
and chose the opt-out option 75% of the time or less (n
= 47; 2.77%), they always responded choice A (n = 15;
0.88%) or choice B (n = 2; 0.12%), they responded that
their answers were of “poor” or “very poor” quality (n
= 8; 0.47%), or they indicated not having answered their
best (n = 42; 2.48%). This led to 97 individuals dropping
out (5.72%) and to a full sample of 1599 individuals for
analysis.

The answers for analysis corresponded to 19,188
choices, including 14,072 (73.34%) vaccine choices and
5116 vaccine refusals (26.66%). Approximately 37.71%
of the sample never chose the opt-out option, 7.44%
always chose to not get vaccinated, 11.44% refused the
vaccine in the first-choice task (i.e., rationality test),
3.50% chose the second scenario (i.e., choice B was
dominated by choice A), and 74.23% made the same
choice to both scenarios 2 and 12 (i.e., consistency
test). The refusal rate was 28.05% over choice tasks
2-12.

3.2 Choice Models

The main results of the MXL model are presented in Table 2,
and the coefficients were ordered as expected when relevant
(a version without the alternative specific constant is pre-
sented in the Electronic Supplementary Material [ESM]).
All parameters were significant at least at p < 0.1, except for
the levels “mild fevers” and “4 months”. On average, there
was a preference for Western countries (Canada, European
Union, and USA) as vaccine producers; Russia and China
led to a strong disutility. A vaccine effectiveness of 85%
showed a negative marginal utility compared to a 95% effec-
tiveness, thus indicating that a vaccine may be unlikely to
be accepted at 85% and below. A one-third chance of having
side effects, such as redness, mild itching, or mild fever, did
not appear to matter. However, a one-third chance of being
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Table 1 Discrete choice experiment attributes and levels

Attributes Levels

Canada
USA

Vaccine origin

European Union

Russia

China

Japan
Vaccine effectiveness (%) 95

85

60

30

Side effects of the vaccine

1 in 3 chances of having redness and mild itching at the injection site for 1 or 2 days

1 in 3 chances of having mild fevers for 1 or 2 days

1 in 3 chances of being hospitalized in an intensive care unit for 10 days

Duration of vaccine protection (months) 3
9
24

Priority population to receive the vaccine

No priority population

Healthcare workers will be prioritized as soon as the vaccine becomes available

65 years and over will be prioritized as soon as the vaccine becomes available

Waiting time to get vaccinated when a vaccine will be 2
available (months)

4

8

Recommender of the vaccine

World Health Organization

Quebec Public Health Department
World Health Organization and Quebec Public Health Department

hospitalized following vaccination was very likely to lead to
vaccine refusal. A duration of protection of at least 9 months
was well accepted, while a period of 3 months resulted in
greater disutility. Regarding the priority population, our
sample was indifferent, with a very slight preference to
prioritize the older population. Notably, this attribute had
the lowest relative weight. Individuals were indifferent to a
waiting time period to get vaccinated of 4 months compared
to 2 months, whereas a waiting time of 8§ months resulted
in a significant but quite low disutility compared with the
magnitudes of other coefficients. Finally, both the recom-
mendations of the WHO and of the Quebec Public Health
Department were necessary to best meet the expectations
of our sample. If this was not the case, the recommendation
of the Quebec Public Health Department was preferred to
that of the WHO. The preference ranking between attributes
is presented in Table 3 and was as follows: effectiveness,
safety, duration, origin, recommendation, waiting time, and
priority population.

Considering that preferences are generally heterogene-
ous, we ran a LCL model that resulted in five classes. We

predicted the posterior class membership probabilities [48]
and considered the maximum probability to assign individu-
als to each class. We first present the vaccine preferences
and then describe the five classes with all characteristics
and scores presented above. Note that coefficient estimates
are also presented graphically in the ESM for both models.

3.3 Preference Analysis by Classes

The results of the LCL are presented in Table 4, and the
relative weights of the attributes are presented in Table 3.
An analysis with four classes is also provided in the ESM.
Class 1 (share of 0.117) had very few significant coefficients.
Mainly, the delay to get vaccinated and the recommender of
the vaccine had an impact on individuals’ utilities. In class
2 (share of 0.097), almost all levels were associated with
strong disutility compared with the reference. Individuals
preferred a vaccine that can cause moderate fevers instead
of redness/itching but especially not hospitalization, 95%
efficacy, with as short a delay to get vaccinated as possi-
ble, and of Canadian origin. Individuals in class 3 (share
of 0.308) granted a high disutility if the vaccine was not
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Fig.1 A vaccine choice card illustration (in French)

at least at 85% effective, with moderate side effects, and a
minimal protective duration of 9 months. Class 4 preferences
(share of 0.195) were identical to those of class 2 but very
less pronounced. Finally, class 5 (share of 0.283) individuals
wanted a vaccine with a Western country origin, at least 85%
effective, with moderate fevers as side effects and a minimal
protective duration of 9 months. Except for class 2, individu-
als did not take into account the priority population or the
delay to get vaccinated in their choice tasks.

3.4 Descriptive Analysis by Classes

The following descriptive facts are given for informational
purposes and to highlight the fact that there is no sin-
gle behavior in vaccine choice, which reflects both the
importance of the vaccination program characteristics and
those of the respondents (Table 5 and ESM). Half of the
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respondents were women (male/female ratio of 0.95) [p =
0.018] and the sample had a mean age of 50.23 years (p <
0.001) [ESM]. Classes 2 and 4 were mainly composed of
men (male/female ratios equal to 1.16 and 1.26, respec-
tively), and class 3 was mainly feminine (male/female ratio
equal to 0.78). Class 1 was the youngest (45.62) and class
4 the oldest (53.64). Most participants were married/lived
with a partner (59.10%) or single (28.77%) [p = 0.001] and
were employed (51.09%) or retired (32.27%) [p = 0.040].
Individuals in class 1 were more employed (59.59%) and
students (6.16%), and individuals in classes 2 and 4 were
mainly retired (39.02% and 37.55%, respectively) and
married or living with a partner (64.23% and 62.45%,
respectively). One-third were poorly educated (p = 0.064),
with classes 1 and 4 being the least educated (42.47% and
40.71%, respectively, had the lowest educational level) and
class 2 being the most educated (41.46% had the highest
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Standard error

Mean

Table 2 (continued)

Attribute
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95% confidence interval

Standard error P value

Coefficient

95% confidence interval

Standard error P value

Coefficient

Observations

Chi2

57,564
817

—6400.122
—6808.609

Log likelihood

Null Log likelihood

AIC

12,876.240

AIC Akaike Information Criterion, ASC alternative specific constant, *p < 0.1; **p < 0.05; ***p < 0.01

educational level). The average household annual income
ranged from 63,356 CAD in class 1 to 77,134 CAD in
class 2, with a mean of 66,857 CAD (p < 0.001). The
sample was thus somewhat representative of the adult
Quebec population (ESM). Other data showed that half
of the sample did not experience financial losses due to
COVID-19 (p = 0.143) and continued to work during the
first lockdown (p = 0.430). Class 3 suffered the least from
financial losses (52.15%), while class 1 suffered the most
from financial losses (21.43% declared “fairly significant”
or “very significant” financial losses) and continued to
work (56.16%). Only 10.82% declared their health status
as “fair” or “poor” (p = 0.303), with a maximum in class 2
(13.01%). The willingness to take risks was equal to 4.69
of 10 (p < 0.001). Individuals in classes 1 and 5 were the
most risk lovers (5.47 and 5.00, respectively). Almost 30%
declared suffering from a disease or a clinical or mental
health problem (p = 0.112). The health-related quality-of-
life scores were lower only in class 1 (ESM).

The average response time to the DCE was 5 minutes 8
seconds (p = 0.045), with class 4 being the fastest (4 min-
utes) and class 3 being the slowest (5 minutes 35 seconds)
[ESM]. The choice certainty score was equal to 95.61 of
120 (p < 0.001), with a minimum in class 1 (84.32) and
a maximum in class 3 (98.52). Class 2 was more likely to
declare the exercise as “easy” or “very easy” (65.85%, p
= 0.011), to consider at least three dimensions (71.54%, p
< 0.001), and to declare a “good” or “very good” quality
of answers (94.31%, p < 0.001). This was in contrast to
classes 1 and 4. More than 40% of choices in class 3 were
vaccine refusals (p < 0.001), while it was approximately
15% in classes 1, 2, and 5 compared with 26.66% in the
total sample.

Vaccine trust and vaccine hesitancy scores were equal
to 4.08 of 5 (p < 0.001) [i.e., high trust] and 11.61 of 32 (p
< 0.001) [i.e., moderate hesitancy], respectively (Table 5).
Classes 1 and 3 had the lowest vaccine trust score and the
highest vaccine hesitancy score (3.83 and 14.03 in class 1
and 3.75 and 12.22 in class 3, respectively), while class 2
was the most confident (4.48) and the least hesitant (9.72).
Regarding COVID-19, the FCV-19S was equal to 16.45
of 35 (p < 0.001), with a maximum in class 1 (18.45).
About 1.81% of individuals caught the virus (p = 0.010),
while this proportion was 4.01% for a family member (p
= 0.015) and 10.76% for a relative (p = 0.077). Individu-
als in class 1 were the most likely to declare having suf-
fered from the disease, while in class 4, they were the
least likely. Last, the SOC-3 was approximately 3.94 of 6
(p = 0.078) with a minimum in class 1 (3.67) [ESM]. The
results of the multinomial logistic regression confirmed
that many of the variables presented above explained the
probability of belonging to the 5 classes identified (ESM).
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Table 3 Relative weights of

b i Mixed- Latent class logit model
at.trlbutes according to the logit
different models model Class1 Class2 Class3 Class4 Class5
Relative weights of attributes by model (%)

Vaccine origin 12.75 5.06 11.57 5.78 3593 9.84
Effectiveness of the vaccine 28.48 15.56 19.50 20.80 15.93 48.61
Side effects of the vaccine 23.68 12.98 33.99 35.74 8.64 9.09
Duration of vaccine protection 17.41 4.46 3.67 18.35 11.71 24.43
Priority population to receive the vaccine  2.11 9.80 7.99 1.72 1.18 0.73
Waiting time to get vaccinated 3.62 24.03 16.33 3.16 4.14 2.68
Recommender of the vaccine 11.96 28.12 6.95 14.45 22.48 4.62

4 Discussion

In this study, we assessed the vaccination preferences
against COVID-19 in the Quebec population. Using a
DCE, we showed the relevance of the effectiveness, safety,
and protective duration of the vaccine in the choice of
vaccination of individuals. As preferences may vary
depending on groups’ characteristics [51], we also ana-
lyzed the heterogeneity of behaviors with an LCL model.
Five profiles emerged from our analysis: an average group
in favor of vaccines (class 5); two vaccine hesitant and
very demanding groups (classes 2 and 4); a very hesitant
group with many anti-vaccine individuals (class 3); and
an uncertain, impatient, more vulnerable group or those
who did not understand the DCE and may have provided
inconsistent answers (class 1). Indeed, the latter is com-
posed of individuals who wanted to be vaccinated as soon
as possible and were more exposed to the disease. Classes
2 and 4 were very demanding regarding different attrib-
utes. However, class 2 granted a higher relative weight to
vaccine effectiveness and side effects. Class 4 was mainly
worried about the vaccine origin and who recommends it.
Both attributes can be summarized as a form of trust in
Western institutions. All respondents who always refused
the vaccine (7.44%) were in class 3 (some descriptive
facts are available in the ESM), and we can suppose that
they were “anti-vaccine”. However, most respondents in
class 3 were “vaccine hesitant” individuals (17.63% of the
class always refused the vaccine program, 60.89% chose
to accept the vaccine program at least once, and 21.48%
always accepted the vaccine program) and granted the
highest utility to vaccine safety. Class 5 can be consid-
ered a “pro-vaccine” group that gave a very high impor-
tance to effectiveness and protective duration. This class
had few discriminant characteristics, and the majority of
sociodemographic variables, DCE-related variables, and
COVID-19 experience variables were equal to those of the
full sample. In brief, if the available vaccines are efficient,

manufactured in Western countries and with low side
effects; classes 2 and 4 should decide to get vaccinated.

As in other studies, we found that vaccine acceptance
tends to increase with age, education, and income [52-58].
It has been shown that female individuals were more hesitant
to get vaccinated against COVID-19 [17, 56, 59, 60] or were
willing to wait longer [61], which is also in line with our
findings: the largest proportion of women were in the group
of hesitant and anti-vaccine individuals (class 3). Elderly
patients seemed to be more concerned about side effects
and were more demanding regarding vaccine characteristics
(classes 2 and 4). A higher fear of COVID-19 and vaccine
trust also increased the willingness to get vaccinated [60,
62], whereas individuals with current health problems and
who had an experience with COVID-19 were less likely to
accept the vaccine [51, 62].

Our results match different opinion polls conducted in
Canada. According to an IPSOS survey for Radio Canada
[63] conducted in December 2020, 63% of residents were
willing to get vaccinated, and 72% were worried about vac-
cination side effects. In March 2021 [64], 66% were willing
to get vaccinated, and 16% preferred to wait. Long-term side
effects were the main reason to refuse the vaccine.

In Canada, COVID-19 vaccines are available for free.
Thus, we did not consider the price as an attribute as it could
have been misperceived. Some studies have included the
vaccine price as an attribute, but it was associated with low
coefficients or was not significant [16, 17, 24].

Our survey suffers from several limitations. The first is
linked to the fact that an online survey may create a selec-
tion bias. Individuals who did not have access to the Internet
or had poor literacy were thus excluded. However, 93% of
adult residents have access to the Internet in Quebec [65],
which may have limited this bias. In addition, an online sur-
vey also allowed us to better manage social desirability bias
[66] and to treat the information faster, in addition to being
less expensive. Another constraint of an online survey is
related to the financial incentive offered by the platform to
the respondents, which could have fostered them to adopt
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Table 4 Latent class logit

. Attribute Class 1 Class 2 Class 3 Class 4 Class 5
model with five classes

Latent class logit mdoel
ASC 81.735 124.144 48.588 48.221 46.778
Vaccine origin

Canada (Reference)

European Union —-0.105 —10.233*%**  —(0.434**  —1.007**%* —0.660%**

USA —0.093 —6.369%**  —(.738%** —(0.995%** —(.678***

Japan —0.053 —13.377*%**  —0.510%**% —1.697*%* —(0.700%**

Russia —0.048 —16.034%**  —(.731%** _2.697**k* —(.883%**

China 0.090 —18.225%#% 1 ,Q17%** 3. 478%kk (. 810%**
Vaccine effectiveness (%)

95 (Reference)

85 0.030 —7.679%*%*  —0.370*%*  —0.109 —0.721%%*

60 -0.204 —0.202%#% ] 143%%%k () 455%%%  —],996%%**

30 -0.214 —23.843%#% 3 126%k* ] ]2]%kk 4 ]9]Hkk
Side effects of the vaccine

Redness and mild itching (Reference)

Mild fevers 0.004 0.657**  —0.200%* —0.096 0.055

Hospitalization —0.204* —40.397#%%  —4 3]15%%kk (0 4]17F*E —0.671%**
Duration of vaccine protection (months)

24 (Reference)

9 0.047 —0.314%%  —0.614*** —0.168 —0.546%#*

3 0.016 —3.558%kk ] 454%%% (. 456%*F  —].2]1%**
Priority population to receive the vaccine

65 years and over (Reference)

Healthcare workers —0.004 —5.035%** 0.085 0.005 —0.008

No priority population —0.133 —4.047%%*  —0.119*% 0.057 —0.045
Waiting time to get vaccinated (months)

2 (Reference)

4 —0.095 —10.415%*%*  (.274* 0.045 —0.069

8 —0.257%%* —8.200%**  —0.115*% —-0.182 -0.132
Recommender of the vaccine

World Health Organization and (Reference)

Quebec Public Health Depart-
ment

Quebec Public Health Department —0.087 —4.785%*%*  —(.709%** —0.599*** —(.160*

World Health Organization —0.305%#* —2.505%*%*  —(.898*** —(0.581*** —0.168*
Class share 0.117 0.097 0.308 0.195 0.283
Observations 1599
LLF —6020.47
AIC 12,238.95

AIC Akaike Information Criterion, ASC alternative specific constant, LLF likelihood function, *p < 0.1;

#p < 0.05; ##%p < 0.01

“satisficer” behavior and to answer with weak coherence in
arelatively short time [67, 68]. This could explain the results
of class 1 despite the use of exclusion criteria.

A second limitation is related to the design of the DCE.
Indeed, we chose seven attributes, which may have led to a
cognitive burden for respondents. There is still debate about
the optimal number of attributes in the literature [69-71], but
increasing the number of attributes increases the likelihood

A\ Adis

of self-simplifying the exercise by heuristics [72]. Several
preference-based surveys about COVID-19 vaccination
included six [17, 22, 27] or seven [16, 18, 21, 24] attributes.

Third, the study was designed before the first COVID-
19 vaccines were available. Although it was based on the
best knowledge at that time, it could have led to a hypo-
thetical bias by choosing attributes that were not of utmost
importance in the actual (real) situation. In addition, by
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Table 5 Coronavirus dis§ase COVID-19 and vac- Class 1 Class 2 Class 3 Class 4 Class 5 Total P value
2019 (CQVID— 1 9) experiences cine hesitancy
and vaccine hesitancy
Vaccine trust score (range from 0 to 5)*
Mean 3.83 4.48 3.75 4.30 4.46 4.08 < 0.001
Standard deviation 1.42 0.88 1.66 1.08 0.95 1.39
Vaccine hesitancy score (range from 0 to 32)°
Mean 14.03 9.72 12.22 10.88 10.75 11.61 < 0.001
Standard deviation 5.99 5.75 7.09 6.12 6.08 6.59
Fear of COVID-19 score (range from 7 to 35)¢
Mean 18.45 16.32 15.17 17.49 17.27 16.45 < 0.001
Standard deviation 6.84 5.58 5.67 6.62 6.34 6.22
Have you or a relative been sick with COVID-19 in the past few months?
Yourself
Yes 6.16% 1.63% 1.48% 0.79% 1.49% 1.81% 0.010
No 93.84% 98.37% 98.52% 99.21% 98.51% 98.19%
A family member
Yes 8.90% 5.69% 3.11% 2.77% 4.23% 4.07% 0.015
No 91.10% 94.31% 96.89% 97.23% 95.77% 95.93%
A relative
Yes 17.12% 11.38% 10.52% 7.91% 10.45% 10.76% 0.077
No 82.88% 88.62% 89.48% 92.09% 89.55% 89.24%

#The vaccine trust score is based on four questions (see ESM for details) and has a range from 0 to 5. The
“Yes/No” questions are encoded 1 and 0 and the fourth question is encoded 0, 1, and 2. The score corre-

sponds to the sum of each modality

The vaccine hesitancy score is based on eight questions (see ESM for details) with a 5-point Likert scale
from “Strongly disagree” (0 or 4) to “Strongly agree” (4 or 0). The modality “Do not know” is encoded 2
and questions 3, 4, 5, and 7 have been reversed. The score per individual corresponds to the sum of each

modality

“The fear of COVID-19 score is based on the 7-item Fear of COVID-19 scale (see ESM for details) with a
5-point Likert scale from “Strongly disagree” (1) to “Strongly agree” (5). The score has a range from 7 to
35 and corresponds to the sum of each modality

considering the most appropriate and realistic levels for
these attributes, it allowed us to limit the potential depend-
ency between some attributes, such as the priority popu-
lation and the waiting time to get vaccinated. However,
scientific information about the disease and vaccines, their
availability, and public trust are rapidly evolving, and this
study needs to be considered within its context at the time
it was conducted. Future studies should examine vaccine
programs as the situation evolves (e.g., variants, long-term
COVID-19) by considering other attributes. Moreover, we
did not use a simple question to ask respondents if they
were willing to get vaccinated against COVID-19 when the
vaccine was available. Instead, we performed a DCE and
assessed their general behavior when facing vaccination
with additional questions.

One of the strengths of the study is that the sample size
was quite large (1599 individuals) [73] compared to the
average sample size of other DCEs about the COVID-19
vaccination program in the literature. It was also above the
minimal requirement, thus ensuring higher efficiency in esti-
mates. Finally, both the MXL and the LCL models were

consistent in their results and in the decrement in disutility
according to effectiveness, probability of side effects, protec-
tion duration, and waiting time to get vaccinated.

In 2019, the WHO classified vaccine hesitancy as one
of the top ten threats to global health [74]. Nevertheless,
it does not rely on a dichotomic view with “anti-vaccine”
on the one hand and “pro-vaccine” on the other hand but
on a continuum between those two extremes. Hesitancy
to vaccination is multifactorial. Determinants explaining
vaccination hesitancy and refusal are contextual (influ-
ences and media), individual (sociodemographic, knowl-
edge, and experiences), and organizational (availability,
healthcare worker perception, and vaccine characteris-
tics) [75]. We believe that this study reflects this situa-
tion well, although it was more about vaccine choice than
hesitancy per se. Indeed, the LCL model clearly indicated
five main groups with diverse behaviors regarding whether
they chose to accept a vaccine, and this choice was poten-
tially driven both by the characteristics of the vaccination
program and their own sociodemographic and attitudinal
characteristics.
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5 Conclusions

Vaccination campaigns should consider various attributes of
the program as well as individual profiles to improve trust in
vaccination programs and expand herd immunity. However,
this requires transparent and consistent information [76].
Different behaviors regarding vaccination restrict global
immunization (i.e., vaccine hesitancy and vaccine refusal)
and are worse during the COVID-19 crisis. The comprehen-
sion of such behaviors is crucial in determining the success
of a vaccination campaign. In this study, we examined the
preferences of the general population in Quebec and high-
lighted several characteristics of vaccine behavior patterns
that should help decision makers establish a more effective
vaccination campaign.
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