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Abstract

Introduction Mpox is a zoonotic viral disease that emerged in May 2022 and has since shown a high preva-

lence in non-mpox-endemic areas, resulting in an outbreak that caused more than 84,000 cases in 110 countries
around the globe. Several vaccines are available to prevent the disease, and multiple studies have been conducted
to assess the attitudes of different populations toward receiving the mpox vaccine. This study systematically reviews
all the studies conducted on mpox vaccine acceptance/hesitancy among healthcare workers.

Methods A systematic literature search was conducted through four electronic databases, including PubMed,
Scopus, Web of Science, and Google Scholar, up to March 2023. Studies that described mpox vaccine acceptance/
hesitancy among healthcare workers were included, and the data were extracted using a uniform extraction sheet.
Following the extraction, the meta-analysis included ten studies with 7322 healthcare workers. Three researchers
independently assessed the risk of bias in the included study using the Newcastle—Ottawa Scale (NOS).

Results Ten studies were included in the review. This review indicates that the prevalence of mpox vaccine accept-
ance was 58.5%, and the prevalence of mpox vaccine hesitancy was 41.5%. There was a higher prevalence of accept-
ance in countries located in Asian and African areas compared to those in North America and Europe, estimated

at 68% and 44.3%, respectively. Among the studies conducted solely among physicians, there was a high prevalence
of mpox vaccine acceptance, at 77.1%, compared to 49% in studies that included all healthcare workers.

Conclusion There is a significant variation in the prevalence of mpox vaccine acceptance among different popula-
tions. Further research is needed to identify the factors that contribute to this variation and to develop interven-
tions to increase vaccine acceptance. In addition, it is important to promote research on mpox vaccine acceptance
and hesitancy among healthcare workers in countries where data is limited. This research will help policymakers
develop effective policies to increase acceptance and reduce the disease burden.
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Introduction

While the world has COVID-19 pandemic end in sight, a
multi-country outbreak has emerged and been declared
a public health emergency of international concern
(PHEIC) by the WHO, indicating that mpox is one step
away from becoming a pandemic [1-3]. The outbreak
was caused by a double-stranded DNA virus called Mon-
keypox virus (MPXV), which belongs to the Poxviridae
family, the same family as the variola virus, the causa-
tive agent of smallpox [4, 5]. In addition to other mem-
bers of the family Poxviridae that harm birds, livestock,
cervids, c rocodiles, rabbits, and insects, members of the
genus Orthopoxvirus cause sickness in both humans and
animals. It spread via respiratory secretions, skin contact
or breached mucosal wounds, and exposure to contami-
nated goods [6]. Also, it is important to highlight that this
is not the first time MPXV has made a breakout; in 2003,
it was reported for the first time outside its endemic area,
Africa [7, 8].

Until 9" August 2023, the WHO reported more than
89,000 cases with 152 deaths among 113 countries
around the globe that had never previously reported
MPXYV cases. The majority of affected populations were
male (96.3%) showing a median age of thirty-four years.
Moreover, the Western Pacific, European, and American
regions have seen a rise in reported cases during the past
two weeks, with a clinical presentation quite similar to
smallpox (since they share structural similarities) [9, 10].
Patients almost always had a skin rash in addition to vari-
ous symptoms like fever, pruritis, and lymphadenopa-
thy, which were the most commonly reported, with the
possibility of being hospitalized or, less likely, ending in
fatal outcomes such as respiratory infection, sepsis, or
encephalitis and expected incubation period vary from
five days to twenty-one days [11].

After the first mpox outbreak, global efforts were made
to control and prevent the virus from spreading, primar-
ily through vaccination. JYNNEOS vaccine -a replica-
tion-deficient vaccinia virus vaccine- is currently being
used for this purpose and was approved by the Food and
Drug Administration (FDA) after being proven to be the
safest available substitute for the previously used vaccine
(ACAM2000), which was linked to reports of danger-
ous side effects like myopericarditis (most commonly) or
even death of unvaccinated people due to contact with
vaccinated ones [12-15]. The most frequently reported
side effects of JYNNEOS were reactions at the injection
site, tightness in the throat, headache, myalgia, chills, and
nausea, which were milder and easier to manage com-
pared to ACAM 2000s [15].

Being a front liner in context of prevention of spread of
infectious diseases, the Health care professionals (HCPs)
must have considerable knowledge (including mechanism
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of action, effectiveness, benefits, and possible short-term
or long-term adverse effects) and understandings about
Mpox vaccine for the acceptance among themselves and
also educating the society for the establishment of posi-
tive attitude and trust. It plays role in substantial reduc-
tion of hesitancy to receive the vaccines where available,
which WHO identified as one of worrisome challenges in
mass vaccination.

During the outbreak, many studies on various popula-
tions were conducted to assess perceptions and attitudes
toward the mpox vaccine and highlight the vaccine’s
acceptance. Studies on healthcare providers were estab-
lished to check their acceptance of the vaccine. The
results showed a wide variation in answers because they
depended on multiple variables, like age group, hospi-
tal level, and belief in the necessity of the vaccine itself
[16-19]. In addition, based on our knowledge, there was
no systematic review talking about the overall acceptance
of healthcare workers regarding the mpox vaccine. So,
from this point, we saw the need to conduct this system-
atic review to fill this gap and shed light on this crucial
topic because healthcare providers are on the front lines
of dealing with this outbreak, and their perspectives on it
should be highlighted and taken into account when plan-
ning for the coming days. Thus, we conducted this review
to assess the prevalence of mpox vaccine acceptance
among healthcare workers.

Methodology

This paper presents a systematic review and meta-analy-
sis that follows the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
to ensure a rigorous and transparent methodology (Fig-
ure S1) [20]. The study aims to consolidate the existing
evidence on mpox vaccine acceptance/hesitancy among
healthcare workers, providing robust and comprehen-
sive conclusions that can inform decision-makers and
researchers. The methodology section details the steps to
identify, assess, and precisely synthesize the relevant lit-
erature. Our protocol has been registered in PROSPERO
with CRD42023394597.

Search strategy

Our search was centred on the PICO criteria (Table 1)
with the research question, “What is the prevalence of
mpox vaccine acceptance among helathcare workers?” A
comprehensive search strategy was conducted to identify
relevant studies, targeting four electronic databases: Pub-
Med, Scopus, Web of Science, and Google Scholar up to
March 11th, 2023. The search strategy utilized Medical
Subject Headings (MeSH) terms, Emtree terms, and rel-
evant keywords to capture all relevant literature. The fol-
lowing keywords were adapted to be used either alone or
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Table 1 Inclusion and exclusion criteria
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Inclusion

Exclusion

Participants Healthcare workers

Intervention Mpox vaccine acceptance
Comparator(s)/control Mpox vaccine refusal

Main outcome
care workers

Sub-group analysis according to
Study Designs

Geography-Global level

Prevalence studies, crosssectional studies, surveys

Other populations

Prevalence of mpox vaccination acceptance among health-

Qualitative, policy, opinion, case studies, case-
reports, case series, cohort studies, casecontrol
studies

Non-human studies

Date of Search- Publish till March 11th 2023

Human studies

in combination to conduct the literature search: “health-
care worker”, “hcw’, “healthcare professional’, “clinician’,
“nurse’, “midwife”, “willingness”, “acceptance’, “hesitancy’,
“vaccine’, and “mpox” Besides, many publications were
identified from reference lists of relevant articles using
the “Snowball Method. The search strategies for each
database can be found in Table S1 in the Supplementary

Materials.

Study selection

Two independent reviewers (TY and FA) conducted a
systematic screening process that evaluated abstracts
obtained from literature searches. Full-text versions of
articles that met the inclusion criteria were retained for
further assessment. The authors established an agree-
ment on the inclusion and exclusion criteria, which are
available in Table 1. Articles had to be observational
studies, involve healthcare workers, and evaluate mpox
vaccine acceptance. Studies were excluded if they were
reviews, randomized controlled trials (RCTs), non-ran-
domized controlled trials, comments, case reports, or
case series; lacked comparison data; or included a dif-
ferent population. No other significant restrictions were
imposed to ensure that all relevant articles were included
in the analysis. Any discrepancies between the reviewers
during the selection process have been resolved through
discussion or consultation with a third independent
reviewer if necessary (AS and AM).

Data extraction

Two reviewers (TY and AS) independently extracted
the data using a standardized data extraction form. The
extracted data included study characteristics such as
authors, publication year, country, and participant char-
acteristics such as sample size, age, and gender. Details
of the data collection method, such as date, duration,
and reported answers, were also extracted, along with

outcome measures such as effect size, confidence inter-
vals, and p-values. Any discrepancies in data extraction
were resolved through discussion or consultation with a
third reviewer (AM) if needed.

Quality assessment

The methodological quality of the included studies has
been assessed using the Newcastle-Ottawa Scale (NOS).
The possible quality assessment score ranges from zero
to ten points, with a high score indicating good study
quality [21]. Two independent reviewers (MA and FA)
evaluated the risk of bias, and any disagreements were
resolved through discussion or consultation with a third
reviewer if necessary (AM).

Data synthesis

All statistical analyses were done by R Studio for Win-
dows [22]. A variety of responses signifying vaccine
acceptance, including participants expressing willing-
ness by agreeing or confirming their agreement with
a "yes" response to a confirmation question as out-
lined in the characteristics table (Table 2), were collec-
tively categorized as acceptance within the statistical
analysis. Due to relatively high heterogeneity between
studies, we used a random effects model with a 95%
confidence interval for the meta-analyses. To iden-
tify sources of heterogeneity, we considered perform-
ing subgroup analysis based on geographical location
(Americas and Europe vs. Asia and Africa), profes-
sion (physicians vs. all HCWs), as well as data collec-
tion dates and study quality. However, we could not
perform subgroup analysis for the data collection date
and quality of studies due to the limited variability of
these variables. We conducted a leave-one-out sen-
sitivity analysis to assess the impact of each study on
the overall mpox vaccine acceptance among HCWs. We
inspected funnel plots and assessed Egger’s test (with a



Page 4 of 12

(2024) 24:4

Mektebi et al. BMC Public Health

7707 1aquuaidas  AsAIns paseq-gapm [0g]
dN (%£'88)EV N Lt 8l puesunrge [BUOND95-5S0ID Y (€01)8L (SOP)Sy eusbly €C0C e 19 siuno
720z 1snbny Yig 01 Asnins auljuo wnifb [o7] zzoe
UN (¥'ss)oce uN L6€ zTozaunr st snowAuoue ue (5'59) 09¢ -l2g pue duel4  uounigxnaubeb v
Apnis [pUOIID3S
AoueysaH/uondafey (8'8)0¢ dN (%43 das-tz -ss010 [edhAjeue (coe) sel (%9°01) 9¢ olgnday Yyoazd [£1]¢e0z pery
ceoe
‘Y16 1snbny pue ApNi1s [eUOIDS
ON (€'20)85 BN 74 puz isnbny -S040 2ANdIDSIP (£v€) 9T (oo1) 5z eISaUopu| [¢] TzoT wijes
2J4euuonsanb
pa1epl|eA / Apnis
6102 'Sz Anf pue [PUOI1D95-5501D
dN (9'c6)18¢ dN L0Y ‘6102 'S¢ Ae [euoneAIasqo (989) 6/¢C (0ol) £0% elsauopu| [€¢] 0zOc uediey
|qelone) ceoe Aew Lg pue Apnis [sa
dN (P50l AlYBIH / s|qeioned €91 Te0T Ao T [PUONS95-55010 (0'59) 901 (001)€91L Ajey (44O ERERCRRIK|
(uepng pue ‘ueplor
‘Sunsa|ed ‘bey ‘els
-luny "epaby 'eAqn
2202 JaquiadaQ Apnis ‘elIAS 'USWISA ‘Bl Va4
ON (S'vS)eole EEN 98¢ 8z 011snbNny ¢ [BUOI1D95-55012 (€99) LL1T (£0€) €811 -ely 1pnes 1dAb3) 0 ‘1€ 19 paMS
o 'yelL
19QWINON—CZ0T Apnis (82l
ON (L'z8)Tee SOA (374 ‘Yie | Jequuardas [BUOIID95-550I5 (£8°05) 8/¢ (ov) £6€ elgely Ipnes ccoe e 19 yuely
Buijjimun Aibuons Buijim Ajgeqoid 770z 151 1snbny Apnis [S1]
/ Buljimun Agegoud (21'06)og6  /Bulim ABuons 0L —TTOTYoE Aew [euonds-ssod  (zT¥/) 99/ (P€'6£) 901 eulyD €T0T |2 13 buoH
SUIDeA 3}
[eJINaU BuIRg / Yum SIVIINERETRNII
Bulaaibesip / yum Bulsaibe Abuons 70T Apnis 67]
Buisaibesip A|buons (€'81)96 / yum Buisaiby /61 'LL-gJ4equisidas [PUOND8S-5501D (0°5€) 69 (ool) /61 VSN 2C0C e 33 sdieg
MDH buowy MDH buowy
|esnjay uoljeudep 2>ueydaddy asueydandy
XOdIN SV pap1od3y aupdeA JO Sy papi0d9y aleq adA] Aaning
asuodsay dudjeAdld asuodsay 9zis ajdwes uond3||o0) e1eqg Jubisag Apnis  (%)N djewad4 (%)N suenisAyd A13uno> ai Apms

SoIPN1s papn DUl 9yl JO SOISlia1deiey) g dlqelL



Mektebi et al. BMC Public Health (2024) 24:4

p-value <0.05 representing publication bias) to assess
the publication bias [23]. There was limited data and
high heterogeneity in investigating predictors for mpox
vaccine uptake among HCWs. Thus, a meta-analysis
was not conducted, but instead, the percentage of stud-
ies with positive, negative, or no significant relation-
ships (p-value < 0.05) was presented to demonstrate the
impact of predictors. Table S3 in the Supplementary
Materials provides effect measures between predictors
and vaccine acceptance, such as odds ratios and con-
fidence intervals. These measures can be used to gain
insights into the relationship between predictors and
vaccine acceptance. In cases where the odds ratio was
not calculated or there was insufficient data, the per-
centage ratio was used instead. This was calculated by
dividing the prevalence percentages provided in the
papers.
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Results

Article identification and selection

The initial database search resulted in 166 records from
4 databases: Scopus (n=119), PubMed (n=25), Google
Scholar (n=11), and Web of Science (n=11). 21 records
were included from the title and abstract screening which
became eight after full-text screening and finally included
ten studies in the data extraction (two studies were
included from the manual screening of track citations).
Figure 1 shows the screening stages via the PRISMA flow
diagram.

Characteristics of included articles

Among the included ten studies, eight were published in
2022 [17, 24-30], while two were published in 2020 [31]
and 2023 [16]. The total number of included participants

L Identification of studies via databases and registers J
—
- Records identified from*: 559‘::/;;3”10\/& before
= Databasgs _(n=166, Duplicate records removed
§ Pubmed:n =25 (n =35)
£ af(ggur? ':1-11 » Records marked as ineligible
8 Goo ie scholar=11 by automation tools (n =0 )
3 9 =11 ) Records removed for other
Registers (n =3 ) reasons (n = 0)
N——/
v
Records screened Records excluded**
—>
(n=134) (n =108)
v
Reports sought for retrieval Reports not retrieved
> (n =26) (n=0)
ic
;
9 v
Reports assessed for eligibility
(n =26) —¥»| Reports excluded:
Not about prevalance (n
=10)
Not HCWs (n =6)
N
z Studies included in review
s (n=10)
° Reports of included studies
£ (n=10)
e

Fig. 1 PRISMA flow chart of the search results



Mektebi et al. BMC Public Health (2024) 24:4

was 7322 subjects from 18 different countries across six
WHO regions. All the studies [16, 17, 24—31] were cross-
sectional and conducted across one country, except two
were across two and 11 countries. The data collection
dates of the included papers ranged from May 25, 2019,
to December 28, 2022, with a span of several months for
most studies. The sample sizes also varied widely, ranging
from 75 to 3,856 participants. Similarly, the proportion of
females among healthcare workers (HCWs) also varied
significantly, ranging from 34.7% to 90.2%. The character-
istics of included studies are in Table 2.

Quality assessment

All the examined papers achieved high scores based on
the criteria of the Newcastle-Ottawa Scale, with scores
ranging from a minimum of 5 to a maximum of 10. Out
of these papers, eight received a total score indicating
good quality [16, 17, 25, 27-31], while one was rated as
poor quality and another as fair quality. Table S2 in the
Supplementary Materials illustrates the thorough point-
by-point evaluation.

Analysis of the outcomes

Proportion of mpox vaccination acceptance

The pooled prevalence of mpox vaccination acceptance
among the included 7322 HCWs was 58.5% (95%CI:
40.5-67.4%), with significant heterogeneity among stud-
ies (I=99.69%), as in Fig. 2.

Subgroup analysis of mpox vaccination acceptance by region
The subgroup analysis of mpox vaccination accept-
ance concerning different regions revealed a pooled
prevalence of 44.3% (95%CI: 14.5-74%) in the countries
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located in North America and Europe continents. Mean-
while, the prevalence was found to be 68% (95%CI: 49.9—
86.1%) in the countries located in Asian and African
continents, as shown in Fig. 3.

Subgroup analysis of mpox vaccination acceptance
regarding the target population

In the subgroup analysis of mpox vaccination accept-
ance according to the target population of the included
studies, the pooled prevalence was 77.1% (95%CI: 47.8—
94.5%) in studies that exclusively enrolled physicians and
49% (95%Cl: 21.7-76.3%) in those that included a sample
of all healthcare workers, as shown in Fig. 4.

Proportion of mpox vaccination refusal

The pooled prevalence of mpox vaccination refusal
among the included HCWs was 41.5% (95%CI: 23.6—
59.5%), with significant heterogeneity among studies
(I*=99.69%), as in Fig. 5.

Predictors of mpox vaccine uptake among healthcare
workers

Ten studies investigated predictors of mpox vaccine
uptake among HCWs [16, 17, 24—31]. Detailed results
of the predictors are presented in Table 3 and S3. The
authors investigated sociodemographic characteristics of
the HCWs, mpox-related variables, and mpox vaccine-
related variables as possible predictors of vaccine uptake
among HCWs. mpox knowledge, social status, and get-
ting influenza and covid-19 vaccine were positive predic-
tors in studies, respectively. There was a wide range in
values of odds and prevalence ratios among studies. For

Mpox Vaccine Acceptance

Study Events Total among HCW Proportion  95%-Cl
Riad 2022 30 4k 0.09 [0.06; 0.12]
Lounis et al. 2023 43 111 -+ 0.39 [0.30; 0.48]
Bates etal. 2022 9% 197 S ol 0.49 [0.42; 0.56]
Alarifi et al. 2022 392 743 ' 3 0.53 [0.49; 0.56]
Swed et al. 2022 2102 3856 0.55 [0.53; 0.56]
A Gagneux-Brunon 2022 220 397 . & 0.55 [0.50; 0.60]
Ricco etal. 2022 105 163 - 0.64 [0.57;0.72]
Salim 2022 58 75  —l— 0.77 [0.66; 0.86]
Hong et al. 2022 930 1032 0.90 [0.88;0.92]
Harpan 2020 381 407 [ | 0.94 [0.91; 0.96]
Random effects model 7322 ————— 0.61 [0.40; 0.78]
Heterogeneity: I°=99%, “=1.7611,p<001 ' ' T 1

02 04 06 08

Fig. 2 Mpox vaccine acceptance among HCW
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Mpox Vaccine Acceptance

Study Events Total among HCW Proportion 95%-Cl
Riad 2022 30 341 0.09 [0.06;0.12]
Bates etal. 2022 96 197 i 0.49 [0.42;0.56]
A Gagneux-Brunon 2022 220 397 R 5 0.55 [0.50; 0.60]
Ricco etal. 2022 105 163 —i- 0.64 [0.57;0.72]

1098 e ——— 0.40 [0.18; 0.67]
Lounis et al. 2023 43 1M1 —— 0.39 [0.30;0.48]
Alarifi et al. 2022 392 743 L 0.53 [0.49; 0.56]
Swed et al. 2022 2102 3856 0.55 [0.53;0.56]
Salim 2022 58 75 —i— 0.77 [0.66; 0.86]
Hong et al. 2022 930 1032 0.90 [0.88;0.92]
Harpan 2020 381 407 H 0.94 [0.91; 0.96]

6224 - 0.73 [0.52; 0.87]
Random effects model 7322 —— e —— 0.61 [0.40; 0.78]

02 04 06 08
Heterogeneity: /I° = 99%, * = 1.7611, p < 0.01
Test for subgroup differences: Xf =3.48,df=1(p =0.06)

Fig. 3 Subgroup analysis of mpox vaccination acceptance by regions

Mpox Vaccine Acceptance

Study Events Total among HCW Proportion 95%-Cl
Bates etal. 2022 96 197 — 0.49 [0.42; 0.56]
Ricco etal. 2022 105 163 - 0.64 [0.57;0.72]
Salim 2022 58 75 —— 0.77 [0.66; 0.86]

435 e 0.64 [0.49; 0.76]
Riad 2022 30 341 R 0.09 [0.06; 0.12]
Lounis et al. 2023 43 111 —— 0.39 [0.30;0.48]
Alarifi et al. 2022 392 743 L 0.53 [0.49; 0.56]
Swed et al. 2022 2102 3856 0.55 [0.53; 0.56]
Hong et al. 2022 930 1032 0.90 [0.88;0.92]
Harpan 2020 381 407 [ | 0.94 [0.91; 0.96]

6490 T ——— 0.60 [0.28; 0.85]
Random effects model 6925 e — 0.61 [0.39; 0.80]

02 04 06 08
Heterogeneity: P= 99%, Z= 1.2571, p <0.01
Test for subgroup differences: y; = 0.04, df =1 (p = 0.84)

Fig. 4 Subgroup analysis of mpox vaccination acceptance regarding the target population

instance, HCWs who got COVID-19 vaccines were 2.5 to  Publication bias
5.4 times more likely to take one. The Funnel plot to detect the publication bias in the
included studies is summarized in Fig. 6. There was no
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Mpox Vaccine Refusal
Study Events Total among HCW Proportion 95%-Cl
Harpan 2020 26 407 0 0.06 [0.04;0.09]
Hong et al. 2022 102 1032 0.10 [0.08;0.12]
Salim 2022 17 75 —— 0.23 [0.14; 0.34]
Ricco etal. 2022 58 163 —- 0.36 [0.28;0.43]
A Gagneux-Brunon 2022 177 397 - 0.45 [0.40; 0.50]
Swed et al. 2022 1754 3856 0.45 [0.44;0.47]
Alarifi et al. 2022 351 743 ] 0.47 [0.44;0.51]
Bates et al. 2022 101 197 - 0.51 [0.44;0.58]
Lounis et al. 2023 68 111 —— 0.61 [0.52;0.70]
Riad 2022 311 341 | 0.91 [0.88;0.94]
Random effects model 7322 e ——— 0.39 [0.22; 0.60]
Heterogeneity: /% = 99%, <> = 1.7611, p < 0.01 | ' ' !
02 04 06 08
Fig. 5 Mpox vaccine refusal among HCW
Table 3 Predictors of mpox vaccine acceptance among healthcare workers
Study ID Predictors of mpox vaccine uptake among healthcare workers. (Increase/decrease/NS)
Chronic  Married Experience High Physicians  Getting Getting Good HMPXV
disease duration monthly Covid-19 Influenza Perceived
income vaccine vaccine Knowledge
Bates et al. 2022 [29] _ _ _ _ _ NS NS t
Hong et al. 2022 [15] _ _ _ _ _ _ _
Alarifi et al. 2022 [28] _ _ _ t 1 1 t
Swed et al. 2022 [27] _ _ l _ _ _ _
Ricco et al. 2022 [25] _ _ _ _ _ _ t NS
Harpan 2020 [23] _ _ 1 1 _ _ _ NS
Salim 2022 [24] _ _ _ _ _ _ —
Riad 2022 [17] NS \ _ _ NS NS t _
A Gagneux-Brunon 2022 [26] _ _ _ NS 1 _ _
Lounis et al. 2023 [30] _ NS NS NS 1 NS NS

NS non-significant. T more likely to accept. | less likely to accept.—not investigated

evidence of publication bias in this meta-analysis (Egger’s
test, p=0.65).

Discussion

Vaccination is generally the best method to prevent
most diseases for which vaccines are currently available.
It is not only essential to develop effective and safe vac-
cines but also to ensure fair distribution, proper logisti-
cal issues, and acceptance of the population to obtain the
necessary demand from them [32]. Our findings indi-
cate that the prevalence of mpox vaccine acceptance was
58.5%, and the prevalence of mpox vaccine refusal was
41.5%. There was a higher prevalence of acceptance in
countries located in Asian and African areas compared
to those in North America and Europe, estimated at 68%
and 44.3%, respectively. Among the studies conducted
solely among physicians, there was a high prevalence of

mpox vaccine acceptance, at 77.1%, compared to 49% in
studies that included all healthcare workers..

The higher propensity of vaccine acceptance in Asian
and African continents (68%) may be attributable to
higher knowledge of mpox in Asian countries, which is
potentially a consequence of the Chinese government’s
skillful propaganda efforts about mpox knowledge [33—
35]. In addition, assessment of knowledge, awareness
and practice of monkeypox among clinicians reveals
poorer attitudes towards adopting preventive practices
and an overall lower knowledge of monkeypox in the
US as compared to China [29, 36]. Data regarding vac-
cinating attitudes with COVID-19 can be extrapolated to
attitudes regarding mpox vaccination acceptance, and a
similar pattern is observed in terms of geographic sub-
grouping with the sole exception of the Americas. HCWs
in the region of the Americas had the highest in accept-
ance (70%), Asian and African Regions trailed behind
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Fig. 6 Publication bias was evaluated by Egger’s analysis

with 67% and 57% acceptance. Whilst Europe HCWs
had an overall 59% acceptance [37]. However, the pooled
overall prevalence of acceptance rate was lower than the
acceptance rate in four previous national cross-sectional
studies with more than 2,000 participants (76.4% [4],
77.3% [24], and 90.12% [16], and 96.0% [31] respectively,
slightly higher than the result in two national studies with
more than 1000 participants, which indicated an overall
acceptance rate of 52.7% [28], and 55.4% [26] respectively,
and higher than the results of a multinational study with
3,856 participants, which indicated an acceptance rate of
54.5% [27]. The overall acceptance rate was affected by
the small sample effect, in addition to adding the attitude
of hesitation to the questionnaires, which also affected
the overall acceptance rate. However, this result was sig-
nificantly higher than the pooled acceptance rate of the
mpox vaccine among the general population worldwide
(65%), reported in a meta-analysis [38]. It is worth not-
ing that the included studies lacked representation from
Latin America, indicating a gap in research on mpox and
its vaccines in that region [39-42].

Several racial, local, cultural, religious, and several
other aspects may influence people’s perception of their
acceptance of vaccination, in addition to the misinforma-
tion, as was observed during the COVID-19 pandemic
and the refusal of the population to receive COVID-19
vaccination [43-46]. Given the dynamic nature of vac-
cine attitudes, challenges, and levels of misinformation

and trust, continuous evaluation and close monitoring
are essential for improving vaccine distribution and com-
pliance. It is crucial for all countries, particularly those
heavily affected by the mpox [47]outbreak, to prioritize
implementing strategies that address misinformation
and vaccine refusal [48]. Vaccination policies are imple-
mented based on the available results, so providing the
population with information based on preliminary evi-
dence by all understandable and available means and
forms is necessary. Therefore, the public health authori-
ties must increase their use of social media to provide
the population who needs vaccination with basic and
worthy information to reduce the risk of mpox infection,
especially in higher-risk groups, because social media is
a vital resource and is almost the most essential tool in
disease prevention nowadays.

The more the mpox outbreak develops, the greater
the need for studies examining the effectiveness of
mpox vaccines to increase awareness of their actual
impact. Meanwhile, a recent study in the Nether-
lands found that among those non-primed vaccinated
individuals with a 2-shot immunization series with
the modified vaccine virus Ankara-Bavaria Nordic
(MVA-BN, also known as Jynneos, Imvanex, or Imva-
mune) has partially low titers of mpox- neutralizing
antibodies. Although the dose-sparing of the MVA-
based influenza vaccine results in a low level of mpox-
neutralizing antibodies, a third dose can significantly



Mektebi et al. BMC Public Health (2024) 24:4

increase antibody immune response. Authors suggested
follow-up studies on vaccinated individuals to evaluate
the vaccine’s protective effect in high-risk groups due
to the importance of mpox- neutralizing antibodies as
a possible protection mechanism for the disease is not
defined accurately [49].

Identifying specific populations with a lower rate
of mpox vaccination intention will help public health
authorities to develop more effective vaccination poli-
cies, as occurred with the COVID-19 pandemic [50].
Our study results constitute input towards the imple-
mented measures for global vaccination against mpox
among healthcare workers. Further research is needed
to study factors associated with low mpox vaccination
acceptance.

Our systematic review has limitations, mainly the high
heterogeneity observed in the meta-analyses conducted.
This heterogeneity cannot be fully explained through
subgroup and sensitivity analyses. Likely, the variations
in the surveyed populations and the different measure-
ment instruments used across the included studies con-
tribute to this heterogeneity. Further research is needed
to understand better the factors influencing mpox vac-
cine acceptance and refusal among healthcare workers
(HCWs) in diverse settings and populations. Addition-
ally, it is essential to note that the number of studies from
North America and Africa was limited. Therefore, con-
ducting more research in these continents is necessary to
comprehensively understand the mpox vaccine accept-
ance and refusal among HCWs. Furthermore, additional
research is needed to investigate the role of healthcare
workers (HCWs) in the overall vaccination strategy,
examining the balance between vaccinating all HCWs
and prioritizing those at high risk. Furthermore, addi-
tional research is needed to investigate the role of health-
care workers (HCWs) in the overall vaccination strategy,
examining the balance between vaccinating all HCWs
and prioritizing those at high risk. Acknowledging and
addressing these limitations through future research will
contribute to a more robust understanding of the topic
and help inform targeted interventions and policies to
improve vaccine acceptance and reduce refusal among
HCWs in different regions.

Conclusions

The prevalence of vaccination from healthcare workers is
still lower than expected. Public health authorities could
use these results for developing, designing, or promoting
vaccination policies focused on these vulnerable and at-
risk populations. Immunoprevention remains an essen-
tial public health intervention to prevent disease and
probably transmission, even in mpox.
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