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Abstract: Despite the availability of effective and safe vaccines, the acceptance of COVID-19 vaccina-
tion is suboptimal. In this meta-analysis we quantified the prevalence estimates of COVID-19 vaccine
acceptance with a specific focus on worldwide geographical differences. We searched PubMed, Sco-
pus, Web of Science and PsycInfo up to April 2021 (PROSPERO ID: CRD42021235328). Generalized
random-effects linear models with a logit link were used to calculate the pooled estimated rate of
vaccine acceptance at both the global and regional level. A meta-regression analysis was performed
to assess the association between COVID-19 vaccine acceptance and various characteristics of the
studies. Overall, 71 articles yielding 128 prevalence estimates were included. The pooled prevalence
of COVID-19 vaccination acceptance rate was 66% (95% CI: 61-71%). This varied by geographic area,
ranging from 36% (95% CI: 18-60%) in Africa to 83% (95% CI: 82-84%) in Oceania, and there was high
variability between countries (15.4% Cameroon-100% Bhutan). Meta-regression analysis showed
that studies that investigated COVID-19 vaccination intentions using multiple choice/scoring gave a
vaccine acceptance prevalence lower than studies with only two possible answers (yes/no) (8: —1.02
95% CI: —1.41 to —0.63). Despite some variation in the estimates, the results showed that one in three
people may refuse/delay COVID-19 vaccination.

Keywords: vaccination; vaccine hesitancy; COVID-19; systematic review; meta-analysis

1. Introduction

Vaccines are one of the most effective tools for primary prevention of communicable
diseases, including COVID-19 [1]. Vaccination directly protects vaccinated individuals
and indirectly protects those who cannot be immunised through the development of
community immunity [2]. However, to be truly successful in preventing and halting
epidemics, immunization programs require high population coverage [3]. As of June 2022,
global COVID-19 vaccine uptake is 66.4% [4], despite World Health Organization (WHO)
requiring no less than 70% anti-SARS-CoV-2 immunization coverage by mid-2022 in all
countries as an imperative [5]. To accelerate COVID-19 vaccine uptake, it is essential to
identify the main barriers to vaccine acceptance. In the early stages of the immunization
campaign, factors that reduced uptake were insufficient vaccine availability, problems
with distribution and allocation of vaccines, and the organization of health services [6].
Today, 18 months after the start of the immunization campaign, with vaccine production
and supply potentially adequate to meet global demand [7], it is clear that, alongside the
logistical and access factors, individuals may remain unvaccinated for a variety of reasons,
increasingly linked to individual attitudes and intentions towards vaccination [8]. These
“hesitant” individuals represent a target group of particular interest to public health, since
through the analysis of vaccination acceptance and its determinants, effective strategies
can be implemented to fight the phenomenon of vaccine hesitancy [9,10].
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Vaccine hesitancy is defined by the Strategic Advisory Group of Experts on Immu-
nization (SAGE) as a “delay in acceptance or refusal of vaccination despite availability of
vaccination services” [11]. This phenomenon, already identified by WHO in 2019 as one of
ten threats to global health [12], also affects COVID-19 vaccination, resulting in suboptimal
levels of vaccination acceptance and a failure to achieve community immunity [13]. Indeed,
the scientific literature has reported significant variability in COVID-19 vaccine acceptance
levels, with several countries reporting population vaccine intentions thresholds below
60% (Jordan, Cameroon, Russia, Poland, Croatia, and others) [14-17]. Monitoring trends
in COVID-19 vaccine acceptance worldwide is critical when addressing vaccine hesitancy,
especially where there is a need to develop tailored public health strategies that increase
local vaccination uptake and promote a return to usual lifestyles and social activities [18].

Several systematic reviews and meta-analyses of COVID-19 vaccine intentions have al-
ready been conducted in the general population [19,20] and healthcare workers (HWs) [21,22],
both before and after commercial release of authorized vaccines [23,24]. COVID-19 vaccine
intentions have also been reviewed in other population subgroups [25,26]. However, to
the best of our knowledge, data on the prevalence of anti-SARS-CoV-2 vaccination accep-
tance rates that focus on geographical differences are still lacking. Therefore, the primary
objective of this review was to quantify estimates of COVID-19 vaccine acceptance before
or in the very early stages of the vaccination campaign at both global and regional level. In
addition, by analysing various characteristics of the studies, such as the target population
investigated, when the survey was conducted, or study quality, we aimed to explore the
variability in the prevalence estimates of COVID-19 vaccination acceptance.

2. Materials and Methods

This systematic review was performed according to the Cochrane Handbook for
Systematic Reviews and the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses [27]. The review protocol was registered at PROSPERO (identifier CRD42021235328).
Because this study did not involve primary data collection, the protocol was not submitted
for institutional review board approval and did not require informed consent.

2.1. Search Strategy, Study Selection and Inclusion Criteria

The search was performed on PubMed, Scopus, Web of Science and PsycInfo, following
database-specific search strategies on 3 April 2021. The main keywords used to search the
database included “COVID-19”, “SARS-CoV-2”, “vaccine”, “vaccination”, “acceptance”,
“intention”, “hesitancy”, “willingness”, and synonyms (the search strategy is fully reported
in Supplementary Table S1). No restriction was applied. The search was supplemented by
scanning the reference lists of the retrieved articles. Duplicate articles were removed, and
the title and abstract of all retrieved records were screened. Studies that did not meet the
inclusion criteria were excluded. Full texts of potentially relevant articles were examined by
two researchers and reasons for exclusion were recorded. Any disagreement was resolved
by discussion with a third author.

We included any study with the following characteristics: (i) reported in English or
Italian, based on co-author language abilities; (ii) were peer-reviewed studies and had a
cross-sectional design; (iii) investigated subjects aged >16 years (target population included
in COVID-19 trials before vaccination release) (iv) provided data on earliest COVID-19
vaccine acceptance by the general population expressing their first vaccination intentions
at the beginning of the vaccination campaign (March 2020-March 2021). We excluded
records that investigated vaccination intentions in association with willingness to pay, or
that focused on the theoretical efficacy of vaccinations in development, or from which data
on the prevalence of COVID-19 vaccination intentions were not retrievable.

2.2. Data Collection and Quality Assessment

For each record included, two reviewers used a standardized data abstraction form
to collect the following information: first author, year of publication, geographical area,
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country, target population, sample size, time of the investigation, general characteristics of
the survey tool (structure of the questionnaire: domains, items, and data on validity of the
instruments), number of answer options to the question on COVID-19 vaccination intention,
and prevalence of COVID-19 vaccine acceptance (raw data or proportion, depending on
data availability). Five geographical areas were considered: Africa, Asia, Europe, North
America, Oceania, and South America. One survey [28] included participants from different
geographical areas and was therefore considered separately. The target populations were
classified as general population (i.e., without specific characteristics reported) and HWs.
The period of investigation, which ranged from March 2020 to March 2021, was summarized
into three categories based on the distribution of COVID-19 cases: March 2020-August 2020
(first wave period), September 2020-December 2020 (second wave period) and January
2021-March 2021 (COVID-19 vaccinations approved and administered). Sample size
was deemed as small or large using the median value (i.e., 1052 participants) as cut-off.
The number of answer options to the question on vaccine acceptance was classified into
dichotomous (yes/no), more than two options, or not reported. Two independent reviewers
performed a quality assessment of the studies included using the Newcastle-Ottawa Scale,
which is designed to evaluate cross-sectional studies [29]. Any disagreement was resolved
by discussion. Articles were considered of high quality when the total score was >7, fair
quality if the score was >5 and <7, and poor quality if the score was less than 5.

2.3. Statistical Analysis

Since most articles provided two or more prevalence estimates (e.g., in different pop-
ulations, in different countries), we considered each estimate separately. Generalized
randome-effects linear models with a logit link were used to calculate the pooled estimated
proportions for vaccine acceptance [30], both overall and for each geographical area. The
following stratification variables were considered: country, target population (general pop-
ulation and HWs), study quality (i.e., high quality when the total score was >7, fair/poor
quality when the score was <6), sample size (small/large), period of investigation (March—
August 2020, September-December 2020, January—March 2021), and answer options for the
question on vaccine acceptance (dichotomous, more than two options, not reported). The I2
metric was used to test heterogeneity [31]. A random-effects meta-regression analysis using
the restricted maximum-likelihood method and the Knapp-Hartung modification was per-
formed to explore the association between study characteristics and the logit-transformed
proportions of COVID-19 vaccination acceptance. We ran univariable and multivariable
analyses including the covariates that could influence the pooled prevalence estimate based
on literature review. The final model included the following variables: geographical area,
target population, sample size, study quality, investigation period and number of answer
options to COVID-19 vaccination intention. The lowest category was chosen as reference
for study quality and sample size; for the target population and geographical area, we used
the category with the highest number of studies; for the investigation period, we followed
the calendar and used the first wave period, whereas for type of answer options we used
the dichotomous category. In addition, separate meta-regression analyses were performed
for geographical areas with more than 15 prevalence estimates. We used the same methods
and variable selection process of the main analysis.

All calculations were performed using Stata (StataCorp LLC, 4905 Lakeway Drive,
College Station, TX, USA), version 17.0. A two-sided p-value < 0.05 was considered
statistically significant.

3. Results
3.1. Study Selection

The systematic search yielded 5447 articles. After removal of duplicates, 2590 records
were considered eligible (Figure 1). Screening by title and abstract returned 211 articles that
were assessed by full-text analysis, of which 141 were excluded for the reasons outlined
in Figure 1. Two records from a manual search were added to the previous 70, giving
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a total of 72 articles meeting the inclusion criteria. However, one of these duplicated
data from another study and therefore was also excluded [14], leaving a total of 71 arti-
cles [10,15-17,28,32-96] that were ultimately included in the systematic review and that
yielded 128 prevalence estimates of COVID-19 vaccination intention for meta-analysis.

Identification of studies via databases
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Figure 1. PRISMA flow diagram of the review process.

3.2. Characteristics of the Prevalence Estimates Included in the Proportion Meta-Analysis

Most of the prevalence estimates came from Europe (N = 46), Asia (N = 31) and North
America (N = 30), with 13 from South America, five from Africa, two from Oceania and
one study that covered multiple countries simultaneously (Table 1). The most investigated
countries were USA (N = 17), United Kingdom (N = 11) and Italy (N = 11). A total
of 1,902,510 participants aged >16 years were included; of these, 46,252 were HWs. The
sample size had a median value of 1052 individuals (range: 47-1,154,988). The investigation
period most examined was March 2020-August 2020, during the first wave of the pandemic
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(N = 65; 50.8%), whereas 28 prevalence estimates (21.2%) related to COVID-19 vaccination
intentions after the release of COVID-19 vaccines. As for the quality assessment, almost
one in every four (31.3%) prevalence estimates were deemed of high quality, while the
remaining 88 came from studies judged as being of fair or poor quality, mainly due to a
lack of justification of sample size and/or comparability between responders and non-
responders. The measurement tools used for data collection were mostly structured by
the researchers based on the literature. The main features of the questionnaires were: (i) a
range of 1-8 domains, mostly pertaining to the following areas of investigation: socio-
demographic characteristics (e.g., sex, age, country, education, job position) knowledge
(e.g., COVID-19 transmission, vaccination doses, administration), behavior and attitudes
(e.g., adherence to COVID-19 containment measures, vaccination intentions) related to
SARS-CoV-2 and COVID-19 vaccinations; and (ii) an average of 25 items (range 3-100).
Only eight studies included a validated questionnaire designed specifically for COVID-19
vaccination [17,33,38,39,48,49,68,96]. COVID-19 vaccine intentions were investigated in
64% (82 investigations) of surveys with questions that allowed a choice between more than
two answer options (e.g., score, scale, rating). Only 40 investigations provided just two
answer options (Yes/No) to the question on COVID-19 vaccine intentions (e.g., Will you
get vaccinated against COVID-19? (Yes/No)).

Table 1. Characteristics of the prevalence estimates included in the proportion meta-analysis of
COVID-19 vaccination acceptance.

N (%)

Geographical area

Africa 5(3.9)

Asia 31 (24.2)

Europe 46 (35.9)

North America 30 (23.4)

Oceania 2 (1.6)

South America 13 (10.2)

Multiple countries 1(0.8)
Target population

General Population 106 (82.8)

Healthcare Workers 22 (17.2)
Time of investigation

March 2020-August 2020 65 (50.8)

September 2020-December 2020 28 (21.9)

January 2021-March 2021 28 (21.9)

Not specified 7(5.4)
Study quality

Poor/fair quality 88 (68.8)

High quality 40 (31.2)
Type of answer options

Yes/No 40 (31.3)

>2 choices 82 (64.0)

Not Specified 6 (4.7)
Sample size

<1052 participants 64 (50.0)

>1052 participants 64 (50.0)

3.3. Proportion Meta-Analysis of COVID-19 Vaccination Intentions at the Global Level

Opverall, the global pooled prevalence of COVID-19 vaccine acceptance was 66% (95%
CI: 61-71%). Vaccination intentions varied markedly by country (Figure 2, Supplementary
Figure S1). Heterogeneity was very high: in almost all cases, 12 was >95%. African
countries reported the lowest levels of COVID-19 vaccination intention, with Cameroon,
15%, (95% CI: 14-17%), Democratic Republic of Congo, 28% (95% CI: 24-31%) and Egypt,
35% (95% CI: 33-37%) among the lowest, whereas Asian countries showed the highest
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level of acceptance, with rates above 80% in China (80%, 95% CI: 57-94%), India (82%,
95% CI: 80-84%), Indonesia (96%, 95% CI: 93-97%) and Bhutan (100%, 95% CI: 92-100%).
However, lower estimates were reported in a few countries in the Middle East, namely
United Arab Emirates, 54% (95% CI: 51-57%) and Saudi Arabia, 55% (95% CI: 46—63%).
In Europe, most countries had pooled estimates ranging from 65% to 75% apart from a
few exceptions, namely Slovenia, 56% (95% CI: 55-57%), Poland, 56% (95% CI: 52—-60%)
and Greece, 58% (95% CI: 55-61%). Malta had the lowest acceptance rate (50%, 95% CI:
48-52%, 12 = 28.4%), whereas Denmark had the highest (80%, 95% CI: 77-82%). North
American prevalence estimates were heterogeneous, with vaccine acceptance levels higher
than 80% in Mexico and lower than 70% in the United States. Finally, two South American
countries had vaccination acceptance levels of 85%, Brazil (85%, 95% CI: 85-85%) and Costa
Rica (85%, 95% CI: 84-86%), but in the other countries in this region the estimates ranged
between 66% in Uruguay (95% CI: 65-67%) and 69% in Venezuela (95% CI: 68-70%).

3.4. Proportion Meta-Analysis of COVID-19 Vaccination Intention at the Regional Level

The proportion meta-analyses of COVID-19 vaccination intention at the regional level
were stratified by target population, period of survey administration, study quality, type of
answer, and sample size (Table 2).

3.4.1. Africa

Five investigations with a total sample size of 6547 individuals were conducted in
Africa (Table 2). Of these, three surveys were on general population, yielding a pooled
prevalence of 41%, (95% CI: 10-82%), and two on HWs, accounting for a pooled prevalence
of 33% (95% CI: 32-35%) (Supplementary Figure S2). Four investigations were collected in
March 2020-August 2020, with a pooled prevalence of 37% (95% CI: 14-68%) and only one
survey was conducted after the vaccination release (35%, 95% CI: 33-37%). Similar gaps
in the pooled prevalence rates were found for study quality (high quality: 25% [95% CI:
17-36%]; and poor/fairy quality: 73% [95% CI: 71-75%], respectively), and type of answer
options (multiple choices: 28% [95% CI: 24-31%]; two options: 73% [95% CI: 71-75%]; not
specified: 24% [95% CI: 23-26%], respectively). Finally, the two surveys with a sample size
>1052 participants gathered a lower vaccination intention compared to the other (<1052)
(24% [95% CI: 23-26%] vs. 51% [95% CI: 21-80%]).

3.4.2. Asia

Thirty-one investigations were conducted in Asia, involving a total of 40,656 individu-
als. The overall pooled prevalence estimate of vaccination acceptance was 66% (95% CI:
54-76%) (Table 2). Nineteen surveys investigated COVID-19 vaccination acceptance in the
general population, with a pooled prevalence of 63% (95% CI: 50-74%), while 12 surveys
were conducted on HWs, with a pooled prevalence of 70% (95% CI: 49-85%) (Supplemen-
tary Figure S2). Differences in vaccination acceptance levels were recorded according to the
survey period (March—August 2020: 67% [95% CI: 51-80%]; September—December 2021:
74% [95% CI: 49-90%]; January-March 2021: 49% [95% CI: 31-67%]; and not specified: 50%
[95% CI: 48-52%]). Providing more answer options in the COVID-19 vaccination intention
assessment led to a lower pooled prevalence of vaccination acceptance compared to surveys
with only two choices (55% [95% CI: 46-63%] vs. 84% [95% CI: 66-94%], respectively). By
contrast, similar rates of vaccination intention were found in relation to the study quality
and sample size (from 63% [95% CI: 46-78%] to 68% [95% CI: 51-78%] for the first, and
from 64% [95% CI: 44-80%] to 67% [95% CI: 53-79%] for the latter).
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Figure 2. World map of pooled prevalence estimates of COVID-19 vaccination acceptance by country. NA: Not available.
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Table 2. Pooled Prevalence Estimates (PEs) and their 95% Confidence Interval (CI) of COVID-19 vaccination acceptance by geographical area.

Africa

Asia

Europe

North America

South America

N oeeeswen N oeeeswen N opEes%en N PEeswcen N TPE@s%Cp
0.36 (0.18-0.60) 0.66 (0.54-0.76) 0.71 (0.65-0.76) 0.67 (0.59-0.74) 0.81 (0.78-0.84)
Target population
General population 3 0.41 (0.10-0.82) 19 0.63 (0.50-0.74) 41 0.71 (0.64-0.77) 27 0.69 (0.61-0.76) 13 0.81 (0.78-0.84)
Healthcare workers 2 0.33 (0.32-0.35) 12 0.70 (0.49-0.85) 5 0.65 (0.55-0.74) 3 0.53 (0.46-0.59) -
Time of investigation
March 2020-August 2020 4 0.37 (0.14-0.68) 15 0.67 (0.51-0.80) 27 0.73 (0.66-0.79) 14 0.64 (0.56-0.72) 3 0.82 (0.77-0.86)
September 2020-December 2020 - 10 0.74 (0.49-0.90) 13 0.69 (0.58-0.78) 4 0.55 (0.49-0.61) -
January 2021-March 2021 1 0.35 (0.33-0.37) 4 0.49 (0.31-0.67) 2 0.79 (0.75-0.83) 11 0.90 (0.87-0.92) 10 0.80 (0.80-0.80)
Not specified - 2 0.50 (0.48-0.52) 4 0.56 (0.43-0.68) 1 0.68 (0.63-0.74) -
Study quality
Poor/fair quality 2 0.73 (0.71-0.75) 16 0.68 (0.51-0.78) 34 0.73 (0.66-0.79) 21 0.64 (0.52-0.75) 12 0.80 (0.80-0.80)
High quality 3 0.25 (0.17-0.36) 15 0.63 (0.46-0.78) 12 0.68 (0.57-0.77) 9 0.69 (0.59-0.77) 1 0.85 (0.83-0.87)
Type of answer options
Yes/No 1 0.28 (0.24-0.31) 11 0.84 (0.66-0.94) 6 0.82 (0.74-0.88) 11 0.71 (0.35-0.92) 11 0.82 (0.79-0.86)
>2 choices 2 0.73 (0.71-0.75) 20 0.55 (0.46-0.63) 39 0.67 (0.60-0.73) 16 0.69 (0.63-0.76) 2 0.79 (0.76-0.81)
Not specified 2 0.24 (0.23-0.26) - 1 0.86 (0.83-0.89) 3 0.49 (0.33-0.65) -
Sample size
<1052 participants 3 0.51 (0.21-0.80) 19 0.64 (0.44-0.80) 29 0.73 (0.65-0.80) 10 0.62 (0.56-0.68) 3 0.82 (0.77-0.86)
>1052 participants 2 0.24 (0.23-0.26) 12 0.67 (0.53-0.79) 17 0.69 (0.61-0.76) 20 0.68 (0.56-0.78) 10 0.80 (0.80-0.80)
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3.4.3. Europe

We included forty-six investigations in Europe involving 1,223,397 individuals, with a
pooled prevalence estimate of COVID-19 vaccination acceptance of 71% (95% CI: 65-76%)
(Table 2). The general population was investigated in 41 surveys with a pooled prevalence
estimate of 71% (95% CI: 64-77%), while HWs yielded a pooled prevalence of 65% (95% CI:
55-74%) (Supplementary Figure S2). We found changes in the pooled prevalence estimate
of COVID-19 vaccination acceptance across time periods (73% [95% CI: 66-79%] in March—
August 2020; 69% [95% CI: 58-78%] in September—December 2021; 79% [95% CI: 75-83%]
in January-March 2021; and 56% [95% CI: 43-68%] when not specified). Lastly, studies that
collected data on COVID-19 vaccinations using questions characterized by dichotomous
answers showed a pooled prevalence of 82% (95% CI: 74-88%), while studies that use
multiple choice and/or scoring returned a vaccine acceptance of 67% (95% CI: 60-73%). In
only one case was this not specified (86%, 95% CI: 83-89%). As for the other characteristics,
similar rates of vaccination intention were found for study quality (from 68% [95% CI:
57-77%] to 73% [95% CI: 66-79%]) and sample size (from 69% [95% CI: 61-76%] to 73%
[95% CI: 65-80%]).

3.4.4. South America

Thirteen investigations were included for South America, all of them conducted on
the general population (245,296 individuals) and accounting for an overall pooled estimate
of COVID-19 vaccination acceptance of 81% (95% CI: 78-84%) (Table 2) (Supplementary
Figure 52). Three investigations were conducted between March and August 2020, with a
pooled prevalence estimate of COVID-19 vaccination acceptance of 82% (95% CI: 77-86%), a
value in line with those surveys conducted in January-March 2021, which yielded a pooled
prevalence of 80% (95% CI: 80-80%). Small differences between the pooled estimates were
observed according to sample size (80% [95% CI: 80-80%] vs. 82% [95% CI: 77-86%]), type
of answer options (79% [95% CI: 76-81%] vs. 82% [95% CI: 79-86%]) and study quality
(85% [95% CI: 83-87%] vs. 80% [95% CI: 77-86%]).

3.4.5. Oceania

Only two pooled prevalence were available for Oceania, yielding a pooled prevalence
estimate of COVID-19 vaccination intention of 83% (95% CI: 82-84%).

3.5. Meta-Regression Analyses

The results of the meta-regression analyses are shown in Table 3. Africa was the only
geographical area to have lower rates of acceptance than Europe (: —0.97, 95% CI: —1.38
to —0.11). In addition, compared to studies that quantified vaccine intentions through yes
or no answers, surveys that offered multiple options (3: —1.02 95% CIL: —1.41 to —0.63) or
did not specify the method used (8: —1.37 95% CI: —2.15 to —0.60) had lower levels of
COVID-19 vaccine acceptance. By contrast, no statistical difference was shown for target
population, time of investigation, study quality and sample size.

As for the separate meta-regression analyses by geographical area, findings for Europe
and Asia confirmed that offering multiple answer options compared to yes or no only in
the vaccination intention question gave lower vaccination acceptance rates (: —0.82, 95%
CI: —1.44 to —0.20 and £5: —2.11, 95% CI: —3.44 to —0.79, respectively), while in North
America it led to a higher pooled estimate (£: 1.16, 95% CI: 0.26 to 2.06) (Supplementary
Table S2). Furthermore, vaccination intention in North America varied depending on the
time of investigation, with estimates collected January 2021-March 2021 having higher
acceptance rates than March-August 2020 (8: 1.36, 95% CI: 0.47 to 2.25); there was also a
borderline difference in relation to the sample size (3: 0.51, 95% CI: —0.01 to 1.02). No other
variables seemed to impact the results.
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Table 3. Multivariable meta-regression model predicting the pooled estimate of the prevalence of

COVID-19 vaccination acceptance at the global level.

Meta—Regression

Variable Included in the Model Coefficient (95% CI) SE p—Value

Geographical areas

Europe (N = 46) Ref.

Africa (N =5) —0.97 (—1.83 to —0.11) 0.43 0.027

Asia (N = 31) —0.02 (—0.42 to 0.39) 0.20 0.927

North America (N = 30) —0.01 (—0.43 to 0.41) 0.21 0.967

Oceania (N =2) 0.83 (—0.35 to 2.02) 0.60 0.166

South America (N = 13) —0.14 (—0.76 to 0.48) 0.31 0.657

Multiple countries (N = 1) —1.27 (—2.93 t0 0.39) 0.84 0.131
Target population

General population (N = 106) Ref.

Healthcare workers (N = 22) —0.20 (—0.69 to 0.29) 0.25 0.425
Time of investigation

March 2020-August 2020 (N = 65) Ref.

(Slflp:tezrg’er 2020-December 2020 —0.01 (~0.47 to 0.46) 0.23 0.977

January 2021-March 2021 (N = 28) —0.35 (—0.83 t0 0.13) 0.24 0.155

Not specified (N =7) —0.54 (—1.20 t0 0.12) 0.33 0.110
Study quality

Poor/fair quality (N = 88) Ref.

High quality (N = 40) 0.08 (—0.26 to 0.43) 0.17 0.631
Type of answer options

Yes/No (N = 40) Ref.

>2 choices (N = 82) —1.02 (—1.43 to —0.60) 0.21 < 0.001

Not specified (N = 6) —1.37 (—2.15 to —0.60) 0.39 0.001
Sample size

<1052 participants (N = 64) Ref.

>1052 participants (N = 64) —0.24 (—0.56 to 0.09) 0.16 0.149

CI: confidence interval. SE: standard error.

4. Discussion

Our systematic review analysed COVID-19 vaccination intentions up to March 2021
in 59 countries around the world and found that, although overall 66% of the general
population was willing to accept the vaccination, there was considerable variation across
different geographic areas. This is in line with real-life data showing that, as of June 2022,
global vaccination coverage is around 66.4% [4] (defined as the population who have
received at least one dose of a COVID-19 vaccine); this is below the 70% WHO-defined
target to be reached by June 2022 [5].

At the regional level, the pooled estimates of vaccine acceptance were particularly
low in Africa (36%), where current vaccination coverage amounts to approximately 20% of
the population [97]. However, some caution must be shown in interpreting these results
because of the small number of studies carried out in African countries, particularly given
that the study of vaccine intention and hesitancy still appears to be a poorly understood
and investigated phenomenon. A possible explanation for low levels of COVID-19 vaccine
acceptance could be the presence of barriers relating to the availability and distribution of
COVID-19 vaccines [98]. In fact, as reported by the Organization for Economic Cooperation
and Development (OECD) in March 2021 [99], only four African countries had initiated
administration of the COVID-19 vaccine by that time; similarly, geographic differences
in vaccine availability persisted over time, while Australia (83% of pooled estimates of
vaccine acceptance) had defined vaccination as a priority in investments, African countries
continued to receive inadequate doses of vaccines. These issues have been partly addressed
following the implementation of dedicated programs to ensure globally equitable access
to vaccinations, such as the WHO-funded COVAX program [100]. Alongside the already
mentioned contextual determinants and more generalized difficulties in accessing health
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and vaccination services, African countries seem to have both a lower perception of the risk
of spreading COVID-19 infection and low levels of health literacy [101], demonstrating the
need to enhance population engagement strategies [102-104] and to improve awareness of
the risks associated [105] with vaccine hesitancy. However, some caution must be shown
in interpreting these results because of the small number of studies carried out in African
countries, particularly given that the study of vaccine intention and hesitancy still appears
to be a poorly understood and investigated phenomenon. Most studies included in the
meta-analysis were instead carried out in countries such as the USA, UK and Italy, where
vaccine hesitancy has been thoroughly investigated over the years; there is therefore a need
to increase research into vaccine hesitancy in lower- and middle-income countries [106]
and to encourage tailored public-health strategies that address vaccine hesitancy.

As described above, we wanted to investigate whether vaccine acceptance estimates
also depended on the population under investigation, with particular attention to HWs
due to their central role in the fight against the pandemic. HWs are the most trusted figures
when it comes to health advice and correct information on vaccines in their communi-
ties [107]. This role makes them responsible not only for their own vaccination choices,
but also for engagement with the community over such decisions. Therefore, we would
hypothesise that high levels of COVID-19 vaccine acceptance are expected from HWs. In
contrast, the results of our meta-regression analyses did not show significant differences
in COVID-19 vaccination acceptance between the general population and healthcare pro-
fessionals. Indeed, despite their role, HWs demonstrated instead a tendency to lower
vaccination acceptance estimates than the general population, as showed also by the meta-
analyses of intention rates stratified by geographical area, with the exception of Asia. It
should be pointed out that the search strategy used in this meta-analysis was not designed
to uncover studies specifically and exclusively aimed at HWs, as the inclusion criteria
generally targeted adults over the age of 16. Data for the target population “HWs” were
extracted from the included surveys when reported by the authors. The current situation in
several countries that have introduced mandatory vaccination for HWs, shown by recent
systematic reviews [22,108,109] and our own findings, highlights the fact that HW hesi-
tancy towards COVID-19 vaccination continues to be a public health problem, in line with
pre-pandemic studies on HW hesitancy towards other recommended vaccines [110-115].
The main reasons for vaccine hesitancy in HWs could be their exposure to conflicting
information on vaccine effectiveness and safety during clinical practice [62,116], and a lack
of knowledge on how to interpret scientific evidence and identify reliable information
sources [117-119]. Accordingly, it is essential that strategies be employed to increase the
acceptance of vaccination among HWs by improving knowledge of scientific methodology
and analysis of evidence. This might be achieved by university-level training and by
implementing communication strategies aimed at health professionals [120,121].

A further driver of different levels of vaccine acceptance could be the particular phase
of the pandemic during which the surveys were carried out [13]. It seems likely that specific
elements of the different phases of the pandemic, including which variants of the virus
are in circulation, mortality rates and disease severity, and even the strength of restrictive
measures, could underpin a change in perception of the risk-benefit ratio, one of the well-
known individual determinants of vaccination hesitancy [8], which also causes variation in
vaccine intentions [122,123]. Likewise, effective authorization of the use of vaccines could
change vaccine acceptance levels during vaccine trial phases, especially where perceived
efficacy and safety of the vaccine are concerned [108,122,124-128]. However, in line with
current literature, our meta-regression analysis showed no difference in vaccine acceptance
levels between different phases of the pandemic (first and second wave), and before
and after the release of COVID-19 vaccines [20]. Although historically the phenomenon
of vaccine hesitancy appears to be strongly related to vaccine features and timing, no
significant differences emerge in this study. This could be explained by the fact that, despite
the different waves described by the epidemiological data, the studies included in this
meta-analysis were all performed during an emergency phase (March 2020-March 2021)
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when perceptions of the pandemic remained almost stable [129]. Finally, it is interesting
that the stratified meta-regression analysis in North America showed that vaccination
intentions were significantly higher between January and March 2021 (i.e., after vaccine
release). This could be due to multiple factors, among them FDA approval of the first
COVID-19 vaccine [130], as well as a number of social and political events that occurred
in the meantime, including (but not limited to) the strongly pro-vax election campaign of
current U.S. President Joe Biden [131] and the Canadian lockdown [132,133].

As for the methodological elements of the studies investigated, sample size and quality
of the studies were not found to be relevant factors in estimating the prevalence of COVID-
19 vaccination intentions. In contrast, the number of possible answers in the COVID-19
survey on vaccination intentions was found to influence the pooled estimates of vaccine
acceptance. Specifically, investigating vaccine intentions through binary answers (i.e.,
offering the opportunity of answering “Yes or No” only) appears to be correlated with levels
of vaccination acceptance higher than the acceptance estimates shown in studies using
multi-point scales. The first methodological approach seems to be based on the evaluation
of “vaccine behaviour” [134] instead of “vaccine intention” [134] and could underestimate
levels of vaccine hesitancy. This phenomenon, by definition, is based on a continuum in
the decision-making process [11] and is characterized by different levels of vaccination
refusal or delay. Accordingly, it requires specific assessment tools that allow people to
precisely state their own level of compliance with vaccinations: only being offered a “Yes”
or “No” answer may in fact overestimate COVID-19 vaccination intentions (because “No”
might only be a suitable response for individuals who refuse the vaccine outright) [135].
In fact, multiple studies have shown that administering response scales with a limited
number of socially desirable categories increases the risk of receiving socially acceptable
responses (e.g., in this case “Yes”). This phenomenon also occurs with the administration
of scales/score that do not adequately differentiate responses at the extreme ends of the
spectrum, and that do not allow individuals to understand the level at which to place their
own behaviour [136-138]. Therefore, the use of validated instruments that consider the
number of socially desirable categories would seem to be the best way to accurately identify
the target population of hesitant individuals. Finally, a future implication for research could
be studying the effect of the number of response categories, provided to assess vaccination
hesitancy and intentions.

5. Conclusions

This study provides an insight into the potential resistance to vaccinations, investi-
gated more than a year ago and in line with real-life data, offering valuable support to
decision-makers to choose which public health strategies to implement. Indeed, despite
some variation in the estimates, the meta-analysis showed that one in three people would
refuse or delay COVID-19 vaccination, a proportion comparable to the current state of
vaccination coverage. In addition, since levels of COVID-19 vaccine acceptance are cur-
rently below WHO thresholds, there is a pressing need to use validated tools to measure
vaccine hesitancy to accurately identify hesitant individuals. Lastly, it is imperative that
COVID-19 vaccination acceptance levels be monitored in lower-to-middle-income countries
(e.g., Africa), where data are lacking and acceptance levels are below average.
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