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Abstract

Monkeypox, caused by the monkeypox virus (MPXV), has become a growing global health concern due to its
increasing prevalence and potential for widespread transmission. MPXV, a member of the Orthopoxvirus family,
spreads through direct contact with infected individuals, contaminated objects, respiratory droplets, and potentially
through sexual transmission. Recent outbreaks have highlighted the need for enhanced surveillance, vaccination
strategies, and pharmacological interventions to mitigate its impact. This review examines the transmission pathways,
pathogenesis, and clinical manifestations of MPXV, as well as current and emerging treatment options. Antiviral agents
such as Tecovirimat and Brincidofovir show promise in mitigating disease severity, though further clinical trials are
required to establish their efficacy. Vaccination remains a crucial tool, with JYNNEOS™ and ACAM2000® being the
primary vaccines available. However, challenges such as accessibility and vaccine hesitancy persist. The review also
underscores the importance of public health interventions, including quarantine measures, rapid diagnostic testing, and
global coordination in controlling outbreaks. Future research should focus on improving antiviral effectiveness,
understanding long-term immunity, and enhancing outbreak preparedness to minimize the impact of future epidemics.
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1. Introduction

Monkeypox is a zoonotic viral disease caused by the monkeypox virus (MPXV), first identified in 1958 in laboratory
monkeys in Denmark, hence the name “monkeypox [1]. Monkeypox virus belongs to the genus Orthopoxvirus, which is
a group of DNA viruses within the family Poxviridae known for infecting both humans and animals [2]. MPXV is a
double-stranded DNA virus with a relatively stable genome compared to RNA viruses, but it still exhibits genomic
mutations over time. Recent studies have shown that MPXV is evolving, with mutations affecting viral replication
efficiency and potential host adaptation. The virus has a brick-shaped virion with a lipoprotein envelope, and have a
characteristics dumbbell-shape nucleoprotein core containing viral genome. MPV is relatively stable in the environment
and can survive on surfaces for extended periods [3].

Orthopoxvirus genus comprised of variola virus, causative agent for smallpox disease. In human, symptoms of
smallpox and monkeypox are relatively same, but monkeypox has low mortality rate [4]. Other body fluids, scabs,
shared clothing/bedding and infectious sores. The symptoms of monkeypox are lymphadenopathy, flu and fever, which
are relatively similar, but severity rate is lower than smallpox. Once begins, patients are considered as infectious [5].
Here, we discuss transmission and immunopathogenesis and pathological characteristics of MPXV noted in current
outbreak, also discuss therapeutics, and vaccines against monkeypox.

1.1 Transmission Route and Pathogenesis

Monkeypox virus (MPXV) transmission routes have been identified, this infection affects various animals, both humans
and monkeys are accidental hosts [6]. There are different transmission routes such as animal bite, contact infected
animals, minimally processed meat or consumption of raw. Intensity of animal contact resembles with severity of
clinical manifestations. MPX transmission in human has attributed to intimate or direct contact with body fluids, scabs,
and infectious sores. Another study reported that direct transmission may be through placenta, (mother to fetus route)
[7]. A case report among 4 MPXV infected pregnant women indicated that just 1 baby was healthy one after birth in the
Democratic Republic of the Congo. Although, small pox vaccine is not recommended in pregnancy. Extra research are
needed for assessment of MPX effects in pregnancy [8]. Indirect transmission has also reported via contaminated
clothes sores or infectious materials. Furthermore, this virus may spread because of respiratory secretions [9]. Although
prevalence of MPVX is less than small pox in human, the virus transmissibility in unvaccinated people is seems to be
more severe attack than vaccinated [10]. Infectiousness period of virus and viral shedding are not cleared yet. On the
basis of symptoms, person is considered infectious [11].

1.2 Clinical Manifestation

Although MPX's clinical presentation often mimics that of smallpox but MPX has a distinctive characteristic:
lymphadenitis, particularly in the sub-mental, sub mandibular, cervical, and inguinal areas [12]. Most MPXV patients
exhibit a moderate illness; nevertheless, in some cases such as pregnancy or immunodeficiency, MPXV can result in
severe disease areas [13]. Clinical indications of MPX infection frequently appear after an incubation period of 5 to 21
days, and it is normally a self-limited illness. When monkeypox virus enter into body through nose, mouth and pharynx,
it frequently spread through local lymph nodes and then damage other organs and tissues which is monkeypox
incubation period. The prodromal phase of MPX infection lasts for around 0–3 days. At that stage, maculopapular rash
frequently begins at the site of initial infection and quickly spreads to other regions of the body three days following
symptoms. The face (>90%), palms and soles of the feet (75%), oral mucosa (70%), genitals (30%), and conjunctiva
(20%) are the usual sites of the rash's concentration and lasting 7–21 days is characterized by fever, fatigue, headache,
chills, back pain, and muscular pains. In prodromal phase, fever is one of common symptom, in which temperature of
body is approximately 101.3–104.9 ◦F [14]. Nearly, 37% patients suffered from secondary fever (2 to 3 days) [15,16].
Additionally, fever was also considered as first system in US and Congo. However, from 2017-18 in Nigeria, 65%
patient suffered from rash and 34.3% suffered from fever and 2 cases were reported as genital rash with ulcers noted as
first manifestation. In their research, it was found that infected patients with no fever might be caused though various
transmission routes [5]. Lymphadenopathy is also one of essential characteristic manifestation for monkeypox, which
are utilized as crucial sign to differentiate monkeypox infection from smallpox, varicella and other infectious diseases
[17]. According to several reports, 90% monkeypox infections are at early stage, cause lymphadenopathy, occasionally
one or two days after fever and mostly one or two days after rash [18]. The diameter of enlarge lymph nodes are 1 to 4
cm, which are hard, accompanied through pain and local tenderness. Mostly occur in groin, neck, sub mandibular, retro
auricular, and can spread throughout full body [19]. The lymphadenopathy presence can present that immune system
has effective immune recognition as well as response towards monkeypox than other infection; however, the hypothesis
still requires to be confirmed through further research.

However, in rash period, usually rash appears within 1 to 3 days after suffering from fever and less infected patients
have fever and rash at same time. The common area of skin lesions are torso (92.5%), face (97.5%), palms (55%),
genitals (67.5%), Scalp (62.5%), legs (85%), eyes (25%) and mouth (37.5%). There are no such definitive evaluation
for scalp involvement, however, present study might be available on the basis of clinical study reports [20].
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Additionally, in early African outbreak, rashes were mostly found on limbs and face, but, in 2022, skin lesions around
testicles, vagina, penis and labia were common [21].

Regarding the laboratory findings, the available literature is inadequate. It is well known that early detection of
hematologic abnormalities such as lymphocytes and thrombocytopenia has occurred in severe confluent kinds of
smallpox infection. Hematologic or liver test abnormalities should prompt an instant addition of MPX to the differential
diagnosis, much like the aforementioned clinical signs. Rarely, MPX cases in individuals might develop more serious
symptoms: in endemic regions, consequences can include conjunctivitis, pneumonia, keratitis, encephalitis, dehydration,
and secondary bacterial infections of the skin. despite the fact that the fatality rate in a number of prior MPX epidemics
involving humans in central Africa reached up to 10.6% [22]. The current outbreaks case mortality ratio fluctuates
between 3% and 6%. In the Democratic Republic of the Congo, WHO reported 67 deaths from 1st January to 1st May
2022. It is crucial to take into account MPX's neuropsychiatric symptoms. A variety of neurological and psychiatric
MPX manifestations are supported by early research (from common yet severe neurological consequences like
encephalitis and seizures to general neurological symptoms like myalgia and headache). During monkey pox outbreak,
researcher identified some data regarding monkey pox infected patient with neurological disorders. For example, in
USA, several severe cases of monkey pox infection with myalgia and severe headache were reported. In addition, 7
other monkey pox cases reported with fatigue, myalgia and headache in Western hemisphere. In USA (Midwestern),
family is badly affected in which 2 of them have mild skin rash and 1 patient had encephalitis. Different neurological
manifestations such as seizure, myalgia, fatigue, headache and confusion were reported in various cases. Neurological
examination determined low consciousness level, optic disc edema, and pupillary dilatation. In addition, through
magnetic resonance imaging, hyper intensity was confirmed in brainstem and thalamus with vasogenic and cytotoxic
brain edema. By analyzing, cerebrospinal fluid, Pleocytosis was also detected. In USA, several other studies reported
that because of confusion and seizure, various other neurological disorders including, myalgia and headache were noted.
Additionally, in Nigeria, the cross-sectional study reported, several neurological disorders including photophobia,
myalgia, pain, and headache [23]. However, in the current MPX outbreak, there is little information on the mental side
effects and nervous system manifestations that may necessitate surveillance [24]. Unfortunately, despite the WHO's
recent request for increased focus on mental health issues and suicide prevention during epidemics, the psychological
impact of MPX is not as well understood. Further study is require [14]. The latest outbreak is revealing deficiencies in
the knowledge of MPX. For an instance, in some circumstances, herald skin lesions were exclusively present at the site
of sexual encounters while premonitory indications seemed absent [25]. It implies that a significant reason in the
present pandemic is human-to-human acquisition via intimate physical interaction in sexual networks. Moreover,
asynchronous skin lesions may emerge in rare circumstances, casting aspersions on the lesions' synchronous
progression. 528 cases were identified between April 27, 2022, and June 24, 2022, according to a global collaboration
including 16 countries [26]. In this study, these individuals exhibited anogenital lesions in 73% patients, mucosal
lesions in 41%, and rashes in 95% patients. 54 people (10%) had just one genital lesion. This may indicate that the
infection can spread through close skin-to-skin or mucosal contact. In order to prevent diagnostic errors, the existing
worldwide clinical diagnosis has to be updated to include these uncommon appearances [27]. Information on
MPXV/HIV co infection is scarce. According to earlier research conducted in Africa, HIV-infected individuals had
more large and persistent lesions, more comorbidities, and a worse prognosis overall [13]. There are currently just a few
reported cases or case studies, however, a comprehensive review showed that this co infection may manifest with a
variety of unusual symptoms, such as pale papules arranged in the shape of kissing lesions in the perianal region [28].
The biggest analysis of verified MPX cases to date discovered no connection between HIV status and the severity of
monkey pox [26].

2. MPXV Pathogenesis

In vertebrate host, orthopoxviral pathogenesis depend on entry route utilized through virus in order to establish infection
[29]. For highly contagious MPXV, and VARV, oral/respiratory cavity is the possible entry way such as inhale of
aerosolized respiratory secretions or bodily fluids ingestion from infected individuals [30]. For primary infection, upper,
lower and middle airway epithelium along with respiratory/oral tract mucosae are important targets [31]. This infectious
is called asymptomatic (no symptoms of oropharyngeal lesions). Additionally, B cells, macrophages, monocytes, and
dendritic cells are enrol in virus infection [32]. However, main mechanisms where MPXV, and VARV, relocate from
initial phase to final phase (lymph nodes) are still matter of debate. It has noted that VACV-infected cells for example,
dendritic cells move from lung epithelium towards lymph nodes, in order to play vital role in virus dissemination [33].
Conversely, VACV infection has severely affect maturation and migration of dendritic cells [34]. Importantly, VACV
relocation lymph nodes in some hours of inoculation showed viral access towards lymphatic vessels [35].

Different studies indicate that lymphoid tissues in throat and neck are main targets for MPXV replication. These studies
were supported via cynomolgus macaque model of aerosolized where mediastinal, mandibular lymph nodes and tonsils
were represented as active regions in virus replication. In lymphoid tissue, Pox virus tropism linked with infected
dendritic cells, macrophages, activated T cells, and B cells which might be main targets for MPXV [36]. The methods
that are leading to abnormal lymph node because of MPXV are still not elucidated yet; in experimental analysis
infection of such non-human primates along with MPXV indicated massive cell growth and accumulation of NK cells
in lymph nodes. After the development of infected lymphoid tissues, MPXV may disseminate to various organs through
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lymphohaematogenous route [37]. After the lymphatic spread in monkey pox models, liver and spleen can be targets for
speeding infection. In liver and spleen, virus infection releases viraemia wave, which affect kidneys, skin, intestines,
and lungs. In MPXV infection, viral antigen was reported in Kupffer cells, and enlarge liver spleen was observed.
Because of orthopoxviruses, skin infection and skin lesions are develop [38]. However, this is still not confirmed how
virus reach skin layers. Infiltration of dendritic cells, CD3+ T cells and macrophages has been noted in infective pustule,
other factor anathema also appear in pharynx, trachea, oesophagus, larynx and oropharyngeal mucosa during MPXV
infection [39]. Infection may also affect through skin. Recent study postulated that infection in macrophages,
Langerhans cells, dermal keratinocytes and fibroblasts can occur and these cells migration contribute to virus
dissemination through lymphatics [40]. Recent data in mouse model observed that migration of dendritic cell is
impaired from skin to lymph nodes on VACV [41]. Monkey pox sexual transmission has also speculated [42], monkey
pox cases with genital lesions also noted, hat denoted MPXV tropism in testes [43], testes play role in MPXV infection,
however, need further investigation. Recently new animal report indicate that VACV may exhibits tropism in ovarian
and testicular tissues. Some data showed that HIV patients act as reservoir for MPXV [44]. Recent report [45], indicate
that in MSM rectal mucosa immune environment differ from heterosexual.

2.1 Monkey Pox Association with Other Cases

On the basis of various studies, monkey pox has more severe complication as well as high mortality rate than adult in
people with HIV, pregnant women, and children [46] (Table 1).

Table 1. Association of Monkeypox Complications with HIV-Infected Individuals, Children, and Pregnant Women.

Population Complications Key Findings References

HIV-Infected
- Larger lesions
- Increased lesions count
- Higher mortality

- Severe lesions, prolonged illness, higher risk
of complications in HIV-positive individuals. [44]

Children

- Severe dehydration
- Encephalitis
- Pneumonia
- Higher mortality

- Higher infection rates and complications in
children; mortality rate of 1.5-1.7%. [47]

Pregnant Women
- Abortion
- Fetal death
- Premature birth

- Increased risk of miscarriage, vertical
transmission, and fetal death during infection. [48]

2.2 Association of Monkey Pox Complication with HIV

Different studies on monkey pox did not determine HIV as an essential co factor in clinical manifestations for monkey
pox [10]. From 1996 to 1998, only 3 combine cases were reported in Congo. In 2003, no such combined cases were
reported in United States. From 2017-18, retrospective study in Nigeria reported nine cases with monkey pox, which
co-infected with HIV.

The researcher determines that, by comparing with normal people, the skin lesions diameter was more than (2cm) as
well as number of skin lesions was 100 or more than 100. The skin lesions were mostly semi-fused, presented perianal
and genital skin lesions, also represent high rate of skin infection. The possibility of mortality and complications rate
was higher than ordinary patients of monkey pox. It observed that combine infection of HIV and monkey pox has
change the history.

In monkey pox epidemic which were reported in 2022, there were 96 confirmed reports with HIV infection, was
characterized through inguinal lymphadenopathy, local rash and fever. First the skin lesions found in genitals, perianal
area, then effect mouth, face, and other body parts. According to Cohen MS et al.the dense skin lesions appearance
around anus might be because of monkey pox inoculation and in HIV infection, skin lesions mostly aggravated through
immune system dysfunction [49]. However, Thornhill, J.P et al. speculated that 41% monkey pox patients were infected
with HIV during the onset of disease and 95% cases were receiving antiretroviral therapy. Thornhill, J.P did not
consider significant difference in monkey pox severity with or without HIV infection. It was also noted in monkey pox
infection with sexually transmitted infections (STI) might increase HIV risk. Previous report indicated that 10% of HIV
cases may be attributed to STI including gonorrhea and chlamydia. Mathematical models which explore relationship
among MPXV co infection and HIV considered that HIV has vital role in monkey pox transmission and vice versa [50].
In addition, HIV patients give attention towards small pox vaccination. Since AIDS epidemic found after eradication of
smallpox stopped by utilizing replicative smallpox vaccine, but still it is not clear, AIDS affected patients have
complications after using replicative vaccine. According to several reports, people who diagnosed with HIV but not
infected with AIDS have no such complications, however, AIDS infected patients may develop disseminated vaccinia
infection after using vaccine. Some studies report that 30–50% of monkeypox cases occur in people living with HIV,
especially among MSM communities. HIV-positive individuals with low CD4 counts may experience more extensive
lesions, prolonged illness, and increased risk of secondary infections. However, those on antiretroviral therapy often
have similar outcomes to HIV-negative individuals [44]. Thus, as the epidemic progresses, educating people about
complications against live viral vaccination and probability of monkey pox should have focus of public advocacy.
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2.3 Children

Children are considered as one of main group with monkey pox disease in Africa. From 1970-89, median age for
monkey pox cases were approximately four to five years old, among them, 80% cases were considered under fifteen
years old. However, from 2000-2019, median age for monkey pox were 10-21 years [42]. In Nigeria the median age for
monkey, pox cases were 29 years. In 2022, the high rate of monkey pox reports was noted in adults. According to WHO
report in 2022, in monkey pox patients with respect to age information, 96% patients were under 18 age, in which 42%
were hospitalized because of proper treatment or isolation [47]. According to epidemiological data, monkey pox
infected patients without vaccinated were more like to be transmitted easily because of family environmental contact in
children. In Congo outbreak, approximately more than 90% children under 15 years and deaths under three months to
eight years were recorded. In children the mortality rate were from 1.5-1.7% recorded and such severe complication
including, severe dehydration, encephalitis, septicemia, pneumonia, and blindness were recorded in children. In many
developed countries, children were more affected and have severe complications. The epidemic of 2003 in US, most of
children were hospitalized in ICU with some severe complications including retro pharyngeal abscess, corneal ulcer,
and corneal ulcer. The rate of children in hospital is higher than adults. In Spanish epidemic, 16 reported cases under 18
years were recorded in which 1 patient had bacterial super infection and needed abscess drainage. Mostly children
inevitably be exposed to school, family and other environments and may also affected via sexual contact. Recent study
reported that newborns can be effected with monkey pox virus because of prenatal contact with mother [51].

2.4 Pregnant Female

During pregnancy, decline for body,s immune system makes pregnant female so susceptible towards monkey pox. In
pregnancy, there are only few cases in early African outbreaks, and after monkey pox infection, limited attention has
paid to changes in pregnancy outcomes. Four pregnancy cases with monkey pox infection were found in which 2 of
them were aborted, one pregnant female at eighteen weeks of gestation delivered dead fetus because of fetal heart stop
[48]. During monkey pox infection, the risk of abortion is 25 to 30%. A recent study found that increase in monkey pox
virus transmission have the ability to release cytokines in female placenta, result in severe cell damage. After
performing various tests, in dead fetus, several characteristics of monkey pox infection were noted, in which
histological, serological and virological evidence determined that there was vertical transmission. Some other reports
for smallpox and vaccinia viruses indicated that pregnant female have increase morbidity, premature and still birth rates,
abortion, and also increase risk of hemorrhagic smallpox and mortality. Pregnant female infected with monkey pox are
serious than non-pregnant female. However, little information is available on effect of monkey pox in pregnant women,
vertical transmission of monkey pox are found to be linked with fetal death.

3. Prevention

Data indicate that immunization with effective smallpox vaccine can protect against monkey pox virus [52]. In US,
three smallpox vaccines, JYNNEOSTM, ACAM2000® and Aventis Pasteur Smallpox Vaccine are available.
JYNNEOSTM vaccine was approved by FDA and attenuate orthopoxviruses [53]. The JYNNEOSTM vaccine
prevented monkey pox and smallpox disease in 18 or older than 18 years people. Historical record suggest that
smallpox vaccine against monkey pox was 85% effective [54]. The vaccine IMVANEX® for smallpox was approved
by Europe. However, in case of monkey pox, UK has utilized it off-label. ACAM2000® comprised of live vaccinia
virus, approved by FDA, replacing Dryvax® vaccine. ACAM2000® represent active immunization against smallpox.
During an outbreak, CDC allows ACAM2000® vaccine against monkey pox [5]. There are various differences in both
vaccines; JYNNEOSTM is replication-deficient modified vaccinia whereas ACAM2000® is replication-competent
vaccinia virus. ACAM2000® forms cutaneous reaction at inoculation site whereas JYNNEOSTM cannot. FDA
assessed ACAM2000® effectiveness by comparing different immunologic responses ACAM2000® to Dry vax [55].
The FDA also assessed JYNNEOSTM by comparing immunologic response of JYNNEOSTM to ACAM2000®.
ACAM2000® is administered percutaneously in a single dose, whereas, JYNNEOSTM is given subcutaneously in two
doses, twenty-eight days apart. Aventis Pasteur Smallpox Vaccine (APSV) can be utilized under Emergency Use
Authorization or an IND to protect against smallpox in case licensed vaccines are contraindicated or unavailable. Still it
is not confirmed is this vaccine can be utilized against monkey pox.

4. Treatment

4.1 Care

Patients infected with monkey pox mostly recover without use of medical treatment. Patients with vomiting, diarrhea
need intravenous/oral rehydration to lower gastrointestinal fluid losses [5].

4.2 Antiviral
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Different antivirals (drugs approved for smallpox management) can be effective against monkey pox. Dose studies for
these agents were conducted in human, but drug efficacy were not checked thoroughly [56]. Brincidofovir and
tecovirimat (dual therapy) can be used in severe disease.

4.3 Tecovirimat

Tecovirimat drug utilized for smallpox treatment in pediatric and adults patients [57]. A smallpox antiviral drug
approved by the FDA in 2018.It Inhibits viral maturation and spread by targeting the orthopoxvirus VP37 protein. It is
well-tolerated in human clinical trials, with mild adverse effects such as headache and fatigue. A study in non-human
primates demonstrated that Tecovirimat reduced mortality from 100% to 0% when administered within 72 hours of
infection. Different studies indicated improved survival against monkey pox in tecovirimat-treated animals as compared
with placebo-treated animals [13]. Both vaccinia immune globulin and tecovirimat were used in combination for
smallpox vaccine (eczema vaccinatum) [58].

4.4 Brincidofovir and Cidofovir

Brincidofovir drug approved for management of smallpox from 2021 in US. Brincidofovir is an analogue for cidofovir
drug, compared with cidofovir, having less renal toxicity and effective safety profile [59]. Both agents inhibits viral
DNA polymerase. However, brincidofovir used against monkey pox are scarce in animal model, brincidofovir are
effective for treatment of orthopoxviruses. Clinical data of cidofovir for monkey pox is not available in human, yet in
vivo and in vitro efficacy against were reported.

4.5 Vaccinia Immune Globulin (VIG)

It is hyper immune globulin approved via FDA for management of several complication of vaccinia vaccination such as
vaccinia infections, severe generalized vaccinia, progressive vaccinia and eczema vaccinatum and other aberrant
infections caused by vaccinia virus except ocular infection. However, potential treatment, on VIG against smallpox or
monkey pox has not tested yet in humans [60].

5. Conclusion

Monkeypox virus (MPXV) has emerged as a significant global health threat, particularly in the wake of its re-
emergence in non-endemic regions and its potential for rapid human-to-human transmission. The expanding clinical
spectrum, rising incidence in immunocompromised individuals, and association with comorbidities such as HIV
highlight the urgency of a coordinated global response. This review consolidates current knowledge on MPXV,
encompassing its transmission mechanisms, clinical manifestations, pathogenesis, and potential complications in
vulnerable populations including children, pregnant women, and HIV-infected individuals. Despite the availability of
antiviral agents like Tecovirimat and Brincidofovir, clinical evidence for their efficacy in human monkeypox cases
remains limited. These drugs, while promising, necessitate further rigorous clinical trials to assess their safety profiles
and optimize dosing regimens, especially in special populations. Furthermore, the development of next-generation
antivirals and therapeutic antibodies should be prioritized to broaden treatment options.

Vaccination remains a cornerstone of MPX prevention. The deployment of non-replicating vaccines such as
JYNNEOS™ offers a safer alternative to traditional live vaccines like ACAM2000®, especially for
immunocompromised individuals. However, logistical challenges including vaccine availability, public hesitancy, and
disparities in access must be addressed through strategic policymaking and global health equity initiatives.

Importantly, monkeypox is not just a virological or clinical concern but also a societal and behavioral one.
Stigmatization, particularly among MSM and HIV-positive communities, may hamper surveillance and hinder access to
healthcare. Public health messaging should therefore be inclusive, evidence-based, and sensitive to cultural and social
dynamics to ensure high-risk populations are protected without being marginalized.

Looking ahead, it is imperative to strengthen surveillance systems, enhance diagnostic capacity, and invest in research
exploring viral evolution, immune response dynamics, and long-term immunity. Multidisciplinary collaboration
between virologists, clinicians, epidemiologists, and policymakers will be key to anticipating and mitigating future
outbreaks. As with all emerging zoonotic diseases, a One Health approach that integrates human, animal, and
environmental health will be crucial in understanding the reservoirs, spillover dynamics, and preventing future
pandemics.

In conclusion, MPXV presents a complex and evolving challenge. Combating this threat requires a combination of
scientific innovation, public health vigilance, and global solidarity. Future efforts must be proactive, not reactive,
ensuring the world is better prepared for potential MPXV resurgence and other zoonotic threats on the horizon.
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