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vaccine efficacy, antiviral treatments, and public health responses. Our findings revealed that the
resurgence of Mpox is fueled by viral evolution, ecological changes, and inadequate surveillance,
exacerbated by inequitable healthcare access and insufficient public health infrastructure. While
existing vaccines, such as Jynneos and ACAM2000, offer protection, their long-term efficacy and
safety across diverse populations require further study. Antiviral treatments, including tecovirimat
and brincidofovir, show promise but lack optimized care protocols and face challenges such as
emerging resistance. Lessons from the COVID-19 response underscore the importance of enhancing
global surveillance systems, strengthening healthcare infrastructure, ensuring equitable vaccine
distribution, and fostering community engagement. Effective Mpox management also requires
standardized treatment guidelines and the integration of genomic monitoring to track viral evolution
and drug resistance. Urgent international collaboration is needed to avert a potential Mpox pandemic.
Priorities include advancing research on long-term vaccine efficacy, optimizing antiviral therapies,
and improving care for severe cases. Actionable recommendations include robust policies, sustainable
funding, and global collaboration to strengthen pandemic preparedness and mitigate Mpox’s impact.
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Introduction

In the wake of the COVID-19 pandemic, the global
community has become acutely aware of the profound
impact viral outbreaks can have on public health (1). The
resurgence of Mpox, formerly known as Monkeypox,
underscores the ongoing risks posed by infectious diseases.
Once confined to endemic regions, Mpox has now spread
significantly, highlighting the interconnectedness of global
health threats (2). The World Health Organization (WHO)
has recently declared Mpox a Public Health Emergency of
International Concern (PHEIC) due to its rapid spread
across multiple African countries and the rise of a new,
more transmissible strain, clade Ib (3). This declaration is
a stark reminder of the evolving nature of viral threats and
the necessity for immediate and coordinated global action.
A PHEIC is defined by the WHO as an “extraordinary
event” that “constitutes a public health risk to states
through the international spread of disease” (2). In 2022,
the WHO declared Mpox a PHEIC for the first time. The
outbreak was primarily driven by the Clade IIb variant,
which spread mainly through sexual transmission (4).
However, the current surge is being caused by the more
lethal Clade I strain, which has a mortality rate of 3%,
significantly higher than the 0.2% rate observed in 2022
(2,3,5). As Mpox transitions from a regional concern to
a global emergency, it is crucial to reflect on the lessons
learned from the COVID-19 pandemic. The COVID-19
experience revealed significant vulnerabilities in our
global health systems, including gaps in early detection,
response capabilities, and preparedness (1,6). Applying
these lessons to Mpox preparedness can help mitigate the
risk of a full-scale pandemic. This article explores how
insights gained from COVID-19 can inform our approach
to managing Mpox and preventing future pandemics.
By linking past experiences with current strategies, it is
possible to enhance our readiness and response, ultimately
fostering a more resilient global health system. The aim of
this narrative review is to identify actionable strategies to
mitigate the current Mpox outbreak by leveraging lessons
from past health crises, particularly COVID-19, and to
highlight future research priorities essential for global
preparedness.

Methods
Search and Selection Strategy
This narrative review employed a systematic search
of Google Scholar, Scopus, and PubMed databases to
gather peer-reviewed articles and reports related to Mpox
transmission, vaccine efficacy, antiviral treatments, and
public health responses. The search was restricted to
studies published between 2018 and 2024, a timeframe
chosen to encompass the impact of COVID-19 on global
health strategies and its lessons for Mpox management.
The search strategy included a combination of
keywords and medical subject heading (MeSH) terms,
such as “mpox”, “global response”, “epidemiology”,
“vaccination”,  “antiviral  treatments”, “pandemic

» o«

preparedness”, “COVID-19 response”, and “lessons from
COVID-19”. Boolean operators (AND, OR) refined the
results to ensure relevance and comprehensiveness. The
search was conducted in July 2024.

Inclusion and Exclusion Criteria
The following criteria were applied to select articles:

Inclusion Criteria

1. Peer-reviewed studies, systematic reviews, or official
reports published between 2018 and 2024.

2. Studies addressing Mpox epidemiology, transmission
dynamics, vaccine efficacy, antiviral treatments, and
public health interventions.

3. Research providing insights into pandemic
preparedness or drawing comparisons to the
COVID-19 response.

4. English-language publications for consistency and
accessibility.

Exclusion Criteria

1. Studies not directly addressing Mpox or its
management strategies.

2. Articleslacking empirical evidence or methodological
rigor.

3. Duplicates, abstracts without full texts, and preprints
not peer-reviewed.

Data Extraction and Analysis

Relevant data were extracted systematically, focusing
on study design, findings, and implications. Thematic
categorization identified patterns, trends, and research
gaps. This synthesis emphasized parallels between
Mpox and COVID-19, highlighting lessons from the
latter’s global response to improve Mpox prevention,
management, and research strategies.

Ethical Considerations

Aspubliclyavailable literature was utilized, ethical approval
was unnecessary. All cited works were appropriately
acknowledged to maintain academic integrity.

Results and Discussion

Understanding Mpox

Mpox, formerly known as monkeypox, is a zoonotic
viral disease caused by the monkeypox virus, a member
of the Orthopoxvirus genus. First identified in laboratory
monkeys in 1958 and humans in 1970 in the Democratic
Republic of Congo (DRC), Mpox was historically
confined to Central and West Africa. However, recent
outbreaks, including the 2022-2023 surge, have spread to
non-endemic regions, raising global alarm (7-9).

The Mpox virus (Figure 1) is a double-stranded DNA
virus with a complex structure. It features a lipid bilayer
outer membrane with proteins and glycoproteins,
facilitating cell attachment and immune evasion.
The viral core, encased in a palisade layer, contains
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Figure 1. The Morphology of the Mpox Virus. Source (11)

DNA, nucleocapsid proteins, and enzymes critical for
replication. These features enable the virus to infect
host cells and evade the immune system effectively (10).
The virus has two clades, namely, clade I and clade II.
Clade IIb, identified during the 2015 Nigeria outbreak,
demonstrated person-to-person transmission via sexual
contact-a shift in its epidemiology. This clade has driven
recent global outbreaks, highlighting its increased
transmissibility (11-13).

Diagnosis relies on polymerase chain reaction (PCR)
testing of lesion samples. Enhanced PCR assays and
multiplex testing have improved diagnostic accuracy
and outbreak management (14). Preventive strategies
include avoiding contact with infected individuals
and utilizing smallpox vaccines, which provide cross-
protection. Emerging Mpox-specific vaccines and
antiviral treatments, though still under research, offer
targeted management options. Supportive care remains
the primary treatment, emphasizing symptom alleviation
and complication management. Effective prevention and
management are critical to mitigating Mpox’s global
health impact (15-19).

Mpox Vaccines

Vaccines developed for smallpox, such as Jynneos
(Imvamune/Imvanex) and ACAM2000, are effective
against Mpox due to the genetic similarity between the
viruses (20,21). Jynneos, a non-replicating live virus
vaccine (MVA-BN strain), is approved for both smallpox
and Mpox. Its safety profile makes it suitable for individuals
with weakened immune systems, pregnant women, and
those with certain skin conditions. ACAM2000, a live
replicating virus vaccine, is primarily used for smallpox
but is also effective against Mpox. However, it has a higher

risk of side effects and is less suitable for individuals with
health conditions. The comparison of ACAM2000° and
JYNNEOSTM (APSV) vaccines is presented in Table 1.

Vaccination is most effective within 4 days of exposure
but can still provide protection if administered within 14
days, particularly before the development of symptoms.
Preventive vaccination is recommended for high-risk
populations, even without direct exposure (22,23).
Challenges in vaccine distribution, including limited
healthcare infrastructure and cold storage requirements,
necessitate strategies such as mobile vaccination units and
local health partnerships to ensure equitable access.

Mpox Medications

Antivirals developed for smallpox, such as tecovirimat
(TPOXX), have been repurposed for Mpox treatment.
Tecovirimat inhibits the VP37 protein, preventing viral
maturation and spread and reducing infection severity
(24). Other options include brincidofovir and cidofovir.
The first one is an oral prodrug that inhibits viral DNA
replication and shows promise in clinical studies for Mpox.
The second one, which targets viral DNA polymerase, is
used for severe Orthopoxvirus infections and is under
evaluation for Mpox treatment. Both are being assessed
for safety and efficacy (25). Table 2 compares some
common Mpox medications.

Global Spread of Mpox

The Mpox outbreak accelerated in May 2022, involving
clade IIb in over 116 countries with nearly 100000 cases
reported globally (26,27) (Figure 2 depicts the global maps
of Mpox cases in 2022 and 2024). In Africa, the clade I
variant, specifically clade Ib, has driven the crisis, causing
severe disease. Since early 2023, the DRC reported over
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Table 1. Comparison of ACAM2000® and JYNNEOSTM (APSV) Vaccines

Parameters

ACAM2000®

JYNNEOSTM (APSV)

Year of approval
Manufacturer
Country of approval
Vaccine type

Age of recipients

Efficacy

Safety

Contraindications

Storage

Administration route
dosing schedule
Post-vaccination effects
Vaccine development
Coverage

Cost

Public health use

2007
Sanofi Pasteur/Emergent BioSolutions
United States (FDA)/Australia

Live attenuated smallpox vaccine

Licensed for use in individuals aged 1 year and older

Effective against smallpox; efficacy against monkeypox not

well established

Associated with potentially serious side effects, including

myocarditis and pericarditis,

Not recommended for individuals with immunocompromised
conditions, pregnancy, or certain skin conditions

Requires freezing (-15 °C to -25 “C)
Intradermal

Single dose

Possible reactions include fever, rash, and local site reactions

Derived from the original smallpox vaccine strain

Provides immunity primarily against smallpox

Generally lower cost

Historically used for smallpox outbreaks and in pre-exposure

vaccination programs

2019

Bavarian Nordic

United States (FDA) and European Union (EMA)

Live attenuated vaccine against smallpox and monkeypox
Licensed for use in individuals aged 18 and older

Demonstrated efficacy against monkeypox; efficacy against
smallpox not as well established

Generally well-tolerated with a lower side effect profile compared
to ACAM2000®

Contraindicated in individuals with severe allergies to components
of the vaccine; less restrictive than ACAM2000®

Requires refrigeration (2 °C to 8 C)

Subcutaneous

Single dose

Typical reactions include mild fever, fatigue, and local site reactions
Derived from a modified vaccinia virus

Provides immunity against both smallpox and monkeypox

Typically higher cost due to newer technology

Used in current monkeypox outbreaks and pre-exposure
vaccination programs

Source. (20-23).

Table 2. Comparison of Some Common Mpox Medications

Parameter Tecovirimat Brincidofovir Cidofovir
Brand name TPOXX CMX001 Vistide
Manufacturer SIGA Technologies Chimerix Gilead Sciences

Approval date

Country of approval
Drug class
Mechanism of action
Administration route

Dosage

Efficacy

Safety

Contraindications
Storage requirements
Pharmacokinetics

Common side effects

Use in pediatrics

Current status

2018 (for smallpox); 2022 (for Mpox)

USA

Antiviral (Orthopoxvirus-specific)
Inhibits viral envelope protein synthesis
Oral

600 mg twice daily for 14 days

Effective against smallpox and Mpox (in
clinical trials)

Generally well-tolerated; common side effects
include nausea, diarrhea, and headache

Pregnancy and severe renal impairment
Stored at room temperature (20-25 “C)
Well-absorbed orally, metabolized by the liver

Nausea, diarrhea, headache

Not well-studied in children

Approved for Mpox in clinical settings

2021 (for smallpox)

USA

Antiviral (Orthopoxvirus-specific)

Inhibits viral DNA polymerase

Oral

200 mg orally once weekly

Effective against smallpox (not yet widely

used for Mpox)

Generally well-tolerated; side effects

include nausea,
abdominal pain

Pregnancy, breastfeeding, severe liver, or

kidney disease

Stored at room temperature (20-25 “C)

Well-absorbed orally, metabolized by

the liver

Nausea, headache, and abdominal pain
Not well-studied in children

Approved for smallpox; off-label use for
Mpox pending further data

1996 (for cytomegalovirus, used off-label
for Mpox)

USA

Antiviral (nucleotide analog)

Inhibits viral DNA polymerase
Intravenous (IV)

5 mg/kg IV once a week for 2 weeks
Effective against smallpox (limited data

for Mpox)

Potential for nephrotoxicity; a need for

headache, and L .
monitoring kidney function

Renal impairment, pregnancy, and
lactation

Stored at room temperature (20-25 “C)

Requires dose adjustment in renal
impairment

Nephrotoxicity, nausea, and headache
Used with caution in pediatric patients

Limited use in Mpox; primary use for
cytomegalovirus

Source. (25).

22000 cases and 1200 deaths, with clade Ib spreading
to neighboring countries such as Kenya, Rwanda, and
Burundi. This highlights the virus’s adaptability and

cross-border transmission.

Figure 3 is a map illustrating African countries with

reported laboratory-confirmed cases of Clade 1 Mpox,
as well as those with a risk of Clade 1 Mpox exposure.
In 2024, the DRC accounted for 96% of Africa’s 17000

cases, with 1754 confirmed from January to June alone

(10,23,26-29). Clade II persists globally, with the United
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Figure 2. Global Maps of Mpox Cases in 2022 and 2024. Source. (11, 28 )

Bl Reporting laboratory-confirmed Clade 1 mpox
Potential risk of Clade 1 mpox exposure

Figure 3. Africa Map Displaying Mpox Cases in 2024. Source. https://www.
newsweek.com/Mpox-map-cases-africa-sweden-spreading-outbreak-cdc-
who-1941067 (29)

States reporting 1399 cases in early 2024. Wastewater
surveillance in the U.S. suggests low levels of detection,
and the CDC considers the risk of clade I reaching the
United States “very low”. High-density regions and limited
healthcare infrastructure remain hotspots, complicating
containment efforts (2,26).

Drivers of Global Spread of Mpox
The global resurgence of Mpox is driven by a complex

interplay of ecological, social, and economic factors.
Understanding these drivers is critical for developing
effective interventions.

Ecological Drivers

e Increased human-animal interactions: Human
encroachment into wildlife habitats has increased
human-animal contact, raising the risk of zoonotic
spillover events. Activities such as hunting bushmeat
in Central Africa have been linked to Mpox outbreaks,
as handling potentially infected animals facilitates
transmission to humans (30).

e Deforestation and habitat destruction: Deforestation
for agriculture, logging, and urbanization displaces
wildlife, bringing them into closer contact with
humans. This facilitates viral spillover and increases
the risk of diseases such as Mpox, as detected in
regions such as the Amazon.

Social Drivers

e Urbanization and population density: Rapid
urbanization, particularly in developing nations, leads
to densely populated areas with inadequate sanitation
and healthcare. In cities such as Lagos, Nigeria,
overcrowded conditions and limited public health
infrastructure exacerbate Mpox outbreaks (27).

e  Global travel and connectivity: The modern travel era
allows infected individuals to spread the virus across
continents. The 2022-2023 global Mpox outbreak,
which reached over 116 countries, was primarily
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driven by international travel, highlighting the role
of global connectivity in disease spread (27).

Economic Drivers

e Zoonotic spillover events: Economic activities
such as agriculture and mining in biodiverse areas
increase human-wildlife contact, facilitating zoonotic
spillovers. In West Africa, mining operations have
been linked to Mpox outbreaks due to increased
human-wildlife interactions.

e Dublic health gaps and weak infrastructure: In
regions with weak healthcare infrastructure, such as
the Democratic Republic of Congo, delayed outbreak
detection and limited resources for vaccination have
allowed Mpox to spread unchecked.

The drivers mentioned above interact to amplify
Mpox transmission. Urbanization contributes to habitat
destruction, while global travel spreads the virus to
regions with weak public health systems. During the
2022-2023 outbreak, urban centers became hotspots due
to dense populations and inadequate healthcare.

Emergence of New Strains and Public Health Implications
The emergence of Mpox clade Ib in the eastern DRC has
reshaped the virus’s epidemiology and pathogenicity,
leading to its designation as a PHEIC. Genetic mutations
in clade Ib enhance sexual transmission and cross-border
spread, raising concerns about widespread outbreaks and
severe disease. Unlike earlier strains, which primarily
spread zoonotically or via respiratory droplets, clade Ib
thrives in sexual networks, complicating containment. It is
associated with more severe outcomes, including extensive
lesions and higher systemic involvement, particularly in
immunocompromised individuals (2,3,31,32).

Current vaccines, such as Jynneos and ACAM2000,
have been developed for earlier Mpox strains and may
have reduced efficacy against clade Ib. While initial data
indicate some protection, ongoing research examines
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whether clade-specific mutations affect vaccine-induced
immunity, necessitating potential modifications (20-23).
Clade Ib’s enhanced transmission necessitates targeted
interventions, including strengthened surveillance and
public health campaigns addressing sexual transmission.
Education and prevention efforts focus on high-risk
populations, while isolation and vaccination strategies are
adapted to the strain’s dynamics (24).

The WHO and global stakeholders have intensified
efforts to improve surveillance, expedite vaccine
development, and coordinate international responses.
Challenges include delayed vaccine distribution, logistical
barriers, and inconsistent global readiness. The United
States has donated 50000 vaccine doses to the DRC,
and WHO frameworks prioritize allocation to high-
transmission areas. Strengthening diagnostic capacities,
deploying rapid response teams, and enhancing
community education remain critical strategies. Lessons
from earlier outbreaks, including the 2022 global spread,
highlight the need for improved coordination and
accelerated vaccine rollout to prevent future pandemics
(2,3,5).

Lessons From the Coronavirus Disease 19 Experience
The COVID-19 pandemic has underscored the critical
importance of robust global health systems and has
provided valuable lessons that can be directly applied to
preventing and managing Mpox outbreaks (33). Figure 4
highlights five key lessons from the COVID-19 experience.

The following paragraphs demonstrate how these
insights can be leveraged effectively:

1. Early Detection and Response

Lesson learned

During COVID-19, the delay in identifying and
responding to the virus allowed it to spread unchecked,
leading to a global pandemic. The significance of rapid
detection and immediate response became evident

o

Experiy
= =
© ©

Figure 4. Five Key Lessons From COVID-19 Experience

196 | Avicenna J Clin Microbiol Infect, 2024, Volume 11, Issue 4



as countries with swift interventions fared better in
controlling the outbreak (34,35).

Application to Mpox

For Mpox, early detection is equally crucial. Strengthening
global surveillance systems modeled after the successful
elements of COVID-19 tracking-such as widespread
testing and data-sharing platforms-can enable rapid
identification of cases. For example, the integration
of genomic sequencing, which was critical in tracking
COVID-19 variants (36), can be employed to monitor
the emergence of new Mpox strains such as clade Ib.
Countries should establish protocols for immediate case
isolation and contact tracing to prevent Mpox from
reaching a critical mass (37).

Actionable recommendation

Develop and deploy Mpox-specific diagnostic tools that
can be rapidly distributed to areas at risk. Enhance cross-
border surveillance agreements to ensure timely reporting
and sharing of data on Mpox cases.

2. Global Collaboration

Lesson learned

The global response to COVID-19 demonstrated
that no single country can manage a pandemic alone.
Collaborative efforts led to the accelerated development
of vaccines and treatments, and shared data were key to
understanding and combating the virus (34,38).

Application to Mpox

Mpox requires similar levels of international cooperation.
The establishment of global Mpox task forces, akin to
those formed for COVID-19, can streamline -efforts
across borders. For instance, the COVAX initiative, which
aimed to provide equitable access to COVID-19 vaccines,
can serve as a model for Mpox vaccine distribution (39).
Collaborative research efforts, such as pooling resources for
clinical trials of antiviral drugs such as tecovirimat, could
speed up the development of effective treatments (40).

Actionable recommendation

Create a global Mpox coordination center to facilitate
real-time data exchange, resource allocation, and research
collaboration, ensuring a unified response to outbreaks.

3. Strengthening Healthcare Infrastructure

Lesson learned

COVID-19 exposed significant weaknesses in healthcare
systems worldwide, particularly in the ability to handle
surges in patients and provide equitable care. Countries
with robust healthcare infrastructure managed the crisis
more effectively (33,41).

Application to Mpox
Strengthening healthcare infrastructure, especially
in regions where zoonotic diseases such as Mpox are

Preventing a potential mpox pandemic

prevalent, is imperative. This includes bolstering hospital
capacity, ensuring the availability of medical supplies, and
training healthcare workers to recognize and treat Mpox.
The setup of specialized Mpox treatment centers in high-
risk areas, similar to COVID-19 response centers, could
improve patient outcomes and reduce transmission (38).

Actionable recommendation

Invest in the expansion of healthcare infrastructure
in vulnerable regions, including mobile clinics and
telemedicine services, to ensure rapid response capabilities
during Mpox outbreaks.

4. Public Communication

Lesson learned

During the COVID-19 pandemic, clear and consistent
communication proved vital in guiding public behavior
and ensuring compliance with health measures.
Misinformation and mixed messaging, however, led to
confusion and resistance in some areas (33,42).

Application to Mpox

A robust public communication strategy is essential for
Mpox, particularly given its potential for rapid spread.
Governments and health organizations should engage
in transparent, fact-based communication about Mpox
transmission, symptoms, and preventive measures.
Lessons from COVID-19 highlight the importance of
using multiple platforms, including social media, to reach
diverse populations. Public health campaigns should also
address potential stigmatization, especially considering
Mpox’s transmission modes, to ensure community
cooperation (43-46).

Actionable recommendation
Develop a global Mpox communication plan, including
multilingual resources and partnerships with community
leaders, to disseminate accurate information and
counteract misinformation.

5. Vaccine Development and Distribution

Lesson Learned

The rapid development of COVID-19 vaccines was a
monumental achievement, but the unequal distribution
highlighted the challenges of global health equity. Ensuring
that vaccines reached all populations, particularly in low-
income countries, was a significant hurdle (39-42,44).

Application to Mpox

Leveraging advancements in vaccine technology, such as
mRNA platforms, could accelerate the development of new
Mpox vaccines or improve existing ones. Additionally,
ensuring equitable distribution is critical. Lessons from
COVAX and other initiatives should inform the creation
of a global Mpox vaccine distribution network, ensuring
that vaccines reach vulnerable populations promptly (46-
48).
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Actionable recommendation

Establish a global Mpox vaccine equity program with
funding mechanisms to support vaccine access in
low-resource settings. This program should prioritize
high-risk areas and ensure that logistical challenges are
addressed through international cooperation.

By applying these lessons from COVID-19 to Mpox,
the global community can enhance its preparedness
and response capabilities (33,34). These actionable
strategies-early ~ detection,  global  collaboration,
healthcare infrastructure strengthening, effective public
communication, and equitable vaccine distribution-are
essential to preventing Mpox from becoming a widespread
pandemic. Leveraging these insights will help build a
more resilient global health system, better equipped to
manage emerging infectious diseases such as Mpox (37).

Preventing a Potential Pandemic Outbreak

The upsurge of Mpox is a reminder that pandemics
are not a question of “if” but “when”. To effectively
prevent a potential pandemic outbreak, we must adopt
a multifaceted strategy (Figure 5) that integrates lessons
learned from COVID-19 and addresses the various
dimensions of pandemic preparedness.

1. Understanding Transmission Dynamics

Understanding how Mpox is transmitted within
different populations is essential for preventing a
widespread epidemic. This knowledge allows for targeted
interventions, including vaccination campaigns tailored
to specific high-risk groups, such as sex workers and
men who have sex with men. The transmission dynamics
of Mpox pose a potential risk for broader outbreaks,
especially considering factors such as urbanization,
deforestation, and international travel, which can facilitate
the spread of zoonotic diseases (37,39).
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A deeper analysis of specific risk factors influencing
Mpox transmission is crucial. For example, behavioral
patterns, geographic regions with high human-animal
interaction, and socio-economic conditions that
exacerbate exposure should be identified and addressed.
Tailored interventions should consider these factors,
such as localized vaccination drives, educational
campaigns in high-risk areas, and targeted public health
measures. During the COVID-19 pandemic, for instance,
understanding the transmission dynamics in densely
populated urban areas led to the development of targeted
lockdowns and vaccination efforts that helped curb the
spread of the virus (37). Similar approaches could be
adapted for Mpox, focusing on regions or communities
where the risk of transmission is highest (48,49).

2. Embracing the One Health Approach

The One Health approach recognizes the
interconnectedness  of  human, animal, and
environmental health. In the context of Mpox, adopting
this approach is crucial for identifying, managing, and
mitigating zoonotic threats before they escalate into
global pandemics (45). Surveillance programs that
monitor wildlife health and environmental changes
have proven effective in the early detection of zoonotic
diseases. For instance, programs that track disease
outbreaks in wildlife populations can provide early
warnings and allow for preemptive public health
interventions. In Tanzania, for example, the monitoring
of wildlife diseases has led to the early detection and
containment of potential zoonotic outbreaks, preventing
them from spreading to human populations (46). The
One Health approach supports the strengthening of
surveillance systems by providing a more comprehensive
view of potential health threats. By integrating animal
health data with human health monitoring, it is
possible to improve our ability to predict and respond
to outbreaks. Collaboration between veterinarians,
ecologists, and public health officials is essential for
effective implementation (45,46).

3. Strengthening Surveillance Systems

Robust surveillance systems are critical for the early
detection and response to potential Mpox outbreaks.
However, many regions currently lack adequate
surveillance, leading to gaps in understanding the virus’s
spread and impact. To address these gaps, investments
in technology and training are necessary. For example,
deploying AI-driven data analysis tools can help identify
emerging patterns and predict outbreaks more accurately.
Additionally, healthcare workers should receive
continuous training in recognizing unusual disease
patterns and effectively reporting them. In regions with
limited resources, implementing low-cost surveillance
solutions, such as community-based reporting systems
and mobile health technologies, can enhance local
capacity to detect and respond to outbreaks (49,50).
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4. Enhancing Healthcare Infrastructure

Strengthening healthcare infrastructure is crucial to
preventing Mpox from escalating into a pandemic.
Improved infrastructure allows for better disease
surveillance, early detection, rapid response, and
effective containment of the virus. Specific infrastructure
improvements, such as establishing more diagnostic
laboratories, increasing the availability of isolation units,
and ensuring the supply of essential medical equipment,
are necessary. For example, during the COVID-19
pandemic, the rapid construction of temporary hospitals
and the expansion of intensive care unit capacities
in countries such as China and Italy were critical in
managing the surge of cases (36,51). Similar strategies
could be employed to prepare for potential Mpox
outbreaks. Similarly, in response to the Ebola outbreak
in West Africa, investments in healthcare infrastructure,
such as the establishment of treatment centers and the
training of local healthcare workers, played a crucial role
in containing the virus. These lessons can inform efforts
to enhance infrastructure in regions at risk of Mpox
outbreaks (36,39).

5. Ensuring Adequate Supplies

Ensuring a sufficient stockpile of medical supplies,
including vaccines, antiviral treatments, personal
protective equipment, and diagnostic tools, is vital
for a rapid and effective response to Mpox. Effective
management of supply chains is essential to ensure that
these supplies are available where and when they are
necessary. Strategies such as establishing partnerships
with manufacturers, implementing just-in-time supply
models, and utilizing digital tracking systems can enhance
the efficiency of supply distribution. The Strategic
National Stockpile in the U.S., which maintains a reserve
of critical medical supplies for emergencies, has been a
model for ensuring readiness during health crises. Similar
stockpiles should be established and maintained globally,
with a focus on equitable distribution (37,42).

6. Public Awareness and Education

Raising public awareness about Mpox, its symptoms,
and modes of transmission is crucial for preventing the
spread of the virus (52). Public health campaigns that
use clear, consistent messaging across multiple platforms
have proven effective during past outbreaks. For example,
during the Zika virus outbreak, targeted communication
campaigns in Brazil and other affected countries
played a key role in educating the public and reducing
transmission. Messaging should be tailored to different
populations, considering factors such as cultural beliefs,
literacy levels, and access to information. This ensures
that public health messages are understood and followed
by all segments of the population (53).

7. Community Engagement
Active community engagement is essential for effective

Preventing a potential mpox pandemic

pandemic preparedness and response. Engaging
communities fosters trust, compliance, and resilience,
which are critical for the successful implementation
of public health measures (54). Examples of successful
community engagement include the Ebola response
in West Africa. In Nigeria, for instance, local leaders
and community members were actively involved in
surveillance, education, and response efforts. This
approach helped constrain the outbreak and build trust
between communities and health authorities. Specific
strategies for engaging communities could include
establishing community health committees, conducting
workshops to educate local leaders, and creating
platforms for regular dialogue between health authorities
and community members. These initiatives ensure that
community voices are heard and that public health
measures are culturally sensitive and widely accepted (39).

8. International Cooperation

The declaration of a PHEIC underscores the importance
of international cooperation in preventing a pandemic.
Countries must work together to share information,
resources, and strategies to combat Mpox (55). Joint task
forces, shared databases, and international agreements
are essential mechanisms for fostering collaboration.
For example, the Global Outbreak Alert and Response
Network has successfully coordinated international
responses to various outbreaks, including SARS and
HINI1. Such mechanisms should be strengthened and
expanded to ensure a coordinated global response
to Mpox. The international collaboration during the
COVID-19 pandemic, particularly through vaccine
development and distribution efforts such as COVAX,
demonstrates the importance of global solidarity in
addressing health crises. These experiences can inform
efforts to enhance cooperation for Mpox prevention (39).

9. Funding and Resources

Sustainable funding is indispensable for effective
pandemic preparedness. Consistent and substantial
investments are needed in healthcare infrastructure,
emergency response systems, and research initiatives (56).
Innovative funding mechanisms, such as the Pandemic
Emergency Financing Facility created by the World
Bank, provide financial resources to countries during
health crises. These mechanisms should be expanded
and tailored to address specific needs related to Mpox.
Effective allocation of resources involves prioritizing
areas with the highest risk of outbreaks and ensuring
that funds are used efficiently. Transparent reporting and
accountability measures are essential to maintaining the
integrity of funding initiatives.

10. Research and Development

Ongoing investment in research and development is
crucial for staying ahead of potential health crises (57).
This includes advancing diagnostic tools, treatments,
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and vaccines for Mpox. Research initiatives such as the
Coalition for Epidemic Preparedness Innovations have
been instrumental in accelerating the development of
vaccines for emerging infectious diseases. Similar efforts
should be directed toward Mpox, focusing on developing
effective vaccines and treatments that can be rapidly
deployed in the event of an outbreak. Recent innovations
in mRNA vaccine technology, which played a pivotal role
in the COVID-19 response, could be adapted for Mpox.
Collaborative efforts between governments, research
institutions, and the private sector are essential for driving
these innovations forward (50,57).

11. Policy and Governance

Robust policy and governance structures are necessary
to coordinate pandemic preparedness efforts effectively
(58). Clear policies and regulatory frameworks guide
pandemic response activities and ensure that efforts are
streamlined across sectors. The International Health
Regulations, which provide a legal framework for
preventing and responding to global health threats,
are an example of effective governance in action. These
regulations should be regularly reviewed and updated
based on lessons learned from recent outbreaks, including
Mpox. Establishing governance structures that facilitate
cross-sector coordination and collaboration is crucial for
a cohesive response to health emergencies. For example,
interagency task forces that include representatives from
health, finance, and education sectors can ensure that
resources are allocated effectively and that response
activities are well-coordinated (39,40).

12. Wildlife and Environmental Management

Effective wildlife and environmental management are key
to preventing Mpox pandemics by addressing the root
causes of zoonotic spillover (59). Implementing policies
that limit human encroachment into wildlife habitats,
such as regulating land use and controlling illegal wildlife
trade, is essential for reducing the risk of zoonotic
spillover. For example, efforts to curb deforestation in the
Amazon have been linked to reduced outbreaks of diseases
such as malaria and dengue, highlighting the importance
of preserving natural habitats. Sustainable development
initiatives that balance human needs with environmental
conservation can also contribute to reducing the risk of
zoonotic diseases. For instance, promoting sustainable
agriculture practices that minimize habitat disruption can
reduce the likelihood of human-wildlife interactions that
lead to disease transmission (60).

Questions Seeking Answers

Amidst the global upsurge of Mpox, several critical

questions remain unanswered, requiring ongoing

research and exploration. Here are some of the most

pressing questions:

1. What are the primary factors driving the resurgence
of Mpox in non-endemic regions? Is it due to changes

in the virus’s genetic structure, increased human-
animal interaction, or other ecological shifts?

2. How is the Mpox virus evolving? What are the
implications for its transmissibility and virulence?

3. What is the long-term efficacy of existing Mpox
vaccines? How do they perform against different viral

clades?
4. How safe are Mpox vaccines for different populations,
including ~ immunocompromised  individuals,

pregnant women, and children?

5. What are the most effective antiviral treatments for
Mpox? How can they be optimized?

6. How can we improve supportive care for Mpox
patients, particularly in severe cases?

7. Are there emerging drug-resistant strains of Mpox?
How should they be managed?

Addressing these questions requires a multidisciplinary
approach, involving virologists, epidemiologists, public
health experts, clinicians, and policymakers. Global
collaboration and sustained investment in research,
vaccine development, and healthcare infrastructure are
essential to managing the ongoing Mpox threat and
preventing future outbreaks.

Future Research Direction

Primary Factors Driving the Resurgence of Mpox in
Non-Endemic Regions

Comparative genomic studies of Mpox strains from
endemic and non-endemic regions could reveal genetic
mutations that may be responsible for increased
transmissibility or virulence. Additionally, ecological
studies investigating changes in human-animal
interactions, such as increased contact with reservoir
species or shifts in land use, could identify environmental
factors contributing to the spread. Longitudinal studies
monitoring genetic changes in Mpox strains over time,
combined with ecological surveillance in high-risk areas,
could be supplemented with spatial modeling to predict
future outbreaks based on identified risk factors (51).

Evolution of the Mpox Virus and its Implications for
Transmissibility and Virulence

In-depth phylogenetic analysis to track viral evolution,
alongside studies of viral fitness and replication in various
hosts, could help understand how the virus is adapting.
Research could also explore the role of recombination
and mutation rates in viral evolution. Laboratory-based
studies using cell culture and animal models to assess
changes in viral behavior are supported by bioinformatic
approaches to analyze large-scale genomic data (6).

Long-term Efficacy of Existing Mpox Vaccines

Studies are needed to evaluate the durability of immune
responses elicited by Mpox vaccines over time and
across different viral clades. This could also include
the development of next-generation vaccines that offer
broader protection. Longitudinal cohort studies tracking

200 | Avicenna ] Clin Microbiol Infect, 2024, Volume 11, Issue 4



vaccinated individuals over several years can be performed,
with periodic assessments of antibody titers, T-cell
responses, and vaccine efficacy against circulating strains.
Additionally, vaccine challenge studies in animal models
could provide insights into cross-clade protection (24).

Safety of Mpox Vaccines for Different Populations

Rigorous clinical trials and post-marketing surveillance
should be conducted to assess vaccine safety in
special populations, including immunocompromised
individuals, pregnant women, and children. This research
could also explore the immune correlates of protection
in these groups. Phase IV clinical trials with large and
diverse participant pools, coupled with observational
studies and registries that monitor adverse events in real-
world settings, can also be performed in this regard (57).

Most Effective Antiviral Treatments for Mpox

Antiviral drugs, either repurposed or novel, can be
identified and optimized for treating Mpox. This includes
determining the efficacy of existing antivirals against
current strains and exploring combination therapies.
In vitro drug screening against multiple Mpox strains
can be conducted, followed by animal model testing
and randomized controlled trials in human patients.
Pharmacokinetic and pharmacodynamic studies would
also be necessary to optimize dosing regimens (26, 37).

Improving Supportive Care for Severe Mpox Cases
Standardized care protocols can be developed for severe
Mpox, focusing on managing complications such as
secondary infections, respiratory distress, and systemic
inflammation. Research could also explore the role
of adjunctive therapies, such as immunomodulators.
Clinical trials and observational studies can be performed
to evaluate the effectiveness of various supportive care
strategies. This should include the creation of care
registries to collect data on outcomes and refine treatment
protocols (25).

Emerging Drug-Resistant Strains of Mpox
Surveillance for antiviral resistance markers in circulating
Mpox strains can be started, with parallel studies to
understand the mechanisms driving resistance. Research
could also focus on developing second-line therapies to
combat resistant strains. Genomic surveillance of viral
isolates from treated patients should be initiated, coupled
with in vitro resistance testing. Studies on resistance
mechanisms at the molecular level, possibly supported
by structural biology techniques, should be conducted to
design inhibitors that can overcome resistance (22,25).
Each of these research areas is crucial for developing
a comprehensive understanding of Mpox and ensuring
effective  public health responses. Collaboration
across international borders and between academic,
governmental, and private institutions will be essential to
advance these research agendas.

Preventing a potential mpox pandemic

Conclusion

The WHO’s designation of Mpox as a Public Health
Emergency of International Concern underscores the
urgent need to address the resurgence of this zoonotic
disease. Lessons from COVID-19 emphasize the critical
importance of strengthening surveillance, advancing
vaccine deployment, and fostering global collaboration to
mitigate future threats. Enhanced surveillance systems are
vital for the early detection of emerging strains and a better
understanding of transmission dynamics. Investments
in genomic monitoring and data-sharing platforms will
allow for real-time tracking of viral evolution. Equally
essential is the expansion of healthcare infrastructure,
particularly in endemic and resource-limited regions, to
facilitate rapid outbreak response and equitable access
to care. Vaccination strategies must prioritize long-
term efficacy studies, safety evaluations in vulnerable
populations, and streamlined deployment mechanisms to
reduce disparities. Global vaccine stockpiles, supported by
robust distribution networks, can ensure timely delivery
during outbreaks. Addressing public concerns through
transparent communication and community engagement
is necessary to build trust and increase vaccine acceptance.
Policy implications extend to the development of
integrated global health frameworks that prioritize
preparedness funding, equitable resource allocation, and
interdisciplinary research. Future research should focus
on optimized antiviral regimens, standardized treatment
protocols for severe Mpox cases, and the containment
of drug-resistant strains. Decisive action and sustained
international collaboration are essential to prevent Mpox
from becoming a global pandemic. By acting now, the
global community can build a resilient health system
capable of protecting populations from Mpox and future
infectious disease threats.
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