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Abstract

Background Mpox remains a significant public health threat in Africa, with recent outbreaks driven
by newly emergent clades I and II. Vaccination 1s a critical intervention for outbreak control, yet
evidence on vaccine acceptance and uptake across the continent has not been comprehensively
synthesized. This study aimed to determine the pooled prevalence and determinants of mpox

vaccine acceptance and uptake i Africa.

Methods We conducted a systematic review and meta-analysis following PRISMA guidelines,
registered with PROSPERO (CRD420251126033). We searched PubMed, Scopus, Web of Science,
CINAIHL, ScienceDirect, and African Journals Online from 1970 to August 2025. Data were
extracted using a standardized form, and quality was assessed with Joanna Briggs Institute tools.
Pooled estimates were calculated using random-effects generalized linear mixed models with Probit-
Logit transformation. Subgroup analyses and meta-regressions explored heterogeneity by region,

population, setting, and time period.

Results Of 9,748 records screened, 35 studies were included. The overall mpox vaccine acceptance
rate was 53.55% (95% CI: 46.16—60.79), with high heterogeneity (1?=98%). Central Africa showed
moderate acceptance at 54.17% (95% CI: 20.82—84.16), Eastern Africa at 54.16% (95% CI: 42.43—
65.44), while Western Africa was lower at 50.11% (95% CI: 39.94-60.27). Acceptance was highest in
Southern Africa (67.43%; 95% CI: 61.85-72.67). Healthcare workers' acceptance was 51.63% (95%
CIL: 39.37-63.70) and medical students' was 46.17% (95% CI: 38.53-54.01), both lower than the
general population (62.46%; 95% CI: 52.25-71.66). Actual vaccine uptake was 20.94% (95% CI:
10.06-38.50), varying significantly by country, with the Democratic Republic of the Congo at
20.01% (95% CI: 7.45—43.75). A significant decline occurred after 2022 (pre-2022: 36.0% [95% CI:
19.74-56.26]; post-2022: 3.4% [95% CI: 0.56-17.96]). Key determinants of acceptance mncluded

higher mpox knowledge, trust in health authorities, prior vaccination history, and free vaccine access.

Conclusion There is a substantial gap between mpox vaccine acceptance and actual uptake in Africa,
with a significant decline in coverage since 2022. Strategies to enhance vaccination must address both
demand and supply challenges, mncluding equitable distribution and integration into routine
mmmunization systems. These findings underscore the need for context-specific, multi-level

mterventions to translate willingness into actual vaccine uptake.
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Background

Mpox (monkeypox) 1s an infectious viral disease caused by the monkeypox virus, a double-stranded
DNA virus belonging to the Orthopoxvirus genus within the Paxviridae family. This family also includes
the viruses responsible for smallpox (wariola), cowpox, and vaccinia [1].. The infection can cause a

pamnful rash, enlarged lymph nodes, and fever [2].

The mpox virus is causing concurrent outbreaks in several African countries [3]. The
Democratic Republic of Congo (DRC) bears the highest global burden, with travel-related cases that
can potentially lead to global outbreaks [4,5]. In August 2024, the Africa CDC declared mpox a
Public Health Emergency of Continental Security, while the World Health Organization (WHO)
previously declared it a Public Health Emergency of International Concern in July 2023. These
declarations followed a global outbreak driven by newly emerged, virulent clades I (Ia, Ib) and 11 (I1a,
IIb) of the mpox virus [6,7]. By June 2025, several African nations had reported recent community

transmission of the clade Ib mpox virus [8].

To effectively combat the mpox pandemic, global health authorities have recommended that
countries adopt and implement preventive strategies. These strategies mclude avoiding close skin-to-
skin contact with people who have an mpox-like rash, avoiding close contact with animals that could
carry the virus, frequently washing hands with soap or an alcohol-based sanitizer, and vaccination [9—
11]. Vaccination 1s considered one of the most effective interventions for preventing and controlling
the unprecedented spread of mpox, which has led to a case fatality rate of over 4% in some Sub-

Saharan African countries, such as the DRC [4,12].

To prevent mpox, vaccination is recommended both as a primary preventive measure for high-
risk individuals and as post-exposure prophylaxis for known contacts. Following the mitial outbreak,
global containment efforts have prioritized vaccination to curb the virus's spread [13]. The
JYNNEOS vaccine, a replication-deficient vaccinia virus vaccine, is currently being used for this
purpose. It was approved by the Food and Drug Administration (FDA) after being proven to be the
safest available substitute for the previously used ACAM2000 vaccine.

The ACAM2000 vaccine was linked to dangerous side effects, mcluding myopericarditis and
even death [14,15]. In contrast, the most frequently reported side effects of the [YNNEOS vaccine
were milder and easter to manage, typically including mnjection site reactions, headache, myalgia, chulls,

and nausea [16].
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Beyond the fear of potential adverse effects, vaccine hesitancy which is recognized as one of
the top ten global health threats [17-20], 1s fueled by misinformation, attitudes and perceptions such
as the fear of needles and doubts about a vaccine’s efficacy and usefulness [21,22]. Additionally,
studies n Africa have identified several sociodemographic characteristics associated with vaccines

acceptance and uptake[19,20,23-26].

In this regard, the need to develop and mmplement an mpox vaccination toolkit has become
cructal. Such a toolkit offers a set of practical guidance, training, and nformation resources to help
relevant stakeholders in African countries prepare, plan, implement, and monitor mpox vaccination
programs [27]. Moreover, community engagement is essential for the successful implementation of
these programs. By fostering trust, ensuring cultural sensitivity, tailoring interventions, and building
sustainable health systems, it 1s a key component of a successful vaccination strategy [28]. Key
strategies for engagement include mnvolving trusted local actors and community representatives in
deciston-making, disseminating accessible mnformation through diverse platforms, and actively

collecting social and behavioral insights to adapt strategies and combat musinformation [29].

However, the primary challenge to controlling mpox in Africa 1s the limited access to vaccines,
which 1s hindered by both supply and distribution issues [30]. Another significant challenge 1s
identifying high-risk adults for vaccination, particularly due to the sexual transmissibility of Clade I
mpox strams. A third major hurdle 1s designing and mmplementing vaccination programs that
effectively reach at-risk children under five, who face the highest mortality risk. This challenge is
compounded by the need to ensure that their parents are willing to accept vaccination for their

children [31].

Several studies conducted in Africa provide insight into the use of the mpox vaccine to
combat recurrent outbreaks. These studies indicate varying levels of vaccine acceptance and uptake
[24,32—41,41-48]. A key knowledge gap exists regarding the pooled acceptance and coverage rates
for the mpox vaccine, as well as the socio-behavioral factors influencing them. This uncertainty
hinders the development of tailored, subregional or country-specific vaccination strategies. To
address these limitations, we conducted a systematic review and meta-analysis to estimate the
prevalence and synthesize the determinants of mpox vaccine acceptance and uptake across Africa,
stratifying by subregion, country, and key populations, including the general public and healthcare

workers.
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Methods

Study design

This review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and was registered with the International Prospective
Register of Systematic Reviews (PROSPERO ID: CRD420251126033)[49,50].

Eligibility criteria

This systematic review and meta-analysis included all published studies from Africa that reported on
mpox vaccination uptake and acceptance based on condition, context, and population [51].
Accordingly, we included original, full-text articles that reported on any of our study’s outcomes of
interest: rates of intention to vaccinate agamnst mpox, rates of vaccine uptake, or factors associated

with mpox vaccine acceptance or uptake.

We excluded studies that were only available as abstracts or focused solely on conditional acceptance,
such as willingness to pay for the vaccine. We also did not include studies that failed to report our
primary outcomes, measured outcomes only with continuous variables without providing prevalence

rates, or were strictly clinical trials of the mpox vaccine.

Article searching strategy

We identified published research through a systematic search of online databases, mncluding PubMed,
Scopus, CINAHIL., Web of Science, ScienceDirect, and African Journals Online (AJOL). The search
process mvolved screening titles and abstracts using a combination of keywords and Medical Subject
Headings (MeSH). We used Boolean operators like "AND" and "OR" to refine our scarch with
terms such as:(Mpox OR Monkeypox) AND (vaccine OR vaccination OR acceptance) AND
(African countries). To ensure comprehensive coverage, we also conducted a manual search on
Google Scholar for publications not indexed in the primary databases and screened the reference lists

of all included studies for relevant articles. The final search was completed on August 07, 2025.

Data extraction
We used Zotero software (version 7.0.10) to retrieve and de-duplicate references from our literature
search. One mvestigator (F'ZLC) then used a pre-designed Microsoft Excel 2016 form to extract key

study characteristics. The form captured the first author's name, study year, country, study design,
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participant type, setting, sampling technique, the number of mdividuals willing to recetve the vaccine,
the number who recetved it, the total sample size and the factors associated with vaccine acceptability

and/or uptake. The collected data was then cross-checked by two other investigators (RT and AAN).

Critical appraisal (quality assessment) of included studies

‘Two authors independently assessed the relevance and quality of cach article (FZLC and AC). Any
disagreements between the reviewers were resolved through discussion with a third author (MN'T) to
reach a consensus. The Joanna Briggs Institute (JBI) quality assessment tool was used to evaluate the
quality of studies included [52]. For cross-sectional studies, assessment criterta encompassed studies
clear definition of inclusion criteria, comprehensive descriptions of study subjects and settings,
validity and reliability of exposure measurements, use of objective, standardized criteria for outcome
assessment, identification potential confounding factors, implementation of appropriate strategies to
address them, and the appropriateness of statistical methods. For cohort study, this evaluation
examined group comparability between exposed and unexposed populations, consistency and
accuracy of exposure measurement, identification and adjustment for confounding factors, and
confirmation of outcome-free status at baseline. Each criterion was scored as 1 (yes) or O (no or
unclear). The overall risk of bias was categorized as low (>50%), moderate (>25-50%), or high
(£25%).

Study outcome

The primary outcomes of this systematic review and meta-analysis were mpox vaccine acceptance
and mpox vaccine uptake. Vaccine acceptance was defined as the unconditional willingness to recetve
a free mpox vaccme 1if offered [13,24]. Vaccine uptake referred to individuals who had either self-
reported recetving the vaccine, presented a vaccination card, or showed a charactenistic smallpox

vaccine scar [32].

Statistical analysis and synthesis
The rates for vaccine acceptance and uptake were calculated by dividing the number of people who

met cach criterion by the total number of participants and multiplying by 100.

To explore the vartability in results, subgroup analyses were conducted based on several
factors: study period (before and after the 2022 global outbreak), country, setting, participant type,
sampling technique, and sample size (categorized as above or below the median value). Countries

were grouped by WHO African region [53], including the Western (Algeria, Ghana, Nigeria), Fastern
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(Ethiopia, Kenya, Uganda), Southern (South Africa), and Central (Cameroon, Central African
Republic, DRC) regions. The analysis also included a non-WHO Afro region (Northern Africa),
which comprised Morocco and Egypt. Univariable and multivariable meta-regression models were

then used to determine if these characteristics explamed the variation in the pooled estimates.

The F statistics was used to assess heterogeneity between studies, with categories defined as
low (<25%), moderate (25-75%), or high (>75%). A random-effects model was chosen to pool the
estimates, anticipating significant heterogeneity. The Generalized Linear Mixed Models (GLMM),
coupled with the Probit-Logit Transformation (PLOGIT), were utilized for their effectiveness in
handling meta-analyses of bimary data and accommodating studies with 0% or 100% event rates
without requiring continuity corrections [54]. Statistical significance was set at a p-value of <0.05. All
analyses were conducted using the 'meta’ package mn R Statistics version 4.4.2 [55]. Chart were

generated online using MapChart online application [56].

Publication bias and sensitivity test

To evaluate potential publication bias among the included studies, we used funnel plots. The
symmetry of the mverted funnel shape suggested the absence of publication bias the Egger’s and
Begg’s tests [57,58]. A p-value >10.05 mdicating no statsstically significant evidence of publication
bias. Sensitivity analysis was conducted by iteratively excluding one study at a time to assess the

robustness of the findings.

Results

A total of 9748 entries were obtained through an online database search and a manual search. After
removing 749 duplications, 8999 distinct entries underwent title and abstract review, followed by a
complete text evaluation for suitability. Ultimately, 35 research papers satisfied the inclusion

standards and were incorporated into the meta-analysis (Fig. 1).
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Fig. 1 PRISMA diagram flow of studies included in the meta-analysis

Characteristics of studies included

This analysis of mpox vaccination studies across Africa reveals several key patterns: the evidence

base was domunated by cross-sectional studies (100% of included studies) [16,24—26,32—48 59-72],

primarily focused on the DRC (45% of studies) [24,32—41,41-48], with most (84%) using non-

probabilistic sampling methods )[16,24,32-48,60—67,69,71]. 'The research shows vaccine acceptance
8
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(VA)  16,24-26,41,42,63,64,66,67,67-70,72] and uptake (VU) ]26,32-48,59-62,65,69,70,72]
outcomes or both [20,41,42,69,70,72], with studies interested healthcare workers (21%)
[16,25,41,42,62,63,66,68,70,72] and onlne data collection (16%) 1n  recent years
[16,25,63,64,67,69,71]. Most studies were rated low risk of bias (87%) [16,24-26,32—45,47,48,59—
61,65-72] (Additional Files 1, Supplementary Table 1).

Mpox vaccine acceptance

This meta-analysis reveals moderate overall mpox vaccine acceptance in Africa of 53.55% (95% Cl:
46.16-60.79), though with high heterogeneity (I°=98%; p B 0.001) indicating significant variation
between studies. The highest prevalence was observed mn study conducted in DRC (85%; 95%CI :
57.19-98.22) [42] and lowest in Ethiopia (28.84%; 95%CI: 25.62-32.23) [25] (Fig. 2).

Study Events Total 95%-Cl
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Fig. 2 Pooled estimates of mpox vaccine acceptance rate in Africa, 2013-2024

While some countries like South Africa (67.43%; n = 1), Uganda (62.95%; n = 1) [69] showed
, Algeria (44.98%0; n =
2 studies) [63,64] and Ethiopia (48.53%; n = 3)|25,68,70] demonstrated lower rates. There was a

relatively highest acceptance, others such as and Ghana (42.27%; n = 2) [16,20]
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significant difference between subgroup pooled estimates between countries (p = 0.001) and WHO
Afro regions (p = 0.021) (Fig 3; Supplementary Fig. 2 and 5).
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Fig. 3 Map of the pooled vaccine acceptance rate by country, Africa, 1970-2024 (See Additional File 2,
Supplementary Fig; 2)

Subgroup analysis of vaccine acceptance rate

Subgroup assessment revealed a suboptimal mpox vaccination acceptance was observed across
Africa (31.68-67.43%), with high heterogeneity (I°>89.7%, all p < 0.001) in all of subgroups and
indicating substantial variation between studies. While acceptance increased slightly post-2022
(54.35% vs. 52.11%), populations combining general public and healthcare workers presented the
lowest rate (34.68%; n = 2 studies). Hospital based studies (55.21) highlighted higher acceptance
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compare to studies in communities (47.32%; n = 4 studies). Notably, healthcare workers (51.63%; n
= 7 studies) and medical students (46.17%; n = 3 studies) showed low vaccination rates (Table 1,

Additional Files 1, Supplementary Iig, 1-8)

Table 1 Subgroup analysis of mpox vaccination acceptance rate in Africa, 2013-2024

Subgroup Sample size  Coverage 95% CI limits Number Heterogeneity
(%) of studies statistic’

Study period? Lower Upper (%)  p-value
<2022 162 52.11 9.33 92.00 2 94 < 0.001
2022 + 14,682 54.35 47.79 60.76 19 98 < 0.001

WHO Afro region
Yes 12,813 52.76 44.45 60.91 17 98.2 < 0.001
No 2,031 56.80 41.25 71.12 4 97.2 < 0.001

WHO Afro zone?

Central 5,388 54.17 20.82 84.16 3 97.6 < 0.001
Western 4,037 50.11 39.94 60.27 7 97.8 < 0.001
Fastern 3,084 54.16 42.43 65.44 6 97.6 < 0.001
Southern 304 67.43 61.85 72.67 1 - -

Northern/non-WHO Afro region 2,031 56.80 41.25 71.12 4 97.2 < 0.001

Setting
Community 7,447 47.32 22.41 73.64 4 99.5 < 0.001
Hospital 1,995 55.21 46.15 63.94 4 91.4 < 0.001
Online 5,402 55.35 47.01 63.39 13 97 < 0.001

Participant
General population 9,108 62.46 52.25 71.66 8 98.9 < 0.001
General population and Healthcare worker 753 34.68 14.70 62.05 2 98 < 0.001
Healthcare worker 2,869 51.63 39.37 63.70 7 96.6 < 0.001
Medical student 975 46.17 38.53 54.01 3 89.7 < 0.001
Teacher 1,139 50.22 47.27 53.16 1 - -

Sampling
Non-probabilistic 11,075 56.59 48.16 64.28 16 95.4 < 0.001
Probabilistic 3,769 44.60 31.94 58.01 4 97.5 < 0.001

Sample size
0 500 4,032 56.51 47.28 65.32 15 95.5 < 0.001
500 + 10,812 46.63 36.68 56.86 6 99.2 < 0.001

I Random effects model; CT: Confidence Tnterval; 2 Period before and after the mpox global outbreak.; > Western: Algeria, Ghana, and Nigeria; Fastern:
Ethiopia, Kenya, and Uganda; Southern: South Africa; Central: Democratic Republic of Congo

Meta-regression analysis of vaccine acceptance rate
The meta-regression assessing potential source of heterogeneity did not identify any significant

factors influence the heterogeneity of vaccine acceptance estimate between studies (Table 2).
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Table 2 Meta-regression analysis of mpox vaccination coverage and acceptance i DRC, 1970-2024

Estimate Moderator Univariate Multivariate
Unadjusted p-value Adjusted p-value
coefficient () coefficient ()

Vaccination uptake

Study year 2022+ vs. 2022 0.5896 0.319 -1.374 0.480

Setting Community Ref - Ref -

Hospital 0.4719 0.354 2.6041 0.170
Online 0.4685 0.264 1.715 0.306
WHO category’ Non-WHO vs. WHO Afro region country 0.1702 0.666 - -
Northern Ref - Ref -
Central -0.287 0.636 1.2684 0.382
Western -0.269 0.567 0.5932 0.325
Fastern -0.105 0.828 0.2836 0.666
Southern 0.454 0.588 0.2187 0.808
Participant Healthcare worker Ref - Ref -
General population 0.4615 0.189 1.1625 0.216
General population and healthcare workers -0.6634 0.221 -0.9244 0.272
Medical student -0.1961 0.673 0.1098 0.903
Teacher -0.0381 0.957 -0.0067 0.995
Sampling Probabilistic vs. non-probabilistic -0.4650 0.182 -0.541 0.516
Sample size 500+ vs. B 500 -0.3867 0.245 0.3852 0.614

1 Redundant predictor dropped from the model; WHO: World Health Organization; 3 Western: Algeria, Ghana, and Nigeria;, Fastern: Ethiopia, Kenya, and
Uganda; Southern: South Africa; Central: Democratic Republic of Congo

Mpox vaccine uptake

The pooled vaccination coverage in Africa was 20.94% (95% CI: 10.06-38.56). The meta-analysis
reveals extreme vanability across studies, with coverage rates ranging from 0% (Kiros ef al, 2024,
Vakaniaki ez a/., 2024) [48,70] to 94.08% (Ladny1 1970) [32], demonstrating substantial heterogeneity
(IF = 99.7%, p <0.001). While some historical studies showed high coverage such as Jezek e/ a/, 1984
(91.07%), and Mande ez a/, 2019: 92.96%), more recent data indicate concerning declines (Du e/ 4.,
2024: 5.76%, Brosius ez al., 2024: 2.27%) (Fig, 4).
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Study Events Total observations Events 95%-Cl
Ladnyj,1970 1065 1132 94.08 [92.54; 95.38]
Henderson,1973 6061 7851 77.20 [76.26; 78.12]
Breman,1979 322 447 - 72.04 [67.63; 76.15]
Breman,1979 36126 43656 82.75 [82.39; 83.10]
Breman,1979 3 38 &— 7.89 [1.66; 21.38]
Mutombo,1982 519 1367 ;. 37.97 [35.39; 40.60]
Arita, 1983 11 131 & | 8.40 [4.27;14.53]
Jezek,1985 32 282 # 11.35 [7.89; 15.64]
Jezek,1984 1897 2083 91.07 [89.76; 92.26]
Mwamba, 1997 15 84 —=— 17.86 [10.35; 27.74]
Hutin, 1997 13 84 —& 15.48 [8.51;25.01]
Aplogan,1997 20 339 = 590 [3.64; 8.96]
Rimoin,2007 29 760 3.82 [2.57; 543]
Nolen,2013 32 148 —— 21.62 [15.28; 29.13]
Petersen,2014 7 14 50.00 [23.04; 76.96]
McCollum,2014 16 30 e 53.33 [34.33; 71.66]
Whitehouse,2015 97 1057 9.18 [7.50; 11.08]
Kalthan,2016 5 26 —&— 19.23 [6.55; 39.35]
Besombes,2018 3 14 —=— 21.43 [4.66; 50.80]
Mande,2019 66 71 —+ 92.96 [84.33; 97.67]
Nganmegni,2022 11 88 —=— 12.50 [6.41;21.27]
Braimah,2023 624 2059 ;B 30.31 [28.33; 32.34]
Brosius,2024 7 308 = 227 [0.92; 4.63]
Kiros,2024 0 384 0.00 [0.00; 0.96]
Du,2024 105 1823 576 [4.73; 6.93]
Lawrence,2024 178 377 & 47.21 [42.08; 52.39]
Kombozi,2024 16 460 = 3.48 [2.00; 5.59]
Vakaniaki,2024 0 241 0.00 [0.00; 1.52]
Random effects model 65354  —mmm— 20.94 [10.06; 38.56]

Heterogeneity: /% = 99.7%, t° = 5.2254, p = O ! ! ‘ ' '
0 20 40 60 80 100

Fig. 4 Pooled mpox vaccination coverage estimates in Africa, 1970-2024

This subgroup analysts of mpox vaccination uptake in Africa reveals disparities across
countrics. The DRC shows particularly inconsistent results (pooled 20.01%, 95% Cl:7.45-43.75),
ranging from 0% coverage (Vakaniaki 2024) to 94.08% (Ladnyj1970), suggesting significant temporal
differences [32,48]. Multi-country studies demonstrate moderate but highly variable coverage
(42.89%; CI:12.42-79.91), while low uptake appears in recent data from Ethiopia (0%, n = 1 study),
Cameroon (12.5%; n = 1 study), and Central African Republic (20%; n = 2 studies). The significant
subgroup differences (p < 0.001) highlight that geographic location influence vaccination rates (Ifig
5; Additional File 3, Supplementary Fig, 2).
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Fig. 5 Map of the vaccine coverage trends by country, Africa, 1970-2024

(See Additional file 3, Supplementary Fig 2)

This subgroup analysis of mpox vaccination uptake rate reveals a significant (p <0.001) decline from
pre-2022 (36.0%; n = 20 studies) to post-2022 periods (3.4%; n = 8 studies) with the lowest rates
observed in Eastern Africa (0%; n = 1 study), hospital-based studies (1.70%; n = 3), among
healthcare workers (5.5%; n = 3 studies), and demonstrating high heterogeneity within most
subgroups (I?>97.5%, p <0.001). Meanwhile, multi-regions studies (42.89%; n = 5 studies) and
western Africa showed higher coverage (38.1%; n = 2 studies) (Table 3; Additional Supplementary
Fig, 1-7).
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Table 3 Subgroup analysis of mpox vaccination uptake rate in Africa, 2013-2024

Subgroup Sample size  Coverage 95% CI limits Number Heterogeneity
(%) of studies statistic/

Study period? Lower Upper (%) p-value
<2022 59,614 36.00 19.74 56.26 20 99.6 < 0.001
2022 + 5,740 3.40 0.56 17.96 8 98.7 < 0.001

WHO Afro zone
Central 8,626 19.57 8.52 38.86 20 99.4 < 0.001
Western 2,436 38.13 38.13 27.21 2 97.5 < 0.001
Eastern 384 0.00 0.00 0.96 1 - -
Multi-region 53,908 42.89 12.42 7991 5 99.8 < 0.001

Setting
Community 62,462 27.19 13.83 46.49 24 99.7 < 0.001
Hospital 1,069 1.70 0.02 57.19 3 97.6 < 0.001
Online 1,823 5.76 4.73 6.93 1 - -

Participant
General population 64,417 23.04 10.64 4295 23 99.7 < 0.001
General population and Healthcare worker 162 21.60 1594  28.60 2 0.0 0.987
Healthcare worker 775 5.46 0.04 89.99 3 0.0 0.979

Sampling
Non-probabilistic 54,223 23.26 11.11 42.35 23 99.7 < 0.001
Probabilistic 11,131 11.06 0.74 67.59 5 99.8 < 0.001

Sample size
0 300 1,251 18.10 7.49 37.63 13 90.6 < 0.001
300 + 64,103 23,72 7.60 54.04 15 99.8 < 0.001

L Random effects model; CT: Confidence Tnterval; 2 Period before and after the mpox global outbreak 3 Western: Ghana and Nigeria; Fastern: Fthiopia;
Central: Cameroon, Central African Republic, and Democratic Republic of Congo;

Meta-regression analysis vaccine uptake
While untvariate analysis identified study years and settings as potential factors influence mpox
vaccine uptake heterogeneity, no significant study characteristics was assoctated with estimate

heterogeneity at multivariate analysis (Table 4).
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Table 4 Meta-regression analysis of mpox vaccination coverage in Africa, 1970-2024

Estimate Moderator Univariate Multivariate
Unadjusted p-value Adjusted p-value
coefficient () coefficient (f)
Vaccination uptake
Study year 2022+ vs. @ 2022 -2.3257 0.005 -2.7984 0.055
Setting Community Ref - Ref -
Hospital -2.2165 0.010 -0.5650 0.789
Online -1.8817 0.375 -0.4735 0.867
WHO category Multi-region Ref - Ref -
Eastern -6.3655 0.015 -5.2509 0.141
Central -1.0410 0.306 -0.8313 0.492
Western -0.1929 0.909 1.2407 0.606
Participant Healthcare worker Ref - Ref -
General population 0.6822 0.633 -1.2023 0.529
General population and healthcare workers 0.5218 0.802 -1.3383 0.558
Sampling Probabilistic vs. non-probabilistic -0.5129 0.639 0.2899 0.870
Sample size 300+ vs. B 300 0.3685 0.657 0.8030 0.413

WHO: World Health Organization; Western: Ghana and Nigeria; Fastern: Fthiopia; Central: Cameroon, Central African Republic, and Tdemocratic Republic of
Congo;

Publication bias and sensitivity test analysis

While the slight shift of the funnel plot suggested potential publication bias, Egger's test (p = 0.874)
and Begg's test (p = 0.398) did not indicate any statistically significant bias (Additional Files 2,
Supplementary Fig 9). The sensitivity analysts showed that no single study significantly influences
the pooled estimate of the vaccine acceptance rate reflecting the robustness of the finding

(Additional Files 2, Supplementary Fig, 10).

The analysis reveals significant publication bias m mpox vaccine uptake studies from Africa
(1970-2024), evidenced by funnel plot asymmetry (Egger's test: p <0.001; Begg's test: p = 0.143). The
initial random-effects model showed pooled uptake of 20.94% (95%CI: 10.06-38.56) with high
heterogeneity (17 = 99.7%; p < 0.001). Trim-and-fill analysis imputed 13 missing studies (all with
higher uptake estimates), adjusting the pooled rate to 71.81% (95%CI: 44.50-89.00). However, three
critical Iimitations qualify these findings: (1) the extreme heterogeneity (I = 99.7%) suggests the
adjusted estimate may overcorrect due to fundamental differences in study designs/populations
rather than pure publication bias; (2) the discordant Egger's/Begg's tests indicate the bias may stem

from small-study effects beyond just publication bias.
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The robustness of vaccine uptake rate to study omission confirms the meta-analysis findings
are not driven by any single study, though the consistently high heterogencity (17 = 99.7%). The

Breman ez al., 1979 study appears uniquely mnfluential, warranting more investigation [33].

Factors associated with mpox vaccine acceptance and uptake
The synthesis of included studies assessing vaccine acceptance and uptake identified several factors.

These factors included:

Age: Vaccine uptake was linked to age, with individuals 15 years and older more likely to be
vaccmated [34,59,60]. A higher vaccination rate was also associated with being 20 years of age or

older [33,35,38], while another study found a positive association with an age exceeding 33 years [41].

Sexe: Vaccine uptake was higher in men [59], and gender was also associated with vaccine

acceptance [25,20].

Income: Having a higher income has been linked to both a higher likelihood of vaccine

acceptance [72] and a lower likelihood of it [206].

Good mpox knowledge: Higher mpox knowledge was linked to greater vaccine acceptance

[16,63,64,67,701.

Accessibility: Free access to vaccination was assoctated with higher vaccine acceptance

[16,24].
Education: Higher education levels 1s associated with increased vaccine acceptance [70-72).
Risks perception: Risk perception is also inked to greater vaccine acceptance [25,63,64,67).

Trust in authorities and healthcare system: Trust in governmental and healthcare

institutions constituted a significant factor in vaccine adoption [25,63,72].

Mpox vaccine trust:  Trusting the mpox vaccine to be safe is assoctated with higher

acceptance |25,41,42,63,64].

Mpox-related information: Receiving mpox information from health authorities was linked

to a higher likelthood of vaccine acceptance [24,41,42].

Social norms and influences: Positive recommendations from social circles, including peers

and close contacts, were associated with a greater intention to get vaccinated [16,42].
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Previous vaccination history: A prior vaccination history, such as having received a COVID-

19 or influenza vaccine, was a significant predictor of mpox vaccine acceptance [26,63,66,67].

Localization: Residents i urban settings are significantly more likely to accept vaccmation

[25,72].

Education and training: Recetving specific training about mpox and vaccmation increased

willingness to vaccinate [16,60].

Perceived mpox susceptibility: The perception of being highly susceptible or at risk of

mpox has been associated with a higher likelihood of intention to accept the mpox vaccine [42].

Family history of mpox: Families with a history of severe mpox cases demonstrated higher

risk perception and greater vaccine acceptance [64].

Discussion

This meta-analysis provides the most comprehensive synthesis of mpox vaccine acceptance and
uptake 1n Africa, covering the period from 1970 to 2024. Framed within both continental and global
perspectives, our findings reveal a moderate willingness to vaccinate (53.55%) but low recent uptake
(3.4% post-2022). This underscores a persistent gap between intent and action, a gap that threatens

outbreak control.

The pooled mpox vaccine acceptance rate across African studies was 53.55%, slightly lower
than the global pooled estimates of 56-59.7% reported in recent systematic reviews |73,74]. Despite
this relatively small difference, African acceptance exceeded averages reported for certan regions,

such as Southeast Asia and the Fastern Mediterranean [13].

Marked inter-country variability was evident, with acceptance ranging from 85% in the DRC to
28.84% in Ethiopia. The higher acceptance in the DRC may be explamned by its long-standing
experience with mpox outbreaks, its population's familiarity with orthopoxvirus vaccination from the
smallpox eradication era, and targeted immunization programs in endemic zones [32,40,42]. In
contrast, Ethiopia's lower rates may reflect mmimmal direct exposure to mpox, reduced percerved
personal risk, and the influence of competing public health priorities [68,75]. Stmuilar trends have
been documented globally, with elevated acceptance observed in countries recently affected by severe

outbreaks, such as Nigeria and the United Kingdom during 2022-2023 [76,77].
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Subregional analysis revealed the highest vaccine acceptance in Southern Africa (67.43%), with
lower rates in Fastern, Central, and Western Africa. By population group, general population
acceptance was moderate to high (62.46%), whereas healthcare workers (51.63%) and medical
students (46.17%) demonstrated an unexpectedly lower willingness to vaccinate. This finding echoes
results from Ebola and COVID-19 vaccination campaigns, where occupational exposure alone did
not consistently lead to higher uptake [16,25,63]. Contributing factors may include vaccine safety

concerns, limited mpox-specific training, and exclusion from priority vaccmnation lists [25,78].

Beyond acceptance rates, our analysis reveals significant disparities 1 actual mpox vaccine
coverage across Africa. The most notable temporal pattern was the sharp drop in uptake from 36.0%
before 2022 to just 3.4% post-2022. This decline 1s likely due to multiple factors, including limited
vaccine availability, dependence on donor-driven allocations, and the absence of sustained, large-
scale vaccination campaigns after the initial outbreak response. The WHO’s 2023 decision to declare
mpox no longer a Public Health Emergency of International Concern may have further dimimished

percetved urgency, contributing to reduced demand and political prioritization [79].

The mpox vaccination coverage in Africa was 20.94% (95% CI: 10.06-38.56). Our findings
were non-significantly lower than observed m global pooled estimate of 30.9% (95% CI, 21.0-
41.7%) [13]. This highlight the geographiscal disparity in vaccine delivery across various regions
globally. Moreover, The gap between vaccine acceptance and actual uptake was particularly
pronounced among healthcare workers (5.5%) and hospital-based populations (1.7%). In Eastern
Africa, the only available study reported 0% coverage. This significant mismatch echoes patterns
seen with Ebola and COVID-19 vaccination efforts m Africa, where acceptance often exceeded
60%, but coverage lagged due to logistical challenges, inequitable distribution, and inconsistent risk
communication |78,80,81]. These persistent barriers highlight the urgent need to strengthen vaccine
supply chains, enhance targeted outreach, and embed mpox vaccination into routine immunization

pngI”de.

Historically, smallpox vaccination campaigns in Africa achieved coverage exceeding 90%][40].
This underscores the feasibility of high uptake and highlights the extent of the current gaps.
Smallpox eradication succeeded due to ample vaccine supply, efficient delivery systems, and a high
public threat perception. In contrast, the current mpox landscape 1s marked by a breakdown of the
orthopoxvirus vaccination infrastructure, diminished public familiarity with the disease, and

competition from other immunization priorities [40].
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This study adds new knowledge by quantifying the magnitude of the acceptance-uptake gap
for mpox vaccines in Africa. It identifies greater inter-country variability compared to global trends,
documents a sharp decline in uptake post-2022, and reveals unexpectedly low acceptance among
healthcare workers. These findings suggest that strategies focused solely on demand generation are
msufficient. Instead, a holistic approach addressing both vaccine supply and systemic delivery

constraints 1s required.

The gap between vaccine acceptance and actual uptake was particularly pronounced among
healthcare workers (5.5%) and hospital-based populations (1.7%). In FEastern Africa, the only
available study reported 0% coverage. This significant mismatch echoes patterns seen with Ebola and
COVID-19 vaccmation efforts in Africa, where acceptance often exceeded 60%, but coverage lagged
due to logistical challenges, inequitable distribution, and inconsistent risk communication [82-84].
These persistent barriers highlight the urgent need to strengthen vaccine supply chaimns, enhance
targeted outreach, and embed mpox vaccination into routine immunization programs mn countries

facing recurrent outbreaks.

Historically, smallpox vaccination campaigns mn Africa achieved coverage exceeding 90% [40].
This underscores the feasibility of high uptake and highlights the extent of the current gaps.
Smallpox eradication succeeded due to ample vaccine supply, efficient delivery systems, and a high
public threat perception. In contrast, the current mpox landscape 1s marked by a breakdown of the
orthopoxvirus vaccination infrastructure, diminished public familiarity with the disease, and

competition from other immunization priorities [40].

This study adds new knowledge by quantifying the magnitude of the acceptance-uptake gap
for mpox vaccines i Africa. It identifies greater inter-country variability compared to global trends,
documents a sharp decline in uptake post-2022, and reveals unexpectedly low acceptance among
healthcare workers. These findings suggest that strategies focused solely on demand generation are
msufficient. Instead, a holistic approach addressing both vaccine supply and systemic delivery

constraints 1s required.

Furthermore, this study showed that mpox vaccine acceptance and uptake mn Africa are
mfluenced by a complex mterplay of sociodemographic, psychosocial, and structural factors. Age
and sex emerged as significant determinants. Older individuals were more likely to accept vaccination
than younger people [33-35,60,82-84], a finding that corroborates previous COVID-19 vaccine

studies where older adults reported higher willingness due to a greater percerved vulnerability [85].
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Evidence on gender-based acceptance was mixed. Some studies found higher uptake among men
[16], while others identified greater acceptance among women  [40,43]. This variability mirrors
COVID-19 research in Africa, where male acceptance was sometimes higher due to occupational

exposure, while female hesitancy was linked to concerns about fertility and vaccine safety [86,87].

In addition to soctodemographic factors, socioeconomic and educational factors also shaped
vaccine acceptance i our review. Higher education consistently predicted willingness to vaccinate
[70-72], which corroborates previous studies showing that health literacy enhances vaccine
confidence |88]. However, the effects of income were contradictory: higher income was associated
with both greater [72] and lower acceptance [26]. These inconsistencies likely reflect contextual
differences, as wealth may mmprove access in some settings but comcide with skepticism of
government or donor-driven campaigns mn others [89]. Beyond formal education, knowledge about
mpox, risk perception, and perceived susceptibility were strongly associated with acceptance
[16,63,63,67,70]. This aligns with the Health Belief Model, where perceived risk drives preventive
health behavior [90]. Additionally, tramning interventions [16,66] boosted willingness, echoing
evidence from Ebola and COVID-19 vaccination programs in Africa where targeted education

mmproved uptake [91].

Trust and mnformation emerged as central themes. Confidence in health authorities and the
healthcare system [25,72,92], and trust in the vaccine’s safety [25,41,92,92,93], were critical drivers,
consistent with global evidence that institutional trust underpins vaccine confidence [94]. Conversely,
mistrust has repeatedly undermined campaigns during Ebola and and COVID-19 outbreaks [95].
Recetving mnformation from health authorities increased acceptance [24,41,93], while social
mfluences such as peer and family recommendations also shaped decisions [16,93]. A prior
vaccination history, mcluding for COVID-19 or influenza, predicted acceptance [26,66,67,92],
suggesting that established immunization habits carry over to new vaccines [96]. Structural barriers
were equally important: free provision [16,24] and urban residence [25,72] increased uptake, while
rural populations faced greater challenges, consistent with long-standing inequities in African
mmunization programs [97]. Fmally, family history of mpox increased both risk perception and

acceptance [92], mirroring Ebola outbreaks where personal experience heightened demand [98].

Taken together, these findings show that improving mpox vaccine uptake in Africa requires multi-
level interventions that address structural mequities 1n access, tailor education and communication
for different sociodemographic groups, build trust through transparent messaging, and leverage prior

vaccination experiences. The complex interplay of individual, social, and systemic factors
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underscores the need for context-specific strategies to ensure that acceptance translates into

equitable uptake across the contient.

Importantly, this study adds new knowledge by quantifying the magnitude of the acceptance—uptake
gap for mpox vaccines m Africa, identifying greater inter-country variability compared with global
trends, documenting a post-2022 collapse in uptake, and revealing unexpectedly low acceptance
among healthcare workers. These findings suggest that strategies focusing solely on demand
generation may be insufficient. Instead, holistic approaches that simultancously address vaccine
supply, equitable distribution, and systemic delivery challenges are needed to effectively convert

stated willingness into completed vaccinations.

Strength and limitations

This systematic review and meta-analysis provide a comprehensive synthesis of Mpox vaccination
trends in Africa over five decades, offering valuable insights into temporal patterns, geographic
disparities, and implementation gaps through robust analysis. However, this review has several
limitations. The small sample sizes in some subgroup analyses resulted in wide confidence intervals,
limiting the precision of the findings. The predominance of non-probabilistic surveillance data
might limit the inference. In addition, the vaccination status relied primarily on individual reports or
the presence of a scar of vaccmation instead of the presentation of a vaccination card testifying to

the reception of the vaccine.

Conclusions

Mpox vaccine acceptance in Africa remamns moderate overall but highly heterogeneous across
countries, regions, and population groups. While willingness to vaccinate often approaches or
exceeds global averages, actual coverage 1s markedly lower, with a sharp post-2022 decline
highlighting fragility in vaccine supply and delivery systems. The pronounced acceptance—uptake gap,
espectally among healthcare workers and in high-risk settings, underscores that generating demand 1s
only part of the solution. Achieving effective mpox vaccination coverage will require sustained
political commitment, equitable and reliable vaccine supply chains, targeted communication

strategies, and integration into routine immunization platforms.
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