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Abstract 

Background  Several different coronavirus disease (COVID-19) vaccines were authorized and distributed 
all over the world, including Hungary, but vaccination rates and acceptance of the different vaccines varied 
through 2021 and subsequent years. In Hungary Western vaccines and the Chinese and Russian vaccines were avail-
able in early 2021. Understanding preference and willingness to pay (WTP) for the COVID-19 vaccine could provide 
information for policy decision making to control the COVID-19 pandemic. We aimed to assess the socio-demo-
graphic factors influencing the COVID-19 vaccination and to analyse individual preferences for the available COVID-19 
vaccines in Hungary.

Methods  A cross-sectional online questionnaire survey was conducted between 25–05-2021 and 08–06-2021 
exploring the vaccine acceptance and WTP for vaccination in the Hungarian general population. To assess the prefer-
ences towards the different vaccines available in Hungary at the time of the study, we used a multi-step WTP task.

Results  Altogether 2,000 respondents filled out our survey, with the average age of 49.1 (SD = 15.3), out of whom 370 
respondents (18.5%) stated that they already had a COVID-19 infection. Age above 65 years, male gender, higher level 
of education, higher income and residence in the capital or county seats were associated with a higher probability 
of vaccination. The average WTP ranged from 14.2 to 30.3 EUR for the different vaccine types.

Conclusions  Males, respondents with higher education and income stated a higher WTP value for all vaccines. Better 
socioeconomic status increased both vaccination coverage and willingness to pay for vaccines.
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Introduction
Different vaccines were available worldwide at the time 
of our survey. Several different coronavirus (COVID-19) 
vaccines were authorized and distributed all over the 

world, but both vaccines developed and produced in the 
EU and one developed and produced in China and Russia 
were available in early 2021. Many factors, such as soci-
odemographic, psychological, sociological, environmen-
tal characteristic and indicators of anxiety, COVID-19 
related fear may influence the willingness to vaccinate.

Vaccine rollout.
At the beginning of the pandemic, isolation and 

social distancing were regarded as the main meas-
ure against the infection, and since the availability of 
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vaccines, vaccination has become the primary tool in 
the fight against the virus. To receive any vaccination 
an online or offline registration (per mail) was required 
from all citizens in Hungary towards the Office of the 
Prime Minister. Due to geopolitical situation of Hun-
gary, vaccines have been available in this country very 
soon (spring 2021), compared to other continents and 
countries. The Hungarian government decided very 
early to purchase vaccines – at that time with no EU 
authorisation – from partners both from Russia and 
China. This might have been the reason for Hungary 
having been the second-best vaccinated nation in 
Europe in March–April 2021 – but these rates have not 
grown as fast as expected and the country fell back to 
place 20 in October 2021 with an average vaccination 
rate of 61,8% [47]. At the time of the survey five differ-
ent vaccines: AstraZeneca (Vaxzevria), Moderna (Spik-
evax), Beijing CNGB BBIBP (CorV), Pfizer-BionTech 
(Comirnaty) and Gamaleya (Gam-Covid-Vac) refered 
to as AstraZeneca, Moderna, Sinopharm, Pfizer-Bion-
tech, and Sputnik V. were available in Hungary, but 
choices on the type of the vaccine were limited at the 
beginning and differed depending on when and under 
which circumstances (administered by a general practi-
tioner or received at central vaccination points) some-
one received the vaccine.

In most cases, if someone did not accept the specific 
vaccine they were offered, they had to wait, and it was 
not certain that the next vaccine offered would be their 
preferred vaccine. The perception of the effectiveness 
and the potential side effects of vaccines differed in the 
Hungarian population. At the time of the survey, nega-
tive news about possible risks and side effects related 
to the AstraZeneca vaccine were dominating the public 
opinion [1]. The Sputnik V. and Sinopharm were believed 
to be less effective, and their lack of European Medicines 
Agency (EMA) authorization also increased mistrust [2]. 
(Fig. 1).

As of January 2022, regarding the uptake of additional 
doses of vaccines, Hungary has already reached a com-
parably favourable position within the EU with a 64.1% of 
the population taking at least one dose of vaccine, which 
is higher than countries in the region such as Croatia 
(56.8%), Slovakia (50.9%), Slovenia (57.3%) and Roma-
nia (41.6%) [3]. COVID-19 vaccination hesitancy can be 
explained by multiple factors. One set of factors are the 
sociodemographic characteristics, for example ethnic-
ity, gender, age, educational level, socio-economic sta-
tus and religion.[4–7]. Another set of determinants can 
be the COVID-19 and lockdown-related fear and anxi-
ety. A recent German study has shown that participants 
with higher fear of COVID-19 were more likely to be 
vaccinated [8], while a study from the Netherlands found 
increased fear of COVID-19 predicts vaccination will-
ingness 14 months later, even when controlling for other 
factors [9]. In Japan, a longitudinal online study revealed 
that mental health conditions such as depression and 
generalized anxiety, and low level of fear of COVID-
19 can be associated with unwillingness or indecision 
regarding COVID-19 vaccination [10].

Willingness to pay (WTP) for vaccines
WTP estimates reveal individuals’ values for goods or 
services, that have not been valued by the market such 
as vaccines, which also have large external effects and 
are most often provided or subsidized by public fund-
ing, hence they provide information for decision-makers 
on understanding population preferences. WTP pro-
vides valuable information on public preferences and 
the social value of an intervention through the summa-
tion of individuals’ WTP. It has been widely used to gain 
information on relative valuations for different treatment 
options for medical conditions, health care priority set-
ting and among other healthcare interventions, vac-
cines [11]. WTP methods have been used in numerous 
studies worldwide to estimate the value of vaccinations, 

Fig. 1  Vaccine authorization timeline
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including hypothetical and actual COVID-19 vac-
cines [12–22]. WTP valuations are often influenced by 
respondents’ characteristics and methodological choices. 
In the context of COVID-19 vaccination, differences 
based demographic and socioeconomic determinants, 
such as age, gender, income and education were observed 
in previous studies [11, 16, 19, 23].

Our objective was to assess the sociodemographic fac-
tors that might influence vaccination and to identify the 
determinants of vaccination. Measuring population’s 
willingness to pay for the COVID-19 vaccine could help 
understand preferences towards vaccines and provides 
valuable information to aid policy interventions on vac-
cination and on the control the COVID-19 pandemic. 
Hence, this study also aimed to estimate the Hungar-
ian populations’ preference for vaccines using the WTP 
method and to assess any potential differences between 
the attitudes towards the different types of vaccines avail-
able in Hungary at the time of the survey.

Methods
Data collection
The data for this study came from a large cross-sec-
tional, internet based national survey, exploring the 
vaccine acceptance, willingness to pay for vaccination 
for COVID-19 on the Hungarian general population. 
The survey was conducted between 25–05-2021 and 
08–06-2021 as an online questionnaire survey (with an 
approximately 30  minute completion time) among the 
Hungarian adult (age > 18) general population. At this 
time, lockdown rules were relaxed after the COVID-19 
pandemic neared the end of its’ third wave (March-June 
2021) in Hungary. The recruitment of the respondents 
was carried out by a survey company from members of 
an online panel. The online panel had over 150 thousand 
members who had voluntarily registered to complete 
surveys in return for earning survey points that could be 
later redeemed to various rewards (e.g. gift card, prizes). 
The target sample size was 2,000 and non-probabilistic 
quota sampling was used, aiming for representativeness 
in terms of sex, age, level of education, type of settlement 
and region.

All procedures performed in studies involving human 
participants were in accordance with the 1964 Helsinki 
declaration and its later amendments or comparable ethi-
cal standards. Permission for conducting the study was 
granted by the Research Ethics Committee of Corvinus 
University Budapest (reference No. KRH/109/2021). 
Respondents were informed that the participation in the 
survey was completely voluntary, their data would remain 
anonymous and would not be linked to personal informa-
tion and used solely for scientific purposes. Respondents 

needed to provide their informed consent before the start 
of the survey.

Questionnaire
The survey included questions on demographic and 
socio-demographic (such as age, gender, education, mari-
tal status, employment status, household size, monthly 
net household income, place of residence) factors, and 
respondents’ experience with previous COVID-19 infec-
tions. The questionnaire also included a question on 
whether the respondent has been vaccinated, or reg-
istered to get vaccinated, but did not receive the vac-
cine yet or was not vaccinated, nor registered. We also 
included a question regarding what type of vaccine the 
respondent got, if they stated that they were vaccinated. 
Respondents were asked about their willingness to pay 
for the vaccines that were available in Hungary at the 
time of the survey. The questionnaire also included scales 
and questionnaires to assess the quality of life, anxiety, 
and the COVID-19 related fear of the survey popula-
tion, as we aimed to understand the possible connections 
between these factors and vaccination. The questions we 
used in our analysis were mandatory questions, hence we 
did not have missing data in the variables.

Quality of life, anxiety, and fear
General Anxiety Disorder‑7
The General Anxiety Disorder-7 (GAD-7) is commonly 
used for the assessment of generalized anxiety disor-
der; a questionnaire that examines the symptoms of the 
past two weeks. Answers are given a 4-point Likert scale 
(0–3), with a total score between 0 and 21. Final scores 
above 10 points are associated with moderate, above 15 
points with severe anxiety disorder [24].

Fear of COVID‑19
The Fear of COVID-19 (FCV-19) Scale is seven-item 
scale, which can be used to assess fear of COVID-19 
among the general population [25]. The questionnaire 
was validated in more than 15 different languages and 
populations [26–32]. We used the Hungarian validated 
version of the questionnaire [33]. Participants are asked 
to indicate their level of agreement with the statements 
using a five-item Likert-type scale. The answers were the 
following: “strongly disagree,” “disagree,” “neither agree 
nor disagree,” “agree,” and “strongly agree”. The minimum 
score possible for each question is 1, and the maximum is 
5. A total score is calculated by adding up each item score 
(ranging from 7 to 35). Higher scores are associated with 
greater fear [25].
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Lockdown captivity
During the COVID-19 lockdown, travel and leisure activ-
ities were limited, the consequent losses in activities and 
changes in lifestyle has been challenging for many. The 
lockdown captivity scale was developed as a part of a 
wider research project on the travel-related burden expe-
rienced during the Covid-19 lockdown, and aims to con-
ceptualize the lockdown captivity phenomenon [34]. The 
scale includes the following three statements: “Wish you 
could break out of the lockdown situation”, „Feel trapped 
by the lockdown situation”, and „Wish you could just run 
away” [34]. The response categories were ranging from 
“strongly disagree” to “totally agree” on a 7-point Likert 
scale.

Fear of missing out
Fear of missing out (FOMO) has become an increasingly 
relevant social phenomenon, which became even more 
important when the COVID-19 pandemic and related 
lockdown periods have started. The FOMO scale meas-
ures anxiety that individuals experience when they miss 
out on rewarding experiences with others (e.g., going out 
with friends). The scale contained four statements which 
respondents were asked to rate on a 7-point Likert scale 
with answers ranging from “strongly disagree” to “totally 
agree.” and has been used and adapted in multiple coun-
tries [35, 36].

WTP
WTP is a decision theory that uses the methods of 
conditional evaluation and conditional response [37]. 
Using a multi-step WTP task, participants were asked 
about their willingness to pay for vaccines (AstraZen-
eca, Moderna, Sinopharm, Pfizer-Biontech, and Sput-
nik V.) available in Hungary at the time of the study. 
We only provided the name and the country of origin 
of the vaccine and did not display any further informa-
tion (effectiveness, probability of potential side-effects), 
as we were interested in analysing how respondents 
think about vaccinations, based on their own informa-
tion. Respondents got randomly assigned one of the 
available vaccines and asked to state how much they 
could and would certainly pay for the vaccine, after 
which they were asked to state the amount that they 
certainly would not be able to or willing to pay. By ask-
ing the respondents to identify all the amounts they 
would certainly pay and those that they would certainly 
not pay, we gained information on the range of values 
over which people are uncertain of [37]. The next step 
contained an open-ended question. The boundaries 
in the open-ended question were determined by the 
amounts the respondents had indicated in the previous 

two questions. In the following question all the other 
vaccines were presented to the respondents who were 
asked to indicate the amount they would be willing to 
pay for each in an open-ended question without any 
boundaries. The participants gave their willingness to 
pay values in Hungarian forint, which was then con-
verted into euros using the average exchange rate of the 
Central Bank of Hungary in May 2021 (1 EUR = 354.2 
HUF) [38]. To assess to which level participants were 
able to assert their preferences, we ranked each 
respondents’ WTP answers (in case of equal values 
expressed for two or more vaccines, we gave the same 
rank to the vaccines with the same WTP value) for the 
five vaccines and compared it to which vaccine they 
received for their first dose. At the time of our survey 
the choice on vaccine was partly limited in Hungary.

Statistical analysis
The statistical analyses used the IBM SPSS Statistics 25.0 
software. Statistical characteristics of nominal and quan-
titative variables were shown as descriptive statistics 
(arithmetic means and standard deviations), respectively. 
We conducted sub-group analysis in the 1) vaccinated, 
2) non-vaccinated but registered to be vaccinated and 3) 
non-vaccinated and non-registered subgroups. We used 
non-parametric tests (Kruskal–Wallis test) to analyse 
the significance of the differences between groups as our 
scale variables had a non-normal distribution. To com-
pare the nominal variables across the groups, we used 
crosstab  analysis and reported the empirical significance 
of the chi square tests.

To explore the determinants of vaccination, we built 
a multinomial logistic regression model. The dependent 
variable was a variable expressing the vaccination sta-
tus of the respondent. The variable expressed whether 
the participant was (1) vaccinated, (2) registered, but 
not vaccinated, or (3) non-vaccinated. The classification 
of respondents who were registered, but not vaccinated 
is ambiguous as there may be respondents among them 
who do not want to be vaccinated anymore, hence, to 
handle this uncertainty, we treated them as a separate 
group regarding their vaccination status. In our model, 
we selected the reference category as not vaccinated 
nor registered. To explore the determinants of vaccina-
tion, we included factors (gender, age over 65 years, liv-
ing in the same household with someone over the age of 
65, income over the median, settlement type, employ-
ment status, previous mandatory quarantine status and 
a control variable on previous COVID-19 infection, 
categorized GAD-7 and Fear of COVID-19 scores), and 
covariates (Fear of Missing Out and Lockdown captivity 
scores) in our model.
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Results
Demographic characteristics of respondents
Overall,  N = 2,421 started the questionnaire, the final 
sample contains  N = 2,000 complete responses of the 
Hungarian adult general population (response rate: 
82.6%). The average age of the respondents was 49.1 years 
(SD = 15.3). Almost half of the respondents were 
employed full time (N = 920 (46.0%)), while a quarter of 
the respondents were retired (N = 510 (25.5%)). Alto-
gether 370 respondents (18.5%) stated that they already 
had a COVID-19 infection, which was higher the national 

rate with altogether 8.2% (798,147) inhabitants infected 
until the 15th of May 2021. The mean score on the FCV-
19 was 13.9 (SD = 5.5), indicating that the respondents 
were affected by the COVID-19 infection and experi-
enced fear (Table 1).

Comparison of vaccinated and non‑vaccinated sub‑groups
Altogether 1,374 (67.4%) respondents received at least 
the first dose of vaccine, while 106 (5.3%) have regis-
tered to be vaccinated, and 547 respondents (27.4%) did 
not get the vaccine and did not register to be vaccinated. 

Table 1  Comparison of vaccinated and non-vaccinated sub-groups

* Pearson’s chi-squared test p values/Kruskal–Wallis test p values/
a Higher scores indicating greater level of fear and anxiety

Variables Total sample Vaccinated Registered, but not 
vaccinated

Non-vaccinated p*

N (%) or Mean (SD) N (%) or Mean (SD)

Total 2,000 (100.0%) 1,374 (67.4%) 106 (5.3%) 547 (27.4%) N/A

Age

  Age < 65 1,647 (82.4%) 1,045 (63.7%) 95 (5.8%) 507 (30.9%)  < 0.001

  Age ≥ 65 353 (17.7%) 302 (85.6%) 11 (3.1%) 40 (11.3%)

Age < 65 living in the same household with

  Age ≥ 65 684 (34.2%) 536 (78.4%) 20 (2.9%) 128 (18.7%)  < 0.001

  Age < 65 1,316 (65.8%) 811 (61.6%) 86 (6.5%) 419 (31.8%)

Gender

  Male 756 (37.8%) 554 (73.3%) 28 (3.7%) 174 (23.0%)  < 0.001

  Female 1,244 (62.2%) 793 (63.7%) 78 (6.3%) 373 (30.0%)

Education

  Primary 435 (21.8%) 253 (58.2%) 22 (5.1%) 160 (36.8%)  < 0.001

  Secondary 900 (45.0%) 567 (63.0%) 52 (5.8%) 281 (31.2%)

  Tertiary 665 (33.3%) 527 (79.2%) 32 (4.8%) 106 (15.9%)

Residence

  Capital 428 (21.4%) 320 (74.8%) 21 (4.9%) 87 (20.3%)  < 0.001

  City 1,088 (54.4%) 729 (67.0%) 54 (5.0%) 305 (28.0%)

  Village 484 (24.2%) 298 (61.6%) 31 (6.4%) 155 (32.0%)

Region

  Central Hungary 637 (31.9%) 468 (73.5%) 33 (5.2%) 136 (21.4%)  < 0.001

  Northern Hungary 236 (11.8%) 163 (69.1%) 14 (5.9%) 59 (25.0%)

  Northern Great Plain 288 (14.4%) 168 (58.3%) 21 (7.3%) 99 (34.4%)

  Southern Great Plain 273 (13.7%) 167 (61.2%) 14 (5.1%) 92 (33.7%)

  Central Transdanubia 199 (10.0%) 126 (63.3%) 8 (4.0%) 65 (32.7%)

  Western Transdanubia 200 (10.0%) 134 (67.0%) 11 (5.5%) 55 (27.5%)

  Southern Transdanubia 167 (8.4%) 121 (72.5%) 5 (3.0%) 41 (24.6%)

Income (missing: n = 355)

   < 300 000HUF (847 EUR) 869 (52.8%) 539 (62.0%) 49 (5.6%) 281 (32.3%)  < 0.001

   ≥ 300 000HUF (847 EUR) 776 (47.2%) 573 (73.8%) 37 (4.8%) 166 (21.4%)

  GAD-7 (0–21)a 4.5 (4.4) 4.2 (4.7) 6.5 (5.8) 5.0 (5.3)  < 0.001

  FCV-19 (7–35)a 13.9 (5.5) 14.2 (5.3) 14.8 (6.6) 12.8 (5.8)  < 0.001

  Fear of Missing Out (7–28)a 12.4 (7.5) 12.1 (7.3) 13.6 (8.0) 12.8 (8.1) 0.135

  Lockdown Captivity (7–21)a 11.1 (5.5) 10.6 (5.3) 12.5 (5.3) 12.2 (6.0)  < 0.001
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Altogether 25.1% (n = 338) of the vaccinated respondents 
did not receive the second dose at the time of the study.

When comparing the vaccinated and non-vaccinated 
sub-groups, we found that the rate of vaccination was 
higher in the group aged above 65 years (85.6% vs. 63.7%, 
p < 0.001), and male respondents had a higher rate of 
vaccination than female respondents (73.3% vs.63.7%, 
p < 0.001), suggesting that they might be more willing to 
accept the vaccine (p < 00.1 in all cases). Education had a 
significant positive impact on vaccine acceptance: while 
in respondents with primary education only 58.2% was 
vaccinated, in those who have tertiary education the rate 
is 79.2% (p < 00.1). The vaccination rate was the highest 
in the capital city (74.8%) (p < 0.001). Higher income was 
associated with higher vaccination rate within the group 
with a monthly income over 300,000HUF (847 EUR) the 
rate of vaccinated respondents was 73.8%, compared to 
62.0% in the group with a lower income level (p < 00.1). 
(Table  1) Vaccinated (14.2) and registered, but not vac-
cinated (14.8) respondents had a higher average FCV-19 
scores than non-vaccinated respondents (12.8), indica-
tion that COVID-19 related fear, and vaccination may be 
associated with each other (p < 0.001). The physical symp-
toms of COVID-19 related fear (FCV-19 items 3; 6 and 7) 
were less frequently reported to cause problems than the 
anxiety-related items (FCV-19 item 5). Vaccinated and 
non-vaccinated were similar in terms of which FCV-19 
items were most effected.

Lockdown Captivity scores were higher in those 
respondents who did not receive a vaccine yet, (p < 0.001) 
and the first item (“Wish you could break out of the lock-
down situation”) was most affected with 29.8% of the 
respondents agreeing fully with the statement. GAD-7 
scores were the lowest in the vaccinated subgroup (4.2 
(SD = 4.7) indicating the lowest level of anxiety was 
observable among them (p < 0.001). Altogether 58.3% of 
the respondents reported at least some problem in item 
1 (“Feeling nervous, anxious or on edge”) and 7.3% of the 
respondents reported daily problems in item 4 (“Trouble 
relaxing”). Mean FOMO scores were not significantly dif-
ferent across the three subgroups (p = 0.135).

Regression analysis
The multinomial logistic regression showed that male 
gender (OR = 1.316), age over 65  years (1.647), living in 
the same household with someone over the age of 65 
(1.370), higher than median income (1.913), residence 
in Budapest (1.622), employment statuses (working, stu-
dent, retired, disability pensioner 1.776; 2.305; 3.380 and 
2.853 respectively) and moderate or severe COVID-19 
related fear (2.004) were significantly associated with 
higher probability of vaccination. Previous COVID-
19 infection and stronger sense of being trapped in 

lockdown showed a significant, negative association with 
the probability of vaccination (0.536 and 0.922).

In the subgroup of registered, but not vaccinated 
respondents, less variables, age over 65  years, student 
status, previous experience of a mandatory quarantine, 
moderate or severe anxiety (GAD-7) and moderate or 
severe COVID-19 related fear had significant positive 
effect on the probability of vaccination (3.261, 6.664, 
2.404, 1.624 and 1.769, respectively); the model fit was 
acceptable (p < 0.001). (Table 2).

Willingness to pay
Ranking the vaccines by WTP, most respondent pre-
ferred the Pfizer-Biontech vaccine in first place (n = 462, 
23.1%). The second largest subgroup ranked Pfizer and 
Moderna vaccines in first place with same WTP value 
(n = 224, 11.2%), while the third (n = 217, 10.9%) ranked 
all vaccines with the same WTP value (higher, than 0). 
(Fig. 2).

Although the choice on which vaccine someone could 
receive was limited, people were able to assert their 
preferences. Altogether 71% (n = 975) of the vaccinated 
respondents expressed the highest WTP value to the vac-
cine they received. (Table 3) Out of those who received 
their first preferences 52% (n = 506) got the Pfizer-
Biontech, 15% (n = 148) the Sinopharm, 13% (n = 130) 
the Sputnik V, 12% (n = 117) the AstraZeneca and 8% 
(n = 74) the Moderna vaccine. Altogether 170 respond-
ents (12.4%) received their second preference, while 116 
(8.6%) and 57 (4.2%) got their third and fourth choice 
as their first dose. Only 20 respondents (1.5%) got their 
least preferred vaccine based on their WTP answers; 
out of whom 9 respondents received the Sinopharm, 5 
the AstraZeneca, 4 the Sputnik V and 2 respondents the 
Pfizer-Biontech vaccine.

The average  WTP  results ranged from 14.2 EUR 
to 30.3 EUR for the different vaccine types. The vac-
cines were ranked according on the WTP values, and 
it was observed that consecutive pairings of WTP val-
ues showed significant variances in all cases (p < 0.001). 
The highest WTP amount in the vaccinated, registered, 
but not vaccinated and non-vaccinated subgroups (39.3 
(SD = 58.3), 21.0 (SD = 29.2) and 9.7 (SD = 28.8) euros) 
was indicated for the Pfizer-Biontech vaccine respec-
tively (p < 00.1 in all cases). Similarly for the other four 
vaccines, vaccinated respondents expressed the high-
est, while non-vaccinated had the lowest WTP values 
(p < 00.1 in all cases).The rate of those who would not pay 
for the vaccine was highest for the Sinopharm (51.7%) 
and AstraZeneca (51.2%) vaccines, followed by the Sput-
nik V vaccine (47.7%). For the Pfizer-Biontech and Mod-
erna vaccines only a third of the respondents expressed 
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that they would not pay for the vaccine (30.2% and 37.0% 
respectively).

Discussion
In early 2021, when data were collected, in Hungary 
both vaccines developed and produced in the EU and 
one developed and produced in China and Russia were 
available. We assessed the vaccination in the Hungarian 
population and analysed factors influencing the vaccine 
acceptance and individual preferences for the available 
vaccines using an online cross-sectional survey. The 
majority of our respondents (69%) has received at least 
the first dose of vaccine, and the rate of vaccination was 
higher in the older age (> 65  years) groups (85.6% vs. 
63.7%) and among male respondents (73.3% vs.63.7%). 
Older age (60 +) was associated with higher vaccine 
acceptance in another study in Hungary [39]. Previ-
ous studies reported that women had a lower accept-
ance towards the vaccine [4, 7] and a study in the Czech 

Republic also found male respondents were more likely 
to accept the booster dose than females [40]. Lower 
vaccine acceptance was associated with lower age and 
female gender in the UK [6], and younger age in Portugal 
[41]. Education and income had a positive and significant 
impact on vaccine acceptance (primary education: 58.2% 
vs. tertiary education: 79.2%, under median income: 
62,0% vs. over median income: 73.8%). Similarly higher 
education increased vaccine acceptance in Hungary, UK 
and US [6, 39, 42]; in the UK higher income was associ-
ated with higher vaccine acceptance [6]. Presumably, 
those who were more afraid of COVID-19 infection had 
decided to vaccinate themselves as FVC-19 scores were 
higher in the vaccinated and the registered but not vac-
cinated groups. Lockdown Captivity scores were higher 
in those respondents who did not receive a vaccine 
yet. (p < 0.001), which may be due to the situation that 
allowed more relaxed social distancing rules for vacci-
nated citizens.

Table 2  Regression models exploring the determinants of vaccinationa

a The reference category was "not vaccinated and did not register to be vaccinated",
b GAD scores were categorized into a binary variable, where scores below 10 (mild and moderate) were given a 0 value, all scores above a 1 value,
c FCV-19 scores were categorized into a binary variable, where scores below 13.5 were given a 0 value, all scores above a 1 value

Registered, but not vaccinated Vaccinated

Sig Exp(B) 95% Confidence Interval for 
Exp(B)

Sig Exp(B) 95% Confidence Interval for 
Exp(B)

Lower Bound Upper Bound Lower Bound Upper Bound

Intercept  < 0.001 0.357

Female gender 0.420 1.255 0.723 2.177 0.036 0.760 0.588 0.982

Over 65 years of age 0.055 3.261 0.975 10.911 0.072 1.647 0.956 2.836

Living in the same household with someone 
over the age of 65

0.330 0.676 0.307 1.488 0.065 1.370 0.980 1.916

Income over the median income (300 
000HUF/847 EUR)

0.453 1.212 0.733 2.005 0.000 1.913 1.488 2.460

Residence (reference category: living in a town)

  Living in Budapest 0.938 0.972 0.476 1.985 0.010 1.622 1.124 2.341

  Living in a city, excluding Budapest 0.264 0.736 0.430 1.260 0.131 1.240 0.938 1.638

Employment (reference category: unemployed)

  Working 0.147 2.514 0.724 8.726 0.028 1.776 1.065 2.964

  Student 0.020 6.664 1.351 32.880 0.079 2.305 0.907 5.856

  Retired 0.363 2.093 0.426 10.269 0.000 3.380 1.773 6.442

  Disability pensioner 0.247 2.791 0.491 15.868 0.008 2.853 1.308 6.223

  Other employment status 0.664 1.370 0.331 5.666 0.702 0.888 0.483 1.632

Previously had COVID-19 infection 0.455 1.270 0.679 2.376 0.001 0.536 0.374 0.768

Previously had been in a mandatory quarantine 0.007 2.404 1.267 4.562 0.140 1.335 0.910 1.957

GAD7 categorizedb 0.066 1.624 0.968 2.725 0.234 0.853 0.657 1.108

FCV-19c 0.039 1.769 1.031 3.038 0.000 2.004 1.491 2.692

Lockdown Captivity 0.415 0.978 0.926 1.032 0.000 0.922 0.897 0.947

Fear of Missing Out 0.601 1.011 0.971 1.052 0.007 1.028 1.008 1.049

Cox and Snell Pseudo R square: 0.154, Model Fitting Criteria Log Likelihood p value < 0.001
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Fig. 2  Preferences of vaccines based on WTP answers (n) A First preference of vaccine or vaccine-combinations (if several vaccines were chosen 
as first preference at the same time)based on WTP values B First preferred vaccine based on WTP results, where in case of equal WTP values, 
multiple vaccines are considered as first preference A Only includes respondents, who gave a WTP value higher than 0. Where multiple vaccines are 
listed. the same WTP values were expressed. The lines are mutually exclusive. B Only includes respondents, who gave a WTP value higher than 0. 
If the highest WTP value was expressed for more than one vaccine, all the vaccines with that WTP are considered first preferences. The lines are 
not mutually exclusive

Table 3  Comparison of WTP for vaccines between vaccinated, registered, and non-vaccinated subgroups (2021 EUR)

a We provided the name and the country of origin of the vaccine and did not display any further information (effectiveness, probability of potential side-effects)
b Combined first preferences were allowed, hence the sum of the numbers in the column may exceed the sample size

Vaccinea WTP for vaccines, mean (SD) (EUR) p Ranked 
as highest 
WTP among 
vaccinated n 
(%)b

Vaccine recieved

Total 
sample 
n = 2,000

Vaccinated 
n = 1,374

Registered, 
but not 
vaccinated 
n = 106

Non-
vaccinated 
n = 547

Total sample 
n (%)

As first 
ranked 
vaccine n 
(%)

As second 
ranked 
vaccine n (%)

Pfizer-Bion‑
tech

30.3 (52.3) 39.3 (58.3) 21.0 (29.2) 9.7 (28.8)  < 0.001 1,126 (83.6%) 549 (40.8%) 506 (92.2%) 30 (5.5%)

Moderna 24.4 (48.3) 31.6 (53.9) 16.2 (24.5) 8.1 (29.5)  < 0.001 734 (54.5%) 92 (6.8%) 74 (80.4%) 15 (1.6%)

Sputnik V 16.1 (37.9) 21.2 (44.2) 9.5 (14.7) 4.8 (13.8)  < 0.001 532 (39.5%) 240 (17.8%) 130 (54.2%) 48 (20.0%)

AstraZeneca 15.4 (38.9) 20.3 (44.6) 9.4 (18.2) 4.6 (19.8)  < 0.001 507 (37.6%) 223 (16.6%) 117 (52.5%) 41 (18.4%)

Sinopharm 14.2 (36.5) 18.2 (41.6) 9.6 (24.1) 5.3 (19.0)  < 0.001 504 (37.4%) 228 (16.9%) 148 (64.9%) 36 (15.8%)
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In our sample the average willingness to pay results 
ranged from 14.2 EUR to 30.3 EUR for the different 
vaccine types. Male respondents, respondents with 
higher education and income above the median income 
expressed a higher WTP value for all five vaccines. Vac-
cinated respondents were willing to pay higher amounts 
for all vaccines than the registered, but not vaccinated 
and non-vaccinated. Based on the WTP rankings, most 
respondent preferred the Pfizer-Biontech vaccine in first 
place (n = 462), and the average difference between the 
most (Pfizer-Biontech) and less preferred (Sinopham) 
vaccine was 16.1 EUR. The relatively low mean WTP 
value (15.4 EUR) for the AstraZeneca vaccine could be 
partially influenced by the negative news about possible 
risks and side effects that were dominating the public 
opinion at the time of our survey [1]. The Eastern vac-
cines also had a low average WTP score: 16.1 EUR for 
the Sputnik and 14.2 EUR for the Sinopharm vaccine, 
which were listed for emergency use presumably due 
to respondents associating them with a lower quality. 
Previous research from Malaysia, Indonesia, Chile and 
Thailand analyzed WTP results and had heterogenous 
methodology, with different vaccines analyzed. The aver-
age WTP values had a broad range, in Malaysia, partici-
pants were willing to pay for a dose of COVID-19 vaccine 
30.66 USD [43], which is comparable to our results for the 
Pfizer and Moderna vaccines. In Thailand willingness to 
pay values ranged from 32 to 46 USD for three different 
hypothetical vaccines [44], the estimated value in Indo-
nesia was 57.20 USD [23], while participants from Chile 
expressed high WTP for the COVID-19 vaccine, with a 
value up to 232 USD [45]. A recent study in four coun-
tries (United States, United Kingdom, Spain and Italy) 
estimated the average value of a hypothetical COVID-
19 vaccine which exceeds our results (100–200 USD vs. 
48.3 USD, when adjusted for purchasing power parity). 
Several factors might have contributed to this difference: 
timing of the study (data was collected much earlier than 
in our current study), valuation of a hypothetical vaccine 
[16] and the different healthcare systems and financing in 
the included countries. These factors may limit compara-
bility along with the methodological differences. 

We were able to rank the different vaccines based on 
the WTP answers and found that there was a large dif-
ference (16.1 EUR) between the first (Pfizer-Biontech) 
and last ranked (Sinopharm) vaccine’s average WTP 
value. Another Hungarian study analysed the accept-
ance of five vaccine types and found that hesitancy is 
heterogenous by vaccine types: Pfizer and Moderna 
were more likely to get accepted than Sputnik, followed 
by AstraZeneca and Sinopharm, which is in line with 
our WTP rank based preferences [33]. We found that 
respondents were able to assert their preferences as the 

majority (71%, n = 975) received their first preference 
of vaccine even though the choice on which vaccine 
someone could receive was partially limited. 

A methodology related difference may have been 
present in our WTP results. Each respondent was ran-
domly assigned the first vaccine to value, and signifi-
cant differences were found in the mean WTP for all 
five vaccines based on which vaccine the respondent 
rated first (Kruskal–Wallis H test p < 0.001 in all cases). 
The AstraZeneca, Sputnik V, Sinopharm, and Pfizer-
Biontech vaccines had their highest WTP averages in 
the subgroup of respondents who got them randomly 
assigned to be rated first. 

Regarding the health policy implications of our find-
ings on the determinants of vaccination can provide 
information to policymakers to aid in the design of vac-
cination programs and can help identify factors which 
are related to non-vaccination, that could be targeted 
with information campaigns. WTP results for vaccines 
may also provide input for planning vaccination cam-
paigns with efficient financing potentially involving 
out-of-pocket payments considering the country’s pub-
lic health situation. 

This study has limitations that must be addressed. The 
online data collection method meant that part of the 
Hungarian population may not have been appropriately 
represented in our sample, since while the rate of regu-
lar internet users has increased in the past two decades 
(80% in 2019), less, than a third (31%) of the oldest age 
group (age 65–74  years) used the internet regularly in 
2018. Hence, the older age-groups may not have been 
represented adequately in our sample [46]. Our sample 
was not representative of the general Hungarian popu-
lation regarding level of education as respondents with 
primary education were overrepresented, furthermore 
due to the data collection method, consent bias might 
have affected our data (for example: respondents who 
were more committed to the prevention of COVID-19 
may have been more inclined to fill out the question-
naire, while respondents with severe illnesses, or those 
with poor socioeconomic status may have been less 
likely to participate).Due to the timing of our ques-
tionnaire, other limitations have to be addressed: our 
survey was conducted in May 2021, when lockdown 
regulations and restrictions were more relaxed. In Hun-
gary, vaccination required registration, hence respond-
ents with lower online-literacy may have not registered 
to be vaccinated despite not experiencing vaccine hesi-
tancy. Furthermore, those respondents who were nei-
ther vaccinated, nor registered to be vaccinated may 
have plan to register or receive the vaccine later, which 
may explain why they expressed higher than zero will-
ingness to pay amount for certain vaccines.
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Conclusion
In conclusion we found that higher level of education, 
higher income, age, male gender and residence in the 
capital or county seats were associated with a higher 
probability of vaccination, suggesting that these groups 
might be more willing to accept the vaccine. Based on the 
FCV-19 and GAD-7 scores respondents more frequently 
reported problems related to mental health effect (fear, 
anxiety, and disturbed rest), than the physical symptoms 
of COVID-19 related fear. Lockdown captivity scores 
indicated that the majority of respondents. We also 
found that based on the WTP answers the majority of the 
vaccinated respondents received their first preference of 
vaccine.
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