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Risk Factors, Preventive Measures, and Management of monkeypox: A Systematic Review


Abstract
Background: Mpox, formerly known as monkeypox, is an emerging viral disease caused by the mpox virus, related to the Orthopoxvirus genus. The 2022–2023 outbreak, driven by clade IIb, alongside ongoing outbreaks of clades Ia and Ib in Africa, highlighted mpox as a significant public health concern. Mpox spreads through close contact with infected individuals or contaminated surfaces, often causing a characteristic rash, fever, and swollen lymph nodes. Vaccination and supportive care are essential in managing mpox, but no specific antiviral treatments have been universally validated. 
[bookmark: _GoBack]Aim: This systematic review aims to evaluate risk factors, preventive measures, and management strategies to improve understanding and patient outcomes for mpox.
Methods: Conducted according to PRISMA 2020 guidelines, this review included a comprehensive search across PubMed, Scopus, and Web of Science for studies published until October 1, 2024. Eligible studies provided data on clinical features, risk factors, preventive strategies, and treatment outcomes related to mpox. Two independent reviewers conducted the study selection, and data extraction focused on key aspects such as population characteristics, preventive measures, and clinical outcomes.
Results: Ten studies encompassing 2666 participants were included. Findings highlighted a diverse range of mpox clinical presentations, from mild skin lesions to severe symptoms requiring hospitalization, particularly in patients with HIV. Vaccines like JYNNEOS and MVA-BN were found to be effective in reducing symptomatic mpox among high-risk groups, though efficacy varied with timing and analytical approach. Early administration of tecovirimat showed promise in reducing viral shedding, particularly in non-immunocompromised patients. The presence of co-infections, especially among MSM, emphasised the need for integrated healthcare approaches. Public health messaging that was culturally sensitive was crucial to avoid stigmatisation while effectively targeting at-risk groups.
Conclusion: Mpox management benefits from vaccination, early antiviral treatment, and supportive care. Targeted public health interventions, including culturally appropriate communication, are essential to control the spread and improve outcomes. Future research should focus on optimising vaccination strategies, treatment protocols for immunocompromised patients, and understanding long-term sequelae of mpox.
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Introduction
Mpox, formerly known as monkeypox, is an emerging viral illness caused by the mpox virus, a member of the Orthopoxvirus genus (1). In recent years, the rapid globalization, population movement, and deepening trade networks have contributed to the international dissemination of Mpox, resulting in outbreaks in various countries worldwide (31).  This virus is closely related to smallpox, and although less severe, its spread and potential complications are a significant public health concern (2). There are two major clades of mpox virus: clade I, which includes subclades Ia and Ib, and clade II, which contains subclades IIa and IIb (3). A notable global outbreak driven by the clade IIb strain emerged in 2022–2023, continuing to persist globally, alongside rising outbreaks of clades Ia and Ib, particularly in the Democratic Republic of the Congo and other parts of Africa (4). To effectively combat the disease, a renewed comprehension of Mpox is necessary. This review presents a comprehensive overview of Mpox, including its transmission patterns, pathogenesis, genome organization, and antiviral drugs that have been studied for their activity against Mpox over the past few decades, both in vivo and in vitro. Additionally, it provides helpful insights for the prevention and control of worldwide Mpox outbreaks by summarizing the valuable experiences gained from the development of anti-Mpox strategies, such as drug repurposing, drug target discovery, and the identification of potential drug targets (32).
Mpox transmission occurs primarily through close person-to-person contact, direct exposure to bodily fluids, or contaminated surfaces, as well as contact with infected animals (5). During pregnancy, the virus may also be passed to the fetus, presenting a risk of serious complications. The illness typically manifests as a skin rash, often accompanied by fever, muscle aches, headache, and swollen lymph nodes, with symptoms lasting between two and four weeks (6). Treatment is largely supportive, focusing on managing symptoms, preventing secondary infections, and ensuring appropriate hydration and nutrition (7). The disease is usually self-limiting but may  be  severe  in  immunocompromised,  elderly and  children.  Diagnosis  of  monkeypox  infection is  achieved  using  advanced  technical  skills  and well-advanced  laboratory  methods  including  cell culture,  electron  microscopy,  polymerase  chain reaction  (PCR),  enzyme  linked  immunosorbent assay  (ELISA)  or  Western  blotting  with  PCR being used for definitive diagnosis (33).
Vaccination against mpox plays an important role in preventing the spread of the virus, particularly for high-risk groups such as healthcare workers, individuals in close contact with infected persons, and those with multiple sexual partners (8). However, no proven antiviral treatment is available, and ongoing research is essential for identifying effective therapeutic strategies (9).
This systematic review aims to evaluate the risk factors, preventive measures, and management strategies for mpox, synthesising current evidence to provide a comprehensive understanding of this infectious disease, with a focus on improving public health interventions and patient outcomes.
Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement 2020 guidelines (10). The objective was to evaluate the clinical features, transmission dynamics, management strategies, and outcomes of patients with mpox across different geographic settings. We aimed to consolidate findings from various studies to better understand the epidemiology, treatment responses, prevention measures, and overall disease burden of mpox.
Search Strategy
A comprehensive literature search was performed in databases including PubMed, Scopus, and Web of Science for studies published until October 1, 2024. The search terms used were "mpox," "mpox," "clinical features," "transmission," "management," "treatment outcomes," and "vaccine efficacy." The search was not restricted by language or publication status, allowing for a broad inclusion of international studies, with an emphasis on peer-reviewed articles to ensure data quality and reliability.


Study Selection
The initial screening was based on titles and abstracts to assess the relevance of each study to the clinical, epidemiological, and therapeutic aspects of mpox. Two independent reviewers conducted this screening, and any discrepancies were resolved through consensus. The inclusion criteria required studies to provide quantitative or qualitative data on clinical features, risk factors, preventive strategies, management approaches, or outcomes related to mpox infection. Studies involving human subjects and providing clear outcome measures regarding disease presentation, prevention, or treatment were selected. The study selection process is depicted in the PRISMA flowchart provided in Figure 1.
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Figure 1. PRISMA Flowchart Depicting the Study Selection Process.
Data Extraction and Synthesis
Data extraction included details such as author(s), publication year, country or region of study, study design, population characteristics, sample size, risk factors identified, preventive measures taken, management strategies employed, outcomes assessed, and key findings. The extracted data were organised into structured tables and qualitatively synthesized to provide an overview of the clinical spectrum, preventive approaches, and therapeutic strategies for mpox.
The synthesis aimed to compare risk factors, preventive measures, treatment strategies, and clinical outcomes across diverse study populations and geographic settings. Special focus was placed on the variability in disease presentation and management among different subgroups, including patients with underlying conditions such as HIV, individuals from different age groups, and those at higher risk of transmission (e.g., MSM populations).
The overall synthesis was focused on identifying trends in clinical presentation, evaluating the effectiveness of preventive and treatment measures, and highlighting regional differences in disease burden. The insights gathered are expected to contribute to public health strategies and clinical management of mpox, as well as inform future research directions.
Results
The systematic review encompassed ten studies involving a total of 2666 participants, investigating various aspects of the clinical presentation, management, and prevention of mpox (mpox) across diverse populations and geographical locations (Table 1).
Table 1. Summary of Recent Studies on Mpox (2022–2024): Study Designs, Populations, Risk Factors, Interventions, and Key Findings
	Author, Year
	Country/Region
	Study Design
	Population Characteristics
	Sample Size
	Risk Factors Identified
	Preventive Measures
	Management Strategies
	Outcomes Assessed
	Key Findings

	Akiyama et al., 2024
	Japan
	Prospective observational study
	Male patients with mpox, median age 38.5 years, 52.6% with HIV
	19
	HIV infection, late initiation of treatment
	None specified
	Oral tecovirimat administration
	Viral shedding duration, PCR negativity, adverse events, mortality rate
	Early administration of tecovirimat reduced viral shedding; patients with HIV had prolonged viral shedding

	Rosen et al., 2024
	USA (New York City)
	Prospective observational study
	Individuals (≥18 years) with high or intermediate-risk exposure to mpox
	594
	High or intermediate-risk exposure to mpox
	JYNNEOS vaccine as post-exposure prophylaxis (PEP)
	Monitoring and vaccination follow-up
	Effectiveness of JYNNEOS as PEP, incidence of mpox within 21 days of exposure
	PEPL effectiveness was 78% (conventional method) and 19% (target trial); PEPF effectiveness was 73% and -7%, respectively; effectiveness varied with method of analysis, highlighting potential biases

	Tempestilli et al., 2024
	Italy
	Monocentric, prospective, observational study
	14 male patients with severe Mpox, including 6 with HIV on ART and virologically suppressed
	14
	HIV status, use of antiretroviral therapy
	None specified
	Oral tecovirimat treatment
	Pharmacokinetics of tecovirimat, recovery time, differences in PK based on HIV status
	Tecovirimat plasma concentrations were significantly lower in patients with HIV, but all levels remained above the inhibitory concentration; no differences in clinical outcomes; all patients recovered within 6-36 days

	Assiri et al., 2023
	Saudi Arabia
	Retrospective observational study
	Male patients aged 24-41 years (mean age: 30.14 ± 6.69 years); travel-related cases
	7
	Heterosexual contact or other intimate encounters during travel
	Contact tracing; no secondary cases detected
	Supportive care, no antiviral treatment
	Clinical features (skin lesions, fever, lymphadenopathy), illness duration
	Mpox cases were mild to moderate, with no complications; heterosexual transmission observed; skin rash lasted 10 ± 2.68 days

	Bertran et al., 2023
	UK
	Case-coverage study
	At-risk GBMSM population in England
	363
	GBMSM, exposure to mpox cases
	MVA-BN single-dose vaccination
	None specified
	Vaccine effectiveness, symptoms
	Vaccine effectiveness was 78% (95% CI 54-89) against symptomatic mpox at least 14 days post-vaccination; effectiveness within 0-13 days was -4%.

	Ciccarese et al., 2023
	Italy
	Observational study
	Men aged 21-67 years, most identifying as MSM or bisexual, with MPX diagnosed by PCR
	16
	Unprotected sexual practices, multiple sexual partners, recent travel
	Screening for STIs, monitoring patients for symptoms
	Supportive care, management of anorectal pain, MPX-specific antiviral therapy (cidofovir) in one patient
	Clinical features (skin/mucosal lesions, systemic symptoms, concomitant STIs), hospitalization, antiviral therapy, clinical outcome
	Cutaneous and mucosal lesions were observed in 14/16 patients; most lesions were localized in the anogenital region; 4 patients required hospitalization for severe anorectal pain or superinfection; overall outcome was favorable

	Candela et al., 2023
	Italy (Milan)
	Observational study
	Individuals with suspected mpox from Sexual Health Clinic
	140
	MSM (96%), HIV infection (47%), travel abroad (25%), close contact with mpox (35%)
	None specified
	NSAIDs, antibiotics, antiviral drugs
	Symptoms, complications, hospitalization
	Predominant MSM population, common STI co-infection, most symptoms self-resolving; 6% hospitalization

	Choi et al., 2023
	South Korea
	Survey experiment
	General South Korean public, randomized sample
	1500
	Messaging on mpox targeting MSM as a risk group
	None specified
	Public health communication strategies
	Support for LGBTQ+ event restrictions, perceptions of mpox risk, willingness to vaccinate
	Emphasizing MSM as a risk group increased support for restricting LGBTQ+ events by 7 percentage points compared to control; no effect on support for restricting travel from Africa; no change in risk perception or vaccination willingness

	Tomita et al., 2023
	Japan
	Open-label, non-randomized study
	Individuals in close contact with mpox patients (all male, median age 42 years); some participants had comorbidities (e.g., HIV, diabetes, dyslipidemia)
	6
	Close contact with mpox patients, including mucous membrane contact and family cohabitation
	Post-exposure inoculation with "Freeze-dried cell culture Smallpox Vaccine LC16" within 14 days of contact
	Follow-up for 28 days, assessing mpox onset and adverse events; supportive care for side effects
	Incidence of mpox, severity, side effects, local skin reactions
	No mpox cases observed; all adverse events (rash, fever, lymphadenopathy, etc.) were non-severe; no ICU admissions, death, or severe complications

	Adler et al., 2022
	UK
	Retrospective observational
	Patients with confirmed mpox admitted to HCID centers between Aug 15, 2018, and Sept 10, 2021; includes a range of adults and one pediatric patient
	7
	Contact with infected individuals (e.g., travel history to endemic areas, nosocomial transmission)
	Personal protective equipment (PPE) for healthcare workers; smallpox vaccination
	Supportive care; antivirals (Brincidofovir, Tecovirimat); broad-spectrum antibiotics for complications
	Full recovery of all patients; hospitalization duration, complications
	Most patients experienced a mild course of illness with full recovery; brincidofovir caused elevated liver enzymes; tecovirimat showed promise in shortening hospital stay

	List of Abbreviations: ART: Antiretroviral Therapy; CI: Confidence Interval; GBMSM: Gay, Bisexual, and other Men who have Sex with Men; HCID: High Consequence Infectious Disease; HIV: Human Immunodeficiency Virus; ICU: Intensive Care Unit; LGBTQ+: Lesbian, Gay, Bisexual, Transgender/-sexual, Queer or Questioning; MPX: Mpox; MSM: Men who have Sex with Men; MVA-BN: Modified Vaccinia Ankara-Bavaria Nordic; NSAIDs: Non-Steroidal Anti-Inflammatory Drugs; PCR: Polymerase Chain Reaction; PEP: Post-Exposure Prophylaxis; PEPF: Post-Exposure Prophylaxis following first exposure; PEPL: Post-Exposure Prophylaxis within 14 days of last exposure; PK: Pharmacokinetics; PPE: Personal Protective Equipment; STIs: Sexually Transmitted Infections



In Japan, Akiyama et al. (2024) conducted a prospective observational study involving 19 male patients with mpox, 52.6% of whom were co-infected with HIV (11). The study found that early administration of tecovirimat significantly reduced viral shedding duration, although patients with HIV exhibited prolonged viral shedding. All patients ultimately recovered, and no adverse events were reported. Tempestilli et al. (2024), in a similar setting in Italy, observed 14 male patients with severe mpox, including six with HIV (12). They noted significantly lower plasma tecovirimat concentrations among HIV-positive individuals, but all patients recovered without differences in clinical outcomes.
In the USA, Rosen et al. (2024) evaluated the effectiveness of the JYNNEOS vaccine as post-exposure prophylaxis (PEP) for individuals exposed to mpox (13). Among the 594 participants, PEPL effectiveness was found to be 78% using a conventional method but only 19% when a target trial emulation method was used, highlighting the influence of analytical methods on effectiveness estimates. Additionally, PEPL and PEPF effectiveness varied significantly, with PEPF effectiveness estimated at 73% (conventional method) and -7% (target trial method) (13).
In Saudi Arabia, Assiri et al. (2023) performed a retrospective observational study of seven travel-related mpox cases among males aged 24 to 41 years (14). Transmission occurred through heterosexual contact and other intimate encounters while travelling. The illness presented as mild to moderate, with symptoms including skin lesions, fever, and lymphadenopathy, resolving without antiviral treatment. Importantly, no secondary cases were identified through contact tracing (14).
In the UK, Bertran et al. (2023) assessed the effectiveness of a single dose of MVA-BN vaccine in at-risk gay, bisexual, and other men who have sex with men (GBMSM) during an mpox outbreak (15). In their case-coverage study of 363 individuals, they found that the estimated vaccine effectiveness was 78% against symptomatic mpox at least 14 days post-vaccination, with effectiveness dropping to -4% within the first 0-13 days (15).
Ciccarese et al. (2023) performed an observational study on 16 men with mpox in Italy, most of whom were MSM or bisexual (16). They found a range of mucosal and cutaneous lesions, mainly in the anogenital region, with four patients requiring hospitalization for severe anorectal pain or soft tissue superinfection. Despite the complications, outcomes were favourable overall. Similarly, in Milan, Candela et al. (2023) studied 140 individuals from a sexual health clinic, finding that sexual transmission was predominant, and co-infection with other STIs was common. The majority of symptoms were self-resolving, though some patients required hospitalization (17).
Choi et al. (2023) conducted a survey experiment in South Korea, which highlighted the potential for stigma associated with public health communication (18). Emphasizing that MSM were at higher risk increased public support for restricting LGBTQ+ events, while no effect was observed for restricting travel from Africa. Interestingly, neither risk perception nor vaccination willingness were altered by the messaging (18).
Tomita et al. (2023) investigated the effects of a post-exposure inoculation with the LC16 smallpox vaccine in six male individuals in Japan who had been in close contact with mpox patients (19). No cases of mpox were observed, and while adverse events such as rash, fever, and lymphadenopathy were noted, they were all mild. No severe complications or ICU admissions occurred (19).
Finally, Adler et al. (2022) analyzed the clinical outcomes of seven patients admitted to high-consequence infectious disease (HCID) centers in the UK for confirmed mpox between 2018 and 2021 (20). Full recovery was observed in all patients, although some experienced complications such as elevated liver enzymes from brincidofovir treatment. Tecovirimat, on the other hand, was found to potentially shorten hospital stays.
Overall, the studies included in this systematic review revealed that mpox infection presented with a variety of clinical symptoms ranging from mild to moderate, often involving skin and mucosal lesions, and was frequently self-resolving. The use of vaccines (JYNNEOS and MVA-BN) showed promising protective effects, particularly for individuals at high risk, such as GBMSM. Early administration of tecovirimat was effective in reducing viral shedding and potentially limiting transmission, though prolonged viral shedding was noted in individuals with HIV. Co-infection with other STIs was common, particularly among MSM, necessitating integrated approaches to care in these populations. Furthermore, findings from Choi et al. highlighted the importance of culturally sensitive public health messaging to avoid stigma while targeting at-risk groups. Overall, these studies underscored the heterogeneity in clinical presentations, preventive measures, and management strategies, with effective treatments and preventive measures available, but also highlighted areas requiring further research, particularly in understanding transmission dynamics and optimizing public health responses.
Discussion
The findings of this systematic review highlight the significant variability in the clinical presentation, risk factors, preventive measures, and management strategies for mpox across different populations and settings. Mpox, while generally less severe than smallpox, still poses a considerable public health threat, especially in populations with high-risk factors such as immunocompromised individuals and those with increased exposure risk, like MSM populations and healthcare workers.
The reviewed studies indicate that mpox presents with a wide range of symptoms, from mild skin and mucosal lesions to severe anorectal pain requiring hospitalization (21). Notably, individuals with underlying conditions, such as HIV, tend to exhibit prolonged viral shedding and may experience more severe symptoms, highlighting the need for specialized management in these populations (22). Additionally, heterosexual transmission was documented in travel-related cases, which emphasizes that mpox is not limited to specific sexual networks but can affect a broader demographic.
The role of vaccines in preventing mpox is crucial, particularly in high-risk groups (23). The JYNNEOS and MVA-BN vaccines demonstrated substantial efficacy in reducing symptomatic mpox among exposed individuals. However, the effectiveness varied based on timing and method of analysis, indicating the importance of timely administration and robust evaluation of vaccine impact. The variability in vaccine effectiveness, particularly in different exposure contexts, underscores the need for further research to optimize vaccination strategies during outbreaks (24).
Tecovirimat, an antiviral used for mpox, showed promise in reducing viral shedding duration and potentially shortening hospital stays, particularly when administered early (25). Nevertheless, patients with HIV showed lower plasma concentrations of tecovirimat, raising questions about dose optimization in this subgroup. The absence of significant differences in clinical outcomes between HIV-positive and HIV-negative individuals treated with tecovirimat suggests that it remains an effective treatment, though additional research on pharmacokinetics in immunocompromised patients is warranted.
Supportive care remains a cornerstone of mpox treatment, with symptomatic relief through NSAIDs, antibiotics, and hydration being commonly employed (26). However, the presence of co-infections, particularly among MSM, highlights the need for integrated healthcare approaches that address both mpox and concurrent STIs (27). This is critical for ensuring comprehensive care and preventing further complications.
The review underscores the need for culturally sensitive public health communication strategies. Messaging that explicitly targets at-risk groups, such as MSM, must be handled carefully to avoid stigmatization, as demonstrated by the survey experiment in South Korea, which showed increased support for restricting LGBTQ+ events without enhancing risk awareness or vaccine uptake. To improve public health outcomes, communication should focus on education and inclusivity, ensuring that at-risk communities feel supported rather than marginalized.
The continued outbreaks of clades Ia and Ib in Africa, as well as the global spread of clade IIb, highlight the importance of international collaboration in addressing mpox (28). Effective outbreak management requires timely vaccination, robust surveillance, and targeted public health interventions to mitigate further spread. Additionally, the detection of mpox beyond Africa, particularly in non-endemic regions, points to the increasing need for vigilance in monitoring cross-border transmission (29).
Limitations and Future Directions
This review has several limitations that should be acknowledged. The variability in study design, population characteristics, and outcome measures across the reviewed studies limits the generalizability of the findings (30). Additionally, data on long-term outcomes and complications, particularly in vulnerable populations, remain scarce.
Future research should focus on understanding the long-term sequelae of mpox, optimizing vaccination strategies for different population subgroups, and improving the effectiveness of antiviral treatments in immunocompromised patients. There is also a need to expand surveillance and reporting in endemic areas to ensure that emerging trends in transmission and disease burden are identified promptly.
Conclusion
This systematic review highlights the key aspects of mpox, including its risk factors, preventive measures, and management strategies. Mpox presents with varying severity, from mild symptoms to severe complications, particularly in individuals with underlying conditions like HIV. High-risk populations, such as MSM and healthcare workers, benefit significantly from vaccination, with JYNNEOS and MVA-BN showing promise in reducing disease severity and spread. Early antiviral treatment, especially with tecovirimat, also helps in reducing viral shedding and disease duration, though challenges remain in optimizing its use for immunocompromised patients. Supportive care, integrated with targeted treatment, remains vital for managing both mpox and co-infections in these populations.
The findings emphasize the need for culturally sensitive public health strategies to avoid stigmatization while effectively targeting at-risk groups. Vaccination, timely treatment, enhanced surveillance, and international collaboration are crucial in managing current and future outbreaks. However, further research is needed to optimize therapeutic and preventive measures, particularly for vulnerable populations, and to address the variability in clinical outcomes. By combining inclusive public health messaging, effective medical interventions, and robust global cooperation, mpox can be better controlled and its impact minimized.
[bookmark: _Hlk192511329][bookmark: _Hlk187485061][bookmark: _Hlk194655630][bookmark: _Hlk209008097]
[bookmark: _Hlk204003461][bookmark: _Hlk209007716]Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

References
1. Ulaeto D, Agafonov A, Burchfield J, Carter L, Happi C, Jakob R, Krpelanova E, Kuppalli K, Lefkowitz EJ, Mauldin MR, de Oliveira T. New nomenclature for mpox (mpox) and mpox virus clades. The Lancet Infectious Diseases. 2023 Mar 1;23(3):273-5.
2. Henderson DA, Inglesby TV, Bartlett JG, Ascher MS, Eitzen E, Jahrling PB, Hauer J, Layton M, McDade J, Osterholm MT, O'Toole T. Smallpox as a biological weapon: medical and public health management. Jama. 1999 Jun 9;281(22):2127-37.
3. Vakaniaki EH, Kacita C, Kinganda-Lusamaki E, O’Toole Á, Wawina-Bokalanga T, Mukadi-Bamuleka D, Amuri-Aziza A, Malyamungu-Bubala N, Mweshi-Kumbana F, Mutimbwa-Mambo L, Belesi-Siangoli F. Sustained Human Outbreak of a New MPXV Clade I Lineage in the Eastern Democratic Republic of the Congo. Nature Medicine. 2024 Jun 13:1-.
4. Quek ZR, Ng SH. Hybrid-Capture Target Enrichment in Human Pathogens: Identification, Evolution, Biosurveillance, and Genomic Epidemiology. Pathogens. 2024 Mar 23;13(4):275.
5. Pinto P, Costa MA, Gonçalves MF, Rodrigues AG, Lisboa C. Mpox person-to-person transmission—where have we got so far? a systematic review. Viruses. 2023 Apr 28;15(5):1074.
6. Khalil A, Samara A, O'Brien P, Morris E, Draycott T, Lees C, Ladhani S. Mpox vaccines in pregnancy: lessons must be learned from COVID-19. The Lancet Global Health. 2022 Sep 1;10(9):e1230-1.
7. Rizk JG, Lippi G, Henry BM, Forthal DN, Rizk Y. Prevention and treatment of mpox. Drugs. 2022 Jun;82(9):957-63.
8. Nadar S, Khan T, Omri A. Reemergence of mpox: prevention and management. Expert Review of Anti-infective Therapy. 2022 Nov 2;20(11):1425-33.
9. Chakraborty S, Chandran D, Mohapatra RK, Alagawany M, Nahed A, Sharma AK, Chakraborty C, Dhama K. Clinical management, antiviral drugs and immunotherapeutics for treating mpox. An update on current knowledge and futuristic prospects. International Journal of Surgery. 2022 Sep 1;105:106847.
10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. bmj. 2021 Mar 29;372.
11. Akiyama Y, Morioka S, Tsuzuki S, Yoshikawa T, Yamato M, Nakamura H, Shimojima M, Takakusaki M, Saito S, Takahashi K, Sanada M. Efficacy and viral dynamics of tecovirimat in patients with MPOX: A multicenter open-label, double-arm trial in Japan. Journal of Infection and Chemotherapy. 2024 Jun 1;30(6):488-93.
12. Rosen JB, Arciuolo RJ, Pathela P, Boyer CB, Baumgartner J, Latash J, Malec L, Lee EH, Reddy V, King R, Real JE. JYNNEOS™ effectiveness as post-exposure prophylaxis against mpox: Challenges using real-world outbreak data. Vaccine. 2024 Jan 25;42(3):548-55.
13. Tempestilli M, Mondi A, D'Avolio A, Forini O, Pinnetti C, Mazzotta V, Gagliardini R, Beccacece A, De Nicolò A, Faccendini P, Cimini E. Pharmacokinetics of tecovirimat in subjects with Mpox. International Journal of Antimicrobial Agents. 2024 Feb 1;63(2):107068.
14. Assiri AM, Al-Tawfiq JA, Jokhdar HA, Algwizani AR, Albarraq AM, Alanazi KH, Alamri AH, Almohammadi EL, Abuhasan MY, Alserehi HA, Rebh FZ. Clinical features and outcome of human Mpox (Mpox) in Saudi Arabia: An observational study of travel-related cases. Journal of Infection and Public Health. 2023 Mar 1;16(3):341-5.
15. Bertran M, Andrews N, Davison C, Dugbazah B, Boateng J, Lunt R, Hardstaff J, Green M, Blomquist P, Turner C, Mohammed H. Effectiveness of one dose of MVA–BN smallpox vaccine against mpox in England using the case-coverage method: an observational study. The Lancet Infectious Diseases. 2023 Jul 1;23(7):828-35.
16. Ciccarese G, Di Biagio A, Bruzzone B, Guadagno A, Taramasso L, Oddenino G, Brucci G, Labate L, De Pace V, Mastrolonardo M, Broccolo F. Mpox outbreak in Genoa, Italy: Clinical, laboratory, histopathologic features, management, and outcome of the infected patients. Journal of medical virology. 2023 Feb;95(2):e28560.
17. Candela C, Raccagni AR, Bruzzesi E, Bertoni C, Rizzo A, Gagliardi G, Canetti D, Gianotti N, Mileto D, Gismondo MR, Castagna A. Human mpox experience in a tertiary level hospital in Milan, Italy, between May and October 2022: epidemiological features and clinical characteristics. Viruses. 2023 Mar 2;15(3):667.
18. Choi Y, Fox AM. Communities at risk for Mpox and stigmatizing policies: a randomized survey, Republic of Korea, 2022. American Journal of Public Health. 2023 Oct;113(10):1120-7.
19. Tomita N, Terada-Hirashima J, Uemura Y, Shimizu Y, Iwasaki H, Yano R, Suzuki T, Saito S, Okumura N, Sugiura W, Ohmagari N. An open-label, non-randomized study investigating the safety and efficacy of smallpox vaccine, LC16, as post-exposure prophylaxis for mpox. Human Vaccines & Immunotherapeutics. 2023 Aug 1;19(2):2242219.
20. Adler H, Gould S, Hine P, Snell LB, Wong W, Houlihan CF, Osborne JC, Rampling T, Beadsworth MB, Duncan CJ, Dunning J. Clinical features and management of human mpox: a retrospective observational study in the UK. The Lancet Infectious Diseases. 2022 Aug 1;22(8):1153-62.
21. Ramakrishnan R, Shenoy A, Madhavan R, Meyer D. Mpox gastrointestinal manifestations: a systematic review. BMJ Open Gastroenterology. 2024 Jan 1;11(1):e001266.
22. Lum FM, Torres-Ruesta A, Tay MZ, Lin RT, Lye DC, Rénia L, Ng LF. Mpox: disease epidemiology, host immunity and clinical interventions. Nature Reviews Immunology. 2022 Oct;22(10):597-613.
23. Malik S, Ahmad T, Ahsan O, Muhammad K, Waheed Y. Recent developments in mpox prevention and treatment options. Vaccines. 2023 Feb 21;11(3):500.
24. Martínez-Fernández DE, Fernández-Quezada D, Casillas-Muñoz FA, Carrillo-Ballesteros FJ, Ortega-Prieto AM, Jimenez-Guardeño JM, Regla-Nava JA. Human Mpox: a comprehensive overview of epidemiology, pathogenesis, diagnosis, treatment, and prevention strategies. Pathogens. 2023 Jul 18;12(7):947.
25. Li P, Li J, Ayada I, Avan A, Zheng Q, Peppelenbosch MP, de Vries AC, Pan Q. Clinical features, antiviral treatment, and patient outcomes: a systematic review and comparative analysis of the previous and the 2022 mpox outbreaks. The Journal of Infectious Diseases. 2023 Aug 15;228(4):391-401.
26. Witzel TC, Ghobrial A, Palich R, Charles H, Rodger AJ, Sabin C, Sparrowhawk A, Pool ER, Prochazka M, Vivancos R, Sinka K. Experiences of mpox illness and case management among cis and trans gay, bisexual and other men who have sex with men in England: a qualitative study. EClinicalMedicine. 2024 Apr 1;70.
27. Gopalappa C, Balasubramanian H, Haas PJ. A new mixed agent-based network and compartmental simulation framework for joint modeling of related infectious diseases-application to sexually transmitted infections. Infectious Disease Modelling. 2023 Mar 1;8(1):84-100.
28. Acosta-España JD, Bonilla-Aldana DK, Luna C, Rodriguez-Morales AJ. The Resurgence of Mpox: A New Global Health Crisis. Le infezioni in medicina. 2024 Sep 1;32(3):267-71.
29. El Dine FB, Gebreal A, Samhouri D, Estifanos H, Kourampi I, Abdelrhem H, Mostafa HA, Elshaar AG, Suvvari TK, Ghazy RM. Ethical considerations during Mpox Outbreak: a scoping review. BMC Medical Ethics. 2024 Jul 22;25(1):79.
30. Savović J, Jones HE, Altman DG, Harris RJ, Jüni P, Pildal J, Als-Nielsen B, Balk EM, Gluud C, Gluud LL, Ioannidis JP. Influence of reported study design characteristics on intervention effect estimates from randomized, controlled trials. Annals of internal medicine. 2012 Sep 18;157(6):429-38.
31. Lu, J., Xing, H., Wang, C., Tang, M., Wu, C., Ye, F., ... & Shen, L. (2023). Mpox (formerly monkeypox): pathogenesis, prevention and treatment. Signal Transduction and Targeted Therapy, 8(1), 458.
32. Adetifa, I., Muyembe, J. J., Bausch, D. G., & Heymann, D. L. (2023). Mpox neglect and the smallpox niche: a problem for Africa, a problem for the world. The Lancet, 401(10390), 1822-1824.
33. A. C. Ifediora, and V. O. Itaman. 2022. “Monkey Pox Virus: A Re-Emerging Potential Healthcare Threat”. Asian Journal of Research in Infectious Diseases 11 (1):1–8. https://doi.org/10.9734/ajrid/2022/v11i130299.




image1.png
g
g Studi

e identi tudies removed before
3 Studies identified from ersenine:

databases: —> &

, Duplicate records removed
g n=864 P
g (@=19)
=

l

Included

Studies screened:

Studies excluded:
(n = 814): Did not meet
inclusion criteria

(n=845)
!

Studies sought for retrieval:

@=31)
!

Studies assessed for eligibility
(n=31)

Studies excluded:
(n=21); met exclusion eriteria

Studies included:
(n=10)





