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Abstract

Background

The roles of literacy, fear and hesitancy were investigated for acceptance of COVID-19 vac-
cine (AV) types among village health volunteers (VHVs) in Thailand.

Materials and methods

A cross-sectional study was conducted using an unidentified online questionnaire to assess
literacy, fear and hesitancy of COVID-19 vaccine acceptance among Thai VHVs between 1
and 15 October 2021. The questionnaire was developed based on the HLVa-IT (Health Lit-
eracy Vaccinale degli adulti in Italiano) for vaccine literacy (VL), using an adult Vaccine Hesi-
tancy Scale (aVHS) for COVID-19 vaccine hesitancy (VH) and Fear of COVID-19 scale
(FCoV-19S) for the distress of COVID-19 vaccine. The effects of VL, VH and vaccine fear
(VF) on AV were estimated using multivariable logistic regression.

Results

A total of 5,312 VHVs completed the questionnaire. After adjustment with variables in the
multivariable analysis, the VL score was insignificantly associated with increased vaccina-
tion (aOR = 1.002; (95%Cl: 0.994—-1.01)), while VF and VH significantly decreased the
chance of vaccination, aOR = 0.966 (95%CI: 0.953-0.978) and aOR = 0.969; (95%Cl:
0.960-0.979), respectively and VF and VH were negatively associated with AV for all types
of vaccine preference, with VL showing a reverse relationship only for mRNA-based
vaccines.
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Conclusion

VL may not increase AV among VHVs. To increase attitudes toward receiving COVID-19
vaccination in Thailand, the government and health-related organizations should instigate
policies to significantly reduce VF and VH among Thai VHVs.

Introduction

Coronavirus disease 2019 (COVID-19) is a communicable sickness caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. COVID-19 was officially declared
widespread by the World Health Organization (WHO) on 11 March 2020 [2]. Case numbers
and deaths from the disease are still increasing globally [3]. COVID-19 vaccines have shown
promise as a prophylactic measure for protection against infection, preventing severe symp-
toms and slowing the rapid spread of the disease [4-6]. As of conducting research in October
2021, global vaccination coverage was 34%, with 23% in Thailand, far below the level of herd
immunity [7]. The target of vaccination in Thailand is 70% [8]. However, current vaccination
coverage in May 2022 is 70.3% [7].

Previous studies reported that the acceptance rate of the COVID-19 vaccine varied by coun-
tries and different time points [9]. Vaccine acceptance rate was 37.40% in Jordan, 61.16% in
Bangladesh, 56.90% in the EU, 80.00% in the USA and 63% in Africa [10-14]. Known factors
contributing to the acceptance of vaccine (AV) were vaccine literacy (VL), vaccine hesitancy
(VH) and vaccine fear (VF). VH and VF had a negative impact on AV, while VL [15, 16]
showed a positive impact [17, 18]. Low health literacy impacts VH and may result in refusal or
delay in AV [19]. A study among French adults showed that high health literacy scores were
associated with the intention to get vaccinated with minimal VH [17], while U.S. college stu-
dents showed higher score, were positively associated with greater willingness for COVID-19
vaccination [20]. Rapid transmission of the COVID-19 pandemic has increased the fear of
virus transmission in the community. A recent study in Vietnam demonstrated that health lit-
eracy modified the effect of fear; however, on quality of life [21].

Sirikalyanpaiboon et al. conducted a survey among Thai physicians. They found that prefer-
ence for particular vaccines was independently associated with VH, especially for the mRNA
vaccine [22]. Another study surveyed the general population and reported the AV rate at
41.8%. As well as adenovirus-based and mRNA-based vaccines, an inactive vaccine type is also
available in Thailand. Acceptance rate increased from 89.0% to 91.3% if people could select the
vaccine brand and 80.7% to 83.2% for brands recommended by healthcare professionals [23].

To combat the outbreak of COVID-19 in Thailand, the Ministry of Public Health recruited
1.04 million village health volunteers (VHVs) throughout the nation to help contain the spread
of the disease. The emphasis was on humanizing and updating people about the cause, preven-
tion and treatment of diseases. The first COVID-19 vaccine arrived in Thailand in February
2021 and the Thai Prime Minister encouraged VHVs to boost public confidence in this vac-
cine. Later, novel variants of COVID-19 and new vaccines arrived in Thailand. The VHV's
assisted in communicating vaccine information to the public [24, 25] and encouraged the
acceptance of the vaccine as a positive way to reduce the spread of the disease.

As aforementioned, few studies have examined the relationship between VL, VF and VH
on AV, particularly by vaccine types, while no studies have been conducted in Thailand, espe-
cially among VHVs who are at the frontline of all community health matters and influence
vaccine perceptions of community members. Therefore, this research investigated the conse-
quences of VL, VF and VH on AV among VHVs in Thailand.
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Research methodology
Study design and settings

We conducted a cross-sectional study between 1 and 15 October 2021 via the online platform
of VHVs in Thailand.

Study samples and data collection

Eligible participants in this study were VHVs aged over 18 and registered in the mobile appli-
cation SMART VHYV. The total number of Thai registered mobile application SMART VHVs
aged over 18 in 2021 was 254,743 people [26], with 137,782 records available for contact. A
nonprobability snowball sampling method was adopted based on the 137,782 registered
SMART VHVs through the social platforms Line and Facebook as the two most popular social
media platforms in Thailand and used by VHV's to communicate and coordinate with each
other.

First, we asked for cooperation with VHV leaders according to their responsible health
areas. We uploaded our questionnaire to their social media and the representative VHV lead-
ers forwarded the questionnaire to Line or Facebook groups for completion by their VHVs.
The study subjects were screened for inclusion criteria including age and registration of mobile
application SMART VHYV. Eligible participants were asked to sign an informed consent form
by clicking on it. After signing the informed consent, the structured questionnaire appeared
on their screens. The participants completed and submitted the questionnaire via the online
platform Google Form. They were free to withdraw at any time and the survey took approxi-
mately 10 minutes to complete. All completed questionnaire was stored via Google Form.
SMART VHVs who lack of address information and incomplete filling questionnaire were
excluded. A total of 5,312 VHVs responded to our survey (Fig 1).

Eligible village health volunteer
(VHV)
N :254,743

| | - Over 18 years old,
- has registered in mobile application SMART VHV

116,961

Excluded no address :

Available VHV
137,782

5,385
responders

Excluded incomplete filling questionnaire:
73 responders

n= 5,312 completed
questionnaire

Fig 1. Flow chart of sample collection.

https://doi.org/10.1371/journal.pone.0270023.9001
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Instruments and measurements

The questionnaire was designed and pretested by the researchers after an extensive literature
review. Our questionnaire was self-rated and asked about demographic characteristics, VL,
VF, VH and AV. Details of instruments, tools and measurements are presented below.

Demographic data

Demographics included the following data: sex, age, educational level, marital status, religion,
occupation, medical condition, family income and work experience.

Vaccine literacy (VL)

A self-rated VL questionnaire including three domains as functional, communicative and criti-
cal was developed. The VL questionnaire was adapted from the Health Literacy Vaccinale
degli adulti in Italiano (HLVa-IT) [27]. The VL questionnaire was composed of 12 items
(questions) including functional VL (items L1 to L5), for example, “I did more research on the
COVID-19 vaccine”, “I know where to find information on the COVID-19 vaccine”, commu-
nicative VL (items L6 to L10), for example, “I have consulted or received advice regarding the
COVID-19 vaccine from a doctor, nurse or healthcare professional”, “I can analyze the quality
or accuracy of the information I find on the COVID-19 vaccine” and critical VL (items L11 to
L12), for example, “I pass on the correct information about the COVID-19 vaccine to others”.
Answers were supplied by the interviewees according to a Likert scale with four possible
choices (4-never, 3-rarely, 2-sometimes and 1-often). Scores were calculated using the mean
value of each scale response ranging from 1 to 4, with higher values indicating greater VL.

Vaccine fear (VF)

A 5-item questionnaire was conducted to estimate the fear of COVID-19 vaccine, with a four-
point Likert scale used to examine whether or not people were apprehensive of vaccination,
ranging from 1 to 4 as 4-never, 3-rarely, 2-sometimes and 1-often. Examples of items included,
“I am very afraid of having to get vaccinated against COVID-19”, and “I am afraid of dying
from vaccination against COVID-19”. The aggregate score was the total scores of the 5 items
ranging from 5 to 20, with a higher total demonstrating greater fear of the COVID-19 vaccine.

Vaccine hesitancy (VH)

Our VH questionnaire was adapted from Akel Kb et al. as the so-called Hesitancy Scale
(aVHS) [28]. The VH had 7 items with a five-point Likert scale as answer choices, ranging
from 1 to 5 as 5-strongly disagree, 4-disagree, 3-neutral, 2-agree and 1-strongly agree. Exam-
ples of the items included “The COVID-19 vaccine is very important to me”, and “The
COVID-19 vaccine currently in use in Thailand is effective”. The aggregate score was the total
of each item score ranging from 7 to 35, with a higher total demonstrating greater hesitancy
toward the COVID-19 vaccine.

Acceptance of COVID-19 vaccine (AV)

The AV had two choices (1: yes, 0: no). The purpose was to collect evidence on the tolerability
of COVID-19 inoculation. For example, “Do you accept to be vaccinated against COVID-19”.
If the answer ‘yes’ was selected, a choice of vaccine types was available in Thailand. These
included 2 doses of inactive types (Sinovac and Sinopharm), 2 doses of adenovirus-based
(AstraZeneca), 2 doses of mRNA-based vaccine (Pfizer and Moderna) and Cocktail (mixed

type).
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All questionnaire was written in the Thai language and the generated items were evaluated
for content validity. Three experts as one doctor, one nurse and one researcher with extensive
experience in the area of health literacy were invited to review the questionnaire for content
validity. Content rationality determines whether the content of a scale is capable of calculating
what it is planned to satisfy the research objective. Content validity and reliability were first
tested for 30 participants and assessed using the index of item objective congruence (I0C).
The IOC value was more than 0.7 for the whole questionnaire, while Cronbach’s alpha coeffi-
cients were 0.85, 0.86 and 0.85 for VL, VH and VF, respectively. Mean scores and standard
deviations (SD) of 5,312 VHVs were VL 33.83 (SD: 7.55), VF 11.35 (SD: 4.58) and VH 24.72
(SD:7.45), with Cronbach’s alpha coefficients for VL, VH and VF 0.89, 0.91 and 0.90,
respectively.

Ethical approval and consent to participate

The study was reviewed and approved by the Institutional Ethical Review Board of the Faculty
of Public Health, Chiang Mai University (IRB No.ET033/2021). Consent from the participants
was obtained by asking them to sign an informed consent form by clicking on it. No animals
were used in this research. All human research procedures were in accordance with the ethical
standards of the committee responsible for human experimentation (institutional and
national) following the Helsinki Declaration of 1975, revised in 2013.

Statistical analysis

Definite facts were stated as figures and proportions, while incessant facts were summarized as
means with standard deviations or medians with ranges (minimum: maximum) when contin-
uous variables showed non-normal distribution.

The associations between VL, VF, VH, various demographic variables and AV were exam-
ined using logistic regression, with the outcomes stated as crude odds ratio (OR) and adjusted
odds ratio (aOR) at 95%CI. VL, VF, and VH score were summed up individually and treated
in models as a continuous independent variable. Significant features in the univariate analysis
were employed as candidate variables in the initial model of multivariable analysis using back-
ward elimination. The associations between VL, VF, VH, various demographic variables and
AV were also examined by vaccine preference types in separate models using both univariate
and multivariable analyses. A random effect by province was expected; however, low intraclass
correlation coefficient results were recorded (ICC: 0.0535), and random effects were not
assessed in this study. Statistical significance was set at p<0.05. All examinations were con-
ducted using Stata version 15.

Results
Demographic features

A total of 5,312 Thai VHV's completed the questionnaire via Google Form. Most VHVs who
responded to our study were female (84.19%), aged 50-60 years old (36.09%), with work expe-
rience of less than 10 years (47.27%). Approximately 50% of VHVs had a high school educa-
tion, a career in agriculture and no comorbidity. Most had an average monthly income of less
than 10,000 baht and were couples (73.89%) and Buddhist (84.58%). Median VHV scores of
VL, VF and VH were 2.92, 2.40 and 3.43, respectively.

Of the VHVs who accepted vaccination, a higher proportion (column percentage) preferred
mRNA (56.52%), were female (85.22%), aged 50-60 years old (36.31%), had a high school edu-
cation (54.34%), were couples (74.16%), Buddhist (86.09%), had a career in agricultural
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(46.88%), had no comorbidity (60.51%), had average monthly income of less than 10,000 baht
(45.66%) and work experience of less than 10 years (45.66) (Table 1).

Effect of literacy, fear and hesitancy scores on recognition of COVID-19 inoculation.
Table 2 shows the literacy, fear and hesitancy scores for AV. The univariate analysis results
showed that each incremental unit of VL score significantly increased AV by 1.4%

(OR = 1.014; 95%CI: 1.006-1.021), while, by contrast, fear and hesitancy scores significantly
decreased AV by 4.4% (OR = 0.956; 95%CI: 0.944-0.967) and 3.7% (OR = 0.963; 95%CI:
0.954-0.971), respectively. After adjustment by variables in the multivariable analysis includ-
ing sex, age group, education, religion, income and work experience, the VL score had a non-
significant but modest effect on AV (aOR = 1.002; 95%CI: 0.994-1.01), while VF and VH sig-
nificantly decreased the chance of AV (aOR = 0.966; 95%CI: 0.953-0.978) and 0.969 (0.960-
0.979). Age group (40-50 years old vs <40 years old), education (high school, vocational certif-
icate or higher level vs illiterate), religion (Islam and Buddhist), income (> 10,000 baht

vs < 10,000 baht) and work experience (>10 < 20 years, >20 years vs <10 years) were signifi-
cantly associated with AV in the multivariable model.

Association of literacy, fear and hesitancy scores on acceptance of COVID-19 vaccina-
tion by preference type. The impact of VL score on AV differed for vaccine preference type
(Table 3). The VL score showed a significant reverse effect on AV among VHVs who preferred
mRNA vaccine (aOR = 0.984; 95%CI: 0.969-0.998), while VL scores increased the chance of
AV in the remaining types of vaccines but not significantly. VF score was significantly associ-
ated with reduction of AV in VHVs who expected inoculation with inactive and adenovirus
vaccines (aOR = 0.933; 95%CI: 0.901-0.966) and (0.917; 95%CI: 0.899-0.935), respectively.
VH scores had a significant reverse effect on AV for most preference vaccine type in VHVs.
The aOR values were 0.937 (95%CI: 0.912-0.963) for inactive vaccine, 0.947 (95%CI: 0.933-
0.961) for adenovirus vaccine and 0.963 (95%CI: 0.945-0.982) for mRNA vaccine. The effects
on other variables adjusted in the multivariable model by vaccine preference type are shown in
the (S1 Table).

Discussion

Several studies have investigated influencing factors connected with the reception of COVID-
19 vaccination; however, few considered VL, VF and VH as predictors for AV, while none
were conducted among VHVs in Thailand. Therefore, this study investigated the effect of VL,
VF and VH on rapid contagious disease vaccination acceptance. The acceptance rate among
Thai VHV's was 58.6%. After adjustment for demographic variables, VF and VH were signifi-
cantly associated with decreasing VA, while VL was not significant in increasing vaccination
of VHVs.

The AV rate of VHVs was moderate compared with the general population in other coun-
tries, ranging from 37.4% to 90% [10-14]. Vaccination acceptance was lower than among
healthcare workers. A previous study of physicians in a university-based teaching hospital in
Thailand found that better VL was inversely related to VH (aOR 0.34; 95% CI 0.13-0.9;

p = 0.029) [22]. Parents with higher VL preferred to vaccinate their children compared to
those with lower VL [29]. This is implying the role of VL in reducing VH and increasing AV.
In the univariate analysis of our study, VHVs with high VL had stronger AV. There has been
considerable discussion about the relationship between VL and the adoption of the COVID-19
vaccine. Numerous studies have suggested that high levels of VL contribute to AV. People with
low VL have difficulty accessing health information, leading to poor vaccine decision-making.
Individuals with high VL are able to access, comprehend, analyze, assess and disseminate vac-
cine information to others [30]. Therefore, encouraging individuals to have high levels of
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Table 1. Demographic, literacy, fear and hesitancy vaccine scores of Thai village health volunteers.

Variable Vaccinated n (%) Unvaccinated n (%)
Preferred type of vaccine
None - 2200 (100)
Inactivated 503 (16.16) -
Adenovirus 665 (21.37) -
mRNA 1759 (56.52) -
Cocktail 59 (1.90) -
Any 126 (4.05) -
Sex
Male 460 (14.78) 380 (17.27)
Female 2652 (85.22) 1820 (82.73)
Age
<40 472 (15.17) 377 (17.14)
40-50 989 (31.78) 608 (27.64)
50-60 1130 (36.31) 787 (35.77)
> 60 521 (16.74) 428 (19.45)
Education
Illiterate 12 (0.39) 19 (0.86)
Elementary School 1020 (32.78) 940 (42.73)
High School 1691 (54.34) 1038 (47.18)
Vocational Certificate 389 (12.50) 203 (9.23)
Marital status
Single, widowed 804 (25.84) 583 (26.50)

Couple 2308 (74.16) 1617 (73.50)
Religion -
Buddhist 2679 (86.09) 1814 (82.45)
Christian 54 (1.74) 34 (1.55)
Islam 379 (16.00) 352 (12.18)
Occupation
Agriculture 1459 (46.88) 1004 (45.64)
Own business 533 (17.13) 380 (17.27)
Freelancer 826 (26.54) 578 (26.27)
Government officer 26 (0.84) 13 (0.59)
Private employee 32 (1.03) 29 (1.32)
Unemployed 236 (7.58) 196 (8.91)
Comorbidity
None 1883 (60.51) 1275 (57.95)
Diabetes 239 (7.68) 228 (10.36)
Hypertension 452 (14.52) 295 (13.41)
Hyperlipidemia 129 (4.15) 90 (4.09)
Obesity 61 (1.96) 56 (2.55)
Bone and skeletal disorder 64 (2.06) 56 (2.55)
Other 284 (9.13) 200 (9.09)

Income per month

< 10,000 baht

2173 (69.83)

1722 (78.27)

> 10,000 baht 939 (30.17) 478 (21.73)
Work experience
<10 years 1421 (45.66) 1090 (49.55)

(Continued)
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Table 1. (Continued)

Variable

>10 < 20 years

>20 years
Vaccine literacy score median (IQR)
Vaccine fear score median (IQR)

Vaccine hesitancy score median (IQR)

https://doi.org/10.1371/journal.pone.0270023.t001

Vaccinated n (%) Unvaccinated n (%)
1031 (33.13) 618 (28.09)
660 (21.21) 492 (22.36)
2.92 (0.75)
2.40 (1.60)
3.43 (1.57)

overall health literacy and VL would have a positive effect and improve access to and use of
health information. Thus, understanding overall health literacy, as well as VL, is important for
specific immunization situations [31]. However, analysis of variables in the multivariable anal-
ysis indicated that VL was not statistically significantly related to AV, while AV was influenced
by other factors apart from VL [17]. After adjustment with variables in the multivariable analy-
sis, the VL score was non-significantly positively associated with AV, implying that AV was
influenced by other factors and not VL per se.

We also investigated the association between VH and AV among VHVs and found a signif-
icant negative association between hesitancy and acceptance, implying that an increase in VH
may reduce AV. VH is a long-standing phenomenon that poses a severe threat to global health
and some infectious illnesses have recently resurfaced [32]. The WHO defines vaccination
apprehension as ‘delay in acceptance or refusal of vaccination despite the availability of vacci-
nation services’, while vaccine acceptance refers to the likeliness to get vaccinated [33, 34]. VH
has long been a serious global issue [35], while COVID-19 inoculation indecision may be the
tip of the iceberg of overall serum uncertainty in Thailand.

Among VHVs, higher fear levels were related to lower acceptance of COVID-19 inocula-
tion. VF was the foremost cause of non-acceptance and had an undesirable impact on
COVID-19 inoculation recognition in line with other previous findings [36, 37]. Fear is
defined as an unfriendly expressive state produced by the insight of a threatening incentive
[38]. As a result, increasing epidemic length heightens the qualms of the public and impacts
their happiness and psychological health [38, 39]. Several studies reported that more cultured
and knowledgeable people suffered less distress from COVID-19, highlighting the necessity of
teaching and transparent public health policies. VHVs are intermediate communicators
between healthcare professionals and people in the community; thus, the studying findings are
generalized and limited to these groups.

The impact of VL, VF and VH on AV was further investigated for preferred vaccine types
available in Thailand as inactive, adenovirus, mRNA and cocktail. Previous studies suggested
that VL increased AV, [40, 41]. Our results indicated that VL insignificantly increased the
chance of vaccination with inactive (OR = 1.002; 95%CI: 0.982-1.022), adenovirus
(aOR = 1.011; 95%CI: 0.999-1.022) and Cocktail types (aOR = 1.008; 95%CI: 0.994-1.021). VL
had a borderline impact on VHVs who wished to be vaccinated with the adenovirus-based
type. The adenovirus has long been developed, manufactured and used in the real world for
preventing diseases such as highly pathogenic avian influenza and Ebola [42-44]. The adenovi-
rus vaccine showed an acceptable efficacy of 76%, higher than the inactive type (Sinovac had
an efficacy of 51%) [45]. Hence, increasing VL may lead VHVs to seek, judge and decide to
choose adenovirus. The effect of VL was reversely significant on those who preferred mRNA
type, while the mRNA vaccine was associated with an increase in VH (aOR 8.86; 95% CI 1.1-
71.54; p = 0.041) [22]. The mRNA showed promising efficacy in COVID-19 prevention and is
comparatively new compared with the inactive and adenovirus-based types. In the past in
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Table 2. Effect of literacy, fear and hesitancy scores on acceptance of COVID-19 vaccine.

Variable Crude OR 95%CI Adjusted OR 95%CI

Vaccine literacy score 1.014 1.006-1.021 1.002 0.994-1.010
Vaccine fear score 0.956 0.944-0.967 0.966 0.953-0.978
Vaccine hesitancy score 0.963 0.954-0.971 0.969 0.960-0.979
Sex

Male 1 1

Female 1.204 1.037-1.396 1.123 0.963-1.309
Age group

<40 1 1

40-50 1.299 1.097-1.538 1.288 1.076-1.541

50-60 1.147 0.974-1.350 1.168 0.970-1.407

> 60 0.972 0.807-1.171 1.001 0.805-1.246
Education

Illiterate 1 1

Elementary School 1.718 0.829-3.558 1.427 0.675-3.017

High School 2.579 1.246-5.335 2.145 1.015-4.535

Vocational Certificate 3.034 1.444-6.374 2.404 1.118-5.165
Marital status

Single, widowed 1 - -

Couple 1.035 0.914-1.171 - -
Religion

Buddhist 1 1

Christian 1.075 0.697-1.658 1.130 0.723-1.765

Islam 0.729 0.623-0.852 0.571 0.688-0.797
Occupation

Agriculture 1 - -

Own business 0.965 0.827-1.126 - -

Freelancer 0.983 0.860-1.123 - -

Government officer 1.376 0.703-2.691 - -

Private employee 0.759 0.456-1.263 - -

Unemployed 0.829 0.674-1.017 - -
Comorbidity

None 1 - -

Diabetes 0.710 0.584-0.862 - -

Hypertension 1.037 0.881-1.221 - -

Hyperlipidemia 0.971 0.734-1.282 - -

Obesity 0.738 0.509-1.067 - -

Bone and skeletal disorder 0.774 0.536-1.115 - -

Other 0.961 0.791-1.167 - -
Income per month

< 10,000 baht 1 1

> 10,000 baht 1.557 1.371-1.767 1.385 1.213-1.581
Work experience

<10 years 1 1

>10 < 20 years 1.280 1.126-1.453 1.252 1.092-1.434

>20 years 1.029 0.893-1.184 1.030 0.899-1.233

: variable did not reach statistical significance in univariate analysis and was not included in the multivariable model

https://doi.org/10.1371/journal.pone.0270023.t002
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Table 3. Effect of literacy, fear and hesitancy scores on vaccine acceptance by preference type.

Vaccine types

Inactive * Adenovirus ® mRNA ¢ Cocktail ¢
aOR 95%CI aOR 95%CI aOR 95%CI aOR 95%CI
Vaccine literacy score 1.000 0.980-1.020 1.010 0.994-1.018 0.984 0.969-0.998 1.013 1.000-1.027
Vaccine fear score 0.933 0.901-0.966 0.917 0.899-0.935 0.990 0.965-1.016 0.993 0.972-1.014
Vaccine hesitancy score 0.937 0.912-0.963 0.947 0.933-0.961 0.963 0.945-0.982 0.986 0.971-1.002

*: adjusted odds ratio (aOR) of literacy, fear and hesitancy scores for sex, age, occupation and comorbidity

b adjusted odds ratio (aOR) of literacy, fear and hesitancy scores for sex, age, income and work experience

“: adjusted odds ratio (aOR) of literacy, fear and hesitancy scores for sex, age and income

4 adjusted odds ratio (aOR) of literacy, fear and hesitancy scores for sex, age, religion, comorbidity and income

https://doi.org/10.1371/journal.pone.0270023.t003

Thailand, fake news about the safety or efficacy of vaccines has been released with details
unconfirmed by experts [46]. This has impacted the trust and acceptance of vaccines by some
Thai people. Those with higher VL may have the ability to source information and decide to
not select mRNA, instead choosing previously demonstrated vaccine types such as adenovi-
rus-based.

Both VF and VH were associated with acceptance or willingness to receive the vaccination
[47-50], while broadly based studies revealed that fear of the disease encouraged vaccination
[48, 51, 52]. Our team also investigated the impact of VF and VH on AV. Results showed that
both VF and VH were associated with decreasing AV in all types of vaccines. VF and VH
caused vaccination refusal from the fear of adverse side effects, safety and efficacy concerns
and the short duration of clinical trials, with more information desired on vaccine approval
mechanisms [53, 54]. Other studies also reported that vaccine hesitancy and refusal occurred
due to concerns about safety, general lack of trust and doubts about the efficiency and prove-
nience of the vaccine [55, 56].

From the public health viewpoint, our study was conducted on Thai VHVs as intermediate
mediators between government health professionals and the public. We believe that convinc-
ing this group of people will encourage people in the community to receive COVID-19 vac-
cines. Based on our findings, the government should not pay attention to the VL of VHVs but
instead focus on minimizing VF and VH to convince VHVSs to accept vaccination as
worthwhile.

This study had certain limitations. First, our study was conducted among Thai VHVs, with
results generalized to health volunteers or healthcare workers. Data were not collected among
VHVs in all provinces, and did not take into account random effects by province; however, the
study participants included representatives of each region in Thailand. Second, the participa-
tion rate was low compared to the total eligible number of VHV's because no compensation or
rewards were offered to those who completed the questionnaire. Further studies should attract
more samples by providing remuneration for those who completed the survey. Third, the
study results did not reflect true vaccination numbers because vaccines available in Thailand
were restricted to inactivated types. Therefore, AV was only related to preference vaccine
types. Finally, online data collection relates to population samples and their non-random
nature. The researchers had no control over who and how many people filled out the question-
naire. As a result, most of the samples were women and this caused the data to be skewed. In
Thai society, men are the main income earners of the family, while women stay at home or
work at home. Therefore, more women apply for work as VHVs to perform community
healthcare duties, working mostly during the day.
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Conclusions

Our cross-sectional study revealed that VL may not be a factor contributing to the acceptance
of COVID-19 vaccination among VHVs in Thailand. Increasing VL obstructed VHVs who
accepted to be vaccinated with the mRNA-based vaccine. To boost their vaccination accep-
tance, the government or health-related departments should focus on reducing VF and VH in
Thailand.

Supporting information

S1 Table. Effect of literacy, fear and hesitancy vaccine score on acceptance by COVID-19
vaccine types: Univariate and multivariable analysis.
(DOCX)

S1 Dataset.
(XLSX)

Acknowledgments

The authors would like to acknowledge the village health volunteer network in Thailand for
distributing the online survey.

Author Contributions

Conceptualization: Pallop Siewchaisakul, Pongdech Sarakarn.
Data curation: Sirinya Nanthanangkul, Jirapat Longkul.

Formal analysis: Pallop Siewchaisakul, Jukkrit Wungrath.

Funding acquisition: Pallop Siewchaisakul, Waraporn Boonchieng.
Investigation: Pallop Siewchaisakul, Jukkrit Wungrath.
Methodology: Pallop Siewchaisakul, Jukkrit Wungrath.

Project administration: Pallop Siewchaisakul.

Software: Pallop Siewchaisakul, Jukkrit Wungrath.

Supervision: Waraporn Boonchieng, Jukkrit Wungrath.
Validation: Jukkrit Wungrath.

Writing - original draft: Pallop Siewchaisakul, Jukkrit Wungrath.
Writing - review & editing: Pallop Siewchaisakul, Jukkrit Wungrath.

References

1. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dérner L, et al. Quantifying SARS-CoV-2
transmission suggests epidemic control with digital contact tracing. Science [Internet]. 2020 May 8
[cited 2020 May 21]; 368(6491). Available from: https://science.sciencemag.org/content/368/6491/
eabb6936 https://doi.org/10.1126/science.abb6936 PMID: 32234805

2. WHO Director-General’s opening remarks at the media briefing on COVID-19-11 March 2020 [Inter-
net). [cited 2021 Jun 2]. https://www.who.int/director-general/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020
WHO Coronavirus (COVID-19) Dashboard [Internet]. [cited 2021 Sep 14]. hitps://covid19.who.int

4. ChungH, He S, Nasreen S, Sundaram ME, Buchan SA, Wilson SE, et al. Effectiveness of BNT162b2
and mRNA-1273 covid-19 vaccines against symptomatic SARS-CoV-2 infection and severe covid-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0270023  June 24, 2022 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270023.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270023.s002
https://science.sciencemag.org/content/368/6491/eabb6936
https://science.sciencemag.org/content/368/6491/eabb6936
https://doi.org/10.1126/science.abb6936
http://www.ncbi.nlm.nih.gov/pubmed/32234805
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://covid19.who.int
https://doi.org/10.1371/journal.pone.0270023

PLOS ONE

Literacy, fear, hesitancy and acceptance of COVID-19 vaccine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

outcomes in Ontario, Canada: test negative design study. BMJ. 2021 Aug 20; 374:n1943. https://doi.
org/10.1136/bmj.n1943 PMID: 34417165

Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, Thelwall S, et al. Effectiveness of
Covid-19 Vaccines against the B.1.617.2 (Delta) Variant. N Engl J Med. 2021 Aug 12; 385(7):585-94.
https://doi.org/10.1056/NEJM0a2108891 PMID: 34289274

Rossman H, Shilo S, Meir T, Gorfine M, Shalit U, Segal E. COVID-19 dynamics after a national immuni-
zation program in Israel. Nat Med. 2021 Jun; 27(6):1055—-61. https://doi.org/10.1038/s41591-021-
01337-2 PMID: 33875890

Ritchie H, Mathieu E, Rodés-Guirao L, Appel C, Giattino C, Ortiz-Ospina E, et al. Coronavirus Pan-
demic (COVID-19). Our World Data [Internet]. 2020 Mar 5 [cited 2021 Sep 6]; https://ourworldindata.
org/covid-vaccinations https://doi.org/10.1016/j.amp.2020.06.001 PMID: 32836303

Thailand urges calm after death of COVID-19 vaccine recipient. Reuters [Internet]. 2021 Mar 26 [cited
2022 Jan 25]; https://www.reuters.com/article/us-health-coronavirus-thailand-vaccine-idINKBN2BIOKY

Cascini F, Pantovic A, Al-Ajlouni Y, Failla G, Ricciardi W. Attitudes, acceptance and hesitancy among
the general population worldwide to receive the COVID-19 vaccines and their contributing factors: A
systematic review. eClinicalMedicine [Internet]. 2021 Oct 1 [cited 2022 Apr 3]; 40. Available from:
https://www.thelancet.com/journals/eclinm/article/P11S2589-5370(21)00393-X/fulltext

El-Elimat T, AbuAlSamen MM, Alimomani BA, Al-Sawalha NA, Alali FQ. Acceptance and attitudes
toward COVID-19 vaccines: A cross-sectional study from Jordan. PLOS ONE. 2021 Apr 23; 16(4):
e€0250555. https://doi.org/10.1371/journal.pone.0250555 PMID: 33891660

Mahmud S, Mohsin M, Khan IA, Mian AU, Zaman MA. Knowledge, beliefs, attitudes and perceived risk
about COVID-19 vaccine and determinants of COVID-19 vaccine acceptance in Bangladesh. PLOS
ONE. 2021 Sep 9; 16(9):e0257096. https://doi.org/10.1371/journal.pone.0257096 PMID: 34499673

El-Mohandes A, White TM, Wyka K, Rauh L, Rabin K, Kimball SH, et al. COVID-19 vaccine acceptance
among adults in four major US metropolitan areas and nationwide. Sci Rep. 2021 Nov 4; 11(1):21844.
https://doi.org/10.1038/s41598-021-00794-6 PMID: 34737319

Heyerdahl LW, Vray M, Lana B, Tvardik N, Gobat N, Wanat M, et al. Conditionality of COVID-19 vac-
cine acceptance in European countries. Vaccine. 2022 Feb 23; 40(9):1191-7. https://doi.org/10.1016/j.
vaccine.2022.01.054 PMID: 35125225

Anjorin AA, Odetokun IA, Abioye Al, Elnadi H, Umoren MV, Damaris BF, et al. Will Africans take
COVID-19 vaccination? PLOS ONE. 2021 Dec 1; 16(12):e0260575. https://doi.org/10.1371/journal.
pone.0260575 PMID: 34851998

Swan DA, Bracis C, Janes H, Moore M, Matrajt L, Reeves DB, et al. COVID-19 vaccines that reduce
symptoms but do not block infection need higher coverage and faster rollout to achieve population
impact. Sci Rep. 2021 Jul 30; 11(1):15531. https://doi.org/10.1038/s41598-021-94719-y PMID:
34330945

Dhama K, Sharun K, Tiwari R, Dhawan M, Emran TB, Rabaan AA, et al. COVID-19 vaccine hesitancy
—reasons and solutions to achieve a successful global vaccination campaign to tackle the ongoing pan-
demic. Hum Vaccines Immunother. 2021 Oct 3; 17(10):3495-9. https://doi.org/10.1080/21645515.
2021.1926183 PMID: 34191680

Montagni I, Ouazzani-Touhami K, Mebarki A, Texier N, Schiick S, Tzourio C, et al. Acceptance of a
Covid-19 vaccine is associated with ability to detect fake news and health literacy. J Public Health [Inter-
net]. 2021 Mar 9 [cited 2021 Sep 6];(fdab028). Available from: https://doi.org/10.1093/pubmed/fdab028
PMID: 33693905

Aschwanden C. Five reasons why COVID herd immunity is probably impossible. Nature. 2021 Mar 18;
591(7851):520-2. https://doi.org/10.1038/d41586-021-00728-2 PMID: 33737753

Giambi C, Fabiani M, D’Ancona F, Ferrara L, Fiacchini D, Gallo T, et al. Parental vaccine hesitancy in
Italy—Results from a national survey. Vaccine. 2018 Feb 1; 36(6):779-87. https://doi.org/10.1016/j.
vaccine.2017.12.074 PMID: 29325822

Patil U, Kostareva U, Hadley M, Manganello JA, Okan O, Dadaczynski K, et al. Health Literacy, Digital
Health Literacy, and COVID-19 Pandemic Attitudes and Behaviors in U.S. College Students: Implica-
tions for Interventions. Int J Environ Res Public Health. 2021 Mar 23; 18(6):3301. https://doi.org/10.
3390/ijerph18063301 PMID: 33806763

Nguyen MH, Pham TTM, Nguyen KT, Nguyen YH, Tran TV, Do BN, et al. Negative Impact of Fear of
COVID-19 on Health-Related Quality of Life Was Modified by Health Literacy, eHealth Literacy, and
Digital Healthy Diet Literacy: A Multi-Hospital Survey. Int J Environ Res Public Health. 2021 Jan; 18
(9):4929. https://doi.org/10.3390/ijerph18094929 PMID: 34066312

Sirikalyanpaiboon M, Ousirimaneechai K, Phannaijit J, Pitisuttithum P, Jantarabenjakul W, Chaiteerakij
R, et al. COVID-19 vaccine acceptance, hesitancy, and determinants among physicians in a university-

PLOS ONE | https://doi.org/10.1371/journal.pone.0270023  June 24, 2022 12/14


https://doi.org/10.1136/bmj.n1943
https://doi.org/10.1136/bmj.n1943
http://www.ncbi.nlm.nih.gov/pubmed/34417165
https://doi.org/10.1056/NEJMoa2108891
http://www.ncbi.nlm.nih.gov/pubmed/34289274
https://doi.org/10.1038/s41591-021-01337-2
https://doi.org/10.1038/s41591-021-01337-2
http://www.ncbi.nlm.nih.gov/pubmed/33875890
https://ourworldindata.org/covid-vaccinations
https://ourworldindata.org/covid-vaccinations
https://doi.org/10.1016/j.amp.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32836303
https://www.reuters.com/article/us-health-coronavirus-thailand-vaccine-idINKBN2BI0KY
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(21)00393-X/fulltext
https://doi.org/10.1371/journal.pone.0250555
http://www.ncbi.nlm.nih.gov/pubmed/33891660
https://doi.org/10.1371/journal.pone.0257096
http://www.ncbi.nlm.nih.gov/pubmed/34499673
https://doi.org/10.1038/s41598-021-00794-6
http://www.ncbi.nlm.nih.gov/pubmed/34737319
https://doi.org/10.1016/j.vaccine.2022.01.054
https://doi.org/10.1016/j.vaccine.2022.01.054
http://www.ncbi.nlm.nih.gov/pubmed/35125225
https://doi.org/10.1371/journal.pone.0260575
https://doi.org/10.1371/journal.pone.0260575
http://www.ncbi.nlm.nih.gov/pubmed/34851998
https://doi.org/10.1038/s41598-021-94719-y
http://www.ncbi.nlm.nih.gov/pubmed/34330945
https://doi.org/10.1080/21645515.2021.1926183
https://doi.org/10.1080/21645515.2021.1926183
http://www.ncbi.nlm.nih.gov/pubmed/34191680
https://doi.org/10.1093/pubmed/fdab028
http://www.ncbi.nlm.nih.gov/pubmed/33693905
https://doi.org/10.1038/d41586-021-00728-2
http://www.ncbi.nlm.nih.gov/pubmed/33737753
https://doi.org/10.1016/j.vaccine.2017.12.074
https://doi.org/10.1016/j.vaccine.2017.12.074
http://www.ncbi.nlm.nih.gov/pubmed/29325822
https://doi.org/10.3390/ijerph18063301
https://doi.org/10.3390/ijerph18063301
http://www.ncbi.nlm.nih.gov/pubmed/33806763
https://doi.org/10.3390/ijerph18094929
http://www.ncbi.nlm.nih.gov/pubmed/34066312
https://doi.org/10.1371/journal.pone.0270023

PLOS ONE

Literacy, fear, hesitancy and acceptance of COVID-19 vaccine

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

based teaching hospital in Thailand. BMC Infect Dis. 2021 Nov 22; 21(1):1174. https://doi.org/10.1186/
$12879-021-06863-5 PMID: 34809607

Kitro A, Sirikul W, Piankusol C, Rirermsoonthorn P, Seesen M, Wangsan K, et al. Acceptance, attitude,
and factors affecting the intention to accept COVID-19 vaccine among Thai people and expatriates liv-
ing in Thailand. Vaccine. 2021 Dec 20; 39(52):7554—61. https://doi.org/10.1016/j.vaccine.2021.11.031
PMID: 34819224

First batch of COVID-19 vaccine arrives in Thailand [Internet]. [cited 2022 May 2]. https://thainews.prd.
go.th/en/news/detail/ TCATG210225001100772

Thai PM encourages village health volunteers to boost public confidence in COVID-19 vaccine [Inter-
net]. Thailand’s Government Public Relations Department, Office of the Prime Minister. [cited 2021 Sep
6]. http://www.aseanthai.net/english/ewt_news.php?nid=3858&filename=index

VHV.com [Internet]. [cited 2021 Sep 7]. http://xn—y3cri.com/defaults/registered

Biasio LR, Giambi C, Fadda G, Lorini C, Bonaccorsi G, D’Ancona F. Validation of an Italian tool to
assess vaccine literacy in adulthood vaccination: a pilot study. Ann Ig Med Prev E Comunita. 2020 Jun;
32(3):205-22. https://doi.org/10.7416/ai.2020.2344 PMID: 32266359

Akel KB, Masters NB, Shih SF, Lu Y, Wagner AL. Modification of a vaccine hesitancy scale for use in
adult vaccinations in the United States and China. Hum Vaccines Immunother. 2021 Mar 26;1-8.
https://doi.org/10.1080/21645515.2021.1884476 PMID: 33769209

Gendler Y, Ofri L. Investigating the Influence of Vaccine Literacy, Vaccine Perception and Vaccine Hesi-
tancy on Israeli Parents’ Acceptance of the COVID-19 Vaccine for Their Children: A Cross-Sectional
Study. Vaccines. 2021 Dec; 9(12):1391. https://doi.org/10.3390/vaccines9121391 PMID: 34960137

Costantini H COVID-19 Vaccine Literacy of Family Carers for Their Older Parents in Japan. Healthcare.
2021 Aug; 9(8):1038. https://doi.org/10.3390/healthcare9081038 PMID: 34442175

Turhan Z, Dilcen HY, Dolu I. The mediating role of health literacy on the relationship between health
care system distrust and vaccine hesitancy during COVID-19 pandemic. Curr Psychol N B Nj. 2021 Jul
22;1-10. https://doi.org/10.1007/s12144-021-02105-8 PMID: 34312580

Sallam M. COVID-19 Vaccine Hesitancy Worldwide: A Concise Systematic Review of Vaccine Accep-
tance Rates. Vaccines. 2021 Feb 16; 9(2):160. https://doi.org/10.3390/vaccines9020160 PMID:
33669441

Chaudhary FA, Ahmad B, Khalid MD, Fazal A, Javaid MM, Butt DQ. Factors influencing COVID-19 vac-
cine hesitancy and acceptance among the Pakistani population. Hum Vaccines Immunother. 2021 Oct
3; 17(10):3365-70. https://doi.org/10.1080/21645515.2021.1944743 PMID: 34236952

Skjefte M, Ngirbabul M, Akeju O, Escudero D, Hernandez-Diaz S, Wyszynski DF, et al. COVID-19 vac-
cine acceptance among pregnant women and mothers of young children: results of a survey in 16 coun-
tries. Eur J Epidemiol. 2021 Feb; 36(2):197-211. https://doi.org/10.1007/s10654-021-00728-6 PMID:
33649879

Parvej MI, Sultana S, Tabassum M, Mannan SE, Ahmed F. Determinants of COVID-19 vaccine accep-
tance and encountered side-effects among the vaccinated in Bangladesh. Asian Pac J Trop Med. 2021
Aug 1; 14(8):341.

Papagiannis D, Rachiotis G, Malli F, Papathanasiou IV, Kotsiou O, Fradelos EC, et al. Acceptability of
COVID-19 Vaccination among Greek Health Professionals. Vaccines. 2021 Feb 28; 9(3):200. https://
doi.org/10.3390/vaccines9030200 PMID: 33670913

Urrunaga-Pastor D, Bendezu-Quispe G, Herrera-Afiazco P, Uyen-Cateriano A, Toro-Huamanchumo
CJ, Rodriguez-Morales AJ, et al. Cross-sectional analysis of COVID-19 vaccine intention, perceptions
and hesitancy across Latin America and the Caribbean. Travel Med Infect Dis. 2021 Jun; 41:102059.
https://doi.org/10.1016/j.tmaid.2021.102059 PMID: 33848692

Cerda AA, Garcia LY. Factors explaining the fear of being infected with COVID-19. Health Expect [Inter-
net]. [cited 2021 Nov 12]; n/a(n/a). Available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/hex.
13274 https://doi.org/10.1111/hex.13274 PMID: 33974721

Wu S. Effects of Pandemics-Related Uncertainty on Household Consumption: Evidence From the
Cross-Country Data. Front Public Health [Internet]. 2020 [cited 2022 Jan 24];8. Available from: https:/
www.frontiersin.org/article/10.3389/fpubh.2020.6 15344 https://doi.org/10.3389/fpubh.2020.615344
PMID: 33330348

Ratzan SC, Parker RM. Vaccine Literacy—helping Everyone Decide to Accept Vaccination. J Health
Commun. 2020 Oct 2; 25(10):750-2. https://doi.org/10.1080/10810730.2021.1875083 PMID:
33719880

Gusar |, Konjevoda S, Babié G, HnateSen D, Cebohin M, Orlandini R, et al. Pre-Vaccination COVID-19
Vaccine Literacy in a Croatian Adult Population: A Cross-Sectional Study. Int J Environ Res Public
Health. 2021 Jan; 18(13):7073. https://doi.org/10.3390/ijerph18137073 PMID: 34281009

PLOS ONE | https://doi.org/10.1371/journal.pone.0270023  June 24, 2022 13/14


https://doi.org/10.1186/s12879-021-06863-5
https://doi.org/10.1186/s12879-021-06863-5
http://www.ncbi.nlm.nih.gov/pubmed/34809607
https://doi.org/10.1016/j.vaccine.2021.11.031
http://www.ncbi.nlm.nih.gov/pubmed/34819224
https://thainews.prd.go.th/en/news/detail/TCATG210225001100772
https://thainews.prd.go.th/en/news/detail/TCATG210225001100772
http://www.aseanthai.net/english/ewt_news.php?nid=3858&filename=index
http://xn--y3cri.com/defaults/registered
https://doi.org/10.7416/ai.2020.2344
http://www.ncbi.nlm.nih.gov/pubmed/32266359
https://doi.org/10.1080/21645515.2021.1884476
http://www.ncbi.nlm.nih.gov/pubmed/33769209
https://doi.org/10.3390/vaccines9121391
http://www.ncbi.nlm.nih.gov/pubmed/34960137
https://doi.org/10.3390/healthcare9081038
http://www.ncbi.nlm.nih.gov/pubmed/34442175
https://doi.org/10.1007/s12144-021-02105-8
http://www.ncbi.nlm.nih.gov/pubmed/34312580
https://doi.org/10.3390/vaccines9020160
http://www.ncbi.nlm.nih.gov/pubmed/33669441
https://doi.org/10.1080/21645515.2021.1944743
http://www.ncbi.nlm.nih.gov/pubmed/34236952
https://doi.org/10.1007/s10654-021-00728-6
http://www.ncbi.nlm.nih.gov/pubmed/33649879
https://doi.org/10.3390/vaccines9030200
https://doi.org/10.3390/vaccines9030200
http://www.ncbi.nlm.nih.gov/pubmed/33670913
https://doi.org/10.1016/j.tmaid.2021.102059
http://www.ncbi.nlm.nih.gov/pubmed/33848692
https://onlinelibrary.wiley.com/doi/abs/10.1111/hex.13274
https://onlinelibrary.wiley.com/doi/abs/10.1111/hex.13274
https://doi.org/10.1111/hex.13274
http://www.ncbi.nlm.nih.gov/pubmed/33974721
https://www.frontiersin.org/article/10.3389/fpubh.2020.615344
https://www.frontiersin.org/article/10.3389/fpubh.2020.615344
https://doi.org/10.3389/fpubh.2020.615344
http://www.ncbi.nlm.nih.gov/pubmed/33330348
https://doi.org/10.1080/10810730.2021.1875083
http://www.ncbi.nlm.nih.gov/pubmed/33719880
https://doi.org/10.3390/ijerph18137073
http://www.ncbi.nlm.nih.gov/pubmed/34281009
https://doi.org/10.1371/journal.pone.0270023

PLOS ONE

Literacy, fear, hesitancy and acceptance of COVID-19 vaccine

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kremer EJ. Pros and Cons of Adenovirus-Based SARS-CoV-2 Vaccines. Mol Ther. 2020 Nov 4; 28
(11):2303—4. https://doi.org/10.1016/j.ymthe.2020.10.002 PMID: 33065038

Mendonga SA, Lorincz R, Boucher P, Curiel DT. Adenoviral vector vaccine platforms in the SARS-CoV-
2 pandemic. Npj Vaccines. 2021 Aug 5; 6(1):1-14.

Kerstetter LJ, Buckley S, Bliss CM, Coughlan L. Adenoviral Vectors as Vaccines for Emerging Avian
Influenza Viruses. Front Immunol [Internet]. 2021 [cited 2022 Jan 24];11. Available from: https://www.
frontiersin.org/article/10.3389/fimmu.2020.607333 https://doi.org/10.3389/fimmu.2020.607333 PMID:
33633727

Comparing the COVID-19 Vaccines: How Are They Different? [Internet]. Yale Medicine. [cited 2021
Sep 2]. https://www.yalemedicine.org/news/covid-19-vaccine-comparison

Chirumbolo S. Vaccination hesitancy and the “myth” on mRNA-based vaccines in ltaly in the COVID-19
era: Does urgency meet major safety criteria? J Med Virol. 2021 Mar 25; https://doi.org/10.1002/jmv.
26922 PMID: 33666240

Algahtani YS. Acceptability of the COVID-19 Vaccine among Adults in Saudi Arabia: A Cross-Sectional
Study of the General Population in the Southern Region of Saudi Arabia. Vaccines. 2022 Jan; 10(1):41.

Katz M, Azrad M, Glikman D, Peretz A. COVID-19 Vaccination Compliance and Associated Factors
among Medical Students during an Early Phase of Vaccination Rollout&mdash;A Survey from Israel.
Vaccines. 2022 Jan; 10(1):27. https://doi.org/10.3390/vaccines10010027 PMID: 35062688

Vizcardo D, Salvador LF, Nole-Vara A, Davila KP, Alvarez-Risco A, Yafiez JA, et al. Sociodemographic
Predictors Associated with the Willingness to Get Vaccinated against COVID-19 in Peru: A Cross-Sec-
tional Survey. Vaccines. 2021 Dec 30; 10(1):48. https://doi.org/10.3390/vaccines 10010048 PMID:
35062709

Sekizawa Y, Hashimoto S, Denda K, Ochi S, So M. Association between COVID-19 vaccine hesitancy
and generalized trust, depression, generalized anxiety, and fear of COVID-19. BMC Public Health.
2022 Jan 18; 22(1):126. https://doi.org/10.1186/s12889-021-12479-w PMID: 35042506

Kwon Y, Cho HY, Lee YK, Bae GR, Lee SG. Relationship between intention of novel influenza A
(H1N1) vaccination and vaccination coverage rate. Vaccine. 2010 Dec 1; 29(2):161-5. https://doi.org/
10.1016/j.vaccine.2010.10.063 PMID: 21055495

Nguyen TTM, Lafond KE, Nguyen TX, Tran PD, Nguyen HM, Ha VTC, et al. Acceptability of seasonal
influenza vaccines among health care workers in Vietnam in 2017. Vaccine. 2020 Feb 18; 38(8):2045—
50. https://doi.org/10.1016/j.vaccine.2019.12.047 PMID: 32001072

Qattan AMN, Alshareef N, Alshargi O, Al Rahahleh N, Chirwa GC, Al-Hanawi MK. Acceptability of a
COVID-19 Vaccine Among Healthcare Workers in the Kingdom of Saudi Arabia. Front Med [Internet].
2021 [cited 2022 Jan 24]; 8. Available from: https://www.frontiersin.org/article/10.3389/fmed.2021.
644300 PMID: 33732723

Carmosino E, Ruisinger JF, Kinsey JD, Melton BL. Vaccination approval literacy and its effects on inten-
tion to receive future COVID-19 immunization. J Am Pharm Assoc JAPhA. 2022 Jan 6;S1544-3191(22)
00001-2. https://doi.org/10.1016/j.japh.2022.01.001 PMID: 35065886

Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-19. Public Health. 2021 May 1; 194:245-51.
https://doi.org/10.1016/j.puhe.2021.02.025 PMID: 33965796

Pugliese-Garcia M, Heyerdahl LW, Mwamba C, Nkwemu S, Chilengi R, Demolis R, et al. Factors influ-
encing vaccine acceptance and hesitancy in three informal settlements in Lusaka, Zambia. Vaccine.
2018 Sep 5; 36(37):5617—24. https://doi.org/10.1016/j.vaccine.2018.07.042 PMID: 30087047

PLOS ONE | https://doi.org/10.1371/journal.pone.0270023  June 24, 2022 14/14


https://doi.org/10.1016/j.ymthe.2020.10.002
http://www.ncbi.nlm.nih.gov/pubmed/33065038
https://www.frontiersin.org/article/10.3389/fimmu.2020.607333
https://www.frontiersin.org/article/10.3389/fimmu.2020.607333
https://doi.org/10.3389/fimmu.2020.607333
http://www.ncbi.nlm.nih.gov/pubmed/33633727
https://www.yalemedicine.org/news/covid-19-vaccine-comparison
https://doi.org/10.1002/jmv.26922
https://doi.org/10.1002/jmv.26922
http://www.ncbi.nlm.nih.gov/pubmed/33666240
https://doi.org/10.3390/vaccines10010027
http://www.ncbi.nlm.nih.gov/pubmed/35062688
https://doi.org/10.3390/vaccines10010048
http://www.ncbi.nlm.nih.gov/pubmed/35062709
https://doi.org/10.1186/s12889-021-12479-w
http://www.ncbi.nlm.nih.gov/pubmed/35042506
https://doi.org/10.1016/j.vaccine.2010.10.063
https://doi.org/10.1016/j.vaccine.2010.10.063
http://www.ncbi.nlm.nih.gov/pubmed/21055495
https://doi.org/10.1016/j.vaccine.2019.12.047
http://www.ncbi.nlm.nih.gov/pubmed/32001072
https://www.frontiersin.org/article/10.3389/fmed.2021.644300
https://www.frontiersin.org/article/10.3389/fmed.2021.644300
http://www.ncbi.nlm.nih.gov/pubmed/33732723
https://doi.org/10.1016/j.japh.2022.01.001
http://www.ncbi.nlm.nih.gov/pubmed/35065886
https://doi.org/10.1016/j.puhe.2021.02.025
http://www.ncbi.nlm.nih.gov/pubmed/33965796
https://doi.org/10.1016/j.vaccine.2018.07.042
http://www.ncbi.nlm.nih.gov/pubmed/30087047
https://doi.org/10.1371/journal.pone.0270023

