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A B S T R A C T

Introduction: The resurgence of vaccine-preventable diseases poses a significant global public health challenge, 
exacerbated by the rise of anti-vaccination attitudes. The aim of this study was to validate the Slovak version of 
the Vaccination Attitudes Examination (VAX) questionnaire and to examine the attitudes towards vaccination in 
Slovakia.
Methods: The VAX scale questionnaire, translated into Slovak and validated, was used for the survey. The VAX 
scale uses 12 statements assessing anti-vaccination attitudes. Each statement is scored on a 6-point Likert scale, 
with higher total score indicates more negative attitudes towards vaccinations. Our questionnaire also included 
demographic questions (age, gender, residence, education level, profession, and economic activity). For vali
dation, the questionnaire was translated into the Slovak using forward and backward translations. The validation 
survey was conducted on the sample size of 115 participants. Correlation was calculated using Pearson’s cor
relation coefficient, internal consistency was tested. Confirmatory factor analysis (CFA) was performed to assess 
validity. Subsequently, a pilot study was conducted in March 2023 with a sample size of 473 participants.
Results: The VAX scale demonstrated strong internal consistency (Cronbach’s alpha = 0.925) and reliability. The 
results of the CFA were comparable to findings from other languages versions. The pilot study revealed that 
parents, non-healthcare professionals, and older individuals exhibited higher anti-vaccination attitudes. In 
contrast, healthcare professionals had the lowest VAX scores, reflecting more pro-vaccination attitudes.
Conclusion: These findings highlight the need for targeted educational and communication strategies to address 
vaccine hesitancy. By identifying demographic patterns and potential hotspots of vaccine skepticism, public 
health initiatives can be better tailored to improve vaccination rates. The validated Slovak VAX scale provides a 
reliable tool for ongoing assessment and intervention efforts.

1. Introduction

Vaccination remains one of the most effective public health in
terventions for preventing infectious diseases, significantly reducing 
morbidity and mortality worldwide. Widespread immunization pro
grams have led to the elimination or near-elimination of numerous 
vaccine-preventable diseases, such as measles, polio, and diphtheria, in 
many regions [1]. In recent years, the resurgence of vaccine-preventable 
diseases has become a significant public health challenge. A 

contributing factor is the rise in anti-vaccination attitudes or vaccine 
hesitancy, characterized by skepticism or outright rejection of vaccines. 
These attitudes threaten to reverse the progress made in disease pre
vention and control [2–5]. For example, in Slovakia, measles was 
eliminated, and this status was maintained from 1999 to 2018. 
Currently, however, Slovakia is among the countries experiencing 
renewed endemic spread, largely due to low vaccination coverage, 
which was at least partially caused by vaccine hesitancy [6,7].

The consequences of anti-vaccination sentiments are far-reaching 
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and extend beyond the individual. In 2019, the World Health Organi
zation identified vaccine hesitancy as one of the top ten global health 
threats, warning that it “threatens to reverse progress made in tackling 
vaccine-preventable diseases” [8]. A decline in vaccination rates jeop
ardizes herd immunity, which protects vulnerable populations such as 
infants, the elderly, and those with compromised immune systems. This 
phenomenon underscores the urgent need to investigate the prevalence 
of anti-vaccination attitudes and the factors contributing to their spread.

The COVID-19 pandemic further exacerbated this problem. The risk 
of a resurgence of vaccine-preventable diseases in the aftermath of 
COVID-19 is alarming, fueled by disruptions in healthcare systems and 
vaccination campaigns [9]. Concurrently, COVID-19 vaccine hesitancy 
hampers public health efforts, prolongs outbreaks, and risks the emer
gence of new variants [10]. While overcoming this hesitancy through 
education and transparent communication is essential for controlling 
the virus and achieving herd immunity [11–14], other studies suggest 
that the effectiveness of vaccine hesitancy interventions might be 
limited [15,16]. This highlights the importance of identifying trends in 
attitudes towards vaccination to detect potential problems in advance.

To address this need, researchers have developed various tools to 
assess attitudes towards vaccination. One such tool is the Vaccine Hes
itancy Scale (VHS), developed by the SAGE Working Group in 2015 
[17]. Another widely used instrument is the Vaccination Attitudes Ex
amination (VAX) scale, developed by Martin, L.R., and Petrie, K.J. [18]. 
The VAX scale is a short and straightforward tool that has demonstrated 
strong associations with vaccination behaviors and intentions. It pro
vides an efficient method for identifying individuals with vaccination 
resistance and, through its subscale scores, allows a more nuanced un
derstanding of the underlying attitudes. For this study, we selected the 
VAX scale over the VHS because it better captures general vaccine at
titudes across key domains relevant to the broader population, while the 
VHS is more narrowly focused on childhood vaccination and does not 
cover important factors such as beliefs in natural immunity or distrust of 
pharmaceutical motives. Another advantage of the VAX scale is its 
multilingual scope. At the time of writing, the questionnaire has been 
translated into twenty languages, including the original English version 
and our Slovak translation. Of these, nine translations have published 
validation studies: Arabic, UK English, South African English, Italian, 
Korean, Romanian, Spanish, Turkish, and Urdu. The remaining trans
lations have not yet undergone published validation [19,20]. The aim of 
this study is to translate the original version of the VAX scale ques
tionnaire, validate the VAX scale for use in the Slovak language, and 
verify its usability in a pilot study.

2. Methods

2.1. Validation survey of the VAX scale questionnaire

The Vaccination Attitudes Examination scale questionnaire, devel
oped by Martin, L.R., and Petrie, K.J. [18], was translated, validated, 
and used for this survey.

The VAX scale consists of 12 statements designed to assess anti- 
vaccination attitudes. Each statement is rated on a 6-point Likert scale 
ranging from 1 = strongly disagree to ‘6 = strongly agree. The total VAX 
score ranges from 12 to 72 points, with higher score indicating more 
negative attitudes towards vaccinations. The scale is divided into four 
domains, each containing three statements.

The first domain “Mistrust of vaccine benefits” (D1: Mistrust) con
tains statements: “I feel safe after being vaccinated”, “I can rely on 
vaccines to stop serious infectious diseases” and “I feel protected after 
getting vaccinated”. Second domain “Worries over unforeseen future 
effects” (D2: Unknown effect) contains: “Although most vaccines appear 
to be safe, there may be problems that we have not yet discovered”, 
“Vaccines can cause unforeseen problems in children” and “I worry 
about the unknown effects of vaccines in the future”. Third domain 
“Concerns about commercial profits” (D3: Commercial profits) contains: 

“Vaccines make a lot of money for pharmaceutical companies, but do 
not do much for regular people”, “Authorities promote vaccination for 
financial gain, not for people’s health” and “Vaccination programs are a 
big con”. Fourth and final domain “Preference for natural immunity” 
(D4: Natural Immunity) contains statements: “Natural immunity lasts 
longer than a vaccination”, “Natural exposure to viruses and germs gives 
the safest protection” and “Being exposed to diseases naturally is safer 
for the immune system than being exposed through vaccination”. Each 
domain score was calculated by summing its item values, with possible 
scores ranging from 3 to 18 points.

We obtained the authors’ approval to translate the questionnaire into 
Slovak in accordance with standard procedures. The questionnaire was 
translated into Slovak language by two English expert translators. The 
draft version was then reviewed for comprehensibility by professionals 
in public health and vaccinology. The finalized questionnaire was back- 
translated into English by an independent translator unfamiliar with the 
original questionnaire. The two English versions were compared to 
check for discrepancies. After confirming the equivalence, permission to 
use the Slovak version was granted by the original authors.

Data collection for the validation survey was conducted in December 
2022 and January 2023. Participants first completed the questionnaire 
in December 2022 (test), and again 14 days later (retest).

The survey was administered via both an online platform (www.do 
cs.google.com/forms) and paper forms. The initial pool of participants 
consisted of students of general medicine and public health, who also 
assisted with distributing the questionnaire. Additional participants 
were recruited through social media, emails, and personal contacts, with 
the questionnaire being shared among family, friends, and coworkers, 
using a snowball sampling approach. Each distributed questionnaire 
included a request from the authors encouraging recipients to share it 
further. Participants were asked to provide a contact method (email) to 
enable retest administration and response matching. Once paired, all 
identifying information was deleted and the data anonymized. The 
questionnaire included a study description, its objectives, and assurance 
of confidentiality. Demographic questions were also collected (age, 
gender, residence, education level, profession, and economic activity). 
Inclusion criteria required participants to be at least 18 years old and to 
submit a fully completed questionnaire.

A total of 235 questionnaires were distributed, of which 115 were 
valid for the validation survey. Of the remaining forms, 31 were left 
blank, and 89 were filled out incorrectly (74 lacked contact for retest 
distribution, and 15 had missing answers). For the retest, all 115 valid 
forms were distributed, and 78 were returned. Of these, 6 were incom
plete due to missing answers (Fig. 1).

2.2. Pilot study

The sample size for our survey was estimated to be 196 [21]. This 
was calculated using a 5 % margin of error and based on the proportion 
of the population with anti-vaccination attitudes according to the 
Eurobarometer report: Europeans’ attitudes towards vaccination [22]. 
According to this report, 15 % of respondents in Slovakia disagreed with 
the statements: “It is important for everybody to have routine vaccina
tions?” and “Vaccines are important to protect not only yourself but also 
others.” The sample size was calculated using the OpenEpi online 
calculator [23]. The target population consisted of adults aged 18 years 
and older. Inclusion criteria required participants to be at least 18 years 
old and to have submitted a correctly completed questionnaire.

Data for the prevalence survey on attitudes towards vaccination were 
collected from March 15 to March 21, 2023. The sampling strategy was 
the same as in the validation survey. As with the validation survey, the 
questionnaire included a description of the study and its objectives an 
assurance of anonymity, demographic questions (age, gender, residence, 
education level, profession, and economic activity) and a question about 
attitudes towards Slovakia’s vaccination schedule.

A total of 504 participants completed the questionnaire. After 
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excluding 31 individuals for being under the age of 18, the final sample 
size was 473.Based on the respondents’ answers, those with a total VAX 
score of 37 or higher were considered to have a prevailing anti- 
vaccination attitude. This was because on the 6-point Likert scale, 
values 4, 5, and 6 indicated an anti-vaccination attitude, and the highest 
score respondents could have without expressing any anti-vaccination 
sentiment was 36 points. Respondents with a VAX score of 36 or 
lower were classified as having a prevailing pro-vaccination attitude. 
For calculating the odds ratio based on demographic and attitude fac
tors, respondents were divided into two groups: those with a prevailing 
anti-vaccination attitude and those with a prevailing pro-vaccination 
attitude.

For the question on “Economic activity” respondents who reported 
being on parental leave, unemployed, or retired were grouped under 
“Others”.

2.3. Statistical analysis

Statistical analyses were carried out using Epi Info 7, SPSS 24 and 
JASP (Version 0.19.3) [24]. The internal consistency of the scale scores 
was evaluated with Cronbach’s alpha and reliability was investigated by 
Pearson’s correlation coefficient. The Confirmatory Factor Analysis 
(CFA) was used to analyze the scale’s validity on both samples (vali
dation survey and pilot study) and fit indices were calculated. The fit 
indices were chi-square divided by the degrees of freedom (χ2/df), 
Comparative Fit Index (CFI), Normed Fit Index (NFI), Tucker-Lewis 
Index (TLI), Goodness of Fit Index (GFI), and Root Mean Square Error 
of Approximation (RMSEA). A Student’s t-test was used to compare 
means of two quantitative variables, and ANOVA with Bonferroni post 
hoc test was used for comparison between more than two means. A p- 

value of less than 0.05 was considered statistically significant.

3. Results

3.1. Validation survey of the VAX scale questionnaire

The respondents to the validation questionnaire consisted of 85 fe
males (73.9 %) and 30 males (26.1 %). The age of participants ranged 
from 20 to 71 years, with a mean age of 34.3 ± 12.86 years. Based on 
economic activity, majority of the respondents were employed (55.7 %), 
followed by students (37.4 %) and others (7.0 %). The most prominent 
area of employment or study among the participants was healthcare 
(60.9 %). Forty-nine participants (42.6 %) were parents.

A Cronbach’s alpha value of 0.70 or higher is generally considered 
acceptable, with values above 0.90 indicating excellent internal con
sistency. In this study, the VAX scale was translated into Slovak and 
demonstrated excellent internal consistency (Cronbach’s alpha = 0.925) 
(Table 1).

Reliability was assessed by examining reproducibility and internal 
consistency using the test-retest method. The VAX correlation 

PARTICIPANTS

VALIDATION

Total forms distributed
235 (100%)

Filled out
204 (86.8%)

Correctly filled out (Test)
115 (48.9%)

Sended to retest

Retest filled out
78 (33.2%)

Correctly filled out
72 (30.6%)

Missing answers
6 (2.6%)

Retest not filled out
37 (15.7%)

Incorrectly filled out
89 (37.9%)

Missing contact for retest
74 (31.5%)

Missing answers
15 (6.4%)

Not filled out
31 (13.2%)

PREVALENCE SURVEY

Total forms distributed
504 (100%)

Correctly filled out
473 (93.8%)

Age below 18
31 (6.2%)

Fig. 1. Distribution of forms.

Table 1 
Average VAX score and Cronbach’s alpha for each domain and full questionnaire 
(Validation survey) (n = 115).

Questionnaire’s categories Score (±SD) Cronbach’s alpha

D1: Mistrust of vaccine benefit 7.13 (4.13) 0.942
D2: Worries over unforeseen future effects 10.45 (3.64) 0.763
D3: Concerns about commercial profiteering 6.08 (3.63) 0.932
D4: Preference for natural immunity 8.12 (3.66) 0.820
Total VAX scale 31.78 (12.54) 0.925
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coefficients were calculated using Pearson’s correlation coefficient. 
Results between 0.1 and 0.3 indicate small strength of association; be
tween 0.3 and 0.5 indicate a medium strength of association; and values 
in the range of above 0.5 are considered large (strong). All domains and 
the full questionnaire show strong reliability (Table 2).

Table 3 shows that the confirmatory factor analysis (CFA) supported 
the four-factor structure of the Slovak VAX scale in both the validation 
and pilot study. In the validation survey, most fit indices were within 
acceptable ranges, although the RMSEA value exceeded the recom
mended threshold, suggesting a moderate model fit. The pilot study 
demonstrated an overall good model fit, with all indices meeting rec
ommended cut-off values, indicating that the 4-factor model was robust 
in a general population sample. These results are comparable to other 
language adaptations of the VAX scale, which similarly reported 
acceptable to good model fits. Factor loadings of the CFA ranged from 
0.563 to 0.987 in the validation survey (Fig. 2) and from 0.54 to 0.97 in 
the pilot study (Fig. 3). A factor loading of 0.7 or higher is considered a 
strong loading, while a loading between 0.4 and 0.7 is considered 
acceptable [35].

3.2. Pilot study

Table 4 shows the general characteristics of the respondents for 
questionnaire validation. The majority were female (70.2 %), employed 
(50.5 %), and from non-healthcare professions (64.9 %). The mean age 
of participants was 30.31 ± 11.64 years. Most participants had a posi
tive attitude towards the Slovak vaccination schedule, with 72.5 % 
considering vaccination important.

Table 5 presents the calculated VAX scores for each population group 
in the questionnaire. Respondents with children had stronger anti- 
vaccination attitude (TVS = 43.44) than those without kids (TVS =
37.61). A similar pattern was observed for non-healthcare workers (TVS 
= 42.89) compared to healthcare workers (TVS = 33.85), as well as for 
older versus younger participants (TVS = 42.66 and 36.67, respec
tively). In all these cases, the differences were statistically significant (p 
< 0.001). No significant differences were found between parents when 
analyzed by age. ANOVA with a Bonferroni post hoc test also revealed 
significant differences in VAX scores by economic activity, attitudes 
towards Slovak vaccination schedule, and age groups. Students had the 
most pro-vaccination attitudes (TVS = 35.15) compared to the 
employed (TVS = 42.25) and others (TVS = 41.74) (p < 0.001). As ex
pected, respondents with positive attitudes towards vaccination 
schedule had the lowest score (TVS = 33.36), those with neutral atti
tudes had intermediate score (TVS = 47.40), and those with negative 
attitudes had a highest score (TVS = 59.54) (p < 0.001).

Odds ratios based on the anti-vaccine attitudes (VAX score 37 and 
more) in different factors are presented in Table 6. Individuals working 
in healthcare had significantly lower odds of holding an anti-vaccination 
attitude compared with those outside the healthcare sector (OR = 0.36, 
p < 0.0001). Similarly, students were less likely than employed re
spondents to exhibit an anti-vaccination stance (OR = 0.56, p = 0.0044). 
As expected, respondents with a positive attitude towards the Slovak 
vaccination schedule were particularly unlikely to hold an anti- 
vaccination viewpoint (OR = 0.02, p < 0.0001), confirming the ques
tionnaire’s effectiveness in capturing vaccination attitudes. No 

significant associations were found for gender, residence, parental sta
tus, education level, or age.

4. Discussion

Vaccines stand as one of the most remarkable achievements in 
modern medicine, effectively reducing the morbidity and mortality 
associated with infectious diseases. Despite their proven effectiveness, 
the success of vaccination campaigns largely depends on high public 
acceptance and participation. Over the past two decades, a concerning 
trend has emerged, with an increasing number of individuals and groups 
adopting anti-vaccination attitudes [36].

Since 2010, as part of World Immunization Week (WIW)-which has 
been announced annually since 2005 by the Office of the World Health 
Organization for Europe-we have been conducting surveys with public 
health students at the Jessenius Faculty of Medicine in Martin. Previous 
surveys were face-to-face, either in the streets of Martin or in pediatric 
clinics, focusing on selected aspects of the population’s opinions on 
vaccination [37,38]. During the COVID-19 pandemic, from 2020 to 
2022, we observed a significant increase in anti-vaccination attitudes 
among participants [39]. However, the questionnaire used in these 
surveys was not validated. This prompted us to translate and validate the 
VAX scale questionnaire. At the time of writing, there are twenty lan
guage versions of the questionnaire, including the original English 
version and our Slovak version [19]. This greatly enhances its accessi
bility, cultural relevance, data quality, and global applicability. Trans
lating the scale into multiple languages increases accessibility by 
enabling participation from individuals not fluent in English and 
strengthens global applicability by allowing direct comparison of re
sponses across countries.

Other translations of the VAX questionnaire have already produced 
published results that can be compared to ours. For example, in the 
study by Shacham et al. [29], the authors used the VAX scale to compare 
attitudes among dentists, dental hygienists, and the general population, 
where their total VAX scores were 25.19 (SD ± 9.59), 31.47 (SD ±
9.76), and 27.48 (SD ± 12.86), respectively, with a significant differ
ence between dental hygienists and the other two groups. In our study, 
we divided the sample into non-healthcare and healthcare professions, 
whose total VAX scores were 42.89 (SD ± 16.14) and 33.85 (SD ±
14.25), respectively. This indicates that the attitudes of our healthcare- 
related respondents are less pro-vaccine compared to Shacham et al. The 
difference may be partly explained by timing: Shacham et al. conducted 
their study in late 2020 and early 2021, approximately one year into the 
COVID-19 pandemic, when COVID-19 vaccination in Israel had only just 

Table 2 
Pearson’s correlation coefficient from test/retest for each domain and full 
questionnaire (Validation survey) (n = 72).

Items Pearson’s Correlation p value

D1: Mistrust of vaccine benefit 0.57 <0.00001
D2: Worries over unforeseen future effects 0.78 <0.00001
D3: Concerns about commercial profiteering 0.82 <0.00001
D4: Preference for natural immunity 0.82 <0.00001
Total VAX scale 0.92 <0.00001

Table 3 
Comparison of fit indices of Slovak VAX scale validation survey and Pilot study 
and other language versions.

VAX scale versions χ2/df CFI NFI TLI GFI RMSEA

Reference values 
[25,26] ≤3 ≥0.90 ≥0.90 ≥0.95 ≥0.95 ≤ 0.06

Slovak - Validation 
survey 1.959 0.959 0.92 0.943 0.883 0.09

Slovak - Pilot study 2.859 0.983 0.975 0.977 0.954 0.06
Arabic [27] – 0.954 – 0.936 – 0.97
English UK [28] – 1.0 0.998 1.001 – 0.00
English – South 

Africa [20] – 0.98 – 0.97 0.95 0.06
Italian [29] – 0.98 – 0.975 – 0.05
Korean [30] 13.6 0.96 – 0.95 0.95 0.07
Romanian [31] 2.992 0.949 0.926 0.93 – 0.07
Spanish [32] 2.287 0.97 0.95 0.96 – 0.06
Turkish [33] 2.243 0.907 – 0.94 0.932 0.07
Urdu [34] 1.552 0.966 – 0.953 0.944 0.05

Notes: χ2/df = chi-square divided by the degrees of freedom, CFI = Comparative 
Fit Index, NFI = Normed Fit Index, TLI = Tucker-Lewis Index, GFI = Goodness of 
Fit Index, RMSEA = Root Mean Square Error of Approximation.
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begun. In contrast, our data collection took place in 2023, after vacci
nation campaigns had been implemented in Slovakia for two years. This 
temporal gap may have influenced the level of vaccine hesitancy in the 
population.

Other studies assessed the VAX score as an average of all statements 
rather than a sum, as in our study. However, the results can be compared 
after recalculating. In an Italian study, a significant difference in average 
VAX scores between genders was found (women 2.74, SD ± 1.11, and 
men 2.22, SD ± 1.83) [18]. In our study, women had a score of 3.27 (SD 
± 1.30), and men had a score of 3.38 (SD ± 1.42), indicating that the 
attitudes of our respondents were less favorable than those in the Italian 
study. In a Korean study, the average VAX score of respondents was 3.28 
(SD ± 0.75), which is comparable to the score of respondents in our pilot 
study, which was 3.30 (SD ± 1.34) after recalculation [19]. However, 
since the focus and population samples differed across these studies, 
these comparisons are not fully representative, though they may still 
provide useful context for future research.

Our pilot study revealed that certain demographic groups exhibited 
stronger anti-vaccination attitudes. For example, parents and non- 
healthcare professionals scored higher on the VAX scale compared to 
their counterparts. This highlights parents an important demographic 

since their attitudes towards vaccination directly impact their children 
[40,41]. Reasons for parental vaccine hesitancy are varied and may 
include religious or philosophical beliefs, personal convictions, safety 
concerns, a desire for more information from healthcare providers, and 
the influence of widespread misinformation—particularly on social 
media—which may be especially impactful for parents on parental leave 
[42,43]. It is also positive to note that physicians and healthcare workers 
had lower VAX scores than non-healthcare workers, reflecting more pro- 
vaccination attitudes. This is important because healthcare professionals 
play a significant role in influencing vaccination decisions and can serve 
as advocates for vaccines within the general public. Maintaining a 
positive attitude towards vaccination among healthcare professionals 
can significantly enhance patient trust and compliance with immuni
zation schedules [44–47]. Similarly, other studies have shown that a 
decrease in vaccine uptake among nurses is correlated with a decrease in 
patient vaccine uptake [13]. Additionally, older individuals showed 
more skepticism than younger ones. While a precise assessment of these 
factors is beyond the scope of this article, the VAX scale can facilitate 
future studies aimed at clarifying these underlying reasons.

Our study also shows us that about 20 % of participants did not agree 
with the Slovak vaccination schedule. That is concerning, as if one-fifth 

Fig. 2. Path model for VAX scale factors in Validation survey of the VAX Scale.

Fig. 3. Path model for VAX scale factors in Pilot study.
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of the population were unvaccinated for diseases such as measles or 
polio, it could lead to large-scale epidemics. A decline in vaccination 
coverage has already resulted contributed to a measles epidemic in 
Slovakia [7]. More recently, between January 2022 and August 2023, 
there was a spike in diphtheria cases in Europe, including nine cases 
from Slovakia [48]. Pertussis is another vaccine-preventable disease that 
has shown increased incidence over the past year and a half, not only in 
Slovakia but across Europe [49]. In the pre-pandemic years, the annual 
number of pertussis cases in Slovakia was only a few hundreds, while in 
the first 26 weeks of 2024, the number had already reached 1369 [50].

In today’s interconnected world, comparing vaccination attitudes 

Table 4 
Demographics of the pilot study group (n = 473).

N %

Gender
Female 332 70.2
Male 141 29.8

Residence
Urban 254 53.7
Rural 219 46.3

Parents
Parents 166 35.1
Not parents 307 64.9

Education
Without finished primary education 2 0.4
Primary 5 1.1
Secondary 270 57.1
Tertiary 196 41.4

Economic activity
Student 168 35.5
Employed 239 50.5
Other 66 14.0

Profession
Healthcare 169 35.7
Non-healthcare 304 64.3

Attitude towards Slovak vaccination schedule
Positive 343 72.5
Neutral 35 7.4
Negative 95 20.1

Age – divided by median (25)
Younger (18–25 years old) 237 50.1
Older (26+ years old) 236 49.9

Table 5 
VAX score differences among the study participants based on the pilot study variables (n = 473).

Factors D1: Mistrust (±SD) D2: Unknown effects (±SD) D3: Commercial profits (±SD) D4: Natural immunity (±SD) Total VAX scale-TVS 
(±SD)

Gender
Female (n = 332) 8.45 (4.64) 11.95 (3.94) 8.77 (5.00) 10.09 (4.50) 39.26 (15.63)
Male (n = 141) 9.31 (4.92) 11.66 (4.08) 9.16 (5.28) 10.47 (4.79) 40.60 (17.08)

Residence
Urban (n = 254) 8.73 (5.04) 11.91 (4.16) 9.12 (5.31) 10.29 (4.86) 40.04 (17.06)
Rural (n = 219) 8.68 (4.36) 11.82 (3.77) 8.61 (4.80) 10.10 (4.26) 39.21 (14.87)

Parents
Yes (n = 166) 9.48 (5.08)** 12.58 (4.11)** 10.18 (5.55)*** 11.20 (4.88)*** 43.44 (17.48)***
No (n = 307) 8.29 (4.49) 11.48 (3.86) 8.18 (4.67) 9.66 (4.34) 37.61 (14.89)

Profession
Healthcare (n = 169) 6.94 (4.07) 11.35 (3.66) 6.88 (4.39) 8.68 (4.37) 33.85 (14.25)
Non-healthcare (n = 304) 9.69 (4.80)*** 12.15 (4.13)* 10.00 (5.11)*** 11.05 (4.50)*** 42.89 (16.14)***

Education
Primary (n = 5) 10.40 (5.55) 12.80 (3.11) 8.60 (5.50) 9.80 (4.66) 41.60 (16.89)
Secondary (n = 270) 8.66 (4.39) 11.82 (3.88) 8.97 (4.95) 10.45 (4.48) 39.91 (15.27)
Tertiary (n = 196) 8.77 (5.17) 11.91 (4.18) 8.77 (5.27) 9.85 (4.74) 39.30 (17.17)

Economic activityx

Student(S) (n = 168) 7.54 (3.98) 11.10 (3.72) 7.33 (4.23) 9.20 (4.06) 35.15 (13.44)
Employed(E) (n = 239) 9.38 (4.97)** 12.32 (4.08)** 9.80 (5.28)** 10.74 (4.78) 42.25 (16.89)**
Others(O) (n = 66) 9.24 (5.09) 12.18 (4.01) 9.52 (5.45) 10.80 (4.79)** 41.74 (16.57)

Attitude towards the Slovak vaccination schedulexx

Positive(A) (n = 343) 6.84 (3.46) 10.72 (3.45) 7.00 (3.91) 8.80 (4.02) 33.36 (11.96)
Neutral(B) (n = 35) 10.69 (3.60) 13.37 (4.19) 11.54 (4.33) 11.80 (3.70) 47.40 (13.45)
Negative(C) (n = 95) 14.73 (3.67)** 15.44 (3.38)** 14.71 (4.19)** 14.66 (3.70)** 59.54 (12.04)**

Age – divided by median (25)
Younger (18–25) (n = 237) 7.92 (4.12) 11.39 (3.71) 7.85 (4.38) 9.51 (4.05) 36.67 (13.66)
Older (26+) (n = 236) 9.50 (5.17)*** 12.34 (4.18)** 9.92 (5.52)*** 10.90 (4.98)*** 42.66 (17.70)***

Parents – divided by age median (25)
Younger (18–25) (n = 9) 8.22 (2.54) 13.44 (2.96) 11.22 (4.15) 12.00 (4.21) 44.89 (11.38)
Older (26+) (n = 157) 9.55 (5.19) 12.53 (4.17) 10.12 (5.63) 11.16 (4.92) 43.36 (17.78)

Notes:
Asterisks highlight difference between subgroups within variables and are added to highest TVS.
*p < 0.05, **p < 0.01, ***p < 0.001 (t-test for two groups, ANOVA for more than two groups).
xBonferroni post hoc test: E > S (D1, D2, D3, D4, TVS), O > S (D1, D3, D4. TVS), xxBonferroni post hoc test: C > B > A (D1, D2, D3, D4, TVS),
D1 = Mistrust of vaccine benefits, D2 = Worries over unforeseen future effects, D3 = Concerns about commercial profits, D4 Preference for natural immunity.

Table 6 
Odds ratio based on VAX score of 37 and more (Pilot study) (n = 473).

Factors Odds ratio (95 
% CI)

p value

Gender (female/male) 0.85 (0.57, 
1.25)

0.4033

Residence (urban/rural) 0.95 (0.66, 
1.37)

0.7939

Parents (yes/no) 1.37 (0.94, 
2.00)

0.1051

Healthcare profession (yes/no) 0.36 (0.24, 
0.53)

<0.0001

Education (secondary/tertiary) 1.35 (0.93, 
1.95)

0.1117

Economic activity(student/employed) 0.56 (0.38, 
0.83)

0.0044

Attitude towards the Slovak vaccination schedule 
(positive/negative)

0.02 (0.01, 
0.07)

<0.0001

Age (18–25 years old/ 26+ years old) 0.72 (0.50, 
1.03)

0.0731
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across countries is essential for ensuring global public health. Using a 
consistent tool for these comparisons is critical, and the VAX scale is 
particularly well-suited for this purpose due to its availability in multi
ple languages. Widespread use of the VAX scale across different regions 
supports public health by providing a reliable method to assess and 
monitor vaccination attitudes on a global scale. The VAX scale can help 
us identify population groups at risk for anti-vaccination behavior, 
allowing targeted educational interventions to promote more favorable 
attitudes towards vaccination.

5. Limitations

The sample was collected electronically, and the initial pool of par
ticipants consisted of students, which resulted in a predominance of 
younger respondents. This may limit the generalizability of the findings, 
as certain demographic groups may be underrepresented.

6. Conclusion

Addressing the factors that contribute to anti-vaccination senti
ments, such as misinformation and distrust, is essential for improving 
vaccination rates and maintaining herd immunity. Public health initia
tives should prioritize education and transparent communication to 
counteract these attitudes and protect vulnerable populations from 
preventable diseases. The validated Slovak translation of the VAX scale 
offers a reliable tool for assessing attitudes and identifying demographic 
groups at higher risk of vaccine skepticism.
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[4] Dubé E, Laberge C, Guay M, Bramadat P, Roy R, Bettinger JA. Vaccine hesitancy: 
an overview. Hum Vaccin Immunother 2013;9:1763–73. https://doi.org/10.4161/ 
hv.24657.

[5] Nuwarda RF, Ramzan I, Weekes L, Kayser V. Vaccine hesitancy: contemporary 
issues and historical background. Vaccines 2022;10:1595. https://doi.org/ 
10.3390/vaccines10101595.
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