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Abstract
Background: Vaccine hesitancy has seriously compromised the COVID-19 vaccine roll-out across the
Western Paci�c; nevertheless, evidence-based recommendations that account for the heterogeneity of
vaccine-hesitant populations in this region remain lacking. To help design customized vaccine
communication strategies, we sought to investigate the pro�le of the vaccine-hesitant populations in
Cambodia, Japan, Lao PDR, Malaysia, Mongolia, Papua New Guinea, Philippines, Republic of Korea, and
Viet Nam.

Methods: Using 16,408 survey responses from an international survey distributed in 2021 and 2022, we
identi�ed hidden subgroups by conducting latent class analysis (LCA) and examined their vaccine
acceptance and booster uptake by using Ordinary Least Square (OLS) regressions.

Findings: Our LCA approach identi�ed six classes: college students, distrusters of health care providers
(HCPs), stay-at-home mothers, the elderly, compliant pragmatists, and general working population.
Booster uptake were signi�cantly low in two groups: college students [13 percentage points; 95% CI -0.21
to -0.05] and HCP distrusters [8 percentage points; 95% CI -0.15 to -0.01]; these groups’ acceptance were
also similarly low. Stay-at-home mothers’ acceptance and uptake were comparable, but this group took a
large portion of vaccine-hesitant people in the Philippines. The pro�les of the vaccine-hesitant
populations in each country were compared and categorized into four groups, depending on the
composition of classes that account for the unvaccination population.

Interpretation: The results of this study suggest that drivers of vaccine hesitancy may vary by country and
indicate that each country needs a customized strategy that re�ects the pro�le of its vaccine-hesitant
population. The proposed recommendations for each country can identify the target population for
designing effective vaccine communication strategies.

Introduction
During the COVID-19 pandemic, heightened vaccine scepticism has become a serious public health
challenge that undermines vaccine uptake in the Western Paci�c region (WPR) and around the world.1–6

Vaccine hesitancy, which includes refusal and delay in acceptance of recommended vaccines, existed
before the COVID-19 pandemic and was declared among the top global public health challenges by the
World Health Organization (WHO) in 2018.7,8 However, the unprecedently rapid pace of COVID-19 vaccine
development further stimulated fear and suspicion toward the vaccines.9 Widespread vaccine
misinformation increased the prevalence of mistrust in public health recommendations10,11 and made
people rely on unproven treatments for COVID-19, such as drinking alcohol or methanol, instead of
vaccination.12,13

To design effective interventions for tackling vaccine hesitancy, it is essential to carefully identify the
target segments of people who are most hesitant to vaccinate in the population. Tailored messages and
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initiatives can speci�cally tackle the root cause of vaccine hesitancy and leverage people’s needs and
motivations.14,15 Therefore, identifying the characteristics that are associated with vaccine acceptance
and uptake in various circumstances has been an important research focus for many vaccine studies. In
current knowledge, trust in government and the medical establishment, risk perception, and age are
generally considered as salient factors of vaccine decisions in many different contexts.16–23

However, countries have diverse histories of vaccine hesitancy and need customized interventions to
promote COVID-19 vaccination.24,25 For example, in the Philippines, where more than a hundred children
died from the side effects of a Sano� Pasteur vaccine against Dengue fever, Dengvaxia, which was
especially dangerous for children who had never been infected with Dengue,26 vaccine hesitancy is likely
to be strongly associated with parents and females.27 As another example, widespread distrust in the
central government exists in the society of Papua New Guinea (PNG), which consists of thousands of
tribes commanded by big men or chiefs.28 Under such circumstances, it is di�cult to disseminate reliable
information about COVID-19, and compliance with health recommendations from the government may be
extremely low. Similarly, in a study conducted in New Zealand, vaccine-hesitant people were more likely to
be younger, less educated, and females,29 while another study focusing on Japanese people reported that
vaccine hesitancy was associated with being female, low socioeconomic status, psychological distress,
and solidarity.30 As such, countries have diverse pro�les of vaccine-hesitant people. However, the current
state of knowledge in vaccine research is largely based on single-country studies or focused on few
developed countries in the region, leaving other countries understudied.31 In particular, evidence that
accounts for the cultural and sociodemographic diversity has been in serious scarcity in the WPR29,32

despite the reported challenges in vaccine roll-outs across the region.5

This study aims to identify population segments and compare their vaccine acceptance and uptake in
nine countries in the WPR – Cambodia, Japan, Lao PDR, Malaysia, Mongolia, Papua New Guinea (PNG),
Philippines, Republic of Korea (ROK), and Viet Nam – by using latent class analysis (LCA) and regression.
LCA enables a more sophisticated interpretation of data by dividing the study sample into subgroups
within which individuals share highly correlated categorical variables and helps us study the unobserved
heterogeneity within typical sociodemographic categories.33 For example, people who underestimate the
risk of COVID-19 are less likely to accept COVID-19 vaccines,16 but their willingness to vaccinate may also
vary by the extent that they take the known side effects of the vaccines seriously. Using this method, we
attempt to identify vaccine-hesitant subgroups and map out the pro�les of the subgroups in the
participating countries. We then conclude by providing customized strategies for promoting vaccination
based on the differing pro�les of vaccine-hesitant people.

Methods

Study design and participants
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This study used 16,408 responses collected in nine countries in the WPR. The survey was �elded to
investigate the status of vaccine con�dence and uptake among adults aged over 18 across the WPR
based on two rounds of data collection: between June 11th and August 25th, 2021 (round 1), and
between May and June 2022 (round 2). The participants completed the survey either online or by
telephone interviews (Table S1).

The initial dataset included 17,506 respondents. We excluded a total of 1,098 respondents (6.27%) with
missing values in education (448 respondents) and age (509 respondents), gender (89 respondents), or
employment status (52 respondents). The �nal sample included a total of 16,408 responses: 8,500
responses from survey wave 1 and 7,908 responses from survey wave 2 (Table S1).

Outcomes and covariates
We examined two outcome variables: COVID-19 vaccine acceptance (round 1) and booster vaccine
uptake (round 2). The acceptance variable was a binary measure using a �ve-point Likert scale. The
question was: “As the new Coronavirus (COVID-19) vaccines become available, would you accept the
vaccine? - For yourself?” This measure was dichotomized into 1, if respondents answered “de�nitely yes,”
and 0 if they answered “unsure but leaning towards yes,” “don’t know/prefer not to say,” “unsure but
leaning towards no,” or “de�nitely no.” This cut-off point was determined due to the majority of responses
being “de�nitely yes” (60.51%).

The booster uptake variable was coded as one if respondents had received three or more vaccine doses.
Otherwise, they were coded as 0.

We used ten categorical variables known to be associated with vaccine hesitancy to identify latent
classes. These included trust in local health care providers (HCPs), age, gender, educational attainment,
�ve types of health-protective behaviours, and employment status.22,29,30,34 Trust in HCPs was measured
using the following questions: “How much do you trust the local health care providers who would give
you a COVID-19 vaccine? Would you say you trust them?” This was dichotomized into 1 if respondents
agreed or strongly agreed and 0 if otherwise. The health-protective behaviour variables had a value of 1 if
respondents answered that they were doing the following a lot or a little more regularly compared to
before the COVID-19 pandemic: mask-wearing, washing hands, covering nose or mouth when sneezing or
coughing, having guests in house, and gathering socially in large groups. The employment status
variable included �ve categories: employees, students, retirees, stay-at-home parents, and others
including the unemployed.

Statistical analysis
We conducted LCA to identify subgroups of survey respondents based on the observed characteristics
and regression analyses to statistically con�rm the differences in vaccine acceptance among the
identi�ed subgroups. Assuming that there are variations within each of the observed categories,35 a
typical LCA process iteratively classi�es the sample into a given number, calculates the model �t, and
compares the performance by gradually increasing the number of classes to �nd the optimal number of
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classes.33 We used the maximum likelihood estimation with the Expectation Maximum (EM) algorithm
for estimating the model �t. Given that the allocation of classes in the LCA procedures is random, we
estimated the model 30 times in each iteration to achieve stability in the results. The �nal LCA model was
selected by considering both the interpretability of the results and the following three metrics: the
Bayesian Information Criterion (BIC), as the primary score, the Akaike Information Criterion (AIC), and
entropy.36,37 More speci�cally, we began with one class model and then increased the number of classes
until we found an elbow of points in the �t indices or stopped estimating when identi�ed classes were
conceptually not plausible.38 As a result, we �nally selected the six-group model for the �rst round, as
there was a signi�cant decrease in the decreasing rate in the BIC score at the point of six subgroups.
Whereas there was no clear “elbow” of points in the second round. Thus, we selected the �ve-group model
for this round because additional classes from this point were not clearly de�ned by the used variables.
LCA procedures were conducted separately for each survey round, as there were signi�cant changes in
people’s social distancing behaviours among the public between the two data collection periods (Figure
S1).

We then used ordinary �xed-effects least square regression models to estimate the differences in the
acceptance and uptake of COVID-19 vaccines among the identi�ed subgroups. In these models,
unobserved country-level variations were �xed, and standard errors were clustered at the country level.

LCA was conducted by using R (version 4.2.0) and the poLCA package, while regression analyses were
based on STATA 17.0. Statistical differences among the identi�ed subgroups were determined based on
two-tailed tests and a 95% con�dence level.

Results

Latent Class Analysis
Table 1 presents the characteristics of the study sample. Among 16,408 respondents in the data, 60.51%
in the �rst round answered that they would de�nitely accept COVID-19 vaccines, and 52.16% had received
three or more doses in the second round. Most respondents trusted local HCPs (84.14%). 45.14% of
respondents agreed that the risk of COVID-19 had been somehow exaggerated.
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Table 1
Descriptive Statistics

Variables All Respondents Round 1 Round 2

Number of observations 16,408 8,500 7,908

% Vaccine acceptance - 60.51 -

% Not vaccinated - - 9.19

% Booster vaccination - - 52.16

% Trust local HCPs 84.14 81.55 86.91

% COVID-19 is exaggerated 45.14 44.36 45.97

% Female 49.29 49.14 49.46

Age      

% 18–24 18.30 18.29 18.30

% 25–34 26.00 25.48 26.56

% 35–44 21.89 21.49 22.32

% 45–54 16.50 15.60 17.46

% 55+ 17.31 19.13 15.36

Education      

% Primary or lower 15.02 15.09 14.95

% Secondary 39.35 39.88 38.77

% Vocational post-secondary 9.09 9.86 8.26

% Tertiary 32.09 30.41 33.90

% Master+ 4.45 4.75 4.12

Health-protective behaviors      

% Mask wearing 78.49 81.99 74.72

% Washing hands 80.14 82.54 77.57

% Cover when sneezing 51.32 76.64 24.10

% Having guests 37.38 14.91 61.55

% Gathering 38.65 16.81 62.11

Employment status      

% Employed 64.60 62.00 67.40
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Variables All Respondents Round 1 Round 2

% Students 7.08 7.32 6.82

% Retirees 4.48 5.19 3.72

% Stay-at-home parents 12.24 12.66 11.79

% Unemployed or others 11.60 12.84 10.28

[Table 1 here]

Figure 1 compares model �t statistics by the number of classes, ranging from two to nine subgroups (see
Figure S2 for the distribution of classes). The six-group model yielded (1) college students (738 in round
1, 831 in round 2), (2) HCP distrusters (641 in round 1, 809 in round 2), (3) stay-at-home mothers (906 in
round 1, 1740 in round 2), (4) elderly (1,330 in round 1, 612 in round 2), and (5) compliant pragmatists
(730 in round 2), and (6) general working population (4150 in round 1, 3,920 in round 2). College students
represent students who are between 18 and 24. HCP distrusters are people who are likely to distrust
health care providers and do not follow other public health recommendations, including mask-wearing,
washing hands, covering noses when sneezing. Stay-at-home mothers are stay-at-home parents who are
female. The elderly means those who are aged 55 or older. Compliant pragmatists are de�ned as people
who tend to selectively follow public health recommendations – i.e., keeping personal protections while
ignoring social distancing rules, such as having guests at home or attending social gatherings. Lastly, the
general working population group represents employees who are without distinct characteristics in
demographics. The �ve-group model for the second round did not include the compliant pragmatists
group, re�ecting that, in the second round, people tended to have more social interactions, including
having guests and social gathering, while keeping up their personal protections against COVID-19 (Figure
S1).

[Figure 1 here]

Figure 2 compares the characteristics of the six latent classes in the two survey rounds. Each sample
yielded similar classes, except one group, compliant pragmatists, which was only identi�ed in the �rst
round. The �rst group was college students, of which more than 74% were identi�ed as students and
more than 96% were between ages 18 and 24 in both rounds. The second group includes people who are
more likely to distrust HCPs. While 84.14% of the sample answered that they trust local HCPs, this group
had only 61% and 76% who trusted local HCPs in each round, respectively. This group also showed the
lowest percentages of engaging in personal health-protective behaviors (i.e., mask wearing, washing
hands, covering nose when sneezing, and physical distancing). The third group consists of stay-at-home
mothers, among which 89–93% were stay-at-home parents, and 92–94% were female across the two
rounds. The fourth group, the elderly, consists of people aged 55 years or older. The majority of this group
tends to trust HCPs (88–96%) and followed all types of health-protective behaviors. The �fth group,
compliant pragmatists, was only identi�ed in the �rst round. People in this group tend to follow personal
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protections but maintained their social interactions (i.e., having guests at home and gatherings). For
round 1, 54% of respondents in this group answered that the risk of COVID-19 is exaggerated. The last
group is labeled as general working population, who represent the largest proportion of the study sample.
Eighty-nine percent of this group were employed. This group contains the remaining respondents who do
not belong to any of the following groups.

[Figure 2 here]

Vaccine Acceptance and Uptake
Figure 3 statistically examines the differences in vaccine acceptance and uptake among the subgroups in
all countries (See Table S2 for the full regression outputs). Compared with general working population as
the reference category, the likelihood of accepting COVID-19 vaccines was 14 percentage points higher
among elderly class [95% CI 0.06 to 0.22] and 5 percentage points higher among the compliant
pragmatists class [95% CI 0.00 to 0.10] (Fig. 3A). However, the likelihood of accepting COVID-19 vaccines
was signi�cantly lower among college students by 8 percentage points [95% CI -0.15 to -0.01] and lower
among HCP distrusters by 15 percentage points [95% CI -0.28 to -0.03]. The likelihood of getting a booster
shot was also signi�cantly lower in these groups: 13 percentage points lower among college students
[95% CI -0.21 to -0.05] and 8 percentage points lower among HCP distrusters [95% CI -0.15 to -0.01]. Stay-
at-home mothers also had a lower likelihood of accepting a COVID-19 vaccine and getting a booster shot;
however, these differences were not statistically signi�cant.

[Figure 3 here]

The Composition of Vaccine-hesitant Population by Country
Figures 4 and 5 present how the pro�le of vaccine-hesitant populations varies across the WPR by
deciphering the distribution of latent classes into the nine countries (see Figure S2 for more detail of how
to read the radar charts). First, Fig. 4 categorizes the countries into four types, along with the composition
of vaccine-hesitant respondents in round 1. In the �rst category (red area), including PNG, there were high
proportions of HCPs distrusters and those who tend to underestimate the risk of COVID-19. The second
category includes the Philippines, where the proportion of stay-at-home mothers accounted for large
portion of vaccine-hesitant respondents. The third group includes four countries where the proportion of
respondents who tend to distrust local HCPs and think that the government was doing a poor job in
responding to COVID-19 was high among vaccine-hesitant respondents: Japan, Lao PDR, Malaysia, and
the ROK. In the remaining countries, including Cambodia, Mongolia, and Viet Nam, the general working
population made up the largest proportion of the sample.

Similarly, Fig. 5 highlights stay-at-home mothers and HCP distrusters and categorizes countries into three
groups, depending on the pro�le of people who had not gotten a booster vaccine dose in the second
round. The �rst group includes Cambodia, Japan, Lao PDR, Malaysia, and PNG, where HCP distrusters
represented the largest proportion of respondents who had not gotten a booster shot. The second
category is the Philippines. Similar to the vaccine-hesitant respondents in the �rst round, this country’s
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respondents without getting a booster shot had a high portion of stay-at-home mothers. The last group
was identi�ed as countries where there were no distinct risk groups found in the second round, being
Mongolia, the ROK, and Viet Nam.

[Figure 4 and Fig. 5 here]

Discussion
This study aimed to examine the pro�le of vaccine-hesitant people in nine countries in the WPR by
conducting LCA. Our analysis identi�ed six latent subgroups:college students, HCP distrusters, stay-at-
home mothers, the elderly, and compliant pragmatists, and general working population, among which
three groups - college students, HCP distrusters, stay-at-home mothers – were less likely to accept COVID-
19 vaccines and less likely to receive a booster vaccine shot than the other groups. Mapping out
variations in the pro�les of vaccine-hesitant people across the region, we categorized the countries into
several categories to provide more tailored recommendations for addressing vaccine hesitancy.

The overall discussion of this study contributes to the vaccine literature by demonstrating the diversity in
the pro�le of vaccine-hesitant populations across WPR using a subgroup approach. It has become
almost axiomatic that vaccine hesitancy is a multidimensional problem;24,25 yet, many countries in the
WPR have been underrepresented in the literature.29,32 The diverse pro�les of vaccine-hesitant people in
the WPR illustrated in Figs. 3 and 4 con�rm that vaccine hesitancy in the region re�ects the complex and
diverse historical, cultural, and political landscapes of each country. There is a need for more data and
research on countries that are still underrepresented in the literature.

The study �ndings can inform international and national policymakers in customizing interventions to
tackle vaccine hesitancy. Figures 3 and 4 imply that there are three primary target groups on that WP
countries should focus. First, in countries where HCP distrusters took a large portion of people who had
not gotten a booster COVID-19 vaccine, especially in Cambodia, Japan, Lao PDR, Malaysia, and PNG,
rebuilding public con�dence in vaccines, the health care system, and the government is necessary to
promote COVID-19 vaccines. Governments in these countries should make extraordinary efforts to be
transparent, share timely information, and engage the public when promoting vaccines.39 Moreover,
causes of mistrust in institutions are notably contextual and vary by country. For example, mistrust in
HCPs is likely to be rooted in the fragmented political system in PNG, where the political mistrust in the
central government is generally high among thousands of tribes,28 while, in Japan, it may re�ect the
historical vaccine hesitancy developed from the Measles, Mumps, and Rubella (MMR) vaccine scandal in
the 1990s and the human papillomavirus (HPV) scandal in 2013.40 Therefore, additional efforts to
understand the root causes and histories of mistrust should be in tandem with the efforts to rebuild trust
in these countries.

Second, the Philippines had a pro�le of vaccine-hesitant people that is somewhat distinct from that of
other countries, where stay-at-home mothers represented a large portion of people without a booster



Page 10/18

vaccine shot. More than one hundred children died in the Philippines as a consequence of the Dengvaxia
scandal, resulting from the inappropriate administration of vaccines against Dengue fever.26,27 Prior
studies found that low-risk perception of COVID-19 and concerns over vaccine safety and side effects are
highly in�uential barriers for parents in vaccinating their children.41–43 Furthermore, recent studies
observed that social media information has a growing impact on the vaccination choices of mothers and
women of childbearing age.42,44 Thus, measures to increase mothers’ understanding of the safety of
vaccines may be bene�cial in the Philippines. In our case, stay-at-home mothers were more likely than
other groups to believe that the government was not responding effectively to the COVID-19 pandemic,
but to have trust in local HCPs. Therefore, vaccine-related messages or campaigns involving local HCPs
may be a more effective means of combating vaccine hesitancy in the Philippines.

Lastly, in Mongolia, the ROK, and Viet Nam the general working population represented the largest
proportion of the vaccine-hesitant population. As explained, this subgroup was the least vaccine-hesitant,
among the identi�ed subgroups, with a higher level of trust in local HCPs. Moreover, these countries have
not suffered vaccine-related scaldals and have a higher income-level than other participating countries.
The vaccination rate has also been sharply growing over the past year in these countries.45 Therefore,
these countries should pursue policy efforts that maintain the current status of public trust in government
and medical establishments. Meanwhile, they could focus on consistent messaging from public health
authorities while continuously monitoring possible risk factors for vaccine hesitancy, such as the spread
of misinformation, instead of instituting a targeted strategy or campaign.

Our �ndings imply the existence of unobserved heterogeneity in the phenomenon of vaccine hesitancy
conditional on typical demographic characteristics and further stress that continuous efforts should be
made to identify and persuade hidden risk groups. Utilizing the LCA approach helped shed light on these
under-researched patterns and further elaborated the pro�le of risk groups with low vaccine acceptance
and uptake in each studied country. Our suggested recommendations for each country category may help
policymakers develop customized vaccine communication strategies. More investigations and research
are needed to develop more tailored interventions focusing on speci�c target groups. Only few empirical
studies have been done focusing on developing countries and underrepresented populations, such as
racial and ethnic minorities, in the WPR.32 Future studies should focus on these populations that have not
received su�cient attention in the scienti�c community.

Limitations
This study has the following limitation. Our LCA approach estimated the maximum likelihood function at
the regional level and then examined distributions at the national level. Therefore, the number of
identi�ed subgroups might not maximize the likelihood function for each country and may vary by
country. Despite this limitation, the international comparison in this paper still provides useful insight on
how to vaccine promotion strategies can be tailored based on the pro�le of vaccine-hesitant subgroups in
the country by generating comparable latent classes.
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Figure 1

Scree Plots of Latent Class Analysis.

Note. Markers indicate the scores of �t indices. The Y-axis on the left maps out the AIC and BIC scores,
while the other is for the entropy score.
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Figure 2

Sample Characteristics by Latent Class and by Survey Round.
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Figure 3

COVID-19 Vaccine Acceptance and Booster Uptake by Subgroup.

Note. Markers indicate OLS coe�cients. The latent class of general working population is the reference
category. Horizontal lines around the markers indicate 95% CIs. Unobserved country-level variations were
�xed. Standard errors were clustered at the country level.

Figure 4

Latent Class Distributions among Vaccine-hesitant and Other Respondents by Country (June – August,
2021).

Note. Markers indicate percentages. Colors represent the country category identi�ed by the authors:
Category 1 – PNG; Category 2 – the Philippines; Category 3 – Japan, Lao PDR, Malaysia, and the ROK;
Category 4 – Cambodia, Mongolia, and Viet Nam. Dotted lines indicate all respondents. Solid lines
indicate respondents who are hesitant to get vaccinated.
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Figure 5

Latent Class Distributions among People with a Booster Vaccination and Other Respondents by Country
(May – June, 2022).

Note. Markers indicate percentages. Colors represent the country category identi�ed by the authors:
Category 1 – PNG; Category 2 – the Philippines; Category 3 – Japan, Lao PDR, Malaysia, and the ROK;
Category 4 – Cambodia, Mongolia, and Viet Nam. Dotted lines indicate all respondents. Solid lines
indicate respondents who are hesitant to get vaccinated.
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