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Abstract

Background

Martin and Petrie developed the Vaccine Attitudes Examination (VAX) scale with an aim to
document general vaccination attitudes. Vaccine acceptance plays an important role in
curbing COVID-19 infections. Thus, it was important to assess vaccination attitudes of Paki-
stani people towards novel COVID-19 vaccines. The VAX scale was not available in Urdu
language for Pakistani population.

Aim
The study aimed to carry out cross-cultural adaptation and validation of an Urdu version of

the Vaccine Attitude Examination (VAX) scale in a selected population sample from
Pakistan.

Methods

A cross sectional study was conducted in September 2021 in an outpatient department of a
healthcare facility in Karachi, Pakistan. Adult visitors, eligible for COVID-19 vaccine and
spoke Urdu as first language were invited. Convenient sampling was used, and sample size
was based on an item response ratio of 1:20. An Urdu version of the VAX scale was devel-
oped. The reliability was assessed using Cronbach’s alpha (a) and intraclass correlation
coefficient (ICC). The model fithess was evaluated using confirmatory factor analysis (CFA)
and fit indices namely goodness of fit index (GFI), adjusted goodness of fit index (AGFI),
Tucker Lewis index (TLI), comparative fit index (CFI), and root mean square error of approx-
imation (RMSEA). A structural equation model (SEM) was also developed. IBM SPSS and
AMOS were used to analyse the data. The study had ethical clearance.
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Results

A total of 211 responses were analysed. The reliability (Cronbach’s a) was 0.821. The ICC
was 0.831 (95% Cl: 0.795-0.863). CFA using a 4-factor model revealed the following values
for fit indices; GFI = 0.944, AGFI = 0.909, TLI = 0.953, CFl = 0.966, and RMSEA = 0.051. All
values reported were in the acceptable range.

Conclusion

The VAX Urdu version is a reliable and valid instrument for use in an Urdu speaking popula-
tion and will enable clinicians to assess the public’s attitude towards general vaccination
including COVID-19 vaccination. Clinicians can use the VAX-U to document a person’s vac-
cine hesitancy and tailor their counselling to address the issues in vaccine uptake.

1. Introduction

Despite being one of the most effective methods of preventing the spread of communicable
diseases [1], vaccination has been subjected to criticism. There are several reasons behind the
criticism of vaccinations. For instance, there may be concerns regarding the safety and effec-
tiveness of a vaccine. Some individuals may have religious reasons for rejection of vaccination
[2]. For example, some vaccines may contain ingredients that are not permissible for a particu-
lar religion [2, 3]. Additionally, people may reject vaccination based on their beliefs that the
disease against which the vaccine is mandated is not widespread and they may not be suscepti-
ble [4]. Moreover, some also believe that the immune system would be more strengthened by
contracting the pathogen fighting off the disease naturally [5, 6]. Moreover, there have been
instances where misinformation and too much information about disease and vaccines have
instilled fear among the public that has led to increased rejection e.g., polio vaccine [7]. Based
on these beliefs patients and their families may consider the risks associated with vaccination
to be greater than the potential benefits of these vaccines [5].

Rejection of vaccination can have negative consequences. Individuals rejecting a vaccine
can contract the preventable disease and become ill [8]. It is also likely that an infected person
may spread the infection, and this could result in an outbreak [9]. This situation may further
escalate economic costs. For instance, a recent study reported that 692,000 persons who were
unvaccinated were hospitalized in the US during Nov-Dec 2021 resulting in an estimated cost
of USD 13.8 billion [10]. Moreover, an outbreak such as the COVID-19 pandemic has also
caused fear and panic in society and posed a risk of stigmatization of infected individuals [11].
This was observed in COVID-19 pandemic when the reporting of the disease resulted in stress
in the public that was further aggravated by lockdowns [12, 13].

Pakistan has also faced the effects of the pandemic with a positivity rate reaching up to 12%
and daily reporting of up to 3000 cases during the peak wave [14]. Pakistani health authorities
used myriad approaches to increase availability of COVID-19 vaccines by approving vaccine
use in country, receiving donated vaccines from international pharmaceutical firms, and par-
ticipating in the WHO-driven COVAX program. In addition, the regulatory authority allowed
local pharmaceutical firms to privately procure and sell vaccines in the country [15]. By early
2022, approximately 43% of the population was vaccinated [16]. Vaccine refusals have been
reported in Pakistan previously [17]. Qazi and colleagues reported that 52.4% of the surveyed
individuals intended to receive COVID-19 vaccine [18].
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Vaccine acceptance is pivotal to curbing the spread of COVID-19. New vaccines were for-
mulated to prevent the COVID-19 infection and/or reduce the severity of the infection [19].
As with other vaccines [20], there were concerns about the safety and effectiveness of vaccines
against COVID-19 [21]. Several scales are available in the literature which could be used to
document this phenomenon namely the Parent Attitudes about Childhood Vaccines survey
[22], and Vaccine Hesitancy Scale [23]. However, both scales focus on the attitudes and con-
cerns of parents regarding their children’s vaccination. In addition, some scales such as the
Carolina HPV Immunization Attitudes and Beliefs Scale (CHIAS) with a wider scope is avail-
able however, it focuses on a specific vaccine, i.e., HPV [24]. Another scale that aims to docu-
ment an individual’s response to vaccine such as the HIV Vaccine Attitudes Scale also focuses
HIV vaccine [25].

A scale that could document an individual’s attitude about vaccinations in general was
developed by Martin and Petrie. They created the Vaccine Attitudes Examination (VAX) scale
with an aim to document general vaccination attitudes [26]. The scale was originally developed
in English and has been translated into several languages [27]. The scale needs to be translated
and cross-culturally adapted into the Urdu language and validated to increase its availability in
Pakistan population. Thus, our study aimed to translate and provide validation of an Urdu ver-
sion of the Vaccine Attitude Examination (VAX) scale in a selected Pakistani sample.

2. Methods
2.1. Study design, duration and venue

This was a cross-sectional study and was conducted in September 2021 in out-patient depart-
ment (OPD) of Tabba Heart Institute situated in the city of Karachi in Pakistan. The healthcare
facility was a 100-bed cardiac specialty hospital visited by many every day. It serves as one of
the most centrally located cardiac specialty hospitals in the city. The city of Karachi can be
argued as the most ethnically and culturally diverse city of the country. It is also termed as a
mini version of the country as it houses all major ethnic groups that account for 95% of the
population of Pakistan [28, 29].

2.2. Research hypotheses and questions

It was hypothesised that the Urdu version of the scale will have conceptual, grammatical, lan-
guage equivalence with the original English version. The cross-cultural adaptation process will
culturally competent. The Urdu version will demonstrate internal consistency and model fit-
ness. Therefore, the study investigated if the VAX-U version had cultural equivalence to the
original version, if the process of cross-cultural adaptation could be culturally competent, and
if the VAX-U could demonstrate adequate internal consistency and model fitness.

2.3. Participants

As this study was the first phase of a wider research project aimed to document vaccine atti-
tudes in Pakistani population who were eligible for COVID-19 vaccine, this project aimed to
validate the scale in this population sample. Thus, the current study invited all adults (>18
years), who could read, write, listen, and speak Urdu, and were eligible for a COVID-19 vac-
cine. An attempt was made to recruit all those who met the criteria.

2.4. Sample size

The sample size was based on the item-to-response ratio of 1:20. Available evidence mentions
a variety of ratios ranging from 1:5 up to 1:20 with varying degrees of accuracy [30]. A ratio of
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1:20 was selected and calculated the required sample size for the 12-item scale. The required
sample size (N) was 240.

2.5. Recruitment and data collection

The recruitment was conducted by a pharmacist in the OPD department in the evening hours
on weekdays, i.e., Monday to Friday. Convenience sampling method was used and all patients
and their caregivers who were eligible for vaccination were approached. The mode of survey
was online. Google Forms® platform was used for the survey. Patients were informed about
the study and those who seemed interested were either sent a link on WhatsApp®) or were
handed a tablet with the survey link opened. Participants had to indicate if they consent to par-
ticipate before, they could move forward with the survey. Individuals who provided their con-
sent were forwarded to the demographic form and vaccine questionnaire.

2.6. Research instrument

The research instrument used in this study was the Vaccine Attitude Examination (VAX) scale
[26, 27]. Permission was sought from the developer of the scale [27]. The scale consists of 12
items divided into four sections. These sections also serve as subscales. The subscale 1 is
termed as mistrust of vaccine benefit (MVB). Subscale 2 denotes worries about unforeseen
future effects (WOUFE). The third subscale captures concerns about commercial profiteering
(CACP), and the last subscale looks at preference for natural immunity (PFNI). Each subscale
contains three (3) items, and each item is designed in Likert format consisting of six (6)
options, i.e., 1 = strongly disagree up to 6 = strongly agree. The scoring instructions are avail-
able from the developer [27]. Apart from the VAX scale, the questionnaire included a demo-
graphic form. The form included questions on age, gender identification, level of education,
marital status, occupation of participants, monthly income, and residence. All questions were
close ended.

2.7. Cross-culture adaptation and piloting

There were 4 researchers and 12 members from the target population involved in the cross-
cultural adaptation process. 3 academics, A1, A2 and A3; both were subject matter experts
with >10 years of experience in teaching and research, and fluent in both Urdu and English.
A3 also had a post-doctoral qualification. A1 and A3 were aware of the study aims while A2
were unaware. All had prior experience in cross-cultural adaptations. A practicing pharmacist
(A4) with 7 years of clinical and research experience was also a part of the team. The team,
from diverse sub-cultural backgrounds, ensured a culturally competent process. The scale was
then piloted by handing it to the members of the target population. The process followed the
process for cross-cultural adaptation and translation of research instruments as suggested by
Gjersing and colleagues [31].

2.8. Data analysis and statistical validation

The data were analysed using IBM SPSS version 23. The categorical data were expressed in fre-
quency (N) and percentage (%). The continuous data were expressed in mean (x) and standard
deviation (SD). Statistical significance was considered at p value less than 0.05. Reliability was
assessed through Cronbach’s alpha (o). Intraclass correlation coefficient (ICC) was also calcu-
lated and reported in 95% confidence intervals. The VAX-U scores obtained from participants
who identified as male and female were compared using the mean difference (MD). An inde-
pendent sample t-test was carried out to test for significance, and the results were reported as
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mean difference values and 95% confidence intervals (CI). This test was conducted to check
whether there was a difference in vaccine hesitancy scores based on gender.

Confirmatory Factor Analysis (CFA) was conducted using IBM AMOS version 25 and fit
indices were calculated. Fit indices namely goodness of fit index (GFI), adjusted goodness of
fit index (AGFI), Tucker Lewis index (TLI), comparative fit index (CFI), and root mean square
error of approximation (RMSEA) were calculated. In addition, the value for Chi-square over
degree of freedom (y*/df) was calculated and a path model was also developed. Data were
checked for heteroscedasticity, and it was not found. The selection of this analysis was based
on previous studies which examined the validity of other language versions of the scale [32-
35]. This also served as a basis to compare the findings of the current study with previous ones.

2.9. Ethics and consent

This study was the first phase of a project that was approved by the Institutional Review Board
of Tabba Heart Institute, Karachi, Pakistan (Reference# THI/IRB/FQ/22-09-21/017). The sur-
vey was voluntary and without any personal identifiers. All participants were briefed about the
study and were asked to provide their consent before they could proceed to the questionnaire.
Only those participants who provided their consent could proceed to the questionnaire. The
study has been reported according to the STROBE checKlist for reporting cross-sectional stud-
ies [36].

3. Results

A total of 211 responses were analysed. Please see supporting information.

3.1. Cross-cultural adaptation and piloting process

The translation of the scale was conducted by two academics A1 and A2. The exercise led to
the preparation of two Urdu versions termed as U1 and U2. Both versions were harmonized
by another academic A3. There were few discrepancies identified that were related to the
grammar and meaning of the translated items which were conveyed to the respective academ-
ics involved in preparation of Ul and U2, and their input was sought. As a result, all discrepan-
cies were reconciled, and all three (3) academics agreed on the last version of the scale termed
as U3. This version (U3) was back translated by A3 and a practicing pharmacist (A4). The
exercise led to the preparation of two back-translated versions termed as Bl and B2. This back
translated versions were rechecked by the academic Al and compared with the original ver-
sion of the scale for language, meaning, and concept. A final version (B3) was then prepared.
All team members hailed from different sub-cultural, linguistic and racial backgrounds in
Pakistan ensuring a culturally competent process.

Following that a discussion involving all four (4) members was held and the U3 and B3
were reviewed. The Urdu version (U3) was finalised at this point. Following the translation
process, the Urdu version was piloted in 12 vaccine eligible adults randomly. No problem in
understanding and comprehension was reported. The scale was deemed fit to use in the study
at this point (Fig 1).

3.2. Background characteristics

Most participants were in age group 18-29 years (N = 152, 72%), identified as females

(N =149, 70.6%), and were single (N = 152, 72%). Slightly more than half of the sample were
graduates (N = 109, 51.7%), involved in a non-health educational program/ occupation

(N =124, 58.8%). Most participants were students (N = 111, 52.6%), had a monthly family
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Al created Urdu
version (U1)

Al reviewedboth B1
and B2 back-
translated versions
and synthesised B3

All agree on B3 as
the final version

A2 created another
Urdu version (U2)

A4 back-translated
U3 and prepared a
back-translated
version (B2)

Involvement of
members of the
target poplulation

A3 harmonised both

and prepared Urdu
version (U3)

A3 back-translated
U3 and prepared a
back-translated
version (B1)

VAX-U finalised

Fig 1. VAX-U cross-cultural adaptation process.
https://doi.org/10.1371/journal.pone.0312459.9001

income of more than PKR 100,000 (N = 111, 52.6%), and resided in urban settings (N = 196,
92.9%) (Table 1).

3.3. Reliability and internal consistency

The reliability of each subscale was assessed through Cronbach’s alpha (o). The reliability (o)
values were as follows: MVB subscale = 0.821, WOUFE subscale = 0.667, CACP sub-

scale = 0.753, and PENI = 0.732. The overall reliability (o) of the scale was 0.831. Besides, the
intraclass correlation coefficient was 0.831 (0.795-0.863 for 95% CI). The reliability of the
scale was not affected by item deletion as it remained above 0.8 upon deletion of items from
the scale. The highest corrected item-total-correlation (ITC) was 0.564 for item 10 while the
lowest ITC was 0.387 for item 5 of the scale. No negative values for corrected ITC were
reported. None of the mean differences appeared statistically significant indicating that male
and female participants had similar vaccine hesitancy score (Table 2).

3.4. Validity and model fitness

The CFA using a 4-factor model revealed adequate fit values for several indices utilized to eval-
uate the model’s fitness. The values were as follows; */df = 1.552, GFI = 0.944, AGFI = 0.909,
TLI = 0.953, CFI = 0.966, RMSEA = 0.051, p < 0.05 (Fig 2).

4. Discussion

The reliability of the Urdu version of the scale in our sample of individuals from Pakistan was
0.831, with reliabilities of 0.821, 0.667, 0.753, and 0.732 for subscales 1-4 respectively. The
original study by Martin & Petrie reported the following values for subscales 1-4: 0.91, 0.77,
0.85, and 0.78 [26]. Our results were similar to the findings of other studies evaluating transla-
tions of the original VAX scale. The Romanian version reported an o. value of 0.82, although,
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Table 1. Background characteristics of the study variables (n = 211).

Characteristics Frequency (N) Percent (%)
Age in years

18-29 152 72.0

30-45 49 23.2

50-64 10 4.7
Identification

Female 149 70.6

Male 62 29.4
Level of Education

Up to Secondary education 5 2.3

Higher secondary education 46 21.8

Graduate 109 51.7

Postgraduate 51 24.2
Marital status

Married 59 28.0

Single 152 72.0
Occupation

Employed or Self-employed 77 36.5

Homemaker 15 7.1

Nursing 2 1.0

Student 111 52.6

Unemployed or retired 6 2.8
Nature of occupation/education

Health related 87 41.2

Non-Health Related 124 58.8
Income

PKR 10,000-25000 26 12.3

PKR 25,001-50,000 32 19.9

PKR 50,001-100,000 32 15.2

More than PKR 100,000 111 52.6
Residence

Rural 15 7.1

Urban 196 92.9

https://doi.org/10.1371/journal.pone.0312459.t001

that study did not report the reliability of individual subscales [34]. In another study evaluating
the Turkish version of the scale, the overall reliability (o) was 0.818 while the values for sub-
scales 1-4 were 0.847, 0.775, 0.866, and 0.760 respectively [37]. The Spanish version of the
scale had an overall reliability (o) > 0.83 and 0.9, 0.74, 0.86, and 0.84 for subscales 1-4 respec-
tively [33]. Finally, Wood et al (2019) reported a value of 0.92 for the English version of the
scale in a UK population sample. In terms of reliability of individual subscales 1-4, the English
version in UK population sample reported values of 0.89, 0.79, 0.91, and 0.86 respectively [32].
Similar values, i.e., o = 0.93, were reported by Shacham and colleagues for the Hebrew version
of the scale, although reliability values for subscales were not reported [38]. Contrastingly,
Bruno and colleagues reported reliability of the Italian version using Cronbach’s alpha (o) and
McDonalds Omega (w) values only for the subscales 1-4. The values from both reliability indi-
ces, i.e., o.and w were same for subscales 1-4, i.e., 0.90, 0.89, 0.93, and 0.92 respectively [35].
Also, the English version used in South African population showed excellent alpha (o) and
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Table 2. Descriptive analysis of Vaccine Attitude Examination (Urdu version) (VAX-U) scale.

VAX-U items Mean SD Male vs Female (MD with 95% CI)* Skewness Kurtosis Corrected ITC o if item deleted
1 3.05 1.768 0.30 (-0.26, 0.80) 0.306 -1.203 0.439 0.822
2 2.94 1.772 0.08 (-.045, 0.61) 0.445 0.167 0.433 0.822
3 2.96 1.749 -0.01 (-0.53, 0.51) 0.394 -1.120 0.529 0.815
4 3.21 1.819 0.18 (-0.36, 0.73) 0.094 -1.441 0.552 0.813
5 341 1.658 -0.05 (-0.55, 0.44) 0.230 -1.089 0.387 0.826
6 3.24 1.768 0.30 (-0.23, 0.82) 0.181 -1.313 0.530 0.815
7 3.34 1.772 0.14 (-0.39, 0.67) 0.205 -1.308 0.490 0.818
8 3.53 1.755 -0.11 (-0.64, 0.41) 0.202 -1.342 0.518 0.816
9 3.70 1.810 0.19 (-0.35, 0.73) 0.040 -1.456 0.468 0.820
10 3.42 1.687 0.02 (-0.48, 0.52) 0.085 -1.189 0.564 0.812
11 3.24 1.749 0.23 (-0.29, 0.75) 0.298 -1.172 0.506 0.817
12 343 1.802 0.01 (-0.53, 0.55) 0.177 -1.381 0.437 0.822

* = Independent sample t-test to test mean difference between male and female, SD = Standard Deviation, MD = Mean Difference, CI = Confidence Interval

ITC = item-total-correlation, o = Cronbach’s alpha

https://doi.org/10.1371/journal.pone.0312459.t002

Chi-square = 74.492

df = 48 p-value = .008
Chi-square/df = 1.552
GFl = .944 AGFI =.909
TLI = .953 CFI =.966
RMSEA = .051
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Table 3. Comparison of fit indices obtained from

VAX versions x2/df
Urdu 1.552
Romanian [34] 2.992
Italian [35]
English (UK) [32]
Spanish [33] 2.287
Turkish [37] 2.24

English (South Africa)* [39]
*for a 4-factor model

https://doi.org/10.1371/journal.pone.0312459.t003

Urdu version with other validated version of VAX.

TLI CFI RMSEA p-value GFI AGFI
0.953 0.966 0.051 < 0.05 0.944 0.909
0.930 0.949 0.07 < 0.05
0.98 0.98 0.05 < 0.05
1.001 1.0 0.00 0.938
0.96 0.97 0.06 < 0.05
0.94 0.907 0.071 <0.05 0.932 0.89
0.97 0.98 0.06 <0.05 0.95

composite reliability (CR), i.e., 0.91 and 0.93 respectively [39]. Hence, based on the evidence it
can be safely said that our values are within acceptable range and in line with previous work.

The CFA using a 4-factor model revealed values for several fit indices primarily utilized to
evaluate the model fitness. The values were as follows, x*/df = 1.552, GFI = 0.944, AGFI = 0.909,
TLI = 0.953, CFI = 0.966, RMSEA = 0.051, p < 0.05. So far, four studies have evaluated the
model fitness of the scale using the CFA [32-35]. The CFA for the Romanian version of VAX
reported the following values, y*/df = 2.992, TLI = 0.930, CFI = 0.949, RMSEA = 0.07, and
p < 0.05 [34]. The values reported from the analysis of the Italian version of the scale were as
follows, TLI = 0.98, CFI = 0.98, RMSEA = 0.05, and p < 0.05 [35]. Besides, Wood and colleagues
evaluated the model fitness of the scale in a UK population sample and reported values for TLI
=>1, RMSEA = 0.00, and CFI = 1.0 [32]. Further, Paredes and colleagues reported the follow-
ing values in their work, Xz/dfz 2.287, TLI = 0.96, CFI = 0.97, RMSEA = 0.06, and p < 0.05
[33]. Hence, the values reported in this study for the Urdu version of the scale in our sample of
Pakistani population are in line with the results of previous studies (Table 3).

This study has limitations, particularly related to its sampling. It was conducted using a conve-
nience sample of participants from a single study site and this may impact the generalizability of
the results. However, the ethnic diversity of the city where this study was conducted offer some
support to the generalizability of results. Nevertheless, this is the first time the Urdu version of
VAX has been made available for a population in Pakistan. Preliminary validation, in the form of
confirmatory factor analysis, suggests that the scale and its subscales function similarly in an Urdu-
speaking population in Pakistan. It is hypothesised that the attitudes toward vaccines that are mea-
sured by the Urdu VAX will be similarly predictive of vaccine-related behaviours and this will pro-
vide valuable information as public health officials and others work to improve vaccine uptake.

5. Conclusion

The Urdu version of the VAX scale was developed and validated using statistical techniques
used by previous studies involving the same. The scale and its subscales have good internal
consistency and model fit. The results obtained in this study suggest that the VAX-U is a reli-
able and valid research instrument to document vaccination attitudes in this population. A
new research instrument will now be available to clinicians to assess the attitudes of the public
towards general vaccination including COVID- 19 vaccines in Pakistan.

Additional information

The abstract of this work was presented as a poster at the Royal Pharmaceutical Society Con-
ference 2023 in London on the 10™ of November 2023 [40].
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