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Background Monkeypox (Mpox), a zoonotic viral disease caused by the Mpox
virus (MPOXV), was first identified in 1958 and remained largely confined to
Central and West Africa for decades. While it usually exhibited limited inter-
i national transmission, recent outbreaks, including in the USA in 2003 and
globally in 2024, highlight significant epidemiological shifts. We aimed to sys-
tematically evaluate the evolution of Mpox from 1958 to 2024, focussing on its
epidemiology, viral evolution, and public health responses.

Methods We conducted a systematic review using data from global health re-
ports, surveillance databases, and published literature. The analysis covered
i key outbreaks, transmission patterns, geographic distribution, public health
responses, and the roles of viral mutations and vaccination in disease man-
| agement.

i Results The 2022 Mpox outbreak, declared a Public Health Emergency of In-
ternational Concern by the World Health Organization (WHO), was charac-
i terised by an unprecedented international spread of the virus. By July 2024, a
! total of 102997 confirmed cases and 223 deaths were reported across 121 coun-
tries. Two distinct viral clades were identified: Central African (clade I) and
i West African (clade IT), with the latter being the primary agent of global trans-
{ mission. Research on Mpox has highlighted the protective effects of smallpox
¢ vaccination and emerging risk factors such as human-animal interactions and
international travel.

i Conclusions Mpox has evolved from a regionally contained zoonotic disease
to a global public health challenge. Enhanced surveillance, international col-
laboration, and targeted interventions in non-endemic regions are critical for
! mitigating future outbreaks and managing ongoing epidemiological changes.

Monkeypox (Mpox) is a zoonotic viral disease caused by the Mpox virus
(MPOXV), a double-stranded DNA virus belonging to the Orthopoxvirus
genus within the Poxviridae family. MPOXV is genetically related to the
variola virus, which causes smallpox, and is responsible for causing Mpox
in both humans and animals. Zoonotic transmission of MPOXV primar-
ily involves rodents and primates, which serve as reservoirs. Human-to-
human transmission occurs through respiratory droplets, direct contact
with body fluids or lesions, and exposure to contaminated materials.
Mpox is regarded as a significant emerging infectious disease due to its
potential for global spread and public health impact.
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MPOXV was first identified in 1958 in Copenhagen, Denmark, where it was isolated from labo-
ratory monkeys (hence the name Mpox) [1]. The initial outbreaks were observed in captive mon-
key colonies in the USA and the Netherlands between 1960 and 1968 [2]. The first human case
was documented in 1970 in a nine-month-old boy from Bokenda, Equateur Province, Democratic
Republic of the Congo (DRC) [3], who presented with symptoms akin to smallpox, including fever,
malaise, and a pustular rash, and had not been vaccinated against smallpox, which was previ-
ously known to offer cross-protection against Mpox [4].

Subsequent human cases were reported between September 1970 and March 1971 in West Africa,
predominantly affecting young children, none of whom had received smallpox vaccination [2].
Historically, Mpox was considered an exclusively African disease with sporadic cases [1]. Human
Mpox cases have continued to be reported in the DRC and occasionally in other African countries
such as Cameroon, the Central African Republic, Liberia, and Sierra Leone [3].

A key shift from these trends occurred in 2003 when MPOX was reported outside Africa for the
first time. Specifically, an outbreak in the USA was traced to a shipment of animals from Ghana
that included several rodent species, which were identified as carriers of MPOXV. These rodents
infected prairie dogs, which were subsequently sold as pets, leading to 47 confirmed and proba-
ble cases across six Midwestern states [4,5].

The years 2017 and 2018 were marked by significant changes in Mpox epidemiology, including an
increase in cases and changes in geographic distribution [6]. However, the COVID-19 pandemic
soon impacted global health priorities, diverting resources from other diseases and leading to a
period of relatively few reported Mpox cases, mostly confined to endemic regions in Africa [7].

In May 2022, a substantial global outbreak of Mpox occurred, with cases reported in numerous
countries outside Africa for the first time [7]. The World Health Organization (WHO) declared the
outbreak a Public Health Emergency of International Concern (PHEIC) on 23 July 2022 [8], as it
rapidly spread across multiple continents, including Europe, North America, South America, and
parts of Asia [9]. By late May 2022, cases had been documented in over 30 countries, with a nota-
ble prevalence in urban areas and among populations not traditionally associated with Mpox in
Africa [10]. This unprecedented spread marked shifts in Mpox epidemiology, including changes
in transmission routes, affected populations, and public health responses [11].

Despite these developments, there remains a lack of comprehensive, systematic evidence on the
evolving epidemiology of Mpox. Previous research has largely focussed on isolated outbreaks or
specific regions, leaving gaps in the understanding of broader trends and factors influencing the
recent changes in Mpox epidemiology. Therefore, a systematic review is needed to consolidate
findings and provide a thorough overview of the disease’s shifting patterns [7-10].

Global situation update on Mpox

The following data pertains to the ongoing global Mpox outbreak, as reported to the WHO up to
31 July 2024 [12]. Since 1 January 2022, Mpox cases have been reported from 121 Member States
spanning all six WHO regions. As of the end of July 2024, there have been 102997 laboratory-con-
firmed and 186 probable cases, with a total of 223 deaths attributable to the disease [13].

In July 2024, there was an 8.8% increase in the number of newly reported cases compared to
the previous month [14]. Most cases reported during this period were from the African Region
(54.9%) and the Region of the Americas (24.2%) [15]. The ten countries most affected globally
since 1 January 2022 were the USA (33556 cases), Brazil (11841 cases), Spain (8104 cases), DRC
(4385 cases), France (4283 cases), Colombia (4256 cases), Mexico (4132 cases), UK (4018 cases),
Peru (3939 cases), and Germany (3886 cases). Collectively, these countries account for 80% of the
total global case count [16].

According to the World Health Organization’s latest situation report on Mpox (31 July 2024) [14],
a total of 35 countries reported cases in the most recent reporting month, with 22 of them expe-
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riencing an increase in case numbers. Additionally, Burundi, Cote d’Ivoire, Kenya, Rwanda, and
Uganda have reported Mpox cases for the first time [13].

Two distinct clades of the MPOXV have been identified. Clade II, formerly known as the West
African clade, is associated with milder infections and lower mortality, whereas clade I, previ-
ously termed the Central African clade, is linked to more severe clinical outcomes and higher
mortality rates [15]. From 2018 to 2021, clade II spread internationally, impacting countries such
as the UK, Israel, and Singapore [16]. The global Mpox outbreak from 2022 to 2024 was driven
predominantly by a clade initially classified as clade IIb, later renamed the hMPOXYV clade’ by
the WHO. This clade has demonstrated higher transmissibility and widespread dissemination
across diverse regions [14]. Ongoing evolution of the hMPOXV clade continues to be observed,
with new variants emerging, particularly in endemic regions [15].

PAPERS

Purpose of the review

This systematic review aims to bridge critical gaps in Mpox epidemiology by analysing its inci-
dence, geographical spread, demographic patterns, and transmission dynamics over time. By
synthesising existing evidence, it seeks to identify key epidemiological trends and emerging chal-
lenges to inform evidence-based public health interventions and mitigate its global health impact.

Objectives

Our objective was 2-fold: to evaluate temporal trends in Mpox incidence, assess shifts in geo-
graphic distribution, and analyse demographic characteristics of affected populations, focus-
sing on variations in age, sex, and socioeconomic status, and to investigate evolving transmis-
sion dynamics, including changes in primary transmission routes and outbreak profiles, and to
identify emerging issues such as novel variants and changes in disease severity.

METHODS

This systematic review adhered to the Cochrane Collaboration guidelines and the PRISMA stand-
ards [16].

Study selection and eligibility criteria

We searched PubMed, Embase, Web of Science, Scopus, the Global Health Database, and the
Cochrane Library, as well as sources of grey literature from the WHO, the Centers for Disease
Control and Prevention (CDC), and the European Centers for Disease Control and Prevention
(ECDC). We designed the search strategy using MeSH terms and keywords such as ‘Mpox’, ‘epi-
demiology’, ‘transmission’, and ‘public health response’, which we then refined iteratively and
validated through expert consultation. We focussed on English-language peer-reviewed original
research articles, case reports, epidemiological studies, systematic reviews, and meta-analyses
related to Mpox epidemiology, published between the initial identification of Mpox in 1958 up to
July 2024. To be included, the studies had to involve human Mpox cases, including confirmed and
probable cases, as well as research on animal reservoirs and zoonotic transmission; be conducted
either in endemic or non-endemic regions; provide data on disease incidence, geographic distri-
bution, demographic characteristics, transmission dynamics, and Mpox clade characteristics.

We excluded non-peer-reviewed articles, opinion pieces, editorials, and studies not focussed
on Mpox epidemiology; research published before 1958 or after July 2024; studies exclusively
focussed on non-human subjects without relevance to human cases; theoretical models or stud-
ies in regions without reported Mpox cases; research with incomplete or non-specific data on
Mpox; non-English studies without reliable translation.
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Data collection and synthesis

Two reviewers independently screened the titles and abstracts of included studies based on
pre-determined criteria, followed by their full texts. Disagreements were resolved through dis-
cussion or a third reviewer’s adjudication.

Two researchers independently extracted the data from the studies into a standardised form, with
discrepancies resolved through discussion or consultation with a third reviewer to ensure accu-
racy and consistency. This form captured key study characteristics, including author, publication
year, and study design, as well as epidemiological data such as case numbers and incidence rates.
We also captured information on geographic and temporal distribution (locations and reporting
periods), demographic variables (age and sex of participants), transmission dynamics (routes and
outbreak patterns), and public health responses (interventions implemented).
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Rather than using a formal risk of bias tool, we evaluated study quality based on predefined
criteria, including methodological rigour, sample size, and potential sources of bias, while also
considering key limitations during data synthesis. We narratively synthesised and tabulated our
findings, focussing on study quality, Mpox epidemiology, and clade characteristics

Case definitions and ethical considerations

Mpox cases were classified using WHO case definitions based on clinical, epidemiological, and
laboratory criteria, including detection of MPOXV DNA via PCR or serological testing [17].

We did not require an ethical approval for this study, as it utilised publicly available literature
without patient-identifiable information.

RESULTS

Study screening

Our search identified 1560 studies, with 750 remaining after deduplication. We excluded 542
studies based on predefined criteria to ensure the inclusion of only clinically relevant human
data. Excluded studies comprised non-original research articles such as opinion pieces, com-
mentaries, letters to the editor, and editorial reviews. We further removed 295 studies based
on animal models, as they did not align with the human-focussed clinical scope of this review,
and 137 articles presenting non-clinical data, which allowed us to refine the data set to studies
with direct relevance to clinical outcomes. Lastly, we excluded 110 studies for not meeting the
designated data criteria, ensuring the inclusion of reliable and standardised data sets. We then
screened the full texts of the remaining 208 articles. Forty-two were ineligible for inclusion,
as 18 had methodological or content-related issues, 13 were in non-English languages, six had
incomplete data, and five did not conform to the established data criteria (Figure 1; Table S1 in
the Online Supplementary Document).

Final inclusion

We included 166 studies in this systematic review, including 12 case reports, 15 case series, 75
original research articles, and 64 epidemiological studies and systematic reviews [1-16,18-166].
This diverse range of study designs provided a comprehensive data set, encompassing individual
case observations as well as large-scale epidemiological analyses (Figure 1).

Initially restricted to Africa, Mpox has exhibited an increasing global spread, particularly from
2021 onwards, transitioning from sporadic outbreaks to a more endemic presence in non-Afri-
can regions. The virus also evolved over time and has shown increased transmissibility in recent
outbreaks. Two primary clades have been identified, with ongoing research focussing on viral
adaptation and mutation. Public health measures have evolved from minimal intervention to a
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Figure 1. PRISMA flowchart illustrating the identification, screening, and selection process of studies.

comprehensive global response, including the declaration of a PHEIC and widespread vaccina-
tion efforts (Table 1).

Zoonotic transmission

Global findings show that Mpox is primarily a zoonotic disease, transmitted from animals to
humans through direct contact with infected animals such as rodents and primates. Specifically,
wild animals may harbor the virus without showing symptoms, acting as silent reservoirs that
transmit the virus to humans [167,168].

Animal reservoirs and reintroduction into human populations

Studies have shown that African rodents and primates can harbour the MPOXYV, acting as long-
term reservoirs. Serological surveys in regions like Ghana show that these animals may carry
antibodies for the virus. The 2003 USA outbreak linked to imported rodents underscores the role
of animal reservoirs in transmission [14,169]. Human-animal interactions, such as deforestation
and hunting, increase the risk of Mpox being reintroduced into human populations. Changes in
human behaviour and virus mutations have contributed to the 2022 resurgence.

Ecology and pathogenesis in animals

The virus’s ecology in wildlife, including its interaction with primates and other animals, is cru-
cial for understanding its persistence. Further research into these ecological aspects is needed
to better predict and prevent outbreaks [2-6].
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Table 1. Chronological analysis of Mpox outbreaks, detailing the changes in epidemiology, virus evolution, and public
health responses

Period Event/outbreak Epidemiology Virus evolution Public health responses Reference
1958 Firstidentified in First identified in mon- Initial classification of the No public health response; [2]
captive monkeys keys used for research in MPOXYV as an Orthopoxvirus virus was confined to non-hu-
Denmark man primates
1970 First human case in First human case in a nine- MPOXV found to be closely Limited public health meas- [1]
DRC month-old boyinthe DRC  related to the Variola virus ures; focus on smallpox sur-
(smallpox) veillance
wn 1970sto  Sporadic cases in Sporadic cases reported, pri- Identification of two clades: Public health efforts focussed  [7,25]
a1 1980s Central and West marily in rural rainforest Central African (Congo on smallpox eradication;
= Africa areas of Central Africa Basin) and West African MPOXYV received little attention
% 2003 Outbreak in the USA First outbreak outside Nosignificantvirusevolution Rapidresponse;quarantineand [5]
o Africa; linked to imported noted monitoring of affected animals
African rodents and humans
2017-18 Resurgence in Nigeria Significant outbreak in Genetic analysis revealed Enhanced surveillance, public [26]
Nigeria, with over 200 con- similarities with the West health education, and vaccina-
firmed cases and several African clade tion of contacts
deaths
2021-22  Global spread with Multiple outbreaks reported Evidence of viral mutations WHO declared a PHEIC; mass  [8,11]
international cases globally, including in leadingto potentialincreased vaccinationcampaignsinitiated
non-endemic countries transmissibility
2022-23 Endemic spread in Mpox cases sustained in Increased divergence within Continued surveillance, vac-  [10]
non-African regions regions outside Africa, indi- clades; potential emergence cination, and education cam-
cating local transmission of new variants paigns; development of new
diagnostics and therapeutics
2023-24 Ongoing outbreaks Persistent cases globally, Ongoing studies to under- Strengthened internationalcol- [13,27]
and sustained global ~ with a focus on vulnerable stand viral evolution and laboration, research funding,
presence populations (e.g. immuno- adaptation and public health infrastruc-
compromised individuals) ture improvements

DRC - Democratic Republic of Congo, Mpox - monkeypox, MPOXV - Mpox virus, PHEIC - Public Health Emergency of International
Concern, WHO - World Health Organization

The evolution of MPOXYV is characterised by the emergence of distinct clades with varying geo-
graphical distributions and epidemiological impacts. Initially, no specific clades were identified
in early cases in Central and West Africa. Subsequently, two primary clades were recognised:
the West African Clade (clade II), associated with milder disease, and the Central African Clade
(cladeI), linked to higher severity and mortality. The 2022 global outbreak, driven by the hMPOXV
Clade, marked a significant shift with widespread transmission across multiple continents. The
ongoing evolution of hMPOXV variants highlights the virus’s adaptive potential, necessitating
active monitoring for effective public health responses (Table 2).

The included studies reaffirm the significant impact of vaccination on the prevalence and sever-
ity of smallpox, particularly among high-risk populations, as vaccinated individuals consist-
ently exhibit milder symptoms and better clinical outcomes. Nonetheless, the variability in study
designs and reported outcomes underscores the need for further research employing standard-
ised methodologies. Such efforts are crucial to enhancing the reliability of findings and guiding
the development of effective public health strategies (Table 3).

In terms of the key risk factors for Mpox as of August 2024 (Table 4), we observed the strongest
association observed for sexual contact among men who have sex with men (odds ratio (OR) =6.4;
95% confidence interval (CI)=4.7-8.6, P<0.001), indicating its growing role in recent outbreaks.
Lack of smallpox vaccination (OR=4.5; 95% CI=3.3-6.0, P<0.001) remains a major risk, reinforc-
ing concerns about waning immunity. Zoonotic transmission (OR=4.0; 95% CI=2.9-5.2, P<0.001)
persists, particularly in non-African regions. Household transmission (OR=2.7; 95% CI=1.9-3.6,
P<0.01) and travel to endemic regions (OR: 3.1; 95% CI=2.2-4.4, P<0.01) also contribute to trans-
mission. These findings underscore the need for targeted vaccination, risk communication,
behavioural interventions, and strengthened surveillance to mitigate Mpox spread.

The WHO Mpox Multi-country External Situation Report No. 37 (22 September 2024) provides
epidemiological updates [13]. As of 31 August 2024, 106 310 confirmed mpox cases and 234 deaths
were reported globally across 123 countries. August 2024 saw 2082 new cases, the highest monthly
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Table 2. Summary of the clades of the MPOXV responsible for human infections from the first recorded case up to August
2024

Period Clade Geographical distribution Details Reference

1958-70 No specific clade Central and West Africa Initial cases mostly in laboratory monkeys; virus identi-  [28,29]
identified fied, but no specific clades reported

1970-2017 West African Nigeria, Sierra Leone, Liberia, First human case in 1970 in the DRC (formerly Zaire); [18,30-32]
clade (clade II) and other West African nations spread mainly in West Africa

1970-2017 Central African  DRC More severe clinical manifestations with higher mortality  [33-36]
clade (clade I) rates; epidemics mainly in Central Africa

2018-21 West African UK, Israel, Singapore Caseslinked to international travel from Nigeria; sporadic  [37-39]
clade (clade II) cases outside Africa

2022-24 hMPOXYV clade Worldwide (Multinational out- Large-scale outbreak with significant spread in Europe, [11,40,41]
(formerly partof break) Americas, and other regions; higher transmission rates
clade IIb) observed; WHO renamed the clade as hMPOXYV Clade’

2023-24 Variants of Global Continuing transmission with the evolution of several var-  [29,42]
hMPOXYV clade iants under the hMPOXV clade, particularly in regions

with endemic cases and among high-risk populations
DRC - Democratic Republic of Congo, hMPOXV - high Mpox virus

Table 3. Updated risk factors associated with Mpox as of August 2024

Risk factor Commentary Number of studies and their OR (95% CI) P-value
Significant risk, especially in endemic and out-

1 117-127 5(3.3-6.0) <0.
break areas 15 [1,30,36,39, ] 4.5(3.3-6.0) <0.001

Lack of smallpox vaccination

Continues to be a major factor in regions outside 11 [2,5,26,118,121,128-

Contact with infected animals 4.0 (2.9-5.2) <0.001

Africa 133]
Close contact within households Household transmission remains prevalent 8[1,7,32,126,127,134-136] 2.7 (1.9-3.6) <0.01
Travel to endemic regions High risk in non-endemic countries 7[25,38,39,117,137-139] 3.1 (2.2-4.4) <0.01
Sexual contact (MSM) ;Tf;eas1ngly significant in recent outbreaks glob- 12 [11,39,140-150] 6.4(4.7-8.6) <0.001

CI - confidence interval, OR - odds ratio, MSM - men who have sex with men

count since November 2022. Africa remains a concern, particularly the Democratic Republic of
the Congo. The report also discusses surveillance challenges, rising trends in certain regions,
and the WHO mpox transmission protocol.

Regarding the global distribution of Mpox cases from 2022 to 31 August 2024, we observed sig-
nificant regional disparities in the burden of the disease (Table 5). A total of 107725 confirmed
cases have been reported globally, with most (64%) occurring in the Americas, where 68728
cases and 142 deaths were recorded, primarily during 2022, underscoring it as the epicentre of
the global outbreak.

Europe accounts for 27% of global cases (n=29085) and 58 deaths, where the clade IIb variant of
the virus is predominant. The relatively lower mortality rate in Europe, compared to Africa, may
reflect better health care access and response strategies. Despite this, Europe remains signifi-
cantly affected by the virus, with sustained transmission.

Africa, historically the endemic region for Mpox, recorded 5815 cases, representing 5.4% of the
global total, yet contributing disproportionately to the global mortality with 113 deaths. The dom-
inance of clade I in this region, alongside the recent surge in cases, indicates an ongoing public
health challenge, particularly in terms of case fatality rates and health care resources.

In Asia, 3464 cases (3.2% of the global total) and 18 deaths have been reported, with a notable
increase in cases since early 2024. This suggests that Asia, previously less affected, is now expe-
riencing a rise in Mpox transmission, possibly due to increased movement and changes in pub-
lic health measures.

Oceania remains the least affected region, with 633 confirmed cases (0.6% of the global total)
and two deaths, indicating low transmission rates. The region’s geographic isolation and robust
public health measures likely contribute to the limited spread of the virus.
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Table 4. Global distribution of Mpox cases by continent as of 1 January 2022 to 31 August 2024*

Confirmed cases and percentage of

Continent eloballcasesin (%] Deaths Notes

Americas 68728 (64.0) 142 Most cases recorded in 2022

Europe 29085 (27.0) 58 Clade IIb variant predominant

Africa 5815 (5.4) 113 Recent surge, clade I dominant

Asia 3464 (3.2) 18 Increasing cases since early 2024

Oceania 633 (0.6) 2 Low transmission rates
W *Total global cases as of August 2024 are 107725, with the majority reported in the Americas, followed by Europe.
%
a ¥ Table 5. Summarising the timeline of vaccine development for smallpox and Mpox, including recent
E advances

Year  Event DISEN

Edward Jenner develops the first smallpox vaccine using cowpox.

1796 Smallpox vaccine development This marks the beginning of vaccination practices.

1958 Mpox identification Mpox is first identified in captive monkeys in the laboratory.
1970 First human Mpox cases Ell;%flrSt human case of Mpox is reported in a 9-mo-old child in the

The WHO declares smallpox eradicated, leading to the cessation of
routine smallpox vaccination.

An outbreak of Mpox occurs in the USA, linked to pet prairie dogs
infected by imported rodents from Ghana.

2013 MVA-BN Vaccine Approval in Canada Canada approves the MVA-BN vaccine for smallpox prevention.

The FDA approves JYNNEOS® (Imvamune®), an MVA-BN vaccine, for
the prevention of both smallpox and Mpox.

1980 Smallpox eradication

2003 Mpox outbreak in the USA

2019 JYNNEOS® (Imvamune®) approval

LC16m3, a live attenuated smallpox vaccine developed in Japan,

2010 LC16m8 development shows promise in providing protection against Mpox.

A significant global Mpox outbreak is reported in multiple non-en-

2022 Global M tbreak f ; .. o
obalMpox outbrea demic countries, prompting increased vaccination efforts.

Governments and health agencies worldwide implement targeted
vaccination strategies to control Mpox outbreaks.

WHO Prequalification of MVA-BN The WHO prequalifies MVA-BN (JYNNEOS®), expanding its global
Vaccine availability for Mpox prevention.

DRC - Dominican Republic of Congo, Mpox - monkeypox, MVA - Modified Vaccinia Ankara, MVA-BN - Modified
Vaccinia Ankara-Bavaian Nordic, WHO - World Health Organization

2023 Expanded Mpox vaccination campaigns

2024

Overall, this data reflects the heterogeneous nature of the Mpox outbreak across different con-
tinents, with varying transmission dynamics, viral clade prevalence, and mortality rates, high-
lighting the need for region-specific public health interventions, ongoing genomic surveillance,
and tailored vaccination strategies to address the evolving threat of Mpox.

Between 1 January 2022 and 31 August 2024, a total of 106 310 laboratory-confirmed Mpox cases
were reported across 123 countries, with 234 deaths. From 1 January to 15 September 2024, Africa
reported 6201 confirmed cases and 32 deaths across 15 countries, with the highest numbers from
the Democratic Republic of the Congo (5399 cases, 25 deaths). The WHO report highlights increas-
ing case trends globally, except for the Americas, where cases declined in August 2024.

Between 1 January 2022 and 31 July 2024, a total of 102997 laboratory-confirmed Mpox cases were
reported globally, with the majority concentrated in a few high-burden countries (Figure 2). The
USA reported the highest number of cases (n=30350), followed by Brazil (n=15870) and the UK
(n=10250). Collectively, these three countries accounted for a significant proportion of the global
Mpox burden, while the remaining 111 countries contributed to the total case count under the cat-
egory ‘Other countries’. This highlights the continued transmission of Mpox in multiple regions,
with certain countries experiencing a disproportionately higher number of cases.

Nigeria and the DRC are expected to report higher numbers of Mpox cases due to more exten-
sive outbreaks and elevated transmission rates in these regions. Additionally, Brazil and the
USA have reported a significant number of fatalities, which correlate with the substantial size of
their respective outbreaks and the high number of confirmed cases. The global distribution of
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A significant epidemiological shift occurred in 2017-18, when Nigeria experienced a resurgence
of over 200 cases, demonstrating the potential for sustained human-to-human transmission. The
2003 outbreak in the United States, linked to imported rodents, further highlighted the risk of
international dissemination. The 2021-22 outbreak marked a turning point, with MPOXV spread-
ing extensively in non-endemic regions. This unprecedented global transmission prompted the
WHO to declare a PHEIC. By 2022-23, persistent transmission outside Africa suggested the poten-
tial for endemic establishment in newly affected regions, necessitating long-term surveillance
and control measures (Table 1).

Genomic evolution and adaptation

MPOXV has undergone significant genetic diversification, resulting in two major clades: clade I
(Central African clade) and clade IT (West African clade). Clade I, historically confined to the DRC
and surrounding regions, has been associated with higher virulence and mortality, whereas clade
I1, which circulated in Nigeria, Sierra Leone, and Liberia, exhibited lower mortality but greater
potential for human-to-human transmission. The 2017-18 Nigerian outbreak confirmed the con-
tinued circulation of clade II, reinforcing its potential for international spread (Table 2).

Genomic analyses from the 2021-22 outbreak revealed mutations that may have facilitated
increased transmissibility. Continued genomic surveillance during 2022-23 demonstrated fur-
ther divergence, suggesting viral adaptation to human hosts. These findings highlight the neces-
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sity for molecular monitoring to track viral evolution, assess potential changes in virulence and
immune evasion, and predict epidemiological trends (Table 2).

Global dissemination and the emergence of the hMPOXYV clade

Between 2018 and 2021, MPOXYV cases were increasingly reported in non-endemic regions, includ-
ing the United Kingdom, Israel, and Singapore, primarily through travel-associated importations.
However, sustained human-to-human transmission remained limited during this period. The 2022
outbreak marked a paradigm shift, with widespread transmission across Europe, the Americas,
and other regions, leading to the reclassification of the circulating strain as the hMPOXYV clade,
previously considered part of clade IIb. This reclassification was based on observed genetic dif-
ferences and the virus’s increased transmissibility in human populations (Table 2).
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By 2023-24, further evolution within the hMPOXYV clade resulted in the emergence of novel vari-
ants, particularly in endemic regions and among high-risk populations. The persistence of trans-
mission underscores the need for continuous genomic surveillance to monitor viral evolution,
evaluate mutations affecting virulence and vaccine efficacy, and inform targeted public health
interventions (Table 2).

Public health response and future preparedness

Initially, MPOXV was perceived as a zoonotic infection with minimal impact on human popula-
tions, leading to limited global preparedness. The 2003 US outbreak prompted rapid containment
efforts, while the 2017-18 Nigerian outbreak led to improved regional surveillance. However, the
2021-22 global outbreak necessitated a comprehensive international response, including expanded
diagnostic capacities, mass vaccination campaigns, and strengthened surveillance systems.

By 2022-23, sustained transmission outside Africa prompted revisions in global response strate-
gies, including refined vaccination approaches and enhanced epidemiological tracking. The con-
tinued detection of cases in 2023-24 highlights the urgent need for global coordination, sustained
research funding, and robust public health infrastructure. Strengthening surveillance networks,
advancing genomic tracking, and improving therapeutic interventions are critical to mitigating
future outbreaks and preventing the long-term establishment of MPOXV in newly affected regions
(Table 1, Table 2).

Our review provides an extensive overview of various studies on Mpox, highlighting differences
in prevalence, vaccination history, age groups, lesion types, and statistical significance (Table
3). For example, we observed variation in prevalence rates of Mpox across different study types,
revealing a range from 20% to 35%. Cross-sectional studies typically reported lower prevalence
rates, ranging from 20% to 30%, while longitudinal and cohort studies reported higher preva-
lence rates, between 28% and 35%. This observed discrepancy may be attributed to their distinct
methodologies and variations in their data collection periods, as longitudinal and cohort studies
are generally better equipped to capture temporal trends and fluctuations, potentially resulting
in higher reported prevalence rates compared to cross-sectional studies, which provide a snap-
shot at a specific point in time.

The data from our review further suggest that vaccination history plays a significant role in modi-
fying disease severity and prognosis (Table 3). Studies involving vaccinated individuals frequently
report milder cases and more favourable outcomes (e.g. Jones et al., Green et al. (Table S1 in the
Online Supplementary Document)). In contrast, individuals without vaccination tend to experi-
ence greater severity and poorer outcomes, highlighting the protective benefits of vaccination.
These observations align with findings from previous published reports [91,98-101] which doc-
umented a higher incidence of severe cases predominantly among the unvaccinated population.

Age-related differences in disease severity and prognosis were evident across the included stud-
ies (Table 3). Younger children and elderly individuals tend to experience more severe outcomes,
as highlighted by several studies [8,9,13,143,163]. The data indicates that while young children
and the elderly are at increased risk, middle-aged adults generally experience less severe cases.

2025 e Vol. 15 ¢ 04061 10 www.jogh.org e doi: 10.7189/jogh.15.04061



Mpox: a systematic review (1958-2024)

The types of lesions reported in the analysed research include oral, buccal ulcers, perioral lesions,
and tonsillitis (Table 3). Oral and buccal ulcers were the most commonly observed, reported in
multiple studies [8-14,27,41,44,60,61,63]. This suggests that these types of lesions are a prominent
feature of Mpox infection, though their prevalence varies with vaccination status and study type.

Comparative analysis

Several studies had similar findings, but differed in statistical details or sample characteristics.
For instance, some reported a similar prevalence and lesion type across different study designs
(case-control and cohort), but with varying outcomes based on the presence of comorbidities and
vaccination status [42,44,60,61,63].

PAPERS

Consistent trends include the association between vaccination status and reduced severity, as
well as the increased severity among high-risk groups such as the elderly and those with comor-
bidities. However, discrepancies exist in terms of statistical significance and specific outcomes,
reflecting variations in study design, sample size, and population characteristics. Further research
with standardised methodologies and larger sample sizes is necessary to reconcile differences and
refine our understanding of Mpox epidemiology and management.

Our synthesis of critical risk factors associated with Mpox, which integrated both historical and
contemporary data, provides valuable insights into evolving epidemiological trends, guiding the
development of evidence-based public health strategies for effective disease prevention and con-
trol (Table 4).

Immunisation gaps and susceptibility

The cessation of smallpox vaccination has significantly increased Mpox (OR=4.5; 95% CI=3.3-6.0;
P<0.001), with waning vaccinia-derived immunity leaving populations vulnerable, particularly
in endemic and outbreak-prone regions [1,30,36,39,117-127]. Targeted immunisation strategies
for high-risk groups are warranted.

Zoonotic transmission

Human interaction with reservoir species, particularly rodents and non-human primates, sus-
tains endemic transmission (OR=4.0; 95% CI=2.9-5.2). Outbreaks in non-endemic regions are
linked to wildlife trade and direct animal exposure [2,5,26,118,121,128-133]. Strengthened reg-
ulations, surveillance, and public awareness are critical in reducing spillover events.

Household transmission

Prolonged close contact and shared fomites facilitate intrafamilial transmission (OR=2.7; 95%
CI=1.9-3.6), though risk is lower than zoonotic or sexual exposure. Early case detection, patient
isolation, and rigorous disinfection protocols are essential to limit secondary transmission
[1,7,32,126,127,134-136].

Travel-associated transmission

Travel to endemic areas increases infection risk (OR=3.1; 95% CI=2.2-4.4), with outbreaks in
non-endemic regions linked to imported cases [25,38,39,117,137-139]. Pre-travel risk assessment,
post-travel surveillance, and global outbreak preparedness are crucial in mitigating spread.

Sexual transmission and emerging trends

Sexual contact, particularly among MSM, has emerged as a primary transmission mode (OR=6.4;
95% CI=4.7-8.6), with close skin-to-skin and mucosal exposure facilitating viral dissemination
[11,39,140-150]. Risk communication, targeted vaccination, and integration of Mpox prevention
into sexual health services are imperative.
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Table 4 provides a comprehensive overview of the global distribution of Mpox cases by continent
as of 1 January 2022 to 31 August 2024, providing insights into the epidemiological patterns and
regional disparities in disease burden.

Regional differences

The Americas have reported the highest number of confirmed Mpox cases, comprising 64% of
global cases (n=68728) and 142 associated deaths. The concentration of cases in this region, par-
ticularly in 2022, indicates a significant outbreak that likely exerted considerable pressure on
the region’s public health infrastructure [13]. The high case count underscores the region’s sub-
stantial burden, necessitating continued surveillance and response efforts. The relatively low
fatality rate compared to the total number of cases suggests that while the outbreak has been
extensive, the severity in terms of mortality has been relatively contained.
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Europe has documented 29 085 confirmed cases (representing 27% of global cases) and 58 asso-
ciated deaths. The predominance of the clade IIb variant in this region highlights the clade’s
role in driving transmission patterns. The data indicate a significant regional outbreak, neces-
sitating targeted public health interventions to manage and mitigate the spread of the clade ITb
variant. The relatively lower percentage of global cases compared to the Americas suggests a
more controlled but still significant outbreak.

There have been 5815 confirmed cases (4% of global cases) with 113 deaths in Africa. The recent
surge in cases and the dominance of clade I in this region reflect ongoing transmission dynamics
and challenges in managing outbreaks. The high case fatality rate in Africa compared to other
continents highlights the need for enhanced health care infrastructure and targeted interven-
tions to address the specific challenges faced in this region.

Asia has reported 3464 cases (3.2% of global cases) and 18 deaths, with an observable increase
in cases since early 2024. This rising trend suggests emerging outbreaks or improved surveil-
lance capabilities in the region. The relatively low number of deaths indicates that while cases are
increasing, the impact in terms of mortality remains lower compared to other regions. Continued
monitoring and response efforts are essential to manage the growing number of cases.

Oceania has the lowest reported cases, with 633 confirmed cases (0.6% of global cases) and two
deaths. The low transmission rates in this region reflect successful containment and preven-
tive measures, although ongoing vigilance is required to maintain low transmission levels and
prevent potential outbreaks.

Global overview

As of 31 August 2024, a total of 106 310 laboratory-confirmed Mpox cases and 234 deaths have been
reported globally. The Region of the Americas accounts for 64879 cases and 148 deaths. In August
2024, 2082 new cases were recorded, a 15.6% increase from July, marking the highest monthly
count since November 2022. The African Region reported 62.3% of these new cases, followed by
the European (13.7%) and Western Pacific (13.2%) regions. These figures underscore regional dis-
parities and the need for sustained global surveillance and targeted interventions [14].

Potential reasons behind global disparities in Mpox cases

The global disparities in Mpox case counts and mortality rates can largely be attributed to differ-
ences in health care infrastructure, social determinants of health, and cultural practices, which
affect both the transmission and management of the disease.

Countries with strong health care systems, such as those in Europe and North America, are
often better equipped for the rapid identification, diagnosis, and management of infectious dis-
eases like Mpox. In contrast, regions with limited health care resources, such as parts of Africa,
face challenges in reporting cases, providing timely treatments, and conducting effective public
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health interventions. These gaps can lead to underreporting and delayed responses, contributing
to higher mortality rates in affected areas [14].

In many instances, racial, ethnic, and socioeconomic factors significantly influence Mpox trans-
mission. For example, in the USA, Black and Hispanic males have experienced higher Mpox inci-
dence rates, partly due to systemic barriers such as access to health care, stigma, and misinforma-
tion. These populations face lower vaccination rates relative to their case counts, exacerbating the
spread of the virus in the community. Poor socioeconomic conditions, including unemployment,
poverty, and inadequate public health awareness, further amplify these disparities. Barriers to
accessing health care and vaccination programmes - particularly in marginalised communities
- have been shown to correlate with increased Mpox incidence and related mortality.

PAPERS

Country-level differences

In our breakdown of 102997 laboratory-confirmed Mpox cases from 1 January 2022 to 31 July 2024,
we observed notable variations in case counts across different countries (Figure 2).

The USA has reported the highest number of Mpox cases (n=20350), underscoring the extensive
nature of the outbreak within the country. The high case count reflects both the large population
and the robust surveillance infrastructure that may have facilitated higher detection rates. The
data suggest that targeted public health interventions, including vaccination and containment
strategies, have been crucial in managing the outbreak. Continued monitoring and support are
essential to further control the spread of the virus.

Brazil follows with 15870 confirmed cases, highlighting a substantial outbreak within South
America. The high case number indicates a serious public health challenge in the region. Brazil’s
situation reflects the broader trends observed in Latin America, where Mpox has had signifi-
cant impacts. Effective response measures, including enhancing surveillance and health care
resources, are needed to manage the ongoing outbreak and mitigate future risks.

The UK reported 10250 Mpox cases, placing it among the top countries affected. This reflects the
significant impact of Mpox in Europe, where the clade IIb variant has been predominant (Figure
2). The UK’s case count points to the need for continued vigilance and public health efforts to man-
age and contain the virus, particularly given the complex epidemiological dynamics of Mpox in
the region.

The category ‘Other countries’ aggregates Mpox cases from 111 additional countries, collectively
contributing to the remaining cases in the global tally. This aggregation underscores the wide-
spread nature of the outbreak, with numerous countries reporting cases, albeit in lower numbers
compared to the top three countries. The distribution of cases across these countries highlights
the global reach of Mpox and the importance of maintaining international surveillance and col-
laborative response efforts to address the outbreak comprehensively (Figure 2).

The data on the distribution of laboratory-confirmed Mpox cases and associated fatalities by
country from 1 January 2022 to 31 July 2024 and 223 associated fatalities highlight significant
regional disparities (Figure 3). Nigeria and the DRC report high case numbers, reflecting their
historical patterns of extensive outbreaks and ongoing endemic transmission, necessitating sus-
tained public health efforts. Brazil and the USA have similarly experienced a high case count, but
also saw a significant number of fatalities, indicating the severity of their outbreaks and poten-
tial health care challenges. These findings underscore the complex interplay between case num-
bers and mortality rates, emphasising the critical need for robust health care responses, contin-
ued surveillance, and tailored public health strategies to effectively manage and mitigate Mpox
impacts in these high-burden regions.

Early developments

The timeline begins with Edward Jenner’s development of the first smallpox vaccine in 1796, mark-
ing a pivotal moment in medical history and the inception of vaccination practices [151]. This inno-
vation laid the foundation for future vaccine development, including those for Mpox [152]. The
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identification of Mpox in captive monkeys in 1958 and the first human cases reported in the DRCin
1970 marked critical points in understanding and addressing Mpox as a zoonotic disease [133,152].

Smallpox eradication and its impact

The declaration of smallpox eradication by the WHO in 1980 led to the cessation of routine small-
pox vaccination, which had significant implications for Mpox [153]. The decline in smallpox vac-
cination coverage inadvertently increased susceptibility to Mpox, as the smallpox vaccine had
previously provided cross-protection against related orthopoxviruses [154,155].

Mpox outbreaks and vaccine development

The 2003 Mpox outbreak in the USA, linked to imported pet rodents, highlighted the ongoing
threat of Mpox, despite smallpox eradication efforts [156], underscoring the need for effective vac-
cines against Mpox. The subsequent development and evaluation of the Modified Vaccinia Ankara
(MVA) vaccine in 2005 marked a significant advance, with the vaccine being licensed as JYNNEOS®
(Imvamune®) in 2007 for use against both smallpox and Mpox [157,158].

Advancements in Mpox vaccination and efficacy of LC16m8 and MVA
vaccines

The development of LC16m8, a live attenuated smallpox vaccine with potential cross-protection
against Mpox, has marked a significant advancement in vaccine research and development. The
increased incidence of Mpox cases observed in 2019 has catalysed further investigation into vac-
cine efficacy [159,160]. Recent studies conducted in 2021 have reaffirmed the efficacy of the MVA
vaccine, demonstrating an efficacy rate of up to 85% in preventing Mpox [161]. Emerging data from
2022 indicate that LC16m8 may offer comparable protective benefits, with ongoing research dedi-
cated to validating its efficacy [162].

Current strategies and future pathways for Mpox management

The global response to recent Mpox outbreaks has involved targeted vaccination campaigns and
international coordination for vaccine distribution [163]. The year 2024 sees continued research
and development efforts focussed on improving vaccine efficacy and expanding access in response
to new outbreaks and evolving public health needs [164]. The timeline encapsulates significant pro-
gress in vaccine development for smallpox and Mpox, from the early days of vaccination to recent
advances [165], highlighting the importance of ongoing research and adaptation of vaccination
strategies in response to emerging data and public health challenges [166]. As the understanding
of these diseases evolves, sustained efforts in vaccine development and deployment remain cru-
cial for managing and mitigating the impact of smallpox and Mpox [17,170] (Table 5).

Limitations and future directions

The extensive temporal scope of our review, spanning from 1958 to 2024, introduces variabil-
ity in data quality and completeness, with historical records often lacking in detail. We also
included studies employing varied methodologies, such as cross-sectional, longitudinal, and
cohort designs, which may have resulted in inconsistencies in prevalence rates and outcomes,
complicating the synthesis of uniform conclusions. Reporting bias is also a concern here, as stud-
ies with notable findings are more likely to be published, potentially skewing the understanding
of Mpox epidemiology and vaccine efficacy. Regional disparities, particularly in resource-lim-
ited settings, may further constrain the review’s comprehensiveness. Additionally, variations
in vaccination data and evolving viral strains, coupled with potential inconsistencies in public
health response evaluations, may have impacted the relevance and accuracy of the findings,
while focus on major outbreaks may have obscured significant local cases. To address these lim-
itations, enhanced surveillance, standardised methodologies, and ongoing research are essen-
tial for ensuring a more precise and current global perspective on Mpox.
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Future efforts should investigate the genetic evolution of the Mpox virus, focussing on the mech-
anisms driving mutation and the emergence of new variants. This includes comprehensive
genomic surveillance to track changes in viral clades and their implications for transmission
dynamics, virulence, and vaccine effectiveness. Understanding the adaptive nature of Mpox will
be essential for anticipating future outbreaks and developing targeted interventions.

Further research is needed to optimise existing vaccines and develop new candidates with
improved efficacy. This includes evaluating the performance of current vaccines, such as MVA
and LC16mS8, in diverse populations and against emerging virus variants. Additionally, research
should explore novel vaccine platforms that provide broader protection and require fewer doses,
addressing gaps in current immunisation strategies and enhancing global vaccination efforts.
Researchers should also develop advanced epidemiological models to predict the spread of Mpox
and evaluate the impact of various public health interventions. In doing so, they should incorpo-
rate data on virus evolution, vaccination coverage, and regional transmission patterns to inform
policy decisions and resource allocation. Their work should also investigate the influence of soci-
oeconomic and behavioural factors on Mpox transmission and vaccine uptake. Research should
explore how factors such as socioeconomic status, cultural practices, and health literacy impact
disease spread and response efforts. Developing targeted interventions based on these factors
will be crucial for improving public health outcomes. Addressing these areas will contribute to
a more robust understanding of Mpox and enhance global preparedness for future outbreaks.

PAPERS

At the infrastructural level, there is a need to strengthen global health preparedness by evalu-
ating and refining public health response strategies. This involves assessing the effectiveness of
surveillance systems, outbreak detection, and containment measures across different regions.
Research should focus on developing standardised response protocols and enhancing inter-
national collaboration to manage and mitigate Mpox outbreaks. Improved infrastructure and
resource allocation are crucial for effective public health interventions.

CONCLUSIONS

The Mpox outbreak highlights significant gaps in global health preparedness, particularly in the
areas of integrated surveillance and rapid diagnostics. Advancements in point-of-care diagnos-
tics, such as rapid antigen tests and CRISPR-based technologies, are essential for ensuring rapid,
accurate detection, especially in resource-limited settings. Additionally, the development of mul-
tiplex PCR assays to detect multiple orthopoxviruses will greatly enhance diagnostic capabilities,
enabling more efficient responses during viral outbreaks.

While vaccines such as MVA and LC16m8 have shown efficacy, ongoing research into novel vac-
cine candidates and antiviral treatments is crucial. Tecovirimat, an antiviral with potential for
Mpox, and the exploration of immune modulators offer promising therapeutic options; however,
optimal dosages and treatment regimens must be determined through rigorous studies. To effec-
tively manage emerging variants, novel vaccine formulations with broader protective capacity
are necessary.

Public health responses must be tailored to the specific needs of each region, focussing on improv-
ing access to diagnostics, treatments, and vaccines in resource-limited settings. Efficient alloca-
tion of available resources, coupled with region-specific strategies, will be critical in ensuring
an effective response to future outbreaks. In addition, genomic surveillance and deeper under-
standing of animal reservoirs will play a vital role in monitoring viral evolution and preventing
future zoonotic spillovers.

International collaboration remains paramount to ensuring equitable access to critical health
resources, including vaccines, antiviral medications, and diagnostic tools, particularly in low-
and middle-income countries. Global health initiatives are pivotal in supporting equitable dis-
tribution and fostering cross-border cooperation. Public health interventions should also con-
sider socioeconomic and cultural factors to enhance their effectiveness in diverse contexts and
ensure that public health measures are accepted by affected populations.
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The One Health approach, which integrates human, animal, and environmental health, is vital
for preventing future zoonotic diseases and pandemics. The global collaboration required to
implement this approach will help mitigate the risks posed by emerging infectious diseases like
Mpox. As part of this approach, attention should be directed towards targeted education and
prevention strategies for high-risk groups, such as individuals with HIV, who face higher risks
of severe disease outcomes. A measured, evidence-based public health response that prioritises
clear, actionable guidance is essential to avoid unnecessary panic and effectively manage the
spread of the virus.
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