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Vaccine hesitancy can hinder the successful roll-out of vaccines. This paper examines COVID-19 vaccine
hesitancy in the European Union, drawing from a large-scale cross-national survey covering all 27 EU
Member States, carried out between February and March 2021 (n = 29,755). We study the determinants
of vaccine hesitancy, focusing on the role of social media use. In multivariate regression models, we find

statistically significant (p < 0.05) impacts on vaccine hesitancy of heavy use of social media and using
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social media as a main source of news. However, the effect of social media and the drivers of vaccine hesi-
tancy vary depending on the reason for hesitancy. Most notably, hesitancy due to health concerns is
mainly driven by physical health status and less by social media use, while views that COVID-19 risks
are exaggerated (or that COVID-19 does not exist) are more common among men, people in good health,
and those using social media as their main source of news.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Vaccines play a crucial role in the response to the COVID19-
crisis. They can boost the immune response against the original
SARS-CoV-2 virus, as well as provide protection against the emerg-
ing viral variants that could render existing vaccines ineffective.

The vaccine rollout in the European Union has been difficult,
with Member States facing continuous challenges in relation to
the limited supply of vaccines. Beyond issues related to the logis-
tics of developing, testing, manufacturing and distributing vacci-
nes, the public’s confidence in and acceptance of vaccines is far
from universal. Effective and clear communication about the effi-
cacy and safety of vaccines likely plays a crucial role in addressing
vaccine hesitancy.

Vaccine hesitancy is defined by the World Health Organisation
as a “delay in acceptance or refusal of vaccines despite availability
of vaccination services” [1]. While vaccine hesitancy can be traced
back to the 1800s [2], it has recently become a serious threat that
can hinder the efforts that have led to the advancement of human
health through science [3]. This has become even more relevant
during the COVID-19 pandemic, with vaccine hesitancy potentially
undermining communities’ ability to reach thresholds of coverage
necessary for herd immunity against COVID-19 - unnecessarily
perpetuating the pandemic and resulting in untold suffering and
deaths [4].
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Vaccine hesitancy is a complex and dynamic social process that
has only been studied in more depth in recent years [5]. An individ-
ual’s attitude towards vaccines can range from complete refusal of
all vaccines to complete vaccine acceptance. Existing literature has
identified several drivers of vaccine hesitancy, both at the individ-
ual and the societal level [6,7]. More recently, social media use, and
information sources more generally, have been identified as poten-
tially important drivers of vaccine hesitancy [8,9,10,11,12,13,14].

Social media can serve as a forum for the proliferation of vacci-
nation misinformation and as a platform for the anti-vaccination
movement [11]. Well before the COVID-19 pandemic, it has been
demonstrated that exposure to vaccine-critical websites and blogs
negatively impacts the intention to vaccinate [15]. Furthermore, it
has been found that using social media as a source of health infor-
mation has a significant negative association with influenza vac-
cine uptake [16]. Misinformation regarding COVID-19 and
vaccination against SARS-CoV-2 emerged on social media plat-
forms, threatening to erode public confidence [9].

Understanding vaccine hesitancy in times of COVID-19 and the
role played by social media is of importance for the success of the
efforts to end the pandemic. A great deal of research has been car-
ried out on the socio-demographic determinants of vaccine hesi-
tancy - ranging from qualitative single-country work to large
scale surveys across dozens of countries [17,18,19,20,21]. How-
ever, to the best of our knowledge, this paper presents the first
large-scale cross-national analysis in the European Union, covering
all Member States, on how social media use influences vaccine
hesitancy generally, and the reasons for vaccine hesitancy more
specifically.
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We examine the links between COVID-19 vaccine hesitancy and
a comprehensive set of covariates: individual socio-demographic
characteristics, health status, exposure to COVID-19 (close persons
having been diagnosed with or died from COVID-19), as well as
time spent on social media and the use of social media as a source
of news. We explore the reasons for hesitancy, distinguishing
between concerns for own health, lack of trust in vaccine safety,
and perceived low risk of illness (views that the risk of COVID-19
is exaggerated, or COVID-19 does not exist). We test and affirm
the hypothesis that the impact of social media on vaccine hesi-
tancy operates not only via the time spent on social media, but also
whether social media is used as main source of news.

The rest of the paper is organised as follows. Section 2 outlines
the methodology including the study design and participants, sur-
vey questions and statistical analyses. Section 3 discusses the
results and contextualises them in relation to existing research.
Section 4 concludes.

2. Methods
2.1. Study design and participants

We conducted a cross-sectional, population-based online sur-
vey using a structured questionnaire from February 15th to March
30th 2021, covering adults aged 18 and over, living in the European
Union. The recruitment of the participants was carried out through
snowball sampling methods as well as via promotions on social
media. The survey was the third round of the “Living, working
and COVID-19” e-survey that was initiated in April 2020. The sec-
ond round of the survey was carried out between June and July
2020. The third round of the survey collected 46,800 responses.
The survey investigates the impacts of the pandemic on living
and working conditions. It is the only large-scale survey providing
EU-wide information on attitudes towards vaccination and social
media use, in addition to the necessary socio-demographic control
variables.

The majority of the e-survey questions were based on questions
contained in the European Quality of Life Survey (EQLS) [22] and
the European Working Conditions Survey (EWCS) [23], ensuring
that questions were tested and passed cognitive quality controls
before the e-survey was fielded. Being a non-probabilistic survey
and therefore non-representative of the underlying population,
an a posteriori weighting was performed.’ All analyses in this paper
are weighted to population benchmarks to account for survey design
and non-response, in order to reflect the socio-demographic compo-
sition of the European Union and its Member States. The socio-

T Data were weighted by the following weighting variables: age crossed with
gender in 12 age-gender combinations: 18-24, 25-34, 35-44, 45-54, 55-64, 65+,
male and female. People who answered “In another way” to the question on gender
were randomly allocated to male and female groups for weighting purposes using the
sample function in base R (but not for analytical purposes). Targets for age and gender
were 2020 Eurostat estimates by country for population aged 18+. Urbanisation: two
categories: urban and rural, based on respondent’s own assessment collected in four
urbanisation categories. For weighting, respondents with missing values were
randomised into the categories. Targets for urbanisation were (weighted) estimates
for self-defined urbanisation from the 2016 European Quality of Life Survey by
country, using the same question, by age, gender and country. Education: two
categories: tertiary and non-tertiary. For weighting, respondents with missing values
for these variables were randomised into the two categories. Targets for education
levels were results from the 2020 Labour Force Survey by age, gender and country.
Weighting was completed with the anesrake R-package by country using the wpct
function [24]. The limit for discrepancy for selecting variables (pctlim) was set at 0.05
(5%). The cap (maximum weight) started at 4 and was increased for each country in
the function until convergence, minimum weight was set at 0.05. Extreme weights
were trimmed using the trimWeights function of the survey R-package [25]. The
resulting weights were grossed up to adult population size by country, then rescaled
to have a mean of 1, both using the mutate function in the dplyr R-package [26].
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demographic characteristics of the analysis sample are presented
in Appendix Table Al.

2.2. Dependent variables

The intention of the non-vaccinated respondents to get vacci-
nated was measured by the question “How likely or unlikely is it
that you will take the COVID-19 vaccine when it becomes available
to you?” and scored with a 5-point scale, ranging from “very likely”
to “very unlikely”. The distribution of the answers is presented in
Table 1. Overall, 71% are (very or rather) likely to take the vaccine,
while 8% are neutral (neither likely nor unlikely) and 21% are (very
or rather) unlikely to take the vaccine. We define vaccine hesitancy
using a binary indicator variable: an individual is defined as hesi-
tant if they respond to the question about likelihood of vaccination
with “rather unlikely” or “very unlikely”.

Vaccine hesitant respondents were asked a follow-up question
about the reason(s) why it is unlikely that they would take the
COVID-19 vaccine. Options included 5 possible reasons, allowing
multiple response options. Two of the reasons capture views that
the associated risks are perceived to outweigh the benefits (i.e.,
possible implications of vaccination on respondent’s own health;
concern about vaccine safety) while two capture that the respon-
dent perceives risk associated with COVID-19 to be low (i.e., exag-
geration of COVID-19 risk; scepticism about the existence of
COVID-19). A fifth answer option captured other reasons (not elab-
orated in the questionnaire).

Table 2 presents the percentages of vaccine-hesitant respon-
dents who selected the various reasons for why it is unlikely that
they will take the COVID-19 vaccine. Vaccine safety is the most
common reason given (reported by 61% of the vaccine-hesitant
respondents), followed by the risk of COVID-19 being exaggerated
(41%), concern that vaccine will make health issues worse (28%),
and the view that COVID-19 does not exist (6%). Other reasons
were quoted by 12% of vaccine-hesitant respondents. As multiple
response options were allowed, the percentages do not sum to
100. Following analyses of the characteristics of people giving dif-
ferent reasons, in the multivariate models we group reasons into
the following three categories: i) health concerns, ii) vaccine safety,
and iii) exaggeration.

2.3. Methodology

From the full sample (n = 46,800) of the third round of the sur-
vey, we restrict our analysis to individuals who have not received a
COVID-19 vaccine and therefore were asked the question about
vaccination likelihood. After removing these observations, the
remaining sample size reduces to 42,210. Further, following Sch-
warzinger et al. (2021), individuals with history of SARS-CoV-2
infection are excluded, reducing the sample size to 38,192 [27].
The multivariate analysis requires non-missing values for all the
included variables, bringing the final analysis sample size to
29,755. The characteristics of the analysed sample are described
in Appendix Table Al.

Logistic regression models were estimated using maximum
likelihood techniques with Stata statistical software (16.1) logit
command.? Marginal effects of variables were calculated at the
mean values of the covariates. Multivariate models allow the inves-
tigation of the independent effect of social media use (and other
explanatory variables) on the likelihood of a person being vaccine
hesitant (and on the likelihood of a person reporting a specific reason
for vaccine hesitancy). Accounting for the confounding effect of age,

2 As robustness checks, linear probability models (LPM) were also estimated, by
fitting ordinary least regression (OLS) models using the regress command in Stata.
The results are discussed in the Results section.
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Table 1
Likelihood to vaccinate.
% N

Very likely 58.3 17,573
Rather likely 13.0 4,179
Neither likely nor unlikely 8.0 2314
Rather unlikely 6.5 2,042
Very unlikely 143 3,647
Total 100.0 29,755

Notes. Answers to question “How likely or unlikely is it that you will take the
COVID-19 vaccine when it becomes available to you?” Weighted data.

Table 2
Reasons for vaccine hesitancy.

%

I am worried that it will make my health issues worse 27.8
I do not trust the safety of the vaccine 60.9
[ think the risk of COVID-19 is exaggerated 41.2
I think COVID-19 doesn’t exist 6.4

Other reason 12.0

Observations 5,689

Notes. Answers to question “Why is it unlikely that you will take the COVID-19
vaccine?” Weighted data.

for example, is important in understanding the relationship of social
media use and vaccine hesitancy. This is because age and social
media use correlated, while also being correlated with vaccine hesi-
tancy. In addition, as at the time of the survey, EU countries were
experiencing different stages of the COVID-19 pandemic, country
indicator variables were added in order to control for country
heterogeneity. Independent variables were added step-wise in order
to examine their correlations and joint impacts on vaccine hesitancy.

Table 3
Vaccination likelihood by country.

Vaccine 40 (2022) 2215-2225
3. Results
3.1. Country variation in vaccine hesitancy

Table 3 presents vaccine hesitancy statistics by country. The
overall rate of vaccine hesitancy is 20.8%, varying considerably
among Member States, with an east-west divide discernible. Vac-
cine hesitancy is below 10% in most of the Nordic countries (Den-
mark, Finland and Sweden) and some South Mediterranean
countries (Italy, Portugal and Spain) as well as Ireland. Hesitancy is
above 30% in some eastern European countries: Bulgaria, Croatia,
Latvia and Slovenia. The last column on Table 3 presents the realised
cumulative uptake of full vaccination among adults (18+) in each EU
Member State as of Week 48 (in November) of 2021.% It is evident that
the vaccination intentions recorded in the survey data correspond clo-
sely with the subsequent vaccine uptake, with the ranking of countries
similar across both measures. Appendix Fig. A1 shows a graphical rep-
resentation of this relationship, illustrating a relatively strong associ-
ation, with a correlation coefficient of 0.77.

3.2. Bivariate determinants of vaccine hesitancy

Bivariate associations between vaccine hesitancy and
individual-level predictors are presented in Tables 4 and 5. Social
media use is measured in two ways: intensity of use (the time
spent using social media, e.g. Facebook, Twitter, Instagram) and
type of use (the respondent’s main source of news being social
media or blogs, e.g. Facebook, Twitter, Instagram, Youtube). Indi-
viduals who use social media heavily (more than 3 h daily) have
higher rates of vaccine hesitancy in comparison with people who
use social media less than daily. A sizeable difference in hesitancy
rates is observed between people who use social media or blogs as
their main source of news, in comparison with people who use
press as their main source of news.

Likely Neutral Unlikely Total N Realised uptake*
% % % % %
Austria 70.0 8.1 219 100.0 609 77.1
Belgium 72.8 8.2 19.0 100.0 1,123 87.7
Bulgaria 342 6.2 59.6 100.0 1,554 31.0
Croatia 46.1 12.8 41.2 100.0 911 58.8
Cyprus 64.6 11.7 23.7 100.0 470 81.3
Czechia 60.4 9.8 29.7 100.0 882 70.6
Denmark 88.1 6.2 5.7 100.0 944 89.3
Estonia 66.5 7.7 25.8 100.0 670 68.0
Finland 84.4 35 12.2 100.0 797 84.9
France 57.3 14.1 28.6 100.0 726 83.5
Germany 70.4 7.3 223 100.0 2,032 82.7
Greece 64.2 133 224 100.0 3,928 779
Hungary 60.1 12.8 271 100.0 2,047 68.6
Ireland 89.2 3.1 7.6 100.0 2,096 93.6
Italy 81.1 5.4 135 100.0 1,313 82.8
Latvia 45.7 8.6 45.7 100.0 704 713
Lithuania 55.2 138 31.0 100.0 1,180 75.1
Luxembourg 74.6 8.9 16.5 100.0 287 77.8
Malta 86.2 7.1 6.6 100.0 423 924
Netherlands 71.0 5.6 235 100.0 607 81.3
Poland 60.3 7.1 325 100.0 753 63.1
Portugal 85.4 4.5 10.1 100.0 1,588 92.5
Romania 66.2 10.6 233 100.0 959 46.7
Slovakia 65.1 83 26.6 100.0 772 55.5
Slovenia 54.1 6.9 39.0 100.0 659 65.3
Spain 86.6 6.4 7.1 100.0 1,083 84.8
Sweden 86.0 4.4 9.6 100.0 638 84.0
Total 71.2 8.0 20.8 100.0 29,755 779

Notes. Weighted data. *Cumulative uptake (%) of full vaccination as of week 48 of 2021 among adults (18+), obtained from the online database of COVID-19 Vaccine Tracker of

the European Centre for Disease Prevention and Control.
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Table 4
Vaccination likelihood by individual characteristics (1/2).
Likely Neutral Unlikely Total N
% % % %

Social media use
Less than daily 77.5 7.4 15.1 100.0 2,866
Daily: under 3 h 72.0 7.9 20.1 100.0 20,087
Daily: 3 + hours 65.7 8.5 25.8 100.0 6,802
Main news source
Press 79.4 6.1 14.5 100.0 12,018
Radio 74.3 6.3 19.5 100.0 2,167
TV 723 9.4 183 100.0 9,388
Social media or blogs 51.2 10.0 38.8 100.0 6,182
Gender
Female 71.6 8.6 19.8 100.0 18,978
Male 70.8 73 219 100.0 10,777
Age group
18-29 years 74.0 9.5 16.6 100.0 2,429
30-39 years 68.9 8.0 23.1 100.0 3,756
40-49 years 67.4 9.0 23.6 100.0 5,529
50-59 years 67.9 7.4 24.6 100.0 8,022
60-69 years 73.5 7.3 19.2 100.0 7,245
70 + years 76.8 7.0 16.2 100.0 2,774
Location type
The open countryside 63.0 7.0 29.9 100.0 2,329
A village/small town 69.0 8.4 22.6 100.0 7,939
A medium to large town 713 8.4 20.3 100.0 7,720
A city or city suburb 78.1 7.5 14.5 100.0 11,767
Total 71.2 8.0 20.8 100.0 29,755

Notes. Weighted data.

Table 5
Vaccination likelihood by individual characteristics (2/2).
Likely Neutral Unlikely Total N
% % % %

Employment status
Employed 72.3 7.9 19.8 100.0 14,642
Self-employed 67.2 7.2 25.5 100.0 2,440
Unemployed 57.6 10.7 31.8 100.0 2,805
1ll/disabled 53.0 10.6 36.4 100.0 757
Retired 74.6 7.3 18.1 100.0 7,127
Homemaker 66.3 9.3 244 100.0 1,012
Student 82.8 6.6 10.6 100.0 972
Education level
Primary education 67.1 111 21.8 100.0 541
Secondary education 68.1 8.2 23.7 100.0 9,494
Tertiary education 79.2 6.9 139 100.0 19,720
Lives with spouse
No 69.7 8.7 21.6 100.0 11,367
Yes 724 74 20.1 100.0 18,388
Children in household
No 72.3 7.7 20.0 100.0 19,407
Yes 69.1 8.6 223 100.0 10,348
Self-rated health
(Very) bad health 62.4 9.0 28.6 100.0 2,481
Fair health 69.6 9.8 20.6 100.0 9,068
Good health 74.4 7.0 18.6 100.0 13,469
Very good health 70.0 6.3 23.7 100.0 4,737
Chronic health problem | disability
No 714 6.8 21.8 100.0 16,063
Yes 71.0 9.3 19.7 100.0 13,692
Close person had Covid
No 69.3 8.1 22.7 100.0 18,437
Yes 74.6 7.8 17.6 100.0 11,318
Close person died of Covid
No 70.7 7.8 214 100.0 27,045
Yes 75.5 9.4 15.1 100.0 2,710
Total 71.2 8.0 20.8 100.0 29,755

Notes. Weighted data.
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Table 6
Logistic model, marginal effects.
m.e. s.e.

Austria 0.00 ()
Belgium —0.03 (0.03)
Bulgaria 0.38*** (0.03)
Croatia 0.19*** (0.03)
Cyprus 0.02 (0.04)
Czechia 0.08** (0.03)
Denmark —0.16™** (0.03)
Estonia 0.04 (0.03)
Finland -0.10*** (0.03)
France 0.07* (0.04)
Germany 0.00 (0.03)
Greece 0.01 (0.03)
Hungary 0.05* (0.03)
Ireland —0.14*** (0.03)
Italy —0.08*** (0.03)
Latvia 0.24*** (0.04)
Lithuania 0.09*** (0.03)
Luxembourg -0.05 (0.04)
Malta —0.15*** (0.03)
Netherlands 0.02 (0.04)
Poland 0.11** (0.04)
Portugal —0.12*** (0.03)
Romania 0.01 (0.03)
Slovakia 0.05 (0.04)
Slovenia 0.17*** (0.04)
Spain —0.15*** (0.03)
Sweden —0.12*** (0.03)
Observations 29,755
Pseudo R-squared 0.057

Notes. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Dependent
variable: 1 if vaccination is rather unlikely or very unlikely; 0 otherwise. Weighted data.

Vaccine hesitancy is higher among men than women, has an
inverted U-shaped relationship with age, and is higher among peo-
ple living in the countryside in comparison with people living in
cities or city suburbs. When it comes to employment status, vac-
cine hesitancy is highest among working-age people outside of
the labour market, although students are the least likely to be vac-
cine hesitant. Differences in terms of household composition are
not marked. Perhaps surprisingly, people with secondary-level
education are significantly more vaccine hesitant than people with
third-level education and slightly more hesitant than people with
primary-level education.

Vaccine hesitancy has a U-shaped relationship with self-
assessed physical health: hesitancy is highest among people in
(very) bad health, and second-highest among people in very good
health. People with fair or good health report lowest hesitancy.
This likely reflects that people in bad physical health are concerned
about the health risks associated with vaccination (side effects),
and people in good physical health perceive the risks associated
with vaccination to outweigh the risks associated with COVID-19
infection. These hypotheses are tested and affirmed in analyses
below of the various reasons that people report for their vaccine
hesitancy. COVID-19 related variables (knowing a close person
who was tested positive for COVID-19 or died from COVID-19)
are associated with lower vaccine hesitancy.

3.3. Regression analysis of vaccine hesitancy

Table 6 presents marginal effects from an initial logistic regres-
sion model where only the country indicator variables are
included, allowing for an evaluation of statistical significance of
the country differences in vaccine hesitancy. In subsequent mod-
els, country indicators are included in the models but for brevity,
their associated marginal effect estimates are not reported.

Moving beyond bivariate relationships, Table 7 presents the
marginal effects from the main multivariate models. Model 1
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includes socio-demographic variables only, while in Model 2 also
health variables are included. Model 3 adds variables indicating
exposure to COVID-19 among close persons. Social media use indi-
cators are added in Models 4 (intensity of social media use) and 5
(using social media as the main source of news).

Focusing firstly on the main predictors of interest in Model 5,
the marginal effects can be interpreted in the following way: while
holding the other covariates constant (at their mean level), the
likelihood of being vaccine hesitant is 5 percentage points higher
among people who use social media for 3 or more hours daily, in
comparison with the reference group (people who use social media
less than daily). This difference is statistically significant at the 5%
level of significance. There appears to be a dose-response relation-
ship in terms of the intensity of social media use: the likelihood of
being vaccine hesitant is 4 percentage points higher among people
who use social media daily (but for<3 h) than the reference group,
and this difference is only marginally statistically significant
(p < 0.10). Vaccine hesitancy is strongly related to using social
media as a source of news: the likelihood of vaccine hesitancy is
20 percentage points higher among people who report social
media as their main source of news, in comparison with the refer-
ence group who use traditional news sources (press, radio or TV),
while controlling for all covariates. This difference is statistically
significant at the 1% level of significance.

In a robustness analysis, a linear probability model (LPM) esti-
mate (including the same covariates as in Model 5 of Table 7) of
the coefficient related to time spent on social media, as well as
using social media as a main news source, are practically identical
in magnitude and statistical significance to those obtained from
the logistic regression — see Model 1 in Appendix Table A2. The
coefficients related to other covariates are also closely aligned with
those of the logistic model.

Interaction effects allow for an investigation of the heterogene-
ity in the relationships between social media use and vaccine hesi-
tancy across population groups. From the estimation of models
where associations are allowed to differ by gender, it is evident
that both are stronger among men than among women - in fact,
the effect of time spent on social media becomes insignificant even
at the 10% level among women (see Model 1 in Appendix
Table A3). When it comes to differences by education level, the dif-
ference in vaccine hesitancy varies significantly by time spent
using social media only among people with tertiary education
(see Model 2 in Appendix Table A3 - similarly to the findings of
Chang (2018), who found that highly educated mothers in the US
were more likely to reduce their children’s vaccinations as a result
of the controversy linking the measles-mumps-rubella (MMR) vac-
cine with autism [14]. The suggested mechanism is that the time
taken to digest and react to health information decreases with edu-
cation. When it comes to the source of news however, the strength
of the relationship between social media and vaccine hesitancy is
of similar magnitude across all educational groups.

Next, we discuss other covariates whose associations remain
statistically significant (p < 0.10) in all of the step-wise specifica-
tions. Physical location of residence is significant and linear: people
living in cities or city suburbs are 13 percentage points less likely
to be vaccine-hesitant than people living in the open countryside,
as also found in existing literature [28]. In comparison with
employed individuals, vaccine hesitancy is higher among people
who are self-employed, unemployed, or unable to work due to a
long-term illness or disability. Conversely, students are 11 percent-
age points less likely to be vaccine-hesitant than employed individ-
uals. In terms of previous analyses that include indicators of labour
market status, Edwards et al. (2021) did not find a difference
between being in or outside employment [29].

Variables that characterise family composition have small but
statistically significant impacts: people who live with a spouse or
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Table 7
Logistic model, marginal effects.
(1) (2) (3) (4) (5)
m.e. s.e. m.e. s.e. m.e. s.e. m.e. s.e. m.e. s.e.

Female 0.00 ) 0.00 ) 0.00 @) 0.00 ) 0.00 )
Male 0.02* (0.01) 0.02* (0.01) 0.02* (0.01) 0.02* (0.01) 0.01 (0.01)
18-29 years 0.00 ) 0.00 ) 0.00 ) 0.00 8 0.00 8
30-39 years 0.04 (0.03) 0.04 (0.03)  0.03 (0.03) 0.04 (0.03) 0.04 (0.03)
40-49 years 0.02 (0.03) 0.02 (0.03) 0.01 (0.03) 0.02 (0.03) 0.03 (0.03)
50-59 years 0.02 (0.03) 0.2 (0.03)  0.02 (0.03) 0.03 (0.03) 004 (0.03)
60-69 years -0.02 (0.03)  -0.02 (0.03)  -0.02 (0.03)  -0.01 (0.03)  0.00 (0.03)
70 + years —0.05* (0.03) -0.05 (0.03) —-0.05 (0.03) —-0.04 (0.03) —0.02 (0.03)
The open countryside 0.00 () 0.00 () 0.00 () 0.00 () 0.00 )
A village/small town —0.06** (0.02)  —0.06* (0.02)  -0.06** (0.02)  -0.06**  (0.02) —0.06* (0.02)
A medium to large town —0.07***  (0.02)  —0.07**  (0.02) -0.07***  (0.02) —0.07**  (0.02) -0.08**  (0.03)
A city or city suburb —0.13**  (0.02) —0.13**  (0.02) -0.12**  (0.02) —0.13**  (0.02) —0.13**  (0.02)
Employed 0.00 ) 0.00 ) 0.00 ) 0.00 @) 0.00 )
Self-employed 0.06** (0.03)  0.06* (0.03)  0.06** (0.03)  0.06** (0.03)  0.05* (0.03)
Unemployed 0.10%** (0.03)  0.10** (0.03)  0.09*** (0.03)  0.09*** (0.03)  0.08*** (0.03)
1ll/disabled 0.13*** (0.04)  0.13*** (0.05)  0.13*** (0.05)  0.12* (0.05)  0.10* (0.05)
Retired 0.03 (0.02) 0.3 (0.02)  0.02 (0.02)  0.02 (0.02)  0.01 (0.02)
Homemaker 0.04 (0.04)  0.04 (0.04)  0.03 (0.03)  0.02 (0.03) 0.01 (0.03)
Student —~0.10**  (0.02) —0.10"*  (0.02) -0.10**  (0.02) —0.10**  (0.02) -0.11***  (0.02)
No spouse 0.00 () 0.00 () 0.00 @] 0.00 @] 0.00 ()
Lives with spouse —0.03** (0.01)  —0.03* (0.01)  -0.03* (0.01)  —0.03** (0.01)  -0.03* (0.01)
No children in household 0.00 () 0.00 () 0.00 () 0.00 () 0.00 ()
Children in household 0.03** (0.02)  0.03* (0.02)  0.03* (0.02)  0.03* (0.02)  0.03* (0.02)
Primary education 0.00 () 0.00 () 0.00 @] 0.00 () 0.00 ()
Secondary education 0.02 (0.03) 0.03 (0.03) 0.03 (0.03)  0.03 (0.03) 0.04 (0.03)
Tertiary education ~0.06™* (0.03)  -0.06"* (0.03)  -0.06* (0.03)  -0.05* (0.03) -0.04 (0.03)
(Very) bad health 0.00 () 0.00 () 0.00 @] 0.00 ()
Fair health —0.07** (0.03)  -0.07** (0.03)  —0.06** (0.03)  —0.06"* (0.03)
Good health ~0.10"*  (0.03)  —0.09***  (0.03)  -0.09**  (0.03) —0.08***  (0.03)
Very good health -0.05 (0.03) -0.05 (0.03)  -0.05 (0.03) -0.04 (0.03)
Chronic health problem |/ disability —0.05***  (0.01)  —0.05*  (0.01) -0.05**  (0.01) -0.05**  (0.01)
Close person had Covid —0.03** (0.01) —0.03** (0.01) —0.03** (0.01)
Close person died of Covid -0.04 (0.02) —0.04* (0.02) —0.04* (0.02)
Social media: Less than daily 0.00 () 0.00 ()
Social media: Daily: under 3 h 0.05*** (0.02) 0.04* (0.02)
Social media: Daily: 3 + hours 0.10*** (0.02) 0.05* (0.02)
Main news source: Traditional (press/radio/TV) 0.00 ()
Main news source: Social media/blogs 0.20*** (0.02)
Country dummies Yes Yes Yes Yes Yes
Observations 29,755 29,755 29,755 29,755 29,755
Pseudo R-squared 0.055 0.061 0.064 0.069 0.102

Notes. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Dependent variable: 1 if vaccination is rather unlikely or very unlikely ; 0 otherwise. Weighted data.

partner are 3 percentage points less likely to be vaccine hesitant
than people without a spouse or partner, while presence of chil-
dren in the household increases vaccine hesitancy by 3 percentage
points. We are not aware of other research examining the relation-
ship between vaccine hesitancy and household composition. Exist-
ing research has usually found a negative relationship between
education and vaccine hesitancy [29,30,31]. In our analysis, the sig-
nificance of having tertiary education in reducing the likelihood of
vaccine hesitancy decreases as social media use indicators are
added to the model, indicating the correlation between education
and social media use, and adding to our understanding of the
mechanisms behind this relationship.

The U-shaped relationship with self-reported health status per-
sists in multivariate analysis. Similar evidence is found by Soares
et al. (2021), while Edwards et al. (2021) do not find any significant
correlation between self-perceived health status and vaccine hesi-
tancy, while Soares et al. (2021) also find the U-shaped association
[29,32]. Exposure to COVID-19 among close persons is found to
increase the intention to get a COVID-19 vaccine, as also found
by Thunstrom et al. (2020) [33]. Conversely, Edwards et al.
(2021) found no significant association between exposure to
COVID-19 and vaccine hesitancy [29].

In Models 1-4, we find a very small difference in vaccine hesi-
tancy between men and women, and this difference becomes sta-
tistically insignificant once both social media use indicators are
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included in the model. In recent literature, the relationship
between gender and hesitancy is unclear. While some studies have
found women to have higher vaccine hesitancy than men
[12,34,35], some have found the opposite [36,37], while other
studies found the difference between men and women as non-
significant [38].

3.4. Reasons for vaccine hesitancy

To establish a deeper understanding of the drivers of COVID-
19 vaccine hesitancy, we fit separate multivariate logistic models
of the likelihood of reporting specific reasons for vaccine hesi-
tancy. We examine the differences across the models in order
to characterise the groups driven by different reasons for hesi-
tancy. Table 8 presents the estimates from these models.* As
expected, because vaccine safety is the most commonly reported
reason for vaccine hesitancy, the marginal effects presented for
Model 2 coincide relatively closely with those of Model 5 in Table 7
(of overall vaccine hesitancy), with the exception of vaccine safety
concerns being heightened among individuals with secondary-level
education. Of the three categories of vaccine hesitancy reasons,

4 For robustness analysis of estimates presented in Table 8, LPM specifications of
the models are included in Models 2-4 in Appendix Table A2. The estimates related to
social media use, as well as other covariates, are close to those of the logistic models.
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Table 8
Logistic model, marginal effects.
(1) (2) (3)
Health worry Vaccine safety Exaggeration

Female m.e. s.e. m.e. s.e. m.e. s.e.
Female 0.00 () 0.00 () 0.00 ()
Male 0.00 (0.01) 0.01 (0.01) 0.04*** (0.01)
18-29 years 0.00 () 0.00 () 0.00 ()
30-39 years —-0.01 (0.02) 0.02 (0.02) 0.00 (0.02)
40-49 years —0.02 (0.02) 0.01 (0.02) 0.00 (0.02)
50-59 years —-0.02 (0.02) —-0.00 (0.02) -0.02 (0.02)
60-69 years -0.02 (0.02) —0.02 (0.02) -0.03 (0.02)
70 + years —0.03* (0.02) -0.00 (0.03) —0.05** (0.02)
The open countryside 0.00 () 0.00 () 0.00 ()
A village/small town 0.00 (0.01) —0.05* (0.02) -0.01 (0.01)
A medium to large town -0.01 (0.01) —0.06™** (0.02) —0.03* (0.01)
A city or city suburb —0.02 (0.01) —0.09*** (0.02) —0.05*** (0.01)
Employed 0.00 () 0.00 () 0.00 ()
Self-employed 0.01 (0.02) 0.01 (0.02) 0.03* (0.02)
Unemployed 0.01 (0.01) 0.07*** (0.02) 0.03** (0.02)
1ll/disabled 0.01 (0.02) 0.04 (0.03) 0.03 (0.04)
Retired —-0.01 (0.01) —0.00 (0.02) 0.03 (0.02)
Homemaker —0.00 (0.01) —0.00 (0.03) -0.01 (0.02)
Student —0.03*** (0.01) -0.07*** (0.01) —0.04*** (0.01)
No spouse 0.00 () 0.00 () 0.00 ()
Lives with spouse —0.00 (0.01) —0.00 (0.01) -0.01 (0.01)
No children in household 0.00 () 0.00 () 0.00 ()
Children in household —-0.00 (0.01) 0.03** (0.01) 0.01 (0.01)
Primary education 0.00 () 0.00 () 0.00 )
Secondary education 0.00 (0.01) 0.05™** (0.02) 0.02 (0.01)
Tertiary education —0.02 (0.01) 0.01 (0.02) -0.01 (0.01)
(Very) bad health 0.00 () 0.00 () 0.00 ()
Fair health —0.04** (0.02) —0.04* (0.02) 0.02 (0.01)
Good health —0.06™** (0.02) —0.04* (0.02) 0.01 (0.01)
Very good health —0.06*** (0.02) —0.02 (0.03) 0.05*** (0.02)
Chronic health problem / disability 0.02*** (0.01) —-0.01 (0.01) —0.03*** (0.01)
Close person had Covid -0.01 (0.01) -0.02* (0.01) -0.01 (0.01)
Close person died of Covid —0.02 (0.01) —0.05*** (0.02) -0.03* (0.02)
Social media: Less than daily 0.00 () 0.00 () 0.00 ()
Social media: Daily: under 3 h 0.01 (0.01) 0.05*** (0.01) 0.01 (0.01)
Social media: Daily: 3 + hours 0.03** (0.01) 0.06™** (0.02) 0.01 (0.01)
Main news source: Traditional (press/radio/TV) 0.00 () 0.00 () 0.00 ()
Main news source: Social media/blogs 0.04*** (0.01) 0.10*** (0.01) 0.12*** (0.01)
Country dummies Yes Yes Yes
Observations 29,755 29,755 29,755
Pseudo R-squared 0.090 0.082 0.138

Notes. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
Dependent variable:

Model 1: 1 if vaccine hesitant with reason “I am worried that it will make my health issues worse”; 0 otherwise.
Model 2: 1 if vaccine hesitant with reason “I do not trust the safety of the vaccine”; 0 otherwise.
Model 3: 1 if vaccine hesitant with reason “I think the risk of COVID-19 is exaggerated” or “I think COVID-19 doesn’t exist”; O otherwise.

Weighted data.

vaccine safety concerns are the most related to the intensity of
social media use.

The nuances emerge when examining the estimates of Model 1:
hesitancy due to a health worry is strongly (and in this case, lin-
early) related to health: individuals in better health are least likely
to report being concerned about COVID-19 vaccines making their
health issues worse. Of the modelled categories of vaccine hesi-
tancy reasons, health concerns are the least related to the use of
social media as a source of news.

The drivers for reporting exaggeration of COVID-19 risk as the
reason for vaccine hesitancy are, in parts, different to those of
other reasons for vaccine hesitancy. People who are vaccine-
hesitant because they view COVID-19 risks as exaggerated — or
believe that COVID-19 doesn’t exist — are more likely to be male
and in very good health. For the group reporting these reasons for
vaccine hesitancy, the intensity of social media use plays no sig-
nificant role, but the use of social media as a source of news is a
strong determinant: the likelihood of reporting reasons of COVID-
19 exaggeration is 12 percentage points higher among people
who report social media as their main news source. The results
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confirm the findings in past research regarding social media use
and vaccine hesitancy.

4. Conclusion

Vaccine hesitancy is a serious threat to the effective roll-out of
vaccination programmes against COVID-19. Hence, vaccine hesi-
tancy may undermine the chances of achieving herd immunity
and overcoming the pandemic. This paper examines the determi-
nants of COVID-19 vaccine hesitancy in the European Union. We
study the determinants of different kinds of vaccine hesitancy. In
particular, we focus on the roles of i) the use of social media as a
news source, and ii) the intensity of social media use, as drivers of
vaccine hesitancy. While most previous studies analyse this rela-
tionship using data from single (or a small number of) countries, this
study is unique as it provides a cross-national analysis, covering all
EU countries, of the effect of social media use on vaccine hesitancy.

Our analysis shows a significant relationship between the use of
social media and vaccination likelihood. In particular it documents
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the strong effect of using social media as the main source of infor-
mation on vaccine hesitancy. The findings show that groups with
higher vaccine hesitancy are more reliant on social media as a
source of news. This type of information can be useful in engaging
with these groups, both for providing valid information and for
responding to their potential concerns - as shown, concerns about
the vaccine safety in particular are the most related to the intensity
of social media use. The lessons to be learnt in using various com-
munication channels effectively are likely to have relevance not
only in facilitating current vaccination programmes, but also in
terms of developing general health literacy in the future.

These findings suggest that combating misinformation regard-
ing COVID-19 vaccines on social media is critical in limiting the
effect disinformation on public perceptions of vaccines and pre-
venting the surge of vaccine hesitancy. Public outreach is the
cornerstone of the COVID-19 vaccine deployment. In order to gain
public trust and confidence, clear and unbiased information and
transparent messages about vaccines need to be conveyed by pol-
icymakers and scientists. Given these findings, national govern-
ments and supranational organisations need to urgently
implement reliable strategies in order to address the detrimental
effect of misinformation that can escalate vaccine hesitancy.
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Table A1
Descriptive statistics of the analysis sample.
% N

Gender
Female 53.2 18,978
Male 46.8 10,777
Age group
18-29 years 14.5 2,429
30-39 years 14.8 3,756
40-49 years 16.4 5,529
50-59 years 19.6 8,022
60-69 years 21.7 7,245
70 + years 13.0 2,774
Location type
The open countryside 11.7 2,329
A village/small town 40.6 7,939
A medium to large town 20.5 7,720
A city or city suburb 27.3 11,767
Employment status
Employed 431 14,642
Self-employed 6.2 2,440
Unemployed 9.4 2,805
1ll/disabled 2.9 757
Retired 28.3 7,127
Homemaker 3.1 1,012
Student 71 972
Lives with spouse
No 439 11,367
Yes 56.1 18,388
Children in household
No 67.2 19,407
Yes 32.8 10,348
Education level
Primary education 49 541
Secondary education 66.4 9,494
Tertiary education 28.6 19,720
Self-rated health
(Very) bad health 8.6 2,481
Fair health 31.7 9,068
Good health 46.2 13,469
Very good health 13.5 4,737
Chronic health problem / disability
No 52.2 16,063
Yes 47.8 13,692
Close person had Covid
No 62.7 18,437
Yes 373 11,318
Close person died of Covid
No 89.6 27,045
Yes 104 2,710
Social media use
Less than daily 10.3 2,866
Daily: under 3 h 68.6 20,087
Daily: 3 + hours 21.1 6,802
Main news source
Traditional (press, radio, TV) 81.0 23,573
Social media/blogs 19.0 6,182
Total 29,755

Notes: Weighted data.
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Table A2
Estimates of Linear Probability Models (LPM).
(1) (2) (3) (4)
Coeff. s.e. Coeff. s.e. Coeff. s.e. Coeff. s.e.

Female 0.00 () 0.00 () 0.00 () 0.00 ()
Male 0.02 (0.01) 0.01 (0.01) 0.01 (0.01) 0.05*** (0.01)
18-29 years 0.00 () 0.00 () 0.00 () 0.00 ()
30-39 years 0.04 (0.03) -0.01 (0.02) 0.02 (0.03) 0.00 (0.03)
40-49 years 0.03 (0.03) —0.02 (0.02) 0.01 (0.03) 0.00 (0.02)
50-59 years 0.04 (0.03) —-0.03 (0.02) —-0.00 (0.02) -0.02 (0.02)
60-69 years 0.00 (0.03) -0.03 (0.02) -0.02 (0.03) —-0.03 (0.03)
70 + years —-0.02 (0.04) —0.04* (0.02) —-0.01 (0.03) —0.07** (0.03)
The open countryside 0.00 () 0.00 () 0.00 () 0.00 ()
A village/small town —0.06™** (0.02) 0.00 (0.02) —0.06™ (0.02) -0.02 (0.02)
A medium to large town —0.08*** (0.02) -0.01 (0.02) —0.06™** (0.02) -0.03* (0.02)
A city or city suburb —0.13*** (0.02) —0.02 (0.02) —0.10™** (0.02) —0.06*** (0.02)
Employed 0.00 () 0.00 () 0.00 () 0.00 ()
Self-employed 0.06™* (0.02) 0.01 (0.02) 0.01 (0.02) 0.05** (0.02)
Unemployed 0.08*** (0.03) 0.01 (0.02) 0.08*** (0.03) 0.05** (0.02)
1ll/disabled 0.11** (0.05) 0.05 (0.04) 0.06 (0.04) 0.03 (0.04)
Retired 0.01 (0.02) —-0.01 (0.01) —0.00 (0.02) 0.02 (0.02)
Homemaker 0.01 (0.03) —0.00 (0.02) —0.00 (0.03) —-0.01 (0.03)
Student —0.13*** (0.03) —0.05** (0.02) —0.09*** (0.02) —0.09*** (0.02)
No spouse 0.00 () 0.00 () 0.00 () 0.00 ()
Lives with spouse -0.02* (0.01) -0.00 (0.01) -0.00 (0.01) -0.01 (0.01)
No children in household 0.00 () 0.00 () 0.00 () 0.00 ()
Children in household 0.03* (0.02) —0.00 (0.01) 0.03** (0.01) 0.01 (0.01)
Primary education 0.00 () 0.00 () 0.00 () 0.00 ()
Secondary education 0.04 (0.03) 0.00 (0.02) 0.06™** (0.02) 0.02 (0.02)
Tertiary education —-0.03 (0.03) -0.02 (0.01) 0.02 (0.02) -0.02 (0.02)
(Very) bad health 0.00 () 0.00 () 0.00 () 0.00 ()
Fair health —-0.06** (0.03) —0.05™* (0.02) —0.05™* (0.02) 0.02 (0.02)
Good health —0.08*** (0.03) —0.08*** (0.02) —0.05** (0.03) 0.02 (0.02)
Very good health —-0.04 (0.03) —0.08™** (0.02) —-0.03 (0.03) 0.06*** (0.02)
Chronic health problem / disability —0.04*** (0.01) 0.02*** (0.01) —-0.01 (0.01) —0.04™** (0.01)
Close person had Covid —-0.03** (0.01) —-0.01 (0.01) —0.02* (0.01) —-0.01 (0.01)
Close person died of Covid —0.04* (0.02) —0.02* (0.01) —0.05*** (0.01) —0.03** (0.01)
Social media: Less than daily 0.00 () 0.00 () 0.00 () 0.00 ()
Social media: Daily: under 3 h 0.03* (0.02) 0.01 (0.01) 0.05*** (0.01) 0.01 (0.01)
Social media: Daily: 3 + hours 0.05** (0.02) 0.03** (0.01) 0.06™** (0.02) 0.01 (0.02)
Main news source: Traditional (press/radio/TV) 0.00 () 0.00 () 0.00 () 0.00 ()
Main news source: Social media/blogs 0.20*** (0.02) 0.05™** (0.01) 0.11%** (0.02) 0.14*** (0.01)
Constant 0.36*** (0.06) 0.14*** (0.03) 0.19*** (0.04) 0.11*** (0.04)
Country dummies Yes Yes Yes Yes
Observations 29,755 29,755 29,755 29,755
R-squared 0.105 0.044 0.063 0.089

Notes. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Dependent variable:

Model 1: 1 if vaccination is rather unlikely or very unlikely ; O otherwise.

Model 2: 1 if vaccine hesitant with reason “I am worried that it will make my health issues worse”; 0 otherwise.

Model 3: 1 if vaccine hesitant with reason “I do not trust the safety of the vaccine”; 0 otherwise.

Model 4: 1 if vaccine hesitant with reason “I think the risk of COVID-19 is exaggerated” or “I think COVID-19 doesn’t exist”; 0 otherwise.
Weighted data.

Table A3
Marginal effects from logistic models with the inclusion of interaction terms (extensions of Model 5 in Table 7).
(1) (2)
m.e. s.e. m.e. s.e.
Social media: Less than daily (ref.) Social media: Less than daily (ref.)
Social media: Daily: under 3 h Social media: Daily: under 3 h
Female 0.03 (0.03) Primary education -0.14 (0.13)
Male 0.04 (0.03) Secondary education 0.04 (0.03)
Social media: Daily: 3 + hours Tertiary education 0.06™** (0.01)
Female 0.04 (0.03) Social media: Daily: 3 + hours
Male 0.06* (0.04) Primary education 0.02 (0.14)
Secondary education 0.04 (0.03)
Main news source: Traditional (press, radio, TV) (ref.) Tertiary education 0.07*** (0.02)
Main news source: Social media/blogs
Female 0.19"** (0.02) Main news source: Traditional (press, radio, TV) (ref.)
Male 0.21*** (0.03) Main news source: Social media/blogs
Primary education 0.20%** (0.06)
Observations 29,755 Secondary education 0.21*** (0.02)
Tertiary education 0.18*** (0.02)
Observations 29,755

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Weighted data. The models include all the covariates included in Model 5 in Table 7, in addition to the
reported interactions.
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