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Background: COVID-19 pandemic has caused significant morbidity and mortality globally. As vaccines
have been developed under expedited conditions, their safety and efficacy are being questioned by some
populations leading to vaccine hesitancy, resulting in delayed vaccine uptake and herd immunity. This
study aims to adopt a combination of Health Belief Model and other independent risk factors associated
with high vaccine acceptance.
Methods: An anonymized cross-sectional survey was distributed between 15 January and 3 February
2021 across Singapore, Hong Kong and Australia among adult respondents through a certified online
panel. Exploratory factor analysis and confirmatory factor analysis were carried out to assess perception
constructs followed by multivariate regression modelling to assess factors associated with high vaccine
acceptance against SARS_CoV-2.
Results: A total of 3,133 anonymised participants from Singapore (n = 1,009), Australia (n = 1,118) and
Hong Kong (n = 1,006) completed the survey. While age and gender were not significantly associated,
Asian ethnicity, current smokers and self-efficacy were significant associated factors of increased vaccine
acceptance. While specific practices like taking micronutrients more frequently, cleaning and disinfecting
their house more often were positively associated with increased vaccine acceptance, seeking medical
help for COVID-19 symptoms like loss of smell/taste and overall COVID-19 knowledge score were nega-
tively associated. Increased likelihood of vaccine acceptance was seen among those that obtained COVID-
19 information less frequently and used digital media or non-health-related sources like influencers as a
source of information. Among the eight perception constructs, perceived susceptibility and perceived
response efficacy were positively associated, while perceived barriers were negatively associated with
high vaccine acceptance.
Conclusion: While demographic parameters have weak association with vaccine acceptance, perceptions
and practices parameters can help to better understand and influence vaccine acceptance. Study findings
should provide guidance on the risk communication strategy to enhance vaccine acceptance for vaccina-
tion and boosters against new SARS-CoV-2 variants.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In December 2019, a cluster of coronavirus disease 2019
(COVID-19) cases were first identified in Wuhan, China. The dis-
ease has since spread worldwide causing great concerns with
countries imposing various degrees of lockdown and travel restric-
tions. On 11 December 2020, United States Food and Drug Admin-
istration (FDA) issued the first emergency use authorization (EUA)
of Pfizer-BioNTech COVID-19 vaccine for use in United States [1].
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EUA was issued on 14 December 2020 in Singapore and 25 January
2021 in Australia and Hong Kong [2–4] Subsequently, more vacci-
nes such as Moderna, AstraZeneca, Sinovac and others have been
authorized for emergency use across the world.

When COVID-19 vaccines were first approved, vaccine hesi-
tancy and reluctance were observed in certain population, threat-
ening the success of prevention measures against COVID-19.
Since then, as vaccination campaigns continue, Australia, Hong
Kong and Singapore have 94.1% (population aged 16 and above),
74.9 (population aged 12 and above) and 90% (total population)
population vaccinated as of 17 February 2022 [7]. By understand-
ing the risk factors and perceptions that affect people’s intention
to get vaccinated may guide policy-decision making process to
enhance risk communication so as to increase vaccination uptake.
Vaccinating against COVID-19 can help prevent serious illness and
death [8]. While studies have looked at cultural, political and racial
differences to explain vaccine hesitancy, acceptance and likelihood,
COVID-19 vaccination rate has been shown to vary across different
phases of the pandemic in each affected country with introduction
of newer variants and vaccine options [9,10].

MacDonald et al. stated that, ‘‘Acceptance of vaccination is an
outcome behaviour resulting from a complex decision-making pro-
cess that can be potentially influenced by multiple factors”[11, p.
4162]” While there have been studies looking into various risk fac-
tors associated with vaccine uptake [12], a population-based study
in Hong Kong concluded that Health Belief Model (HBM) con-
structs along with independent risk factors can provide an
evidence-based model and help implement various vaccination
strategies [13]. However, few studies have adopted a combination
of this conceptual framework to assess the COVID-19 vaccine
intent among population [13]. This study aims to identify key per-
ception constructs and risk factors between residents with high
and low COVID-19 vaccine intent from three countries: Australia,
Hong Kong and Singapore.
2. Methods

2.1. Study setting and data collection

A cross-sectional anonymised survey was conducted in English
in Australia and Singapore while participants in Hong Kong had an
additional choice of answering in traditional Chinese. The survey
was translated to Chinese using Google Translate and was back
translated to English with help of a professional translator, fluent
in Chinese and English. Online survey was distributed between
15th January 2021 to 3rd February 2021 to participants
aged � 21 years. Survey distribution was undertaken by an exter-
nal vendor involving participants selected from an online panel
belonging to Dynata, an international panel company [14]. The
panel members are recruited by means of different sample sources
such as panel, web intercept sample and specialty lists in order to
target different population thereby increasing diversity and repre-
sentativeness within each country.
2.2. Survey details

The survey had seven sections: 1) general/demographics, 2)
health history, 3) practices, 4) knowledge on COVID-19, 5) percep-
tions of COVID-19, 6) source of information, and 7) self-efficacy
(Supplementary Table 1 for the survey).

A total of 21-items related to practices were designed to under-
stand what safety measures were undertaken by respondents to
reduce the risk of contracting/spreading SARS-CoV-2 virus after
the first case was detected in their country and before any mea-
sures were enforced/advised by their respective governments.
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Questions on perceptions were adapted from HBM and divided
into 4 subsections: perceived susceptibility, perceived severity,
perceived response efficacy and perceived barriers [15]. Sources
of information were classified as traditional media (television,
radio, newspapers), digital media (websites, social media, messag-
ing platforms, emails), medical practitioners and health related
governmental agencies and non-health related governmental
agencies and people (family/friends, influencers, employers, reli-
gious groups). Health seeking behaviour, seen as important or suf-
ficient comprised of 12-items further sub-categorised as: 1)
general disease specific information related to self: how it is trans-
mitted, how I can prevent its spread, how to recognize its symp-
toms, the probability of catching it in my country; 2) Seeking
care/treatment: how I can protect myself and my family, how it
is treated, the development of a vaccine or treatment against it,
how I can take care of a person belonging to a high-risk group;
3) global COVID-19 information: the geographic areas where it is
present, how it is different from other diseases such as influenza,
the authorities’ decisions on new restrictions or relaxed measures,
number of infected cases and the death toll. Self-efficacy was
determined based on their compliance to adhere to preventive
measures and likeliness to continue adopting them after the
COVID-19 pandemic reaches endemicity.

2.3. Statistical analysis

Scores were obtained for practices, knowledge, health-seeking
behaviour, self-efficacy and perception constructs and were anal-
ysed as continuous variables. A score of ‘‘100 was given for every
practice that was carried out and converted to percentage based
on total number of applicable items for each participant. A similar
approach was used to obtain the knowledge score. Health seeking
behaviour had three categories with 4 items each and a score of ‘‘1”
was given for every item that was important or sufficient. To assess
self-efficacy, all responses were in a 7-point scale (0- least likely
and 7 – very likely). The score for each item was totalled (sum
score = 42) and averaged. Descriptive analysis included frequency
and percentage for categorical variables and mean and standard
deviation for continuous variables. Univariate analysis included
Pearson Chi-square and fisher’s exact test for all categorical vari-
ables and independent t-test for continuous variables with signifi-
cance measured at p-value < 0.01 for all sections except perception.
All significant variables were assessed using univariate logistic
regression with significance measured at p-value < 0.01 (Supple-
mentary Table 2, 3, 4, 7).

Exploratory factor analysis (EFA) and confirmatory factor anal-
ysis (CFA) were carried out for section on perceptions. While EFA
was used to uncover underlying factorial structure of items under
perception, CFA aimed to validate precision and validity of the pre-
sumed factorial structure. In rudimentary phase, four potential
constructs were assumed to summarize four categories of percep-
tion: perceived susceptibility, perceived response efficacy, per-
ceived barrier towards individual and perceived barrier towards
government. However, this failed to gain the acceptable fit in
CFA due to considerable number of items under perceived
response efficacy construct, indicating further modification of
assumption. EFA was then conducted using principal axis factoring
with Promax rotation to obtain a glimpse at potential factors under
the data and some items that had factor loadings lower than 0.4,
were excluded. Number of factors were suggested by parallel anal-
ysis and based on EFA results, 8-factor model was examined using
CFA with Robust ML estimator to test the new assumption of 8
sub-constructs. In this study, 4 types of fit indices were used to
evaluate the CFA model: comparative fit indices (CFI), Tucker-
Lewis index (TLI), standardized root mean square residual (SRMR)
and root mean square error of approximation (RMSEA). The ade-
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quate model fit required CFI > 0.90, TLI > 0.90, SRMR < 0.08,
RMSEA < 0.08. Internal consistency measures of reliability were
Cronbach coefficient alpha, which considers value > 0.7 as accept-
able (supplementary Fig. 1 and supplementary Table 5). Score of
each construct added in subsequent logistic regression is denoted
by an average score of questions under the construct. A total of 8
constructs were obtained for perception and details on items con-
stituting these constructs is provided in supplementary Table 6.

For purpose of this analysis, the cohort was categorised into two
groups: low and high intent towards COVID-19 vaccination. Partic-
ipants that strongly agreed, agreed or somewhat agreed on a 7-
point Likert scale that they will voluntarily get vaccinated for
COVID-19, if not made mandatory by legislation, were categorised
as those with high vaccine intent and the rest were categorised as
those with low vaccine intent. All significant demographic and
health history variables in univariate model along with knowledge
and practice scores were put in a base multivariate model and then
variable selection was conducted using stepwise AIC method.
Given this base model, significant variables under source of infor-
mation and self-efficacy that were significant at p-value < 0.01,
were added along with all eight perception constructs in order to
determine predictors of high intent towards COVID-19 vaccination.
Significance in multivariate logistic regression model was consid-
ered at p-value < 0.05. Analysis was performed with IBM SPSS
statistics software v26 (Chicago, IL, USA) (chi-square, regression
analysis) and R 3.6.1 statistics (ECA, CFA).
2.4. Ethics

Electronic consent was obtained from participants who com-
pleted and returned the survey. Patient information sheet entailing
the consent to use the collected information for research purpose
upon completion of the questionnaire, was provided to respon-
dents at start of the survey. Our study posed minimal risks to
respondents as it was completely anonymous, and waiver of
informed consent would not complicate the rights or welfare of
study subjects. It qualified for exemption by National University
of Singapore Institutional Review Board (NUS-IRB) from Saw Swee
Hock School of Public Health Departmental Ethics Review Commit-
tee (SSHSPH-DERC) (SSHSPH-029 (PA1).
3. Results

A total of 3,133 participants from Australia (n = 1,118), Hong
Kong (n = 1,006) and Singapore (n = 1,009) were involved in this
survey. Females accounted for more than half the respondents in
each country while the mean age of respondents was between
43 and 46 years. Respondents in Hong Kong (90%) and Singapore
(96%) were primarily Asians, while respondents in Australia were
Caucasians (76%). A substantial proportion of respondents were
aged > 65 years in Australia (11%) compared to Hong Kong (2.5%)
and Singapore (6%). Majority of respondents in Singapore were
employed as either manager/directors or were professionals
(35%) while 42% of respondents were white collared in Hong Kong
while 36% of respondents in Australia were either unemployed,
retired, homemaker or students. >50% of respondents in Hong
Kong and Singapore had a university degree or higher compared
to only 41% in Australia. All three countries had about 20% respon-
dents who had children < 5 years living in the household while 36%
in Hong Kong and Singapore had elderly aged > 65 years compared
to only 20% in Australia. Proportion of respondents that were diag-
nosed or had family members diagnosed with COVID-19 was 14%
in Australia, 18% in Hong Kong and 9% in Singapore (supplemen-
tary Tables 8, 9, 10).
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3.1. KAP scores across Australia, Hong Kong and Singapore

Based on univariate regression, practice scores were not signif-
icantly associated with vaccine intent levels across all cohorts,
although they showed some correlation based on AIC method
(Table 1). Respondents in Hong Kong and Singapore with a higher
mean knowledge score were more likely to have low vaccine intent
(Hong Kong: mean 72.9 vs. 65.5; Singapore: mean 72 vs. 64) while
those with higher mean self-efficacy score across all countries
were more likely to have high vaccine intent (Australia: mean
27.7 vs 30; Hong Kong: mean 31.5 vs. 33; Singapore: mean 31.9
vs 33.5). Significant perception constructs varied across cohorts
however those with higher perceived barriers were less likely to
have high vaccine intent among respondents from all cohorts.
Respondents with higher perceived susceptibility towards individ-
ual risk, were more likely to have high vaccine intent in Australia
(2.53 vs. 3.10) and Singapore (3.12 vs. 3.51) while respondents
with higher perceived response efficacy towards public health sys-
tem were more likely to have high vaccine intent in Hong Kong
(4.31 vs. 4.75) (Table 1).

3.2. Significant factors correlated with high vaccine intent

Following univariate regression, variables used as standard fac-
tors for adjustment were selected based on the AIC method
(Table 2) for all four multivariate models (overall, Australia, Hong
Kong and Singapore). Of the 11 factors correlated with high vaccine
intent in the overall model, only ethnicity, marital status, diagnosis
with COVID-19, smoking status, gastrointestinal co-morbidity,
dengue vaccination and knowledge score were statistically
significant.

Of the significantly associated factors, only knowledge score
was negatively associated with vaccine intent. Although age was
correlated in the overall model, it showed no significant associa-
tion with vaccine intent (p-value 0.077). In Australia, Caucasians
are less likely to have high vaccine intent compared to Asian (OR
0.48; 95 %CI: 0.33, 0.70). Health care professionals in Australia
showed a positive correlation with vaccine intent but was not sta-
tistically significant (p-value 0.88). Current smokers were signifi-
cantly more likely to have high vaccine intent in total cohort (OR
1.29; 95 %CI: 1.06, 1.57). Similarly, this was observed in Australia
(OR 1.64; 95 %CI: 1.15, 2.34) and in Singapore (OR 1.47; 95 %CI:
1.04, 2.08). Respondents in Singapore with elderly members
aged > 65 years residing in the same household (HH) were signif-
icantly more likely to have high vaccine intent (OR 1.48; 95 %CI:
1.13, 1.94). On the contrary, respondents in Australia with children
aged < 5 were significantly more likely to have high vaccine intent
(OR 1.53; 95 %CI: 1.06, 2.20). COVID-19 knowledge score had sig-
nificant negative association with vaccine intent in all four multi-
variate models while practice score had a positive association
only in Singapore (Table 2).

3.3. Independent risk factors related to practises associated with high
vaccine intent

Australians who wore a surgical mask (AdjOR 1.84; 95 %CI: 1.32,
2.56) and worked from home when not sick were positively asso-
ciated with high vaccine intent (AdjOR 1.49; 95 %CI: 1.02, 2.19).
Singaporeans who avoided public transport (AdjOR 1.65; 95 %CI:
1.23, 2.22) were positively associated with high vaccine intent
while Hong Kong residents that avoided overseas trips to countries
with COVID-19 cases were negatively associated (AdjOR 0.52; 95 %
CI: 0.28, 0.94). Respondents who take micronutrient supplements
frequently was positively associated with high vaccine intent
across all cohorts, while respondents who clean and disinfect their
house more often than before pandemic, and who have balanced



Table 1
Knowledge, Practice, Self-efficacy and Perception scores of low and high vaccine acceptances across countries.

KAP scores All Low
acceptance
Mean (SD)

High
acceptance
Mean (SD)

p-
value

All Low
acceptance
Mean (SD)

High
acceptance
Mean (SD)

p-
value

All Low
acceptance
Mean (SD)

High
acceptance
Mean (SD)

p-
value

All Low
acceptance
Mean (SD)

High
acceptance
Mean (SD)

p-
value

Total cohort Singapore Hong Kong Australia
Practice 64.6

(19.1)
64 (19.1) 65 (19.1) 0.108 64.1

(19.6)
63.4 (20.2) 64.8 (18.9) 0.248 66.1

(16.5)
66.2 (16.2) 66 (16.8) 0.860 63.7

(20.7)
63.1 (20) 64.7 (21.7) 0.220

Knowledge 68.3
(22.2)

72 (21.4) 64 (22.6) <0.001 69.2
(21.9)

72.9 (20.6) 65.5 (22.7) <0.001 64.3
(21.7)

66 (21.7) 62.6 (21.5) 0.012 70.9
(22.5)

74.4 (20.9) 64.8 (23.9) <0.001

Self-efficacy 31.1
(8.1)

30 (8.1) 32 (7.8) <0.001 32.7
(7.3)

31.9 (7.4) 33.5 (7.2) 0.001 32.2
(6.6)

31.5 (6.8) 33 (6.2) <0.001 28.5
(9.3)

27.7 (8.9) 30 (9.7) <0.001

Perceived susceptibility
towards government

5.01
(1.55)

5 (1.52) 5.02 (1.58) 0.600 4.69
(1.54)

4.61 (1.5) 4.78 (1.6) 0.075 5.61
(1.34)

5.70 (1.2) 5.51 (1.4) 0.025 4.76
(1.57)

4.77 (1.56) 4.73 (1.59) 0.69

Perceived susceptibility
towards individual risk

3.26
(1.45)

3.05 (1.33) 3.52 (1.56) <0.001 3.31
(1.45)

3.12 (1.3) 3.51 (1.5) <0.001 3.79
(1.31)

3.71 (1.2) 3.88 (1.4) 0.039 2.74
(1.40)

2.53 (1.20) 3.10 (1.63) <0.001

Perceived response efficacy
towards public health
system

5.14
(1.17)

5.12 (1.18) 5.17 (1.16) 0.230 5.40
(0.97)

5.38 (1.0) 5.43 (1.0) 0.45 4.53
(1.22)

4.31 (1.2) 4.75 (1.2) <0.001 5.45
(1.07)

5.50 (1.03) 5.37 (1.14) 0.042

Perceived response efficacy
towards social distancing

5.42
(0.97)

5.41 (0.98) 5.44 (0.96) 0.360 5.37
(0.94)

5.31 (1.0) 5.44 (0.9) 0.034 5.39
(0.90)

5.34 (0.9) 5.44 (0.9) 0.059 5.50
(1.05)

5.53 (1.02) 5.45 (1.11) 0.2

Perceived response efficacy
towards mask wearing

5.86
(1.25)

5.84 (1.28) 5.89 (1.21) 0.300 6.08
(1.00)

6.11 (1.0) 6.05 (1.0) 0.34 6.06
(1.10)

6.09 (1.1) 6.03 (1.1) 0.41 5.49
(1.47)

5.48 (1.46) 5.52 (1.49) 0.71

Perceived response efficacy
towards non-
pharmaceutical
intervention

6.04
(0.84)

6.07 (0.85) 6 (0.82) 0.021 6.09
(0.79)

6.11 (0.8) 6.07 (0.8) 0.39 5.87
(0.82)

5.87 (0.8) 5.87 (0.8) 0.98 6.14
(0.87)

6.18 (0.86) 6.08 (0.89) 0.047

Perceived barrier towards
individual

3.94
(1.68)

4.67 (1.46) 3.03 (1.49) <0.001 3.90
(1.66)

4.73 (1.4) 3.06 (1.4) <0.001 3.51
(1.58)

3.98 (1.6) 3.02 (1.5) <0.001 4.35
(1.70)

5.11 (1.23) 3.01 (1.59) <0.001

Perceived barrier towards
government

3.62
(1.76)

4.09 (1.73) 3.03 (1.62) <0.001 3.65
(1.75)

4.27 (1.7) 3.02 (1.6) <0.001 3.63
(1.77)

4.03 (1.8) 3.21 (1.7) <0.001 3.58
(1.77)

4.00 (1.75) 2.82 (1.55) <0.001
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Table 2
Factors used as standard factors for adjustment based on the AIC method.

Variables Total cohort Singapore Hong Kong Australia

p-value OR
(95% CI)

p-value OR
(95% CI)

p-value OR
(95% CI)

p-value OR
(95% CI)

Ethnicity 0.000 0.53 (0.44,0.63) – – <0.001 0.48
(0.33, 0.70)

Age 0.077 0.99 (0.98,1.00) – – –
Occupation status 0.054 1.21 (0.99,1.47) – – –
Health care professionals – – – 0.088 1.51

(0.94, 2.44)
Annual average salary (>USD 100,000) – – 0.001 2.07

(1.35, 3.20)
–

USD 50,001 – USD 100,000 – – 0.001 1.68
(1.22, 2.32)

–

Marital status (Married) 0.000 1.45 (1.22,1.74) – 0.004 1.57
(1.16, 2.13)

–

Diagnosed self with COVID-19 0.042 1.33 (1.01,1.76) – – –
Smoking status (current smoker) 0.012 1.29 (1.06,1.57) 0.031 1.47

(1.04, 2.08)
– 0.006 1.64

(1.15, 2.34)
Co-morbidity - Diabetes – – 0.011 2.36

(1.24, 4.70)
–

Co-morbidity - Gastrointestinal disease 0.004 1.69 (1.18,2.42) – 0.001 2.37
(1.42, 4.07)

–

Persons over 65 years old living in your HH – 0.005 1.48
(1.13, 1.94)

– –

Children under the age of 5 in HH – – – 0.022 1.53
(1.06, 2.20)

Vaccination (measles, dengue, flu) - none – 0.050 0.76
(0.57, 1.00)

– –

Vaccination - Measles 0.050 1.34 (1.00,1.79) – – 0.053 1.62
(0.99, 2.65)

Vaccination - Dengue 0.001 2.22 (1.38,3.67) – – <0.001 5.17
(2.16, 14.42)

Practice score 0.095 1.00 (0.99,1.01) 0.049 1.01
(1.00, 1.01)

– 0.054 1.01
(1.00, 1.01)

Knowledge score <0.001 0.99 (0.98,0.99) 0.000 0.99
(0.98, 0.99)

0.031 0.99
(0.99, 1.00)

<0.001 0.99
(0.98, 0.99)
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and healthy diet were more likely to have high vaccine intent in
total cohort (AdjOR 1.41; 95 %CI: 1.16, 1.72; AdjOR 1.32; 95 %CI:
1.10, 1.59), in Australia (AdjOR 1.69; 95 %CI: 1.18, 2.42; AdjOR
1.43; 95 %CI: 1.12, 2.17) and in Singapore (AdjOR 1.53; 95 %CI:
1.08, 2.16; AdjOR 1.56; 95 %CI: 1.12, 2.17), respectively. Respon-
dents who sought medical help for COVID-19 related symptoms
like loss of smell/taste was negatively associated with high vaccine
intent across all cohorts (Table 3).
3.4. Independent risk factors related to information seeking behaviour
associated with high vaccine intent.

Respondents who do not update on COVID-19 frequently were
more likely to show high vaccine intent in total cohort, in Australia
and Singapore (Table 4). Respondents in total cohort, Australia and
Singapore who have more trust towards non-health related agen-
cies/people and digital media were significantly more likely to
have high vaccine intent (Total: AdjOR 1.29; 95 %CI: 1.11, 1.51, Sin-
gapore: OR 1.38; 95 %CI: 1.06, 1.81). Health seeking behaviour was
not significantly associated in Australia, however, respondents in
Hong Kong who felt that sufficient information on care and treat-
ment were provided, were significantly more likely to have high
vaccine intent (AdjOR 1.13; 95% CI: 1.03,1.25). Singaporeans who
are interested in general COVID-19 information (AdjOR 0.76;
95 %CI: 0.61,0.96) and perceived that seeking care/treatment
(AdjOR 0.74; 95 %CI: 0.61, 0.91) was important, were significantly
less likely to show high vaccine intent.
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3.5. Independent risk factors related to perceptions and self-efficacy
associated with high vaccine intent

Australians and Singaporeans with high self-efficacy were 1.02
times more likely to have high vaccine intent while respondents
with high self-efficacy in Hong Kong were 1.04 times more likely
to have high vaccine intent (supplementary Table 14).

Of the eight perception constructs identified by ECA and CFA,
three were significantly associated with high vaccine intent across
all countries. Perceived susceptibility towards individual risk that
addressed how likely respondents would be infected with
COVID-19 in the next few months due to an outbreak at home or
work, was positively associated with high vaccine intent (Total:
AdjOR 1.12; 95 %CI: 1.06, 1.19, Australia: AdjOR 1.17; 95 %CI:
1.05, 1.30; Hong Kong: AdjOR 1.13; 95 %CI: 1.01, 1.26; Singapore:
AdjOR 1.15; 95 %CI: 1.05, 1.26;). Perceived barrier towards self
which addressed how difficult it was to perform or adhere to mea-
sures directed at individual level like avoiding crowded places,
public transport, social distancing, masking, was negatively associ-
ated with high vaccine intent (Total: AdjOR 0.53; 95 %CI: 0.49,
0.56; Australia: AdjOR 0.42; 95 %CI: 0.37, 0.47; Hong Kong: AdjOR
0.69; 95 %CI: 0.63, 0.76; Singapore: AdjOR 0.48; 95 %CI: 0.43, 0.54).
Finally, perceived barrier towards government that addressed how
difficult it would be for measures like school closures, mass tem-
perature screening, lockdown and large-scale quarantine to be
implemented by government was also negatively associated with
high vaccine intent (Total: AdjOR 0.72; 95 %CI: 0.68, 0.75; Aus-



Table 3
Independent Risk factors for high acceptance towards COVID-19 vaccine associated with Practices.

Practices# (Total) Total cohort Singapore Hong Kong Australia

p-
value

AdjOR (95%
CI)

p-
value

AdjOR (95%
CI)

p-value AdjOR (95%
CI)

p-value

Wore a surgical mask when I was not sick 0.053 1.20 (0.99,
1.45)

0.109 1.32
(0.94.1.85)

– 0.000 1.84
(1.32,
2.56)

Wore a surgical mask when I was sick 0.421 1.13 (0.84,
1.51)

– – 0.031 1.77
(1.05,
2.98)

Cleaned & disinfected my house more often than before 0.001 1.41
(1.16,1.72)

0.015 1.53
(1.08,2.16)

– 0.005 1.69
(1.18,
2.42)

Avoided public transport 0.083 1.17
(0.98,1.39)

0.001 1.65
(1.23,2.22)

– –

Worked from home even though I was fine 0.138 1.15
(0.96,1.38)

– – 0.041 1.49
(1.02,
2.19)

Worked from home when I had a cold or cough <0.001 1.46
(1.18,1.79)

– – 0.099 1.40
(0.94,
2.08)

Kept my children out of school even though school was still
opened

0.013 1.33
(1.06,1.66)

0.014 1.62
(1.10,2.37)

– 0.501 1.17
(0.75,
1.82)

Avoided overseas trips to countries with COVID-19 cases – – 0.031 0.52
(0.28, 0.94)

–

Had a more balanced and healthy diet 0.003 1.32
(1.09,1.59)

0.009 1.56
(1.12,2.17)

– 0.035 1.43
(1.03,
1.99)

Took micronutrient supplements more frequently <0.001 1.49
(1.27,1.77)

0.033 1.37
(1.03,1.83)

0.005 1.49
(1.23, 1.98)

0.001 1.76
(1.25,
2.47)

Covered my mouth when I coughed or sneezed 0.001 0.56
(0.40,0.79)

– – 0.012 0.41
(0.20,
0.83)

Used caution while opening letters or packages 0.036 1.20
(1.01,1.43)

0.216 1.21
(0.89,1.64)

– 0.072 1.37
(0.97,
1.94)

Symptoms*
Yes - Fever 0.001 0.69

(0.56,0.86)
– 0.076 0.70

(0.47, 1.04)
–

Yes - Fatigue/lethargy 0.433 0.93
(0.78,1.11)

– – –

Yes - Shortness of breath 0.063 0.85
(0.72,1.01)

0.030 0.71
(0.52,0.97)

– 0.314 0.84
(0.60,
1.18)

Yes - Loss of smell 0.000 0.63.
(0.53,0.75)

0.000 0.53
(0.38,0.73)

0.028 0.71 (0.53,
0.96)

0.000 0.49
(0.34,
0.70)

Yes - Loss of taste 0.000 0.59
(0.50,0.72)

0.000 0.53
(0.39,0.73)

0.020 0.69
(0.50, 0.94)

0.000 0.43
(0.30,
0.62)

# Practices were carried out by respondents to reduce the risk of contracting or spreading COVID-19 after the first case was detected and before safety measures were
enforced or advised in their country.

* To ensure you are not infected with COVID-19, for which of these symptoms would you seek medical help? (reference category: No).
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tralia: AdjOR 0.69; 95 %CI: 0.63, 0.76; Hong Kong: AdjOR 0.78; 95 %
CI: 0.71, 0.84; Singapore: AdjOR 0.65; 95 %CI: 0.59, 0.71). (Fig. 1,
supplementary Table 14).

Perceived response efficacy towards social distancing which
includes limiting physical contact with friends and family, staying
indoors, avoiding public transport and crowded places, working
from home, school closures was positively associated with high
vaccine intent in Hong Kong (AdjOR 1.99; 95 %CI: 1.03, 1.40) and
Singapore (AdjOR 1.18; 95 %CI: 1.03, 1.36), but not in Australia.
Whereas perceived response efficacy towards public health system
addressing mandatory swab testing and vaccination, agreeing if
healthcare system in their country was effective and if vaccine
would be safe, was positively associated with high vaccine intent
in the total cohort (AdjOR 1.09; 95 %CI: 1.02, 1.17) and Hong Kong
(AdjOR 1.23; 95 %CI: 1.09, 1.39). Although remaining three percep-
tion constructs: perceived susceptibility towards government, per-
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ceived response efficacy towards mask wearing and perceived
response efficacy towards non-pharmaceutical interventions, were
correlated across all countries, they were not significantly associ-
ated with high vaccine intent (supplementary Table 14).
4. Discussion

Our study aims to understand various practices and perceptions
are associated with high vaccine intent in three countries which
are similar in their approach towards managing the COVID-19 pan-
demic but are different in their population demographics. At the
time of this survey distribution, Pfizer-BioNTech COVID-19 vaccine
was approved in all three countries but only Singapore had initi-
ated the vaccination program on 30th December 2020 [16]. Aus-
tralia and Hong Kong initiated the vaccine program after the
study period on 22nd – 23rd February 2020 respectively [5,6].



Table 4
Independent Risk factors for high acceptance towards COVID-19 vaccine associated with Sources and type of information.

Source of information Total cohort Singapore Hong Kong Australia

p-
value

AdjOR
(95% CI)

p-
value

AdjOR
(95% CI)

p-
value

AdjOR
(95% CI)

p-
value

AdjOR
(95% CI)

How often do you check for new updates on COVID-19? (reference: Daily*)
Weekly 0.193 1.14

(0.94,1.39)
0.216 1.24

(0.88, 1.73)
– 0.791 0.96

(0.68, 1.34)
Monthly 0.000 2.67

(1.63,4.35)
0.005 3.52

(1.45, 8.57)
– 0.010 3.06

(1.30, 7.19)
Rarely/never 0.094 1.31

(0.96,1.79)
0.009 2.26

(1.23, 4.14)
– 0.162 0.69

(0.42, 1.16)
From which of the following sources and types of media do you frequently get updates on COVID-19? No*
Non-health related agencies or people 0.001 1.29

(1.11,1.51)
0.016 1.38

(1.06, 1.81)
0.113 1.26

(0.95, 1.67)
0.197 1.21

(0.91, 1.63)
How much do you trust the following sources and types of media on their reporting about COVID-19?
Medical practitioners or health related government

agencies
– – 0.063 1.34

(0.98,1.81) –
Non-health related agencies or people <0.001 1.49

(1.24,1.82)
0.027 1.48

(1.04,2.09)
0.131 1.33

(0.92,1.93)
0.007 1.65

(1.15,2.38)
Traditional 0.330 1.07

(0.93,1.24)
– –

–
digital <0.001 1.32

(1.12,1.54)
0.006 1.48

(1.12,1.94)
– 0.004 1.59

(1.16,2.19)
What information about COVID-19 has been important for you to be updated on during this pandemic? Not important*
General disease specific information related to self 0.002 0.83

(0.75,0.93)
0.022 0.76

(0.61,0.96)
– –

Seeking care/treatment – 0.003 0.74
(0.61,0.91)

–
–

Global COVID-19 information – – – –
For each type of information about COIVD-19, was sufficient information provided by your government? Not sufficient*
General disease specific information related to self – – – –
Seeking care/treatment – – 0.013 1.13

(1.03,1.25) –
Global COVID-19 information – – – –
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4.1. Impact of demographic factors and health history

Gender was not found to be associated with high vaccine intent,
which was also reported by an Australian survey by Faasse and
Newby [17]. However, a systematic review on COVID-19 vaccine
receptivity conducted between 1 January and 20 October 2020
found males to be more receptive to being vaccinated. While
majority of the studies included in the systematic review were
from USA, other studies have also observed a similar pattern
among males possibly due to higher perceived risk of COVID-19
complications [19,20]. Although our study did not find any associ-
ation with age and high vaccine intent, a study carried out among
nurses found younger age to be associated with stronger vaccine
intent [21]. While an Indian study found older age
groups > 45 years are more willing to take the COVID-19 vaccine
[22], an Australian study found vaccine hesitancy to be associated
with younger than 60 years of age [23]. Country based analysis
found older people aged > 50 to be favorably disposed to vaccina-
tion in Europe, UK and Canada but reverse association was seen in
China [18]. Therefore, this suggests that other factors like type of
population and location of study may also play an important role
in influencing vaccine intent. In addition, the population at risk
were observed to be different when affected by the different vari-
ants of SARS-CoV-2 at different phases of the pandemic, which can
also influence the association between age groups and vaccine
intent [24].

Asians was observed to have a significantly higher vaccine
intent compared to Caucasians which is concurrent with findings
from studies in USA where vaccine acceptance amongst Asians
was higher than other races [25,26]. This suggests that difference
in cultural and social background can also influence their vaccine
intent. Being married was positively associated with high vaccine
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intent in Hong Kong while having children under 5 years and
elderly members in the household were positively associated with
high vaccine intent in Australia and Singapore respectively. This
suggests that having vulnerable individuals residing within the
same household is likely to influence vaccine intent. In addition,
socio-economic status was positively associated with high vaccine
intent in Hong Kong, similar to findings from a global survey con-
ducted in 19 countries as well as from recent review published by
Cascini et al. study in China [27,28]. While education and socioeco-
nomic status are known to be positively associated with determi-
nants of positive health outcome [23,26,27] it can influence
vaccine intent in any direction as explained by MacDonald et al.,
who concludes that various political and cultural factors can affect
vaccine hesitancy and complacency [11]. Unique factors like polit-
ical interference, political inclination and doubts towards expe-
dited vaccine development have also been shown to have effect
on COVID-19 vaccination [12,18].

Current smokers were positively associated with high vaccine
intent in Australia and Singapore but not in Hong Kong where
there are extensive tobacco control measures and current smoking
prevalence (10.8% smoking in persons aged over 15 in 2019) is one
of the lowest across the world [29]. In addition, individuals with
comorbidities were positively associated with high vaccine intent
in Hong Kong, concurrent with findings from USA [30]. Smoking
and comorbidities increase perceived susceptibility towards indi-
vidual risk thereby potentially increasing their vaccination inter-
est. Individuals who have had dengue vaccination was positively
associated with high vaccine intent in Australia and Singapore,
which is concurrent with evidence that prior vaccinations can
influence vaccination compliance in other diseases such as influ-
enza and dengue [31–33]. This suggests that investment in educa-
tion and risk communication to encourage positive attitude



Fig. 1. Perception constructs overall and country specific.
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towards vaccination against a specific disease is likely to have a
positive impact on achieving high vaccine intent against other
vaccine-preventable infectious diseases.
4.2. Impact of various practices and COVID-19 knowledge

4.2.1. Impact of lifestyle and health seeking behaviour
Respondents from all three countries that started taking

micronutrient supplements more frequently were significantly
more likely to show high vaccine intent. Those that cleaned and
disinfected their house more often than before and those that
had a healthy and balanced diet were also significantly more likely
to show high vaccine intent in Australia and Singapore. This sug-
gests that people who are diet and hygiene conscious will be more
likely to have higher intention to get vaccinated. Respondents that
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sought help for symptoms like loss of taste and smell and shortness
of breath were less likely to show high vaccine intent. These find-
ings are possibly due to the behavioural patterns in individuals. It
has been seen that individuals experiencing COVID-19 symptoms
may refrain from visiting the doctors in fear of being exposed to
the virus [34]. More studies are required to help understand these
barriers and its association with vaccine intent.
4.2.2. Impact of masking and social distancing practises on vaccine
intent

Masking irrespective of health status was seen to be signifi-
cantly associated with high vaccine intent in Australia suggesting
that people who were willing to wear masks would also be more
willing to vaccinate however this was not observed in Hong Kong
and Singapore. This can be attributed to masking being more
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prominent and a more habitual practice even before the pandemic
in some Asian countries [35]. Since the SARS outbreak, many Asian
countries would wear mask to protect against seasonal flu and
common cold, as well as a mean of prevention from inhaling exces-
sive amount of air pollutants [35,36]. Singaporeans avoiding public
transport and keeping their children out of school, and Australians
working from home when not feeling well were all significantly
associated with high vaccine intent. Moore et al., recently con-
cluded that intrinsic factors like returning to normalcy was one
of the key factors to drive vaccination behaviour [37]. While there
haven’t been many studies looking at daily practices as risk factors
for high vaccine intent, this study assessed and identified beha-
viours or practices that were seen amongst those with high inten-
tion to vaccinate against SARS-CoV-2.

4.2.3. Impact of knowledge on vaccine intent
Higher COVID-19 knowledge score was negatively associated

with high vaccine intent indicating that increased knowledge on
COVID-19 did not necessarily increase vaccine intent. This was val-
idated by our findings on health seeking behaviour wherein
respondents that thought specific COVID-19 information was
important or sufficient were also associated with low vaccine
intent. Similar findings have been concluded by Yan et al. [38], that
found knowledge as a negative predictor for vaccine intention and
speculated that there may be a more complicated relationship
between knowledge and vaccine intention. Contrasting findings
from Hong Kong have shown that inadequate knowledge is associ-
ated with vaccine hesitancy [39]. Furthermore, such knowledge-
behaviour gap has been observed in other vaccines such as human
papillomavirus [40]. Thus, it is not only important to provide
COVID-19 information but to also introduce health promotion
and disease prevention messages to increase vaccine intent.

4.3. Impact of information seeking behaviour

As online media is getting more popular over traditional print
media, increasing number of individuals are seeking health infor-
mation online [41]. This has increased tremendously during
COVID-19 pandemic with digital media being used as a means of
not only providing health information but also for crisis communi-
cation. Similar to findings by Liu et al. that found a positive corre-
lation between seeking COVID-19-related information on digital
media and practising preventive behaviours [42], our study found
seeking information from digital sources and non-health related
governmental agencies and family, friends and influencers to be
positively associated with high vaccine intent. A USA based study
suggested that vaccination uptake can be increased if one identifies
with the political speaker who is endorsing it and they also found
that a factually accurate message by an expert may not be effectual
to increase vaccination uptake [43]. Bonnevie et al. found influ-
encers to significantly increase beliefs on flu vaccine and they have
been engaged to not only market products but also to promote vac-
cination [44]. While countries like Singapore have adopted social
media and mobile messaging platforms to convey COVID-19 infor-
mation to the public [45], the role of influencers was positively
associated with high vaccine intent in all three countries. Influ-
encers can be meaningfully engaged to motivate people to get vac-
cinated and follow other preventive measures.

4.4. Impact of perception constructs

Amongst eight constructs that were derived by cluster and fac-
tor analysis, three were significantly associated with vaccine intent
across all countries; perceived susceptibility towards individual
risk, perceived barrier towards measures directed towards self
and government. Our findings with perceived susceptibility
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towards individual risk are in concordance with findings from sur-
vey related to HBM conducted in Israel that found higher perceived
severity was associated with increased intent to get vaccinated
[46]. Similarly, Macdonald et al reported that when perceived risks
of vaccine-preventable diseases are low and vaccination is not con-
sidered a required preventive action, vaccination complacency
exists [11]. Moreover, numerous studies concerning COVID-19
have shown similar pattern with perceived susceptibility, indicat-
ing that increased awareness of risk of infection can drive people
towards vaccination as a form of prevention [19,47–49]. While this
has also been reported by Yan et al’s study in which respondents in
Hong Kong displayed strong intention to vaccinate if they had a
greater level of susceptibility [38], it contradicts the findings from
another population-based study by Wong et al., wherein perceived
susceptibility was not associated with acceptance of COVID-19
vaccine [13]. These findings could be linked to the different study
time periods. While Wong et al.’s survey was conducted early on
in the pandemic, between July-August 2020, Yan’s and our study
periods were in early 2021. Change in people’s perception towards
susceptibility changes over time and can also change with varying
factors such as the type of variant, disease severity, availability of
treatment and vaccines and extent of preventive measures. While
perceived susceptibility towards individual risk may reduce over
time with relaxing of rules and decreased severity of the variant,
it can increase again with increased severity.

Perceived barrier has shown to have an inverse relation with
vaccine willingness as also seen in our study for vaccine intent
[13,49]. However, perceived barriers have been construed differ-
ently across studies based on the vaccine type [50]. This study
has determined two unique perceived barrier constructs associated
with vaccine intent: first, perceived barriers towards preventive
measures directed at an individual level, which include avoiding
public transport, social distancing, travelling, self-isolation, mask-
ing and daily temperature monitoring; second, perceived barrier
towards government measures which include quarantine, mass
temperature screening, school closures and city lockdowns.

While Australia did not see any correlation with perceived
response efficacy constructs, Singapore showed a positive correla-
tion with perceived response efficacy towards social distancing.
Hong Kong showed a positive correlation with perceived response
efficacy towards social distancing and public health system con-
strued by respondents’ belief in country’s healthcare system and
vaccine safety. Studies have shown a negative correlation with vac-
cine harm which was validated by our finding on a positive corre-
lation with vaccine safety [50,51]. This suggests that residents who
trust their health system efficacy would have a predilection for
vaccination.

While our study saw a positive correlation with vaccine intent
and respondents’ willingness to maintain social distancing and
self-isolation, survey conducted by Wang et al., in Hong Kong
observed a decrease in willingness to accept COVID-19 vaccine
with growing compliance of personal protection behaviours [51].
Attitude towards COVID-19 vaccination has changed over the
course of the pandemic with each wave showing different trends
[23,52]. Results from an online survey have shown a drop in intent
to get vaccinated in most countries including Australia which saw
a decrease from 88% to 79% in one month [52]. Understanding per-
ceptions across different waves of the pandemic will thus help in
understanding factors that can help to increase vaccine intent.

4.5. Impact of Self-efficacy

Individuals is likely to have higher degree of self-efficacy when
exposed to higher degree of threat and in this case the exposure to
SARS-CoV-2 virus [53]. Similar to our findings, Hao et al. identified
self-efficacy to be positively associated with vaccination behaviour
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in China [54]. This study concludes that self-efficacy plays a key
role in mediating between the effect of perceived susceptibility
and perceived barrier on vaccine intent.

While vaccine development usually takes over 10–15 years to
ensure safety and efficacy [55,56], U.S. FDA gave its full approval
to the first COVID-19 vaccine on 23rd August 2021, less than two
years after SARS-CoV-2 was first identified. Despite proven safety
and efficacy of COVID-19 vaccines, low vaccine intent or hesitancy
can be attributed to side effects and hasty vaccine development
[18,57]. Perception towards long-term side-effects and the dura-
tion of vaccine effectiveness need to be studied to understand its
impact on vaccine intent. Interventions to improve self-efficacy
or studies trying to alter perceptions take time and have shown
limited success [58]. Although the three countries surveyed are dif-
ferent demographically, culturally and politically, high vaccine
intent may be achieved by some common approaches based on
our study findings. Firstly, by increasing people’s perception
towards COVID-19 susceptibility, especially among the more vul-
nerable subpopulation, by means of social media and influencers.
Secondly, by implementing public health measures that are sus-
tainable and manageable by the respective government and
healthcare system to achieve trust and confidence among the pop-
ulation. Finally, by investing in risk communication as part of pan-
demic preparedness to reduce the perceived barriers and increase
the self-efficacy of vaccination.
5. Strengths and limitations

One key strength of this study lies in validity and reliability of
perception constructs that has been derived with a robust statisti-
cal method. A limiting factor of this study is the vaccine intent
group classification, which was based on their willingness to vol-
untarily get vaccinated, but this may not necessarily imply they
will ultimately get vaccinated. Other limitations are related to
survey-based studies namely; 1. potential over-simplification of
findings due to a lack of a longitudinal study design, 2. potential
social desirability bias resulting from closed responses, 3. limited
generalisability of findings due to potential skewed in respondents’
demographic, 4. potential recall bias due to questions related to the
start of pandemic and 5. due to the nature of a cross-sectional
study, the investigation of a causal relationship between the risk
factors and vaccine intent is limited.
6. Conclusion

Understanding factors that drive high vaccine intent should
guide policy and risk communication strategies to achieve more
positive vaccine uptake behaviour. Our study found that perceived
susceptibility and perceived response efficacy were positively
associated with high vaccine intent for COVID-19. On the contrary,
perceived barriers were negatively associated. While intent to get
vaccinated is high among those that have an increased perceived
susceptibility towards compliance with preventive measures, this
may also decrease over time as perceived barriers increases at dif-
ferent phase of the COVID-19 pandemic.
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