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ARTICLE INFO ABSTRACT

Keywords: We aimed to estimate the coronavirus disease 2019 (COVID-19) vaccine acceptance rate and identify predictors
COVI.D'19 associated with acceptance. To this end, we searched PubMed, Web of Science, Cochrane Library, and Embase
Vaccine databases until November 4, 2020. Meta-analyses were performed to estimate the rate with 95% confidence
;\rc:;iit;?ze intervals (CI). Predictors were identified to be associated with vaccination intention based on the health belief

model framework. Thirty-eight articles, with 81,173 individuals, were included. The pooled COVID-19 vaccine
acceptance rate was 73.31% (95%CIL: 70.52, 76.01). Studies using representative samples reported a rate of
73.16%. The pooled acceptance rate among the general population (81.65%) was higher than that among
healthcare workers (65.65%). Gender, educational level, influenza vaccination history, and trust in the gov-
ernment were strong predictors of COVID-19 vaccination willingness. People who received an influenza vacci-
nation in the last year were more likely to accept COVID-19 vaccination (odds ratio: 3.165; 95%CI: 1.842, 5.464).
Protecting oneself or others was the main reason for willingness, and concerns about side effects and safety were
the main reasons for unwillingness. National- and individual-level interventions can be implemented to improve
COVID-19 vaccine acceptance before large-scale vaccine rollout. Greater efforts could be put into addressing

Systematic review

negative predictors associated with willingness.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic is currently the
most pressing global issue. COVID-19 has led to 1.75 million deaths
worldwide (World Health Organization [WHO], 2021) and exerted an
unprecedented impact across every aspect of life globally.

Effective interventions are key to controlling COVID-19 spread, and
vaccinations are considered a routine and effective measure for con-
trolling infectious diseases (Hajj et al., 2015). Recently, several studies
have reported the effectiveness of novel COVID-19 vaccines. The effi-
cacy of the BNT162b2 mRNA vaccine has been reported to be 95%
(Polack et al., 2020), that of the mRNA-1273 vaccine is 94.1% (Baden
etal., 2021), that of the Gam-COVID-Vac (Sputnik V) is 91.6% (Logunov
et al., 2021), and that of the ChAdOx1 nCoV-19 vaccine is 70.4%
(Voysey et al., 2021). Overall, the reported efficacy is far higher than the
standard (50% efficacy) developed by the U.S. Food and Drug
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Administration (Food and Drug Administration, 2020).

In addition to the effectiveness and safety of the COVID-19 vaccine,
there are a few important considerations: (1) how can the vaccine be
equitably allocated globally? (2) and what is the population’s accep-
tance of the COVID-19 vaccine? Allocation and distribution frameworks
for COVID-19 vaccines have been proposed in previous studies (Emanuel
et al., 2020; Wang et al., 2020a, 2020b). Six core ethical principles
(human well-being, equal respect, global equity, national equity, reci-
procity, and legitimacy) have been proposed by the WHO to guide the
distribution of vaccines (WHO, 2020b). The “Allocation Mechanism for
COVID-19 Vaccines Global Access (COVAX) Facility Vaccines” docu-
ment suggested that, for each country, proportional allocation - subject
to country readiness and the availability of doses - should be used to
achieve a vaccination rate of 20% of the total population in phase I, and
that weighted allocation (considering vulnerability and COVID-19
threat) should be used when beyond 20% of phase II (WHO, 2020a).

Received 15 January 2021; Received in revised form 14 June 2021; Accepted 17 June 2021

Available online 22 June 2021
0091-7435/© 2021 Elsevier Inc. All rights reserved.


mailto:jinhui_hld@163.com
www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2021.106694
https://doi.org/10.1016/j.ypmed.2021.106694
https://doi.org/10.1016/j.ypmed.2021.106694
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2021.106694&domain=pdf

Q. Wang et al.

Even the most effective vaccine has a limited impact on the spread of
a disease if people refuse to take it. In 2018, the largest measles outbreak
occurred in New York City, America in nearly 30 years (Yang, 2020). A
total of 148,279 cases were reported by the European Centre for Disease
Prevention and Control in European Union countries between 2010 and
2019 (Nicolay et al., 2020). The low uptake of the measles vaccine has
contributed to continuous measles transmission (Nicolay et al., 2020;
Yang, 2020). Concerns about side effects, mistrust in the government,
and religious beliefs, among others, were found to be key factors
resulting in vaccine hesitancy (Diaz et al., 2020).

COVID-19 vaccination intentions have been surveyed and reported
in previous studies (Dror et al., 2020; Fisher et al., 2020; Lazarus et al.,
2020). The proportion of willingness to undergo COVID-19 vaccination
was 68.4% based on a meta-analysis (Wang et al., 2020a, 2020Db).
However, several problems were not examined or explored, and the
representativeness of the samples was unclear. The bias in the sample
may have an impact on the estimated willingness rate. However, the
predictors associated with willingness were not identified in this study.
By identifying associated predictors, governments and health authorities
can inform the development of evidence-based guidelines and specific
vaccine campaigns to effectively address COVID-19 vaccine hesitancy
and improve vaccine uptake.

The purpose of this systematic review was to estimate the COVID-19
vaccine acceptance rate and identify predictors associated with COVID-
19 vaccine acceptance.

2. Methods
2.1. Search strategy and selection criteria

A systematic search was performed using the PRISMA checklist (htt
p://www.prisma-statement.org/) on four English databases (PubMed,
Web of Science, Cochrane Library, and Embase) on November 4, 2020.
The PRISMA checklist facilitated transparent and complete reporting of
systematic reviews (Page et al., 2021). We used the following search
terms: “COVID-19” OR “SARS-CoV-2” OR “novel coronavirus” OR
“coronavirus disease 2019” AND “vaccin*” OR “immunization”. All
search records were first screened by title and abstract; after exclusion of
duplicate records, no relevant records were excluded. Two researchers
(QW and LQY) reviewed the full text of all potential eligible studies. The
peer-reviewed studies included in this review reported on at least two of
the following three topics: the total number of surveyed persons, the
number of persons intending to receive vaccination against COVID-19,
and the COVID-19 vaccine acceptance rate. We did not limit the types
of studies included.

We excluded studies that did not involve COVID-19 vaccine accep-
tance or did not provide specific survey numbers for pooling. Duplicate
studies and data were excluded. Two researchers (QW and LQY) inde-
pendently performed article selection, and disputes were settled by a
third researcher (HJ). Additionally, we manually scanned the references
of all articles in which full-text reading was performed to avoid missing
any additional articles. The review protocol is available on PROSPERO
(ID: CRD42020226875).

2.2. Data abstraction and quality assessment

We extracted the following information from the included articles:
title, first author, journal, article type, survey period, surveyed location,
sampling method, sample representativeness, survey method, survey
population, questions about vaccination, and measurement method
(such as 5-point Likert scale). When the original study claimed that a
representative sample of a country (countries) or city (cities) was used,
we verified this claim by assessing their surveying strategies before
reporting it. All predictors of vaccine acceptance reported in the
included studies were extracted according to the health belief model
(HBM) framework (Lin et al., 2020; Prematunge et al., 2012; Janz and
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Becker, 1984). The framework has been used to explain the factors
associated with immunization behaviors, such as seasonal influenza
vaccination (Prematunge et al., 2012) and human papillomavirus
vaccination (Batista et al., 2015) to predict vaccination uptake (Pre-
matunge et al., 2012), and can provide good support for complex and
effective interventions (Craig et al., 2008). Based on the HBM constructs,
the predictors of vaccination willingness included perceived suscepti-
bility and severity of COVID-19, perceived benefits and risks of vacci-
nation acceptance (reasons for vaccination willingness or
unwillingness), modified factors (such as socio-demographics and
knowledge), and cues to action (internal and external stimuli for pro-
moting vaccination) (Prematunge et al., 2012).

The STROBE statement, which offers guidance for observational
research reporting, was used to assess the quality of the included studies
(Von et al., 2007). The quality of the included studies was assessed using
the 22 items in the STROBE statement (1 point for each item, for a total
of 22 points). Two researchers (QW and LQY) performed the data
abstraction and quality assessment independently, and the two results
were compared to identify differences. If the data extracted for each
article differed, the article was re-read. If the quality assessment scores
for an article differed, the assistance of a third researcher (LL) was
sought to resolve disputes.

2.3. Statistical analysis

All analyses were performed using Stata 14.0 software. We used a
double arcsine transformation on the data and reported the pooled
acceptance rate and 95% confidence interval (CI) with extracted vari-
ables, the total number of surveyed persons, and the number of persons
who accepted vaccination against COVID-19. If the number of persons
accepting vaccination against COVID-19 was not provided in the study,
we calculated it by multiplying the total number by the willingness rate.
DerSimonian-Laird random effects were used in the pooling process.
Stratified subgroups and meta-regression analyses were conducted to
explore the sources of heterogeneity according to the study character-
istics. Some studies only reported the inclusion criteria of study popu-
lation was adults. We used the term “mixed general population” instead
of “general population” to account for the inclusion of studies in special
populations such as healthcare workers (HCWs).

We analyzed the relationship between acceptance rates and the
number of cumulative infections and daily increase in the number of
infections in the global context or surveyed country during the survey
period. More specific details regarding our calculations are available in
the supplemental materials.

We systematically identified predictors associated with vaccination
intention. Predictors reported in two or more studies were analyzed. The
odds ratio (OR) was calculated and pooled when the data were appro-
priate and sufficient (e.g., gender). We described the predictors without
pooling in the following cases: (1) the divisions of predictors were
complex, such as income, and (2) the predictors were insufficient. We
further compared our data with previous systematic reviews that re-
ported the influencing factors associated with pandemic influenza
vaccination.

3. Results

A total of 16,135 records were returned, of which 38 articles were
included in the meta-analysis (Fig. 1). Most of the included studies (34/
38) were performed online and by telephone (Table S1). Of the 38
studies, 28 were original articles, and 10 were brief communications,
correspondences, or editorials. These studies reported cross-sectional
surveys from 36 countries and regions with 81,173 surveyed in-
dividuals. The survey time included 38 studies covering February to
September 2020. The quality assessment scores ranged from 10 to 20,
with an average of 15.07 + 2.91 (Table S2).

The COVID-19 vaccination acceptance rate was 73.31% (95%CI:
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16135 records identified after searching database

Y

6997 duplicates excluded

Y

9138 records selected and screened

" 8981 records excluded
on title and abstracts

Y

157 full-text articles assessed for eligibility

119 articles excluded

o 6 did not provide specific surveyed numbers

2 duplicate studies and data

111 did not involve COVID-19 vaccine acceptance

A

38 articles included in systematic review

Fig. 1. Flowchart of study selection.

70.52, 76.01), as shown in Fig. S1. Studies using representative samples
reported a rate of 73.16% (Fig. 2,). The acceptance rates were 74.45%
(95%CI: 71.57, 77.22) and 81.65% (95%CI: 70.05, 90.93) among the
mixed general population and general population without HCWs,
respectively; both of which were higher than those of HCWs (65.65%,
95%CI: 55.20, 75.38). The willingness proportion ranged from 75.49%
(May) to 43.38% (February) over the course of 7 months. Among the 38
studies, two used the assumption that the COVID-19 vaccine was free;
when using this assumption, the proportion of willingness to vaccinate
(80.21%) was significantly higher than when not using this assumption
(72.99%). As shown in Fig. 3, the results from Malaysia reported the
highest proportion of willingness (94.31%), and the results from Greece
reported the lowest proportion (43.38%).

3.1. Meta-analysis regression

Table S3 shows that the survey population, income levels of the
surveyed country, study period, and measurement method significantly
affected the heterogeneity of the meta-analysis results (adjusted R% =
28.02%). The differences among the surveyed populations explained the
largest amount of heterogeneity (adjusted R? = 14.56%).

3.2. Relationship with number of infections

We found no correlations between the proportion of vaccination
acceptance, number of cumulative infections (r = —0.037, p = 0.842),
and daily increase in the number of infections (r = —0.077, p = 0.674) in
the global context. Similarly, correlations between vaccination accep-
tance proportion, number of cumulative infections (r = —0.062, p =
0.668), and daily increase in the number of infections (r = —0.092, p =
0.523) in each surveyed country were not significant. There was no
significant correlation between COVID-19 vaccine acceptance and cu-
mulative/ daily infections when lagged days were considered
(Table S4).

3.3. Analysis of predictors

3.3.1. Perceived susceptibility and severity of COVID-19

The frequencies of the predictors are shown in Table S5. Seven
studies reported an association between the perceptions of COVID-19
infection risk and COVID-19 willingness. Four studies found a positive
relationship between perceived COVID-19 infection risk and COVID-19
vaccine willingness (Detoc et al., 2020; Faasse and Newby, 2020; Salali
and Uysal, 2020; Wong et al., 2020); three studies provided evidence
that this relationship was not significant (Fisher et al., 2020; Harapan
et al.,, 2020; Wang et al., 2020a, 2020b). Two studies performed in
Australia and Italy reported that concern about COVID-19 outbreak was
not significantly associated with vaccination willingness (Faasse and
Newby, 2020; Pierantoni et al., 2020).

3.3.2. Perceived benefits and risks of acceptance

Of the 38 studies, six explored the reasons for vaccination willingness
or unwillingness. Protecting oneself or others was the most common
reason for willingness (benefits of acceptance), and concerns about side
effects and safety were the most common reasons for unwillingness
(risks of acceptance).

Regarding the reasons for willingness in each study, the most com-
mon was “how well the vaccine works” (Reiter et al., 2020), followed by
“protect person being vaccinated” (Bell et al., 2020), and “protect child”
(Goldman et al., 2020a). Regarding reasons for refusal and hesitancy in
each study, the most common was “side effects, safety,” followed by
“don’t believe in, want, or feel comfortable with vaccines” (Fisher et al.,
2020), “suspicion on efficacy, effectiveness or safety” (Bell et al., 2020),
“novelty” (Goldman et al., 2020a), “concerned about vaccine efficacy
and safety” (Rhodes et al., 2020), “I'm concerned about potential side
effects” and “new/rushed vaccine/ not enough evidence” (Neumann-
Bohme et al., 2020).

3.3.3. Modified factors
In our review, the modified factors included the following: (1) socio-
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Variables No. of studies Event/n
Sampling method

Convenience sampling 9 11 007/14 707
Random stratified sampling 4 15 885/21 506
Not mentioned 25 33 202/44 960
Sample representativeness

Representative sample 7 23718/31 886
Non-representative sample 31 36 376/49 307
Survey population

Mixed general population 28 529 21/71 275
HCWs 7 3762/5880
General population without HCWs 4 2744/3176
Older adults and chronic disease patients 1 450/526
Not mentioned 1 217/316
WHO region

Americas 8 8248/11 727
Europe 15 26 876/36 952
South—-East Asia 2 1821/2101
Eastern Mediterranean 3 5413/7345
Africa 3 1291/2091
Western Pacific 8 13 032/15 982
Country income levels *

High-income economies 30 46 537/63 574
Upper-Middle-income economies 6 11 022/13 916
Lower-Middle-income economies 4 1834/2773
Study period

February 1 200/461
March 6 6456/8320
April 13 24 083/31 943
May 9 12 821/17 910
June 4 12 956/17 565
July 2 2207/2921
September 1 521/1002
Not mentioned 2 850/1051
Vaccine recipient

For self 34 52 491/70 272
For children 6 9816/13 814
Measurement method

Dichotomy scale 3 3050/3984
Trichotomy scale 9 17 571/24 508
4-point Likert sacle 5 6766/8468
5-point Likert sacle 16 26 935/36 380
7-point Likert sacle 1 2091/3159
10-point Likert sacle 1 1005/1541
Not mentioned 3 2676/3853
Vaccine payment

Free assumption 2 2642/3365
No free assumption 36
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Estimated rate and 95%CI
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Fig. 2. COVID-19 vaccination acceptance rate by subgroupt.

Estimated rate

tHCWs: Healthcare workers, the vertical bar represents the overall pooled rate (0.7331), there were no data in August being reported. *Division came from htt
ps://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups.

demographics; (2) knowledge, attitude, beliefs, and prior experience
with COVID-19 and vaccination; and (3) trust.

3.3.4. Socio-demographics

Gender (17/38), age (16/38), and educational level (13/38) were
the most frequent predictive factors reported in the included studies.
Compared to men, women were less likely to accept the vaccine (OR:
0.728, 95%CIL: 0.613, 0.865). We estimated the proportion of acceptance
to be 83.00% in those aged >60 years, and it was higher than that
observed in those aged <60 years (72.09%). Compared to people with
high school education (equivalent) or below, people with a college de-
gree or higher education were more likely to accept COVID-19 vacci-
nation (OR—:1.613, 95%CI: 1.212, 2.145).

Higher household income has been found to be a positive predictor of
COVID-19 vaccination willingness (Bell et al., 2020; Lazarus et al., 2020;
Reiter et al., 2020; Ward et al., 2020). Some studies have found no
significant relationship between respondent’s household income and
willingness (Fisher et al., 2020; Harapan et al., 2020; Pierantoni et al.,
2020; Rhodes et al., 2020; Wong et al., 2020). In two articles using the
“free vaccine assumption,” one showed that higher income was posi-
tively associated with COVID-19 vaccination willingness in America
(Reiter et al., 2020), whereas the other concluded the association was
not significant in Indonesia (Harapan et al., 2020). With regard to race/

ethnicity, black people were less likely to accept COVID-19 vaccination
than white people (OR:0.425, 95%CI: 0.312, 0.580). There was no sig-
nificant difference between people living in urban and rural areas (OR-:
1.154; 95%CI: 0.955, 1.395; urban as the reference).

Employment status was not significantly associated with vaccination
willingness (Bell et al., 2020; Fisher et al., 2020; Head et al., 2020; Malik
et al., 2020). In one study conducted among a representative sample of
Australian parents, employed people were more likely to accept vacci-
nation than unemployed people (Rhodes et al., 2020). In contrast, un-
employed people were more likely to accept vaccination in one study
conducted among Israeli HCWs and the general population (Dror et al.,
2020). No association between marital status and vaccination willing-
ness was reported in three studies performed in America and Indonesia
(Fisher et al., 2020; Harapan et al., 2020; Reiter et al., 2020). There was
contradictory evidence on whether the status of having a child (or
children) was an effective predictor. Having a child (or children) was
negatively associated with vaccination acceptance in a study conducted
in Turkey (Salali and Uysal, 2020), but was not significantly associated
in studies conducted in America and China (Dong et al., 2020; Head
et al., 2020). Differences in willingness rates were not significant among
individuals with different occupations (Harapan et al., 2020; Wong
et al., 2020).
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Country Estimated rate and 95%CI
Malaysia - 0.9431(0.9282,0.9550)
Egypt . 0.8855(0.8564,0.9093)
Brazil . 0.8536(0.8258,0.8776)
UK bt 0.8422(0.7765,0.8983)
Indonesia - 0.8211(0.8064,0.8353)
Australia - 0.8158(0.7623,0.8638)
South Africa = 0.8158(0.7834,0.8444)
South Korea .- 0.7979(0.7677,0.8250)
Denmark b= 0.7703(0.7419,0.7965)
Netherlands .- 0.7703(0.7419,0.7965)
Portugal —u- 0.7703(0.7419,0.7965)
Philippines .- 0.7703(0.7419,0.7965)
China 0.7689(0.5361,0.9371)
Mexico L 0.7625(0.7296,0.7926)
Italy ——t 0.7599(0.6556,0.8506)
United Arab Emirates - 0.7484(0.7221,0.7731)
India == 0.7453(0.7127,0.7753)
Spain - 0.7433(0.7108,0.7733)
Bahrain - 0.7201(0.7083,0.7316)
Kuwait - 0.7201(0.7083,0.7316)
France r—— 0.7196(0.6646,0.7716)
Ecuador = 0.7193(0.6859,0.7505)
America —— 0.7063(0.6474,0.7619)
Canada —— 0.6874(0.6523,0.7205)
Germany . 0.6842(0.6494,0.7171)
Singapore - 0.6794(0.6427,0.7140)
Israeli bty 0.6714(0.6068,0.7330)
Japan - 0.6672(0.6526,0.6816)
Switzerland o 0.6672(0.6526,0.6816)
Turkey L 0.6654(0.6505,0.6800)
Sweden —u—t 0.6523(0.6149,0.6879)
Nigeria 0.6155(0.2873,0.8936)
Poland = 0.5631(0.5251,0.6003)
Russia E 0.5485(0.5110,0.5856)
Maltese == 0.5200(0.4890,0.5508)
Greece 'I—'—' : I 0.4338(0.3893,0.4794)
0.2 0.4 0.6 0.8 1

Estimated rate

Fig. 3. Estimated COVID-19 vaccination acceptance rate worldwidef.
1The vertical bar represents the overall pooled rate (0.7331).

3.3.5. Knowledge, attitude, beliefs, and prior experience

There was no significant relationship between people with chronic
diseases and willingness to receive the COVID-19 vaccine among the
general population in France and Malaysia (Detoc et al., 2020; Wong
et al., 2020). Chronic conditions were positively associated with vacci-
nation acceptance among nurses in Hong Kong (Wang et al., 2020a,
2020b). The difference between vaccination rates among people with
different self-rated health grades was not significant in the United States
and Indonesia (Faasse and Newby, 2020; Fisher et al., 2020). Influenza
vaccination in the past season was an effective predictor of COVID-19

vaccination acceptance; in all four studies reporting data, people who
received influenza vaccination in the last season were more likely to
accept COVID-19 vaccination (OR:3.165, 95%CI: 1.842, 5.464).

3.3.6. Trust

Trust in the government was a positive predictive factor of vacci-
nation willingness in 20 surveyed countries (Lazarus et al., 2020; Faasse
and Newby, 2020).
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3.3.7. Cues to action

The relationship between family members or friends having COVID-
19 and vaccination willingness has not been demonstrated (Lazarus
et al., 2020; Reiter et al., 2020; Wong et al., 2020). People with greater
exposure to media reports about COVID-19 were more likely to accept
COVID-19 vaccination in the UK, Turkey, and Australia (Faasse and
Newby, 2020; Salali and Uysal, 2020). Furthermore, compared to those
with conservative political leanings (views), those with liberal political
leanings showed stronger COVID-19 vaccine willingness among the
general population in America (Head et al., 2020; Reiter et al., 2020);
however, one study conducted in America that did not report a survey
population found no significant association between political leanings
and vaccination willingness (Pogue et al., 2020).

3.3.8. Comparisons of reviews

We compared the predictors with factors influencing pandemic
influenza vaccination reported by four previous systematic reviews
(Table S5) (Brien et al., 2012; Prematunge et al., 2012; Bish et al., 2011;
Nguyen et al., 2011). Seasonal influenza vaccination history was a
positively effective predictor. In four studies, the evidence of socio-
demographics associated with willingness was mixed. Perception of
risk was not significantly associated with vaccination willingness, and
concerns about safety and side effects were the main barriers to
vaccination.

4. Discussion

The estimated COVID-19 vaccine acceptance rate was 73.31%,
ranging from 43.38% to 94.31% across countries and regions. This
number was similar with data reported by a previous study (Wang et al.,
2020a, 2020b). Gender, educational level, influenza vaccination history,
and trust in the government were strong predictors of COVID-19
vaccination willingness.

To date, the proportion of the population that must be vaccinated
against COVID-19 to begin inducing herd immunity is yet unknown; a
modelling study showed that to end this ongoing epidemic, the vaccines
need to have an efficacy rate of at least 80% with a coverage of 75%
(Bartsch et al., 2020). However, even though we found some countries/
regions had high pooled rates, policy makers should be concerned about
the acceptance of COVID-19 vaccination for the following reasons: 1)
there are significant regional and local differences in the acceptance of
COVID-19 vaccination. The pooled rates did not represent the rates
within the countries or areas; countries/areas that have low coverage
rates will continue to struggle with the fight against the disease; 2)
Learning from prior experience with vaccinations, some existing barriers
are expected to reduce actual vaccine uptake in certain subpopulations
(Fisher et al., 2020; Ward et al., 2020).

HCWs should be given priority in receiving COVID-19 vaccines as
they are key to COVID-19 responses and are considered to be at high risk
of infection (Emanuel et al., 2020; McClung et al., 2020). However,
hesitancy and refusal among HCWs to receive a COVID-19 vaccine re-
mains a major concern. A previous study suggested that recommenda-
tions by HCWs were associated with uptake in the general population
(Wang et al., 2018). If the COVID-19 vaccine is not mandatory, low
uptake among HCWs might contribute to low uptake among the general
population. Vaccine hesitancy and refusal among HCWs mainly origi-
nate from concerns regarding the safety and effectiveness of COVID-19
vaccines (Dror et al., 2020; Wang et al., 2020a, 2020b). Systematic
strategies should be implemented to improve COVID-19 vaccine
acceptance and uptake among HCWs. A previous review showed that a
few combined interventions, including education and training sessions,
easy vaccine accessibility, and rewards after vaccination, could increase
influenza vaccination uptake (Rashid et al., 2016). We suggest that
health education and better public health messaging could be used to
eliminate HCWs’ concerns about vaccine safety. Furthermore, HCWs
should be informed about the benefits of protecting themselves, their
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patients, and their family and friends after vaccination. Additionally, the
supply of COVID-19 vaccines to HCWs needs to be ensured to improve
accessibility.

Vaccine acceptance predictors were comprehensively analyzed in
this study. Among socio-demographic factors, gender, and education
level were effective predictors. Moreover, our results demonstrated that
women were less likely to accept the COVID-19 vaccine than men. A
previous systematic review also demonstrated that women were less
likely to be vaccinated during the 2009 global influenza pandemic (Bish
et al., 2011). The reason for this may be that men engage in riskier be-
haviors than women (Goldman et al., 2020a). Furthermore, women’s
refusal and hesitancy to accept the COVID-19 vaccine may make
vaccinating children difficult, as women play a key role in child vacci-
nation when the COVID-19 vaccine is accessible to children (COCONEL
Group, 2020).

The association between age and willingness to vaccinate is not
conclusive (Brien et al., 2012; Bish et al., 2011; Nguyen et al., 2011).
Vaccination intention may be related to different age groups. Most
studies, including ours, have shown that older people (> 60 years) are
more likely to accept vaccination (Bish et al., 2011). This is promising
news given that the elderly are at a high risk of being infected with se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Consis-
tent with one review of barriers to vaccination (Guzman-Holst et al.,
2020), low education levels might also contribute to low vaccine
acceptance.

Influenza vaccination history is a strong predictor of vaccine
acceptance. Our study and a previous review have shown that people
with histories of seasonal influenza vaccination are more likely to be
vaccinated against COVID-19 and pandemic influenza (Prematunge
et al., 2012; Brien et al., 2012; Bish et al., 2011; Nguyen et al., 2011).
Influenza vaccination history is an interesting indicator of people’s at-
titudes toward vaccines (Schmid et al., 2017). It has been reported that
willingness to be vaccinated against influenza was higher in 2020 than
in the past (Goldman et al., 2020b). In China, as of November 9, 2020,
the national usage of influenza vaccine was approximately 25 million
doses, close to its usage in 2019 (Chinese National Health Commission,
2020). Perception of a higher likelihood of SARS-CoV-2 infection (Wang
et al., 2020a, 2020b) and considering COVID-19 as a community threat
(Sturm et al., 2021) were positively associated with influenza vaccina-
tion acceptance. We suggest that the present moment is an ideal op-
portunity to improve influenza vaccination uptake by using guided
scientific public health strategies. Trust in the government also had an
impact on the intention to be vaccinated. Previous reviews have
demonstrated that trust in health authorities is associated with vacci-
nation willingness (Bish et al., 2011; Prematunge et al., 2012). Disease
control relies on credible information and guidance (Lazarus et al.,
2020). In our study, the main reasons for unwillingness to undergo
vaccination were safety considerations. A transparent, robust, and
reasonable immunization process can improve public confidence in the
COVID-19 vaccine (Lazarus et al., 2020).

We suggest that national and individual interventions be undertaken
to improve COVID-19 vaccine acceptance and future uptake. At the
national level, governments should inculcate public confidence in vac-
cines using scientific vaccine programs. Moreover, governments should
be cautious and aware of potential trends in anti-vaccine movements. In
particular, the Internet has expanded the audience for the anti-vaccine
movement (Johnson et al., 2020), and it is possible that the explosive
growth in anti-vaccination views will hinder the development and up-
take of vaccines (Johnson et al., 2020).

At the individual level, people with vaccine hesitancy should be
identified using easily available and effective predictors, and a series of
combined interventions can be implemented to persuade these people to
be vaccinated (Rashid et al., 2016). Among the predictors, some (such as
media exposure) are more amendable than others (age). In terms of
behavioral changes, these predictors require different interventions.
Behavioral change theories such as the HBM and social marketing,



Q. Wang et al.

which have been effectively adapted to improve individual use of
medical interventions, should be considered when developing commu-
nity engagement strategies for vaccine rollout (Lin et al., 2020; Opel
et al., 2009).

Our study has several limitations. First, although this study included
36 countries and regions, it may not be representative of the global re-
action to the COVID-19 vaccine. Indeed, data from low-income countries
are very limited, and there is an urgent need for rapid research to sup-
port vaccine rollout worldwide. Second, the representability of the
sample was uncertain in most studies, and the accessibility of the
Internet (to complete an online survey) may become a barrier to
generalizing the findings. Therefore, the selection of sample bias needs
to be carefully considered. According to the sampling method and
sample representability, we performed a stratified subgroup analysis
and concluded that our findings have acceptable validity. We analyzed
and compared the pooled willingness rate for representative samples
(73.16%) versus non-representative samples (73.41%) and found that
the gap was very small, and the results of the different sampling methods
were similar. Additionally, sample representativeness and the sampling
method did not significantly affect heterogeneity in the meta-regression.
Third, attitudes to vaccination are influenced by many complex factors,
including insurance and price, which might vary across different times,
policies, and health systems. Finally, the effects of some predictors were
not explored due to limitations of the data. Meanwhile, some predictors
were not examined on a finer scale because the reported data did not
provide sufficient details. As reported, the willingness rate in individuals
aged <60 years was higher than that in those aged <60 years. However,
the associated factors were not sufficiently granular to be explored
further. Greater efforts to report data on a finer scale are needed in
future research.

5. Conclusions

More than 70% of people reported that they were willing to be
vaccinated against COVID-19. However, the acceptability rate still needs
more attention. Gender, education level, and influenza vaccination
history are positive predictors of COVID-19 vaccine acceptance.
National-and-individual-level interventions should be undertaken to
improve the COVID-19 acceptance rate and uptake in the future.
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