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Introduction: The aim of this study was to assess the relationship between double COVID-19 vaccine
uptake and trust in effectiveness and safety of vaccination in general in 23 European Union (EU) coun-
tries.
Methods: Ecological study. Data was retrieved from the Flash Eurobarometer 494 and Our World in Data.
We estimated Pearson’s correlation coefficients and fitted multiple linear regression models.
Results: There is a negative linear correlation between the percentage of people doubly vaccinated and
the percentage of low trust in vaccine effectiveness (r = -0.48, p-value = 0.021), and the percentage of
low trust in vaccine safety (r = -0.43, p-value = 0.041). There is a negative adjusted relation between
the percentage of low trust in vaccine safety and the percentage of people doubly vaccinated (ab% low trust

in vaccine safety:-0.25; 95% CI: �0.49,-0.01, p-value = 0.045).
Conclusion: An increase in health literacy of people living in certain countries in the EU may be needed to
boost COVID-19 vaccine uptake.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus Disease 2019 (COVID-19) is a deadly disorder
which has caused over 6.2 million deaths worldwide [1] since its
causative agent, the Severe Acute Respiratory Syndrome Coron-
avirus 2 (SARS-CoV-2), was discovered in late 2019. At the begin-
ning of the pandemic, diverse prophylactic measures, including
personal hygiene (e.g., handwashing), social distancing or respira-
tory etiquette, were recommended to control the transmission of
this disease. On a second stage, different organizations, both public
and private, quickly tested and developed safe and effective vacci-
nes against the SARS-CoV-2. Subsequently, the corresponding reg-
ulatory organizations approved the commercialization and use of
these vaccines and as a result, in countries with a high proportion
of people vaccinated, COVID-19 incidence and fatality rate, espe-
cially among people at highest risk, have greatly declined [2].
In this context, massive vaccination campaigns are being car-
ried out worldwide nowadays. These campaigns, however, are
advancing at different velocities [3]. Probably, the main factors
associated with the pace of vaccination are structural, mainly the
availability of stock of the different types of vaccines. In this sense,
while most developed countries have large batches and rates of
vaccination are high, developing countries have an important lack
of stock and vaccination rates are low, scenario that has led to an
unequal access to immunization [4]. Remarkably, immunization
is needed globally to fully control the COVID-19 pandemic. Other
factors apart from structural, however, should also be considered
to understand why countries and territories with even socioeco-
nomic development are advancing differently in vaccination.

At the individual level, vaccine acceptance has been proposed to
have a fundamental impact on the COVID-19 vaccine uptake [5].
Vaccine acceptance is based on three main pillars, which are vacci-
nation confidence, complacency and convenience [6]. Vaccine con-
fidence is defined as ‘‘trust in the effectiveness and safety of
vaccines and in the system that delivers them” [6]. Specifically,
in the European Union (EU), vaccination rates for different commu-
nicable diseases are overall high [7,8]. However, vaccination pro-
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grammes are currently facing challenges due to an erosion of trust
in vaccines in some people usually belonging to specific communi-
ties or pockets [9]. This situation, which has been relevant for
measles lately, is associated to socioeconomic factors, but also
more generally to a plethora of other determinants, such as lack
of information or access to fake content on vaccination [9]. This
erosion of trust in vaccination could also be having an impact on
the vaccination against the COVID-19 at the national level, as pre-
vious studies have pointed out within specific countries [10].
Knowing if this association occurs in different territories would
be of paramount interest to invest for increasing health literacy
and for empowering people. Thus, the aim of this study is to
explore the relationship between trust in effectiveness and safety
of vaccines in general and double COVID-19 vaccine uptake at
the national level in 23 EU Member States.
2. Methods

This is an ecological study with country as analysis unit using
data from the Flash Eurobarometer 494 about Europeans’ attitudes
on vaccination against COVID-19 [11] and Our World in Data
repository about COVID-19 vaccination [12]. The Flash Eurobarom-
eter 494 aims to obtain input from citizens in the EU regarding
their attitudes on vaccination against COVID-19 (n = 26,106). It
was carried out by Ipsos European Public Affairs at the request of
the European Commission, Directorate-General for Communica-
tion in the 27 EU Member States (EU-27) between the 21st and
26th of May 2021. Our World in Data repository collects periodi-
cally data on COVID-19 vaccination and policies towards COVID-
19 vaccination, country by country. Inclusion criteria for our study
were: (1) belonging to the EU-27, and (2) having available data on
the percentage of people doubly vaccinated against COVID-19 by
the 17th of May 2021. In this sense, there were not data available
for Ireland, the Netherlands, Portugal and Sweden. After applying
inclusion criteria, this study includes data on 23 countries of EU-
27.

2.1. Research ethics

The investigation was carried out considering the rules of the
Declaration of Helsinki of 2013. We used anonymized secondary
data publicly available in the following repositories (https://data.
europa.eu/data/datasets/s2512_494_eng?locale = en) and
(https://ourworldindata.org/covid-vaccinations).

2.2. Variables of study

2.2.1. Trust in effectiveness and safety of vaccines in general
The Flash Eurobarometer 494 collects information about trust

in effectiveness of vaccines in general through the item ‘‘To what
extent do you agree or disagree with the following statements
about vaccines in general: Vaccines are effective”, with the options
totally agree/tend to agree/tend to disagree/totally disagree/don’t
know. Respondents were classified according to their trust in effec-
tiveness of vaccines in general into high, for those respondents
who answered totally agree or tend to agree; low, for those respon-
dents who answered tend to disagree or totally disagree; and don’t
know, for those respondents who answered don’t know. Trust in
safety of vaccines in general was collected through the item ‘‘To
what extent do you agree or disagree with the following state-
ments about vaccines in general: Vaccines are safe”, with the
options totally agree/tend to agree/tend to disagree/totally dis-
agree/don’t know. Respondents’ trust in safety of vaccines in gen-
eral was classified as high/low and don’t know in the same way
as trust in effectiveness.
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2.2.2. COVID-19 vaccination and covariates
Our World in Data repository collects and updates periodically

COVID-19 vaccination data country by country from official data
sources. Also, we collected as covariates those variables that might
impact COVID-19 vaccination following the Working Group on
Vaccine Hesitancy Determinants Matrix [6] and the nature of the
data. We retrieved from each country the percentages of people
doubly vaccinated; number of vaccines in the list of vaccines dis-
pensed (e.g., being 3 if a country dispensed Moderna, Oxford/Astra-
Zeneca, and Pfizer/BioNtech); the policy towards COVID-19
vaccination (vaccination available for two of the following three
groups: key workers, clinically vulnerable groups or elderly
groups; vaccination available for all of the following groups: key
workers, clinically vulnerable groups, and elderly groups; avail-
ability for all three groups, plus partial additional availability (se-
lected broad group/ages); and universal); total deaths per million
attributed to COVID-19; total COVID-19 cases per million; strin-
gency index, which is a composite measure based on 9 response
indicators including school closures, workplace closures, and travel
bans, rescaled to a value from 0 to 100 (100 = strictest response);
gross domestic product (GDP) at purchasing power parity (con-
stant 2011 international dollars) in the most recent year available;
median age of the population from the United Nations projection
for 2020; and total population by the 17th of May 2021.
2.3. Statistical analysis

We described the percentage of low trust in effectiveness of
vaccines in general, the percentage of low trust in safety of vacci-
nes in general, and the percentage of people doubly vaccinated
against COVID-19 by the 17th May 2021 in each country included
in the analyses. We estimated the Pearson’s correlation coefficient
between the percentage of people doubly vaccinated against
COVID-19 and the percentage of low trust in effectiveness of vac-
cines in general and in safety of vaccines in general at the national
level. Also, we identified the number of vaccines in the list of vac-
cines dispensed per country against COVID-19, the policy towards
COVID-19 vaccination, and the total deaths per million attributed
to COVID-19. Further, after checking linear regression model
assumptions (linearity, homoscedasticity, normality of the residu-
als, and independence of residual error terms), we tested the rela-
tion between the percentage of people doubly vaccinated against
COVID-19 and the percentage of low trust in effectiveness of vac-
cines in general, percentage of low trust in safety of vaccines in
general, and covariates, through simple and multiple linear regres-
sion models. In the multiple linear regression model, we adjusted
for total deaths per million attributed to COVID-19 after assessing
the quality of different models using the Akaike Information Crite-
rion. We weighted simple and multiple regression models accord-
ing to the population of the country. Significance level was set up
to 0.05. The software used was R-4.0.3 and the package used to
design the plots was ggplot2 version 3.3.3.
3. Results

The Member State with the highest percentage of people doubly
vaccinated against COVID-19 by the 17th of May 2021 was Malta
(33.4%), being the percentages of Maltese with low trust in effec-
tiveness and safety of vaccines in general of 3.7% and 6.5%, respec-
tively, while Finland was the country with the lowest percentage of
people doubly vaccinated against COVID-19 (5.3%). Latvia, which
had the highest percentage of low trust in effectiveness of vaccines
(22.9%), and Bulgaria, which had the highest percentage of low
trust in safety of vaccines (34.2%) among all the countries included
in the analysis, were the countries with the second and third low-
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est percentages of people doubly vaccinated against COVID-19 by
the 17th of May 2021 (6.1% and 6.8%, respectively) (Table 1).

There is a significant negative linear correlation between the
percentage of low trust in effectiveness of vaccines in general
and the percentage of people doubly vaccinated against COVID-
19 (r = -0.48, p-value = 0.021), as well as between the percentage
of low trust in safety of vaccines in general and the percentage of
people doubly vaccinated against COVID-19 (r = -0.43, p-
value = 0.041). Further, the policy towards COVID-19 most applied
as of 17th of May 2021 was to vaccine universally (35.7%). Only
Spain had a policy towards COVID-19 vaccination of vaccinating
two of the following groups: key workers, clinically vulnerable
groups, and elderly groups. Moreover, the majority of analyzed
countries had four different vaccines available for dispensing
(67.9%). Only Slovakia had one type of vaccine available for dis-
pensing (Pfizer/BioNTech), while Hungary was the only country
that had five different types of vaccines available for dispensing
(Moderna, Oxford/AstraZeneca, Pfizer/BioNTech, Sinopharm/Bei-
jing, Sputnik V) (Fig. 1).

Further, we found a non-significant negative adjusted linear
relation between the percentage of low trust in effectiveness of
vaccines in general and the percentage of people doubly vaccinated
against COVID-19 (ab% low trust in vaccine effectiveness: �0.37; 95% CI:
�0.76,0.05, p-value: 0.103) and a significant negative adjusted lin-
ear relation between the percentage of low trust in safety of vacci-
nes in general and the percentage of people doubly vaccinated
against COVID-19 (ab% low trust in vaccine safety: �0.25; 95% CI:
�0.49,-0.01, p-value: 0.045) (Supplemental Table 1).
4. Discussion

We have found a negative correlation between trust in effec-
tiveness and safety of vaccines in general and double COVID-19
vaccine uptake at the national level in 23 Member states of the
EU-27. A significant negative adjusted linear association was also
found between double COVID-19 vaccine uptake and trust in safety
of vaccines.

These results are in line with previous studies carried out in dif-
ferent countries within the EU, which concluded that the uptake of
the COVID-19 vaccine was associated with its acceptance. For
instance, in a study carried out in Finland, the main predictor for
Table 1
Percentage of people doubly vaccinated by the 17th of May 2021 and percentages of peo
country.

Country ISO Code % of people doubly vaccinated % of low trust in effecti

Finland FIN 5.3 10.0
Bulgaria BGR 6.1 21.7
Latvia LVA 6.8 22.9
Croatia HRV 7.7 13.4
Czechia CZE 10.4 12.3
Germany DEU 11.4 7.8
Austria AUT 12.3 9.6
Belgium BEL 12.3 7.8
Poland POL 12.3 8.5
Slovakia SVK 12.6 17.6
Cyprus CYP 13.1 10.7
Estonia EST 13.5 13.8
France FRA 13.5 8.2
Luxembourg LUX 13.8 8.9
Slovenia SVN 14.3 18.0
Italy ITA 14.7 7.3
Romania ROU 15.1 13.3
Greece GRC 15.6 8.1
Spain ESP 15.7 3.3
Lithuania LTU 16.6 13.9
Denmark DNK 18.5 7.6
Hungary HUN 28.5 10.9
Malta MLT 33.4 3.7
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COVID-19 vaccination was the perceived safety [13]. In a study
based in France, vaccine hesitancy decreased in working-age pop-
ulation when people were informed on the benefits of herd immu-
nity [14]. Also, in an Internet-based study conducted in Spain,
reasons obtained from people not getting vaccinated were also
similar (e.g., lack of effectiveness, lack of safety) [15]. Besides,
when we assessed the relation between high trust in vaccine effec-
tiveness and safety in general, and the percentage of people doubly
vaccinated against COVID-19, we found positive linear relations
(reffectiveness = 0.41, p-value = 0.051 and rsafety = 0.35, p-
value = 0.097), results which also support the meaning of our data.

Vaccination against the COVID-19 is a key element to accom-
plish herd immunity globally, which is the objective to control
the pandemic. The findings from our exploratory analysis may
indicate that Member states achieving higher rates of trust in vac-
cine effectiveness and safety may have higher acceptance for vac-
cination against the COVID-19 and be able to reach higher levels of
immunization in a short time. On the other hand, countries with a
higher proportion of general vaccine hesitancy may face trouble to
quickly reach the percentage of population needed to accomplish
herd immunity [16].

Vaccine acceptance is a complex decision process in which
social and individual determinants play a decisive role [6]. Differ-
ent actors, such as the media or government policies, may module
the decision of vaccine uptake and, for this reason, they should be
involved in health literacy of the populations. Also, administrations
and governments should identify at the national and local level
pockets of people in which vaccine hesitancy is high to allocate
resources to improve their health literacy [17].

Our results should be interpreted cautiously in the context of a
study that has several limitations. Firstly, the major limitation of
this study is that we did not have access to data on vaccine avail-
ability; in this sense, by the 17th of May 2021, when the vaccina-
tion campaign was starting, this factor was different among
Member states, being a determinant factor for the uptake of the
COVID-19 vaccine. Secondly, the ecological design of our research
hampers drawing conclusions at the individual level. However,
our results are in line with previous surveys assessing the associa-
tion between COVID-19 and diverse determinants of acceptance
within the ambit of confidence in research and vaccination in other
countries. For example, in a study carried out in the US [18], indi-
ple with low trust in the effectiveness and safety of vaccines in general in 2021 per

veness of vaccines in general % of low trust in safety of vaccines in general

12.5
34.2
26.5
17.9
17.0
11.5
14.4
25.2
12.0
26.6
15.2
26.5
15.2
11.8
31.2
10.9
16.9
12.5
4.1

21.3
10.9
13.7
6.5



Fig. 1. Scatterplots representing the correlation at the national level between percentage of people doubly vaccinated by the 17th of May 2021 and percentage of low trust in
effectiveness of vaccines in general in 2021 (A), and between percentage of people doubly vaccinated by the 17th of May 2021 and percentage of low trust in safety of
vaccines in general in 2021 (B).
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viduals who had greater confidence in scientists and researchers
were more than three times as likely to vaccinate against COVID-
19 than individuals with hardly any confidence. Also, results aris-
ing from a survey in Russia, showed that the most common reasons
for not taking the vaccine were concerns on vaccine’s effectiveness,
safety and side effects [19]. Also, there are probably many other
factors apart from the trust in vaccine effectiveness and vaccine
safety, both individual and structural, associated with vaccine
uptake, which have not been taken into account in our adjusted
analysis due to the nature of the data used, such as sex. These fac-
tors may be confounding the association explored. Further, since
we used already available and public data, we could not use a vari-
able of specific knowledge about the COVID-19 vaccine.

In conclusion, we have found a negative association between
trust in vaccine effectiveness and safety in general, and double
COVID-19 vaccine uptake, in 23 countries in the EU . Our results
may indicate the need to increase health literacy of people living
in certain countries in the EU, with regards to knowledge of vacci-
nation, to boost COVID-19 vaccine uptake.
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