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Abstract. Monkeypox is a rare but potentially serious viral infection that has re-emerged as a
major public health problem due to recent outbreaks and the increased likelihood of zoonotic
transmission. This review delves into the dynamic landscape of monkeypox drug discovery and
drug development, revealing the multifaceted challenges and remarkable progress in the fight
against this evolving infectious disease. This summary provides a comprehensive overview of
ongoing efforts to identify effective antivirals, explore the potential for repurposing medicines,
and pioneer innovative therapeutic strategies. As the search for effective treatments gains
momentum, the abstract highlights the critical role of collaborative research efforts, the
integration of cutting-edge technologies, and the need to adopt a multidisciplinary approach to
address monkeypox complexity. In addition, the abstract highlights the critical importance of
assessing the current status and future prospects of monkeypox drug development. By analysing
the many factors shaping the field, including viral pathogenesis, host immune responses, and
viral genetic diversity, this review contributes to a comprehensive understanding of the
challenges inherent in addressing monkeypox.
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1. Introduction

Monkeypox, caused by the monkeypox virus (MPXV), has emerged as a global health concern,
paralleling the eradication of smallpox. Rising cases of monkeypox underscore the potential for cross-
species transmission and outbreaks, necessitating the development of effective drugs. Presently,
treatment options are scarce, underscoring the urgent need to advance drug discovery and development
to curtail its impact on public health [1].

Although strides have been made in comprehending monkeypox pathogenesis and epidemiology,
drug development for the disease remains largely uncharted territory. This paper addresses this void by
exploring the present landscape of monkeypox drug discovery and development, scrutinising existing
options, discussing recent progress, and illuminating the challenges encountered.

The article adopts a three-part structure, with each segment delving into crucial aspects of
monkeypox drug advancement. Initial focus will be on extant treatment choices, their limitations, and
the necessity for novel interventions. Subsequently, attention turns to recent strides in drug development,
spotlighting promising candidates and potential therapeutic benefits. The final section grapples with
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obstacles impeding drug progress, encompassing regulatory hurdles, financial constraints, and ethical
dimensions.

Methodologically, this work employs qualitative research, relying on an extensive review of
scholarly journals, research papers, and official reports. Through meticulous synthesis and analysis, we
aim to present a well-rounded, evidence-driven account of current monkeypox drug discovery and
development.

By casting light on the field's current state, recent achievements, and challenges, this paper augments
comprehension and catalyses research and collaborations to hasten effective drug identification. It
intends to serve researchers, health practitioners, and policymakers as they confront monkeypox, pre-
empt outbreaks, and preserve global well-being. Furthermore, the paper seeks to stimulate fresh avenues
of inquiry that might extend to combating other infectious diseases.

Overall, this comprehensive analysis of existing landscapes, combined with insights into future prospects,
provides a valuable resource for researchers, clinicians, and policymakers. By promoting a deeper understanding
of the intricate interactions between viruses and their hosts, this review ultimately highlights the need for continued
research efforts to effectively mitigate monkeypox's impacts on global public health.

2. Recent advances in monkeypox drug development

The escalating prevalence of monkeypox, a zoonotic ailment propelled by the monkeypox virus
(MPXYV), accentuates the critical demand for efficacious therapeutic interventions. However, the present
treatment arena for monkeypox remains confined and chiefly revolves around symptom management
and prophylaxis against secondary infections. Unlike its historical counterpart, smallpox, which
witnessed triumphs in antiviral treatment, no standardized antiviral remedy has materialized for
monkeypox.

Central to the current approach is supportive care, a strategy aimed at mitigating symptoms and
expediting recovery. While some antiviral agents exhibit potential efficacy against orthopoxviruses, their
direct applicability to monkeypox is shrouded in ambiguity. Hurdles, ranging from potential side effects
to limited clinical evidence, have restrained the widespread adoption of these drugs. Endeavors to
repurpose antiviral medications developed for other viral diseases have been pursued, yet the intricate
nature of monkeypox necessitates a bespoke therapeutic framework.

2.1. Promising drug candidates and their mechanisms of action

As the urgency to develop effective treatments for monkeypox intensifies, researchers have turned their
attention to exploring novel drug candidates that hold promise in combating the virus. These candidates
represent a beacon of hope in the quest for therapeutic interventions against this emerging infectious
disease. This section delves into some of the most notable promising drug candidates and elucidates
their mechanisms of action, shedding light on the potential avenues for mitigating monkeypox's impact.

One of the noteworthy drug candidates that has garnered attention is tecovirimat, also known as ST-
246. Tecovirimat is an antiviral compound that specifically targets the inhibition of poxvirus replication.
Its mechanism of action centers around disrupting the formation of virus-containing compartments
within infected cells. By doing so, tecovirimat impedes the maturation of viral particles, ultimately
restraining viral spread. This drug candidate's specificity for poxvirus replication makes it an attractive
option for tackling monkeypox, as well as other related viral infections [2].

Another promising contender in the race against monkeypox is Brincidofovir. Originally developed
to combat cytomegalovirus infections, Brincidofovir’s broad-spectrum antiviral activity has led to
investigations into its efficacy against Orthpoxviruses, including MPXV. Brincidofovir operates by
interfering with viral DNA replication, curtailing the virus's ability to propagate within host cells. While
its application against monkeypox shows promise, further research is imperative to ascertain its
effectiveness and safety profile for this specific context [3].

In addition to these repurposed drug candidates, research has unveiled a potential role for host-
targeted therapies in mitigating monkeypox's impact. One such avenue involves modulating the host
immune response to enhance antiviral defenses. Janus kinase (JAK) inhibitors, for instance, have shown
promise in thwarting viral replication by suppressing certain cellular pathways that the virus exploits for
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propagation. By manipulating the host's response, these inhibitors present a novel angle for therapeutic
intervention.

Furthermore, advances in the field of RNA interference (RNAi) have opened up new horizons in
targeting specific genes associated with viral replication. Utilizing small interfering RNA (siRNA)
molecules, researchers can inhibit the expression of key viral genes, thereby curbing viral proliferation.
While RNAi-based therapies are still in their infancy, they hold the potential to revolutionize the
landscape of antiviral interventions.

Complementing these direct antiviral approaches, immunomodulatory agents have emerged as
candidates for augmenting the host's immune response. Toll-like receptor (TLR) agonists, for instance,
can stimulate the immune system's recognition of viral components, promoting a robust antiviral defense.
This approach seeks to fortify the body's innate defenses, potentially offering a synergistic effect when
combined with direct antiviral agents.

Despite the promise exhibited by these drug candidates, it is important to acknowledge the
complexities and challenges inherent in translating laboratory findings to effective clinical treatments.
Efficacy in laboratory settings may not always translate to success in human trials, and the potential for
adverse effects must be rigorously evaluated. Moreover, the mechanisms of monkeypox pathogenesis
remain multifaceted, necessitating a nuanced understanding of the virus-host interactions that influence
treatment outcomes.

In conclusion, the pursuit of effective drug treatments for monkeypox has led to the identification of
several promising candidates. From antiviral agents targeting viral replication to host-targeted therapies
and immunomodulatory approaches, these candidates exemplify the diverse strategies being explored.
The intricate mechanisms of action underlying these candidates offer insights into potential avenues for
curbing monkeypox's impact. However, the transition from laboratory promise to clinical success
requires meticulous evaluation and ongoing research, underscoring the complexity of developing
effective treatments for emerging infectious diseases [4].

2.2. Recent clinical trials and research results

In the pursuit of effective drug interventions against monkeypox, recent years have witnessed a surge in
clinical trials and research efforts aimed at evaluating the efficacy, safety, and potential impact of various
drug candidates. These trials offer a glimpse into the practical application of potential treatments and
provide invaluable insights into their viability. This section delves into recent clinical trials and research
results that have contributed to our understanding of monkeypox drug development.

One of the pivotal recent developments has been the initiation of clinical trials to evaluate the efficacy
of tecovirimat against monkeypox. Building upon its success against other orthopoxviruses, these trials
aim to assess tecovirimat's potential as a therapeutic agent for monkeypox. Preliminary results from
these trials have shown encouraging outcomes, with tecovirimat demonstrating antiviral activity and
reducing the severity of symptoms in infected individuals. These results underscore the potential utility
of tecovirimat in mitigating monkeypox's impact and offer a glimpse of optimism in the ongoing battle
against the disease.

Brincidofovir, another promising drug candidate, has also entered the spotlight of clinical
investigation. Trials evaluating brincidofovir's efficacy against orthopoxviruses, including monkeypox,
have yielded mixed results. While some studies have indicated positive outcomes in terms of reducing
viral load and symptom severity, others have reported challenges in achieving significant clinical
improvements. The variability in trial outcomes underscores the complex interplay between drug
efficacy, disease progression, and individual patient responses [3].

Beyond these established drug candidates, research has also explored the potential of combination
therapies. Combinations of antiviral agents and immunomodulators have been investigated with the aim
of synergistically enhancing the host's ability to combat monkeypox. These trials seek to determine
whether a multifaceted approach can lead to more robust and sustained therapeutic effects. While the
results of such trials are still emerging, the concept of combination therapies holds promise in tackling
the multifaceted nature of monkeypox infections.
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Furthermore, the exploration of innovative treatment modalities, such as RNA interference (RNA1),
has yielded intriguing findings. Preclinical studies utilizing siRNA molecules to target key viral genes
have shown promising results in reducing viral replication and symptom severity in animal models.
These findings highlight the potential of RNAi-based therapies as a future frontier in antiviral
interventions. However, the translation of these preclinical successes to human trials presents its own
set of challenges that warrant careful consideration.

As with any clinical research, there are inherent limitations and complexities that influence trial
outcomes. Factors such as patient heterogeneity, variations in disease severity, and ethical considerations
play a significant role in shaping trial results. Additionally, the rarity of monkeypox cases poses
challenges in conducting large-scale clinical trials, which can impact the statistical power and
generalizability of findings.

In conclusion, recent clinical trials and research results offer critical insights into the landscape of
monkeypox drug development. The progress made in evaluating candidates like tecovirimat and
brincidofovir underscores the potential for targeted antiviral therapies. Additionally, the exploration of
combination therapies and innovative modalities like RNA interference holds promise in advancing our
arsenal against monkeypox. While challenges persist, the knowledge gained from these trials informs
the ongoing efforts to develop effective treatments for this emerging infectious disease. The next section
will shift the focus to the challenges and barriers that permeate the realm of monkeypox drug
development, offering a comprehensive understanding of the hurdles that researchers must overcome to
bring these treatments to fruition.

3. Challenges and barriers in drug development

Amidst the promising strides in monkeypox drug development, a labyrinth of challenges and barriers
awaits, shaping the landscape in ways that extend well beyond laboratory experimentation. The journey
to effective treatments necessitates a comprehensive understanding of the multifaceted hurdles that
researchers, regulatory bodies, and stakeholders must collectively overcome.

3.1. Regulatory Barriers and Ethical Considerations

While the pursuit of effective drug treatments for monkeypox holds great promise, researchers and
developers encounter a multitude of challenges that extend beyond the laboratory setting. Regulatory
barriers and ethical considerations play a pivotal role in shaping the trajectory of drug development
efforts. This section delves into the complex interplay of regulations and ethics in the context of
monkeypox drug development [4].

At the forefront of drug development are regulatory bodies that oversee the safety and efficacy of
potential treatments. These agencies, such as the U.S. Food and Drug Administration (FDA) and the
European Medicines Agency (EMA), establish stringent guidelines and protocols that drug candidates
must navigate before gaining approval for clinical use. For emerging infectious diseases like monkeypox,
the regulatory pathway can be particularly intricate due to the rarity of cases and the need for rapid
response [5].

Navigating these regulatory pathways presents a twofold challenge. First, the rigorous requirements
for safety and efficacy data demand robust clinical trial designs, adequate patient representation, and
statistically significant outcomes. In the case of monkeypox, the limited number of cases poses a
challenge in conducting trials of sufficient size to meet these requirements. Additionally, the
unpredictable nature of disease outbreaks can complicate trial logistics and patient enrollment,
potentially delaying the drug development process.

Second, the traditional drug approval timeline may clash with the urgency of responding to an
outbreak. The time required for collecting and analyzing data, coupled with regulatory review processes,
can hinder swift access to potential treatments. Regulatory agencies have recognized this challenge and
have instituted mechanisms such as Emergency Use Authorizations to expedite access to treatments
during public health emergencies. However, finding the delicate balance between ensuring safety and
enabling rapid deployment remains an ongoing consideration.
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Ethical considerations further complicate the landscape of monkeypox drug development.
Conducting clinical trials involves exposing participants to experimental interventions, a process that
demands careful ethical scrutiny. In the case of emerging infectious diseases, such as monkeypox, the
ethical framework is shaped by the urgency to address public health threats while safeguarding
participants' rights and well-being.

The principle of informed consent is paramount in clinical trials, ensuring that participants fully
understand the risks and potential benefits of their participation. However, the urgency of responding to
outbreaks can strain the informed consent process. Balancing the need for rapid intervention with the
necessity for comprehensive participant understanding is an ethical tightrope that researchers must
navigate.

Additionally, the equitable distribution of experimental treatments poses ethical dilemmas. Limited
access to potentially life-saving interventions raises questions about fairness, particularly in the context
of outbreaks. Decisions about who receives treatment and under what circumstances necessitate
transparent and ethically sound frameworks that prioritize the greater public good while respecting
individual rights.

Furthermore, the ethical implications of conducting trials in regions affected by outbreaks demand
sensitivity to local cultural norms, language barriers, and healthcare infrastructure limitations. Ensuring
that research benefits local populations and respects their autonomy is essential for building trust and
cooperation.

In conclusion, the journey of monkeypox drug development is punctuated by regulatory hurdles and
ethical complexities. The delicate balance between rigorous regulatory oversight and rapid response to
outbreaks underscores the need for adaptive frameworks that prioritize both safety and urgency. Ethical
considerations, from informed consent to equitable access, require a compassionate and culturally
sensitive approach. While these challenges pose formidable barriers, they also highlight the
collaborative efforts needed among researchers, regulatory agencies, ethicists, and communities to
navigate the intricate landscape of monkeypox drug development. The subsequent section will explore
another facet of these challenges—funding restrictions and resource constraints—that shape the
trajectory of drug discovery efforts.

3.2. Funding Restrictions and Resource Constraints

In the pursuit of effective drug treatments for monkeypox, researchers and developers encounter a
significant hurdle that can impact the pace and scope of progress: funding restrictions and resource
constraints. This section delves into the intricate interplay of financial limitations and resource
challenges that shape the landscape of monkeypox drug development.

The development of pharmaceutical interventions, from discovery to clinical trials, requires
substantial financial investment. However, the rarity of monkeypox cases and the unpredictable nature
of outbreaks can impede the availability of dedicated funding. Funding for research and development
often hinges on government support, philanthropic organisations, and collaborations with academic
institutions and industry partners. The competition for limited funds, particularly in the realm of
infectious diseases, poses challenges in sustaining consistent research efforts [6].

Limited financial resources can manifest as a barrier at various stages of drug development. In the
early phases of discovery, funds are needed to support basic research, including identifying potential
drug targets and designing experimental protocols. Later stages, such as preclinical studies and clinical
trials, demand even greater financial commitment. The complex and resource-intensive nature of clinical
trials, coupled with the uncertainty of outcomes, can deter funding sources from investing in projects
related to emerging diseases with a relatively low prevalence.

Resource constraints extend beyond financial limitations to encompass infrastructure, expertise, and
technological capabilities. Establishing research facilities equipped with the necessary equipment,
skilled personnel, and quality control processes is a vital component of drug development. For rare
diseases like monkeypox, such resources may be scarce or absent in the regions most affected by the
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disease. This asymmetry can hinder local research efforts and exacerbate disparities in access to potential
treatments.

The scarcity of monkeypox cases also impacts the recruitment of participants for clinical trials.
Conducting rigorous and statistically significant trials requires a sufficiently large and diverse patient
population. However, the rarity of monkeypox can make it challenging to identify eligible participants,
particularly during sporadic outbreaks. This limitation can lead to delays in trial enrollment and
compromise the robustness of trial results.

Overcoming funding restrictions and resource constraints demands innovative solutions and
collaboration. Partnerships between governments, non-governmental organisations, academic
institutions, and industry players can pool resources and expertise to accelerate drug development efforts.
Cross-disciplinary collaborations can leverage diverse skills and perspectives, fostering a holistic
approach to addressing the multifaceted challenges of monkeypox drug development.

In addition, exploring alternative funding mechanisms such as public-private partnerships, venture
philanthropy, and crowdfunding can inject new sources of support into the field. These approaches can
align with the urgency of responding to outbreaks and provide flexibility in funding allocation.

Efforts to alleviate resource constraints should also include capacity-building initiatives. Investing in
research infrastructure, training local researchers, and enhancing healthcare systems in regions affected
by monkeypox can bolster research capabilities and facilitate data collection during outbreaks. This
approach not only contributes to the advancement of monkeypox drug development but also strengthens
overall healthcare resilience.

In conclusion, the endeavour to develop effective drug treatments for monkeypox encounters the
formidable challenge of funding restrictions and resource constraints. The scarcity of cases, coupled
with the complexities of clinical trials and infrastructure demands, creates barriers that require creative
solutions and collaborative efforts. Cross-sector partnerships, alternative funding mechanisms, and
capacity-building initiatives hold the potential to address these challenges and expedite progress in
monkeypox drug development. As the quest continues, the collaboration of stakeholders across sectors
becomes paramount in surmounting these obstacles and advancing the goal of effective treatments for
this emerging infectious disease.

4. Conclusion

In the field of infectious diseases, the emergence of monkeypox as a formidable threat has sparked an
intense quest for effective drug interventions. This article presents the multifaceted landscape of
monkeypox drug discovery and development, illuminating the complexities, advancements, and
challenges of this ongoing effort.

From the initial exploration of the limited treatment options available for monkeypox, it is clear that
existing treatments are far from ideal. The rarity of cases and the complexity of the virus's pathogenesis
emphasize the need for innovative approaches that go beyond traditional strategies. This necessity has
catalyzed the exploration of promising drug candidates, each with a unique mechanism of action that
has the potential to disrupt viral replication and limit disease progression.

Delving into the results of recent clinical trials and research, it is clear that real progress is being
made in the pursuit of effective treatments. The encouraging results from trials evaluating tecovirimat
and brincidofovir offer an optimistic glimpse in an otherwise challenging setting. These advances are
constrained by the inherent complexity of clinical research, which requires a delicate balance between
a robust approach and the urgency of responding to outbreaks.

In addition, the article sheds light on the huge challenges and obstacles that researchers and
developers have to overcome. Regulatory barriers are accompanied by meticulous scrutiny and strict
protocols that interact with ethical considerations of informed consent and fair access. The rarity of
monkeypox cases has exacerbated funding constraints and affected the sustainability of research efforts.
At the same time, resource constraints, including infrastructure and expertise, further affect the trajectory
of drug development.
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Yet it is in the crucible of these challenges that innovation thrives. Cross-sectoral partnerships,
alternative funding mechanisms and capacity-building initiatives are beacons of hope. Intricate
regulatory hurdles and ethical considerations are intertwined with a shared commitment to patient
welfare and rapid response. At the same time, resource constraints were cleverly addressed as
researchers pooled expertise and resources to facilitate progress.

As the article draws to a close, it is clear that the journey of monkeypox drug development is both
dynamic and complex. Through combined insights, collaborative efforts, and the relentless pursuit of
innovation, researchers and stakeholders have blazed a path toward transformative interventions. These
interventions seek not only to address immediate needs; they are the backbone against emerging
infectious diseases. In meeting the monkeypox challenge, the scientific community has demonstrated its
resilience, adaptability, and commitment to maintaining global health.

References

[1] McCollum, A. M., and I. K. Damon. “Human Monkeypox.” Clinical Infectious Diseases, vol. 58,
no. 2, 24 Oct. 2013, pp. 260267, https://doi.org/10.1093/cid/cit703.

[2] Huggins,J., et al. “Nonhuman Primates Are Protected from Smallpox Virus or Monkeypox Virus
Challenges by the Antiviral Drug ST-246.” Antimicrobial Agents and Chemotherapy, vol. 53,
no. 6, 6 Apr. 2009, pp. 26202625, https://doi.org/10.1128/aac.00021-09. Accessed 19 Feb.
2020.

[3] Hutson, Christina L., et al. “Pharmacokinetics and Efficacy of a Potential Smallpox Therapeutic,
Brincidofovir, in a Lethal Monkeypox Virus Animal Model.” MSphere, vol. 6, no. 1, 24 Feb.
2021, msphere.asm.org/content/6/1/e00927-20.abstract, https://doi.org/10.1128/mSphere.
00927-20. Accessed 1 Apr. 2021.

[4] Wang, Jun, et al. “An Overview of Antivirals against Monkeypox Virus and Other
Orthopoxviruses.” Journal of Medicinal Chemistry, vol. 66, no. 7, 24 Mar. 2023, pp. 4468—
4490, https://doi.org/10.1021/acs.jmedchem.3c00069.

[5] Sah, Ranjit, et al. “FDA’s Authorized “JYNNEOS” Vaccine for Counteracting Monkeypox
Global Public Health Emergency; an Update — Correspondence.” International Journal of
Surgery, vol. 107, Nov. 2022, p. 106971, https://doi.org/10.1016/j.ijsu.2022.106971.

[6] Benites-Zapata, Vicente A., et al. “Clinical Features, Hospitalisation and Deaths Associated with
Monkeypox: A Systematic Review and Meta-Analysis.” Annals of Clinical Microbiology and
Antimicrobials, vol. 21, no. 1, 10 Aug. 2022, p. 36, pubmed.ncbi.nlm.nih.gov/35948973/,
https://doi.org/10.1186/s12941-022-00527-1.

257



