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ABSTRACT

Vaccination hesitancy is an important barrier for the effective control of the COVID-19
pandemic. Identifying determinants of COVID-19 vaccination hesitancy is essential in order
to reduce mortality rates. Further, given the variability of the factors and the different
recommendations used in each country, it is important to conduct cross-country research
to profile individuals who are hesitant toward COVID-19 vaccinations. This cross-sectional
study aimed to examine cross-country differences and the behavioral, attitudinal and
demographic characteristics of vaccine hesitant individuals. Adults living in six European
countries (Cyprus, France, Germany, Italy, Poland, and Spain) were eligible to participate. A
total of 832 individuals completed the online survey, with 17.9% reporting being hesitant
to COVID-19 vaccination. Vaccine accepters were significantly older (M=38.9, SD=14.3), more
educated (master/postgraduate studies) and lived in a place with a higher number of
residents (>500,000 people) compared to those hesitant to COVID-19 vaccination. Discriminant
analysis confirmed that the hesitant profile includes a person of younger age, living alone
in smaller communities, and without children. Additionally, hesitant participants reported
COVID-19-specific characteristics such as lower institutional trust, less adherence to COVID-19
protective behaviors and higher pandemic fatigue. When tackling COVID-19 vaccination
hesitancy both socio-demographic and behavioral/attitudinal aspects should be taken into
account. Stakeholders are advised to implement targeted vaccination programs while at the
same time building trust with population illness cognitions addressed in order to reduce
hesitancy rates. Further, stakeholders and public health authorities in each country are
suggested to target interventions according to different population characteristics as
behavioral and attitudinal determinants of COVID-19 vaccination hesitancy differed between
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Introduction

The COVID-19 pandemic has affected over 424 mil-
lion people worldwide as of February 2022, with
increased mortality rates especially in vulnerable indi-
viduals such as those living with diabetes, hyperten-
sion, or heart failure."” Even though some treatments
have been introduced against COVID-19,’ it is widely
acknowledged that vaccines are essential in combating
the pandemic. In February 2022, five vaccines were
under rolling review in Europe and were administered

by governmental agents following the authorization
by national regulators in terms of their safety and
efficiency as reported by the European Medicines
Agency (EMA).* By the end of February 2022, more
than four billion people worldwide were vaccinated
(55.4% of the world’s population).” According to the
World Health Organization (WHO),® the primary tar-
get groups for receiving the COVID-19 vaccine were
healthcare workers, elderly populations, and individ-
uals with underlying health conditions. Therefore,
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being vaccinated for COVID-19 was a major public
health priority which however has been compromised
by hesitancy toward vaccines.

Vaccination hesitancy is defined as the delay in
acceptance or refusal of vaccines despite their avail-
ability” and constitutes one of the top ten threats to
global health that has historically contributed to out-
breaks of diseases (e.g., measles outbreak), increased
mortality rates and increased healthcare costs.® During
the COVID-19 pandemic it was recognized as an
important barrier for achieving herd immunity against
COVID-19.° By February 2022, most of the COVID-19
deaths and hospitalizations worldwide were related to
refusal to take the vaccine.” For example, in Cyprus,
80% and 66% of deaths and hospitalizations respec-
tively were unvaccinated individuals, whereas only
5.2% of deaths were fully vaccinated individuals and
34% of hospitalizations were individuals receiving at
least one dose.” Also, in Italy, 84.4% and 90.5% of
deaths and hospitalizations in intensive care units
accordingly were unvaccinated, whereas 11.5% of
deaths were fully vaccinated and 9.5% of hospitalized
individuals received at least one dose.!"” In US, in
January 2022, unvaccinated people aged 12years and
older had 21 times higher risk of dying from
COVID-19." Efficacy of vaccines (particularly mRNA)
was further demonstrated by randomized clinical trials
showing 95% efficacy against COVID-19 and mini-
mization of mortality rates.'>!® In addition, a system-
atic review'* found that the global acceptance rates
of COVID-19 vaccine were largely variable until
December 2020 ranging from 24% in Kuwait to 97%
in Ecuador, with the lowest rates observed in the
Middle East, Eastern Europe and Russia and the high-
est in East and South East Asian countries.

There are several socio-demographic, cognitive and
psychological factors that contribute to COVID-19
vaccination hesitancy.!*!¢ Evidence from studies con-
ducted primarily at the national level, suggest that
female gender,'”'® younger age,'”'” lower education
level,'>1%20 Jower perceived severity of COVID-19
infection'>*! and lower concerns and worry regarding
COVID-19'6*? are independently related to COVID-19
vaccination hesitancy. Further, lower institutional
trust to government and healthcare authorities,'**»*
lower adherence to COVID-19 protective measures
like physical distancing, and higher pandemic fatigue
(i.e., demotivation to perform various activities or
inability to sustain physical or mental operations over
time due to the pandemic®!) were positively associ-
ated with COVID-19 vaccination hesitancy.!>20-24
Psychological antecedents of vaccination, namely the
5C antecedents (i.e., perceptions or processes of

calculation, complacency, confidence, constraints, and
collective responsibility)*® have also been used to
predict COVID-19 vaccination uptake.?® Common
reasons for COVID-19 vaccination hesitancy include
beliefs in conspiracy theories,'”'*?! concerns about
vaccines’ side effects,'”"!” concerns regarding the
speed of vaccine development!'”!®?* and low confi-
dence in vaccines in general, including their impor-
tance, safety, and efficacy.!®1%%3

Overall, given the variability of the factors and the
different recommendations and protective measures
used in each country, it is important to conduct
cross-country research examining such a variability,
as well as the profiles of people who are hesitant
toward COVID-19 vaccinations in order to provide
relevant evidence-based recommendations. Current
research is limited in examining the factors associated
with COVID-19 vaccination hesitancy independently
in one country. Cross-country research conducted at
the European level is important in order to attain the
coverage target within the European Union as travel-
ing might resume earlier and at a higher volume
compared to inter-continental flow. Further, given that
there is evidence suggesting that globally about 25%
of the general population are hesitant toward
COVID-19 vaccines ¥ it is important to understand
and estimate the factors which differentiate vaccine
hesitant individuals with vaccine accepters.

Therefore, this study aims to provide the profiles
(i.e., characteristics that people are more likely to
have) of individuals who are COVID-19 vaccine hes-
itant compared to those who are accepters. The main
objectives are: a) to examine the socio-demographic
characteristics of vaccine hesitant and accepters, b)
to examine the behavioral and attitudinal character-
istics (e.g., institutional trust, psychological anteced-
ents of vaccination, pandemic fatigue) of vaccine
hesitant and accepters, and ¢) to examine cross-country
differences to vaccination hesitancy among six
European countries (Cyprus, France, Germany, Italy,
Poland, and Spain). These countries presented with
similar policy-making approaches against COVID-19
but with historically different attributes that are inter-
esting to compare. For example, France has histori-
cally a high rate of vaccination hesitancy and with
the lower intent to vaccinate against COVID-19 in
Europe.?® The same survey conducted by the World
Economic Forum identified Italy, Spain and Germany
with similar levels of hesitancy whilst systematic
reviews highlight high hesitancy levels in Eastern
Europe and thus Poland.!* Cyprus is a small European
island country with high level of public health inter-
ventions and testing implemented during the



COVID-19 pandemic.” Further, during the study
period (December 2020-January 2021), the highest
prevalence of new COVID-19 cases were identified
in Spain and Cyprus followed by Italy, France, and
Poland.’® However, the highest prevalence of deaths
due to COVID-19 were identified in Poland and Italy
while the lowest prevalence of deaths were identified
in Cyprus. Moreover, the strictest restrictive measures
(see Supplementary Table S1 for policies implemented
per country) were identified in Germany and Italy
followed by Cyprus, Poland and Spain.*

Methods
Context and research design

A cross-sectional and cross-country study was con-
ducted between December 2020 and January 2021,
through the dissemination of an online survey. During
this period, in Cyprus, a second lockdown existed
with protective measures taken such as the presence
of curfew with only the essential shops open like
pharmacies. In France, in addition to barrier gestures,
curfews were imposed across the country in the
period ranging from November 2020 to May 2021.
In Italy, incremental control measures were imple-
mented between September 2020 and February 2021,
including partial lockdowns. In Spain, due to the
increase in COVID cases, measures were taken to
reduce nighttime mobility and leisure activities,
perimeter closures of regions, and restrictions on fam-
ily gatherings. In Poland, restrictions introduced in
October 2020 (e.g., obligation to wear masks in public
areas) were tightened due to the build-up of the sec-
ond wave of the pandemic and the period of winter
school holidays. Vaccination in the so-called “zero”
group, which mainly consists of health care workers,
also began at that time. More details about policy
responses to COVID-19, cases, death rates, and hos-
pitalizations in each country during the study period
are available in Supplementary Table S1.

Sample size calculation, recruitment and data
collection

A G*Power 3 software calculation (http://www.gpower.
hhu.de/en.html) was employed to compute the
required sample size of this study, even though this
was a cross-sectional study. Specifically, in order to
compute the required sample size, an F test for mul-
tiple regression, R? deviation from zero was showing
that a sample size of 108 individuals per country
could provide a medium to large effect size (f=.20).
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Convenience sampling was used. The online survey
was promoted in each country using social media and
through the local University email lists including stu-
dents and academic staff. However, there were diffi-
culties to approach the required sample size due to
the Christmas holidays. Thus, in order to account for
this problem, the countries included with a sample
size less than 108 participants were removed from the
cross-country comparisons. RedCap software (https://
redcap.ucy.ac.cy/) was used to collect the data. Prior
to completing the survey, participants provided
informed consent electronically. The average duration
of the survey was eight minutes. The study was
approved by the Cyprus National Bioethics Committee
(reference: EEBK EII 2019.01.131) and site approvals
were obtained where necessary. Regarding inclusion
criteria, individuals aged 18years and over, living in
one of the six included European countries (Cyprus,
France, Germany, Italy, Poland, and Spain) were eli-
gible to participate. There were no other exclusion
criteria.

Measures

The included measures were already available in
English and German and previously used and vali-
dated in the Cosmo survey.?* All measures were trans-
lated from English to French, Greek, Italian, Polish
and Spanish, and subjected to forward and backward
translation procedure.’! For each of the countries of
Cyprus, Italy, Poland, and Spain, and for the total
sample (including Germany and France), structural
validity was examined with Exploratory Factor
Analysis (EFA) and internal consistency with
Cronbach’s alpha coefficients for the measures that
included more than one item or examined as total
scores according to their developers (i.e., affective risk
perception, institutional trust, pandemic fatigue scale,
adherence to COVID-19 protective behaviors). EFA
and Cronbach’s alpha were not conducted separately
for Germany and France due to the small sample sizes
(i.e., Germany: n=37; France: n=13). The question-
naire is available in English as Supplementary A.

Outcome

Vaccination behavior. Participants responded to
two questions related to their vaccination behavior
developed by the authors of the present study.
Specifically, they were asked whether they have been
vaccinated with the COVID-19 vaccine and if not, if
they plan to get vaccinated. Based on the responses
on these questions, vaccination behavior status was
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coded as a binary variable (accepter vs. hesitant) and
was the main outcome of the study. Specifically, a
participant was defined as “vaccine accepter” if they
responded “yes” in any of the aforementioned two
questions. In contrast, a participant was defined as
“vaccine hesitant” if he responded “no” to the second
question (i.e., if not, do you plan to get vaccinated if
a COVID-19 vaccination will be available for you).

Predictors

Socio-demographic information. Socio-demographic
information included age, sex, educational level, place
of residence, work as a healthcare professional, having
under-aged children and living situation.

COVID-19 infection. Participants responded to two
questions developed by the authors of the present study,
on whether they have been infected with COVID-19 or
whether they know anyone in their immediate social
circle who has been infected with COVID-19.

Cognitive risk perception. Cognitive risk perception
of COVID-19 was assessed using three items.?* Two
items referred to the probability of being infected
with COVID-19 by someone from their family and
by someone totally strange to them, on a Likert scale
ranging from 1 (very unlikely) to 7 (very likely), and
one item on severity perception if they contracted
COVID-19 on a Likert scale ranging from 1 (not
serious) to 7 (very serious). Higher scores in each
item indicated greater probability and perceived
severity to be infected with COVID-19.

Affective risk perception. Affective risk perception
of COVID-19 was assessed using three items.?%*
The first item asked participants how often they
think about COVID-19, on a Likert scale ranging
from 1 (something I do not think about at all) to 7
(something I think of all the time). The second item
asked participants if COVID feels terrifying, on a
Likert scale ranging from 1 (not terrifying at all) to
7 (terrifying). The third item asked participants about
worrying for COVID, on a Likert scale ranging from
1 (something to not worry about) to 7 (something
to worry about). Higher scores in each item
indicated greater thinking, terror and worrying about
COVID-19. In the present study and in line with
recommendations from the developers of the scale,*%*
one total score was calculated, with EFA indicating
the presence of one factor explaining 65.4% of the
total variance for the total sample (Supplementary
Table S2). EFA was also conducted separately for

each country indicating the presence of one factor
explaining 72.4%, 60.7%, 66.3% and 60.2% of the
total variance for Cyprus, Italy, Poland and Spain
respectively. Further, the affective risk perception scale
showed acceptable internal consistency separately for
each country and for the total sample as well (a>.82).

Institutional trust. Institutional trust was assessed
using four items measuring trust toward state
authorities, international health organizations (such
as WHO), pharmaceutical corporations and healthcare
professionals.’> For example, participants were asked
“To what extent do you trust state authorities?” with
all items scored on a 5-point Likert scale, ranging from
1 (very little trust) to 5 (a lot of trust). Higher scores
in each item indicated greater trust in the respective
institution. In line with the developers of the scale,*
one total score was calculated with EFA indicating the
presence of one factor explaining 45.3% of the total
variance for the total sample (Supplementary Table
S3). In addition, EFA indicated the presence of one
factor explaining 52.3%, 42.9%, 45.5% and 46.5% of
the total variance for Cyprus, Italy, Poland and Spain,
respectively. Due to the low percentage of the factor
explaining the total variance, results were examined
both separately for each item and for the total factor
as well. Acceptable internal consistency was also found
separately for each country and for the total sample
as well (a>.73).

Pandemic fatigue scale (PFS). The Pandemic Fatigue
Scale (PFS**) was used to measure tiredness toward
COVID-19. PFS is composed of two subscales,
namely behavioral (e.g., I am losing my spirit to
fight against COVID-19) and information (e.g., I am
sick of hearing about COVID-19) fatigue assessed by
three items each. All items were scored on a 7-point
Likert scale, ranging from 1 (strongly disagree) to
7 (strongly agree). Higher scores in each subscale
indicated greater behavioral and information fatigue.
Additionally, EFA indicated the presence of the two
subscales, explaining 53.2% of the total variance for
the total sample. Separate examination of the EFA
for each country showed also the presence of two
factors explaining 48.8%, 49.0%, 44.9% and 40.7%
of total variance for Cyprus, Italy, Poland and Spain
respectively. Acceptable internal consistency was found
for both subscales when examining each country
separately and for the total sample, with Cronbach’s
alpha>.72 for the Information Fatigue subscale
and alpha>.70 for the Behavioral Fatigue subscale
(Supplementary Table S4).
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Adherence to COVID-19 protective behaviors.
Adherence to COVID-19 protective behaviors was
assessed using six items®® referring to keeping distance
from other people, limiting unnecessary traveling,
avoiding areas where social distance cannot be
kept, avoiding meeting others in closed rooms with
insufficient ventilation, washing hands regularly, and
wearing a face mask according to current regulations.
Each item was scored on an 11-point Likert scale,
ranging from 0 (never) to 10 (all of the time). Higher
scores in each item indicated greater adherence to the
respective protective measure. In the present study,
in line with the developers of the scale®? one total
score was calculated, with EFA indicating the presence
of one factor explaining 56.1% of the variance for
the total sample (Supplementary Table S5). When
examining each country separately, EFA showed
also one factor explaining 54.1%, 40.0%, 59.4% and
51.2% of total variance for Cyprus, Italy, Poland and
Spain respectively. In addition, acceptable internal
consistency was found both for the total sample and
for each country (a>.87).

Psychological antecedents to hesitancy. The 7 C scale®
was used to assess psychological antecedents of
vaccination hesitancy, namely confidence, complacency,
constraints, calculation, collective responsibility,
compliance, and conspiracy. It derived from the 5C
model and the 5C validated scale,?>3? but with the
addition of the compliance and conspiracy items.
Complacency refers to perceptions that the risks of
diseases are low and vaccination is unnecessary.?
Confidence refers to an individual’s trust in safety
and effectiveness of vaccines, and constraints refers
to the availability, cost and administration of vaccines
in a comfortable context. Calculation refers to the
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engagement of individuals in extensive information
searching and collective responsibility refers to the
willingness to protect others by one’s vaccination.
Finally, compliance refers to the adherence of people
to the recommendations of health authorities and
conspiracy on the downplay of the COVID-19
severity by the health authorities.’> For example, the
confidence item referred to “I am absolutely certain
that vaccines against the coronavirus that causes
COVID-19 will be safe” All items were scored on
a 7-point Likert scale, ranging from 1 (strongly
disagree) to 7 (strongly agree). Higher scores in each
item indicated lower vaccination hesitancy and higher
vaccination acceptance.

Attitudes and intention to vaccinate. Attitudes and
intention to vaccinate were assessed with one item
each.®* In particular, participants were asked whether
they would get vaccinated for COVID-19 for free on
the following week, on a Likert scale ranging from
1 (definitely not vaccinate) to 7 (definitely vaccinate)
and whether they agreed that vaccination against
COVID-19 should be mandatory for all citizens, on
a Likert scale ranging from 1 (strongly disagree) to
7 (strongly agree).

Statistical analysis

First, correlations between included measures were
examined using Pearson’s coefficient with family wise
error being corrected using Bonferroni correction
(Table 1). In addition, Supplementary Table S6 contains
internal consistency reliabilities for the measures
included in this study. Normality of distribution was
examined using Shapiro-Wilk test. Participants’ charac-
teristics are presented using means and standard

Table 1. Correlation matrix with Means and Standard Deviations of all included measures.

Mean SD 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
1 8.15 2.23 1
2 3.15 1.01 53% 1
3 8.23 2.31 .03 -.07 1
4 8.06 227 A7 .03 59% 1
5 3.49 176 .04 .04 .00 -.05 1
6 4.23 177 .05 .03 .08 .01 .30% 1
7 4.02 182 7% .06 .02 —-.04 .10 Nl 1
8 4.82 1.41 .56 A7* —.06 -.05 21% 7% .30% 1
9 523 172 27% 53% 0 —-23% —-.22% .03 .04 .08 31% 1
10 6.25 135  34% A4% —34% —.28% .09 .06 7% A4% S51% 1
1 6.11 1.41 .28* 33% —-37% —-.23* .04 -.01 .05 31* A8% 52% 1
12 5.42 183 .05 =12 .09 a15% 0 =01 .04 .07  -.01 -17*  -07 -.08 1
13 5.92 154  24% 37 =27* -.27* .03 .04 .05 .35% .53% S57% 50 -16* 1
14 5.82 160  .33% 49%  —-29% —.24* .06 .07 .10 A41* .65% .56 44%  —-.09 52% 1
15 4.36 190 .12 37% 0 =ar7* —-.25% .01 -.02 12 .20% A43* 33% 29 -16% 35% 0 31 1

Note. Corelations were examined using Pearson’s correlation with family wise error corrected with Bonferroni; *p<.001.

1. Adherence to COVID-19 protective behaviors; 2. Institutional trust; Pandemic Fatigue Scale: 3. Information fatigue, 4. Behavioral fatigue; Cognitive
Risk Perception: 5. Probability to be infected from someone knowing well, 6. Probability to be infected from a strange, 7. Severity; 8. Affective risk
perception; 7 C scale: 9. Confidence, 10. Complacency, 11. Constraints, 12. Calculation, 13. Collective Responsibility, 14. Compliance, 15. Conspiracy.
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deviations (SD) for continuous variables with normal
distributions, and medians with interquartile ranges
(IQR) for continuous measures with skewed distribu-
tions. For categorical variables, the absolute (n) and
relative (%) frequencies are presented. Associations
between the continuous variables and sex were exam-
ined using Student’s t-test and the Shapiro-Wilk test,
whereas with categorical variables with x* test. Effect
sizes for categorical variables were examined with
Cramer’s V whereas for the mean differences of two or
more groups, Cohen’s d and eta squared were used
accordingly.

Student’s t-test and the Shapiro-Wilk test were
firstly used to examine the associations between the
socio-demographic characteristics and other variables
with the vaccination behavior status (Table 3,
Supplementary Table S7). Then, discriminant classifi-
cation analysis with the calculation of Wilk’s lambda
(the closer to 1, the better discriminating ability) and
Fisher’s classification function coefficients were used
to explore the patterns of socio-demographic charac-
teristics of COVID vaccine hesitant vs. accepters.
Logistic regression models were used to examine the
association between the socio-demographics (Model
1); COVID-19 infection variables (Model 2); cognitive
risk perception (Model 3); affective risk perception
(Model 4); institutional trust (Model 5); pandemic
fatigue (Model 6); adherence to COVID-19 protective
behaviors (Model 7); and the psychological anteced-
ents of hesitancy (Model 8) on COVID vaccination
behavior status (Supplementary Table S8). Afterwards,
the significant associations of the logistic regression
models were retained in a hierarchical multiple regres-
sion model adjusting for social and psychological
indicators following the previous pattern (Figure 1,
Supplementary Table S9).

One-way analysis of variance (ANOVA) and the
Kruskal-Wallis test were conducted to examine the
differences between countries on the socio-demographic,
behavioral and attitudinal variables (Supplementary
Tables S10 and S11). All statistical tests performed
were two-sided with significance level set at a=.05.
Statistical analyses were conducted using STATA 14.0
(Stata Corp, College Station, TX, USA) and IBM SPSS
statistical software v.25.0.

Results
Participants characteristics

A total of 832 individuals completed the study. The
sociodemographic characteristics of the participants
and COVID-19 infection variables are described in

Table 2. The majority of the participants were from
Poland (n=302, 36.3%), followed by Italy (n=183,
22.0%), Spain (n=170, 20.4%), Cyprus (n=127,
15.3%), Germany (n=37, 4.4%) and France (n=13,
1.6%). Mean age of participants was 38.3years
(SD=14.1) with males being significantly older
(M=42.3, SD=15.8) than females (M =37.0, SD=13.4;
p<.01). In addition, the majority of the participants
had completed postgraduate studies (n=287, 34.5%)
and lived in a place of more than 500,000 people
(n=228, 27.4%). Most of the participants reported
living with their own family (n =483, 58.0%) and not
having under-aged children (n=609, 73.2%). A small
number of participants (1n=120, 14.4%) were health-
care professionals. Most of the participants reported
that they have not been diagnosed with COVID-19
(n=620, 74.6%) but they know someone in their
social circle that was diagnosed (n=663, 79.7%). In
regards to their vaccination behavior status, 636 par-
ticipants (76.4%) were COVID-19 vaccine accepters
whereas 149 participants (17.9%) were vaccine hesitant.

Correlations between included measures

Correlations between included measures with means
and SDs are presented in Table 1. The largest statis-
tically significant correlation estimates (p<.001) were
found between 7C compliance and confidence items
(r=.65), and collective responsibility and complacency
items (r=.57). Hence, the greater statistically signifi-
cant correlation estimate (r=.65) refers to a moderate
association between compliance and confidence which
indicates that as the adherence to the recommenda-
tions of health authorities (compliance) increases, the
individual’s trust in safety and effectiveness of vaccines
(confidence) increases too.

Socio-demographic characteristics of COVID-19
vaccine hesitant vs. accepters

Vaccine accepters were significantly older (M =38.9,
SD=14.3, p<.01), had higher education level (master/
postgraduate studies; p<.01) and lived in a place with
a higher number of residents (>500,000 people;
p<.01) compared to vaccine hesitant participants (see
Table 3). The hierarchical regression model (see
Supplementary Table S6), revealed that after adjusting
for all sociodemographic predictors, only the place
of residence was statistically significant. Specifically,
living in a place with more than 500,000 people
significantly decreased the probability of being hes-
itant by 81% (95% CI: .05, .77). In addition,
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Adherence to COVID behaviours — -
Institutional Trust = —o—
Information fatigue — ——
Behavioral fatigue = ——
Cognitive Risk Perception - Probability family — —
Cognitive Risk Perception - Probability stranger = e
Cognitive Risk Perception - Severity = e
Affective Risk Perception = —O0+—
Confidence — ——
Complacency = —_——i—
Constraints = ——
Calculation = o
Collective Responsibility = ——
Compliance = e
Conspiracy = —
I I I
0 1 2 3

Odds ratio

Figure 1. Odds ratios with 95% confidence intervals (Cl) of psychological indicators of COVID-19 vaccine hesitancy adjusting for
age, sex, educational level, place of residence, health professional status, having under-aged children, living situation, and

COVID-19 infection status.

discriminant analysis showed a significantly good
classification ability of socio-demographics for vac-
cination behavior status (Wilk’s lambda=.96; p<.01).
To be exact, discriminant analysis revealed that the
profile of the COVID-19 vaccine hesitant includes a
person of younger age, living alone in a place with
a lower number of residents, and without under-aged
children.

Behavioral and attitudinal characteristics of
COVID-19 vaccine hesitant vs. accepters

The binary comparisons between vaccine hesitant and
accepters (see Supplementary Table S7) revealed sig-
nificant differences in all behavioral and attitudinal
variables; thus they were included in logistic regression
models. Vaccine accepters reported significantly greater
affective risk perception (i.e., thinking, terrifying and
worrying about COVID-19), greater institutional trust,
adherence to COVID-19 protective behaviors, and
higher median scores in the 7C items compared to
hesitant participants. Then, according to the eight
logistic regression models controlling for the
socio-demographic characteristics (Supplementary

Table S8), having higher perceived severity of being
infected with COVID-19 (Model 3), affective risk per-
ceptions (Model 4), higher institutional trust (Model
5), and lower pandemic fatigue (Model 6) significantly
increased the probability of being a vaccine accepter.
Furthermore, we found that having higher adherence
to COVID-19 protective behaviors (Model 7), and
reporting higher scores in the 7C items such as per-
ceiving that vaccines are safe (Model 8) also signifi-
cantly increased the probability of being a vaccine
accepter.

Furthermore, based on the full model (Figure 1),
we found that having higher behavioral fatigue
increased the probability of being vaccine hesitant by
1.14 (95% CI: 1.01, 1.27) times. Also, weighting more
the benefits and risks of COVID-19 vaccination in
order to make the best decision possible (7C item),
increased the probability by 2.05 (95% CI: 1.43, 2.93)
times of being hesitant. In contrast, stronger beliefs
that it is important for the entire society if all citizens
follow the recommendations of health authorities on
COVID-19 vaccination (7 C item), greater perceived
severity of being infected with COVID-19 and greater
adherence to COVID-19 behaviors decreased the
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Table 2. Sociodemographic characteristics of the participants.

Overall Female Male
Characteristics (n=832) (n=628) (n=204) p-value Effect size
Country, n (%)
Cyprus 127 (15.3) 95 (15.2) 32 (15.7) <.01¢ 279
France 13 (1.6) 2 (1.9) 1 (.5)
Germany (4.4) 31 (4.9) 6 (2.9)
Italy 183 (22.0) 149 (23.7) 34 (16.7)
Poland 302 (36.3) 250 (39.8) 52 (25.5)
Spain 170 (20.4) 91 (14.5) 79 (38.7)
Age, Mean (SD) 38.3 (14.1) 37.0 (13.4) 42.3 (15.8) <.01f 38"
Educational level, n (%)
Primary school 11 (1.4) 7 (1.1) 4 (2.0 368 .08¢9
High school 116 (13.9) 89 (14.2) 27 (13.2)
Some college/University 98 (11.8) 73 (11.6) 25 (12.3)
Graduated from college/University 225 (27.0) 167 (26.6) 58 (28.4)
Master/Postgraduate studies 287 (34.5) 227 (36.2) 60 (29.4)
Doctoral level 4 (8.9) 49 (7.8) 25 (12.2)
Other 1(2.5) 16 (2.5) 5 (2.5)
Place of residence, n (%)
< 5,000 people 8 (9.4) 53 (8.4) 25 (12.2) .29¢ .07¢
5,001-20,000 people 113 (13.6) 92 (14.6) 21 (10.3)
20,001-100,000 people 215 (25.8) 163 (26.0) 52 (25.5)
100,001-500,000 people 198 (23.8) 146 (23.3) 52 (25.5)
>500,000 people 228 (27.4) 174 (27.7) 54 (26.5)
Working as a healthcare professional, n (%) 120 (14.4) 5(11.9) 45 (22.1) <.01¢ 129
Having under aged children, n (%) 223 (26.8) 173 (27.5) 50 (24.5) 408 .03¢
Living situation, n (%)
| live alone 123 (14.8) 93 (14.8) 30 (14.7) .76¢° .049
| live with my parents 163 (19.6) 123 (19.6) 40 (19.6)
| live with my own family (partner and/or 483 (58.0) 361 (57.5) 122 (59.8)
children)
| live with friends/roommates 63 (7.6) 51 (8.1) 12 (5.9)
Diagnosed with COVID-19%, n (%)
Yes 65 (7.8) 50 (8.0) 15 (7.4) .78¢ .02¢9
No 620 (74.6) 470 (75.0) 150 (73.5)
Don't know 146 (17.6) 107 (17.0) 39 (19.1)
Anyone in social circle diagnosed with COVID-19, n
(%)
Yes 663 (79.7) 517 (82.3) 146 (71.6) <.01¢ 129
No 148 (17.8) 98 (15.6) 50 (24.5)
Don't know 21 (2.5) 13 (2.1) 8 (3.9)
Vaccination behavior status®, n (%)
Accepter® 636 (76.4) 472 (79.8) 164 (85.4) .08¢ .069
Hesitantd 149 (17.9) 119 (20.2) 28 (14.6)

Note. *Total sample size = 831; PTotal sample size = 785; ‘Vaccine accepter=A participant was defined as an accepter if he responded
“yes” in any of these two questions: a) Have you been vaccinated with the COVID-19 vaccine?, and b) If not, do you plan to get
vaccinated if a COVID-19 vaccination will be available for you?; 4Vaccine hesitant=A participant was defined as hesitant if he responded
“no” to the question “If not, do you plan to get vaccinated if a COVID-19 vaccination will be available for you?”; Differences between
males and females were examined with x2 test; Differences between males and females were examined with t-test; 9Effect size
between males and females was examined with Cramer’s V; "Effect size between males and females was examined with Cohen’s d.

probability of being hesitant by 42% (95% CI: .44
75), 23% (95% CIL: .61, .97) and 5% (95% CI: .84
.95), respectively.

Cross-country comparisons on COVID-19
vaccination hesitancy

Our cross-country analysis revealed that behavioral
and attitudinal determinants of COVID-19 vacci-
nation hesitancy differed between the four European
countries (Cyprus, Italy, Spain and Poland).
Germany and France were excluded from the
cross-country comparisons due to small sample size.
Results for the cross-country comparisons for
socio-demographic characteristics, COVID-19

infection variables and vaccination behavior status
are presented in Supplementary Table S9, whereas
for behavioral and attitudinal measures in
Supplementary Table S10. First, the four countries
(Cyprus, Italy, Poland, and Spain) significantly dif-
fered on socio-demographic characteristics. Spanish
participants (M =52.3, SD=12.1) were older than
Polish (M =36.6, SD=11.3), Italian (M =35.0,
SD=15.0) and Cypriot participants (M =29.8,
SD =10.2). Furthermore, the majority of Polish
(n=164, 54.3%) lived in a place with more than
500,000 people while most Cypriots (n =40, 31.5%)
and Spanish (n=62, 36.5%) lived in a place with
100,001-500,000 people and Italians (n =287, 47.5%)
in a place with 20,001-100,000 people.
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Table 3. Comparisons between vaccine accepters and hesitant for socio-demographics and COVID

infection measures (n=781).

Accepters Hesitant
Characteristics (n=634) (n=147) p-value Effect size
Country, n (%)
Cyprus® 66 (10.4) 51 (34.7) <.019 34
France 6 (0.9) 7 (4.8)
Germany® 24 (3.8) 11 (7.5)
Italy® 158 (24.9) 11 (7.5)
Polandd 237 (22.6) 13 (36.7)
Spain® 143 (37.4) 54 (8.8)
Age, Mean (SD) 38.9 (14.3) 345 (12.3) <.01" 31
Sex, n (%)
Female 470 (74.1) 119 (19.0) .089 .07
Male 164 (25.9) 28 (81.0)
Educational level’, n (%)
Primary school 4 (0.6) 3 (2.0 <.019 16/
High school 71 (11.2) 33 (22.5)
Some college/University 80 (12.6) 13 (8.8)
Graduated from college/University 182 (28.7) 33 (22.5)
Master/Postgraduate studies 222 (35.1) 54 (36.7)
Doctoral level 61 (11.8) 7 (7.5)
Place of residence, n (%)
< 5,000 people 51 (8.0) 23 (15.6) <.019 16/
5,001-20,000 people 81 (12.8) 26 (17.8)
20,001-100,000 people 171 (27.0) 28 (19.0)
100,001-500,000 people 141 (22.2) 42 (28.6)
> 500,000 people 190 (30.0) 28 (19.0)
Working as a health professional, n (%) 96 (15.1) 15 (10.2) 129 12
Having under aged children, n (%) 164 (25.9) 51 (34.7) .039 08!
Living situation, n (%)
| live alone 95 (15.0) 22 (15.0) 409 .06'
| live with my parents 114 (18.0) 34 (23.1)
| live with my own family (partner and/or 373 (58.8) 83 (56.5)
children)
| live with friends/roommates 52 (8.2) 8 (5.4)
Diagnosed with COVID-19, n (%)
Yes 53 (8.4) 5(3.4) .069 .08
No 474 (74.8) 110 (74.8)
Don't know 107 (16.8) 32 (21.8)
Anyone in social circle diagnosed with
COVID-19, n (%)
Yes 509 (80.3) 115 (78.2) .069 .09
No 115 (18.1) 25 (17.0)
Don't know 10 (1.6) 7 (4.8)

Note. IQR=Interquartile Range. *Missing values: n=10; "Missing values: n=2; ‘Missing values: n=14; Missing
values: n=52; *Missing values: n=27; fTotal sample size = 763; 9Differences between accepters and hesitant were
examined with ¥? test; "Differences between accepters and hesitant were examined with Kolmogorov-Smirnov
test; 'Effect size between males and females were examined with Cramer’s V; JEffect size between males and

females were examined with Cohen’s d.

Across countries, a higher number of vaccine
accepters was found than vaccine hesitant participants
(p<.01). The majority of hesitant participants were
identified in Cyprus (n=51 out of 127, 43.6%), fol-
lowed by Poland (n=54 out of 302, 18.6%), Spain
(n=13 out of 170, 8.3%) and Italy (n=11 out of 183,
6.5%). Italians reported significantly greater affective
risk perception (thinking frequency, terrifying and
worrying about COVID-19), greater institutional trust
and greater adherence to COVID-19 protective behav-
iors than participants from the other countries
(Supplementary Table S11). Cypriots and Polish par-
ticipants reported significantly greater perceived sever-
ity of being infected with COVID-19 as well as
Cypriots reported greater information and behavioral
pandemic fatigue.

Discussion

Our findings suggest that almost one fifth of the par-
ticipants (18%) that reside in four European countries
(Cyprus, Italy, Poland, Spain) and participated in the
study during the period of December 2020-January 2021,
were hesitant toward COVID-19 vaccination. A variety
of behavioral, attitudinal and demographic determinants
were found to be associated with COVID-19 vaccination
hesitancy, reflecting the complexity of this problem.”
In the present study, we found identifiable groups that
are more likely to be COVID-19 vaccine hesitant across
countries. These included those of younger age, living
alone in smaller communities, and without under-aged
children. Older people may report higher vaccination
acceptance due to increased perceived risks of developing
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severe COVID-19 complications'®*?> and people having
children being more willing to be vaccinated in order to
protect their children.®> Also, people living in urban areas
may be at higher risk of perceived COVID spread and
usually have some better socio-demographic characteris-
tics (e.g., level of education), thus associated with greater
willingness to be vaccinated.®

This study also confirms that hesitancy to
COVID-19 vaccination carries the complexity,
time-sensitivity and context-specificity of hesitancy to
vaccinations in general®*” but also with additional
characteristics that are COVID-19-specific namely
pandemic fatigue, institutional trust and adherence to
protective behaviors. Pandemic fatigue and institu-
tional trust have been increasingly investigated as
negative determinants of behavioral responses to
COVID-19 pandemic.’® Additionally, we found that
increased worrying about the severity of being infected
and about COVID-19 in general, and the psycholog-
ical antecedents of reflective and automatic motivation
(calculation), and greater adherence to the recommen-
dations of health authorities (compliance) were asso-
ciated with the acceptance of vaccination. Combined
with findings of previous studies,'®** we suggest that
the strategies used for tackling hesitancy cannot be
uni-dimensional such as targeting the population ill-
ness cognitions (i.e., perceived severity) and specific
population groups (e.g., younger, living in rural areas
and large communities) in isolation. It requires
multi-dimensional approaches where increasing trust
in national and international institutions can be
gained while at the same time improving adherence
to protective behaviors including vaccine uptake.*

Our cross-country analysis revealed that behavioral
and attitudinal determinants of COVID-19 vaccination
hesitancy differed between the four European coun-
tries (Cyprus, Italy, Spain and Poland). Germany and
France were excluded from the cross-country com-
parisons due to small sample size. Cyprus had the
highest rates of hesitancy compared to Italy, Poland,
and Spain. People living in Cyprus and Poland
reported also greater pandemic fatigue and perceived
severity of being infected with COVID-19. Significantly
greater institutional trust (e.g., state authorities, health
organizations), greater affective risk perception (e.g.,
worrying about COVID-19) and greater adherence to
COVID-19 protective behaviors was identified in peo-
ple living in Italy compared to other countries indi-
cating a certain degree of variability despite similarly
rigid control measures in place. The higher rates of
vaccination hesitancy found in Cyprus might be asso-
ciated with the lower institutional trust and the higher
pandemic fatigue that were observed, compared to

the rest of the countries. Therefore, we suggest that
future studies should examine cross-country compar-
isons longitudinally because determinants of
COVID-19 vaccination hesitancy may change over
time due to the recurrence of new COVID-19 waves,
and new evidence on the effectiveness of the
COVID-19 vaccines.*

Vaccination campaigns should prioritize younger
people, those living alone in smaller communities,
and those without under-aged children, and also
engage these groups when designing public health
campaigns.*! For example, public health authorities
could engage young people as health champions who
can encourage their peers to vaccinate. Further, this
study has confirmed evidence that trust in institutions
is important for controlling of past outbreaks of infec-
tious diseases like HIN1, SARS, MERS and Ebola.*?
Therefore, strategies that incorporate behavior change
techniques such as credible sources** should also con-
sider whether these sources are trusted by the local
population and how to increase confidence.**

Cross-country variations in determinants of hesi-
tancy can be also considered. For example, in Italy,
engagement of state authorities and institutions to
vaccination campaigns might improve uptake whereas
in the rest of the included countries, engagement to
vaccinations by established authorities might provoke
vaccination resistance.?’ Furthermore, since individuals
who trust the authorities are more likely to accept
the COVID-19 vaccine, then authorities should intro-
duce vaccine programs through different channels
including the healthcare systems, while building or
consolidating trust to those who are more skeptical
by being transparent on processes and decisions taken.
Findings on the psychological antecedents of vacci-
nation® suggest that when promoting COVID-19 vac-
cinations, the emphasis should be given to the benefits
of being vaccinated instead of the risks of vaccination
and emphasizing the collective responsibility. Public
health authorities are recommended also to use social
learning approaches such as modeling to tackle vac-
cination hesitancy. Engaging role models in commu-
nities and people who are more likely to be trusted
such as healthcare providers and developing and
implementing stratified vaccination campaigns to
tackle youth and people living in rural areas may
increase vaccination uptake.!’

The findings of this study should be interpreted in
light of its limitations. Data collection was done using
a convenient sample approach, promoted through
University email lists and social media and was con-
ducted online, limiting our study representativeness.
This resulted in mostly highly educated individuals



participating and with certain groups missed (e.g.,
elderly). However, these evidence can be used to
inform the design of future longitudinal studies with
representative samples in terms of education, age and
gender. Secondly, samples per country were also lim-
ited to be representative of the entire population,
potentially limiting the validity of cross-country com-
parisons. Germany and France were removed from
these analyses as their sample sizes were small.
Further, the heterogeneity observed in the samples
across countries may have affected the outcomes (e.g.,
people living in Cyprus were the youngest). Also, due
to the cross-sectional design of the study only asso-
ciations between the groups of interest could be exam-
ined and not causal relationships. Another limitation
concerns the risk of bias due to misreporting of
self-reported intentions about the COVID-19 vaccines
with self-report data potentially under or
over-estimating reported associations. Finally, results
of this study such as attitudes against COVID-19 may
change over time due to a rapidly evolving context
with adverse events possibly reported in some of the
COVID-19 vaccines during the roll out.*

Conclusions

To conclude, various behavioral, attitudinal and demo-
graphic determinants were observed contributing to
COVID-19 vaccination hesitancy in a sample com-
prised by people from six European countries. In
consideration of the small sample size in France and
Germany, it was found that the profile of the
COVID-19 vaccine hesitant is a person of a younger
age with no children, living alone, in a place with
lower number of residents. Lower institutional trust,
greater pandemic fatigue and perceived severity of
being infected with COVID-19, as well as psycholog-
ical antecedents of vaccination were associated with
the profile of COVID-19 vaccine hesitant. To tackle
under-immunized people more effectively both at a
national and European level, it is advised that gov-
ernment, policy makers and healthcare professionals
use multi-dimensional approaches where institutional
trust can be gained, more hesitant groups are encour-
aged to receive COVID-19 vaccine and population
illness cognitions are addressed while at the same
time improving vaccine uptake. Only then, COVID-19
mortality rates can be reduced and possibly prevent
outbreaks of pandemics in the future.
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