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ABSTRACT
Vaccine hesitancy is considered one of the greatest threats to the ongoing coronavirus disease 2019 
(COVID-19) vaccination programs. Lack of trust in vaccine benefits, along with concerns about side 
effects of the newly developed COVID-19 vaccine, might significantly contribute to COVID-19 
vaccine hesitancy. The objective of this study was to determine the level of vaccine hesitancy 
among communities in particular their belief in vaccination benefits and perceived risks of new 
vaccines. An online cross-sectional study was conducted in 10 countries in Asia, Africa, and South 
America from February to May 2021. Seven items from the WHO SAGE Vaccine Hesitancy Scale 
were used to measure a construct of belief in vaccination benefit, and one item measured 
perceived riskiness of new vaccines. A logistic regression was used to determine which socio
demographic factors were associated with both vaccine hesitancy constructs. A total of 1,832 
respondents were included in the final analysis of which 36.2% (range 5.6–52.2%) and 77.6% (range 
38.3–91.2%) of them were classified as vaccine hesitant in terms of beliefs in vaccination benefits 
and concerns about new vaccines, respectively. Respondents from Pakistan had the highest vaccine 
hesitancy while those from Chile had the lowest. Being females, Muslim, having a non-healthcare- 
related job and not receiving a flu vaccination during the past 12 months were associated with poor 
beliefs of vaccination benefits. Those who were living in rural areas, Muslim, and those who did not 
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received a flu vaccination during the past 12 months had relatively higher beliefs that new vaccines 
are riskier. High prevalence of vaccine hesitancy in some countries during the COVID-19 pandemic 
might hamper COVID-19 vaccination programs worldwide. Programs should be developed to 
promote vaccination in those sociodemographic groups with relatively high vaccine hesitancy.

Introduction

The current coronavirus disease 2019 (COVID-19) 
pandemic, caused by severe acute respiratory syn
drome coronavirus 2 (SARS-CoV-2), is a major threat 
to human civilization [1–3]. The pandemic has 
affected more than 246 million individuals resulting 
in the death of 4.99 million worldwide as of 
2 November 2021 [4]. Although several vaccine can
didates completed phase III clinical trials toward the 
end of 2020, most of the global vaccination drives 
were initiated only during the beginning of 2021 
due to the lack of COVID-19 vaccine supply [5]. In 
addition to the limited vaccine supply and vaccine 
nationalism, vaccine hesitancy has significantly 
affected the vaccination drive, reducing the overall 
rate of COVID-19 vaccination globally [6]. According 
to the World Health Organization Strategic Advisory 
Group of Experts (WHO SAGE) Working Group, vac
cine hesitancy is defined as the ‘delay in acceptance 
or refusal of vaccination despite the availability of 
vaccination services’ [7].

Vaccine hesitancy is prevalent globally in particular in 
low- and middle-income countries [8–11]. The lack of 
trust in vaccines, mistrust in government, belief in con
spiracy theories and rumors, economics issues, fear of 
side effects, and the rapid spread of misinformation 
through social media have significantly contributed to 
COVID-19 vaccine hesitancy [12–16]. Among these, the 
general mistrust in available COVID-19 vaccines and 
exaggerated concerns about vaccine side effects are con
sidered major barriers to achieving population immunity 
through vaccination [14]. In addition, certain pockets of 
the population, especially ethnic minorities in high 
income countries, remain unvaccinated due to concerns 
about the vaccine [17]. COVID-19 vaccine acceptance is 
reportedly high in the countries such as India, China, 
Ecuador, Vietnam, Malaysia, Indonesia, South Korea, and 
Denmark and low in some countries such as Serbia, 
France, Croatia, Paraguay, Kuwait, Jordan, the US, Russia, 
Italy, Poland, and Lebanon [9,10,18].

Vaccine hesitancy is considered one of the greatest 
threats to the ongoing COVID-19 vaccination programs 
[13]. Failure to achieve herd vaccination status may 
contribute to the emergence of novel SARS-CoV-2 var
iants that could affect the neutralizing potential of 
monoclonal antibodies and vaccine-elicited antibodies 
[19]. This could further affect the efficacy of COVID-19 
vaccines and monoclonal antibodies that are currently 
used for passive immunization [19,20]. Therefore, it is 

essential to determine the level of vaccine hesitancy 
throughout the pandemic period so that sufficient 
measures can be taken to improve the acceptance of 
COVID-19 vaccines within diverse populations. This 
study aimed to determine the level of vaccine hesi
tancy among ten countries in Asia, Africa, and the 
Americas. Particularly, the investigation explored 
beliefs in vaccine benefits and concerns about the 
riskiness of new vaccines during the COVID-19 pan
demic using the Vaccine Hesitancy Scale questionnaire 
from the WHO SAGE. To the best of our knowledge, 
this this the first study that assess the vaccine hesi
tancy during the COVID-19 pandemic using the WHO 
SAGE Vaccine Hesitancy Scale questionnaire covering 
diverse countries across three continents.

Methods

Study design and setting

An online cross-sectional study was conducted in 10 
countries in Asia (Bangladesh, India, Iran, and 
Pakistan), Africa (Egypt, Nigeria, Sudan, and Tunisia), 
and South America (Brazil and Chile) from February 
to May 2021. These countries were chosen as repre
sentative of low- and middle-income countries from 
Asia, Africa, and South America. The invitations to 
participate in an anonymous online survey, hosted 
by SurveyMonkey, were distributed on communica
tion platforms such as WhatsApp, Twitter, and 
Facebook. The potential respondents were provided 
with an introduction page consisting of information 
about the study, benefits, and risks of the study. 
Each respondent was asked to provide the consent 
to participate before the next page could be opened. 
To ensure the anonymity and confidentiality, the 
survey account could only be accessed by the prin
cipal investigator. The survey took approximately 
15 minutes to be completed.

Study instrument and study variables

A set of questionnaires to collect information on 
sociodemographic data and vaccine hesitancy was 
prepared. Hesitancy domain was assessed using 
questions that were adopted from the WHO SAGE 
Vaccine Hesitancy Scale questionnaire, which has 
previously been used in cross-national study 
[21,22]. Eight items of WHO SAGE Vaccine 
Hesitancy Scale were used in this study to measure 
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the two constructs: (a) belief in vaccination bene
fits, which was based off seven items and (b) per
ceived risk of new vaccines construct, which came 
from one item. The detailed questions from the 
first construct were: (1) ‘Vaccines are important 
for my health’; (2) ‘Vaccines are effective’; (3) 
‘Being vaccinated is important for the health of 
others in my community’; (4) ‘All routine vaccines 
recommended by the healthcare workers are ben
eficial’; (5) ‘The information I receive about vac
cines from the government is reliable and 
trustworthy’; (6) ‘Getting vaccines is a good way 
to protect me from disease’; and (7) “Generally 
I follow vaccine recommendations from my doctor 
or healthcare provider. The possible responses for 
each statement were in 5-Likert scale from 
‘Strongly agree (1)’ to ‘Strongly disagree (5)’ and 
the higher score indicating greater hesitancy. For 
each respondent, the score for belief in vaccination 
benefits construct ranged between 7 to 35 and 
a 75% cutoff was used to dichotomize the respon
dents to non-hesitant and hesitant (i.e. those with 
score 14 or less were classified as non-hesitant 
while those with 15 or more were classified as 
vaccine hesitant). For the second construct, 
respondents were asked to respond the statement 
‘New vaccines carry more risks than older vaccines.’ 
The possible responses for the statement were in 
a 5-point Likert scale ranging from ‘Strongly agree 
(5)’ to ‘Strongly disagree (1).’ Those who had 
responses 1 and 2 were classified as non-hesitant 
while the options 3, 4, and 5 were categorized as 
hesitant.

The questionnaire also collected sociodemo
graphic characteristics of the respondents, includ
ing age, gender, urbanicity, monthly household 
income, religion, and types of occupation. Age 
was grouped into five categories in a ten-years 
interval (less than 20, 21–30, 31–40, 41–50, and 
>51 years old). Self-declared urbanicity was divided 
into rural and urban. Monthly household income 
was grouped into <US$ 500, $500-$999, $1,000- 
$1,999, $2,000-$2,999, $3,000-$4,999, $5,000- 
$7,999, and ≥$8,000. The relevant currencies from 
each country were given during the survey in 
order to help the respondents. Religion was 
grouped as Islam, Protestant Christian (Protestant/ 
Methodist/Lutheran/Baptist), Catholic, Hindu, 
Mormon, Greek or Russian Orthodox, Jewish, 
Buddhist, Atheist or agnostic, and other. Due to 
small number of samples for Mormon, Greek or 
Russian Orthodox, Jewish, and Buddhist, all were 
grouped into other. The respondents were also 
asked whether they were working in healthcare- 
related sectors such as a nurse, medical doctor, 

pharmacist, laboratory staff, and others and 
whether they had received a flu vaccination in 
the last in the past 12 months.

Statistical analysis

We used a logistic regression to determine the socio
demographic variables associated with both of con
structs of vaccine hesitancy. In the univariate analysis, 
the associations between the potential variable and 
the vaccine hesitancy were determined separately. If 
the relationship between explanatory variables and 
the outcome had a p-value <0.25 in the univariate 
analysis, the explanatory variables were included in 
the adjusted multivariable analysis. The crude odds 
ratios (ORs) of univariate and adjusted odds ratios 
(aOR) of multivariable analyses were calculated using 
a reference group. All analyses were conducted using 
SPSS software (SPSS Inc., Chicago, IL, USA).

Ethics approval

The protocol of this study was approved by the 
Institutional Review Board of the Universitas Syiah Kuala 
& Zainoel Abidin Hospital (129/EA/FK-RSUDZA/2021) and 
National Health Research and Development Ethics 
Commission (KEPPKN) of the Ministry of Health of the 
Republic of Indonesia (#1171012P).

Results

Demographic characteristics

We received 1,849 responses from 10 countries from 
Asia, Africa, and South America of which 17 of them 
were excluded due to data incompleteness. A total of 
1,832 respondents were included in the final analysis 
and most participants originated from India (365, 
19.9%), Pakistan (270, 14.7%), and Sudan (204, 11.1%) 
(Table 1). More than half of the respondents (1029, 
56.2%) were aged between 21 and 30 years old and 
58.4% were female. The vast majority of the partici
pants were living in urban areas (81.1%), with 38% 
earning less than $500 each month. More than half 
(55.5%) identified themselves as Muslims, followed by 
Hindus (14.6%) and Christians (10.9%). There were 853 
(46.6%) participants working in healthcare-related sec
tors, such as doctor, nurse, pharmacist, laboratory staff 
and others; moreover, 380 (20.7%) had received a flu 
shot during the past 12 months (Table 1).

Belief in vaccination benefits and its determinants

In total, 36.2% (665 out of 1832) of the respondents 
were classified as vaccine hesitant based on their 
beliefs about vaccination benefits. Those from 
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Pakistan, Egypt, and Tunisia had the highest percen
tage: 52.2%, 49.1%, was 45.3%, respectively (Table 1). 
Respondents from Chile and Brazil had the lowest 
vaccine hesitancy percentages with 6.3% and 6.8%, 
respectively. Country, age group, gender, religion, 
healthcare-sector related job, and experience of flu 
vaccination were all associated with vaccine hesitancy 
(Table 1). The highest percentage of the vaccine hesi
tancy was reported among the respondents within the 
youngest age group while the oldest group had the 

lowest percentage. Females had 1.4 times the odds of 
being vaccine hesitant compared to males (aOR: 1.41; 
95% CI: 1.15–1.75). Compared to Muslim, those who 
were Protestant Christians (aOR: 0.64; 95% CI: 0.46– 
0.90), Catholic (aOR: 0.22; 95% CI: 0.13–0.36), Hindus 
(aOR: 0.58; 95% CI: 0.42–0.80), and atheist or agnostic 
(aOR: 0.17; 95% CI: 0.09–0.32) were less vaccine hesi
tant. In addition, participants who were working in 
non-healthcare-related job had 1.6 times greater 
odds of being vaccine hesitant compared to those 

Table 1. Unadjusted and adjusted logistic regression analyses showing factors associated with belief in vaccination benefits 
construct (n = 1832).

Variable n (%)
Hesitant 

n (%)

Unadjusted Adjusted

OR (95% CI) p–value OR (95% CI) p–value

Country
India (R) 365 (19.9) 126 (34.5) 1
Brazil 125 (6.8) 7 (5.6) 0.11 (0.05–0.25) <0.001**
Chile 115 (6.3) 7 (6.1) 0.12 (0.06–0.27) <0.001**
Egypt 114 (6.2) 56 (49.1) 1.83 (1.20–2.80) 0.005*
Bangladesh 160 (8.7) 56 (35.0) 1.02 (0.69–1.51) 0.915
Iran 152 (8.3) 68 (44.7) 1.54 (1.04–2.26) 0.029*
Nigeria 179 (9.8) 66 (36.9) 1.11 (0.76–1.61) 0.590
Pakistan 270 (14.7) 141 (52.2) 2.07 (1.50–2.86) <0.001**
Sudan 204 (11.1) 71 (34.8) 1.01 (0.71–1.45) 0.946
Tunisia 148 (8.1) 67 (45.3) 1.57 (1.06–2.32) 0.023*
Age group (year)
≤20 (R) 313 (17.1) 142 (45.4) 1 1
21–30 1029 (56.2) 333 (32.4) 0.58 (0.45–0.75) <0.001** 0.73 (0.54–0.97) 0.029*
31–40 298 (16.3) 122 (40.9) 0.84 (0.61–1.15) 0.270 1.18 (0.78–1.78) 0.437
41–50 129 (7.0) 51 (39.5) 0.79 (0.52–1.20) 0.261 1.07 (0.64–1.79) 0.803
>51 63 (3.4) 17 (27.0) 0.45 (0.24–0.81) 0.008* 0.75 (0.38–1.50) 0.414
Gender
Male (R) 763 (41.6) 239 (31.3) 1 1
Female 1069 (58.4) 426 (39.9) 1.45 (1.19–1.77) <0.001** 1.41 (1.15–1.75) 0.001*
Urbanicity
Rural (R) 346 (18.9) 133 (38.4) 1
Urban 1486 81.1) 532 (35.8) 0.89 (0.70–1.14) 0.358
Monthly household income (USD)
<$500 (R) 697 (38.0) 256 (36.7) 1 1
$500-$999 324 (17.7) 136 (42.0) 1.25 (0.95–1.63) 0.109 1.37 (1.03–1.82) 0.031*
$1,000-$1,999 214 (11.7) 67 (31.3) 0.79 (0.57–1.09) 0.148 1.00 (0.71–1.42) 0.998
$2,000-$2,999 163 (8.9) 50 (30.7) 0.76 (0.53–1.10) 0.147 1.09 (0.73–1.61) 0.686
$3,000-$4,999 140 (7.6) 42 (30.0) 0.74 (0.50–1.09) 0.130 0.96 (0.63–1.46) 0.851
$5,000-$7,999 107 (5.8) 39 (36.4) 0.99 (0.65–1.51) 0.955 1.12 (0.71–1.77) 0.616
≥$8,000 187 (10.2) 75 (40.1) 1.15 (0.83–1.61) 0.397 1.65 (1.14–2.40) 0.009*
Religion
Islam (R) 1016 (55.5) 446 (43.9) 1 1
Christian 200 (10.9) 71 (35.5) 0.70 (0.51–0.96) 0.029* 0.64 (0.46–0.90) 0.010*
Catholic 139 (7.6) 20 (14.4) 0.22 (0.13–0.35) <0.001** 0.22 (0.13–0.36) <0.001**
Hindu 268 (14.6) 84 (31.3) 0.58 (0.44–0.78) <0.001** 0.58 (0.42–0.80) 0.001*
Atheist or agnostic 95 (5.2) 12 (12.6) 0.19 (0.10–0.34) <0.001** 0.17 (0.09–0.32) <0.001**
Others 114 (6.2) 32 (28.1) 0.50 (0.33–0.76) 0.001* 0.48 (0.31–0.75) 0.001*
Healthcare related job
Yes (R) 853 (46.6) 261 (30.6) 1 1
No 979 (53.4) 404 (41.3) 1.59 (1.31–1.93) <0.001** 1.63 (1.31–2.01) <0.001**
Occupation
Employed for wages (R) 459 (25.1) 153 (33.3) 1 1
Self-employed 177 (9.7) 69 (39.0) 1.28 (0.89–1.83) 0.181 1.29 (0.88–1.89) 0.188
Out of work for 1 year or more 42 (2.3) 16 (38.1) 1.23 (0.64–2.36) 0.533 1.10 (0.55–2.21) 0.783
Out of work for less than 1 year 38 (2.1) 14 (36.8) 1.17 (0.59–2.32) 0.660 1.51 (0.73–3.14) 0.269
Homemaker 35 (1.9) 17 (48.6) 1.89 (0.95–3.77) 0.071 1.73 (0.82–3.65) 0.148
Student 1057 (57.7) 388 (36.7) 1.16 (0.92–1.46) 0.208 1.08 (0.79–1.47) 0.637
Retired or unable to work 24 (1.3) 8 (33.3) 1.00 (0.42–2.39) 1.000 0.97 (0.39–2.43) 0.956
Received a flu vaccination during the past 12 months
Yes (R) 380 (20.7) 106 (27.9) 1 1
No 1452 (79.3) 559 (38.5) 1.62 (1.26–2.07) <0.001** 1.45 (1.11–1.89) 0.007*

*Significant at p < 0.05 
**Significant at p < 0.001 
R: reference group
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who were working in medical sectors, aOR: 1.63; 95% 
CI: 1.31–2.01. Those who had not received a flu vacci
nation during the past 12 months were also more 
vaccine hesitant compared to those who had with an 
aOR of 1.35 (95% CI: 1.03–1.79). Urbanicity, monthly 
household income and type of occupation had no 
association with vaccine hesitancy (Table 1).

Perceptions of riskiness of new vaccine and its 
determinants

In total, 1422 (77.6%) respondents had vaccine hesi
tancy in terms of perceptions of the riskiness of new 
vaccines. The highest percentage of vaccine hesitancy 
was found in Egypt (91.2%) followed by Pakistan 
(90.7%), and Tunisia (87.2%) while the lowest was in 
Chile (38.3%) followed by Brazil (49.6%) (Table 2). 
Country, age group, gender, urbanicity, monthly 
income, religion, and experience of flu vaccination 
were associated with vaccine hesitancy (Table 2). The 
oldest age group had the lowest percentage of hesi
tant respondents and had lower odds of being vaccine 
hesitant compared to the youngest age group in the 
univariate (aOR: 0.49; 95% CI: 0.27–0.88) but not multi
variable analysis. In the univariate analysis, females had 
higher odds of being hesitant compared to males (aOR: 
1.33; 95% CI: 1.07–1.66) but this was not significant in 
multivariable analyses.

Those living in the urban areas were less hesitant 
compared to those living in rural areas (aOR: 0.70 and 
95% CI: 0.51–0.97). In the univariate analyses, monthly 
household income was associated with vaccine hesi
tancy, those who earned less had higher odds of being 
vaccine hesitant compared to those who earned more 
(<$500 vs. $2,000-$2,999 or $3,000-$4,999). However, 
multivariable analyses did not maintain these associa
tions as significant. Compared to Muslims, those who 
identified as not being Muslim were less vaccine hesi
tant. Compared to those who had received a flu vacci
nation during the past 12 months, those who had not 
received were more vaccine hesitant (aOR: 1.35; 95% 
CI: 1.03–1.7). Having a healthcare-related job and type 
of occupation had no significant association with vac
cine hesitancy based on their perception of the risks of 
new vaccines (Table 2).

Discussion

The global roll-out of the COVID-19 vaccine not only 
will require access to the vaccine but also widespread 
acceptance of a relatively new vaccine [23]. Currently, 
access to COVID-19 vaccines is limited in many low- or 
middle-income countries, and we identified issues with 
vaccine hesitancy that could impede uptake of the 
COVID-19 vaccine. In a multinational study, we found 
that being female, Muslim, having a non-healthcare- 

related job, and not receiving a flu vaccination during 
the past 12 months were associated with vaccine- 
hesitancy (i.e. poor beliefs in vaccination benefits).

The relationship between vaccine acceptance or hes
itancy and gender is considered complex [24]. While 
some studies have reported gender-related differences 
in COVID-19 vaccine acceptance [10,11,25,26], others 
have not [27]. In the case of a COVID-19 vaccine, 
a study among Greek adults found that vaccine hesi
tancy was found to be more pronounced in females and 
less educated individuals [28], and in a study in Detroit, 
Michigan, women were more sensitive to not accepting 
a less effective vaccine than men [29]. A study among 
the general population of Arabian countries showed 
that females, non-healthcare workers, and those who 
do not get a flu vaccination were more hesitant to take 
the vaccine [30]. Overall, these results pose a special 
concern since and women play an important role in 
vaccination decision for children [31,32] and the deci
sions can influence other within the same household 
[29]. The exact mechanism for why there are gendered 
differences in vaccine hesitancy is unknown, but it 
could be that some women of childbearing age express 
concerns about vaccines [33,34]. Given limited informa
tion from initial clinical trials about safety and effective
ness of COVID-19 vaccines in pregnant women.

Vaccine hesitancy will be comparatively lower in 
healthcare professionals (physicians, physician assis
tants, nurses, and others) due to their in-depth under
standing of vaccines and their efficacy [35,36]. 
Healthcare professionals are considered the most 
trusted advisor, having a direct influence on the vac
cination decisions of the public [10,37,38]. The lack of 
knowledge and understanding about the mechanism, 
risk, and safety of vaccines partly explains the reason 
for higher vaccine hesitancy in a population with 
a non-healthcare-related job. Therefore, strategies 
have to be formulated to increase knowledge and 
awareness of the benefits of vaccination using audio
visual aids by targeting individuals with a non- 
healthcare-related job. In addition, the individuals 
not receiving a flu vaccination during the past 
12 months also exhibited vaccine hesitancy, indicat
ing a negative perception about vaccinations in gen
eral. A previous study also has identified a link 
between influenza vaccination and COVID-19 vaccine 
acceptance [39].

Vaccine hesitancy in Muslim-populated countries 
such as Afghanistan, Malaysia, and Pakistan were pre
viously linked to an increase of vaccine-preventable dis
eases [40]. Over the years, the spread of incorrect 
information on vaccines and vaccination by the anti- 
vaccination movement has significantly contributed to 
the high rate of vaccine hesitancy within Muslim com
munities [40]. The same scenario is observed in our 
study, contributing to higher vaccine hesitancy among 
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Muslim participants. High vaccine hesitancy might as 
the result of conspiracy theories sprouted through social 
media. In case of COVID-19 vaccination, the claim of 
political figures stating that COVID-19 is a conspiracy 
against Muslim countries has significantly contributed to 
COVID-19 vaccine hesitancy within Muslim communities 
[41]. A study showed that religious teachings prioritize 
prayers over medicine and this might result in vaccina
tion hesitancy among devotees [42]. Efforts to increase 
vaccine coverage must target figures that highly influ
ence vaccine uptake, particularly caregivers, religious 
leaders, and healthcare providers [43]. The participation 

of religious leaders in promoting vaccination has been 
reported as an important strategy to overcome contra
dictions between religion beliefs and vaccination 
[44,45]. In the context COVID-19, the religious elements 
might be addressed by involving enlightened Islamic 
scholars in health promotion and awareness regarding 
COVID-19 and this might facilitate appropriate COVID- 
19 control efforts in Islamic countries.

In the context of COVID-19, vaccination not only to 
protect individuals’ health but also plays a critical role in 
protecting vulnerable populations by achieving herd 
immunity [24]. There is a need to establish effective 

Table 2. Unadjusted and adjusted logistic regression analyses showing factors associated with perceived risk of new vaccines 
construct (n = 1832).

Variable n (%)
Hesitant 

n (%)

Unadjusted Adjusted

OR (95% CI) p–value OR (95% CI) p–value

Country
India (R) 365 (19.9) 290 (79.5) 1
Brazil 125 (6.8) 62 (49.6) 0.26 (0.17–0.39) <0.001*
Chile 115 (6.3) 44 (38.3) 0.16 (0.10–0.25) <0.001**
Egypt 114 (6.2) 104 (91.2) 2.69 (1.34–5.40) 0.005*
Bangladesh 160 (8.7) 128 (80.0) 1.03 (0.65–1.64) 0.886
Iran 152 (8.3) 118 (77.6) 0.90 (0.57–1.42) 0.644
Nigeria 179 (9.8) 148 (82.7) 1.24 (0.78–1.96) 0.372
Pakistan 270 (14.7) 245 (90.7) 2.53 (1.56–4.11) <0.001**
Sudan 204 (11.1) 154 (75.5) 0.80 (0.53–1.20) 0.274
Tunisia 148 (8.1) 129 (87.2) 1.76 (1.02–3.03) 0.043*
Age group (year)
≤ 20 (R) 313 (17.1) 248 (79.2) 1 1
21–30 1029 (56.2) 799 (77.6) 0.91 (0.67–1.24) 0.553 0.94 (0.67–1.32) 0.725
31–40 298 (16.3) 232 (77.9) 0.92 (0.63–1.36) 0.678 1.06 (0.65–1.71) 0.821
41–50 129 (7.0) 102 (79.1) 0.99 (0.60–1.64) 0.969 1.16 (0.63–2.11) 0.641
>51 63 (3.4) 41 (65.1) 0.49 (0.27–0.88) 0.016* 0.63 (0.32–1.26) 0.195
Gender
Male (R) 763 (41.6) 570 (74.7) 1 1
Female 1069 (58.4) 852 (79.7) 1.33 (1.07–1.66) 0.012* 1.25 (0.99–1.58) 0.066
Urbanicity
Rural (R) 346 (18.9) 290 (83.8) 1 1
Urban 1486 (81.1) 1132 (76.2) 0.62 (0.45–0.84) 0.002* 0.70 (0.51–0.97) 0.029*
Monthly household income (USD)
<$500 (R) 697 (38.0) 564 (80.9) 1 1
$500-$999 324 (17.7) 254 (78.4) 0.86 (0.62–1.18) 0.347 0.98 (0.70–1.39) 0.924
$1,000-$1,999 214 (11.7) 162 (75.7) 0.74 (0.51–1.06) 0.098 1.03 (0.69–1.52) 0.900
$2,000-$2,999 163 (8.9) 117 (71.8) 0.60 (0.41–0.89) 0.010* 0.85 (0.56–1.29) 0.440
$3,000-$4,999 140 (7.6) 101 (72.1) 0.61 (0.40–0.93) 0.020* 0.88 (0.56–1.38) 0.579
$5,000-$7,999 107 (5.8) 84 (78.5) 0.86 (0.52–1.42) 0.557 1.09 (0.64–1.85) 0.751
≥$8,000 187 (10.2) 140 (74.9) 0.70 (0.48–1.03) 0.069 0.94 (0.62–1.44) 0.784
Religion
Islam (R) 1016 (55.5) 855 (84.2) 1 1
Christian/Protestant/Methodist/Lutheran/Baptist 200 (10.9) 153 (76.5) 0.61 (0.42–0.89) 0.009* 0.63 (0.43–0.92) 0.017*
Catholic 139 (7.6) 88 (63.3) 0.33 (0.22–0.48) <0.001** 0.39 (0.26–0.59)<0.001**
Hindu 268 (14.6) 209 (78.0) 0.67 (0.48–0.93) 0.018* 0.69 (0.48–1.00) 0.051
Atheist or agnostic 95 (5.2) 45 (47.4) 0.17 (0.11–0.26) <0.001** 0.19 (0.12–0.30)<0.001**
Others 114 (6.2) 72 (63.2) 0.32 (0.21–0.49) <0.001** 0.35 (0.23–0.54)<0.001**
Healthcare related job
Yes (R) 853 (46.6) 668 (78.3) 1
No 979 (53.4) 754 (77.0) 0.93 (0.74–1.16) 0.507
Occupation
Employed for wages (R) 459 (25.1) 343 (74.7) 1 1
Self-employed 177 (9.7) 142 (80.2) 1.37 (0.90–2.10) 0.145 1.30 (0.83–2.03) 0.248
Out of work for 1 year or more 42 (2.3) 35 (83.3) 1.69 (0.73–3.91) 0.219 1.62 (0.67–3.90) 0.281
Out of work for less than 1 year 38 (2.1) 30 (78.9) 1.27 (0.57–2.85) 0.564 1.21 (0.52–2.80) 0.661
Homemaker 35 (1.9) 28 (80.0) 1.35 (0.58–3.18) 0.488 1.41 (0.57–3.52) 0.459
Student 1057 (57.7) 825 (78.1) 1.20 (0.93–1.55) 0.158 1.00 (0.71–1.40) 0.986
Retired or unable to work 24 (1.3) 19 (79.2) 1.29 (0.47–3.52) 0.625 1.15 (0.40–3.26) 0.797
Received a flu vaccination during the past 12 months
Yes (R) 380 (20.7) 268 (70.5) 1 1
No 1452 (79.3) 1154 (79.5) 1.62 (1.26–2.09) <0.001** 1.35 (1.03–1.79) 0.032*

*Significant at p < 0.05 
**Significant at p < 0.001 
R: reference group
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COVID-19 vaccine communication strategies to improve 
vaccine trust, thereby enhancing vaccine acceptance. 
Such measures should focus on vaccine-hesitant groups 
to obtain the maximum result [46]. Active mass cam
paign focusing on the usefulness and benefits of vacci
nation [47] also could be implemented to increase the 
COVID-19 acceptance. The governments also should 
focus on addressing religious concerns associated with 
COVID-19 vaccines to improve the trust of the general 
public.

There are some limitations of this study. Since this 
study was an online survey means this survey might 
exclude people from who were illiterate, lower social- 
economic classes or those with lower educational 
attainment. The also prone to selection bias due to 
the variation in internet access across the countries. 
In addition, the samples of the study might not repre
sent the population of the countries. Finally, social 
desirability bias, tendency of respondents to answer 
questions that favorable by others, might also influ
ence the responses of participants in the survey.

Conclusion

Our initial survey in 10 countries in Asia, Africa, and 
South America suggests that vaccine hesitancy is rela
tively high. Vaccine hesitancy is significantly higher in 
females, those who identified themselves as Muslim, 
those living in rural areas, working in non-healthcare- 
related sectors, and those who have not received a flu 
vaccination during the past 12 months. These groups 
could be targets of vaccination campaigns for both 
routine childhood vaccination and COVID-19 vaccina
tion. A multisectoral approach involving the collabora
tive effort of various stakeholders, such as the 
government, private companies, and religious groups, 
should be formulated to create a longstanding public 
trust in vaccinations.
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