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Abstract 

Background: Understanding the intention of receiving COVID-19 vaccines is important to inform effective vaccina-
tion strategies. This study aimed to investigate such intention, identify the key influencing factors, and determine the 
most important intention predictors using a theoretically principled model.

Methods: An online, cross-sectional survey method was implemented in Macao in May 2021. People aged 18 years 
or above and residing in Macao for 12 months prior to the study were recruited through social media. Intention to 
receive COVID-19 vaccines and the main constructs of the protection motivation theory and the health belief model 
were the main measures encompassing threat appraisal, intrapersonal characteristics, cues to action, coping appraisal, 
past experiences and information seeking behavior. Descriptive statistics, Pearson correlation and multiple linear 
regression were used for data analysis.

Results: A total of 552 valid responses were received. Among the respondents, 79.5% aged between 25 and 54 years 
old, 59.4% were female, and 88% had a bachelor degree or above; 62.3% of the respondents indicated their inten-
tion to receive COVID-19 vaccination while 19.2% were hesitant and 18.5% did not have any intention. While 67.0% 
believed COVID-19 infection was life-threatening, only 19.0% thought they were at risk of getting infected. Control 
variables such as age, gender, education level, and having travel plans were significantly correlated with intention. 
Significant associations between intention with perceived severity, perceived susceptibility, maladaptive response 
reward, self-efficacy, response-efficacy, response cost, social attitude, social norm, past experience and information 
seeking behavior were identified (P < 0.05). The most important positive predictors of intention were “being able to 
make arrangement to receive the vaccine” (β = 0.333, P < 0.001), “a sense of social responsibility” (β = 0.326, P < 0.001), 
and “time off from work after vaccination” (β = 0.169, P < 0.001), whereas “concerns over vaccine safety” (β = − 0.124, 
P < 0.001) and “relying on online resources for vaccine information” (β = − 0.065, P < 0.05) were negative predictors. 
Perceived severity in terms of COVID-19 being a life threatening illness was not a predictor of intention.

Conclusion: This study reaffirmed that intention to receive COVID-19 vaccination is an ongoing concern in the com-
bat of the pandemic. Multi-component strategies to enhance health literacy that supports well-informed decision-
making, increase vaccination convenience, promote social responsibility, and provide time-off incentives are among 
the key considerations in designing and improve vaccination campaigns in Macao.
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Background
The impact of COVID-19 pandemic on human health, 
economy and societal activities is unprecedented. 
According to the World Health Organization (WHO), 
since the first case was reported in the end of Decem-
ber 2019, there had been 188,655,968 confirmed cases 
of COVID-19, including 4,067,517 deaths reported as of 
16th July 2021 [1]. According to the World Bank, it has 
been predicted that the global domestic product (GDP) 
would suffer a 5.2% contraction leading to a global 
recession and resulting in lower investments, erosion 
of human capital through lost work and schooling, and 
disruption of global trade and supply chains [2]. Health 
systems continued to endure massive challenges in pre-
venting and managing the infection with COVID-19 and 
its variants, and be stretched to deliver effective public 
health measures for other infectious diseases and non-
communicable diseases during critical periods [3]. On a 
macro level, unprecedented measures such as suspend-
ing travel, reducing crowds, and enhancing production 
of medical supplies had been employed across the world 
to mitigate the spread of COVID-19 virus. In light of the 
ongoing pandemic, the resilience in individual’s responsi-
ble response to COVID-19 would be just as important as 
“high-level” actions [4].

One of the critical public health interventions to miti-
gate COVID-19 pandemic at the population level is 
for individuals to get vaccinated with COVID-19 vac-
cines [5, 6]. Since the release of the genetic sequence of 
SARS-CoV-2 in January 2020, the research and devel-
opment (R&D) activity to develop a vaccine against the 
disease had been intense across the globe [7]. In addition 
to the classic approach of inactivated viruses, the global 
COVID-19 vaccine R&D landscape had seen a speedy 
development of new-generation vaccine candidates with 
advanced vaccine technology paradigm such as viral vec-
tor vaccines, mRNA vaccines, and inactivated and pro-
tein subunit vaccines [8]. According to the WHO, as of 
1st June 2021, there were 102 vaccines in clinical devel-
opment and 185 vaccines in pre-clinical development 
[9]. Evidence about the safety and efficacy of COVID-19 
vaccines in preventing symptomatic and asymptomatic 
COVID-19 infections, related hospitalizations, severe 
disease, or even death was mounting [10, 11]. Emerging 
evidence also suggested that mRNA COVID-19 vaccines 
might even provide protection against a variety of variant 
strains [12]. Moreover, marked and sustained declines 
in the incidence of COVID-19 infections correspond-
ing to increasing vaccine coverage had been reported, 

suggesting that Covid-19 vaccination could help to con-
trol the pandemic [13]. Based on the evidence about the 
safety, efficacy, quality and risk management plans, drug 
regulatory authorities and the World Health Organiza-
tion had successively listed a number of new COVID-19 
vaccine candidates for emergency use [14–17].

Nevertheless, the speedy development, evaluation, 
approval and listing of SARD-CoV-2 vaccine do not 
necessarily translate into uptake of the vaccines. As of 
15th July 2021, the US had administered 336.1 million 
COVID-19 vaccine doses and had 48.3% of the total 
population fully vaccinated [18]; on the same day, China 
had administered a total of 1414.6 million vaccine doses 
[19] enough to provide 707.3 million or around 48.9% of 
the population with 2 doses, an increase from 723.5 mil-
lion doses from just 6 weeks ago on 3rd June 2021 [20]. 
The percentage of population fully vaccinated also var-
ied among other developed countries (53.18% in the UK, 
48.64% in Canada, 45.94% in Germany, 20.40% in Japan, 
10.52% in Australia) [21]. Besides availability, accessibil-
ity and affordability of the vaccines, vaccine hesitancy is a 
critical challenge to national vaccination programs affect-
ing an individual’s decision-making process about get-
ting vaccinated [22]. Vaccine hesitancy refers to “delay in 
acceptance or refusal of vaccination despite availability of 
vaccination services”, and a high rate of hesitancy would 
undermine the level of demand for a vaccine [8]. The pat-
terns of vaccine acceptance and hesitancy varied by large 
as reported in a systematic review that the COVID-19 
vaccine acceptance rates could be high in some coun-
tries (e.g. 97% in Ecuador and 94.3% in Malaysia), but sig-
nificantly lower among others (e.g. 23.6% in Kuwait and 
28.4% in Jordan) [23]. Understanding the factors con-
tributing to the individual’s intention to get COVID-19 
vaccines are paramount when design effective strategies 
aimed to address hesitancy.

Since the onset of the COVID-19 pandemic, there 
had been literature investigating vaccine hesitancy and 
acceptance, as well as influencing factors, the source of 
information and its impact on acceptance, and incen-
tives for getting vaccinated [23, 24]. At present, there is 
no existing scale to assess expressed intent to accept a 
COVID-19 vaccine nor any consensus on which theo-
retical framework might be ideal for this purpose. Some 
of this research was underpinned by different theories 
of health behavior such as the Oxford Covid-19 vac-
cine hesitancy scale (mainly assessing Covid-19 vaccine 
complacency, confidence and convenience) [25], the vac-
cine conspiracy belief scale (mainly assessing belief in 
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conspiracy about COVID-19’s origin, covid-19 vaccines 
and vaccine manufacturer’s motives) [26], the health 
belief model (mainly assessing perceived severity, sus-
ceptibility and benefits of the vaccine, barriers to action 
and self-efficacy) [27], and the protection motivation the-
ory (mainly assessing perceived severity, perceived sus-
ceptibility, maladaptive response rewards, self-efficacy, 
response-efficacy and response costs) [28]. Furthermore, 
additional measures such as cues for action, past experi-
ences, information sources and intrapersonal character-
istics such as social attitudes and social norms were also 
examined [29, 30]. Based on these studies, constructs 
outlined by these theories could be good predictors of 
the uptake of vaccination. However, high heterogeneity 
in responses about these constructs and their association 
with vaccine acceptance was also noted [31].

The latest estimates indicated that at least 60–75% 
immune individuals of a population would be necessary 
to halt the transmission and community spread of the 
virus [32, 33]. Vaccine hesitancy may impede the progress 
of vaccinating enough population to achieve individual 
protection and reach population immunity, and the deci-
sion about taking a COVID-19 vaccine is multifactorial 
and context-specific varying across people, time, place 
and vaccines [22]. There is an ongoing need to investigate 
the factors contributing to vaccine hesitancy or affect-
ing the intention to get vaccinated against COVID-19. 
This is particularly important for areas whereby inten-
tion may be hampered by low incidence of COVID-19 
cases. Therefore, the aim of this study was to investigate 
the intention to get vaccinated against COVID-19 and 
the associations between such intention and theoretically 
grounded and sociodemographic factors in Macao.

Methods
An online, cross-sectional survey method was applied in 
this study. The project has been approved by the Panel 
on Research Ethics of the University of Macau in May 
2021 (SSHRE21-APP018-ICMS). As clearly indicated in 
the Participant Information Statement in the beginning 
of the questionnaire, it was assumed that, by complet-
ing and submitting the survey online, they agreed to take 
part in the research study. Following the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guideline [34], the reporting of the study is as 
follows.

Study site and target population
Macau, with a population of around 683,100 over 32.9 
 km2, is one of the most densely populated places in the 
world and a famous tourist destination, exposing the city 
to a high risk of community transmission and imported 
cases amid the COVID-19 pandemic. Macau confirmed 

its first case of the 2019-nCoV infection on 22 January 
2020 [35] and as of 16th July 2021, there were 55 con-
firmed cases in the city all of which were considered 
imported cases, with no death cases [36]. The low overall 
infection rate and the absence of community transmis-
sion in Macau had been largely due to the effectiveness of 
the border control and public health measures.

COVID-19 vaccination campaign was launched on 9 
February 2021 and COVID-19 vaccines (either Inacti-
vated vaccines or mRNA vaccines requiring two doses 
with 4  weeks apart) were provided free of charge to all 
Macao residents and non-residents who are currently 
studying or working in Macao. With an adequate sup-
ply of COVID-19 vaccine to cover the population ever 
since the launch of the vaccination campaign, an online 
booking system had been established for people to make 
appointment in advanced before visiting the designated 
location for vaccination according to the scheduled time. 
To provide additional security and guarantee for COVID-
19 vaccine recipients, the government has made arrange-
ment to provide a 1-year group insurance service to cover 
severe consequences caused by adverse reactions or side 
effects of the vaccination. On the official website of the 
Health Bureau, there is a page dedicated to COVID-
19 vaccine information whereby daily updates about 
COVID-19 vaccination and adverse events following 
immunization are available. As of 17th July 2021, 267,742 
doses of vaccines had been administer and the number of 
people fully vaccinated was 180,808 or nearly 30% of the 
population, a total of 1932 cases of adverse events (1926 
minor and 6 serious cases) had been reported [37]. The 
target population of this survey study was people aged 
18 years or above who had resided in Macao in the past 
12 months. Considering the population size in Macao, a 
minimum sample size of 384 respondents would provide 
a target 5% margin of error for population percentage 
estimates with a level of 95% confidence.

Design of the questionnaire
The design of the questionnaire was informed by (1) 
the current literature on intention of vaccination with 
COVID-19 vaccines [38–40], (2) the theoretical mod-
els commonly employed in similar studies including the 
health belief model [27, 41] and the protection motiva-
tion theory [29, 42, 43], and (3) a clinician involved in the 
local COVID-19 vaccination campaign. The schematic 
diagram of the theoretically informed constructs applied 
to the intention to receive COVID-19 vaccination I this 
study is provided in Fig. 1.

The questionnaire mainly comprised of two sections. 
Section A collected respondents’ demographic infor-
mation with eight questions regarding demographic 
variables: age, gender, type of residency, marital status, 
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highest level of education completed, parental status, 
cohabitant status, and estimated number of entries and 
exits to Macau in the next 6 months.

Section B asked respondents to rate their level of 
agreement on a set of statements using a 5-point Lik-
ert scale (1 = strongly disagree, 2 = disagree, 3 = not 
sure, 4 = agree, and 5 = strongly agree). There were 29 
items in this section which encompassed their inten-
tion and 11 constructs: (1) perceived severity (the seri-
ousness of the negative consequences of the health 
threat), (2) perceived susceptibility (the vulnerability 
to the negative consequences of the threatened event), 
(3) maladaptive response rewards (the benefits of per-
forming the maladaptive behavior, i.e. not taking the 
vaccine), (4) self-efficacy (the confidence in one’s abil-
ity to successfully perform the preventative behavior), 
(5) response-efficacy (the effectiveness of the recom-
mended preventative behavior in averting the occur-
rence of or the negative consequences of the threatened 
event), (6) response costs (the barriers to performance 
of the preventative behavior), (7) social attitude (a con-
ditioned response to social stimuli), (8) social norms 
(shared expectations of acceptable behavior by groups), 
(9) past experiences, (10) information seeking behavior, 
and (11) cues for action.

At the conclusion of the questionnaire, participants 
were invited to provide additional feedback via a free-
text response box. The questions were assigned to be 

mandatory answered items to avoid incompleteness and 
missing data.

Development of the questionnaire
The self-administered structured questionnaire used in 
this study was bilingual prepared in English and Chinese 
in order to minimize sampling bias due to language bar-
rier. It was validated through two pilot studies following 
the concepts described by Leavy [44]. The questionnaire 
was first pilot-tested for content validity by two doctors, 
two pharmacists and two researchers experienced in this 
research topic. All comments were taken into consid-
eration and the questionnaire was amended accordingly. 
The revised questionnaires were peer-reviewed by two of 
the authors (COLU, HH) for comprehension and minor 
revisions to the wordings were made. The revised instru-
ment was then pilot tested on a convenience sample of 10 
individuals who were fluent in both languages to further 
assess content validity, content consistency comprehen-
sion, defective questions and the time needed to com-
plete. Suggested changes were incorporated into the final 
bilingual questionnaire prior to launching on the online 
platform.

Data collection
The online questionnaire, hosted by Survey Monkey, was 
open for 10 days from 14th May 2021 and then closed on 
23rd May 2021 when no new responses were received for 

Threat appraisal
• Perceived severity
• Perceived susceptibility
• Maladaptive response reward

Intrapersonal characteristics 
• Social attitude
• Social norm

Cues to action

Coping appraisal
• Self-efficacy
• Response-efficacy
• Response cost

Information 
seeking 

behavior

Demographic 
variables

Past 
experiences 

Intention to 
receive 

COVID-19
vaccination

Fig. 1 Schematic diagram of theoretically-principled constructs applied to the intention to receive COVID-19 vaccination
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24  h. Invitations to participate in the study was distrib-
uted through social media like Facebook and WeChat, 
and news media social platform. Given the popularity 
of the social media among the Macao population and 
the need to maintain social distancing, social media 
and online communication platform was chosen. The 
participants were recruited using a simplified-snowball 
sampling technique where they were invited to pass the 
invitation and the survey link to their contacts. The sur-
vey was estimated to take less than 8 min to complete.

Data analysis
The data was analyzed using the Statistical Package for 
Social Sciences (SPSS) version 24 software for Windows 
[45]. In addition to descriptive statistics (frequencies, 
means, and standard deviations), Pearson chi-square test 
was used to compare the differences in COVID-19 vac-
cination intentions among subgroups, Spearman’s rho 
was used to test the correlation of intention with the vari-
ables, and multiple linear regression analysis to identity 
predictors of intention. Whenever the P-value is found to 
be smaller than 0.05, the association would be considered 
statistically significant at a confidence level of 95%.

Results
Respondents’ characteristics and the differences 
in the intention among subgroups
A total of 552 valid responses had been received. As 
shown in Table  1, the majority of the respondents aged 
between 25 and 54  years old (n = 439, 79.5%); more 
females (n = 328, 59.4%) than males (n = 224, 40.6%); 
more residents (n = 413, 74.8%) than non-residents 
(n = 123, 22.3%); more than four-fifths (n = 487, 88%) had 
a bachelor degree or above. In general, the participants 
were broadly representative of the population in Macao 
in terms of age and types of residency, but the proportion 
of female and people having higher levels of education 
were higher than intended.

Intention to receive COVID‑19 vaccination
Overall, 334 or 62.3% of the respondents indicated their 
intention to receive COVID-19 vaccination, while 106 
(19.2%) of the respondents were hesitant and 102 (18.5%) 
of respondents did not want to get vaccinated. Among 
respondents where were Macao residents, the percent-
ages of positive, uncertain, and negative responses 
were 58.4%, 21.3% and 20.3% respectively. Among the 
subgroups, people aged 55–64  years old, being male, 
non-residents studying in Macao, being married or sin-
gle, having a Master degree or above, living alone and 
expected to have frequent travel in and out of Macau at 
least once a day had higher intention to get COVID-19 
vaccination. According to the Pearson Chi-square test 

results (Table  1), statistically significant differences in 
the intention were observed among the subgroups of age, 
gender, residency types, education level, parental status 
and whether having plans to travel in and out of Macao. 
Respondents who were 55 years old or above, male, non-
residents, highly educated, being a parent or having plans 
to travel showed a higher intention to get COVID-19 
vaccine.

Respondents’ perception about the measurements
Descriptive statistics for items assessing factors related 
to intention are reported in Table 2. The results of Spear-
man’s rho suggested that each of the items was signifi-
cantly associated with respondents’ level of intention to 
receive COVID-19 vaccination.

Threat appraisal—respondents rated sever-
ity (mean = 3.82 ± 1.47) higher than susceptibility 
(mean = 2.49 ± 1.24). While 67% of respondents believed 
that COVID-19 can be a life-threatening illness, only 
19% believed that the risk for them to catch COVID-19 
was high. Regarding maladaptive responses, respond-
ents rated the money they had to spend on COVID-19 
vaccination the least concern (mean = 1.72 ± 1.10), 
followed by the time needed to get vaccinated 
(mean = 2.04 ± 1.17) and then worries about the vaccine 
safety (mean = 2.63 ± 1.35).

Coping appraisal—respondents rated highly their 
self-efficacy in terms of their ability to register for 
COVID-19 vaccination (mean = 4.41 ± 1.02), make 
appropriate arrangements (mean = 4.14 ± 1.22), their 
level of confidence (mean = 4.12 ± 1.08), and the infor-
mation they need to make the decision about vaccina-
tion (mean = 4.01 ± 1.14). In comparison, their ratings 
on the response-efficacy was relatively lower regarding 
the effectiveness of the vaccine in reducing the sever-
ity of symptoms (mean = 3.76 ± 1.17), the risks of death 
(mean = 3.72 ± 1.20), and the number of symptoms 
(mean = 3.68 ± 1.22) in case of infection. More than 
one-third of the respondents believed that it would be 
likely for them to experience unbearable side effects after 
COVID-19 vaccination.

Social attitudes and social norms—comparatively, the 
respondents recognized the impact of COVID-19 vacci-
nation on preventing the diffusion of COVID-19 in the 
community (mean = 4.09 ± 1.06) higher than the impact 
on reducing the risk of their family contracting COVID-
19 (mean = 3.88 ± 1.14), with the proportion of respond-
ents indicating positive responses differing by nearly 
10%. In terms of social norms, 68% of the respondents 
considered consider getting COVID-19 vaccination a 
social responsibility and the rating was reasonably high 
(mean = 3.99 ± 1.17). While 76% indicated that people 
they knew had already received COVID-19 vaccination, 
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only 59% of them believed that they were expected to get 
COVID-19 vaccination by the people they knew.

Information seeking behavior—only half of the respond-
ents indicated that they had actively sought information 
about COVID-19 vaccination. In terms of the source of 

information about COVID-19 that they relied on, the 
government (mean = 3.68 ± 1.27) and online sources 
(mean = 3.68 ± 1.15) were rated the highest, followed by 
healthcare professional (mean = 3.19 ± 1.37) and family 
and friends (mean = 2.73 ± 1.27). It is worth noting that 

Table 1 Respondents’ demographic information (n = 552)

Demographic information n % Intention to receive COVID‑19 vaccination X2 P

Negative 
n = 102
18.5%

Not decided 
n = 106
19.2%

Positive 
n = 344
62.3%

n % n % n %

Age (years old)

 18–24 35 6.3% 9 25.7% 3 8.6% 23 65.7% 21.97 < 0.05

 25–34 139 25.2% 34 24.5% 25 18.0% 80 57.6%

 35–44 157 28.4% 30 19.1% 29 18.5% 98 62.4%

 45–54 143 25.9% 23 16.1% 38 26.6% 82 57.3%

 55–64 55 10.0% 5 9.1% 6 10.9% 44 80.0%

 65+ 23 4.2% 1 4.3% 5 21.7% 17 73.9%

Gender

 Male 224 40.6% 35 15.6% 34 15.2% 155 69.2% 7.70  < 0.05

 Female 328 59.4% 67 20.4% 72 22.0% 189 57.6%

Type of residency

 Macao residents 413 74.8% 84 20.3% 88 21.3% 241 58.4% 25.88  < 0.001

 Non-residents
(worker)

75 13.6% 12 16.0% 13 17.3% 50 66.7%

 Non-residents (student) 48 8.7% 2 4.2% 2 4.2% 44 91.7%

 Non-residents (other) 9 1.6% 1 11.1% 3 33.3% 5 55.6%

 None of the above 7 1.3% 3 42.9% 0 0.0% 4 57.1%

Marital status

 Married 336 60.9% 55 16.4% 70 20.8% 211 62.8% 7.32 0.293

 Cohabitant 25 4.5% 7 28.0% 5 20.0% 13 52.0%

 Single 171 31.0% 37 21.6% 25 14.6% 109 63.7%

 Widowed or divorced 20 3.6% 3 15.0% 6 30.0% 11 55.0%

Highest level of education completed

 Secondary education or below 65 11.8% 11 16.9% 22 33.8% 32 49.2% 27.67  < 0.001

 Bachelor degree 267 48.4% 60 22.5% 58 21.7% 149 55.8%

 Master degree or above 220 39.9% 31 14.1% 26 11.8% 163 74.1%

Being a parent

 No 220 39.9% 53 24.1% 36 16.4% 131 59.5% 8.22  < 0.05

 Yes 332 60.1% 49 14.8% 70 21.1% 213 64.2%

Living status

 Living alone 61 11.1% 7 11.5% 8 13.1% 46 75.4% 5.03 0.081

 Living with other people 491 88.9% 95 19.3% 98 20.0% 298 60.7%

Estimated number of entries and exits to 
Macau within the next 6 months

 0 196 35.5% 45 23.0% 52 26.5% 99 50.5% 24.91  < 0.05

 At least once every 3 months 199 36.1% 33 16.6% 34 17.1% 132 66.3%

 At least once a month 112 20.3% 17 15.2% 18 16.1% 77 68.8%

 At least once a week 37 6.7% 7 18.9% 2 5.4% 28 75.7%

 At least once a day 8 1.4% 0 0.0% 0 0.0% 8 100.0%
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only 42% of the respondents relied on healthcare profes-
sionals for COVID-19 vaccination information, and 17% 
of the respondents did not rely on the information pro-
vided by the government.

Facilitating factors—when asked which facilitating fac-
tors might increase their intention to receive COVID19 
vaccination, the respondents rated loosening of travel 
restrictions as a result of COVID-19 vaccination the 
highest (mean = 3.91 ± 1.30), followed by knowing peo-
ple whom they knew having done so (mean = 3.42 ± 1.35) 
and a rewarding system involving time off from work 
(mean = 3.37 ± 1.49). The rating given to financial incen-
tive was the lowest (mean = 3.07 ± 1.52).

Results of multiple linear regression
All factors found to be significantly associated with inten-
tion in Tables  1 and 2 were analyzed as the independ-
ent variables, with intention as the dependent variable. 
Table  3 shows the results of multiple linear regression 
that analyzed the relationship between intention to 
receive COVID-19 vaccination and the independent vari-
ables. In Model 1, the independent variables comprised 
only the control variables (i.e. demographic variable 
shown to have statistically significant correlation with 
intention as shown in Table  1), which only explained 
11.0% of the variance in intention to receive COVID-19 
vaccination. In Model 2, the independent variables com-
prised only the PMT factors and the control variables. 
A total of 45.8% of the variance in intention to receive 
COVID-19 vaccination can be explained by Model 2. 
In Model 3, the independent variable comprised all the 
PMT factors, other factors and the control variables. 
Compared to previous models, Model 3 performed best 
at explaining the intention to receive COVID-19 vacci-
nation by being able to explain 57.9% of the variance in 
intention to receive COVID-19 vaccination.

In Model 3, in addition to age, 8 items from 7 con-
structs were shown to be predictors of intention, includ-
ing 5 positive predictors and 3 negative predictors. In the 
order of the strongest influence, the positive predictors 
were: (1) Self-efficacy—“I am able to make arrangement 
to get COVID-19 vaccination” (β = 0.333, P < 0.001); (2) 
Social norm—“I consider getting COVID-19 vaccina-
tion a social responsibility” (β = 0.326, P < 0.001); (3) 
Facilitating factor—“I might have a stronger intention to 
take COVID-19 vaccination if there is a rewarding sys-
tem such as time off from work” (β = 0.169, P < 0.001); (4) 
Social norm—“Most people I know would expect me to 
get COVID-19 vaccination” (β = 0.114, P = 0.000); and 
(5) Perceived susceptibility—“The risk for me to catch 
COVID-19 is high” (β = 0.076, P < 0.05). Negative pre-
dictors were: (1) “It is likely that I will have serious side-
effects that I cannot bear from COVID-19 vaccination” in 

response cost (β = − 0.124, P < 0.001); (2) “If I do not get 
a COVID-19 vaccination, I will not have to worry about 
the safety of the vaccine” in maladaptive response reward 
(β = − 0.082, P < 0.05); and (3) “I rely on online sources 
(such as internet, social media) for accurate information 
about COVID-19 vaccination” in information seeking 
behavior (β = − 0.065, P < 0.05).

Discussion
This is one of the few studies that investigated the inten-
tion rate of COVID-19 vaccination in areas with low inci-
dence rate. The intention rate in Macao was 62.3%, and 
age, gender, type of residency, education, parental status, 
and having travel plans exhibited significant correla-
tion with intention. Importantly, it was also found that 
the ability to make arrangement to receive the vaccine, 
a sense of social responsibility, an offer of time-off from 
work after vaccination, peer influence, and perceived sus-
ceptibility were predictors of increased intention, while 
concerns about vaccine safety and seeking vaccine infor-
mation from online sources were predictors of decreased 
intention. Together with age, these predictors could 
explain 57.9% of the variance in vaccination intention.

The intention rate of COVID-19 vaccination in Macao 
(62.3%) was higher than that reported in Hong Kong 
(4.2–44.2%) [46, 47], but lower than that reported in 
China (88.6–91.9%) [48, 49]. Higher acceptance rates of 
the COVID-19 vaccines had also been reported in other 
countries in the neighboring region (such as 94.3% in 
Malaysia [41], 75.8% in Australia [50] and 67.9% in Sin-
gapore [31]) and other Western countries (such as 80% in 
Canada [24], 75% in the US [24], 75% in Portugal [51] and 
70% in Germany [51]). These intention rates indicated 
that hesitancy and refusal about COVID-19 vaccines is 
a common challenge impeding the vaccine uptake across 
the populations [52]. This is especially concerning for 
Macao considering that, since the vaccine campaign was 
launched in February 2021, the percentage of population 
fully vaccinated was only approaching 30% (as of 17th 
July 2021). This not only represents a significant margin 
from the threshold of 60–70% of the population gaining 
immunity to reach herd immunity, but also indicates the 
vulnerability of the city against the spread of the virus. 
Based on the factors identified in this study that were 
associated with vaccination intention, campaign strate-
gies to boost vaccine uptake are further explored in the 
following.

Improve health literacy to counteract the negative effect 
of low education background
Consistent with previous findings, older age and male 
gender were found to be positive factors correlated to 
higher rates of COVID-19 vaccine acceptance [31, 51, 
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Table 3 Results of multiple regression analysis

Model 1 (control variables only)

Variables Unstandardized coefficients Standardized coefficients 
beta

t Sig.

B Std. Error

(Constant) 1.439 0.440 3.272 0.001

Control variables

Age (years old) 0.246 0.051 0.214 4.827 0.000

Gender − 0.244 0.117 − 0.085 − 2.081 0.038

Type of residency 0.319 0.075 0.184 4.230 0.000

Highest educational level 0.373 0.087 0.175 4.291 0.000

Being a parent 0.081 1.749 0.081 0.075 0.749

Estimated number of entries and exits to 
Macau in the next 6 months

0.222 0.059 0.154 3.733 0.000

F = 13.559, d.f. = 5, P < 0.001, R = 0.332, R2 = 0.110, adjusted R2 = 0.102

Model 2 (PMT constructs, and control variables)

Variables Unstandardized 
coefficients

Standardized 
coefficients 
beta

t Sig.

B Std. Error

(Constant) 0.842 0.265 3.178 0.002

PMT constructs and other factors

Perceived severity COVID-19 can be a life-threatening illness − 0.045 − 1.356 0.176 − 0.058 0.898

Perceived susceptability The risk for me to catch COVID-19 is high 0.126 0.037 0.111 3.395 0.001

Maladaptive response rewards If I do not get a COVID-19 vaccination, I will not have to 
worry about the safety of the vaccine

− 0.140 0.035 − 0.134 − 3.952 0.000

If I do not get a COVID-19 vaccination, I will not have to 
spend time getting vaccinated

− 0.062 − 1.414 0.158 − 0.061 0.520

If I do not get a COVID-19 vaccination, I will not have to 
spend money getting vaccinated

0.088 0.043 0.069 2.063 0.040

Self efficacy I am confident about my ability to make an informed deci-
sion about COVID-19 vaccination

0.060 1.247 0.213 0.054 0.431

I have the necessary information to decide whether to vac-
cinate against COVID-19 vaccination

0.132 0.049 0.107 2.704 0.007

I know how to register to get COVID-19 vaccination −0 .036 − 0.749 0.454 − 0.032 0.422

I am able to make arrangement to get COVID-19 vaccina-
tion

0.499 0.046 0.430 10.803 0.000

Response efficacy Having a COVID-19 vaccination would help reduce the 
symptoms if ever I contracted the disease

0.041 0.861 0.390 0.037 0.431

Having a COVID-19 vaccination would help reduce the 
severity of symptoms if ever I contracted the disease

− 0.003 − 0.048 0.961 − 0.002 0.289

Having a COVID-19 vaccination would help reduce the risk 
of death if ever I contracted the disease

0.182 0.041 0.155 4.417 0.000

Response cost It is likely that I will have serious side-effects that I cannot 
bear from COVID-19 vaccination

− 0.210 0.038 − 0.182 − 5.513 0.000

Control variables

Age (years old) 0.057 1.727 0.085 0.074 0.901

Gender − 0.022 − 0.678 0.498 − 0.029 0.933

Type of residency 0.057 1.761 0.079 0.075 0.938

Highest educational level − 0.002 − 0.045 0.964 − 0.002 0.900

Being a parent 0.045 1.394 0.164 0.060 0.942

Estimated number of entries and exits to Macau in the next 6 months 0.133 0.046 0.092 2.872 0.004

F = 57.402, d.f. = 8, P < 0.001, R = 0.677, R2 = 0.458, adjusted R2 = 0.450
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Table 3 (continued)

Model 3 (PMT constructs and other factors, and control variables)

Variables Unstandardized 
coefficients

Standardized 
coefficients 
beta

t Sig

B Std. Error

(Constant) 0.057 0.271 0.209 0.834

PMT constructs and other factors

Perceived Severity COVID-19 can be a life-threatening illness − 0.033 − 1.124 0.261 − 0.048 0.911

Perceived susceptability The risk for me to catch COVID-19 is high 0.086 0.033 0.076 2.607 0.009

Maladaptive response rewards If I do not get a COVID-19 vaccination, I will not have to 
worry about the safety of the vaccine

− 0.085 0.030 − 0.082 − 2.808 0.005

If I do not get a COVID-19 vaccination, I will not have to 
spend time getting vaccinated

− 0.012 − 0.374 0.708 − 0.016 0.768

If I do not get a COVID-19 vaccination, I will not have to 
spend money getting vaccinated

0.041 1.386 0.166 0.059 0.880

Self efficacy I am confident about my ability to make an informed deci-
sion about COVID-19 vaccination

0.064 1.819 0.069 0.078 0.631

I have the necessary information to decide whether to 
vaccinate against COVID-19 vaccination

0.051 1.412 0.159 0.061 0.603

I know how to register to get COVID-19 vaccination 0.016 0.403 0.687 0.017 0.470

I am able to make arrangement to get COVID-19 vaccina-
tion

0.386 0.040 0.333 9.666 0.000

Response efficacy Having a COVID-19 vaccination would help reduce the 
symptoms if ever I contracted the disease

− 0.018 − 0.541 0.589 − 0.023 0.672

Having a COVID-19 vaccination would help reduce the 
severity of symptoms if ever I contracted the disease

− 0.014 − 0.429 0.668 − 0.018 0.683

Having a COVID-19 vaccination would help reduce the risk 
of death if ever I contracted the disease

0.006 0.192 0.848 0.008 0.692

Response cost It is likely that I will have serious side-effects that I cannot 
bear from COVID-19 vaccination

− 0.143 0.035 − 0.124 − 4.139 0.000

Social attitudes Getting COVID-19 vaccination helps to reduce the risk of 
my family contracting COVID-19

0.051 1.384 0.167 0.059 0.564

Getting COVID-19 vaccination helps to prevent the diffu-
sion of COVID-19 in the community

0.003 0.071 0.943 0.003 0.471

Social norm I consider getting COVID-19 vaccination a social respon-
sibility

0.393 0.044 0.326 8.939 0.000

People I know have been already received COVID-19 vac-
cination

0.003 0.094 0.925 0.004 0.648

Most people I know would expect me to get COVID-19 
vaccination

0.126 0.039 0.114 3.236 0.001

Past experience I have bad experiences with other types of vaccines before − 0.046 − 1.559 0.119 − 0.067 0.901

Information seeking behaviour I have actively sought information about COVID-19 vac-
cination

0.040 1.206 0.228 0.052 0.697

I rely on the government (such as the Health Bureau) for 
accurate information about COVID-19 vaccination

− 0.018 − 0.594 0.553 − 0.026 0.810

I rely on healthcare professionals (such as doctors, phar-
macists, nurses) for accurate information about COVID-19 
vaccination

0.008 0.262 0.793 0.011 0.834

I rely on online sources (such as internet, social media) for 
accurate information about COVID-19 vaccination

− 0.080 0.038 − 0.065 − 2.095 0.037

I rely on my family and friends for accurate information 
about COVID-19 and COVID-19 vaccination

− 0.006 − 0.196 0.845 − 0.008 0.865
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53], and respondents with lower education level indi-
cated lower vaccination intention [26, 54, 55]. Regard-
ing the impact of education background, the literature 
had repeatedly demonstrated the association between 
lower education level and poorer health [56, 57]. The 
mechanism behind the association could be explained 
by the concept of health literary, presenting an oppor-
tunity for intervention [58]. As Biasio described, being 
“educated” (having some form of rigorous education) 
is not the same as being “literate” (being able to obtain 
and process information to make well-informed health 
decisions) [59].

Health literacy is a modifiable factor and support can 
be provided to improve people’s ability to engage in pre-
ventive activities and thus vaccine uptake [60, 61]. For 
instance, simple steps can be taken to decrease the com-
plexity in communication and information processing. 
During this pandemic, in addition to detailed scientific 
information available on the official websites, infographic 
was also employed to deliver key messages to the general 
public [62]. Future vaccine communication strategies 
should consider the level of health, scientific and general 
literacy in subpopulations when considering the content 
and means of the promotion activities [31]. Continuously 
streamlining the COVID-19 vaccination process, and 
engaging healthcare professionals especially in the com-
munity level to help build public health literacy have also 
been recommended [61].

Mitigate the false sense of “safety zone”
The impact of travel plans on COVID-19 vaccination 
intention, which was less investigated in previous stud-
ies, should be considered at least for areas which allow 
people mobilization among designated destinations. 
For instance, people in Macao and Mainland China had 
been allowed to travel across the border given that they 
had been tested negative for COVID-19 nucleic acid 
within 7  days prior to travel. Frequent travelers’ inten-
tion was significantly higher than the respondents who 
did not have any travel plans. In contrast, considering the 
low incidence of COVID-19 infection and the absence 
of community transmission, non-travelers generally felt 
“safe” from COVID-19 pandemic and thus perceived 
a low level of susceptibility affecting their intention to 
receive COVID-19 vaccination [63, 64]. This may also 
explain why, unlike previous findings [65], perceived 
severity was not a significant predictor of the intention to 
receive a COVID-19 vaccine in this study.

It is worrying because the risk of virus spread to the 
local community could not be ruled out. For a completely 
naive population, a pathogen can easily spread among 
susceptible hosts in a rampant manner when there is 
sufficient exposure of susceptible hosts to infected indi-
viduals [66]. Also, at least for the COVID-19 vaccines 
available to the respondents, it would take 1–2  weeks 
after administration of two shots of the same vaccine 
to reach the expected efficacy. Therefore, bringing the 

Table 3 (continued)

Model 3 (PMT constructs and other factors, and control variables)

Variables Unstandardized 
coefficients

Standardized 
coefficients 
beta

t Sig

B Std. Error

Facilitating factors I might have a stronger intention to take COVID-19 vac-
cination if people I know have done so

0.025 0.691 0.490 0.030 0.591

I might have a stronger intention to take COVID-19 vac-
cination if that somehow helps to lift travel restrictions

− 0.031 − 0.828 0.408 − 0.036 0.543

I might have a stronger intention to take COVID-19 vac-
cination if there is a rewarding system such as time off 
from work

0.160 0.030 0.169 5.345 0.000

I might have a stronger intention to take COVID-19 vac-
cination if there is financial incentive

0.060 1.255 0.210 0.054 0.337

Control variables

Age (years old) 0.090 0.034 0.078 2.627 0.009

Gender − 0.045 − 1.583 0.114 − 0.068 0.963

Type of residency 0.047 1.546 0.123 0.066 0.820

Highest educational level 0.007 0.237 0.813 0.010 0.894

Being a parent 0.016 0.500 0.617 0.021 0.753

Estimated number of entries and exits to Macau in the next 6 months 0.036 1.249 0.212 0.054 0.914

F = 82.923, d.f. = 9, P < 0.001, R = 0.761, R2 = 0.579, adjusted R2 = 0.572
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public’s attention to the immediate and foreseeable risks 
of infection and the time lag between vaccine administra-
tion and optimal protection is crucial to help them decide 
about taking preventative actions in a timely manner.

Promote the social responsibility in COVID‑19 vaccination 
and make positive action visible
In this study, 67.8% of the respondents considered getting 
COVID-19 vaccination a social responsibility. Our model 
showed that the sense of social responsibility and peer 
influence attributing to social norm could largely explain 
the variance in intention. This finding helps supplement 
the current literature as how social norms may influence 
COVID-19 vaccination has been underreported [67]. 
This findings also echoed to the objective in the 2012 
Global Vaccine Action Plan approved by the WHO that 
“individuals and communities understand the value of 
vaccines and demand immunization as both their right 
and responsibility” [68].

There are at least two implications based on the find-
ings about social norm: (1) the recognition of individual’s 
social responsibility should be strongly promoted within 
the community to leverage the power of social norm [69]; 
and (2) empowering vaccine recipients to share their per-
sonal stories and reasons for vaccination, and making 
positive decisions visible by providing vaccination badges 
or ribbons have been a positive influence on the decisions 
of others. Promoting and displaying the development 
momentum of social norms has been shown to be a pow-
erful tool to shift public mentality towards health behav-
ior change [70].

Empower the public by optimizing their self‑efficacy
Another strong positive predictor of the intention 
found in this study was the respondent’s ability to make 
arrangement needed to receive COVID-19 vaccination, 
reaffirming previous findings about self-efficacy being a 
significant positive predictor of preventive health behav-
ioral intention [71, 72]. One important element contrib-
uted to the self-efficacy was the convenience of getting 
the vaccine, which may be determined in terms of the 
site, location and procedure. At present, to scale up from 
hospital site and community health clinic sites, mass vac-
cination sites designed to specifically address COVID-19 
vaccination challenges [73] has been employed to allow 
high throughput. Orchestrated efforts had been made 
to coordinate with local communities and corporate to 
arrange group vaccination at the sties. Tailored vaccine-
administration software systems enabled use-friendly 
prior booking and onsite enrolment.

Recently, group-based vaccination (e.g. corporate, 
employer) and out-reach vaccination sites (e.g. univer-
sities) to reach people in their communities had also 

been initiated. As the vaccination campaigns continue 
to evolve, mobile vaccination may be integrated further 
using mobile vaccination trucks to bring vaccination ser-
vices closer to the neighboring has been to help alleviate 
problems with transportation, mobility, and daily sched-
ule [74]. Importantly, the “customer journey” should be 
streamlined as much as possible and that requires con-
sistent monitoring and review of the procedure. Increas-
ing the number of vaccination sites and capacity to cater 
for increased vaccine demand, onsite registration and 
appointment rescheduling is also important [75]. There 
must also be a reminding system for the second dose and 
follow-up for no-shows. Streamlined patient experience 
that enabled high level of self-service and autonomy, sup-
ported by technology enablers may further maximize 
attendance.

Prioritize vaccination incentives
While traditional vaccination campaign using only 
information and education has been increasingly seen 
as inadequate to reach a high vaccination rate target for 
COVID-19 vaccines, various forms of incentives pro-
vided by the government and business had been seen 
across the countries [76]. In this study, most people 
also agreed that they would be more willing to receive 
COVID-19 vaccination should there be incentives of 
some sort. Indeed, subsidies and other incentives are log-
ical policy approaches to incentivize people by helping to 
offset the indirect costs of vaccination such as the time 
spent planning appointments, traveling, or waiting [77]. 
As effective as they are [78], incentives may also be con-
sidered as a recognition for responsible action consider-
ing the positive externalities of COVID-19 vaccination in 
protecting oneself as well as other people.

In terms of incentive preferences, easing travel restric-
tions with vaccination was considered a motivation by 
most people in this study, followed by an offer time off 
work, and financial incentives. Similarly in other coun-
tries, vaccination certificates as a way out of the restric-
tive travel control measures imposed by and on the city 
has drawn attention [79]. Suggestively, incentivizing indi-
viduals with vaccination certificates would be crucial for 
not only social good, but also facilitating the “recovery” 
of economic and socially activities as well as travel. For 
this, cross-jurisdiction and high-level endeavor are to 
engage and expand participating regions to build such 
infrastructure for mutual recognition of vaccination 
measures. More importantly, vaccine-induced protection 
from both infection and transmission warns more rigor-
ous research especially with the expected emergence of 
variants.

Another significant incentive identified in this study 
was time-off from work after vaccination, which was fully 
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reasonable at least for practical reasons. After COVID-
19 vaccination, people might experience such side effects 
as fever, tiredness and muscle pain which might last for 
about 1–2  days [80]. As such, as the US-CDC recom-
mended, it is important for employers to take strategies 
that appropriately evaluate and manage their employ-
ees who develop side effects after vaccination. In com-
parison, monetary incentive was not prioritized in this 
study. Indeed, the evidence about monetary incentives 
in changing health behavior is mixed. While a systematic 
review concluded that financial incentives were effective 
at encouraging health promoting behaviors [81], another 
WHO review suggested that incentive-based interven-
tions using either conditional or non-conditional cash 
transfers might only cause minimal impact [82]. It is 
nevertheless difficult to determine the amount of money 
sufficient enough to drive people’s decision about vacci-
nation at a population level, and yet such action would 
be highly resource consuming of which effectiveness 
remained questionable [83].

Educate the public about scientific‑based risk and benefit 
analysis about COVID‑19 vaccines
Concerns about vaccine safety and information seeking 
behavior were found to be two negative factors in the 
decision making process about COVID-19 vaccination 
as reported previously [84]. Indeed, to encourage public 
acceptance for a new vaccine of COVID‐19 developed 
within a short period remains highly challenging [85, 86]. 
For the general public, misinformation regarding the vac-
cine safety and lack of advanced vaccination knowledge 
can easily contribute to anxiety, leading to overestimat-
ing possible side effects [87]. Furthermore, such low con-
fidence in the vaccine safety could be easily inflamed by 
rumors and misinformation [26, 31]. In this study, while 
people relied on the government the most for vaccine 
information, it was the reliance on social media as the 
main source of information about COVID-19 vaccines 
was associated with decreased vaccine intention. As 
Lucia et al. concluded, concerns about the vaccine’s seri-
ous side effects complicated with misinformation con-
tributed to the hesitancy of vaccines [88].

The need for transparency and to answer concerns 
about the speedy development and safety of COVID-19 
vaccines based on up-to-date scientific evidence is crucial 
[88]. Previous experiences suggested that public messages 
and news releases might not be enough to convey the 
accurate information and to tacking false news. On that 
note, proactive surveillance and mitigation of the spread 
and harm of misinformation via social media platforms 
should be reinforced. Moreover, government partner-
ing with trusted messengers (such as respected commu-
nity-based groups and non-governmental organizations, 

formal and informal opinion leaders within these com-
munities) to share clear, complete, and accurate messages 
about COVID-19 vaccines to otherwise unreachable 
population subgroups is also crucial [31].

The fact that less than half of the respondents found 
healthcare professionals their major source of vaccine 
information was a sign of under-utilization of health-
care resources. Resources should be targeted to empower 
healthcare professionals such as the pharmacists at the 
community settings to strengthen their capacity in hav-
ing empathetic vaccine conversations, addressing myths 
and common questions, and providing tailored vaccine 
information to their patients as well as the general public 
[89]. Hesitant individuals may accept vaccination if reas-
sured and provided with trustable information that the 
vaccine is safe and effective.

This study had a number of limitations. Firstly, using an 
online platform to invite participants and operating the 
survey online might have induced sampling bias in differ-
ent ways. Through the online platform, it was not known 
about the population to which the invitation was dis-
tributed, making it impossible to calculate the response 
rate, and to fully evaluate the representativeness of the 
respondents. Secondly, people with lower information 
technology literacy might also be under-represented in 
this study. Thirdly, by the nature of cross-sectional study, 
no causal inferences could be made between the key fac-
tors and the intention based on the findings of the pre-
sent study, and the factors affecting people’s intention 
are subject to change. Fourthly, there is a timeliness to 
the study findings. People’s intention to receive COVID-
19 vaccination is bound to fluctuate with the spread 
of the virus, emergence of any evidence about vaccine 
safety and efficacy, new variants, etc. Lastly, the vacci-
nation intention may be affected by factors which were 
not explored in this study. Until a desirable vaccination 
rate and herd immunity is achieved, continuous studies 
on people’s intention to receive COVID-19 vaccination 
are warranted. Follow-up studies to identify influencing 
factors more comprehensively, and stratified studies to 
determine the differences, if any, in the influences of such 
factors on various subgroups would be necessary for pre-
cise vaccination strategies.

Conclusions
This study reaffirmed that low intention to receive 
COVID-19 vaccination is a common challenge in the 
combat of the pandemic. Multi-component strate-
gies that address various factors affecting intention 
are needed to formulate effective interventions. For 
future vaccination campaign in Macao, six major 
strategies have been suggested based on the findings 
of the current study: improving health literacy of the 
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public, helping the public come to term their vulnera-
bility despite an apparent low incidence rate, promoting 
social responsibility and making positive action visible, 
optimizing self-efficacy of the public, reasonable prior-
itization of incentives, and educating the public about 
risk and benefit analysis of the COVID-19 vaccine. 
As the pandemic evolves and new evidence about the 
COVID-19 vaccines emerge, people vaccination inten-
tion should be continuously evaluated to drive the opti-
mization of vaccination strategies.
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