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Abstract

Background In Hungary, although six types of vaccines were widely available, the percentage of people receiv-
ing the primary series of COVID-19 vaccination remained below the EU average. This paper investigates the reasons
for Hungary's lower vaccination coverage by exploring changing attitudes towards vaccination, socio-demographic
determinants, and individual reasons for non-acceptance during the 3" - 5" pandemic waves of COVID-19.

Methods The study’s empirical analysis is based on representative surveys conducted in Hungary between February
19,2021, and June 30, 2022. The study used a total of 17 surveys, each with a sample size of at least 1000 respond-
ents. Binomial logistic regression models were used to investigate which socio-demographic characteristics are most
likely to influence vaccine hesitancy in Hungary. The study analysed 2506 open-ended responses to identify reasons
for vaccine non-acceptance. The responses were categorised into four main categories and 13 sub-categories.

Results Between the third and fifth wave of the pandemic, attitudes towards COVID-19 vaccination have significantly
changed. Although the proportion of vaccinated individuals has increased steadily, the percentage of individuals who
reported not accepting the vaccine has remained almost unchanged. Socio-demographic characteristics were an impor-
tant determinant of the observed vaccine hesitancy, although they remained relatively stable over time. Individuals

in younger age groups and those with lower socioeconomic status were more likely to decline vaccination, while those
living in the capital city were the least likely. A significant reason behind vaccine refusal can undoubtedly be identified

as lack of trust (specifically distrust in science), facing an information barrier and the perception of low personal risk.

Conclusion Although compulsory childhood vaccination coverage is particularly high in Hungary, voluntary adult
vaccines, such as the influenza and COVID-19 vaccines, are less well accepted. Vaccine acceptance is heavily affected

by the social-demographic characteristics of people. Mistrust and hesitancy about COVID-19 vaccines, if not well man-
aged, can easily affect people’s opinion and acceptance of other vaccines as well. Identifying and understanding

the complexity of how vaccine hesitancy evolved during the pandemic can help to understand and halt the decline

in both COVID-19 and general vaccine confidence by developing targeted public health programs to address these issues.
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Introduction

Vaccination has been proven effective in mitigating the
health and societal impacts of COVID-19 globally and
preventing millions of fatalities [1]. However, in Hun-
gary, the cumulative percentage of people receiving the
primary series of COVID-19 vaccination was about 11%
below the European Union average, and the percentage
receiving at least one booster dose of vaccination was
18% below the EU average among the adult population in
2023 (Figure 4 of the Supplementary Material) [2].

In Hungary, both vaccination recommendations and six
types of COVID-19 vaccines were widely available dur-
ing the COVID-19 vaccination campaign in 2021-2022
[3], providing individuals with wide access, free of charge
vaccines and a choice of vaccine types to increase vac-
cination uptake [4]. Although the vaccination campaign
initially achieved success, with vaccination coverage
exceeding the EU average until August 2021, vaccination
coverage did not significantly increase since early 2022,
when it reached 71% in the adult population (refer to Fig-
ure 4 in the Supplementary Material) [2]. As a result, a
considerable segment of the Hungarian population has
been left unvaccinated against COVID-19. The social pat-
terning of COVID-19 vaccination coverage in Hungary
since the third pandemic wave has hindered effective epi-
demic control. Primarily urban, less deprived areas have
had the highest coverage, whilst the most deprived areas
have had the lowest [3]. Despite recommendations for
vaccination, widespread vaccine hesitancy could be the
reason for non-vaccination.

Vaccine hesitancy refers to delayed uptake or refusal of
vaccination despite the availability of vaccination services
[5]. Underimmunisation and vaccine hesitancy is a major
public health concern [6]. In 2019, the World Health
Organisation (WHO) listed vaccine hesitancy as one of
the top ten global health threats [7]. Although the preva-
lence of vaccine hesitancy was increasing before 2020 [8],
the COVID-19 pandemic has exacerbated this issue. It
has, probably resulted in a high number of deaths, many
of which could have been saved if people had followed
vaccination recommendations [1].

The Health Behaviour Model (HBM), the 3C, 5C and
7C models provide insight into the reasons behind vac-
cine hesitancy. The HBM’s investigation of correlations
between health and preventive behaviours, 3Cs model
developed by WHO’s Strategic Advisory Group of
Experts on Immunization (SAGE) building on three fac-
tors with Complacency (perceived risks of the disease,
vaccination as a non-priority), Convenience (availability,
accessibility, affordability, health literacy) and Confidence
(trust in vaccines, safety, delivery, and policy makers),
moreover the further developed 5Cs model’s supplemet
with Collective responsibility (social norms, willingness

Page 2 of 10

to protect others) and Calculation (seeking information
before the decision) [9, 10]. The 7C model incorporates
two additional factors, Compliance and Conspiracy [11].

Several European countries have reported a high level
of COVID-19 vaccine hesitancy, due to demographic
factors, poor health literacy, concerns about vaccine
effectiveness and safety and mistrust of government and
scientific institutions [12—16]. Data collected in the Euro-
pean Union shows that trust in science is negatively cor-
related, while trust in social media is positively associated
with vaccine hesitancy [17]. A cohort study conducted in
Hong Kong and Singapore between 2020 and 2022 found
that four key factors were associated with vaccine refusal
in both the 18-59 and over 60 age groups. These factors
were mistrust in health authorities, low vaccine confi-
dence, vaccine misconceptions, and political views [18].
A Canadian study highlighted the importance of trust
in relation to vaccine hesitancy. It found that individu-
als with high levels of vaccine hesitancy also had signifi-
cantly lower levels of institutional trust [19].

The reasons for non-acceptance of vaccination recom-
mendations and their prevalence in the population may
vary across countries [15]. Therefore, it is necessary to
investigate the underlying reasons behind Hungary’s sub-
stantially lower COVID-19 vaccination coverage com-
pared to the EU average.

The aim of this study is to describe the changing atti-
tudes towards COVID-19 vaccination over time during
the 3™ - 5™ pandemic waves of the COVID-19, while
investigating the socio-demographic determinants and
the individual reasons for non-acceptance of COVID-19
vaccination in Hungary. A principal aim of this research
was to determine the concerns, fears, and misunder-
standings about COVID-19 vaccinations among indi-
viduals who did not comply with vaccination guidelines
and declined COVID-19 vaccination. Our findings are
intended to guide targeted public health interventions to
reduce vaccine hesitancy and increase vaccine uptake.

Methods

The empirical analysis of this study is based on the data
of MASZK study, hosted by the University of Szeged, in
which surveys were conducted in Hungary [20]. Data
were collected using CATI (Computer-assisted telephone
interviewing) methodology between April 2020 and June
2022, once a month, with a sample size of at least 1000
respondents. A multi-step, proportionally stratified,
probabilistic sampling procedure was used for sampling,
which included both landlines and mobile phone num-
bers. The sample was representative of the Hungarian
population aged 18 years or older by gender, age, educa-
tion, and type of settlement. Sampling errors were cor-
rected using iterative proportional weighting after the
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data collection. The data collection was fully comply-
ing with the current European and Hungarian privacy
data regulations, approved by the Hungarian National
Authority for Data Protection and Freedom of Informa-
tion, and by the Research Ethic Committee of the Medi-
cal Research Council of Hungary (resolution number
IV/3073-1/2021/EKU). Informed consent was obtained
from all survey participants.

This analysis focuses primarily on data collected
between February 19, 2021, and June 30, 2022, in 17
surveys (see Table 1), starting from the time when vac-
cines became widely available. However, the survey also
evaluated the willingness to receive vaccination prior to
the availability of COVID-19 vaccines to the general pub-
lic, between December 16-22, 2020. To examine the key
trends over time, pandemic waves defined by COVID-19
case numbers have been used [3].

We defined vaccine non-acceptance as an individual
decision, at the time of the survey, to decline the COVID-
19 vaccine when presented with the opportunity to be
vaccinated [21].

To investigate which socio-demographic characteristics
are most likely to influence vaccine hesitancy in Hungary,
binomial logistic regression models were used. Models
were fitted using the glm function of the stats package
(version 3.6.2) of R [22]. In order to compare the impact
of the socio-demographic predictors across pandemic
waves, Average Marginal Effects (AMEs) were calculated
[23] using the margins package of R [24, 25].

Multiple-choice questions measured respondents’ self-
reported vaccination status and willingness to vaccinate,

Table 1 Dates of the data collection and epidemic waves

Pandemic wave Time of data collection

39 wave (January 25,2021 - July 4, 2021) February 19-25, 2021
March 24-30, 2021
April 22-28, 2021

May 25-31, 2021

June 22-28, 2021

July 23-29, 2021
August 23-29, 2021
September 24-30, 2021
October 24-30, 2021
November 19-25, 2021
December 15-21, 2021
January 21-27, 2022
February 23-28, 2022
March 24-30, 2022
April 21-24, 2022

May 25-31, 2022

June 24-30, 2022

4" wave (July 5, 2021 - December 26, 2021)

5t wave (December 26, 2021 - July 5,2022)
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while reasons for not accepting vaccination were meas-
ured with an open-ended survey question. Respondents
who reported not having received a single dose of the
COVID-19 vaccine were asked the following question,
separately for each vaccine type available: “Do you plan
to get vaccinated with the coronavirus vaccine currently
available in Hungary from [manufacturer]? (1) yes, as
soon as I have the opportunity; (2) yes, but only after some
time; (3) no; (4) don’t know.” In case the mentioned type
of vaccine was not yet available in Hungary, the follow-
ing question was asked: “If the [manufacturing country]-
based [manufacturer] coronavirus vaccine recommended
by the health authorities became available, would you be
vaccinated with it? (1) yes, as soon as I have the oppor-
tunity; (2) yes, but only after some time; (3) no; (4) don’t
know.” If the respondent indicated that they did not plan
to receive the listed vaccines, they were asked the follow-
ing question: “Please explain in your own words why you
do not plan to be vaccinated with any of the vaccines.”

The responses to the open-ended questions revealed
a differentiated picture of the concerns, fears, and mis-
conceptions about COVID-19 vaccines among those
who did not accept vaccination. For analysis purposes a
category system was developed based on the WHO 5C
model, as outlined by Betsch [26], with modifications
made to fit the specific context of this study. It was not
possible to fully adapt the model, as the questionnaire
used only asked about the reasons for vaccine non-
acceptance, rather than overall vaccine hesitancy. Thus,
we do not have information from those who ultimately
decided to take up the vaccine as the question for the
reasons of rejection was only asked from those who
reported that they have not got the vaccine and neither
they plan to take it. Consequently, not all the 5C factors
were relevant for this study. Only those factors were
selected which could be used in the categorisation of the
answers and used these factors in a deductive approach.
Nevertheless, there were still answers that could not
be classified into these categories. For this reason, an
inductive approach was initiated for the classification
of these answers. In summary, a mixed approach was
employed for the coding of the open-ended responses.
Initially, a deductive approach was adopted, with the
model subsequently extended through the application
of an inductive approach. In the analysis, we therefore
developed four pre-defined main categories, including
trust barriers, information barriers, risk perception, and
other barriers, along with other sub-categories (refer to
Table 3 in the Supplementary Material) for identifying
reasons for not accepting the COVID-19 vaccination.
Table 4 of the Supplementary Material provides an illus-
trative overview of typical responses categorised into
the defined subcategories.
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Regarding the reasons for vaccine non-acceptance,
2506 open-ended responses were coded and catego-
rised by two researchers using the pre-defined main and
sub-categories. This was carried out by two researchers
working independently of each other. During the cod-
ing process a response could be coded in more than one
category. The pre-defined category system was modi-
fied based on the feed-backs from the coding research-
ers collected after the first 200 responses in the pilot. The
degree of agreement between the independent research-
ers was assessed using Cohen’s Kappa for each category,
by accepting at least “moderate” agreement with the
Cohen’s Kappa coefficient of >0.4 [27] (refer to Table 3).
All disagreements were coded again by a third researcher.

Results

We categorised data of the 17 surveys into three pan-
demic waves. Although the time intervals of the data
collection do not precisely coincide with the COVID-19
case numbers’ defined pandemic waves [3], this categori-
zation serves as a good approximation and help the inter-
pretation and the understanding of results (Table 1).
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An exceptionally large database with a total sample size
of 17,001 was used for the analysis (Table 2). The analy-
sis was complemented by an additional survey data col-
lected on December 16-22, 2020 (n=1000) to compare
the examined epidemic waves with the period immedi-
ately preceding vaccination. The overall distribution of
the sample is representative of the adult population in
Hungary (Table 2).

In December 2020, before vaccines became available
for the wider public, only a quarter of the population
(24%) expressed willingness to receive the COVID-19
vaccine immediately upon availability. Meanwhile 41%
were uncertain, and 35% declined all forms of COVID-19
vaccinations.

During the third wave of the pandemic (25" Janu-
ary 2021 - 4" July 2021), following the commencement
of the COVID-19 vaccination campaign, 47% of people
self-reported that they had received a single dose of vac-
cine and 16% would not be taking any type of vaccine. A
significant proportion of individuals were either unsure
whether they would be vaccinated (13%) or were waiting
to be vaccinated (24%) (Fig. 1). By the fourth wave of the

Table 2 Proportion of the vaccinated and non-vaccinated respondents in the 3 to 5™ pandemic waves, by socio-demographic

characteristics

39 wave 4 wave 5% wave Total
Vacc. Non-vacc. Vacc. Non-vacc. Vacc. Non-vacc.
Sex
Male 50% 45% 48% 43% 47% 47% 47%
Female 50% 55% 52% 57% 53% 53% 53%
Age group
19-29 yrs 12% 22% 15% 27% 17% 22% 18%
30-39yrs 13% 20% 16% 21% 16% 23% 17%
40-49 yrs 17% 21% 18% 20% 18% 21% 19%
50-59 yrs 16% 15% 15% 14% 15% 17% 15%
60+ yrs 42% 22% 35% 17% 34% 17% 32%
Education
Elementary 25% 23% 24% 23% 24% 22% 24%
Vocational 23% 20% 20% 26% 21% 26% 22%
High school 30% 37% 32% 38% 32% 38% 33%
Higher education 22% 20% 23% 13% 23% 14% 21%
Settlement type
Capital 20% 16% 20% 9% 20% 8% 18%
County seat 16% 19% 17% 18% 17% 19% 17%
City 34% 37% 34% 39% 35% 38% 35%
Village 30% 29% 29% 34% 29% 34% 30%
Financial situation
Rather poor 32% 33% 28% 36% 29% 36% 30%
Medium 47% 45% 46% 44% 45% 41% 45%
Rather good 21% 22% 26% 20% 26% 23% 25%
N 2366 2635 4809 1191 5016 984 17001
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Fig. 1 Self-reported COVID-19 vaccination attitudes in Hungary during the 3" - 5" pandemic waves based on the results of monthly representative

cross-sectional surveys

pandemic in 2021, the percentage of individuals waiting
for vaccination and those uncertain about receiving the
vaccine had almost disappeared (2 and 4%, respectively),
and the majority of Hungarian society was basically
divided into two groups, those who reported receiving
the single-dose vaccine (80%) and those who declined
the vaccine (14%). The percentage of individuals who
reported not accepting the vaccine remained almost
unchanged during the three waves of the pandemic,
16% in the third wave and 14-14% in the fourth and fifth
waves of the pandemic (Fig. 1).

Socio-demographic characteristics were important
determinants of the observed vaccine hesitancy. In the
3" and 4™ pandemic waves (and overall, considering
all the waves together), women were more likely to be
vaccine-hesitant than men, although this significant
difference disappeared in the 5™ wave. For all waves,
individuals in younger age groups (especially the 30-39
years age category) and those with lower levels of edu-
cation and lower income were more likely to decline
vaccination, while those with chronic disease and those
living in the capital city were the least likely. The social
factors behind vaccine non-acceptance were relatively
stable over time with only minor changes following the
introduction of COVID-19 vaccines (Fig. 2).

Of the 2481 open responses, 2270 responses were cat-
egorised. The Cohen’s Kappa values ranged from 0.41 to
0.92 (for concrete values, see Table 3). Out of the main
categories (trust barrier, information barrier, risk per-
ception and other barriers), a significant reason behind
vaccine refusal can undoubtedly be identified as lack

of trust, specifically distrust in science. 68% of the par-
ticipants identified trust barrier as one of the reasons
for vaccine hesitancy. Among vaccine non-accepters a
significant majority (66%) attributed their hesitancy to
the lack of trust in science. This compares with 39% of
respondents who also mentioned facing an informa-
tion barrier, whereas only 5% associated with any other
structural or individual reason (Fig. 3).

Although overall the trust barrier remains stable
over time, its composition varies significantly across
the three pandemic waves analysed. The reasoning
that “the vaccine was developed too quickly” became
less popular among responders, while confidence in
the effectiveness and safety of the vaccine were declin-
ing (although changes in safety were not significant),
with fewer people perceiving COVID-19 as a threat. It
can also be seen that, as time progresses an increasing
number of people believe that COVID-19 vaccination
is the sole means of protection. Overall, the categories
related to trust in science (and of all the categories sur-
veyed), fear of side effects was the most common rea-
son for not accepting vaccination, mentioned by 26% of
the respondents.

Political views are not highlighted in the results, as this
study did not focus on them. However, the proportion of
respondents was around 4-5% in each wave who did not
accept vaccination mentioned the lack of trust in deci-
sion-makers or media as a reason for their decision.

Incorrect information was the second most common
answer. This category comprised of responses indicat-
ing that the decision was based on misinformation. The
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most prevalent sub-category was where the respond-
ents referred to self-declared past infections (albeit not
recent). The proportion of reference to previous infec-
tion significantly increased in the 4™ and 5™ waves (6%
of respondents mentioned previous infection during the
3" wave, compared to 9-9% during the 4™ and 5% waves).
Additionally, the proportion of responses that fell outside
of this subcategory but were identified as a type of infor-
mation barrier increased in subsequent waves.

The third category was risk perception, where the
respondents considered themselves not to be at risk from
the virus on account of their own attributes (e.g. youth,
robust immune system). The reference to this answer
decreased over time (although not significantly).

Discussion

This large-scale, representative study used monthly
cross-sectional surveys to show changes in public atti-
tudes towards COVID-19 vaccination during the major
pandemic waves in Hungary.

There was a substantial shift in attitudes towards
COVID-19 vaccination from December 2020 to Decem-
ber 2021 in Hungary. In December 2020 - before the study
period and prior to the introduction of the vaccines, -
vaccine hesitancy was at a high level in Hungary with a
refusal rate of 35% and 41% of the population expressing
uncertainty. However, after the introduction of the vac-
cines, there was a significant decrease in the ratio of vac-
cine hesitant groups (who were unsure or wanted to wait
with vaccination) over time. At the same time, the ratio
of vaccine non-acceptors (in our measure, those who
have neither got, nor been hesitant to take the vaccine,
but completely reject it) remained almost constant over
the study period. During the third pandemic wave, vac-
cine non-acceptance was 16%, while it was 14-14% during
the fourth and fifth waves. Our data (and administrative
data as well - see Figure 4 in the Supplementary Mate-
rial) indicates that a plateau was reached in the number of
individuals who were willing to be vaccinated by the end
of 2021, despite the availability of COVID-19 vaccines in
Hungary. This finding remains crucial as the situation has
not changed since then, and COVID-19 vaccination cov-
erage with primary series doses has not increased in the
following years in Hungary [2].

Hungary has a well-established history of successful
disease prevention through compulsory vaccination pro-
grams, and thus childhood vaccination coverage is par-
ticularly high [28]. However, a high uptake of compulsory
childhood vaccinations does not necessarily mean that
positive attitudes towards vaccination extend to volun-
tary vaccinations. Voluntary adult vaccines, such as the
influenza and COVID-19 vaccines, are less well accepted
in Hungary [29, 30].
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Our study showed, that the acceptance of the COVID-
19 vaccine exceeded that typically observed for voluntary
adult vaccinations such as the influenza in Hungary, prob-
ably due to initial widespread vaccination communication
and vaccine-related benefits (e.g. COVID passport). None-
theless, the vaccination coverage was increasingly lagging
behind the EU average, and it was less able to markedly
reduce virus transmission and protect vulnerable groups
during pandemic surges. Since the primary series vaccina-
tion campaign, willingness to receive a COVID-19 booster
vaccination has drastically decreased in Hungary [2]. A
limitation of this study, that it only analyses the first dose
of vaccination. For individuals aged 18 years and older, the
difference in vaccination coverage between the first and
second doses of COVID-19 is only 2.6 percentage point,
so our results are likely to apply well to the group of those
not receiving the whole primary vaccination series in Hun-
gary, but not for those not accepting the booster doses.
Self-reported vaccine acceptance or willingness to receive
COVID-19 vaccination may not be a reliable predic-
tor of real-world vaccine uptake, as noted in the study by
Andrejko et al. [31]. In June 2022, 26% of Hungarian adults
had not received a COVID-19 vaccine dose [2]. Nonethe-
less, our findings indicate that the proportion of unvacci-
nated individuals during that time was only 18% according
to self-reporting. It is possible that the overestimation of
the percentage of vaccinated individuals in our study was
due to selection bias. Individuals who are more likely to
be concerned about the pandemic and therefore more
likely to be vaccineted are also more likely to participate in
COVID-19-related surveys. Furthermore, social desirabil-
ity bias may lead some unvaccinated individuals to claim
they are vaccinated [4, 32]. Due to this biases, despite striv-
ing to produce nationally representative outcomes through
the design of the sampling methods and data weighting,
the respondents may not fully represent the general adult
population in Hungary. However, these biasing mecha-
nisms were assumed to remain constant over time, making
the data suitable for trend analysis.

Our results indicate that reluctance to receive COVID-
19 vaccination was most prevalent among younger
adults, and those with lower educational attainment or
financial status, those with chronic disease, and those
residing outside of the capital. These results are in line
with the existing literature [33—37]. A previous ecologi-
cal study has already suggested a similar association in
Hungary [3]. Thus, socioeconomic inequalities strongly
influence vaccination attitudes in Hungary, and this asso-
ciation appears to be stable over time. The difference in
COVID-19 vaccination coverage between Hungary and
the EU may be partly explained by the higher propor-
tion of the socio-economically deprived population in
Hungary.
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The study found that the main reasons for vaccine hesi-
tancy were a lack of trust, particularly in science, and
information barriers. In East-Central Europe, institu-
tional trust, including trust in health institutions, has his-
torically been low [38], which was further reduced by the
COVID-19 pandemic [39]. The findings are consistent
with other studies that highlight the link between a lack
of trust (both in general and specifically in authorities,
institutions, and science), and vaccine hesitant attitudes
and behaviours [18, 19]. In interpreting the research
results, it is important to note that the WHO vaccination
recommendation at the time of the study was used to
ensure that primary vaccination was recommended in the
first line for those at the highest risk of severe COVID-
19, then, if vaccines were plentifully available, as was the
case in Hungary, for the high-risk group, followed by the
medium-risk group (which contains all healthy adults)
[40]. Furthermore, the WHO recommended vaccination
regardless of previous infection [40, 41], with a specified
time interval between the vaccination and the previous
infection. These guidelines are especially important in
the interpretation of the misinformation category of the
reason for non vaccination, especially in the subcategory
refers to previous (presumed) infection’ Although we
could move out some of those respondents from the mis-
information category, who have been infected in the last
four months (and move them to the fifth, other category),
but as the questionnaire only asked for the first PCR test,
we could not detect those who has been infected twice,
or who detected the infection with other types of tests.
Therefore, in this study it was considered misinformed
for previously infected individuals to decline vaccina-
tion against COVID-19 partially on the basis of naturally
acquired immunity.

The results show that while the overall trust barrier
remains stable over time, its composition varies sig-
nificantly across the three pandemic waves analysed.
The third wave of the pandemic was the most severe in
Hungary in terms of the number of severe illnesses and
deaths recorded, moreover, by this time pandemic fatigue
had set in. Non-pharmacological measures were gradu-
ally withdrawn with the introduction of vaccination [42].
Towards the end of the research period, the Omicron
variant emerged, causing a milder course of disease than
the previously dominant Delta variant [43]. The reason
for vaccine refusal was increasingly the fact that respond-
ents no longer felt threatened by COVID-19. As public
experience with vaccination increased, the argument
that the vaccine had been developed too quickly became
less prevalent among vaccine hesitants, while more peo-
ple believed that the vaccine was ineffective as it became
clear to people that they could still become infected and
even transmit the virus despite being vaccinated [44, 45].
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As the pandemic progressed, more and more people mis-
takenly believed that the risks of vaccination outweighed
the benefits, and concerns about vaccine safety became
the most frequently cited argument, with its share rising
steadily.

Conclusion

In this paper we analysed large-scale, representative
monthly cross-sectional survey data to reveal changes
in public attitudes towards COVID-19 vaccination from
the beginning of the vaccination campaign in Hungary.
Vaccine hesitancy related to COVID-19 vaccination
heavily decreased from December 2020 to December
2021 in Hungary, however the size of the group who
radically rejected vaccination did not change over time.
Socio-demographic characteristics were an important
determinant of the observed vaccine hesitancy in each
observed pandemic waves. The analysis of the reasons for
vaccine rejection showed that the main reasons behind
not acceptance are the lack of trust (especially distrust
in science) and having misinformation. Identifying and
understanding the complexity of how vaccine hesitancy
evolved during the pandemic can help to understand and
halt the decline in both COVID-19 and general vaccine
confidence by developing targeted public health pro-
grams to address these issues.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-024-19267-2.

[ Supplementary Material 1. }

Acknowledgements
This work was completed in the National Laboratory for Health Security of
Hungary.

Authors’ contributions

All authors contributed to the design of the study. ASL conducted the statisti-
cal analyses and created the tables and figures; BO, JK and GR conceptualized
the study; ASL, BO, JK, CL, and EB contributed to the writing of the manuscript;
JA, EB and CL coded the open-ended responses; JK supervised the study
team. All authors read and approved the final manuscript.

Funding

Open access funding provided by HUN-REN Centre for Social Sciences. The
authors acknowledge funding from the National Laboratory for Health Secu-
rity, RRF-2.3.1-21-2022-00006, which is supported by the National Office for
Research, Development and Innovation (NKFIH).

Availability of data and materials
The datasets used in the current study are available from the corresponding
author upon reasonable request.


https://doi.org/10.1186/s12889-024-19267-2
https://doi.org/10.1186/s12889-024-19267-2

Ligeti et al. BMC Public Health (2024) 24:1796

Declarations

Ethics approval and consent to participate

The data collection was fully complying with the current European and Hun-
garian privacy data regulations, approved by the Hungarian National Authority
for Data Protection and Freedom of Information, and by the Research Ethic
Committee of the Medical Research Council of Hungary (resolution number
IV/3073-1/2021/EKU). Informed consent was obtained from all survey
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"National Laboratory for Health Security, HUN-REN Centre for Social Sciences,
Budapest, Hungary. >National Laboratory for Health Security, Center for Epi-
demiology and Surveillance, Semmelweis University, Budapest, Hungary.
3Corvinus University of Budapest, Budapest, Hungary. *National Laboratory
for Health Security, Bolyai Institute, University of Szeged, Szeged, Hungary.
®Faculty of Social Sciences, Eétvds Lorand University, Budapest, Hungary.

Received: 5 March 2024 Accepted: 25 June 2024
Published online: 05 July 2024

References

1. Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, Ghani AC. Global
impact of the first year of COVID-19 vaccination: a mathematical mod-
elling study. Lancet Infect Dis. 2022;22(9):1293-302. https://doi.org/10.
1016/51473-3099(22)00320-6.

2. COVID-19 Vaccine Tracker. European Centre for Disease Prevention
and Control. 2024. https://www.ecdc.europa.eu/en/publications-data/
covid-19-vaccine-tracker. Accessed 30 May 2024.

3. Oroszi B, Juhdsz A, Nagy C, Horvéth JK, Komlds KE, Turi G, et al. Char-
acteristics of the Third COVID-19 Pandemic Wave with Special Focus
on Socioeconomic Inequalities in Morbidity, Mortality and the Uptake
of COVID-19 Vaccination in Hungary. J Personal Med. 2022;12(3):388.
https://doi.org/10.3390/jpm12030388.

4, Kutasi K, Koltai J, Szabd-Morvai A, Rost G, Karsai M, Bird P, et al. Under-
standing hesitancy with revealed preferences across COVID-19 vaccine
types. Sci Rep. 2022;12(1):13293.

5. MacDonald NE. Vaccine Hesitancy: Definition, Scope and Determi-
nants. Vaccine. 2015;33(34):4161-4. https://doi.org/10.1016/j.vaccine.
2015.04.036.

6. Gostin LO, Hodge JG, Bloom BR, EI-Mohandes A, Fielding J, Hotez P,
et al. The public health crisis of underimmunisation: a global plan of
action. Lancet Infect Dis. 2020;20(1):e11-6.

7. Friedrich M. WHO's Top Health Threats for 2019. JAMA.
2019;321(11):1041. https://doi.org/10.1001/jama.2019.1934.

8. Lane S, MacDonald NE, Marti M, Dumolard L. Vaccine hesitancy around
the globe: Analysis of three years of WHO/UNICEF Joint Reporting
Form data-2015-2017. Vaccine. 2018;36(26):3861-7.

9. Tostrud L, Thelen J, Palatnik A. Models of determinants of COVID-

19 vaccine hesitancy in non-pregnant and pregnant population:
Review of current literature. Hum Vaccines | Immunotherapeutics.
2022;18(6):2138047. https.//doi.org/10.1080/21645515.2022.2138047.

10. Turner PJ, Larson H, Dube E, Fisher A.Vaccine Hesitancy: Drivers and
How the Allergy Community Can Help. J Allergy Clin Immunol Pract.
2021;9(10):3568-74. https://doi.org/10.1016/jjaip.2021.06.035.

11. Geiger M, Rees F, Lilleholt L, Santana AP, Zettler I, Wilhelm O, et al. Measur-
ing the 7Cs of vaccination readiness. Eur J Psychol Assess. 2021,38(4):239-
345, https://doi.org/10.1027/1015-5759/a000663.

12. Bir6 E, Vincze F, Nagy-Pénzes G, Adany R. Investigation of the relation-
ship of general and digital health literacy with various health-related
outcomes. Front Public Health. 2023;11:1229734.

14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Page 9 of 10

. Kouvari K, Hadjikou A, Heraclidou |, Heraclides A. Health literacy,

consciousness, and locus of control in relation to vaccine hesitancy and
refusal. Eur J Public Health. 2022;32:ckac129-640. https://doi.org/10.1093/
eurpub/ckac129.640.

Lazarus JV, Wyka K, White TM, Picchio CA, Rabin K, Ratzan SC, et al. Revisit-
ing COVID-19 Vaccine Hesitancy around the World Using Data from 23
Countries in 2021. Nat Commun. 2022;13(1):3801. https://doi.org/10.
1038/541467-022-31441-x.

. Toshkov D. What accounts for the variation in COVID-19 vac-

cine hesitancy in Eastern, Southern and Western Europe? Vaccine.
2023;41(20):3178-88.

. Sapienza A, Falcone R.The role of trust in COVID-19 vaccine acceptance:

considerations from a systematic review. Int J Environ Res Public Health.
2022;20(1):665. https://doi.org/10.3390/ijerph20010665.

. CarrieriV, Guthmuller S, Wibker A. Trust and COVID-19 vaccine hesitancy.

Sci Rep. 2023;13(1):9245. https://doi.org/10.1038/541598-023-35974-z.

. Lun P, Ning K, Wang Y, Ma TSW, Flores FP, Xiao X, et al. COVID-19 Vac-

cination Willingness and Reasons for Vaccine Refusal. JAMA Netw Open.
2023,;6(10):22337909-e2337909. https://doi.org/10.1001/jamanetwor
kopen.2023.37909.

. Krastev S, Krajden O, Vang ZM, Juérez FPG, Solomonova E, Goldenberg

MJ, et al. Institutional trust is a distinct construct related to vaccine hesi-
tancy and refusal. BMC Public Health. 2023;23(1):2481.

Koltai J, Vasarhelyi O, Rost G, Karsai M. Reconstructing social mixing
patterns via weighted contact matrices from online and representative
surveys. Sci Rep. 2022;12(1):4690.

Dudley MZ, Privor-Dumm L, Dubé E, MacDonald NE. Words Matter: Vac-
cine Hesitancy, Vaccine Demand, Vaccine Confidence. Herd Immunity
and Mandatory Vaccination Vaccine. 2020;38(4):709-11. https://doi.org/
10.1016/j.vaccine.2019.11.056.

R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing; 2022.

Mood C. Logistic regression: Why we cannot do what we think we can
do, and what we can do about it. Eur Sociol Rev. 2010;26(1):67-82.
Leeper TJ. Interpreting regression results using average marginal effects
with R's margins. Comprehensive R Archive Network (CRAN); 2017.
LeeperTJ, Arnold J, Arel-Bundock V, Long JA, Bolker, B. Package ‘margins”:
Marginal Effects for Model Objects. 2024. R package version 0.3.26.
https://cran.r-project.org/web/packages/margins/. Accessed 05 June
2024.

Betsch C, Schmid P, Heinemeier D, Korn L, Holtmann C, Bohm R. Beyond
Confidence: Development of a Measure Assessing the 5C Psychological
Antecedents of Vaccination. PLoS ONE. 2018;13(12):e0208601. https://doi.
org/10.1371/journal.pone.0208601.

Landis JR, Koch GG. The Measurement of Observer Agreement for
Categorical Data. Biometrics. 1977,33(1):159-74. https://doi.org/10.2307/
2529310.

OECD; European Union. Health at a Glance: Europe 2022: State of Health
in the EU Cycle. 2022. https://doi.org/10.1787/507433b0-en.

DombrédiV, Jo4 T, Palla G, Pollner P, Belicza E. Comparison of hesitancy
between COVID-19 and seasonal influenza vaccinations within the gen-
eral Hungarian population: A cross-sectional study. BMC Public Health.
2021;21(1):2317. https://doi.org/10.1186/512889-021-12386-0.

Eorsi D, Gacs Z, Kun E. Influenza vaccination: pros and cons? Views of gen-
eral practitioners and the general population. Orv Hetil. 2022;163(6):222-
8. https://doi.org/10.1556/650.2022.32405.

Andrejko KL, Myers JF, Fukui N, Nelson L, Zhao R, Openshaw J, et al. Real-
world uptake of COVID-19 vaccination among individuals expressing
vaccine hesitancy: A registry-linkage study. Vaccine. 2023;41(10):1649-56.
https://doi.org/10.1016/j.vaccine.2023.01.066.

Wolter F, Mayerl J, Andersen HK, Wieland T, Junkermann J. Overestimation
of COVID-19 Vaccination Coverage in Population Surveys Due to Social
Desirability Bias: Results of an Experimental Methods Study in Germany.
Socius. 2022;8:23780231221094748. https://doi.org/10.1177/2378023122
1094749.

Bagic¢ D, Suljok A, An¢i¢ B. Determinants and reasons for coronavirus
disease 2019 vaccine hesitancy in Croatia. Croat Med J. 2022;63(1):89-97.
Gotebiowska J, Zimny-Zajac A, Drézdz M, Makuch S, Dudek K, Mazur G,

et al. Evaluation of the Approach towards Vaccination against COVID-19
among the Polish Population — In Relation to Sociodemographic Factors


https://doi.org/10.1016/S1473-3099(22)00320-6
https://doi.org/10.1016/S1473-3099(22)00320-6
https://www.ecdc.europa.eu/en/publications-data/covid-19-vaccine-tracker
https://www.ecdc.europa.eu/en/publications-data/covid-19-vaccine-tracker
https://doi.org/10.3390/jpm12030388
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1001/jama.2019.1934
https://doi.org/10.1080/21645515.2022.2138047
https://doi.org/10.1016/j.jaip.2021.06.035
https://doi.org/10.1027/1015-5759/a000663
https://doi.org/10.1093/eurpub/ckac129.640
https://doi.org/10.1093/eurpub/ckac129.640
https://doi.org/10.1038/s41467-022-31441-x
https://doi.org/10.1038/s41467-022-31441-x
https://doi.org/10.3390/ijerph20010665
https://doi.org/10.1038/s41598-023-35974-z
https://doi.org/10.1001/jamanetworkopen.2023.37909
https://doi.org/10.1001/jamanetworkopen.2023.37909
https://doi.org/10.1016/j.vaccine.2019.11.056
https://doi.org/10.1016/j.vaccine.2019.11.056
https://cran.r-project.org/web/packages/margins/
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310
https://doi.org/10.1787/507433b0-en
https://doi.org/10.1186/s12889-021-12386-0
https://doi.org/10.1556/650.2022.32405
https://doi.org/10.1016/j.vaccine.2023.01.066
https://doi.org/10.1177/23780231221094749
https://doi.org/10.1177/23780231221094749

Ligeti et al. BMC Public Health (2024) 24:1796

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

and Physical and Mental Health. Vaccines. 2023;11(3):700. https://doi.org/
10.3390/vaccines11030700.

Reiter PL, Pennell ML, Katz ML. Acceptability of a COVID-19 vaccine
among adults in the United States: How many people would get vac-
cinated? Vaccine. 2020;38(42):6500-7.

Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19
vaccine acceptance in the US. EClinicalMedicine. 2020;26:100495.

Miao 'Y, Shen Z, Li Q, Ma M, Xu D, Tarimo CS, et al. Understanding the
impact of chronic diseases on COVID-19 vaccine hesitancy using pro-
pensity score matching: internet-based cross-sectional study. J Clin Nurs.
2024;33(6):2165-77. https://doi.org/10.1111/jocn.16958.

Boda Z, Medve-Bélint G. Does institutional trust in East Central Europe dif-
fer from Western Europe? Eur Q Polit Attitudes Mentalities. 2014;3(2):1-17.
Yaddanapudi L, Hahn J, Ladikas M. Decreasing trust in health institutions
in EU during COVID-19: A Spatio-temporal analysis. Eur J Pub Health.
2023;33:160-594. https://doi.org/10.1093/eurpub/ckad160.594.

WHO SAGE roadmap for prioritizing uses of COVID-19 vaccines: an
approach to optimize the global impact of COVID-19 vaccines, based on
public health goals, global and national equity, and vaccine access and
coverage scenarios, first issued 20 October 2020, updated: 13 November
2020, updated: 16 July 2021, latest update: 21 January 2022. World Health
Organization; 2022.

Interim statement on hybrid immunity and increasing population sero-
prevalence rates. World Health Organization; 2022.

Horvéth JK, Komlds KE, Krisztalovics K, Rést G, Oroszi B. A COVID-

19 vildgjarvany elsé két éve Magyarorszagon. Népegészséglgy.
2022;99(1):6-19.

Assessment of the further spread and potential impact of the SARS-
CoV-2 Omicron variant of concern in the EU/EEA, 19th update. Rapid Risk
Assessment; 2022.

Singanayagam A, Hakki S, Dunning J, Madon KJ, Crone MA, Koycheva A,
et al. Community transmission and viral load kinetics of the SARS-CoV-2
delta (B. 1.617. 2) variant in vaccinated and unvaccinated individuals

in the UK: a prospective, longitudinal, cohort study. Lancet Infect Dis.
2022,22(2):183-195.

Feikin DR, Higdon MM, Abu-Raddad LJ, Andrews N, Araos R, Goldberg Y,
et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection
and COVID-19 disease: results of a systematic review and meta-regres-
sion. Lancet. 2022;399(10328):924-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10


https://doi.org/10.3390/vaccines11030700
https://doi.org/10.3390/vaccines11030700
https://doi.org/10.1111/jocn.16958
https://doi.org/10.1093/eurpub/ckad160.594

	Socioeconomic determinants and reasons for non-acceptance to vaccination recommendations during the 3rd - 5th waves of the COVID-19 pandemic in Hungary
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


