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Abstract

Researcher teams around the globe including the “Project Lightspeed” are intensively work-

ing on vaccines to fight the Covid-19 pandemic. However, the availability of effective vac-

cines does not guarantee the vaccination willingness among the population. In spring 2021,

we investigated the vaccination willingness and its potential predictors in representative

online samples in nine countries (China, France, Germany, Poland, Russia, Spain, Sweden,

U.K., U.S.). Of the 9,264 participants, 79.9% revealed Covid-19 vaccination willingness.

The highest willingness was in the U.K., followed by Spain and China, the lowest in Russia.

In most countries, the perception of governmental Covid-19 measures as useful and the use

of television reports as Covid-19 information source positively predicted the willingness. Fur-

ther factors such as demographic variables, mental and physical health status, evaluation of

governmental communication, social media use, and general adherence to Covid-19 mea-

sures showed a country-specific predictive pattern. Recommendations how to increase the

vaccination willingness are provided.

Introduction

In mid-January 2020, the German biotechnology company Biopharmaceutical New Technolo-

gies (BioNTech) started the “Project Lightspeed” in cooperation with two other companies Pfi-

zer and Fosun [1]. The project’s main aim was a rapid development of an effective and well-

tolerated vaccine against the coronavirus disease (Covid-19; severe acute respiratory syndrome

coronavirus 2, SARS-CoV-2) following highly scientific and ethical standards. In November

2020, safety data were available for at least two months after the second dose of the vaccine [1–

3]. Also, other researcher teams around the globe work intensively on the rapid development

of vaccines against Covid-19. In September 2021, there were over 140 candidate vaccines

undergoing clinical trials and about 20 approved vaccines worldwide [4, 5].

The enormously rapid development of safe and highly effective Covid-19 vaccines is one of

the most impressive achievements of biomedical research in recent times. The success of the

vaccination campaigns depends on the availability of the vaccines and their allocation that is
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positively associated with the income of a specific country [6]. But above all it depends on the

willingness of the population to be vaccinated. The willingness can contribute to the achieving

of a herd immunity without the infection of a large proportion of the population [7]. A herd

immunity threshold of about 71–74% is required to overcome the pandemic outbreak and to

return to “normal” life [see 8].

A large cross-national study reported an overall vaccination willingness of about 71.5% in

the end of June 2020 in 19 different countries [9]. With 88.62% China was the country with

the highest willingness; Russia was the country with the lowest willingness with 54.85%. In the

other countries, the willingness was within this range. For example, it was 75.42% in the U.S.,

74.33% in Spain, 71.48% in the U.K., 68.74% in Germany, 65.23% in Sweden, 58.89% in

France, and 56.31% in Poland [9]. Further country-specific research revealed similar vaccina-

tion willingness rates in these countries. In the beginning of the summer 2020, the willingness

ranged between 82–83% in China [10, 11]. In April 2020, it was about 75% in the U.S. [12],

about 70% in Germany and about 62% in France [8]. However, there were also studies that

provided varying ranges within some countries. In the U.K., the willingness ranged between

79% in April 2020 [8] and 64% in July 2020 [13]. In Germany, a willingness of 83.6% was

assessed in December 2020 [14] and of 78.3% in January 2021 [15]. In the U.S., a vaccination

willingness of 71% was measured in April 2020, that decreased down to 53.6% in October 2020

[16]. In Russia, a willingness of 41.7% was assessed in autumn 2020 [17]. In Spain, a willing-

ness of 48.3% was reported in winter 2020 [18].

Thus, the vaccination willingness seems to differ between the countries, and within the

same country depending on the period of data collection. This emphasizes the need to assess

more recent willingness data from 2021 and to understand its predictors.

In many countries, age and gender were identified as significant predictors of vaccination

willingness [e.g., 8, 9]. However, the direction of their effects varied between the countries. In

China, younger age predicted more willingness [11, 19]. In contrast, older people were more

likely to report vaccination willingness than younger ones in Poland, France, Germany, Swe-

den [19], the U.K. [13] and the U.S. [16]. Male persons showed a higher vaccination willing-

ness in the U.S. [12], while the willingness was higher in female persons in France, Germany,

Sweden [19] and Poland [20]. In Russia, Lazarus, Wyka [19] reported a higher willingness in

female persons, while in another study male persons showed a higher willingness [17]. In

Spain, married people revealed a higher willingness [18]. Lower income or social status served

as a positive willingness predictor in China [11] and in Russia [17].

While the available investigations on willingness predictors mainly focused on demograph-

ics, further factors such as the experience of Covid-19 consequences, variables of mental

health, evaluation of governmental actions, and the source of Covid-19 information have so

far attracted little attention. The few available studies mostly focused on samples from one

country. Thus, due to the lack of cross-national findings, it remains unclear and should investi-

gated whether the results reveal universal predictors and whether the direction of their effects

on vaccination willingness remains stable across different countries.

The present study belongs to the ongoing international “Bochum Optimism and Mental

Health (BOOM)”-Project that investigates risk and protective factors of mental health. Using

the framework of previous comparisons of countries with different welfare systems [21–24],

the current focus was on the following nine countries: China (CH), France (FR), Germany

(GE), Poland (PL), Russia (RU), Spain (ES), Sweden (SV), the U.K. (UK), and the U.S. (US).

To close the described research gap, we had two main aims: 1.) to investigate the general popu-

lation willingness for Covid-19 vaccination in the nine countries simultaneously and to com-

pare it between the countries; 2.) to identify factors that could influence the vaccination

willingness in the end of spring 2021 –after more than one year of living with the Covid-19
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situation and its consequences for everyday life [25, 26]. We focused on five groups of potential

predictors of the vaccination willingness.

First, based on previous research [e.g., 19], we focused on the demographics. In addition to

gender, age, marital status, and social status, we added urbanicity as a potential predictor. In a

recent study from India, people from urban areas showed a low vaccination willingness in

March 2020 [27]. In Japan, the willingness was positively associated with living in rural areas

in September 2020 [28].

Second, belonging to the Covid-19 risk group (e.g., pre-existing health conditions, age-

related, weakened immune system), risk perception and perceived Covid-19 infectability

served as positive willingness predictors in China [29], Iran [30], Spain [18] and Taiwan [31].

In Germany and Iran, the psychological burden caused by the Covid-19 situation and the anxi-

ety of health-related consequences caused by the virus were identified as its positive predictors

[15, 30, 32]. Furthermore, broadly formulated, vaccination willingness belongs to behavioral

factors that are introduced to fight the pandemic. In a recent study, being affected in terms of

physical and mental health, as well as positive mental health (PMH)–the social, emotional and

psychological well-being [33]–positively predicted adherence to the governmental behavioral

measures and factors [34]. In contrast, being affected economically by the Covid-19 situation

and the level of experienced stress were its negative predictors [34, 35]. Against this back-

ground, we included the belonging to a Covid-19 risk group, the level of experienced physical,

mental, and economic consequences of the Covid-19 outbreak, the level of depression, anxiety,

and stress symptoms, psychological burden caused by the Covid-19 situation and PMH as

potential predictors of the Covid-19 vaccination willingness.

Third, available research shows that being well-informed about the vaccines, herd immu-

nity and further factors that are linked to the pandemic is an important predictor of the will-

ingness for Covid-19 vaccination [14, 36, 37]. While the traditional media such as television

reports and newspaper reports (print media) as well as official governmental online sites allow

a passive consumption of filtered information, social media such as Facebook and Twitter pro-

vide the users with a permanent access to new unfiltered information and enable an active par-

ticipation in the creation, modification and sharing of the content [38]. This, however,

enhances the risk of a rapid spread of misinformation and fake news amplified by emotional

comments [39–41] that can significantly impact the users’ evaluation of the Covid-19 situation

and their behavior [42]. In Germany, individuals who used more official governmental sites

than social media to stay up-to-date about the Covid-19 situation showed a higher vaccination

willingness [15]. In the U.K., the use of social media as a Covid-19 information source was

negatively linked to the willingness [43]. Against this background, we focused on the source of

Covid-19 information (i.e., television reports, print media, official governmental sites, and

social media) as potential predictors of the Covid-19 vaccination willingness.

Fourth, in a study that investigated different Asian countries such as China and Vietnam

and in a study that focused on Russia, the trust in the health care system predicted the vaccina-

tion willingness positively [17, 44]. Furthermore, in a cross-national study, the evaluation of

the governmental communication as for example credible and honest or guided by the inter-

ests of people was positively linked to the adherence to Covid-19 measures. In contrast, indi-

viduals who reported that they feel left alone by the government showed less adherence [34].

Thus, we included the evaluation of the governmental communication about the Covid-19 sit-

uation (i.e., as clear and understandable, credible and honest, guided by interests of people)

and how the population perceives to be treated by the government and authorities (i.e., well

supported, well informed, taken seriously, left alone) since the pandemic outbreak as potential

predictors of the Covid-19 vaccination willingness.

PLOS ONE COVID-19 vaccination willingness and predictors

PLOS ONE | https://doi.org/10.1371/journal.pone.0260230 December 1, 2021 3 / 23

https://doi.org/10.1371/journal.pone.0260230


Fifth, we included the usefulness evaluation of the Covid-19 measures and the general

adherence to the measures as further potential predictors of the vaccination willingness.

Methods

Procedure and participants

The overall investigated sample included 9,264 participants from nine countries: CH:

N = 1,020; FR: N = 1,001, GE: N = 1,145, PL: N = 1,004, RU: N = 1,024, ES: N = 985, SV:

N = 1,003, UK: N = 1,050, and US: N = 1,032. Table 1 presents the country-specific demo-

graphics. An independent social marketing and research institute (YouGov, www.yougov.de)

collected the data via population-based online-panel surveys in the national language of the

countries within eight days (May 12 to May 19, 2021). Participants were recruited from resi-

dential populations aged 18 years and above. YouGov implemented age, gender, and region

stratification to achieve representativeness. Participants were compensated by panel-specific

tokens that could be converted in voucher or monetary payment. The response rate was:

92.5% in China, 91.9% in France, 94.5% in Germany, 90.3% in Poland, 92.3% in Russia, 88.7%

in Spain, 90.5% in Sweden, 91.1% in the U.K., and 86.4% in the U.S. The responsible Ethics

Committee approved our study’s implementation (approval number: 118 extended). YouGov

obtained the required permits and approvals for the data collection in all nine countries. The

study was pre-registered with AsPredicted.org on May 05, 2021 (Pre-registration Number:

#64865). All participants were properly instructed and gave online their informed consent to

participate via an online form. All national regulations and laws regarding human subjects

research were followed. Power analyses (G�Power program, version 3.1) revealed that the sam-

ple sizes are sufficient for valid results (power >.80, α = .05, effect size: f2 = .15; [cf., 45]). The

dataset used in the present study is available in S1 Dataset.

Table 1. Country-specific demographic variables.

CH FR GE PL RU ES SV UK US

Gender (female, %) 44.2 54.9 52.0 53.7 51.5 51.9 51.5 55.4 51.3

Age groups (%)

18 to 24 years 25.4 8.8 7.7 9.7 8.5 7.5 6.0 2.7 8.4

25 to 34 years 35.5 14.8 14.2 18.1 22.0 14.1 19.6 13.4 13.5

35 to 44 years 23.4 16.3 14.5 19.7 21.6 19.7 12.7 15.0 15.0

45 to 54 years 11.4 17.4 19.8 15.6 18.2 20.4 17.1 15.7 18.2

55 years and older 4.3 42.8 43.8 36.9 29.8 38.3 44.6 53.2 44.9

Marital status (with partner, %) 56.3 62.3 57.6 64.5 70.0 64.1 55.3 64.5 61.3

Social Status (%)

Lower class 16.9 7.7 6.9 4.8 4.4 4.1 6.9 3.0 8.7

Working class 49.8 20.6 18.9 17.7 17.5 33.9 21.8 32.6 17.4

Lower middle class 17.4 31.0 28.7 34.0 36.1 20.1 14.8 26.8 18.8

Middle middle class 12.6 30.9 36.9 32.5 35.4 36.8 42.9 32.7 35.9

Upper middle class 2.6 8.7 7.7 8.5 5.0 5.1 12.8 4.6 16.2

Upper class 0.7 1.2 1.0 2.6 1.6 0.1 0.8 0.4 2.9

Urbanicity (large city, %) 42.9 29.9 35.2 43.8 74.7 38.6 45.4 22.3 35.9

China (CH): N = 1,020, France (FR): N = 1,001, Germany (GE): N = 1,145, Poland (PL): N = 1,004, Russia (RU): N = 1,024, Spain (ES): N = 985, Sweden (SV): N = 1,003,

the U.K. (UK): N = 1,050, the U.S. (US): N = 1,032; due to rounding, the sum of the frequencies is not always 100%.

https://doi.org/10.1371/journal.pone.0260230.t001
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Measures

Demographics. Following previous research on population samples (e.g., [34, 46]), partic-

ipants were asked to indicate their gender (0 = woman, 1 =man), age range (1 = 18 to 24 years,
5 = 55 years and older), marital status (0 = without partner, 1 = with partner), social status (1 =

lower class, 6 = upper class), and urbanicity (0 = small city or rural community, 1 = large city)
(see Table 1 for details).

Covid-19 specific content. To assess Covid-19 vaccination willingness, participants were

asked to answer the question “Have you already been vaccinated against Covid-19 at least

once?” using the three options: 1 = No, and I do not want to be vaccinated, 2 = No, but I would
like to be vaccinated, 3 = Yes. This question was formulated for the present study. We discussed

its wording with experts in health research and medicine. To calculate willingness, the ratings

“2” and “3” were merged to yield a binary variable: 0 = No, and I do not want to be vaccinated,
1 = Yes and No, but I would like to be vaccinated.

Furthermore, following Margraf, Brailovskaia [34] and Brailovskaia, Cosci [47], partici-

pants were asked to rate 1) whether they belonged to the Covid-19 risk group (0 = no, 1 = yes);
2) to what extent they were affected by the Covid-19 situation 2a) in terms of physical health,

2b) economically, and 2c) mentally, respectively, on a 5-point Likert-type scale (0 = not at all,
4 = very strong); 3) their usage frequency of 3a) news reports on television, 3b) newspaper arti-

cles (print media), 3c) official sites of the national government and authorities, and 3d) social

media (e.g., Twitter, Facebook) as a Covid-19 information source, respectively, on a 7-point

Likert-type scale (1 = not at all, 7 = very intensively); 4) to what extent they assessed the com-

munication of the national government and authorities regarding the Covid-19 situation as

4a) clear and understandable, 4b) credible and honest, and 4c) guided by the interests of the

people, respectively, on a 5-point Likert-type scale (1 = not at all true, 5 = very true); 5) to what

extent they felt 5a) well supported, 5b) well informed, 5c) taken seriously, and 5d) left alone by

the national government and authorities, respectively, on a 5-point Likert-type scale (1 = not
at all true, 5 = very true); 6) to what extent they considered the introduced measures to combat

the Covid-19 crisis as useful and 7) how much they adhered to the measures, respectively, on a

5-point Likert-type scale (0 = not at all, 4 = very strong). The rating of the governmental com-

munication was not assessed in China.

Depression, anxiety, and stress symptoms. The Depression Anxiety Stress Scales 21

(DASS-21; [48]) assessed symptoms of depression, anxiety and stress with, respectively, seven

items per subscale (e.g., depression subscale: “I felt that life was meaningless”; anxiety subscale:

“I felt scared without any good reason”; stress subscale: “I found it hard to wind down”). The

items are rated on a 4-point Likert-type scale (0 = did not apply to me at all, 3 = applies to me
very much or most of the time). The higher the sum scores, the higher the negative symptoms.

In the present study, internal consistency scores for the subscales ranged from α = .899 (CH)

to .941 (UK) for depression, α = .862 (GE) to .901 (US) for anxiety, and α = .877 (CH) to .919

(GE, PL) for stress.

Psychological burden caused by Covid-19. The Covid-19 Burden Scale [49] assessed the

psychological burden caused by the Covid-19 situation. The six items (e.g., “I am burdened by

the current social situation”) are rated on a 7-point Likert-type scale (1 = I do not agree, 7 = I
totally agree). Higher sum scores indicate higher levels of burden. In the present study, internal

consistency scores ranged from α = .665 (US) to α = .791 (GE) with exception of China (α =

.347).

Positive Mental Health (PMH). PMH was measured with the unidimensional Positive

Mental Health Scale (PMH-Scale; [33]). The PMH-Scale is an internationally well-established

instrument for the assessment of psychological, emotional, and social well-being [50]. The
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nine items are rated on a 4-point Likert-type scale (e.g., “I enjoy my life”; 0 = do not agree, 3 =

agree). Higher sum scores indicate higher levels of PMH. In the present study, internal consis-

tency scores ranged from α = .896 (FR) to .937 (SV).

Previously validated national language versions of the included instruments were used (e.g.,

PMH: [34, 51]; DASS-21: [52]). In case that no previously validated national language version

was available, the international team of the BOOM-Project translated the scales into the

national language from the English language version by the customary translation-back-trans-

lation-modification procedure [53].

Statistical analyses

Statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS

26; [54]). First, descriptive statistics of the investigated variables were calculated for all national

samples. Next, willingness for Covid-19 vaccination (0 = No, and I do not want to be vacci-
nated, 1 = Yes and No, but I would like to be vaccinated) was compared between the nine coun-

tries via Pearson Chi-Square tests. Cramer’s V served as the effect size measure [55]. The

comparisons were all Bonferroni-corrected (level of significance: p< .05, two-tailed). Then, a

logistic regression analysis was computed in each country to examine the contribution of

potential predictors of Covid-19 vaccination willingness. The analysis consisted of two steps.

To control for demographic variables (gender, age group, marital status, social status, urbani-

city), these were included in Step 1. Step 2 then included the variables belonging to the risk

group; being affected by the Covid-19 situation in terms of physical health, economically and

mentally; symptoms of depression, anxiety and stress; psychological burden by Covid-19;

PMH; the use of different Covid-19 information sources (television reports, print media, offi-

cial sites, social media); perception of the governmental communication as clear and under-

standable, credible and honest, guided by interests of people; the feeling of being well

supported, well informed, taken seriously or left alone by the government; evaluation of the

Covid-19 measures as useful; and the adherence to the measures. The calculated odds ratios

(OR) for each predictor variable are presented.

Results

Table 2 presents the descriptive statistics of the investigated variables in the nine country-spe-

cific samples.

Overall, 7,405 (79.9%) participants revealed willingness for Covid-19 vaccination: 4,431

(47.8%) were already vaccinated and 2,974 (32.1%) wanted to be vaccinated. The highest will-

ingness was in the U.K. with 93.9%, followed by Spain, China, Sweden, Germany, the U.S.,

Poland, and France. The lowest willingness was in Russia with 62% (see Table 2). Fig 1 visua-

lizes the rate of participants who were already vaccinated and those who wanted to be vacci-

nated but were not yet vaccinated at the time of data collection. The U.K. showed the highest

proportion of already vaccinated persons (80.3%), followed by the U.S., China, Poland, Swe-

den, France, Germany, and Spain. Russia showed the lowest rate of vaccinated participants

(18%). The rate of participants who wanted to be vaccinated but were still not vaccinated was

highest in Spain (54.6%), followed by Russia, Germany, Sweden, China, France, Poland, and

the U.K. The lowest rate was in the U.S. (8.7%) (see Fig 1).

Overall, 1,859 (20.1%) participants did not want to be vaccinated. Fig 2 visualizes the rate of

vaccination refusal in the country-specific samples. Notably, in Russia, France and Poland, the

rejection rate was higher than 20.1% (i.e., overall rejection rate). The difference of 31.9%

between Russia, the country with the highest rejection rate (38%), and the U.K., the country

with the lowest rejection rate (6.1%), was remarkably high.

PLOS ONE COVID-19 vaccination willingness and predictors

PLOS ONE | https://doi.org/10.1371/journal.pone.0260230 December 1, 2021 6 / 23

https://doi.org/10.1371/journal.pone.0260230


The Pearson Chi-Square tests revealed significant differences between the investigated

countries in terms of vaccination willingness. Table 3 provides the effect sizes of the significant

differences that ranged between small and medium. Of the 36 comparisons only six were not

significant. The U.K. was the country with the significantly highest willingness for Covid-19

vaccination in comparison to the other eight included countries (significant differences:

UK> CH, FR, GE, PL, RU, ES, SV, US). Spain had the second highest willingness rate (signifi-

cant differences: ES> FR, GE, PL, RU, SV, US), followed by China (significant differences:

CH> FR, GE, PL, RU, US). In contrast, Russia was the country with the significantly lowest

vaccination willingness (significant differences: RU < CH, FR, GE, PL, ES, SV, UK, US), fol-

lowed by France (significant differences: FR< CH, GE, ES, SV, UK, US) and Poland (signifi-

cant differences: PL < CH, GE, ES, SV, UK, US) (see Table 1: percentage of willingness, and

Table 3: effect size of the Pearson Chi-Square test).

As shown in Table 4, the logistic regression analyses yielded significant results in all investi-

gated countries. Overall, the explained variance for the Covid-19 vaccination willingness

Table 2. Country-specific descriptive statistics of the investigated variables.

CH FR GE PL RU ES SV UK US

Covid-19 vaccination willingness (%) 86.9 68.9 81.7 71.3 62.0 89.6 83.8 93.9 80.6

Risk group (yes, %) 4.8 26.0 40.3 38.7 46.4 27.8 36.3 38.8 46.7

M (SD)

Affected: Health .87(1.00) 1.42(1.19) .84(1.07) 1.40(1.18) 1.80(1.31) 1.51(1.15) 1.24(1.16) .64(.99) .91(1.15)

Affected: Economically 1.34(1.10) 1.35(1.22) 1.08(1.16) 1.82(1.21) 2.06(1.29) 1.48(1.25) .90(1.14) .85(1.10) 1.30(1.25)

Affected: Mentally 1.43(1.08) 1.50(1.15) 1.56(1.18) 1.84(1.22) 1.47(1.27) 1.74(1.11) 1.66(1.23) 1.36(1.15) 1.53(1.24)

Depression Symptoms 5.42(4.94) 4.72(5.40) 4.97(5.30) 6.54(5.67) 5.76(4.99) 6.09(5.66) 4.86(5.45) 5.09(5.44) 5.20(5.66)

Anxiety Symptoms 5.26(4.44) 3.68(4.56) 3.18(4.03) 5.20(5.01) 4.59(4.80) 4.64(5.02) 3.40(4.45) 2.87(3.88) 3.93(4.89)

Stress Symptoms 6.34(4.62) 5.60(5.36) 5.50(5.15) 7.07(5.43) 6.70(5.12) 7.12(5.24) 5.52(4.83) 5.24(4.96) 5.41(5.19)

Burden by Covid-19 3.30(.87) 4.35(1.17) 3.85(1.26) 3.93(1.22) 4.04(1.28) 4.50(1.13) 3.65(1.19) 3.23(1.11) 3.26(1.14)

Positive mental health 16.65

(5.93)

16.23

(5.45)

16.68

(5.94)

17.04

(6.66)

16.36

(5.48)

16.83

(5.69)

16.14

(6.85)

16.49

(5.81)

17.92

(6.00)

Information Source

Television Reports 4.21(1.97) 4.12(1.86) 4.67(1.99) 4.19(2.19) 4.51(2.22) 4.84(1.88) 4.10(1.95) 4.09(1.91) 3.92(2.11)

Print Media 2.49(1.73) 2.62(1.76) 3.32(2.11) 2.69(1.86) 2.61(1.91) 2.96(1.98) 2.79(1.91) 2.42(1.83) 2.84(1.98)

Official Sites 4.14(1.86) 3.06(1.81) 3.63(1.96) 3.26(1.95) 3.59(2.13) 3.45(1.99) 3.40(1.82) 3.41(1.86) 3.70(1.99)

Social Media 5.06(1.67) 2.87(1.89) 2.72(1.92) 3.91(2.00) 3.79(2.12) 3.88(2.04) 2.96(1.86) 2.47(1.72) 3.03(1.98)

Communication (government, authorities)

Clear & understandable 2.28(1.14) 2.62(1.19) 2.62(1.25) 3.18(1.32) 2.45(1.19) 2.84(1.33) 2.98(1.27) 3.02(1.28)

Credible & honest 2.24(1.16) 2.60(1.22) 2.35(1.26) 2.79(1.32) 2.36(1.19) 2.83(1.34) 2.73(1.32) 2.95(1.36)

Guided by interests of people 2.41(1.20) 2.41(1.16) 2.31(1.24) 2.76(1.34) 2.29(1.17) 2.56(1.23) 2.73(1.31) 2.94(1.36)

Feeling of being . . . by government,

authorities

. . .well supported. . . 3.96(1.14) 2.31(1.14) 2.51(1.12) 2.14(1.15) 2.59(1.31) 2.25(1.12) 2.38(1.18) 2.94(1.19) 2.98(1.30)

. . .well informed. . . 4.00(1.07) 2.44(1.14) 2.79(1.20) 2.48(1.21) 3.11(1.29) 2.44(1.17) 3.04(1.30) 3.09(1.20) 3.11(1.31)

. . .taken seriously. . . 4.15(1.02) 2.35(1.16) 2.54(1.21) 2.26(1.22) 2.91(1.27) 2.32(1.15) 2.58(1.21) 3.04(1.23) 3.20(1.31)

. . .left alone. . . 1.85(1.06) 2.86(1.33) 3.10(1.32) 3.17(1.37) 2.68(1.34) 3.00(1.33) 2.75(1.29) 2.60(1.17) 2.40(1.21)

Measures Usefulness 2.67(1.17) 1.79(1.12) 2.35(1.26) 1.91(1.20) 2.31(1.21) 2.23(1.17) 2.06(1.17) 2.67(1.05) 2.32(1.37)

Adherence to Measures 2.89(1.12) 2.97(1.00) 3.06(1.02) 2.68(1.16) 2.41(1.08) 3.17(.93) 2.87(1.03) 3.22(.91) 2.83(1.24)

China (CH): N = 1,020, France (FR): N = 1,001, Germany (GE): N = 1,145, Poland (PL): N = 1,004, Russia (RU): N = 1,024, Spain (ES): N = 985, Sweden (SV): N = 1,003,

the U.K. (UK): N = 1,050, the U.S. (US): N = 1,032;M = Mean; SD = Standard Deviation.

https://doi.org/10.1371/journal.pone.0260230.t002
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Fig 1. Percentage of participants who are already Covid-19 vaccinated or who want to be vaccinated (country-specific samples). Notes. China: N = 1,020, France:

N = 1,001, Germany: N = 1,145, Poland: N = 1,004, Russia: N = 1,024, Spain: N = 985, Sweden: N = 1,003, the U.K.: N = 1,050, the U.S.: N = 1,032.

https://doi.org/10.1371/journal.pone.0260230.g001

Fig 2. Percentage of participants who do not want to be Covid-19 vaccinated (country-specific samples). Notes. China: N = 1,020, France: N = 1,001, Germany:

N = 1,145, Poland: N = 1,004, Russia: N = 1,024, Spain: N = 985, Sweden: N = 1,003, the U.K.: N = 1,050, the U.S.: N = 1,032. Overall vaccination rejection = 20.1%.

https://doi.org/10.1371/journal.pone.0260230.g002
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ranged roughly between 30% and 40% with the notable exception of China with only 12.9%.

However, there were some noteworthy differences between countries in the direction of the

effects and in the significant predictors.

To sum up, of the 27 included potential predictors, twelve showed significant results in the

U.S., ten in Sweden, nine in France, eight in Poland, seven in Russia, six in Germany, five in

China, and respectively four in Spain and the U.K. In most countries, the perception of intro-

duced measures to fight Covid-19 as useful was a significant predictor (eight of nine coun-

tries), followed by the use of television reports as Covid-19 information source (six of nine

countries) (see Table 4).

More specifically, in Step 1, gender was a significant predictor in five countries (CH:

men > women; FR, GE, RU, US: women > men). Age group was a significant predictor in

China (younger people> older people) and in France (older people < younger people). Mari-

tal status was a significant predictor in four countries (CH, RU, ES, UK: without

partner> with partner). Social status was a significant predictor in three countries (FR, SV,

US: higher status > lower status). Urbanicity served as a significant predictor in Poland and

Russia (both: small city or rural community > large city) (see Table 4).

In Step 2, belonging to the Covid-19 risk group was a significant positive predictor in three

countries (FR, SV, US). Being affected in terms of physical health served as a significant posi-

tive predictor in France and Russia, but as a significant negative predictor in Sweden and the

U.S. Being affected economically was a significant negative predictor in France and the U.S.

Being affected mentally was a significant positive predictor in Sweden (see Table 4).

Considering the mental health factors, depression, anxiety, and psychological burden

showed no significant results. Stress symptoms served as a significant negative predictor in

Germany and the U.S. Remarkably, PMH was a significant positive predictor in China, but a

significant negative predictor in Germany and the U.S. (see Table 4).

As shown in Table 4, the source of Covid-19 information yielded significant results. The

use of television reports was a significant positive predictor in six countries (FR, GE, RU, ES,

SV, UK); the use of print media served as a significant positive predictor in Poland; the use of

official sites was a significant positive predictor in China and Germany; in contrast, the use of

social media was a significant negative predictor in three countries (PL, SV, US).

Table 3. Simplified presentation of the effect sizes (Cramer’s V) of the comparison of Covid-19 vaccination willingness between the countries via Pearson Chi-

Square test.

Effect Size Cramer’s V of Significant Differences

FR GE PL RU ES SV UK US

CH .216 .070 .191 .285 n.s. n.s. .120 .085

FR .149 n.s. .073 .255 .176 .323 .135

GE .123 .220 .112 n.s. .184 n.s.

PL .099 .231 .150 .300 .109

RU .321 .245 .386 .206

ES .085 .078 .126

SV .161 n.s.

UK .200

US

China (CH): N = 1,020, France (FR): N = 1,001, Germany (GE): N = 1,145, Poland (PL): N = 1,004, Russia (RU): N = 1,024, Spain (ES): N = 985, Sweden (SV): N = 1,003,

the U.K. (UK): N = 1,050, the U.S. (US): N = 1,032; Cramer’s V is presented for significant comparisons; n.s. = not significant comparison; interpretation of Cramer’s V:

0.1� Cramer’s V < 0.3: small effect, 0.3� Cramer’s V < 0.5: medium effect, Cramer’s V > 0.5: large effect [55].

https://doi.org/10.1371/journal.pone.0260230.t003
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The perception of governmental communication as clear and understandable was a signifi-

cant negative predictor and as credible and honest was a significant positive predictor in Swe-

den and the U.S.; its perception as guided by people’s interests was a significant positive

predictor in Poland (see Table 4).

The feeling of being well supported served as a significant positive predictor in Poland; the

feeling of being well informed showed no significant results; the feeling of being taken seri-

ously was a significant negative predictor in Poland and a significant positive predictor in the

U.S.; and the feeling of being left alone was a significant negative predictor in France (see

Table 4).

Table 4. Country-specific logistic regression analyses (outcome: Covid-19 vaccination willingness; 0 = no willingness, 1 = willingness).

Odds Ratio

CH FR GE PL RU ES SV UK US

Step 1

Gender 1.597� .661� .526�� .722 .417�� .778 .795 .539 .586�

Age Group .791� 1.317�� 1.107 1.094 .986 .985 1.140 1.229 .833

Marital Status .608� 1.108 1.260 1.092 .640�� .493�� .684 .530� 1.057

Social Status 1.121 1.315�� 1.083 1.134 1.164 .816 1.310�� 1.367 1.344��

Urbanicity 1.024 .734 .980 .544�� .705� 1.185 .954 .502 .676

Step 2

Risk Group 1.168 3.182�� 1.488 1.134 1.339 1.811 2.000�� 1.596 1.929��

Affected: Health 1.154 1.223� 1.040 1.141 1.208� .889 .755� 1.095 .801�

Affected: Economically .907 .802�� .949 .955 .896 .841 .948 .824 .801�

Affected: Mentally 1.008 1.184 1.086 1.176 .976 1.130 1.536�� .912 1.024

Depression Symptoms 1.070 1.044 1.036 1.017 1.031 1.059 .992 .962 1.010

Anxiety Symptoms .964 .955 .992 .976 1.008 .962 1.029 1.114 1.055

Stress Symptoms 1.015 1.013 .913� .958 .994 1.021 .962 .991 .909�

Psychological Burden by Covid-19 .766 .948 1.131 1.102 .967 1.066 1.076 1.084 .891

Positive Mental Health 1.047� 1.010 .957� .991 1.017 1.023 1.001 .971 .921��

Info-Source: TV Report .983 1.165�� 1.163�� 1.061 1.112� 1.216�� 1.328�� 1.298� 1.075

Info-Source: Print Media 1.041 1.083 1.065 1.246�� 1.069 1.038 1.059 .996 1.078

Info-Source: Official Sites 1.285�� 1.066 1.147� 1.065 1.015 .893 1.128 1.183 1.053

Info-Source: SM .937 .924 .990 .886�� 1.014 .919 .862� 1.018 .861�

Commun.: Clear & Understandable .964 .752 .920 .851 1.172 .720� 1.006 .744�

Commun.: Credible & Honest .980 1.175 .920 1.136 .917 1.796�� 1.402 1.489�

Commun.: Guided by people’s interests .989 1.287 1.373� 1.205 1.215 .843 .775 1.201

Feel: . . .well supported 1.129 1.130 .790 1.326� .863 1.012 .941 1.179 1.098

Feel: . . .well informed 1.239 1.144 1.224 1.161 1.156 .785 .903 1.203 1.035

Feel: . . .taken seriously .858 1.027 1.178 .592�� 1.235 1.254 1.312 .814 1.301�

Feel: . . .left alone .910 .824�� .913 1.041 .991 .867 1.046 1.018 .944

Measures Usefulness .960 1.480�� 2.237�� 1.535�� 1.418�� 2.006�� 1.730�� 2.049�� 1.914��

Adherence to Measures 1.015 .968 1.026 1.546�� 1.434�� 1.512�� 1.286� 1.432� 1.191

Nagelkerke R2 .129 .351 .410 .360 .375 .290 .390 .379 .453

China (CH): N = 1,020, France (FR): N = 1,001, Germany (GE): N = 1,145, Poland (PL): N = 1,004, Russia (RU): N = 1,024, Spain (ES): N = 985, Sweden (SV): N = 1,003,

the U.K. (UK): N = 1,050, the U.S. (US): N = 1,032; SM = Social Media; Commun. = Governmental Communication; Marital Status: reference “with partner”;

Urbanicity: reference “large city”; Gender: 0 = woman, 1 =man (reference);

��p< .01,

�p< .05.

https://doi.org/10.1371/journal.pone.0260230.t004
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Finally, the perceived usefulness of the Covid-19 measures served as a significant positive

predictor in eight of the nine countries (exception: CH). And the adherence to the measures

was a significant positive predictor in five countries (PL, RU, ES, SV, UK) (see Table 4).

Discussion

Over one year, research teams around the globe such as those involved in the “Project Light-

speed” [1] have been working on vaccines to combat the Covid-19. The success of their work

largely depends on the willingness for vaccination among the population [8]. Therefore, it is of

great importance to identify modifiable factors that can predict the willingness.

The present study provides representative results on vaccination willingness and its poten-

tial predictors from nine different countries on three continents. Overall, and in six of the nine

individual national samples (exceptions: RU 62%, FR 68.9%, PL 71.3%), about four-fifths of

the participants or even more reported vaccination willingness in spring 2021. Considering

that about 71–74% of the population should be vaccinated to achieve herd immunity [see 8],

the results are encouraging. Furthermore, in eight of the nine investigated countries, the level

of willingness was remarkable higher than the level that was found by Lazarus, Ratzan [9] in

June 2020. Only in China, we found a slightly lower willingness level (difference: about 1.7%)

that however was higher than the figures reported by Chen, Li [10] and Liu, Zhang [11] in

2020.

Notably, the current willingness in Russia was higher than the one reported by Lazarus, Rat-

zan [9] and Tran, Pak [17] in 2020. However, it was considerably below the required threshold

[see 8] which is a cause of concern and worry—given that Russia belongs to the ten countries

with the worldwide largest population [56]. The vaccination willingness in Russia was signifi-

cantly lower than the willingness in the other eight investigated countries. Of the overall 36

comparisons, the highest significant difference (medium effect size) was between Russia and

the U.K.

The U.K. was the country with the highest vaccination willingness in comparison to the

other included countries and with the highest increase of the willingness (22.4%) compared to

the figures assessed in 2020 by Lazarus, Ratzan [9]. The present results complement the find-

ings of Margraf, Brailovskaia [34] who found the highest adherence to governmental measures

in the U.K. and the lowest in Russia in summer 2020. Spain showed the second highest vacci-

nation willingness in the current study and the second highest adherence in Margraf, Brailovs-

kaia [4]; Poland had a lower vaccination willingness than six of the other investigated

countries in 2021 and also a relatively low adherence level in 2020 [34]. However, the result

patterns were different in France: While Margraf, Brailovskaia [34] reported a relatively high

level of adherence to the governmental measures in 2020 in France, the vaccination willingness

in this country was relatively low in 2020 [9] and it remained also relatively low in 2021. In our

study, willingness was lower in France than in six of the other investigated countries. Thus, it

seems that measures that do not refer to invasive interventions are evaluated differently in

France than these that include invasive steps such as vaccination. Invasive interventions might

be linked to more safety concerns than for example the wearing of face masks or the keeping

of distance [57], and thus could meet a higher level of rejection in France. The vaccination will-

ingness in Germany (difference between 2021 and 2020: about 13%) and Sweden (difference

between 2021 and 2020: about 19%) was higher in the present study than in the work of Laza-

rus, Ratzan [9]. However, in both studies, these countries had a “middle field” position in the

ranking of the nine focused countries. In 2020, the willingness was the second highest in the

U.S. in comparisons to the other eight countries [9]. In 2021, the U.S. had the sixth place in the

ranking.
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Our regression results reveal that the differences of vaccination willingness between the

nine countries could partly be explained by a range of internal and external predictors. Some

of them—such as the evaluation of governmental communication—were rather specific for

only a few countries. Others—such as the evaluation of the introduced measures as useful—

had an almost universal effect on willingness. Moreover, some predictors—such as age and

gender, but also PMH—showed differences in the direction of the effects between countries

which could indicate a substantial influence of sociocultural factors. Overall, the included pre-

dictors explained about 30% to 40% of the variance. The country with the highest explained

variance was the U.S., followed by Germany and Sweden. Only in China, the proportion was

remarkably lower (below 13%). This might partly be due to the reduced number of predictors

assessed in China. However, this difference might also refer to specific characteristics of this

country. Note that the direction of some significant effects (e.g., gender) differed between

China and some of the other investigated countries.

The present findings confirm previous research that described demographic factors as

potential predictors for willingness [e.g., 16, 19, 58]. In line with earlier results [11, 19], youn-

ger people reported significantly more vaccination willingness in China. We hypothesize that

younger people in China might suffer more from the governmental restrictions on gathering

and traveling than older ones, especially because many of them study abroad or work far away

from their families [59, 60]. Therefore, they might be more willing for vaccination to gain back

some freedom of mobility. Moreover, the willingness to protect others by getting oneself vacci-

nated was especially high in Asian countries [61]. In addition, concerns of vaccination safety

were remarkably high in older people in China [11]. In contrast, in France age was positively

related to vaccination willingness in the current study. This finding corresponds to the results

from 2020 that focused directly on vaccination willingness [19] or on general adherence to the

governmental measures [34] in France and other European countries. The enhanced percep-

tion of Covid-19 health-risk specifically in older people could partly explain this result [62].

Notably, in many European countries, the first vaccination campaigns focused specifically on

older people and emphasized their high Covid-19 risk [63].

While in China male persons showed more willingness, female persons were more willing

to accept vaccination in France, Germany, Russia, and the U.S. This finding is in line with ear-

lier research that described gender to be a significant predictor of vaccination willingness.

However, the direction of its effect significantly varied between and within countries [17, 19].

On the one hand, male gender is positively linked to risky behavior and sensation seeking [64]

which might contribute to lower vaccination willingness. On the other hand, men are often

responsible for the financial support of their family and therefore do not have the possibility to

stay at home for a longer period of time [65] which could increase the wish for a vaccination.

Female gender is positively associated with the support and care of others [66]. The wish to

protect others could contribute to vaccination willingness [67]. In contrast, increased worries

about potential side effects of the vaccination that are often higher in women than men might

reduce it [32, 68].

Interestingly, in China, Russia, Spain, and the U.K., singles were more willing to be vacci-

nated than people with a partner. This contradicts recent research that described a higher will-

ingness in married people [18, 69]. It might be that the higher vaccination willingness of

singles is partly due to their wish to engage in offline dating that is limited by the measures

(i.e., social distance) introduced to reduce the Covid-19 spread.

Furthermore, higher social status positively predicted vaccination willingness in France,

Sweden, and the U.S. This is in line with a recent study from Japan indicating that that individ-

uals with a higher social status rely stronger on the effectiveness of the Covid-19 vaccine than

others [61]. However, this is not a universal explanation because in previous studies from
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China and Russia lower social status was positively associated with vaccination willingness [11,

17]. In both countries, health care services are often fee-based and expensive [70–72]. This

could foster the vaccination willingness especially in people with a low social status and

income who want to prevent negative health-related Covid-19 consequences that might cause

further monetary costs.

In line with earlier findings from India and Japan [27, 28], individuals in rural communities

or small cities in Poland and Russia were more likely to be vaccinated. This could be due to the

lower availability of health care services in rural areas in comparisons to large cities and thus to

more concerns about negative Covid-19 consequences. Furthermore, it could be that residents

of large cities have a lower level of trust in the effectiveness of the Covid-19 vaccine and the

governmental measures.

Beyond the demographic variables, we focused on potential consequences of Covid-19 and

health related variables as potential predictors. In correspondence with available literature,

belonging to the Covid-19 risk group was a positive predictor of vaccination willingness in

France, Sweden, and the U.S. [18, 62, 73]. The predictive effect of being affected in terms of

physical health showed varying directions (positive in FR and RU, negative in SV and US).

Being affected economically was negatively linked to willingness in France and the U.S. Being

affected mentally positively predicted willingness in Sweden. Thus, it seems that, on the one

hand, some affected individuals have a strong wish to reduce further negative Covid-19 conse-

quences and therefore want to be vaccinated to protect themselves and their surroundings

[61]. On the other hand, the negative experiences that are often linked to feelings of loss of

control might reduce the trust in the government and evoke reactance against further govern-

mental measures—a well-known phenomenon in times of crisis [74, 75]. We assessed the level

of being affected very generally in the present study. To better understand the two potential

forms of reaction, further research should investigate which specific areas of physical and men-

tal health as well as economic factors are affected and whether the impact is rather short-term

or long-term as reactance is often evoked by long-term loss of control [75].

Considering the mental health factors, stress symptoms negatively predicted vaccination

willingness in Germany and the U.S. which is in line with earlier findings on vaccination will-

ingness [76] and on general adherence to the governmental Covid-19 measures [34, 35]. Peo-

ple who experience high levels of stress in extraordinary situations often tend to maladaptive

reactions that can worsen the situation [77, 78]. In a recent longitudinal study from Germany,

stress symptoms positively predicted a maladaptive response to the pandemic outbreak that

included frustration and hopelessness [49]. Symptoms of depression and anxiety as well as psy-

chological burden experienced by Covid-19 were not significantly associated with vaccination

willingness in the nine investigated countries. This finding could reveal that negative mental

health factors (exception stress symptoms) in general do not remarkably predict the willing-

ness. However, following Bendau, Plag [15] the non-significant results could also partly be due

to the fact that we used the subscales of the DASS-21 that assess general psychopathological

symptoms of depression and anxiety. In contrast, studies that measured the specific Covid-19

concerns, reported significant relationships. For example specific Covid-19 related anxiety and

fear of health-related consequences caused by the virus positively predicted the willingness

[15, 30, 62]. Furthermore, due to the low scale reliability of the Covid-19 Burden Scale in that

country, the relationships of psychological burden should be interpreted with caution in

China.

PMH is a well-known protective factor that confers resilience, reduces the negative impact

of depression and anxiety, and fosters self-efficacy in stressful situations [79, 80]. In line with

earlier research that reported a positive association between PMH and the adherence to gov-

ernmental Covid-19 measures [34], PMH positively predicted vaccination willingness in
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China in the present study. However, the link between PMH and willingness was negative in

Germany and the U.S. Thus, it can be speculated that enhanced levels of PMH might reduce

the individual Covid-19 risk perception and foster non-cooperative behavior in behavioral

economics terminology [81].

Overall, our findings confirm that positive mental health and mental health problems are

not just two poles of a continuum that show opposed relationships, but rather represent two

distinct dimensions with specific association patterns [e.g., 82, 83]. Notably, in Germany and

the U.S., the effect of stress symptoms and PMH on the willingness had the same direction.

Recent research applied the Protection Motivation Theory (PMT; [84]) to explain the

importance of perceived knowledge about the Covid-19 situation for the vaccination willing-

ness [36, 37]. According to PMT, our self-protection motivation depends on (1) threat

appraisal (perceived severity of the threat; perceived personal vulnerability/risk; emotional

response to the threat) and (2) coping appraisal (perceived response-efficacy—our belief about

the effectiveness of the protective behavior; perceived self-efficacy—our belief about the ability

to adopt the protective behavior; perceived costs of the protective behavior) [85]. The most

important predictors of the motivation to adapt to the protective behavior are a high level of

threat appraisal (specifically severity and vulnerability) and of efficacy (response- and self-),

and a low level of perceived costs [86, 87]. Huang, Hung [36] showed that the level of perceived

knowledge about Covid-19 vaccines can significantly positively foster the coping appraisal and

thus indirectly the motivation for the protective behavior. Wang, Ahorsu [37] emphasized the

role of the information source in this context. Specifically, the use of online sources was nega-

tively linked to perceived knowledge, and it was positively associated with greater perceived

costs. Other studies that differed between various forms of (online) sources showed that the

use of official governmental sites and of traditional media such as television and newspaper

reports to get Covid-19 information was positively linked to vaccination willingness [15, 88].

In contrast, the use of social media such as Facebook and Twitter contributed to less willing-

ness [43]. Our results are in line with the available literature. Especially the use of television

reports—that are available to the majority of the population in many countries and do not

require specific technical or reading skills—seemed to positively contribute to the vaccination

willingness in late spring 2021 (positive effect in FR, GE, RU, ES, SV, and UK). The use of

newspaper reports was positively linked to willingness in Poland, and the use of official sites

provided a positive effect in China and Germany. The use of social media negatively predicted

vaccination willingness in Poland, Sweden, and the U.S. The main characteristics of social

media are the permanent availability of unfiltered information, the freedom to create and to

share online content and to engage in social interaction about this content [89]. However,

these characteristics increase the risk of an uncontrollable online sharing of fake news and con-

spiracy believes about Covid-19 that can negatively impact the knowledge about the vaccines,

increase the perceived response cost and thus reduce the motivation to adherence to govern-

mental measures in general [90] and vaccination willingness in particular [91]. Critical con-

cerns about potential side effects of the Covid-19 vaccines belong to the main reasons of

vaccination refusal [10, 16]. These concerns can rapidly spread via social media and thus foster

the negative attitude of vaccination opponents and reduce the vaccination willingness in rather

ambivalent and unsure individuals [15].

The detailed consideration of the governmental Covid-19 communication and the way how

people feel to be treated since the pandemic outbreak as potential willingness predictors

revealed an interesting country-specific result pattern. Both seemed to be of importance espe-

cially in Poland, Sweden and the U.S. The evaluation of the governmental communication as

credible and honest (SV and US) and as guided be people’s interests (PL), as well as the feeling

of being well supported (PL) and of being taken seriously (US) served as positive willingness

PLOS ONE COVID-19 vaccination willingness and predictors

PLOS ONE | https://doi.org/10.1371/journal.pone.0260230 December 1, 2021 14 / 23

https://doi.org/10.1371/journal.pone.0260230


predictors. Moreover, the feeling of being left alone contributed to lower vaccination willing-

ness in France. Overall, these findings correspond to previous research which emphasized that

a positive evaluation of governmental communication among the population can foster the

trust in the introduced measures and reduce worries and concerns about vaccination safety

[17, 44, 92, 93]. However, we found also some rather unexpected results. Vaccination willing-

ness was negatively predicted by the evaluation of the governmental communication as clear

and understandable in Sweden and the U.S. The feeling of being well informed did not predict

willingness at all. These findings might be explained by the fact that both items did not focus

on the content of the communication. Presumed that the communication was informative and

understandable but did not include enough arguments about the vaccination importance, a

positive effect on willingness could be absent. A further unexpected result that requires replica-

tion by future research was that the feeling of being taken seriously negatively predicted vacci-

nation willingness in Poland.

Finally, the potential predictive effect of the evaluation of the governmental Covid-19 mea-

sures as useful and the adherence to them was investigated. In line with earlier studies that

reported that the believe in the effectiveness of the vaccines is a strong predictor of vaccination

willingness [61, 69, 73], usefulness evaluation served as a positive predictor of willingness in all

countries except China. Moreover, adherence to the measures was a positive predictor of will-

ingness in Poland, Russia, Spain, Sweden, and the U.K.

From the present results, conclusions and recommendations can be formulated for the nine

countries studied to promote vaccination willingness and thus to move closer to herd immu-

nity. Table 5 reveals which groups should be specifically focused on by governmental programs

and advertising campaigns to increase vaccination willingness. Depending on the country,

female and male persons as well as younger and older people should be focused on. Also, peo-

ple who have a lower social status and those who life in a large city should be focused on by the

companies. It should be emphasized that the vaccination of individuals who do not belong to

the Covid-19 risk group and who are not affected by the Covid-19 situation in term of physical

health or mental health is also of great importance. They might underestimate the usefulness

of mitigation measures including vaccination. If they also underestimate their own risk of

infection, they might adhere to the measures to a lesser extent. This conclusion is in line with

available literature (e.g., [29, 30]) that applied the Theory of Planned Behavior (TPB; [94]) to

explain the Covid-19 vaccination willingness. According to the TPB, attitude, subjective norm,

and perceived behavioral control significantly predict our behavioral intention that influences

the actual behavior [94]. Recent research from China [29] and Iran [30] showed that in the

Covid-19 situation especially perceived risk of infection can foster the attitude toward the vac-

cination willingness positively. In Taiwan, individuals who felt relatively safe tended to decline

the Covid-19 vaccination [31]. Moreover, especially people who are affected economically

should receive attention to reduce their feeling of being left alone by the national government

and authorities and to foster their perception of vaccination and other Covid-19 mitigation

measures as useful. Individuals with high stress symptoms and those with low PMH level

should be focused on. Television reports, print media and official governmental sites as infor-

mation source should be brought to the fore as effective Covid-19 information sources that

emphasize the usefulness of the governmental measures and the urgent need of adherence to

them. Moreover, Covid-19 related content provided on social media should be stronger con-

trolled and regulated by the providers and made a topic of governmental concerns. An effort

should be made to foster the credibility of the public Covid-19 communication, to stress that it

is guided by people’s interest and that the population is taken seriously. This could be of spe-

cific importance for the vaccination willingness of people who lack the feeling of governmental

support.

PLOS ONE COVID-19 vaccination willingness and predictors

PLOS ONE | https://doi.org/10.1371/journal.pone.0260230 December 1, 2021 15 / 23

https://doi.org/10.1371/journal.pone.0260230


While our study has several strengths (large representative samples on three continents,

measures with established reliability, timeliness of the investigated issues), it also has limita-

tions that need to be taken into account. First, all data were assessed at the same measurement

time point. The cross-sectional design of the present study does not allow true conclusions on

causality. Therefore, the effectiveness of our country-specific suggestions for the improvement

of the vaccination willingness should be investigated by future experimental research. Second,

the representativeness of our findings could be enhanced by the inclusion of further variables

for the stratification such as level of education, income, and marital status. Third, the present

results represent a snapshot of the Covid-19 situation in the late spring of 2021 only in nine

mostly European countries while for example African or South American countries were not

included. This limits the generalizability of our results. Moreover, even though the present

data were assessed by YouGov who implemented age, gender, and region stratification. In

China, the representativeness of age was not achieved. Younger people are remarkably over-

represented (see demographic data, Table 1). Fourth, overall, the investigated predictors of

vaccination willingness showed the lowest effects in China. This can partly be explained by the

smaller number of assessed predictors and the low reliability of the burden measure. However,

Table 5. Recommended focus of vaccination companies for increase of vaccination willingness based on significant effects of the logistic regression analyses.

Recommended focus of vaccination companies: Country

Persons who are/have/do. . . CH FR GE PL RU ES SV UK US

. . .female X

. . .male X X X X

. . .younger X

. . .older X

. . .a partner X X X X

. . .a lower social status X X X

. . .habitants of large cities X X

. . .not belong to Covid-19 risk group X X X

. . .affected by Covid-19 in terms of physical health X X

. . .not affected by Covid-19 in terms of physical health X X

. . .affected economically by Covid-19 X X

. . .not affected mentally by Covid-19 X

. . .high stress symptoms X X

. . .low level of positive mental health X

. . .high level of positive mental health X X

. . .not use television reports as Covid-19 information source X X X X X X

. . .not use print media as Covid-19 information source X

. . .not use official sites as Covid-19 information source X X

. . .use social media as Covid-19 information source X X X

. . .not perceive the governmental communication as credible and honest X X

. . .not perceive the governmental communication as guided by people’s interests X

. . .feel themselves not supported by the government X

. . .feel themselves not taken seriously by the government X

. . .feel themselves left alone by the government X

. . .not perceive the governmental Covid-19 measures as useful X X X X X X X X

. . .not adhere to the governmental Covid-19 measures X X X X X

CH = China, FR = France, GE = Germany, PL = Poland, RU = Russia, ES = Spain, SV = Sweden, UK = the U.K., US = the U.S.

https://doi.org/10.1371/journal.pone.0260230.t005
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it can also be that—due to sociocultural circumstances—further factors that were not included

in the present study such as for example personality traits (e.g., the Big Five; [95]) are more

important for the vaccination willingness in China than in the other eight countries. Fifth, we

can only speculate about the reasons for the vaccination willingness or the vaccination refusal

because we did not assess them directly. Sixth, we assessed Covid-19 vaccination willingness

with only one item that we formulated for the present study. As shown by previous research,

the formulation of the question about the willingness can significantly influence the response

and it can result in an underestimation of the rate of the vaccination willingness [14]. Further-

more, even though single-item scales are time and cost efficient instruments [96, 97], future

studies should replicate our findings using longer multidimensional measures for the assess-

ment of vaccination willingness. For example, they could use the new developed and validated

Drivers of Covid-19 Vaccination Acceptance Scale (DrVac-COVID19S) that consists of four

main factors (values, impacts, knowledge, and autonomy) and twelve items [98, 99]. A replica-

tion of the current finding with this instrument would contribute to the validation of our sin-

gle-item measure.

In summary, the current cross-national study shows that in general the Covid-19 vaccina-

tion willingness across various countries was about 80% in spring 2021. The lowest willingness

was in Russia where the overall adherence to governmental Covid-19 measures was already

lower than in the other included countries in summer 2020 before the availability of a vaccine.

The highest vaccination willingness was in the U.K.–the country with the highest adherence to

governmental measures in summer 2020 [34].

Willingness is predicted by various factors, such as age, gender, living environment, mental

health variables, the quality of government Covid-19 communication, the source of the Covid-

19 information, the evaluation of the governmental measures as useful and the adherence to

them. The patterns of prediction, however, are rather country-specific. To increase vaccination

willingness and thus to reach a global heard immunity against Covid-19, each government

must address the specific pattern for its population. This is the main way to contribute to the

success of the “Project Lightspeed” and further projects that worked and are working on the

development of Covid-19 vaccines around the globe.
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