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A B S T R A C T

The recent global resurgence of Mpox (formerly monkeypox), primarily transmitted via close contact and res-
piratory droplets, highlights a significant shift in its epidemiology, particularly among men who have sex with
men (MSM). This resurgence underscores the need for robust public health responses and improved surveillance.
This comprehensive review of current literature focuses on recent outbreaks, virology, and available treatments.
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Epidemiological data were gathered from various international health reports and analysed to understand
transmission dynamics and outbreak patterns. Mpox, characterised by symptoms like fever and rash, has shown
variable clinical presentations, particularly among immunocompromised individuals. Recent outbreaks have
prompted the development of new diagnostic methods and treatments, including antivirals like Tecovirimat and
vaccines such as MVA-BN. Studies have demonstrated the effectiveness of these vaccines in preventing infection,
which is crucial for outbreak containment. The global response to the Mpox resurgence requires integrated
strategies combining vaccination, antiviral treatments, and public health policies tailored to high-risk pop-
ulations. Future efforts should focus on vaccine distribution equity and enhancing diagnostic capabilities to
effectively manage and mitigate the impact of Mpox.

1. Introduction

Monkeypox (Mpox) has re-emerged as a global health concern,
especially in the post-smallpox eradication era, where routine smallpox
vaccinations are no longer administered, reducing the incidental im-
munity that had previously controlled Mpox outbreaks [1,2]. The
resurgence of Mpox, particularly noted in the 2022 multi-country
outbreak, has been characterised by a notable shift in epidemiology
and transmission dynamics, primarily affecting men who have sex with
men (MSM). This demographic shift highlights the virus’s capability to
exploit socio-behavioural factors, necessitating a robust public health
response tailored to the affected populations [3,4]. Historically, Mpox
was first identified in humans in the 1970s in the Democratic Republic of
Congo. Since then, it has been chiefly confined to Central and West
Africa, where zoonotic transmission from animals such as rodents and
primates was common [5,6]. However, the virus global spread has
brought it into new territories where human-to-human transmission is
becoming increasingly efficient. This shift has been facilitated by
changes in human behaviour, international travel, and possibly viral
evolution, which may enhance the virus’s transmissibility [7].

Typical clinical manifestations of Mpox begin with flu-like symptoms
followed by a characteristic rash, progressing from macules to pustules
[8]. However, recent outbreaks have reported atypical presentations,
particularly in immunocompromised individuals, complicating timely
diagnosis and management [9]. This variability in clinical presentation
underscores the need for heightened surveillance, enhanced diagnostic
capabilities, and flexible public health strategies to address the changing
epidemiology of the disease [10]. Diagnostic efforts have been advanced
by developing real-time PCR tests, which remain the gold standard for
Mpox detection. Nevertheless, these methods are complemented by
serological testing for epidemiological studies, though their utility is
limited in acute diagnostics due to cross-reactivity with other ortho-
poxviruses. In addition, after at least 45 years, antibodies produced by
the smallpox vaccination cross-react with and neutralise the Mpox virus
in vitro [11]. The advent of newer diagnostic tools, including rapid tests,
offers hope for quicker and more accessible diagnostics, which are
crucial during outbreaks to enable rapid containment measures [12].
For example, a real-time qualitative PCR assay showed promising results
for the rapid diagnosis of Mpox [13]. In the United States, it was rec-
ommended to have a non-variola Orthopoxvirus [NVO] assay [14].
Treatment for Mpox has primarily relied on antivirals like Tecovirimat
and supportive care. Recent research focused on developing new treat-
ment modalities, including the repurposing of smallpox vaccines and the
exploration of new antiviral agents that could offer more targeted and
effective management strategies for Mpox [15]. The Modified Vaccinia
Ankara - Bavarian Nordic (MVA-BN) vaccine has been a cornerstone in
preventive strategies, particularly among high-risk groups. The effec-
tiveness of this vaccine, alongside public health measures like contact
tracing and isolation, has been pivotal in controlling outbreaks [16].

Public health responses have increasingly emphasised the impor-
tance of community engagement and education to combat stigma and
misinformation associated with Mpox. Digital contact tracing and sur-
veillance tools have also been integrated into public health strategies,
enhancing the capacity to track andmanage outbreaks effectively. These

tools, along with traditional public health measures, form the backbone
of the response to Mpox, aiming to reduce transmission and mitigate the
impact of the virus on affected populations [17]. Moreover, the One
Health approach has been recognised as critical in addressing the zoo-
notic dimensions of Mpox [18]. This approach integrates human, ani-
mal, and environmental health strategies to prevent spillover events and
control outbreaks at their source. Effective management of Mpox thus
requires encompassing medical, veterinary, and environmental sciences
to develop holistic strategies that address all aspects of the virus’s
transmission and control [19].

This review provides a comprehensive analysis of the evolving
epidemiology of mpox, blending historical data with contemporary
outbreaks to offer a holistic view of the disease’s progression. It high-
lights the latest state-of-the-art diagnostic and therapeutic advance-
ments, emphasising the need for ongoing surveillance, flexible
approaches, and cross-border cooperation to effectively contain out-
breaks and protect global health from the enduring threat of Mpox.

2. Historical context and recent outbreaks

Mpox, caused by the monkeypox virus (MPVX), a member of the
Orthopoxvirus genus, initially emerged in human populations in the
1970s in the Democratic Republic of Congo. Since then, it has remained
primarily in Central and West Africa, with sporadic outbreaks occurring
outside these regions. The virus has similarities to the variola virus, the
causative agent of smallpox, which explains why past smallpox vacci-
nations have provided some level of immunity against Mpox. Historical
data indicate that Mpox was primarily transmitted to humans from an-
imals such as rodents and primates, with human-to-human transmission
being less efficient [20]. The recent global resurgence of Mpox, partic-
ularly noted in 2022, marked a significant shift in the epidemiology of
the disease. Unlike previous outbreaks, the 2022–2023 surge involved
widespread transmission among men who had sex with men (MSM),
suggesting a potential change in the virus’s transmission dynamics [21].
This outbreak highlighted the need for increased surveillance, better
diagnostic capabilities, and targeted public health interventions. Recent
studies have emphasised the challenges and responses during these
outbreaks, as well as discussed the surge of cases in Africa and the lack of
vaccine access, and the effectiveness and safety of the MVA-BN vaccine
during the outbreak in the United States of America (USA) [22,23].

The global Mpox outbreak prompted the World Health Organization
(WHO) to declare a Public Health Emergency of International Concern
on July 23, 2022 [24]. Between January 1, 2022, and August 22, 2024,
the World Health Organization (WHO) received reports of 102,997
laboratory-confirmed cases of Mpox, alongside 223 deaths, spanning
121 countries within all six WHO regions. The data from July 2024 alone
revealed 1425 new cases and six fatalities across 35 countries, under-
scoring the persistent global transmission of Mpox. Moreover, the dis-
tribution of cases in June by WHO showed that the African Region
reported 567 cases, markedly higher than its counterparts: the Region of
the Americas with 175 cases, the European Region with 100 cases, the
Western Pacific Region with 81 cases, and the South-East Asia Region
with merely 11 cases. This distribution reinforces the entrenched
epidemiological footprint of mpox within African territories as opposed
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to its episodic appearances elsewhere. There were no reported cases in
the Eastern Mediterranean region during this period, highlighting a
geographical variance in the incidence of the disease [25]. Four new
Eastern African nations—Burundi, Kenya, Rwanda, and Ugan-
da—reported their first cases of Mpox in July 2024 [26]. Especially in
the Democratic Republic of Congo, there has been a significant increase
in the report of cases, even higher than in 2022/2023, reaching the
highest peaks over the May–August weeks of 2024 (Fig. 1).

Using a timeline approach, the scatter plot shows the sampling dates
of disease cases in different nations. Every nation is depicted by a
distinct hue, with data points dispersed across 2017 and 2023. Clearly
illustrates the expansion of sample and monitoring initiatives over time,
especially in the United States, Brazil, and many European countries
(Fig. 2a). The escalated sampling in these regions could be interpreted as
a response to local outbreaks or as part of enhanced global surveillance
measures. The data here underscores the importance of continuous
monitoring, as increased sampling is often correlated with detecting new
cases or variants, enabling timely public health responses. Geographical
visualisation of the monkeypox cases, utilising varying-sized circles to
indicate the number of cases in different regions (Fig. 2b). The use of
proportional circles helps in quickly identifying areas with the highest
disease burden, which are notably in Central and Western Africa and
parts of Europe. This geographical distribution is crucial for under-
standing regional differences in disease spread and can assist in allo-
cating resources effectively to areas with higher transmission rates. The
phylogenetic trajectory of the monkeypox virus illustrates the accumu-
lation of mutations across various lineages over time (Fig. 2c). The
phylogenetic tree not only details the evolutionary dynamics of the virus
but also indicates a continuous diversification of genetic lineages,
marked by specific sub-lineages such as A.1, A.2, A.3, and B.4.3. The
progressive increase in mutations shown in this panel is vital for iden-
tifying potentially virulent strains and can guide the development of
targeted vaccines and therapies [27].

A concerted effort has been made to enhance research in response to
recent outbreaks. Studies are focused on understanding the viral geno-
mics, pathogenesis, and immune response to the virus. For instance,
Bleichrodt et al. evaluate epidemic forecasting models, which are crucial
for planning public health responses to outbreaks. This study, along with
others, highlights the importance of developing robust forecasting and
surveillance systems to manage and mitigate the impact of the virus

effectively [28].

3. Epidemiology

The epidemiology of the Mpox virus encompasses a broad and
complex landscape of transmission dynamics, reservoir hosts, zoonotic
potential, and risk factors for human infection (Fig. 2). Understanding
these aspects is crucial for controlling outbreaks and preventing the
spread of the virus. Mpox primarily spreads through close, personal,
often skin-to-skin contact, including direct contact with Mpox rash,
scabs, or body fluids from an infected person [29]. Transmission can also
occur by respiratory secretions during prolonged, face-to-face contact or
touching items recently contaminated by patient fluids or lesion mate-
rials [30,31]. Recent outbreaks highlight the virus’s ability to spread
within dense networks, particularly among MSM, emphasising the
importance of targeted public health interventions [32–34]. Further-
more, Schwartz’s study on the impact of Mpox among pregnant women
during the 2023–2024 outbreak in the Democratic Republic of Congo
provides a poignant example of the severe outcomes associated with the
virus. This study highlights the high rates of miscarriage and stillbirth
among infected pregnant women, illustrating the critical need for
effective disease management and support for vulnerable populations
during outbreaks [35].

Mpox is a zoonotic virus with rodents and primates suspected as
potential reservoirs, particularly in endemic regions such as Central and
West Africa. The virus can jump from animals to humans, with initial
transmission likely occurring through handling infected animals or
consuming wild game. The zoonotic nature of Mpox underscores the
need for vigilant monitoring of animal populations and minimising
human-wildlife conflict to prevent spillover events [32]. Wastewater
surveillance to detect MPXV in Brazil showed the potential of sewage
surveillance as a robust public health tool for monitoring not only Mpox
but also other co-circulating viruses [36].

Risk factors for Mpox infection include close physical contact with
infected individuals or contaminated materials. Healthcare workers,
household members, and sexual partners of infected individuals are at
higher risk [37]. Since the 2022–2023 multi-country outbreak, sexual
contact remains the predominant mode of transmission, accounting for
83.8 % (19,102 out of 22,801 cases) of reported cases, followed by
non-sexual person-to-person contact. This trend continued over the past

Fig. 1. Number of Mpox cases per week in the African region of WHO during 2022–2024. From: WHO (https://worldhealthorg.shinyapps.io/mpx_global/).
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six months, with sexual contact being reported in 95.6 % (483 out of
505) of the newly recorded cases [25]. Recent data also indicate that
certain social behaviours and large gatherings can facilitate rapid
transmission, particularly in non-endemic regions where natural im-
munity may be lower [38]. Stigma and social inequalities can exacerbate
transmission by hindering effective public health responses and access
to care [39,40]. Studies suggest that changes in human behaviour,
increased global travel, and ecological disruptions may contribute to the
broader geographic spread of the virus [39,41]. Public health strategies
focusing on surveillance, community engagement, and education about
transmission are crucial for managing and controlling Mpox [42,43].

The surveillance and reporting mechanisms for Mpox play a critical
role in the global public health response to the disease. As outlined in
WHO’s interim guidance, surveillance efforts are essential for detecting
outbreaks, containing transmission, and progressing toward the elimi-
nation of Mpox [44]. Countries are urged to rapidly identify Mpox cases
through clinical examination and laboratory testing, adhering to the
International Health Regulations (2005) and the mpox standing rec-
ommendations issued by theWHODirector-General (August 2023) [45].
The surveillance systems must include reporting of probable and
confirmed cases to WHO through national focal points, with minimum
datasets that encapsulate epidemiologically relevant information [44].
Diagnostic criteria for Mpox have evolved to incorporate a broad spec-
trum of laboratory techniques, including PCR testing of lesion samples,

which remains a cornerstone for confirmation [13]. The definitions for
suspected, probable, and confirmed cases are meticulously structured to
facilitate precise surveillance and ensure robust data collection,
reflecting the variable clinical presentations of Mpox across different
regions [46]. Such systematic surveillance and nuanced diagnostic
criteria are pivotal for implementing specific public health interventions
and for global monitoring of the disease’s epidemiology.

4. Virology and pathogenesis

The genomic structure of the monkeypox virus (MPXV), shown in
Fig. 3, is complex and comprises several unique features such as surface
tubules, the outer membrane, lateral bodies, the palisade layer (core
membrane), core fibrils, and the virus’s double-stranded DNA core.
MPXV belongs to the Orthopoxvirus genus, which includes well-known
viruses such as smallpox and vaccinia. The virus has a large double-
stranded DNA genome, which encodes for numerous proteins that play
crucial roles in its lifecycle, immune evasion, and virulence [47]. One of
the significant features of the MPXV genome is the terminal regions,
which contain genes that modulate the host immune response. These
regions are notably diverse and are critical to the virus’s ability to infect
multiple hosts. However, the central region of the genome is more
conserved and encodes essential viral replication and structural proteins
[48]. Recent studies have shed light on specific proteins encoded by the

Fig. 2. Global Dispersal and Phylogenetic Development of the Monkeypox Virus Clade IIb from 2017 to 2024 (Source: Nextstrain image). a) Phylogeny Over Time by
Country. b) Geographic Distribution of Cases. c) Phylogenetic Lineages Over Time.
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Fig. 3. Mpox virus: Transmission, symptoms, and genomic structure.

Fig. 4. Comprehensive overview of monkeypox virus infection pathways and antiviral intervention points.
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MPXV genome [7,49,50]. For instance, the poxin enzyme, which is
crucial for overcoming host immune defences, has been detailed in
structural studies. Poxin acts by cleaving 2′-3′-cGAMP, a critical mole-
cule in the cGAS-STING pathway of the host’s innate immune system
[51]. The detailed crystal structure of poxin revealed its conserved
beta-sheet fold and the critical residues involved in its function,
underscoring potential targets for antiviral drug development [52].
Another critical area of study has been the MPXV A41L gene, which
encodes a secreted protein that interacts with host chemokines to
modulate the immune response. The A41 protein does not bind strongly
to actin or poly (L-proline), distinguishing it from similar proteins in
other viruses and suggesting unique interactions with the host’s immune
system [53]. Further analysis has also been conducted on the MPXV
DNA polymerase holoenzyme complex, which is essential for viral DNA
replication. The structure of this complex, resolved using cryo-electron
microscopy, revealed a “forward sliding clamp” mechanism, high-
lighting similarities and differences with DNA polymerases from other
organisms, which could guide antiviral drug design [49].

The virus first infects keratinocytes, dendritic cells, fibroblasts, and
Langerhans cells in the skin or macrophages and dendritic cells in the
respiratory system. Fig. 4 (Panel A) depicts the virus interacting with
skin or respiratory epithelia. This interaction highlights the virus’s
ability to enter the body through several cell types and cause local
infection [54]. Following the initial infection, MPXV is transported by
lymphatic pathways to the draining lymph nodes, as shown in Fig. 4
(Panel B). This is a crucial stage in the virus’s systemic spread when
infected macrophages and dendritic cells help the virus travel to other
body areas. The development of primary viremia leads to the primary
lymphatic spread of the virus. Consequently, it infects other crucial or-
gans, such as the liver, spleen, and thymus, where secondary viral
replication occurs. The secondary viremia then follows, disseminating
the virus to distant organs, including the lungs, kidneys, and intestines.
This final spread can lead to widespread organ involvement and
increased disease severity, as depicted in Fig. 4 (Panel D) [55].

The replication and host cell entry mechanisms of the Mpox virus are
crucial for understanding its pathogenesis and for developing targeted
treatments and preventive measures. The Extracellular Enveloped Virus
(EEV) and the Intracellular Mature Virion (IMV) are crucial stages of the
virus lifecycle. IMV and EEV exhibit distinct structural differences in
their surface glycoproteins and envelope membranes. IMV has a single
membrane and is released upon cell lysis, entering host cells through
direct fusion and endocytosis. In contrast, EEV features a double-
membrane structure and gains entry into host cells primarily through
membrane fusion [56]. MPXV enters host cells predominantly through
macropinocytosis, which involves engulfing the virus by the host cell
membrane to form an internal cyst, as shown in Fig. 4 (Panel C). This
method may be accompanied by other entry mechanisms, such as
clathrin-mediated endocytosis, although specific cellular receptors
involved in MPXV entry have not been definitively identified [57,58].
Once inside the host cell, MPXV is transported to the cytoplasm, where
the viral core uncoats, releasing viral DNA and enzymes necessary for
initiating the replication process. MPXV is unique among viruses as it
replicates entirely in the host cell’s cytoplasm, utilising its own viral
DNA-dependent RNA polymerase to bypass the host’s nuclear machin-
ery. This replication begins with the transcription of early viral genes
responsible for synthesising replication enzymes and proteins that
modulate the host immune response [59].

Subsequent viral DNA replication occurs in specialised structures
within the cytoplasm known as viral factories. These factories are
essential for synthesising late viral genes, which encode structural pro-
teins crucial for new virion assembly. The assembly process culminates
in the encapsulation of viral DNA within protein shells, forming com-
plete virions ready to infect additional cells [49]. Finally, mature virions
are released from the host cell either through cell lysis, which results in
cell death, or through non-lytic processes like budding, which allows the
virus to continue spreading without immediately killing the host cell.

Throughout its lifecycle, MPXV employs numerous strategies to evade
the host immune system, such as producing proteins that inhibit the
host’s interferon response, thereby enhancing viral survival and prop-
agation [58,60]. Several phases of this lifecycle are targeted by current
pharmacological therapies like Tecovirimat, Brincidofovir, and Cidofo-
vir to prevent viral reproduction and dissemination [61].

5. Phylogenetic analysis

The NCBI virus taxonomy database provided the protein and nucle-
otide sequence for the monkeypox (taxid-10244) virus to perform a
pairwise similarity analysis. Based on the following parameters, we
selected 78 protein sequences from 1,260,435 total protein sequences
and downloaded their CDS for analysis: host homo-sapiens; protein
B22R protein family; date: January 01, 2024 to August 17, 2024; and
geographic location: Asia, Africa, and Europe. Only 60 sequences were
remaining for examination after deleting sequences that had missing
residues [62]. The B22R protein is implicated in immune evasion by
interacting with host immune factors, such as interferons [63]. Using
MEGA11’s default parameters, the MUSCLE program completed the
sequence alignment. Phylogenetic analysis was carried out in Mega11
using the Maximum Likelihood technique (50 Bootstrap replication) and
the Tamura-Nei model as a replacement model [64,65]. The phyloge-
netic tree with the highest log likelihood (− 7890.11) is shown in Fig. 5.

The tree depicts several distinct clades, with a notable differentiation
between the DRC and Germany sequences. This suggests geographical
segregation in the viral strains, potentially due to evolutionary pressures
specific to each region. The sequences from the DRC (Democratic Re-
public of the Congo) are more varied, highlighted by multiple sub-clades
that suggest a richer genetic diversity in this region. This diversity could
be attributed to the extended presence and possibly higher virus trans-
mission rates within local populations. In contrast, the sequences from
Germany are grouped more tightly, which might indicate a more recent
introduction of the virus into this region or less genetic variation due to a
bottleneck effect during transmission. Other sequences from Portugal
and China within the German clades suggest possible travel-related in-
troductions of the virus into Europe. The coloured nodes, varying from
red to blue, indicate specific genetic markers or mutations of interest.
These mutations might be pivotal in understanding the adaptation of the
virus in different hosts or its response to environmental pressures. For
instance, the red nodes might represent a mutation that confers a sur-
vival advantage in non-endemic regions like Germany and Portugal or
resistance to possible treatments or vaccines. This phylogenetic analysis
helps identify potential zoonotic transmission events, track the spread of
the virus across borders, andmonitor the emergence of new variants that
could influence the course of outbreaks. For instance, understanding
that certain strains are confined to specific regions can help tailor vac-
cines and effective treatments against the prevalent strains in those
areas.

6. Clinical presentation

The clinical presentation of Mpox are characterised by a diverse
range of symptoms and a progression that can vary significantly between
individuals, particularly in the face of recent outbreaks. The typical
onset of Mpox involves flu-like symptoms such as fever, headache,
muscle aches, and fatigue, followed by a distinct rash [66]. The rash
progresses through several stages, from macules to papules, vesicles,
pustules, and crusts. The distribution of the rash is usually widespread,
affecting the face, palms, and soles more frequently than seen in similar
diseases like chickenpox [67]. In severe cases, the rash can cover large
areas of the body, causing significant discomfort and complications
[68]. Although that, during the 2022/2023 epidemics, the clinical pre-
sentation observed included patients showing initially genital lesions
without other symptoms [69,70].

However, the emergence of atypical presentations of Mpox was
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documented in recent outbreaks, which pose diagnostic challenges and
underscore the virus’s complexity, particularly in immunocompromised
populations [71,72]. For example, some cases have been noted where
patients experience severe abdominal pain and proctitis without the
typical rash associated with Mpox, complicating timely diagnosis [73].
This has been mainly observed among individuals with HIV, where the
virus may trigger more severe systemic symptoms [10]. Furthermore,
there have been instances where patients do not exhibit the standard
prodromal fever, or the rash appears without preceding flu-like symp-
toms [74]. In some scenarios, the rash may not progress through the
usual stages of macules to pustules, instead presenting in only one form.
Such variations can significantly complicate the clinical assessment and
timely diagnosis of Mpox. In immunocompromised individuals, these
atypical presentations can lead to severe complications, including
pneumonia, sepsis, and encephalitis, and in some cases, may result in
death [75,76]. The complexity of these presentations requires a nuanced
approach to diagnosis and management, emphasising the need for
healthcare providers to consider a broad differential diagnosis and uti-
lise comprehensive diagnostic strategies to manage and treat Mpox
effectively [77,78].

7. Diagnosis

Diagnosis of Mpox traditionally relies on detecting the virus using
polymerase chain reaction (PCR) testing, which remains the most ac-
curate method [79]. PCR can detect Mpox DNA from skin lesions, fluids,
and respiratory samples. However, the integration of serological testing
can provide additional epidemiological insights, though its use in acute
diagnosis is limited due to cross-reactivity with other orthopoxviruses

[80]. Diagnostic challenges are often compounded by the need to
differentiate Mpox from other infections such as herpes, syphilis, and
bacterial skin infections, necessitating a comprehensive approach that
includes clinical assessment and laboratory testing [12,81]. Some
studies illustrate the complexities of diagnosing Mpox based solely on
visual assessments of lesions. This has significant implications for clin-
ical practice and highlights the need for more robust diagnostic tools to
operate effectively in resource-limited settings where advanced labora-
tory facilities are unavailable [82].

Innovations in diagnostic methodologies have significantly
improved the detection and management of Mpox. For example,
developing real-time PCR-based detection kits has provided high
sensitivity and specificity tools, critical during outbreaks to ensure rapid
containment measures. These kits have been rigorously evaluated
against other diagnostics, confirming their utility in diverse clinical
settings [12].

8. Treatment and management

Tecovirimat (TPOXX) is the primary antiviral medication approved
for treating Mpox. It effectively reduces the duration and severity of
symptoms when administered early in the disease [55]. Tecovirimat
inhibits the function of the viral VP37 protein, which is essential for the
virus’s ability to spread within the host. Several preclinical studies have
validated the efficacy of tecovirimat against Mpox [83–85]. In these
studies conducted on animals, tecovirimat significantly reduced mor-
tality rates for those exposed to Mpox, ensuring survival rates of at least
90 % [86]. As of January 2022, tecovirimat is the only antiviral
authorised by the European Medicines Agency (EMA) in Europe for

Fig. 5. Phylogenetic analysis of B22R protein variants in mpox virus across different geographical locations.

P. Singh et al. New Microbes and New Infections 62 (2024) 101487 

7 



treating Mpox and can be used in adults and children who weigh at least
13 kg [61]. Despite its efficacy, tecovirimat is sometimes limited by
availability and regulatory approvals in different regions. Other antivi-
rals like cidofovir and brincidofovir are also used, particularly for severe
cases, although their use can be associated with significant side effects
[68]. Supportive care remains a cornerstone of Mpox management,
focusing on alleviating symptoms and preventing secondary infections.
This includes the management of pain and itching with analgesics and
antihistamines, hydration to manage dehydration, and antibiotics for
secondary bacterial infections. Care strategies are tailored to individual
symptoms and severity, emphasising monitoring and managing com-
plications such as pneumonia or sepsis, especially in immunocompro-
mised individuals [73].

The ongoing research and development in Mpox treatment are vital
for enhancing our ability to combat this virus effectively. As the land-
scape of Mpox continues to evolve, so too must our approaches to its
management and treatment, ensuring that healthcare systems world-
wide are prepared to handle outbreaks effectively [87,88].

9. Vaccination and prevention

Research into new treatments for Mpox continues to advance,
exploring several promising directions. One significant area of focus is
developing new vaccines to protect against Mpox [89,90]. Among the
candidates in various stages of research and development are MVA-BN,
mRNA-1769, the Bavarian Nordic smallpox vaccine, LC16m8, BNT166a,
and JYNNEOS, each representing a unique approach to enhancing im-
mune defence against the disease [91–97]. These vaccines aim not only
to prevent infection but also to mitigate the severity of the disease
post-exposure. Additionally, monoclonal antibodies and new antiviral
agents are being explored to provide more targeted and effective treat-
ment options against Mpox [81]. The recent outbreaks have underscored
the need for global access to vaccines and antiviral medications. Stra-
tegies to improve the distribution of these resources, particularly in
under-resourced settings, are critical. Public health efforts are also
focused on educational campaigns to raise awareness about Mpox
transmission and prevention strategies, aiming to reduce stigma and
encourage timely medical consultation [33].

Historically, the smallpox (vaccinia) vaccine was found to offer sig-
nificant cross-protection against Mpox due to the close genetic relation
between the two Orthopoxviruses [98]. This cross-immunity was a
fortunate byproduct of the global smallpox eradication campaign, which
concluded in the late 20th century, leaving a legacy of partial immunity
in older populations. Research has shown that the smallpox vaccine
provides about 85 % effectiveness in preventing Mpox, a fact that has
influenced public health strategies against Mpox outbreaks long after
smallpox vaccines were discontinued [20]. The landscape of modern
Mpox vaccines has expanded significantly from the historical reliance on
smallpox vaccines for cross-protection, leading to the development of
vaccines specifically targeting Mpox. The primary vaccine currently in
use for Mpox is Modified Vaccinia Ankara (MVA-BN), also known as
JYNNEOS in the United States, which is a non-replicating vaccine
derived from the Vaccinia virus. This vaccine has been carefully devel-
oped to avoid the side effects of older vaccinia-based vaccines. It is
suitable for a wide range of populations, including immunocompro-
mised ones. Some data indicated that MVA-BN is approximately 85 %
effective in preventing Mpox infection, demonstrating high efficacy,
mainly when administered before exposure [23].

Another promising candidate is the LC16m8 vaccine, initially
developed in Japan as a safer alternative for smallpox vaccination.
Recent evaluations suggest that it also offers protection against Mpox,
potentially expanding the arsenal against current and future outbreaks.
Vaccine access, distribution logistics, and vaccine hesitancy persist
despite these advancements, especially in low-resource settings. These
challenges necessitate continuous public health efforts to enhance global
vaccination strategies, improve public education to combat stigma and

ensure equitable vaccine distribution [20].
Effective vaccination strategies are crucial for controlling Mpox

outbreaks. These strategies include targeted vaccination of high-risk
groups, such as healthcare workers, contacts of Mpox patients, and
MSM, who have been disproportionately affected in recent outbreaks.
The use of ring vaccination—vaccinating all contacts around a diag-
nosed case—has proven effective in quickly containing outbreaks within
limited communities [99]. Table 1 displays an overview of current
vaccine clinical trials, including key study details, interventions, and
phases provided by clinicaltrails.gov. In addition to targeted vaccina-
tion, public health authorities have also emphasised the importance of
community engagement and public education campaigns to combat
stigma and spread awareness about the availability and safety of
vaccination, thereby enhancing vaccine uptake [39].

Despite these advances, several challenges remain. Vaccine hesi-
tancy, logistical issues in vaccine distribution, and limited global
manufacturing capacity can hinder response efforts, particularly in low-
resource settings. Future strategies must focus on overcoming these
barriers to ensure equitable vaccine access. Additionally, ongoing
research into Mpox epidemiology and vaccine efficacy will be crucial to
adapt vaccination strategies as the virus evolves and new outbreaks
occur. The continued development of Mpox-specific vaccines, coupled
with strategic vaccination campaigns, holds the promise of significantly
reducing the impact of this virus globally. As with other infectious dis-
eases, the integration of vaccination with broader public health strate-
gies, such as surveillance, education, and international cooperation, will
be essential to manage and prevent Mpox effectively [15,100].

10. Public health response and challenges

Effective surveillance systems are essential for early detection and
management of Mpox outbreaks. These systems rely on robust data
collection and reporting mechanisms that enable health authorities to
monitor the spread of the disease in real time. Contact tracing comple-
ments surveillance by identifying and monitoring individuals who may
have been exposed to the virus, thus preventing further transmission.
The integration of innovative technologies, such as digital tracking
tools, has enhanced the efficiency of these processes, allowing for rapid
response and containment of outbreaks [5,17]. Managing public re-
actions during an outbreak requires effective risk communication. The
public needs to be informed promptly, clearly, and transparent to allay
fears, debunk misconceptions, and promote compliance with medical
advice. Involving community leaders and stakeholders in the
information-dissemination process guarantees that messages are
culturally relevant and more palatable to the community. Community
engagement is equally vital. Addressing the stigma attached to the
illness is another critical component of effective communication tactics,
as it can impede efforts to contain the outbreak [101].

Protecting healthcare workers is paramount, as they are at the front
line of any outbreak response. Adequate training on adequately using
personal protective equipment (PPE) and infection control procedures
reduces the risk of virus transmission within healthcare settings. Addi-
tionally, healthcare workers must be trained in the specific clinical
management of Mpox to provide the best care for patients while pro-
tecting themselves. Regular drills and updated training sessions ensure
that healthcare teams are prepared to handle cases effectively and safely
[102]. These components underscore the complexity of responding to
Mpox and highlight the need for a comprehensive approach incorpo-
rating advanced surveillance, effective communication, community
engagement, and rigorous protection and training for healthcare
providers.

11. One Health approach to mpox control

The One Health approach to Mpox control exemplifies a holistic
strategy by integrating human health, animal health, and environmental
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science to address the complexities of zoonotic diseases. Effective
management at the human-animal interface is critical in preventing the
spillover of Mpox from wildlife to human populations. This involves
rigorous monitoring of wildlife health, controlling the trade of wild
animals, and implementing educational programs to raise awareness
about the risks associated with wildlife contact. Such measures help
mitigate the initial transmission of zoonotic diseases and are funda-
mental to contain potential outbreaks [17,59]. Environmental changes
significantly influence the emergence and spread of Mpox. Deforestation
and urbanisation disrupt natural habitats, increasing human-wildlife
interactions and the potential for disease transmission. Climate change
further exacerbates these risks by altering the distribution and behav-
iour of wildlife hosts. Recognising these environmental drivers is crucial
for developing preemptive strategies considering ecological health as
part of disease prevention efforts [28].

The collaboration between human and veterinary health sectors is a
cornerstone of the One Health approach. This synergy facilitates the
sharing of knowledge and resources, which is essential for the effective
surveillance and control of zoonotic diseases. Veterinary experts
contribute significantly to our understanding of disease dynamics in
animal reservoirs, which is critical for informing public health responses
and developing targeted interventions to prevent human infections [19].
Implementing the One Health approach faces challenges such as
resource limitations, coordination between diverse sectors, and main-
taining sustained funding for interdisciplinary projects. Overcoming
these challenges requires robust policy frameworks, dedicated funding,
and ongoing collaboration among professionals. Future strategies
should also emphasise building capacities in regions most vulnerable to
zoonotic diseases, ensuring global health security against Mpox and
other emerging infectious diseases [103].

12. Future perspectives

Research should aim to deepen understanding of Mpox transmission
dynamics and improve diagnostic, therapeutic, and preventive mea-
sures. This includes developing antiviral agents with high efficacy and
low toxicity and formulating vaccines that can be effectively deployed
during outbreaks [104]. Preparedness strategies must be robust,
involving contingency planning, simulation exercises, and stockpiling
necessary medical supplies, including vaccines and antiviral medica-
tions. Strengthening health care systems to respond to outbreaks effec-
tively with rapid deployment capabilities is essential. As demonstrated
by the approaches discussed by Taylor et al. integrating advanced pre-
dictive modelling into public health strategies can help authorities

anticipate outbreak patterns and optimise response strategies [72].
Practical global cooperation is critical to the surveillance and control

of Mpox. This involves sharing real-time data among countries, stand-
ardising surveillance methods, and harmonising response strategies to
manage outbreaks more efficiently. These strategic areas highlight the
necessity of a multidisciplinary approach to manage the Mpox virus
effectively. Enhanced research efforts, robust preparedness plans, and
strengthened global cooperation will be central to controlling the spread
of Mpox and reducing its impact on public health worldwide.
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