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Abstract

This review aimed to systematically compare and pool the prevalence of all the known evi-
dence on caregiver hesitancy and to describe the factors influencing vaccine hesitancy
among caregiver worldwide such as COVID-19, MMR, Influenza, HPV and others. We
searched article from few electronic databases (PubMed, CENTRAL, ProQuest, and Web
of Science) from inception to August 2023 using specific keywords for example caregiver,
parents, prevalence, factor, hesitancy, and others. We included population-based studies
that reported the prevalence of caregiver hesitancy. We used random-effects meta-analy-
ses for pool prevalence estimates of caregiver hesitancy. A total of 765 studies met our
inclusion criteria, containing data on 38,210,589 caregivers from seven regions across the
globe. Overall or pool prevalence of vaccine hesitancy among caregiver is 25.0% (95% Cl:
0.22-0.27, 17 =99.91%, p = 0.001). Based on the evidence gathered, vaccine hesitancy was
found to be religious sentiments, personal beliefs, perceived safety concerns, and a desire
for more information from healthcare providers, along with factors related to availability,
accessibility, affordability, and acceptability of vaccinations. Vaccine safety and efficiency
have been identified as the main factor for caregiver vaccine hesitancy globally with a preva-
lence of 91.4%.

Trial registration

PROSPERQO registration number: CRD42022331629. https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42022331629.
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Introduction

Vaccination is considered one of the most accomplished methods for communicable disease
prevention, which has resulted in the reduction of mortality and improvement the quality of
life in the population [1]. This method is one of the most effective ways of controlling commu-
nicable diseases [2]. Over the past few years, global vaccination coverage has been reported as
remaining steady [3,4]. Vaccination coverage among children refers to the proportion of chil-
dren who have received the recommended vaccination [5,6]. With well-defined target groups
and outreach activities, adequate vaccination coverage can be administered methodically and
effectively. Hence, it is easily adaptable and feasible to implement [4,5]. Vaccine hesitancy, on
the other hand, is defined by the World Health Organization (WHO) as delaying accepting or
refusing or declining vaccine despite the availability of vaccination services [4,7]. It is complex
and context-specific, varying according to time, geography, and vaccination type. Factors like
complacency, convenience, and confidence have an impact on this occurrence [7]. The preva-
lence of vaccine hesitancy among caregiver for the children has been reported differently for
different type of vaccine worldwide for example (i) COVID-19 has been reported to have prev-
alence between 1.0-89.0% [8,9]; (ii) HPV between 2.0-95.0% [10,11]); (iii) Influenza between
3.3-95.0% [12,13]; (iv) Mix between 0.5-88% [14,15] and (v) MMR between 1.9-76.0%
[16,17]. Few examples of countries and regions that reported with caregiver vaccine hesitancy
are shown at Table 1.

The success of the children’s vaccination program does not only depend on adequate
immunization coverage but also on parental willingness to vaccinate their children. Many
caregivers have been concerned about actual or perceived vaccine adverse events from vacci-
nation which make them hesitant to vaccinate their children [63-65].

Lack of knowledge among caregivers and their beliefs regarding the effect and contraindica-
tions of immunization may lead to hesitancy to allow their children to be vaccinated [66-69].
Many caregivers are more concerned about the adverse events related to vaccines that out-
weigh the perceived benefits that vaccines might bring to their children, which are thought to
be more frequent and serious than the actual effect or the complications that could arise from
vaccine preventable diseases [70]. Additionally, caregiver hesitancy can be due to other factors
such as missing the children’s vaccine appointment [71], vaccine shortage, and difficulty to
access the health facilities. Therefore, awareness programs and knowledge regarding vaccina-
tion are crucial to convince the caregivers of its importance and give a better understanding to
the caregivers who are hesitant to accept vaccinations.

Numerous studies have been conducted to identify various determinants and factors that
influence vaccination decisions that contribute to vaccine hesitancy [72,73]. However, there is
no single review on the overall prevalence and hesitancy reasons for different types of vaccine
among caregiver discussed in one paper. Additionally, vaccine hesitancy finding across the
global is limited, potentially limiting the evidence of these studies have on evidence informed
policymaking. Therefore, this review aims to systematically synthesized all the published evi-
dence on the prevalence and determine the reasons associated with caregiver hesitancy globally.

Materials and methods

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [74].

Search methods for identification of studies

We searched four electronic databases namely PubMed, CENTRAL, ProQuest, and Web of
Science for observational studies reporting the prevalence and reasons for vaccine hesitancy in
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Table 1. The approximate prevalence of vaccine hesitancy by regions.

Country Region Approximately prevalence (%) Reference

Covid-19
Ghana Africa 26.7 Kyei-Arthur et al 2022 [18]
Taiwan Asia 1 Tsai et al 2022 [19]
China 85.3 Zhou et al 2021 [20]
Italy Europe 89.4 Savarese et al 2022 [21]
Latin America, Caribbean Mix 7.8 Urrunaga et al 2021 [22]
USA, Canada, Israel, Japan, Spain, Switzerland 62.7 Goldman et al 2022 [23]
USA North America 1.6-68.0 Teasdale et al 2021 [24]
USA Temple et al 2022 [25]
Australia QOceania 9-30.4 Bolsewicz et al 2023 [26]
New Zealand Jeffs et al 2021 [27]

HPV
Nigeria Africa 61.0 Balogun et al 2022 [28]
South Africa 32 Milondzo et al 2022 [29]
Japan Asia 2.0 Ugumori et al 2021 [30]
China 95.0 Huang et al 2021 [31]
England Europe 3.6 Taylor et al 2022 [32]
Italy 33.0 Della et al 2020 [33]
USA North America 63.0 Dorell et al 2014 [34]
USA 2.1 Hirth et al 2019 [35]

Influenza
Saudi Arabia Asia 33 Alenazi et al 2022 [36]
Saudi Arabia 75.0 AlOmran et al 2022 [37]
Scotland Europe 7 Bielecki et al 2020 [38]
Ttaly 95.0 Prospero et al 2019 [39]
USA North America 6.3 Kempe et al 2020 [40]
USA 68.0 Nguyen et al 2022 [41]
Australia Oceania 17.0 Jones et al 1992 [42]

Mix
Uganda Africa 40.0 Kamya et al 1992 [43]
Mozambique 1.0 Powelson et al 2022 [44]
Malaysia Asia 0.5 Chan et al 2018 [45]
Malaysia 88.0 Zin ZM et al 2022 [46]
Romania Europe 1.0 Miron et al 2022 [47]
Ttaly 50.0 Caso et al 2021 [48]
Turkey Mix 35 Durmaz et al 2022 [49]
Turkey 14.9 Yilmaz et al 2023 [50]
USA North America 2 Navin et al 2019 [51]
Australia Oceania 11.0 Forbes et al 2015 [52]
New Zealand 16.3 Debela et al 2022 [53]
Brazil South America 5.0 Olbrich Neto et al 2023 [54]
Venezuela 37.0 Burghouts et al 2017 [55]

MMR
Uganda Africa 15.1 Griffith et al 2022 [56]
Nigeria 16.1 Cockcroft et al 2014 [57]
Israel 12.0 Ashkenazi et al 2020 [58]
United Kingdom Europe 2.0 Campbell et al 2017 [59]

(Continued)
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Table 1. (Continued)

Country
Wales
USA
USA

https://doi.org/10.1371/journal.pone.0302379.t001

Region Approximately prevalence (%) Reference
76.0 Roberts et al 1995 [60]
North America 2.0 Cataldi et al 2016 [61]
83.1 Wharton et al 2019 [62]

children among caregivers (NHM, IAR, NSMD, and FNL). Caregiver is defined as a person
who is taking care of their children and able to give consent about the children’s health to
healthcare providers. This term can alternatively with parent, parental or guardians. We also
used free text terms as “vaccine, immuniz(s)e, shot, jab, hesitant, reluctant, confidence, accep-
tance, reject, delay, comply, and uptake” in this review. The full search syntax is shown in the
S1 Table. We hand-searched reference lists of all the included studies to identify other relevant
studies.

Eligibility criteria

We included studies according to the criteria or guideline for meta-analysis of prevalence
approach [75]; condition or problem, context and population (CoCoPop). We included popu-
lation studies that provide the prevalence estimates of caregiver hesitancy under condition
(Co). Factors that contribute to the outcome such as caregiver knowledge, information, atti-
tudes, safety and efficiency as well as beliefs regarding vaccines is identify under context (Co).
In this review, we identified the population (Pop) as caregivers/guardians/parents of children
requiring vaccination. We included all studies with information either on prevalence or factors
or reasons that contribute to the parental vaccine hesitancy, those studies will be included. The
detailed on the CoCoPop is stated in S2 Table.

We included studies with the information on either caregivers, parents or guardians with
children between the age of 0-17 years old with or without the prevalence and/or factors that
contributed to the caregiver vaccine hesitancy. We listed all the factors that contributed to the
caregiver vaccine hesitancy and categorized the factors into five main components: (i) regional
belief, (ii) knowledge, (iii) information, (iv) safety and efficiency and (v) others after discussing
with the other authors.

We excluded abstracts, letters to the editor, reviews, commentaries, editorials, and studies
without either primary data or descriptions of study methodologies. Systematic reviews, non-
empirical studies, conferences, abstracts, editorials, commentaries, book reviews, and abstracts
that were not accompanied by a full text were also excluded. We excluded studies that focused
on the seasonal character of the vaccine program when the study population was not caregiv-
ers, parents or guardians, or if vaccine requirements deviated from the general population rou-
tine recommendations. We also excluded all non-English studies or when the population were
not children or adolescents.

Study selection process

Two authors (NHM & NSM) independently screened all the titles and abstracts to examine all
the potential studies we identified and coded them either “retrieve” (eligible or potentially eli-
gible/unclear) or “do not retrieve”. After we retrieved the full-text reports/publications, and
two additional review authors (TPNTB & NHJ) independently screened the full text to identify
the eligible studies and recorded reasons for exclusion of the ineligible studies. We resolved
any disagreements through discussion or by consulting third review author (NAM) for the
final decision. We identified, removed duplicates, and compiled multiple reports of the same

PLOS ONE | https://doi.org/10.1371/journal.pone.0302379 October 24, 2024 4/21


https://doi.org/10.1371/journal.pone.0302379.t001
https://doi.org/10.1371/journal.pone.0302379

PLOS ONE Prevalence of caregiver hesitancy for vaccinations in children and its associated factors

study. We recorded the selection process in sufficient detail to complete a PRISMA flow dia-
gram as shown in S1 Fig.

Data extraction and management

Two review authors (NM and NSMD) independently extracted the outcome data. We resolved
disagreements through a discussion among the authors. We consulted third review author
(NML) if disagreement persisted. We summarized and reported the results based on the reasons
and prevalence number of vaccine hesitancy among caregiver. We followed the strategies in the
Cochrane Handbook for Systematic Reviews of Interventions for data management [76].

Data item

Information from each paper was extracted that include the main author’s name, year of publi-
cation, country, region, study design, total number of respondents, and reason(s) for refusal as
shown in Table 2.

Quality assessment and risk of bias

The quality of the included studies was appraised independently by two review authors (FNL
and IAR). Any disagreement was resolved through discussion or referred to third author
(MHAM) when issues persisted. Risk of bias was assessed independently by two authors
(NSMD, ENL) using the appropriate Newcastle-Ottawa scale (NOS) for cohort and case con-
trol studies [77] with disagreements resolved by consensus with the other author (NAM). The
NOS scale evaluates research in three components: assessing studies on participant selection,
comparability, and outcome/exposure assessment. A study is awarded stars for items in each
category with the maximum of nine stars. We determined that studies with nine stars would
have a low risk of bias, those with seven or eight stars would have a moderate risk of bias, and
those with fewer stars would have a high risk of bias. For cross-sectional studies, the quality of
each study was assess using a modified NOS [77,78] while the Critical Appraisal Skills Pro-
gramme or CASP Randomized Clinical Trial was used for randomized clinical trial (RCT)
study design [79]. Risk of bias was identified using the Egger test by observing the p-value. If p
is <0.10, it indicates the present of publication bias. While p>0.10, it suggests that there is no
publication bias [80].

Data synthesis and analysis

We used Stata software version 17 for statistical analysis [81]. We considered studies to be suf-
ficiently similar, namely, with the same category of condition, context and population as
defined above. Our primary outcome was a prevalence of vaccine hesitancy among caregivers
for children. We conducted a meta-analysis by pooling the appropriate data using random
effect model to calculate the pooled prevalence with their 95% confidence intervals [81,82].
The heterogeneity was assessed using I” statistics and Cochran’s Q test [83]. The I” statistics
were used to evaluate the explained variance attributable to study heterogeneity, with I* scores
of 25.0, 50.0, and 75.0% respectively, indicate low, moderate, and high [81-84]. We did not

Table 2. Data collection form for study characteristics and outcome data.

No | Author | Year of Country | Region | Study Total of Religious Knowledge | Information | Safety and Others | Type of
publication design respondent belief efficacy vaccine

https://doi.org/10.1371/journal.pone.0302379.t002
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perform any subgroup analyses due to insufficient data. The average frequency was used to
identify the reason for vaccine hesitancy across the globe.

Results

A total of 115,931 titles and abstracts were screened for inclusion. Of these, 115,031 reports
were excluded. We retrieved a total of 900 full texts for inclusion. We further excluded 135 full
texts based on our criteria, of which 765 were included in the final analysis (S1 Fig). S1 Appen-
dix shows the list of the included study.

Summary of studies included in the review

A total of 765 studies (N = 38,210,589) were included in this review and shows in the S3 Table.
The number of participants ranged from 6 to 35,0256 caregivers. The number of studies were
divided into six regions based on the study sites (S1 Appendix): 65 from Africa'**, 258 from
North America® %, 241 from Asia®**~>%, 15 from Multiple or Mixed region ***~>"%, 24 from
Oceania (Australia and New Zealand)*”****, 148 from Europe®”>~"** and 14 from South Amer-
ica”'”7% Various types of vaccines were also assessed, such as (i) COVID-19; (ii) human pap-
illomavirus (HPV); (iii) Influenza; (iv) Mumps, Measles & Rubella, or MMR; (v) Mixed
vaccines- children who take more than one vaccine such as the Influenza and COVID-19,
HPV and MMR and others; (vi) other vaccines such as Hepatitis A & B, Malaria, Polio, Diph-
theria, pneumococcal and others. Studies that failed to specify or did not provide the vaccine
names were group in not stated vaccines. All included studies that reported the reason for the
caregiver vaccine hesitancy across the region are shown in S2 Fig. From 765 studies, 434 stud-
ies reported on the prevalence of caregiver hesitancy across the region (S3 Fig).

Quality assessment of included studies

Two review authors (FNL and MHAM) independently assessed the quality of the included
studies using NOS for cohort (40 studies), case-control (9 studies), an adapted version of the
NOS for cross-sectional (711 studies), and Critical Appraisal Skills Programme or CASP Ran-
domized Clinical Trial (5 studies). The quality of evidence for NOS was rated as poor, fair, and
good quality while for CASP it was rated either poor, moderate, or good quality. Summary of
the quality assessment score shows at Table 3 while the detailed list of studies included in this
quality assessment is listed in the S4 Table.

The estimates of pooled or overall prevalence of overall vaccine hesitancy

A total of 434 studies reported the prevalence of vaccine hesitancy; Oceania (N = 10), Europe
(N = 82), Asia (N = 162), South America, (N = 7), Africa (N = 19), North America (N = 145)
and Mix region (contain more than 1 region in the publication, N = 9; S5 Table). The overall

Table 3. Summary of the quality assessment score.

Study design Score
Poor Fair Good
Cohort (N = 40) 4 20 16
Case-control (N =9) 4 4 1
Cross-sectional (N = 711) 146 203 362
Poor Moderate Good
Randomized Clinical Trial (N = 5) 0 1 4

https://doi.org/10.1371/journal.pone.0302379.t003
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estimate of pooled vaccine hesitant was 25.0% (95% CI: 0.22-0.27); ?=99.91%, p=0.001).In
Oceania, the overall pooled prevalence of vaccine hesitancy was 22.0% (95% CI: 0.11-0.33; I* =
99.00%, p = 0.001), while it was 27.0% (95% CI: 0.22-0.32; I = 99.94%, p =0.001) in Europe.
In Asia, the overall pooled prevalence of vaccine hesitancy was 31.0% (95% CI: 0.27-0.34; ?=
99.95%, p = 0.001), while in South America was 18.0% (95% CI: 0.08-0.27; I? = 99.85%,

p = 0.001). Meanwhile, in Africa, the overall pooled prevalence of vaccine hesitancy was 26.0%
(95% CI: 0.16-0.36; I* = 99.78%, p = 0.001), whereas in North America, the overall pooled
prevalence of vaccine hesitancy was 25.0% (95% CI: 0.23-0.28; I = 99.87%, p = 0.001). Inter-
estingly, the Mix region also shows the similar overall pooled prevalence of vaccine hesitancy
with North America region, 25.0% (95% CI: 0.13-0.37; I? = 99.85%, p =0.001).

The estimates of the pooled or overall prevalence of COVID-19 vaccine
hesitancy among caregivers across the region

About 189 studies reported on the overall prevalence of COVID-19 vaccine hesitancy among
caregivers: Asia (N = 81), Europe (N = 31), Mix (N = 6), North America (N = 63), Oceania

(N = 3), Africa (N = 2) and South America (N = 3). The overall prevalence of COVID-19 vac-
cine hesitancy among caregivers was 29% (95% CI: 0.26-0.32; I* = 99.91%, p = 0.001). The
highest overall prevalence of COVID-19 vaccine hesitancy among caregivers was reported in
the Africa region, 41% (95% CI: 0.13, 0.69; I? = 99.03%, p = 0.001). South America has the low-
est overall prevalence 16% (95% CI: 0.01-0.32; I* = 99.95%, p = 0.001).

The estimates of the pooled or overall prevalence of Influenza vaccine
hesitancy among caregivers across the region

A total of 28 studies reported the overall prevalence of Influenza vaccine hesitancy among
caregivers in Asia (N = 14), Europe (N = 5), North America (N = 8) and Oceania (N = 1). The
overall prevalence of Influenza vaccine hesitancy among caregivers was 36% (95% CI: 0.26-
0.46; I = 99.92%, P = 0.001; Fig 1). The Europe region had the highest overall prevalence of
Influenza vaccine hesitant among caregivers, 48% (95% CI: 0.19-0.78; ?= 99.54%, p = 0.001)
while the lowest overall prevalence is observed in North America, 34% (95% CI: 0.20-0.48; I> =
99.85%, p = 0.001) and Asia 34% (95% CI: 0.19-0.48; I* = 99.92%, p =0.001).

The estimates of the pooled or overall prevalence of HPV vaccine hesitancy
among caregivers across the region

Meanwhile, 53 studies reported the prevalence of HPV vaccine hesitancy among caregivers: in
Africa (N = 3), Asia (N = 20), Europe (N = 8), and North America (N = 22). As illustrated in
Fig 2, the overall prevalence of HPV vaccine hesitancy among caregivers across regions was
31% (95% CI: 0.24-0.37; I* = 99.93%, p = 0.001). The highest overall prevalence of HPV vac-
cine refusal among caregivers was reported in the Asia region with 43% (95% CI: 0.30-0.56; I*
= 99.82%, p = 0.001) while Europe had the lowest overall prevalence, 16% (95% CI: 0.07-0.25;
1% = 97.94%, p = 0.001).

The estimates of the pooled or overall prevalence of MMR vaccine
hesitancy among caregivers across the region

The prevalence of MMR vaccine hesitant among caregivers was reported in 23 studies: Africa
(N =3), Asia (N = 1), Europe (N = 6) and North America (N = 13). An overall prevalence of
MMR vaccine hesitancy among caregivers was 29% (95% CI: 0.18-0.40; I* = 99.99%,

p = 0.001) as depicted in Fig 3. North America had the highest overall prevalence of MMR
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Effectsize  Weight

Study with 95% C1 (%)
Akis S (Turkey, Asia) ] 063[0.59, 0.67] 3.58
Alabbad AA (Saudi Arabia, Asia) - 017[0.09, 0.25] 3.52
Alenazi KA (Saudi Arabia, Asia) | | 0.03[0.02, 0.05] 3.60
Alolayan A (Saudi Arabia, Asia) | 005[0.03, 0.08] 3.59
AlOmran HI (Saudi Arabia, Asia) | ] 075[0.71, 0.79] 3.58
Fan J (China, Asia) | | 0.08[0.08, 0.09] 3.60
Hussein YH (Egypt, Asia) E 3 062(0.57, 0.68] 3.56
Lai X (China, Asia) | 005[0.05, 0.06] 3.60
Liao Q (China, Asia) = 029[0.24, 0.34] 3.56
Salawati E (Saudi Arabia, Asia) ] 0.15[0.14, 0.16] 3.60
Zakhour R (Lubnan, Asia) E 3 0.70[0.65, 0.75] 3.56
Zhang H (China, Asia) o 051[0.50, 0.52] 3.60
Al-Qerem, W (Iraq, Asia) | 0.60[0.57, 0.64] 3.58
Alharbi, |. (Saudi Arabia, Asia) | 005[0.03, 0.08] 3.59
Di Giuseppe G (ltaly, Europe) | 032[0.28, 0.35] 3.58
Gorman DR (Poland, Europe) -+ 0.42[0.33, 0.51) 3.50
Bielecki K (Scotland, Europe) = 007[0.02, 0.12] 357
Prospero E (Italy, Europe) M 095(093, 0.97] 3.59
Kiroplis et al., (Ireland, Europe) E 065[0.58, 0.72] 3.53
Kempe A (USA, North America) | | 0.06[0.05, 0.07] 3.60
Nekrasov E (USA, North America) 0.11[0.07, 0.15] 3.58
Hofstetter AM (USA, North America) E 3 024[0.18, 0.30] 3.55
Goss MD (USA, North America) E 3 031[0.25, 0.37) 3.55
Cameron MA (USA, North America) | 0.49[0.45, 0.53] 3.58
Nguyen AT (USA, North America) | 068[0.68, 0.68] 3.60
Beatty and Villwock (USA, North America) E 3 049[0.41, 057) 3.53
Fuchs, EL (USA, North America) [ | 034[0.33, 0.35] 3.60
Jones K (Australia, Oceania) - 0.17[0.09, 0.25] 3.51
Overall - 0.360.26, 0.46]

Heterogeneity: 1° = 0.07, I = 99.92%, H’ = 1221.07
Test of 6, = 6 Q(27) = 55465.45, p = 0.00
Testof 0= 0:2=7.09, p = 0.00

Random-effects REML model
Fig 1. Forest plot of overall prevalence of influenza vaccine hesitancy among caregivers.

https://doi.org/10.1371/journal.pone.0302379.9001

vaccine hesitancy among caregivers 35% (95% CI: 0.19-0.50; I = 99.76%, p = 0.001) while the
lowest overall prevalence is reported in Africa, 15% (95% CI: 0.12-0.17; I = 69.65%,
p = 0.001).

The estimates of the pooled or overall prevalence of Mix vaccine hesitancy
among caregivers across the region

A total of 76 studies reported the prevalence of Mix vaccine hesitancy among caregivers: Africa
(N =1), Asia (N = 28), Europe (N = 18), mixed region (N = 3), North America (N = 21), Ocea-
nia (N = 2) and South America (N = 3). An overall prevalence of Mix vaccine hesitancy among
caregivers was 20% (95% CI: 0.16-0.24; I* = 99.93%, p = 0.001). The highest overall prevalence
of Mix vaccine hesitancy among caregivers was reported in Asia with 31% (95% CI: 0.20-0.41;
I” = 99.97%, p = 0.001) while Mix region reported the lowest overall prevalence 9% (95% CI:
0.03-0.16; I* = 95.95%, p =0.001).

The estimates of the pooled or overall prevalence of other vaccine hesitancy
among caregivers across the region

About 26 studies reported the prevalence of the Others vaccine hesitant among caregivers:
Africa (N =5), Asia (N =9), Europe (N = 7) and North America (N = 5). An overall prevalence
of the Others vaccine hesitancy among caregivers was 29% (95% CI: 0.21-0.36; I* = 99.60%,

p = 0.001). The highest overall prevalence of other vaccine hesitancy was reported in Africa
with 33% (95% CI: 0.08-0.58; I> = 99.87%, p =0.001) as shows in Fig 4. North America
reported the lowest overall prevalence, 23% (95% CI: 0.13-0.32; I* = 96.47%, p = 0.001).

The estimates of pooled or overall prevalence of Not stated vaccine
hesitancy among caregivers across the region

Meanwhile, 39 studies reported the overall prevalence of the Not stated vaccine hesitant
among caregivers in Africa (N = 1), Asia (N = 13), Europe (N = 7), North America (N = 13),
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Effectsize  Weight
Study with 95% CI (%)

Balogun FM (Nigeria, Africa)
Kolek CO (Kenya, Africa)

Milondzo T. et al., (South Africa, Africa)
Akca G (Turkey, Asia)

Choi J (Korea, Asia)

Frianto D (Indonesia, Asia)

Pearl CA (India, Asia)

Huang Y (China, Asia)

003[ 002, 0.05] 1.94

010[ 007, 0.13 1.93

[ ] 061 0.55, 0.67) 1.92
033[ 028, 0.38) 1.92

028[ 025, 0.31] 1.94

W 070[ 064,075 192
—M- 073[ 059, 0.87] 1.79
WO0.95[ 094,096 194

037[ 025, 0.49) 1.81

W 090[ 089,091 194
Hanley S (Japan, Asia) 007[ 005, 0.09] 1.94

u
u
L
]
Imanishi Y (Japan, Asia) -
]
Hanley (Japan, Asia) E N 0.07[-0.04, 0.19] 1.83
—
]

Yagi (Japan, Asia)

Egawa-Takata (Japan, Asia) 0.06(-0.27, 0.39] 1.28

Shuto (Japan, Asia) 039[ 037, 0.41) 1.94

Kobayashi (Japan, Asia) ] 046[ 040, 052 1.91
Miyoshi (Japan, Asia) [ ] 037 0.35,0.39] 1.94
Egawa-Takata (Japan, Asia) [ ] 052[ 047, 0.56] 1.92
Ugumori (Japan, Asia) | 002[-0.02, 0.06] 1.93
Suzuki (Japan, Asia) W 091 090, 0.92] 194
Xie, H. (China, Asia) [ | 015[ 013, 0.17] 1.94
Alkhalas, SH (Saudi Arabia, Asia) ] 0.15[ 0.11, 0.19] 1.93
Babi A. (Kazakhstan, Asia) - 044[ 036,052 1.88
Choi, J. (Korea, Asia) ——— 060[ 029, 091] 1.34
Sobierajski, T (Poland, Europe) [ | 004 002, 0.06) 1.94
Taylor J (England, Europe) | | 004[ 000, 0.07] 1.93
Kornfeld J (Spain, Europe) | ] 006[ 0.03, 0.09] 1.93
Runngren E (Sweden, Europe) —— 0.10[-0.05, 0.25] 1.75
Hontelez JA (Netherlands, Europe) n 016[ 011,021 1.92
Naoum P (Greece, Europe) u 033 0.30, 0.36] 1.94
Navarro-lllana P (Spain, Europe) u 023[ 020, 0.26] 1.94
Della Polla G (Italy, Europe) 033 0.28, 0.38] 1.92
Brabin L (USA, North America) [ ] 008[ 007, 0.09] 1.94
Myhre A (USA, North America) [ | 013[ 009, 0.17] 1.93
Dorell C (USA, North America) | | 0.02[ 0.02, 0.03] 1.94
Beavis A (USA, North America) u 023[ 023,023 1.94
Lee YM (USA, North America) E B 0.26[ 0.16, 0.36] 1.85
Gilkey MB (USA, North America) n 028[ 0.26, 0.30] 1.94
Thompson EL (USA, North America) [ ] 032[ 031,032 1.94
Dundar Y (USA, North America) E 3 0.33[ 0.25, 0.40] 1.89
Ogilvie G (USA, North America) | 035( 0.33,0.38] 1.94
Khodadadi AB (USA, North America) [ ] 035[ 030, 0.40] 1.92
Staras SAS (USA, North America) —— 036[ 0.16, 0.56) 1.64
Dempsey MF (USA, North America) — 0.36[ 0.22, 0.50] 1.78
Thompson EL (USA, North America) | 039[ 036, 042 1.94
Krok-Schoen JL (USA, North America) | | 039 0.34, 044] 1.92
Hirth JM (USA, North America) | 063[ 063, 063 1.94
Ayash C (USA, North America) [ ] 0.16[ 010, 0.22] 1.91
Zhu X (USA, North America) | 041[ 0.35,047) 1.92
Margolis M. A. et al., (USA, North America) [ ] 035[ 032,038 1.94
Duchsherer A. et al., (USA, North America) [ | 0.15[ 0.11, 0.19] 1.93
Gilbert NL (Canada, North America) | | 014[ 014, 0.14] 1.94
Perez S (Canada, North America) | ] 006[ 005, 0.07] 1.94
Krawczyk A (Canada, North America) ] 0.12[ 0.10, 0.14] 1.94
Overall ’ 031[ 0.24, 0.37]
Heterogeneity: 1 = 0.06, I = 99.93%, H’ = 1499.34
Test of 6, = 0: Q(52) = 107260.01, p = 0.00
Testof 0= 0:2=9.42,p=0.00

5 [ 5 1

Random-effects REML model
Fig 2. Forest plot of overall prevalence of HPV vaccine hesitancy among caregivers.

https://doi.org/10.1371/journal.pone.0302379.9002

Oceania (N = 4) and South America (N = 1). The overall prevalence of the Not stated vaccine
hesitancy among caregivers was 23% (95% CI: 0.21-0.36; I> = 99.60%, p = 0.001) as shown in
Fig 5. Africa region reported the highest overall prevalence of Not stated vaccine hesitant
among caregivers with 33% (95% CI: 0.08-0.58; I* = 99.87%, p = 0.001) and the lowest overall
prevalence is reported in North America, 23% (95% CI: 0.13-0.32; I* = 96.47%, p = 0.001).

The detail on the overall prevalence of the above vaccine hesitancy among caregivers listed
in S6 Table while S4 Fig shows the forest plot results of the findings.

The reasons for vaccine hesitant across the globe

In this review, all the reasons for caregiver vaccine hesitant were identified and categorized
into five: (i) religious beliefs which includes the vaccination’s production proses, which
involves using questionable sources such as pigs, cows and other animals that are prohibited in
some religious; (ii) knowledge that drive the force for public panic and fear such as lack of
awareness; (iii) a lack of information about vaccines that leads to misinformation such as
believing false information posted on websites like blogs, Facebooks. Twitters, and others by
individuals without any medical or health-related background and may be intended to mislead
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Effect size

Weight

Study with 95% CI (%)
Grifth BC (Uganda, Africa) [ ] 015[ 0.13, 0.17] 449
Cockeroft, A (Nigeria, Africa) [ | 0.16[ 0.15, 0.17] 449
Sabahelzain MM (Sudan, Africa) [ ] 012[ 0,09, 0.15] 448
Ashkenazi S (Israel, Asia) = 023[ 0.19, 0.27] 446
Anello P (italy, Europe) | | 002[ 0.02, 0.02] 450
Campbell H (England, Europe) [ | 002[ 0.01, 0.03] 449
Alfredsson R (Sweden, Europe) [ ] 011 0,07, 0.15] 447
Restivo V (ltaly, Europe) n 015[ 0.12,0.18] 448
Bystrom E (Sweden, Europe) —a— 055[ 0.32, 0.78] 3.75
Roberts RJ (Wales, Europe) 3 0.76[ 0.71, 0.81) 445
Gowda C (USA, North America) - 020[ 0.11,029] 435
Mensah-Bonsu, NE et al (USA, North America) - 0.24[ 0.15, 0.33] 4.35
Wharton-Michael P & Wharton-Clark A (USA, North America) —l- 090( 082, 098] 438
Parker AA. etal., (USA, North America) —— 0.53[ 040, 0.66) 4.24
Dempsey AF, et al. (USA, North America) | | 017[ 0.14, 0.20] 4.48
Downs, JS et al (USA, North America) —u— 0.36[ 0.18, 0.54] 3.99
Cataldi, JR et al (USA, North America) | | 0.02[ 0.00, 0.04] 4.49
Lieu, TA etal (USA, North America) | | 003[ 0.03, 0.04] 450
Mills, K et al (USA, North America) —M-  074[ 065 084] 434
Christianson, B et al (USA, North America) E 3 058[ 0.52, 0.64] 444
Kennedy AM & Gust D.A (USA, North America) —— 025[-0.01, 0.51] 358
Holroyd T.A. etal., (USA, North America) —— 0.44[ 033, 0.55] 4.30
Sugerman, DE et al (USA, North America) | | 007[ 0.05,0.09] 449
Overall - 0.29[ 0.18, 0.40]
Heterogeneity: T° = 0.07, I” = 99.99%, H’ = 8431.94
Test of 6, = 6: Q(22) = 3163.93, p = 0.00
Testof8=0:2=529,p=0.00

0 5 1

Random-effects REML model

Fig 3. Forest plot of overall prevalence of MMR vaccine hesitancy among caregivers.

https://doi.org/10.1371/journal.pone.0302379.g003

and deceive other; (iv) concern regarding safety and efficacy of vaccines, particularly after tak-
ing the vaccine regarding the presence of other diseases either moderate to severe such as car-
diovascular disease, renal failure, skin rashes and others; and (v) other, more general reasons
such as lack of concern for health, forgetfulness, difficulty obtaining transportation, distrust
towards with the government, vaccine cost, young age and indecisive, timing issue as parents
need to take leave for the vaccination, vaccine is not compulsory, unavailable vaccine near the
medical facilities, location of medical facilities, bad experience with healthcare worker, mis-
placed or loss of the vaccination card, children having chronic medical condition and waiting
for locally produced vaccine. In general, the most common reason of vaccine hesitancy around
the worldwide is a lack of vaccine safety and efficiency (91.4%). About 88.1% is due to a lack of
information, knowledge (77.9%), others (38.5%), and religious belief (36.2%). Regarding the

Effectsize  Weight

Study with 95% Cl (%)
Immurana M (Ghana, Africa) | | 0.05[0.05, 0.06] 3.90
Obute JA (Nigeria, Africa) [ | 0.07[004, 0.10] 3.88
Mohammed A (Nigeria, Africa) E 3 056[051, 061 382
Asmare G (Ethiopia, Africa) M 068[063, 072 3.84
Sulaiman SK. et al., (Nigeria, Africa) u 029[027, 031] 3.89
Ali HYM (Iraq, Asia) E 3 0.16(0.11, 0.21] 3.84
Al-lede M (Jordan, Asia) ] 031[027, 034] 387
Gesser-Edelsburg A (Israel, Asia) E 3 0.13(0.08, 0.18] 383
Khan TM (Pakistan, Asia) n 0.17[0.15, 0.19] 3.89
Khowaja AR (Pakistan, Asia) B 070[068 072 389
LiL (China, Asia) | | 0.08[007, 0.10] 3.89
QiL (China, Asia) [ ] 045[0.42, 048] 3587
Ni, Y-H. (China, Asia) l ] 0.38[0.35, 0.41] 3.87
Du, Y etal (China, Asia) | | 0.10[008, 0.12] 3.89
Bankiewicz P (Poland, Europe) —a— 037[023, 051 344
Allaert F-A (France and German, Europe) | | 022(020, 024] 389
Gécs Z (Hungary, Europe) - 025[021, 029] 3.5
Huber A (Hungary, Europe) | ] 046043, 049] 3.87
Avi, D (Turkey, Europe) - 029[024, 034] 384
Sherman, S.M. (United Kingdon, Europe) u 0.07[0.05, 009 3.89
Gundogdu, Z and Sezer, OY (Turkey, Europe) E 3 0.60[0.56, 0.64] 3.85
Brown B (USA, North America) 0.18[0.12, 024] 381
Sahni LC (USA, North America) E 3 0.19[0.15, 023 385
Goin-Kochel RP (USA, North America) " 028[022, 034 380
Bardenheier B (USA, North America) = 0.38(0.34, 0.42] 3.86
Dubé E (Canada, North America) o 0.10[0.08, 0.12] 3.88
Overall < 029(0.21, 0.36)
Heterogeneity: 1° = 0.04, I = 99.60%, H* = 250.65
Test of 6, = 0;: Q(25) = 6295.05, p = 0.00
Testof = 0:z=7.65, p = 0.00

0 2 4 6 8

Random-effects REML model

Fig 4. Forest plot of overall prevalence of other vaccine hesitancy among caregivers.

https://doi.org/10.1371/journal.pone.0302379.g004
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Effectsize  Weight

Study with 95% CI (%)
Tefera YA (Ethiopia, Africa) M 054[ 050,058 258
Aharony N (Israel, Asia) —A— 048[ 041, 0.55] 251
Akhmetzhanova Z (Kazakhstan, Asia) E 3 035( 030, 040 257
AlGoraini YM (Saudi Arabia, Asia) E 3 0.15[ 0.1, 0.19) 259
Alsuwaidi AR (United Arab Emirates, Asia) E 3 0.12[ 008, 0.16] 258
Gag Y (Turkey, Asia) [ ] 020( 0.18, 0.22] 260
Azizi FS (Malaysia, Asia) [ ] 003[ 002, 0.05] 261
Gunes NA (Turkey, Asia) o 003[ 001, 0.04] 261
Hu Y (China, Asia) n 0.12[ 0.10, 0.14] 2.60
Kalok A (Malaysia, Asia) | 0.08[ 0.06, 0.10] 261
Noyman-Veksler G (Israel, Asia) E 2 021 018, 024] 259
Yorik S (Turkey, Asia) | | 005[ 002, 0.07] 260
Alaami, O. (Saudi Arabia, Asia) [ ] 0.10[ 009, 0.11] 261
Fakhruddin TM. et al (Malaysia, Asia) M- 050 045 055 256
Giambi C (ltaly, Europe) [ | 001[ 000, 001] 262
Bianco A (ltaly, Europe) | | 007[ 005, 0.09] 260
Bocquier A (France, Europe) | 0.26[ 025, 0.27] 261
Bertoncello C (Italy, Europe) u 036 034,038 261
Bag, O and Guney, SA (Turkey, Europe) —— 040[ 030, 0.49) 243
Grechukha, YO (Ukraine, Europe) [ ] 014( 012, 017] 260

Brunell L (Italy, Europe) [ ] 001( 001, 002] 262
Kettunen C. (USA, North America) E 3 002[-0.02, 0.06] 258
Cheng ER (USA, North America) | | 003[ 002, 004] 261
Boyle J (USA, North America) | | 003[ 002, 0.04] 261
Dudley MZ (USA, North America) | ] 0.07[ 0.06, 0.08] 261

Kwan BM (USA, North America) | | 0.14[ 012, 0.17] 260
Gust DA (USA, North America) [ | 028( 027,029 261
Blaisdell LL (USA, North America) —a— 033( 0.18, 048] 220
Glanz JM (USA, North America) E 3 037[ 032, 042 257
Mergler MJ (USA, North America) | ] 0.39[ 036, 042] 260
Chung Y (USA, North America) M 058( 056, 060] 261
Dubé E (Canada, North America) [ | 0.25[ 0.23, 0.27] 261
Guay M (Canada, North America) [ ] 032( 031, 0.33] 261
Greyson D (Canada, North America) —@—— 039 0.18,060] 191
Corben P (Australia, Oceania) u 002[ 0.00, 0.04] 261
Armiento R (Australia, Oceania) = 019[ 0.16, 0.22] 259
Rozbroj T (Australia, Oceania) - 0.38[ 035, 041] 259
Attwell K (Australia, Oceania) —-061( 056, 067 255

Brown AL (Brazil, South America) = 027 024, 0.30] 260
Overall e 023 0.17, 0.28]
Heterogeneity: 1° = 0.03, I = 99.84%, H” = 639.21

Testof 8, = 6; Q(38) = 15757.16, p = 0.00

Testof 8 =0:2=7.95,p = 0.00

Random-effects REML model
Fig 5. Forest plot of overall prevalence of Not Stated vaccine hesitancy among caregivers.

https://doi.org/10.1371/journal.pone.0302379.g005

COVID-19 vaccine, the most common reason for caregiver vaccine hesitancy around the
world is also the lack of evidence on vaccine safety and efficiency (92.6%). A similar finding
was observed for the Influenza (95.7%), MMR (90.0%), Mix (88.8%), and Others (93.0%)
vaccine.

The detailed findings on the reason for vaccine hesitancy among caregivers according to
regions: Australia, Europe, Asia, North America, South America, Africa, and Mix was depicted
in S7 Table. Further analysis was also performed based on the type of vaccine applied in gen-
eral and across the region.

Discussion

Vaccine hesitancy among caregivers has been a worldwide issue for decades. However, there
were not many reports on the pool or overall prevalence of vaccine hesitancy among caregivers
across the regions. In this review, we pooled all prevalence of vaccine hesitancy across the
regions, type of vaccine applied, and the reasons for vaccine hesitancy. Few vaccines including
MMR, HPV, Influenza, COVID-19, mix, not stated, and others are listed in this review which
reveals the findings for overall prevalence of caregiver vaccine hesitancy in the general vaccine
is 25%. Whereas across the regions were between 14% - 30%. The South America region
showed the lowest prevalence, 14% compared to other regions; 22% - 30%. This finding also
showed that the prevalence of caregiver hesitancy is in the moderate prevalence and some
steps are required to reduce the prevalence.

Asia had the highest prevalence of vaccine hesitancy; 41.0%, with knowledge and informa-
tion being identified as contributing reasons. This finding is almost similar with the study in
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2018. The poor or low awareness of HPV in this region can be attributed to the high prevalence
of knowledge and information. Besides that, the classification of countries as high- or low-
income countries [85] may lead to the findings since Europe region is observed with the lowest
caregiver vaccine hesitancy against HPV. However, when it comes to influenza, Europe had
the highest rate of caregiver vaccine hesitancy (48.0%) with the knowledge and information
are listed as the contributing factors. Similar finding was reported in other study and suggested
that although the region had supported the influenza vaccine as a part of a national vaccination
program, it could be challenging to harmonies vaccine policies in this region due to the differ-
ence in background and culture [86].

The MMR vaccination rate was observed higher in North America (35.0%) and vaccine
safety and efficacy factors contribute to the caregiver vaccine hesitancy. A similar finding was
reported in 2023 and included the possibility that a caregiver’s high income and level of educa-
tion might influence their decision to vaccinate their children [87]. The category of mixed vac-
cination was reported higher in Asia (31.0%), and vaccine hesitancy is influence by both
vaccine safety and efficacy. A study in China reported that caregivers’ vaccine hesitancy was
significantly associated with the number of children in the family, children health status, care-
giver education level, and family annual income [88]. Whereas for the other vaccine category,
there is a small difference in prevalence of caregiver vaccine hesitancy across the region,
between 23.0% - 33.0% with information and vaccine safety and efficiency contribute to the
vaccine hesitancy. A review study on Hepatitis vaccination suggested that the age of caregiver
plays a role for the vaccine acceptance, with caregiver between age of 27-38 years having a
higher chance of accepting the Malaria vaccine than caregiver over 50 years old [89].

The COVID-19 vaccine is the most recent vaccine type covered in this analysis with range of
29% globally and 16% to 32% across the regions. A study in the USA reported that children rep-
resent 14.4% of total COVID-19 cases since it hit pandemically in March 2020 and the preva-
lence rose to 18.0% in August 2021 [90]. Children with COVID-19 make up 2.4% of total
hospitalizations in The United States America (USA) and about 1% of all paediatric COVID-19
cases resulted in hospitalization since the beginning of the pandemic [91]. This caused the idea
of urgent COVID-19 vaccine development in 2020 and raised concerns about vaccine hesitancy
among caregivers due to the limited timeframe required to produce the vaccine.

Lack of knowledge, safety, religious beliefs, vaccine information, and others such as forget-
fulness, financial burden, the expense cost of the vaccine production, and children’s decision
to receive the vaccine are listed as factors contributing to vaccine hesitation among caregivers
across the regions. Besides that, the vaccine that required a few cycles of injections [92] and the
expensive price [91] were also named as a factor that contributed to the caregiver vaccine hesi-
tancy. Quinn et al 2016 also reported the similar finding [92]. On a separate note, religious
belief is generally linked to the core beliefs of caregivers or guardians for example vaccines
made from the mixture of substance from unclean derivates, derivatives from pigs. This is
because majority of Islamic jurist believe that any component of pig product is unclean and
forbidden to be consumed by Muslim community [93] or in short, they are concerned about
the vaccine’s ‘halal’ status. Furthermore, 80% of the crucial substance or ingredients used in
the vaccine production; gelatin and trypsin, are made from pig hide extract and the remaining
5% come from the pig’s bone [94]. Some of trypsin is produced from pig pancreas [95]. Over-
all, among the five listed reasons mentioned, the main reasons for caregiver vaccine hesitancy
are vaccine safety and efficacy for almost all types of vaccines listed in this review, either glob-
ally or across the regions (>90%). However, certain vaccines and regions showed different
findings. For example, the HPV vaccine showed the highest percentage of information gaps
globally and in Europe. Similar findings were observed in mixed vaccines category for Africa,
South America, and Europe. As stated previously, the different prevalence of vaccine refusal
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across the populations might be due to the vast differences in the health system, caregivers’
educational background, and family income [2]. The highest prevalence of the main reason of
vaccination hesitancy is similar with other finding reported about Malaria vaccine. The Africa
area had the highest prevalence of Malaria infections and deaths (94%) [96] which may have
an impact on caregiver willingness to accept Malaria vaccine. However, depending on the
number of Malaria cases in the area, the prevalence of Malaria vaccine hesitancy might differ
across the region. According to WHO statistics, the European region has been Malaria-free
since 2015, but Southeast Asia region has 33% prevalence of Malaria [96]. In contrast, less than
8% of caregivers were hesitant to accept the malaria vaccine for their child when it is available
[97]. On the other hand, study conducted by Biezen et al. reported that caregiver attitudes
toward vaccine safety and efficacy are the most important factors that influence decisions in
the uptake of vaccination [2].

To overcome caregiver vaccine hesitancy and decrease the prevalence of vaccine hesitant,
healthcare providers must be able to understand caregivers’ primary concerns about their chil-
dren’s vaccinations for example providing more data, information, and details about the vac-
cine including the vaccine production, potential side effect and the importance of vaccination
for their children [98]. They must also be able to give the caregivers with the information and
knowledge that are needed to make the best decisions for their children. This will assist care-
givers who are hesitant to vaccinate their children, as their main concern is their children’s
safety. Furthermore, healthcare providers must have open and honest conversations with care-
givers. It can help them to understand the benefits of vaccination without being judged, criti-
cized, or attacked for the concerns about their child’s health [98-100]. Although it has been
established that caregivers who are more educated and informative have a better attitude and
acceptance of their children’s vaccinations, the exact or precise messages and techniques that
healthcare providers should use to educate caregivers have not been fully defined [101].

Additionally, it has been proven that children free vaccination programs, which are deliv-
ered as a nationwide or routine program in the certain countries, minimize vaccine hesitant
among caregivers [102]. Messages emphasizing the personal health risks and collective health
consequences of not vaccinating. According to Motta et al, it will dramatically enhance a per-
son’s intentions to vaccinate [103]. Interestingly, although most of the countries in North
America regions showed mandatory childhood vaccination, there is still a high prevalence of
caregiver vaccine hesitancy (>20%) [104]. An interactive, tailored, and targeted educational
strategies might help to increase the vaccination rates. Having a caregivers education website,
for example, may aid in the creation of appropriate and effective immunization information
for individuals [103]. Caregivers’ attitudes, perceptions of their peers, sense of self-efficacy,
desire to vaccinate, and vaccination behavior can be influenced by a well-designed educational
intervention [105]. Simple and effective pamphlets can also be used to consult caregivers to
ensure that content is comprehensible and understandable to them, which can be an essential
step in combatting anti-vaccination information on the internet [106].

The importance of social media and public trust in the government may play a role in
encouraging immunization and preventing diseases. Furthermore, to prevent erroneous infor-
mation from spreading on social media, health authorities must provide scientific data and
adequate information about vaccine benefits and risks, such as the COVID-19 vaccine [107].
Moreover, it will lead to the development of public trust via transparent, clear, and timely
information based on scientific knowledge. As a result, it will increase caregivers’ or guardians’
willingness to vaccinate their child or children [107]. Another strategy to boost vaccine uptake
is to verify caregivers’ correct and valid addresses or phone numbers at each visit to minimize
missed vaccination appointments [108]. Thus, using a variety of reminder mechanisms, such
as physical mail and mobile text reminders, could help enhance vaccine uptake [109].
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Therefore, a few steps are suggested to overcome the caregiver hesitant towards vaccines: (i)
intervention for caregivers such as children outreach or home visits, (ii) interventions for pro-
viders for example having nurses or other medical staff members take a more active role in the
immunization process and (iii) interventions for clinics and communities such as providing
vaccinations free of charge [110]. Other intervention such as nudging approaches can be
applied to overcome this issue as it has been shown to increase vaccine confidence and
improve low- and middle-income countries as it changes the vaccination attitudes and behav-
iour [111]. Other incentive including providing the financial aids in the form of gift cards,
have been observed to elevate the vaccination rates by 2.64 to 4.23% among children between
the ages of 12- to 17-year-olds [112].

Despite a comprehensive literature search, there are several limitations in our review. First,
we only included studies that were published in English, meaning that only work publications
written in English were considered. Due to the scarcity of studies from non-English-speaking
nations, we may have missed studies in other languages. The statistical heterogeneity likely to
be high due probably to heterogeneity in research study designs and populations [113]. To
account for this heterogeneity, the random effects model was applied in this review [113]. We
also categorise the studies according to the regions and the vaccine taken to overcome this
issue. Besides that, we are unable to draw the conclusion about the causal linkages between
caregivers’ acceptance to vaccinate their children against any vaccines and predictors of this
altitude since most of the included studies were cross-sectional. We noted that most of the
included studies were self-administered by the respondent using online or physical forms.
This might increase the possibility that the respondents did not answer or misunderstood the
questions properly and provided inaccurate answers.

Conclusions

This review showed that the overall pooled prevalence of vaccine hesitancy among caregivers
across the regions is 25% with vaccine safety and efficiency are identified as a major factor con-
tribute to vaccine hesitancy among caregivers. Finding of this review also provides essential
information for future vaccination programs that can be implemented across the region to
reduce the prevalence of vaccine hesitancy among caregivers. Therefore, future research is
needed to determine the best strategies to improve understanding and the importance of vac-
cine among caregiver mainly in the vaccine safety and efficiency.
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