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ABSTRACT

Singapore has one of the highest COVID-19 vaccination rates, however identifying vaccine-hesitant sub-
groups and their concerns is vital given the need for future boosters in vulnerable populations.
Furthermore, vaccine hesitancy remains a concern in the event of an emergence of a newer strain that
necessitates the rolling out of a new vaccination programme. The aims of this study were to establish the
extent of COVID-19 vaccine hesitancy and the factors influencing it among adults in Singapore using the
Vaccine Hesitancy Scale (VHS). The study used a longitudinal methodology and participants were
recruited in two waves from May 2020 to Sep 2022. In all 858 participants agreed to participate in both
waves of the study. The two-factor structure of the VHS scale as established in earlier studies was tested
using confirmatory factor analysis. The results revealed a two-factor structure of VHS comprising “lack of
confidence” and “risks”. Those who had higher stress, resilience, and concerns that they might be infected
with COVID-19 at wave 1 were significantly associated with lower ‘lack of confidence’ scores i.e. lower
vaccine hesitancy. In comparison, those with higher concerns about inadequate government preventive
measures and unemployment at wave 1 were significantly associated with higher ‘lack of confidence’
scores. Those with higher concerns about inadequate government preventive measures in wave 1 were
significantly associated with higher ‘risks’ scores i.e. higher vaccine hesitancy. The findings point toward
the need for a nuanced messaging that considers the fears expressed by the populace and addresses
them directly using clear simple language.
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Introduction vaccine hesitancy globally in June 2021, individuals from 23

Vaccine hesitancy has been defined as a “delay in acceptance or
refusal of vaccination despite the availability of vaccination
services.”' Vaccine hesitancy has existed for many years,
although evidence suggests that concerns have grown in recent
years.>> Vaccine hesitancy is a major barrier to achieving herd
immunity and increases the vulnerability and subsequent risk
of severe outcomes in vulnerable populations to vaccine-
preventable diseases such as flu, hepatitis B, and pneumococcal
infections. The World Health Organization (WHO) identified
vaccine hesitancy as one of the top 10 threats to global health
in 2019, even before the era of the COVID-19 pandemic.4

As COVID-19 surged worldwide, in addition to protective
measures such as physical distancing and quarantine, the
development of vaccines occurred at an unprecedented pace,
as it was acknowledged that they would be critical to control
the pandemic.” Several COVID-19 vaccines were developed
within a year of the COVID-19 pandemic.” However, vaccine
hesitancy has remained a significant public health challenge,
with a portion of the population remaining skeptical about
vaccination’s safety and benefits”® and either refusing or
delaying vaccination. In a survey investigating COVID-19

countries were surveyed.” Slightly less than one-fourth (24.8%)
of the 23,000 respondents reported vaccine hesitancy. The
authors defined vaccine hesitancy as not having received
even one dose of a COVID-19 vaccine and either “unsure/no
opinion,” “somewhat disagree,” or “strongly disagree” with the
question of whether they would take a COVID-19 vaccine
when available to them. Of the countries surveyed, vaccine
hesitancy was highest in Russia (48.4%), Nigeria (43%), and
Poland (40.7%) and lowest in China (2.4%), the United
Kingdom (U.K.) (18.8%), and Canada (20.8%).

Studies examining the correlates of vaccine hesitancy have
largely found that younger people,'®'" women,'®"" people with
low income,”'* and people with lower levels of education'>'*
were among those reluctant to be vaccinated. Interestingly,
vaccine hesitancy was positively correlated with anxiety (in
South Korea and the U.S.), whereas depression was correlated
with vaccine hesitancy in South Africa.” Similarly, a study in
Japan showed that respondents with severe psychological dis-
tress were more likely to have vaccine hesitancy related to the
COVID-19 vaccines."”” On the other hand, several studies have
found that fear of COVID-19 infection and health consequences
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were associated with vaccine acceptance.'®'” Few studies have

examined the role of resilience in vaccine hesitancy, and the
literature shows mixed findings. Barbieri et al."® found that
vaccine hesitancy in a rural Italian population was predicted
by high resilience, while in the urban population, resilience did
not emerge as a significant predictor.” Kilgore et al. similarly
found that lower psychological resilience predicted vaccine
acceptance in U.S. residents. In contrast, a study by Mo et al.*
among Chinese healthcare workers found that resilience was
significantly associated with the intent to receive a COVID-19
vaccination. A study in Malaysia had similar findings, i.e., indi-
vidual resilience was significantly associated with vaccine
acceptarlce.21

Singapore launched one of the most successful vaccination
programmes worldwide.*” The Singapore Government had allo-
cated over SGD$1 billion (USD$750 million) for vaccine
procurement,” and Singapore was the first nation in Asia to
receive the Pfizer-BioNTech COVID-19 vaccine. Vaccinations
were free to all Singapore residents and the programme was
progressively rolled out with priority given to frontline workers,
older adults, and persons with chronic medical conditions. The
two mRNA vaccines, Pfizer-BioNTech and Moderna, were
made available widely through designated vaccination centers
which were set up in the community as well as through general
practitioners. Individuals could choose which of the two vac-
cines they preferred. The Sinovac vaccine was later made avail-
able at more than 20 private GP clinics to encourage vaccination
among those desiring inactivated vaccines to mRNA vaccines.
Vaccination was made available at home for persons who were
unable to leave home (e.g., persons with disabilities, mobility
difficulties, etc.) through Home Vaccination Teams.** Data as of
March 2023 shows that about 90% of Singapore’s population
was fully vaccinated. These figures are lower than that from
Macau, Brunei, United Arab Emirates, and Qatar where more
than 99% of the population have been fully vaccinated.
However, it is much higher than many other developed coun-
tries like the USA (68%), the U.K. (76%), Germany (76%), and
Luxembourg (75%).%

Studies have found vaccine hesitancy despite the high vacci-
nation rates in the Singapore population, especially in specific
sub-populations: vaccine hesitancy was noticed among older
adults, with about 25% of adults above the age of 60 remaining
unvaccinated and not having booked appointments for vaccina-
tions as of July 2021.%° A study by Griva et al.*’ found that
vaccine hesitancy was 9.9% at six months’ post-launch of the
adult vaccination program. Vaccine hesitancy was higher
among females, those aged 31 to 40 years, employed and earning
an income between S$5,000 and S$12,999 with no chronic ill-
nesses. In addition, subjects with vaccine hesitancy reported
lower risk perception of COVID-19, were more distrustful and
concerned about the vaccine, and perceived fewer benefits of the
vaccine than those who were willing to be vaccinated. However,
specific gaps remain in the understanding of vaccine hesitancy.
First, few studies in Singapore employed a structured scale to
measure vaccine hesitancy. Vaccine hesitancy was largely mea-
sured as those who had not received a vaccine to date and were
unwilling/undecided to get vaccinated in the near future.
Second, these were cross-sectional studies; hence, causal rela-
tionships could not be established.

The current study aims to address some of these gaps by
following up on a longitudinal cohort established during the
early phase of the COVID-19 pandemic and using a structured
scale to examine vaccine hesitancy. This study is essential for
several reasons. Firstly, in Singapore, the government has
acknowledged that the endemic COVID-19 stage will not be
static, and new infection waves should be expected occasion-
ally. The Ministry of Health, Singapore encourages boosters
one year after the last booster dose for persons aged 60 years
and above, medically vulnerable persons, and residents of aged
care facilities.?® Hence, vaccine hesitancy must be tackled even
in the ‘endemic COVID-19’ stage. Identifying vaccine-hesitant
sub-groups and their concerns is vital to ensure minimal
morbidity and mortality. Secondly, in the event of an emer-
gence of a newer strain that necessitates the rolling out of
a new vaccination programme, there is a need for local data
to augment the extant literature. Lastly, vaccine refusal is not
vaccine hesitancy, so there is a need for a survey tool that can
be used globally and would allow comparability across coun-
tries in future pandemics.

Specifically, the study aims to (1) establish the extent of
COVID-19 vaccine hesitancy among adults in Singapore using
the Vaccine Hesitancy Scale (VHS)?; (2) identify sociodemo-
graphic, clinical, and psychosocial factors associated with vac-
cine hesitancy toward COVID-19 vaccination.

Methodology

The study has been described in detail in an earlier article.”
Briefly, participants from a national psychiatric epidemiological
study conducted in the general population of Singapore, the
SMHS 2016,”" who had agreed to be re-contacted for future
studies (n =3370) were approached via phone and e-mail to
seek their willingness to participate in the study. To be included
in the survey, participants had to be (i) 18 years of age and
above, (ii) Singapore residents, and (iii) able to speak in
English, Chinese, or Malay. Exclusion criteria were (i) severe
physical or mental disorders that limited participation in the
study and (ii) not staying in Singapore during the survey period.

The study comprised two waves of interviews. The first
wave was conducted from May 2020 to June 2021. 1129 parti-
cipants agreed to participate in the study, giving a response
rate of 54.8% (after excluding those whose contact details were
invalid). Wave 1 of the study corresponded with the early
phase of the pandemic in Singapore (circuit breaker lasting
until June 2020, when people were asked to stay home and go
out only if necessary, to June 2021, when Singapore remained
in the heightened alert stage). During wave 1, vaccines were
largely not available to the general public. These participants
were followed up for the second wave of interviews between
Oct 2021 and Sep 2022. In all, 858 participants agreed to
participate in the second wave, giving a response rate of
76.0%. Wave 2 largely corresponded with the later mid-late
stages of the pandemic (stabilization phase to transition phase)
in Singapore, and vaccines were available to the public. The
surveys were conducted by research staff with a degree/post-
graduate qualification in psychology or social work. Two of the
senior researchers M.S and Sa.S trained staff to administer
consent and the survey. The survey was conducted as



a structured interview, and minimal probes were used. All
participants provided written informed consent using online
software or in person (after lifting of physical-distancing
restrictions). Interviews were conducted on the Zoom plat-
form or in person, and data was captured using QuestionPro.

Questionnaires
Wave 1

General Anxiety Disorder —7 (GAD-7) was used to identify
probable cases of anxiety.”> A cutoff score of > 10 was used to
determine caseness.

The Patient Health Questionnaire-9 (PHQ-9) was used to
identify depression.”> A PHQ-9 sum score of > 10 was used to
define caseness.

The Depression Anxiety and Stress Scales (DASS) was used
to capture stress.”* The Stress sub-scale assesses tension, agita-
tion, and negative affect. A cutoff score of > 15 was used to
determine stress.

The 6-item Medical Outcomes Study Social Support
Survey” was used to measure social support. Mean scores
across the six items were calculated, with higher scores indi-
cating greater levels of social support.

The Brief Resilience Scale (BRS) was used to measure resi-
lience. It is a 6-item instrument that assesses the ability of
individuals to bounce back or recover from stress.*

We also examined sources of stress, including the risk of
contracting COVID-19 by self or family, employability, and
financial concerns. In addition, other COVID-19 related fac-
tors like exposure to COVID-19 cases in their neighborhood,
and whether they had been placed under quarantine were
assessed. Sociodemographic data was captured using
a structured questionnaire.

Wave 2

The questionnaires used in Wave 1 were re-administered in
Wave 2 with minor changes to accommodate newly imple-
mented COVID-19 related regulation and policies.

Additional questionnaires included:

Vaccine Hesitancy Scale (VHS): The attitudes toward vac-
cination were measured using Thaker’s 14-item VHS,** pre-
viously developed and validated elsewhere. The questions
followed a prompt, “Regarding COVID-19 vaccines, how
much do you agree or disagree with the following statements.”
Eight items of the scale were from the previously validated
9-item VHS,” and six new items were sourced from systematic
reviews about vaccine hesitancy.’®** All items were scored
using a 5-point scale, from strongly disagree (1) to strongly
agree (5), with neither agree nor disagree (3) as a mid-point.
Total scores were generated by adding up the scores of the
individual items. The seven items from the ‘lack of confidence’
domain were reverse coded so that higher scores indicate
higher ‘lack of confidence’ and ‘risks’.*' No changes were
made to the wording of the 14 items of the original scale.
The scale was translated into Chinese and Malay using certi-
fied translators. Language experts in the team confirmed that
the translations were appropriate. After the completion of the
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first five interviews in English, Malay and Chinese, participants
were asked if they understood the questions and whether any
words or phrases were difficult to understand. The participants
did not identify any difficulties in understanding the scale.
Participants were asked about their current state of vaccina-
tion. They were also asked if they had made an appointment to get
vaccinated. Receiving at least one vaccination dose or an appoint-
ment to receive the vaccine was taken as vaccine acceptance.

Statistical analyses

Descriptive statistics were calculated, including frequencies, per-
centages, means, and standard deviations of each item and the
total scores across factors. The previous two-factor structure of
the VHS scale® was tested on the sample (1 = 858) using con-
firmatory factor analysis (CFA). Polychoric correlations with
robust weighted least squares (WLSMV) estimator were used.
The model fit of the final model was assessed using the following
indices: comparative fit index (CFI), root mean square error of
approximation (RMSEA), standardized root mean square resi-
dual (SRMR), and Tucker - Lewis Index (TLI). CFI and TLI
values > 0.95 are considered to be a reasonably good fit, while
RMSEA value < 0.06 and SRMR value < 0.08 are considered to be
acceptable fit.*” Reliability in the context of the internal consis-
tency of each subscale was evaluated using Cronbach’s alpha
coefficient.

Subsequently, two multivariable linear regressions were
conducted to explore the associations between sociodemo-
graphic factors and derived factors from the final model.
A series of linear and multivariable linear regression analyses
were also conducted to determine the relationship between the
VHS scores and COVID-19 vaccine acceptance (collected in
wave 2), as well as VHS scores collected in wave 2 and psy-
chological distress (depression, anxiety and stress), resilience,
social support, and COVID-19 related stressor scores deter-
mined in wave 1 and wave 2. A weighted analysis was used to
ensure that the survey findings were representative of the
Singapore adult population. All analyses were conducted
using MPLUS and Stata 14.0. Statistical significance was set
at 0.05 for all statistical tests.

Results

Table 1 presents the sociodemographic characteristics of the
study participants. The participants’ mean (S.D.) age was 47.8
(15.9) years. The majority were ethnic Chinese (76.5%), mar-
ried (63.3%), and employed (75.3%).

Factor validation

Factor loadings, intercorrelations between factors, good-
ness of fit indices, and Cronbach alpha of the VHS are
presented in Supplementary Table S1. A two-factor model
was tested and found to provide a good fit (CFI=0.985,
RMSEA =0.051, SRMR =0.040, and TLI=0.982). The
Cronbach’s a coefficient for the two factors were 0.93 and
0.79, respectively. The two factors were labeled as ‘lack of
confidence’ and ‘risks’ in accordance with the factors iden-
tified by Thaker® (Figure 1).
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Table 1. Sociodemographic characteristics of the sample (Wave 2; n = 858).

Weighted Singapore Census 2020
N % %
Age group (years) 21-34 292 24.7 245
35-49 287 30.0 285
50-64 171 27.2 27.8
65+ 88 18.1 19.2
Gender Female 393 48.9 51.7
Male 465 51.1 483
Ethnicity Chinese 322 76.5 76.1
Malay 197 1.5 124
Indian 244 8.6 8.5
Others 95 34 3.0
Marital Never married 264 26.8 26.9
Married 535 63.3 62.8
Divorced/Separated/Widowed 59 9.9 10.3
Education Primary and below 31 11.8 16.3
Secondary 104 235 243
Post-Secondary 293 25.8 27.1
Degree and above 430 389 324
Employment Employed 696 753 63.8
Economically inactive 127 209 322
Unemployed 35 3.8 4.0
Personal Income (SGD) Below 2,000 or no income 196 32.0 -
2,000 to 3,999 242 26.6 -
4,000 to 5,999 194 18.8 -
6,000 to 9,999 138 15.0 -
10,000 and above 78 7.6 -

Economically inactive — Students, homemakers and retirees.
SGD - Singapore dollar.
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Figure 1. A two-factor structure of the VHS.

Item endorsement

Table 2 shows the endorsement of items on the ‘lack of con-
fidence’ and ‘risks’ domains by the respondents. In terms of
‘lack of confidence’ the majority agreed (strongly agree/agree)
that vaccines are - important for health (88.5%), effective

(80.3%), and important for the health of others in the com-
munity (93.6%). Furthermore, the majority agreed that all
vaccines offered by the government program in the commu-
nity are beneficial (87.5%), information received about vac-
cines from the program is reliable (81%), getting vaccines is
a good way to protect themselves from diseases (88.7%), and
generally, they do what the doctor or healthcare provider
recommends about vaccines (89.5%). In terms of ‘risks,” only
7.6% stated that they agreed (strongly agree/agree) with the
statement that vaccines cause diseases, 14.9% felt uncomfor-
table getting vaccinated, 43.4% were uncomfortable getting
a vaccine that was rushed into production, and 25.8% stated
that government over hypes the need for vaccines.

Sociodemographic correlates of lack of confidence and
risks

Table 3 shows the correlates of the two vaccine hesitancy factor
scores calculated by summing the items derived from the final
CFA model. The scores ranged from 7 to 35. The mean and
standard deviation of the ‘lack of confidence’ and ‘risks’ scores
were 12.5 (4.6) and 19.6 (4.7), respectively.

Multivariable linear regression analyses found that those of
Malay and Others ethnicity (versus Chinese) were significantly
associated with lower ‘lack of confidence’ scores while eco-
nomically inactive i.e., the group comprising students, home-
makers and retirees (versus employed) were significantly
associated with higher ‘lack of confidence’ scores. We did not
find any association of age, gender, marital status, education or
personal income with ‘lack of confidence’ scores. Those aged
35 to 49 years (versus those aged 18-34 years) were signifi-
cantly associated with higher ‘risks’ scores, while those of
Others ethnicity were significantly associated with lower
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Table 2. Percentage of extent of agreement with items of the ‘lack of confidence’ and ‘risks’ domains in the overall sample.

Weighted %

Neither agree

Items Strongly disagree Disagree  nor disagree  Agree Strongly agree
1. Vaccines are important for my health. 1.0 1.4 9.1 379 50.6
2. Vaccines are effective 13 3.6 14.8 50.3 30.0
3. Vaccines are important for the health of others in my community 0.8 1.0 4.6 441 49.5
4. All vaccines offered by the government program in my community are beneficial 1.1 22 9.2 46.3 41.2
5. New vaccines carry more risks than older vaccines 42 214 50.9 16.8 6.7
6.  The information | receive about vaccines from the program is reliable 1.0 2.9 15.0 60.4 20.6
7.  Getting vaccines is a good way to protect myself from diseases 1.6 1.1 8.6 47.7 41.0
8. Generally | do what my doctor or healthcare provider recommends about vaccines 1.4 1.8 73 54.0 355
9. | am concerned about serious adverse effects about vaccines 6.4 19.0 21.8 35.2 17.6
10.  Vaccines cause diseases 213 40.7 30.4 6.7 0.9
11.  Government over hypes the need for vaccines 12.5 41.7 19.9 20.0 5.8
12 Corporations manufacturing vaccines only care for profit 46 309 40.0 18.3 6.2
13. | am uncomfortable getting a vaccine that was rushed into production 5.7 26.0 25.0 319 11.5
14. | feel uncomfortable getting vaccinated 19.0 54.0 12.0 1.9 3.0
Table 3. Sociodemographic correlates of lack of confidence and risks.
Lack of confidence Risks
b 95% Cl P value b 95% Cl P value
Age
21-34 1.0 1.0
35-49 0.9 (—0.4,2.3) .180 1.6 (0.4,2.8) .008
50-64 0.2 (-1.3,1.8) .785 0.7 (-1,23) 435
65+ 0.6 (=1.1,24) 474 13 (-0.9,3.5) .256
Gender Female 0.7 (=0.2,1.6) 0.133 0.4 (=0.5,1.3) 340
Male 1.0 1.0
Ethnicity Chinese 1.0 1.0
Malay -1.1 (=2,-0.2) 015 0.6 (-0.4,1.6) 229
Indian -0.5 (-1.4,0.3) 204 0.2 (-0.8,1.1) .750
Others =22 (-3.3-1.0) <.001 -1.9 (=3.5,-0.4) 014
Marital Married 1.0 1.0
Never married 0.9 (-0.5,2.3) .188 0.2 (-1.1,1.4) 781
Divorced/Separated/Widowed 0.7 (=1,2.4) 417 -0.2 (—-2,1.6) 836
Education Primary and below -1.7 (-3.7,04) 112 -1.1 (-3.7,1.4) .385
Secondary -0.3 (=2,1.3) .700 -0.5 (-2.2,1.3) 615
Post-Secondary 0.1 (-1.1,1.3) .904 0.5 (-0.6,1.6) 354
Degree and above 1.0 1.0
Employment Employed 1.0 1.0
Unemployed 1.2 (-1.54.1) .381 -0.6 (—4.0,2.7) 727
Economically inactive 1.4 (0.002,2.9) .050 0.7 (-0.8,2.3) 345
Personal income Below 2,000 or no income 0.3 (-1.9,2.4) .802 1.0 (-1.5,3.5) 441
2,000 to 3,999 1.7 (0,3.5) .056 15 (-0.8,3.7) 197
4,000 to 5,999 13 (-0.3,3) 110 2 (-0.1,4.1) .062
6,000 to 9,999 1 (-0.7,2.7) 253 15 (—0.6,3.6) 156
10,000 and above 1.0 1.0

Economically inactive — Students, homemakers and retirees.

‘risks’ scores. We did not find any association of gender,
marital status, education, employment status or personal
income with ‘Tlack of confidence’ scores.

Relationship between psychological distress factors,
social support, resilience, COVID-19 stressors, vaccine
acceptance, and ‘lack of confidence’ and ‘risks’ scores

In wave 2, we found that vaccine acceptance, resilience scores,
and COVID-19 stressors were significantly associated with
VHS’s ‘lack of confidence’ and ‘risks’ subscale scores
(Table 4). After adjusting for ethnicity and employment in
multivariable linear regression analyses, those who had higher
vaccine acceptance, resilience scores, and concerns that family
members might die due to COVID-19 were significantly asso-
ciated with lower ‘lack of confidence’ scores. At the same time,

those with higher concerns related to unemployment were
significantly associated with higher ‘lack of confidence’ scores.
Those with higher vaccine acceptance and resilience scores
were significantly associated with lower ‘risks’ scores, while
those with higher concerns related to unemployment and they
might be infected with COVID-19 were significantly asso-
ciated with higher ‘risks” scores.

Using data from wave 1, we found that those who had higher
stress, resilience, and concerns that they might be infected with
COVID-19 were significantly associated with lower ‘lack of
confidence’ scores. In comparison, those with higher concerns
about inadequate government preventive measures and unem-
ployment were significantly associated with higher ‘lack of con-
fidence’” scores. Those with higher concerns about inadequate
government preventive measures were significantly associated
with higher ‘risks’ scores (Table 4).
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Discussion

Our study validated the VHS scale in the multi-ethnic popula-
tion of Singapore. Both the original factor structure, high
inter-correlation of the items, and its association with vaccine
acceptance suggests that the scale would be of value as
a generalized VHS in Singapore, which is similar to the results
of the original scale development and validation exercise in
New Zealand.”

This study has further provided a deeper understanding of
the dimensions associated with vaccine hesitancy in this popu-
lation. The ‘lack of confidence’ dimension was not a significant
concern regarding COVID-19 vaccines in Singapore, as the
two items ranked lowest in confidence still saw 80% of the
population in agreement that the vaccine was effective and
81% of the population in agreement that the information
they received about the vaccine was reliable. However, regard-
ing risks, 52.8% of the sample agreed that they were worried
about the vaccine’s side effects, and 43.4% agreed that they felt
uncomfortable getting a vaccine that was rushed into produc-
tion. Thus, ‘risks,’ i.e., concerns regarding the side effects and
the rapid development of vaccines, were the main drivers of
vaccine hesitancy, and these two factors have been similarly
identified in several other studies.*> *> A qualitative study by
Brown et al.*° revealed that the participants found it difficult to
understand the rapid development of COVID-19 vaccine espe-
cially compared to older vaccines. This difficulty led to safety
concerns such as whether they were tested well enough within
this short period and if there were adverse side effects yet to be
discovered. A study from Israel found that both healthcare
workers and the general population were fearful of the vac-
cine’s safety profile, given its rapid development. Their safety
concerns included quality control in the production of the
vaccine, and the potential side effects of the vaccine.*” Rief*®
suggests that it is important to acknowledge that vaccine side
effects can happen, provide constructive information and
ensure easy access to medical services to address such con-
cerns. Furthermore, he suggested the need to balance the risk
and benefit information and provide such information in
a language that is easily understood by people. Thus, there is
a need for rapid research using validated scales to understand
the reasons for vaccine hesitancy and counter the misinforma-
tion regarding vaccines and provide evidence-based data to
help people make informed choices, especially during epi-
demics and pandemics.

Unlike several other studies,” " our study failed to find any
association between vaccine hesitancy and the younger age
group or gender. Surprisingly, those aged 35 to 49 years (versus
those aged 18-34 years) were significantly associated with
higher ‘risks’ scores. Those in this age group were more likely
to have young children, and studies have found that parents
were more worried about the risks associated with vaccinating
children.*** However, we did not capture any family compo-
sition data and hence were unable to analyze it further.

The study found an association between vaccine hesitancy
and ethnicity with those of Malay and Others ethnicity (versus
Chinese) significantly associated with lower ‘lack of confi-
dence’ scores. A survey from the U.K., found that of the
12,035 participants who completed the survey, the highest
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vaccine hesitancy was seen among Black (71.8%), followed by
Pakistani/Bangladeshi (42.4%) and Mixed (32.4%) ethnicity
people.'® Lack of trust due to systemic discrimination,”"*
under-representation of minorities in health research and vac-
cine trials,> and access to vaccinations have all been suggested
to play a role. On the other hand, the Muslim religious groups
in Singapore were proactive in supporting the importance of
vaccination. In Dec 2020, the Muslim religious authority in
Singapore issued a fatwa (Islamic religious ruling, regarding
the issue of concern) saying that it is permissible to take the
vaccine due to it being a basic necessity, and its safety and
efficacy would have been ensured before being approved for
public use. The Muslim community was encouraged to take
the vaccine when it became available.”* The Government also
ensured that the vaccination centers were located strategically
near community centers, in primary care centers as well as in
areas more likely to be frequented by the Malay community.
These efforts highlight effective ways to engage minority
groups and ensure that barriers to access are minimized,
which in turn increases vaccine acceptance.

Data from both waves found that higher resilience was
significantly associated with lower ‘lack of confidence’ and
‘risks’ scores, i.e., lower vaccine hesitancy. Research suggests
that resilience encompasses positive adaptation to
adversities.”” Using a stressful task involving risky investment
decisions, Xing and Sun>® demonstrated that resilient indivi-
duals chose investment options associated with higher returns
and experienced more positive affect. Thus, resilient people
would be more likely to take the vaccine as a positive adapta-
tion to counter the adverse consequences of a COVID-19
infection despite some of the potential risks of the vaccine.
Additionally, those in wave 1 with higher stress and concerns
of being infected by COVID-19 were significantly associated
with lower vaccine hesitancy (‘lack of confidence’ scores). This
finding is in line with previous literature.”” > Vaccination
reduces negative disease outcomes, so people who experience
greater fears of becoming infected and having adverse compli-
cations following the infection may be more willing to receive
it. Surprisingly, those with higher concerns related to unem-
ployment in both the waves had higher ‘lack of confidence” and
‘risks’ scores, i.e., higher vaccine hesitancy. Our finding is
similar to that observed by Bendau et al.”” Their study found
that economic fears (fear of the economic consequences of the
pandemic) were significantly negatively correlated with vac-
cine acceptance. It is possible that those fearing unemployment
may also have lower trust in the government’s ability to imple-
ment successful preventive measures (a concern that was asso-
ciated with higher ‘lack of confidence’ and ‘risks’ scores in the
current study). Thus, they may be skeptical about the vaccines,
which were seen mainly as an initiative being led or supported
by the government. The hesitancy may represent an overall
distrust toward the preventive measures. It is also possible that
those fearing unemployment may have been afraid of losing
their jobs due to the vaccine’s side effects. They may have felt
that while the infection was not within their control, getting
vaccinated was a choice they could decline.

The main limitations of our study include the response rate
of 54.8% in the first wave and the fact that the sample
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comprised a majority of younger people. While the response
rate of 54.8% is satisfactory given the pandemic, older adults
were reluctant to participate in the study as many were uncom-
fortable managing the Zoom platform and signing the consent
form online. While we tried to approach them face-to-face
once the restrictions were eased, many expressed fears of
contracting the disease. Thus, the sample is limited in terms
of its representativeness. About 25% of the population that
participated in wave 1 refused to do so in wave 2. This is
a substantial portion of the original sample and it is possible
that our results would have been different in the absence of this
attrition. Respondents may have been hesitant to express their
views openly concerning vaccine hesitancy as the surveys were
not conducted in an anonymized manner, i.e., the respondents
were potentially identifiable. While not compulsory, vaccina-
tion was strongly encouraged in Singapore, which may have
made it difficult for respondents to voice hesitation. Lastly, the
study did not consider the the impact of vaccine hesitancy on
the vaccinated population’s mental health,® which is an
important area of future research. The study’s strengths
include the longitudinal study design, the high response rate
in wave 2, the use of a structured scale to assess vaccine
hesitancy and the administration of the survey in multiple
languages, ensuring inclusivity.

In conclusion, our study validated the VHS in a multi-
ethnic Asian country and identified the factors associated
with vaccine hesitancy. Overall, vaccine hesitancy was low in
Singapore, although some fears related to the rapid develop-
ment of the vaccine were expressed. The pandemic has high-
lighted the importance of clear communication by government
officials, public health and infectious disease experts who are
trusted by the public. It is important that domain experts,
communicate clearly in the face of an evolving pandemic and
do not frequently change the message.®' To avoid misinforma-
tion, experts must communicate a more nuanced message to
ensure that the complexity of an issue is understood and not
rely on overtly simplistic messaging.

Furthermore, identifying resilience and the different roles
of pandemic-related stressors as contributory factors is
a significant contribution of this research, which has public
health implications. Countries must consider initiatives to
build resilience and mitigate stressors at the community and
national level as an essential component of pandemic pre-
paredness. This includes putting systems and strategies in
place to face the next pandemic better, such as rapid deploy-
ment of widespread testing and contact tracing, creation of
isolation centers, ensuring the availability of hospitals with
sufficient intensive care beds, specialized healthcare workers,
ventilators and antiviral therapies.®' The public must also be
made aware of their roles and responsibilities including
complying with the rules and regulations set forth by gov-
ernments to control the spread of the pandemic, taking up
vaccinations, and ensuring that misinformation is not spread
but immediately debunked.®’ Personal resilience can be
strengthened by several psychological interventions, which
must be evaluated, preferably using randomized-controlled
trials as a part of emergency preparedness. Furthermore,
extending the research to include rapid qualitative
research®® would provide deeper insights into vaccine

hesitancy and the development of culturally sensitive inter-
ventions for the multi-ethnic population.
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