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Mpox (Monkeypox) is a highly contagious viral disease that can be transmitted from animal-to-human or human-to-human through intimate contact, Mpox is caused by the monkeypox virus (MPXV), which is an enveloped double-stranded DNA that belongs to the genus Orthopoxvirus, Poxviridae family, and subfamily Chordopoxvirinae. Mpox cases were previously only reported in West and Central Africa, however in recent times non-endemic countries including Saudi Arabia (SA) also reported confirmed Mpox cases. The first laboratory-confirmed human Mpox case in SA was reported on 14 July 2022, since then a number of confirmed Mpox cases have been reported by WHO in SA. These confirmed Mpox cases in SA were observed among individuals with a history of visiting European Union countries. SA is not only at risk of importation of Mpox cases owing to travel to such countries, but also there are various other risk factors including geographic proximity to the African continent, trade in exotic animals, and massive inflow of tourists. Therefore, government health authorities of SA should continue to collaborate with various international health organizations including WHO to prevent, manage or monitor potential health risks at most of the entry points in SA including highways, seaports, and airports by ensuring adherence to hygiene protocols, vaccinations, and health screenings. There are a range of diagnostic tests are currently available that can be used in SA to confirm Mpox infections, including real-time PCR, loop-mediated isothermal amplification, serological testing, clustered regularly interspaced short palindromic repeat-CRISPR-associated protein (CRISPR-Cas)-based systems, whole-genome sequencing, electron microscopy, and virus isolation and culture. There is no approved treatment specifically for Mpox, however multiple approved antiviral agents for smallpox treatment were found to be useful in Mpox treatment and in the management of Mpox outbreaks, such as- trifluridine, brincidofovir, tecovirimat, and cidofovir. The aim of this review is to provide valuable insights regarding virology, pathogenesis, epidemiology, transmissions, clinical presentation, diagnostic tests, prophylactic measures and therapeutic options of Mpox from SA perspective. Moreover, a side-by-side discussion on the global trend and scenarios of Mpox has been provided for comparison and further improvement in measures against Mpox in SA.
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1 Introduction

Mpox (previously known as monkeypox) is a viral infectious disease caused by the Mpox virus (MPXV), which is an enveloped double-stranded DNA virus that belongs to the Poxviridae family of the genus Orthopoxvirus (Mohapatra et al., 2024). MPXV infects a range of animals including non-human primates, such as monkeys, dogs, squirrels, rodents, and others. In 1958, Mpox was first identified in monkeys reserved for research in an animal facility in Denmark (Parker and Buller, 2013). Humans are accidental hosts of MPXV and the first human Mpox case was documented in the Democratic Republic of the Congo (DRC) in 1970 (Mohapatra et al., 2024). Mpox cases were initially common in the African countries including DRC, Sierra Leone, Liberia, Central African Republic, South Sudan, Gabon, Nigeria, and Cameroon (Suvvari et al., 2023). However, an increased number of human cases of Mpox was reported in all 5 continents in 2022. Both U.S. Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO) have classified Mpox as an emerging disease because of its rapid dissemination and high infectivity (Islam et al., 2023). In addition, between July 2022 and May 2023, WHO declared Mpox as a Public Health Emergency of International Concern (Kuehn et al., 2024). From 1 January 2022 to 11 October 2024, the WHO has already reported 106,310 laboratory-confirmed Mpox cases and 234 deaths in 123 countries (World Health Organization, 2024a).

Over the past four decades, multiple factors have contributed in the increased incidences of the Mpox outbreak. Smallpox immunization program discontinuance is one such factor. It has been demonstrated that the smallpox vaccine can provide up to around 85% effectiveness in preventing Mpox. Extensive intake of animal meat as a protein source particularly in the civil war and poverty-stricken regions, where the animal is a potential reservoir of MPXV. Other factors that are playing a role in increasing Mpox cases include elevated exposure to reservoir animals, environmental and ecological conditions (for example- clearance of tropical rainforests), the ease of transboundary travel, and the growing human population worldwide (Dhawan et al., 2022; Fahrni et al., 2022; Priyanka et al., 2023a, 2023b; Choudhary et al., 2024; Mohapatra et al., 2024). Interestingly, various meteorological factors also play a major role in Mpox cases, where temperature is found to be positively linked with Mpox cases and wind speed is negatively linked (Islam et al., 2022b, 2024). There is also a link between Mpox cases and obesity, where increased occurrence of Mpox has been observed in obese individuals (Hasan et al., 2023).

Mpox was previously only reported in West and Central Africa, however in recent times non-endemic countries also reported confirmed Mpox cases including the Saudi Arabia (SA) and its neighboring countries (Assiri et al., 2024). The first laboratory-confirmed human Mpox case in SA was reported on 14 July 2022 and a total of 8 confirmed Mpox cases were reported by WHO as of 30 June 2024 (Assiri et al., 2023; World Health Organization, 2024a). In SA, confirmed Mpox cases were observed among individuals with a history of visiting European Union countries. SA is not only at risk of importation of Mpox cases owing to travel to such countries, but also there are various other risk factors including geographic proximity to the African continent, trade in exotic animals, and massive inflow of tourists. Moreover, unlike earlier outbreaks, it has been observed that there is also a change in the nature of Mpox epidemiology and an increased number of older and middle-aged adults are being affected by this infectious disease (Bunge et al., 2022). Since WHO has declared Mpox as a health emergency, therefore the Ministry of Health (MOH) in SA has developed some guidelines and preventive measures to prevent the spread and transmission of MPXV including targeted use of the 2nd or 3rd-generation Mpox or smallpox vaccines, the use of typical polymerase chain reaction (PCR) techniques, timely screening with nucleic acid amplification testing (NAAT), and tracing and isolating Mpox affected individuals (Alshahrani et al., 2022b). This review aims to provide valuable insights regarding virology, pathogenesis, epidemiology, transmissions, clinical presentation, diagnostic tests, prophylactic measures and therapeutic options of Mpox from SA perspective. Moreover, a side-by-side discussion on the global trend and scenarios of Mpox have been provided for comparison and further improvement in measures against Mpox in SA.




2 Virology of MPXV



2.1 Classification

MPXV is an enveloped double-stranded DNA that belongs to the genus Orthopoxvirus, Poxviridae family, and subfamily Chordopoxvirinae. MPXV is closely related to cowpox virus, vaccinia virus (VACV), and variola virus (Bunge et al., 2022). Clade I or Congo Basin clade and Clade II or West African clade are the 2 distinct MPXV phylogenetic clades. There are 2 subclasses of Clade II including Clade IIa and Clade IIb. In general, the genomic sequences of Clade I and Clade II derived MPXV strains show an overall 99% identity of nucleotides within the same region, while 95% nucleic acid identity across different geographical clusters (Liang et al., 2022).




2.2 Genomic organization and morphology of MPXV

The genome of MPXV is around 197,000 kb and possesses over 190 open reading frames (ORFs), with inverted terminal repeats flanking the terminal ends (Figure 1). A minimum of 90 ORFs are essential for the poxvirus replication and morphogenesis. A number of non-essential ORFs are supposed to have a significant contribution in the alterations in poxvirus host tropism, pathogenesis, and immunomodulation, while the functions of most of the ORFs are yet to be characterized. The virions of MPXV have an average size of 280 nm × 220 nm and they are either oval or barrel-shaped. A unique dumbbell-shaped nucleoprotein core is present in poxvirus mature particles and they contain a large genome composed of double-stranded linear DNA. Moreover, MPXV virions possess virus-encoded DNA-dependent RNA polymerases and more than 30 viral structural and membrane proteins (Yu et al., 2023). Essential orthopoxvirus (OPV) genes are found in the central portion of the MPXV genome. Nonetheless, as compared to the genomes of other OPVs, a small number of ORFs are either truncated or lost in the genome of MPXV. Multiple disrupted ORFs encoding genes associated with immune evasion have been reported in Clade II, where these mutations might be responsible for the lesser virulence of Clade II in comparison with Clade I (Reynolds and Damon, 2012).




Figure 1 | Genomic organization and morphology of MPXV. Reproduced with permission from Elsevier, (Karagoz et al., 2023).



The extracellular enveloped virus (EEV) and intracellular mature virus (IMV) are the 2 different infectious MPXV forms. These infectious forms are also different in terms of cell-infecting mechanisms and surface glycoproteins. IMV is released during cell lysis, while EEV is accountable for early dispersal. The major structural difference between EEV and IMV is that the additional outermost membrane layer is not present in IMV. There is also a difference in the quantities of viral proteins incorporated into the 2 types of virions (Yu et al., 2023). MPXV replicates through a complex process, however it is generally thought to be similar to that of other OPVs. The entry receptors of MPXV are yet to be fully discovered. Nonetheless, it is supposed that the entry of MPXV is reliant on host cell type as well as viral strain as well as involves many surface receptors including chondroitin sulfate or heparan sulfate (Pickup, 2015).





3 Epidemiology of MPXV



3.1 Global epidemiology

During the time of initial identification, 282 human cases were reported in Zaire between 1980 and 1985. The age range of the affected individuals was from 1 month to 69 years, where 90% of them were under 15 years of age. However, there was an 11% mortality rate in unvaccinated patients along with an increased rate in children (15%), while no death was reported in vaccinated individuals (Karagoz et al., 2023). A study also reported an increased case fatality rate among the young children as compared to general population (Islam et al., 2022a). Immunization against smallpox typically provides protection against Mpox, however smallpox eradication and consequent reduction in the vaccination campaign hindered the cross-protective immunity against Mpox. Lack of proper MPXV reporting from rural Africa leads to an underestimated threatening potential of MPXV. Following an under-reported period of 39 years in Nigeria’s Bayelsa State, MPXV re-emerged in 2017, which was then supposedly exported to Israel and other countries through travelers. Subsequently, the number of Mpox cases were increased in 2018 and 2019. A number of factors played a role in the MPXV outbreak outside Africa including direct contact with infected monkeys, travelling, shipping, and importation, or susceptible populations with a risk of contracting Mpox. Moreover, smallpox vaccine cessation might also have contributed in increased MPXV transmission from human-to-human. MPXV outbreaks outside Africa indicate the global connection of Mpox infection. Thus, measures are needed to promote diagnosis and monitoring to find out the fluctuating epidemiology of Mpox (Bunge et al., 2022). Mpox not only affected Africa, but also developed countries. In the U.S., two Mpox cases were observed the persons who returned from Nigeria to Texas in July 2021. On May 6, 2022, a British man was also found to be Mpox infected, after his visit to Nigeria. As of September 24, 2024, more than 106 thousand confirmed cases, including in Europe and North America, have been reported. Mpox is commonly detected in western and central Africa; however Mpox cases have been reported in developed countries as well, which indicates that MPXV is spreading globally. According to WHO definitions, a suspected case is someone who is a contact of a confirmed or probable Mpox case in the 21 days before the onset of symptoms or signs including fatigue, profound weakness, back pain, myalgia, headache, acute onset of fever (>38.5°C) (World Health Organization, 2024b). On the other hand, a probable case is someone who exhibits lymphadenopathy, mucosal lesions, unexplained acute skin rash, and has a positive test result for orthopoxviral infection, had several and/or casual sexual partners in the 3 weeks before onset of symptoms, and has an epidemiological link to a confirmed or probable case of Mpox in the 21 days before onset of symptoms (World Health Organization, 2024b). A confirmed Mpox case requires laboratory-confirmed Mpox virus by detection of unique Mpox DNA sequences through real-time PCR (RT-PCR) and/or sequencing (World Health Organization, 2024b). All MPXV-infected cases took place because of travelling to Africa or through animal shipping. In the U.S. alone, around 29,980 probable and confirmed cases and 80 mortalities have been reported. Collectively, these findings suggest that Mpox is a global threat, which further indicates the necessity of developing a strategic plan to avert Mpox from becoming a pandemic (Karagoz et al., 2023).




3.2 Saudi Arabia epidemiology

Limited data is available regarding Mpox epidemiology in SA. Assiri et al (Assiri et al., 2024). investigated the continued Mpox occurrence in SA after removal of public health emergency (between July 2022 and May 2023) of Mpox by WHO (Assiri et al., 2024). The researchers investigated 381 cases of Mpox in SA from May to September 2023. They found that 91.1% of the Mpox-affected individuals are males with an average age of 32.4 (± 8.3) years. Out of 381 individuals, 379 (99.5%) individuals were not associated with secondary cases, 277 (72.7%) individuals refused engagement in extra-marital sex, and 356 (93.4%) of them did not report travelling. Headache was experienced by 314 (82.4%) individuals, while fever was present in 371 (97.4%) cases. In terms of lesions, the most commonly affected areas include the mouth (160 cases, 42%), face (198 cases, 52%), genitals (206 cases, 54%), and palms and soles (297 cases, 78%). All of the genotyped samples were found to be subclade IIb (Assiri et al., 2024). In a different study at King Saud Medical City (KSMC), Dar et al. provided a detailed report of 16 confirmed Mpox cases detected in Riyadh, SA between June and September 2023. The diagnosis and management of confirmed and suspected cases were carried out by following guidelines developed by Saudi Public Health Authority (Weqaya) (Ministry of Health, 2023), Among these 16 laboratory-confirmed cases, 2 were Saudi, 9 Pakistani, 2 Bangladeshi, 2 Indian and one Yemini. In addition, 14 out of 16 affected individuals are migrant workers in SA for over 1 year. The average age of the confirmed individuals was 33.9 years and 15 of them were males. No mortality or substantial complications were reported among the patients (Dar et al., 2023).





4 Pathogenesis of MPXV

Mpox is a highly contagious disease that can be transmitted from animal-to-human or human-to-human through close contact of any kind, which is regarded as the first step in the pathogenesis and pathogenicity of MPXV. There are several ways through which MPXV can be transmitted from person to person. Different modes of transmission have been further discussed in the “Transmission of MPXV” section. The entry of MPXV particles into host cells is the first step of viral pathogenesis in humans. A number of studies have been carried out to elucidate the interaction between MPXV and response of host cells, which suggests significant genetic diversity in the clade-specific genes across Clade I and II. Indeed, this variation plays a role in the pathogenicity showed by these entities. MPXV genome is composed of several genes that are responsible for encoding host-response modifier proteins. Mpox inhibitor of complement enzymes (MOPICE) are considered as the virulence factors of MPXV. It has been observed that the MOPICE protein has a significant contribution in elevating pathogenicity in the case of Clade I, while Clade II is lacking this protein. In the human body, MPXV can be introduced through various routes, such as intradermal routes, respiratory routes, or during sexual intercourse (Choudhary et al., 2022a). On August 17, 2024, The Public Health Authority (Weqaya) released a statement that no Clade I case has been detected in SA (Abid, 2024). The MPXV multiplies at the site of inoculation and then spreads into blood, lymph nodes, bone marrow, spleen, and tonsils, which eventually results in primary viremia and MPXV transportation into skin and testes (Hatmal et al., 2022). It has been revealed by in vivo studies that the primary sites of MPXV replication include lymphoid tissues in the throat and neck. Following this primary MPXV replication, it further infects the liver and spleen (Lum et al., 2022). MPXV also infects Langerhans cells, dendrites, and macrophages (Figure 2), which eventually results in inflammation of keratinocytes and fibroblasts (Cann et al., 2013). MPXV enters or invades the host cells either through macropinocytosis or a fusion mechanism. Indeed, the MPXV entry and release mechanisms are complicated owing to the co-occurrence of two different viral forms including IMV and EEV, which are enclosed by diverse lipid bilayers and show characteristic surface proteins (Saied et al., 2022a; Islam et al., 2023).




Figure 2 | Pathogenesis of MPXV and current antiviral drug targets. Reproduced with permission from Elsevier, (Singh et al., 2024). (A) The figure shows the MPXV interaction with respiratory epithelia or skin. (B) After the initial MPXV-caused infection, the virus is transported via the lymphatic pathways to the draining lymph nodes. (C) MPXV mainly uses the micropinocytosis process to enter the host cells, which includes engulfing MPXV via the host cell membrane to generate an internal cyst. (D) MPXV can cause infection in various major organs including the thymus, spleen, and liver, where secondary viral replication can occur. Then the secondary viremia can result in the dissemination of MPXV in various distant organs including the intestines, kidneys, and lungs. The final spread can result in elevated disease severity and extensive organ involvement (Singh et al., 2024).






5 Transmission of MPXV

Some primates and rodents in central Africa serve as the natural Mpox hosts. Early MPXV infections took place owing to contact with infected animals, such as consumption of undercooked meat or exposure to tissues, body fluids, and mucous membranes. In addition, MPXV transmission can take place via bites or scratches from infected animals. Direct contact with respiratory droplets from infected persons is thought to be responsible for MPXV human-to-human transmission (Upadhayay et al., 2022; Beeson et al., 2023). Moreover, vertical transmission of MPXV can take place from infected mothers to their infants (Adler and Taggart, 2022; Billioux et al., 2022). Unlike previous Mpox outbreaks, the recent outbreak was the major reported Mpox outbreak outside of Africa. Previously, MPXV infection was only observed following traveling to Mpox-affected counties or after contact with infected animals (Kumar et al., 2023). Nonetheless, most of the confirmed Mpox cases of the current outbreak are not linked with travelling or direct contact with infected animals, but rather linked with sexual intercourse between individuals. Furthermore, it was observed that most of the Mpox cases were detected in bisexual or homosexual males. It has also been reported that 98% of the Mpox cases were observed among bisexual or homosexual males and 41% of them had co-infection with human immunodeficiency virus (HIV). Moreover, 73% of the lesions were observed in the genital and anal regions (del Rio and Malani, 2022). Substantial challenges for accurate diagnosis are faced because of this prolonged incubation period, which can further result in further MPXV transmission, disease progression, and delayed medical attention (Accordini et al., 2023; Lu et al., 2023; Reda et al., 2023).




6 Clinical presentation

Mpox infections can widely vary ranging from self-limiting and mild illness to a severe form of the disease in immunocompromised individuals with life-threatening conditions (Gessain et al., 2022; Mitjà et al., 2022; Titanji et al., 2022). The average MPXV incubation period ranges from 2 days to 3 weeks. On the other hand, the average incubation period during the clade IIb outbreak was found to range from 7-10 days (Miura et al., 2022; Tarín-Vicente et al., 2022). After an asymptomatic incubation period and before the appearance of a rash, Mpox patients usually have prodromal symptoms for 1-5 days including headache (25%-55%), malaise (23%-57%), myalgias (31%-55%), lymphadenopathy (56%-86%), and fever (62%-72%) (Patel et al., 2022; Philpott et al., 2022; Tarín-Vicente et al., 2022). Nonetheless, the timing of prodromal symptoms was found to be variable during the 2022 clade IIb outbreak, which arose after, before, or during the occurrence of the rash or other presenting symptoms (for example- proctitis) (Patel et al., 2022; Titanji et al., 2024). Painful skin lesion is the most common Mpox clinical feature that consistently advances through four distinct stages over two to four weeks. Typically, lesions start as macules and develop into pustules, vesicles, and papules, which desquamate and crust in the final stage. Individuals with Mpox remain infectious from the onset of clinical symptoms till all skin lesions are re-epithelialized, which usually takes up to four weeks. Mpox rash typically takes place in a centrifugal distribution, where lesions are observed in limbs, trunk, and face. Nonetheless, in the recent global outbreak, MPXV transmission predominantly occurred through sexual contact, which often resulted in anogenital and genital (36%-73%) as well as oral and perioral lesions (14%-25%), along with painful mucosal lesions at any site, limited (median number of 10) lesions, and nonuniform development of lesions (Patel et al., 2022; Thornhill et al., 2022; Titanji et al., 2024). Other complications including ocular disease, urethritis, pharyngitis (13%-36%), and proctitis (14%-36%) were also observed in Mpox individuals (Patel et al., 2022; Thornhill et al., 2022; Titanji et al., 2024). In addition, less than 5% of Mpox individuals show mucosal symptoms (pharyngitis or proctitis) without skin lesions or a single skin lesion without other symptoms. In healthcare workers, localized single lesions were reported at the site of a needle-stick injury (Choi et al., 2023; Titanji et al., 2024).




7 Mpox scenario in Saudi Arabia

In SA, the first laboratory-confirmed human Mpox case was reported on 14 July 2022 in Riyadh and a total of 8 confirmed cases as of 30 June 2024. Indeed, preventive measures are essential to prevent the MPXV transmission, which will further prevent an upcoming pandemic (Shoaib, 2023). In the beginning, there were no explicit guidelines for monitoring and regulating the transmission of MPXV in SA (Meo et al., 2022a). However, subsequently the Saudi Arabian MOH developed guidelines and implemented measures to control and monitor MPXV transmission in SA (Ajman et al., 2022). Saudi Arabian MOH contributed significantly in implementing and coordinating steps to regulate the COVID-19 pandemic in SA through international collaborations, vaccination campaigns, public communication, resource allocation, policy decisions, and influential leadership, which further resulted in decreased severe acute respiratory syndrome coronavirus 2 (SARS−CoV−2) transmission and eventually protected public health (Kamarudin et al., 2023; Hershan, 2024).

In a similar manner, Saudi Arabian MOH also has taken measures to control the spread of MPXV (Alshahrani et al., 2022a). If there is any suspected or confirmed Mpox case, it is more likely that MOH will take various preventive measures including contact tracing, isolation of the infected individuals, and monitoring of healthcare workers who might have come into the contact of MPXV. MOH has also conducted various public awareness campaigns to raise public awareness regarding the Mpox signs and symptoms in order to prevent Mpox transmission. Moreover, MOH has also considered offering the smallpox vaccines to high-risk populations, including healthcare professionals and people travelling to regions or countries where Mpox is endemic (Ajman et al., 2022). In a study in SA, Alshahrani et al (Alshahrani et al., 2022b). assessed the knowledge level of doctors about the Mpox. They reported that participant doctors exhibited highest knowledge level in clinical presentation 69.3% and disease transmission 70.4%. Nonetheless, the participants showed a lower level of knowledge (49.5%) in control and preventive measures. In addition, most of the participants showed positive attitudes toward controlling and preventing MPXV, where 84.1% of participants believed that with appropriate preventive measures, Mpox could be effectively controlled. Collectively, these findings suggested that it is essential to ameliorate the knowledge level of Saudi Arabian healthcare professionals regarding Mpox for effective control and prevention. Moreover, these measures not only will facilitate early identification and management of Mpox cases, but also the prevention of Mpox outbreaks (Shoaib, 2023).

In a different study, Meo et al (Meo et al., 2022a). assessed the attitudes, knowledge, awareness, public perception, and acceptance of immunization against pandemic threats including Mpox among 1020 study participants from Riyadh, SA. The researchers summarized that an increased number of study participants in favor of vaccination campaigns (62.8%) and implementation of preventive measures (43.7%) against Mpox. Therefore, improving public awareness and increased availability of information regarding Mpox are like to have significant contributions in strengthening the community to combat MPXV infections and lower the impact of Mpox in SA. Over 1.8 million pilgrims visited SA to perform Hajj and Umrah in 2023 alone, therefore it was challenging for responsible authorities to screen each traveler. Therefore, government health authorities of SA should strongly collaborate with various international health organizations including WHO to prevent, manage or monitor potential health risks at most of the entry points in SA including highways, seaports, and airports by ensuring adherence to hygiene protocols, vaccinations, and health screenings (Ajman et al., 2022; Shoaib, 2023).




8 Diagnostic testing for MPXV that can be used in Saudi Arabia



8.1 Real-time PCR

Any person satisfying the definition of a suspected case ought to be offered testing as per the guidelines of the U.S. CDC and WHO. In the case of lab-based diagnosis of Mpox, RT-PCR is regarded as the gold standard diagnostic method for samples derived from either wild animals or parents (Kulesh et al., 2004). A number of RT-PCR assays have been established for MPXV diagnosis after the emergence of Mpox. These RT-PCR methods have been developed for different targets in the MPXV genome including N3R, B6R, F3L, B7R, G2R, and TNF receptor gene. Clinical samples were used to evaluate the diagnostic validation. Most of the RT-PCR tests have a limit of detection (LoD) in the range of 250 to 10 copies per reaction (Shchelkunov et al., 2011). U.S. Food and Drug Administration (FDA) has granted emergency use authorization of 7 RT-PCR-based tests so far (da Silva et al., 2023).




8.2 Loop-mediated isothermal amplification

Although RT-PCR is regarded as the gold standard diagnostic method for Mpox, there are several drawbacks of these methods, such as the need for consistent access to electricity, technical expertise, long sample processing time, and usage of an advanced thermocycler for identification and amplification of MPXV genome (da Silva et al., 2019; Matthews et al., 2020; da Silva et al., 2021). Therefore, RT-PCR is inappropriate for dispersed applications, especially in middle- and low-income countries (da Silva et al., 2019). Easy-to-use as well as reliable assays and Point-of-Care Testing (POCT) are required to combat Mpox, particularly as the Mpox circulates in middle- and low-income countries. Considering all these issues, isothermal techniques including loop-mediated isothermal amplification (LAMP) might be the most outstanding methods for rapid Mpox detection (Da Silva et al., 2020a, 2020b). LAMP is a powerful, simple, low-cost, and rapid technique for rapid nucleic acid amplification at an isothermal and single temperature (for example- 60–65°C), which indicates that this method can be performed without the need for expensive equipment. Collectively, these features are extremely preferable for POCT usage in areas with limited laboratory facilities (da Silva et al., 2023).




8.3 Serological testing

When a test is carried out in isolation, it is advised to use serology for the clinical MPXV diagnosis to detect antibodies in serum or plasma (Gilchuk et al., 2016). The effectiveness of serological tests specific for MPXV is decreased via the potential for cross-reactivity with antibodies against other OPVs and those exhibited via vaccination, whether historical or recent. Therefore, it is indicated that serological testing should be limited to reference laboratories till further validation is given for the usage of serological or antibody-detecting POCTs outside such settings. When a serologically validated testing facility is available within a reference laboratory, the IgM detection in recently acutely ill individuals or IgG detection in paired serum specimens obtained at least 3 weeks apart from the initial sample collection during the first week of illness can enhance the accuracy of the diagnostic method, when results of other tests are inconclusive (Dubois et al., 2012). In the diagnostic framework, this technique highlights the importance of serology and its potential uses in certain conditions and within the limits of application standards and rigorous validation (Branda et al., 2024).




8.4 CRISPR/Cas-based systems

CRISPR-Cas systems are alternative emerging approaches of nucleic acid detection techniques that have simple device structure, high sensitivity and specificity, and outstanding compatibility with several methods for readout including fluorescence or lateral flow assays (LFAs) (Gootenberg et al., 2017, 2018; Broughton et al., 2020; De Puig et al., 2021; Kaminski et al., 2021). Extensive advancement has been achieved in the design of molecular diagnostic-based approaches by utilizing CRISPR/Cas components (Kaminski et al., 2021). The CRISPR/Cas systems detect viral nucleic acids based on their DNA or RNA sequences and then eradicate them by utilizing Cas enzyme-associated endonuclease function (Kaminski et al., 2021). The two groups of CRISPR systems were rapidly utilized for diagnostic purposes including DNA endonuclease-targeted CRISPR trans reporter (DETECTR) and specific high-sensitivity enzymatic reporter unlocking (SHERLOCK) (Gootenberg et al., 2018; Broughton et al., 2020; da Silva et al., 2023). Several studies already reported the potential of CRISPR-Cas systems in the detection of Mpox (Siegrist et al., 2020; Low et al., 2023; Zhao et al., 2023).




8.5 Whole-genome sequencing

WGS is a powerful, next-generation, and comprehensive sequencing technology that sequences the entire genome of an organism. WGS is considered as the most precise method in distinguishing MPXV from other OPVs, which provides extensive coverage of pathogens beyond other molecular techniques (Farlow et al., 2010). This method also promotes advanced virological study, allows comprehensive bioinformatic investigations, and the design as well as development of relevant immunoassays. WGS is a powerful method for detecting unknown transmission chains, specific genetic variants and strains, and possibly revealing the origin of an outbreak (Sharma et al., 2022; Vazquez et al., 2024). genetic evolution of MPXV can also be traced by analyzing WGS data, which can provide more data on MPXV adaptation across varied environments and hosts as well as detection of genetic markers for severe disease manifestations or antiviral resistance. Furthermore, WGS allows high-resolution mapping of MPXV biogeography and phylogeny and deducing patterns of the MPXV migration by comparing genome sequences derived from a range of outbreaks. There is a growing interest on WGS because of its potential in epidemiologic research, vaccine development, disease treatment, and development of targeted outbreak control and prevention approaches. Nonetheless, operational cost of WGS is high and it needs extensive computational resources, which restricts its uses in large-scale testing. There are several challenges in WGS applications, such as scientific, ethical, and practical considerations, as well as the requirement of thoughtful policymaking and constant development. Thus, WGS is not suitable as POCT because of these limitations. WGS mainly benefits specific case investigations and research initiatives as well as the creation of MPXV databases to enhance findings (Branda et al., 2024).




8.6 Electron microscopy

Electron microscopy can mediate the visual detection of potential MPXV within specimens. Nonetheless, because of the need for expensive research facilities, the requirement of specific technical expertise, and the emergence of more available molecular methods, this method is not widely used in MPXV diagnosis (Gentile and Gelderblom, 2005). Therefore, electron microscopy is not routinely used in the diagnosis of poxviruses (Branda et al., 2024).




8.7 Virus isolation and culture

Virus isolation and culture are time-consuming approaches that can be useful in diagnosing Mpox. This method can provide comprehensive characterization via sequencing, which can provide vital insights crucial for the developments of clinical applications, vaccines, research methodologies, and antiviral testing (Reed et al., 2004). MPXV isolation from important cases can mediate outbreak investigation and control measures via detecting the MPXV origin, reconstructing transmission chains, and pinpointing mutations via phenotypic and genomic comparisons among isolates. Indeed, MPXV shows vigorous growth in various mammalian cell lines including RK-13, BSC-1, Vero, and HeLa, as well as in chicken embryos (Erez et al., 2019). In chicken embryos, MPXV stimulates cytopathic activities in the chorioallantois membranes, which is more prominent in 1–4 days post-inoculation, including syncytium formation, cytoplasmic bridging, granulation, and cell rounding. On the other hand, typical detached and rounded cells become more noticeable in Vero cells within around 24 h, which allows identification of virus particles by specific antibodies and immunofluorescence. Notwithstanding the accuracy of this method, this method is not widely used because of the need for high-level biosafety labs (level 3 or higher), the risk of infection even after wearing adequate personal protection, the necessity for skilled personnel, and the extensive detection timeframe (Branda et al., 2024).





9 Prophylactic measures that can be taken in Saudi Arabia to prevent Mpox



9.1 Pre-exposure prophylaxis



9.1.1 Individuals

People in SA might also play a role in limiting MPXV transmission in various ways. Confirmed or suspected individuals ought to stay home and avoid contact with other people. Immunocompetent people with mild Mpox symptoms ought to avoid contact with other people for 3 to 6 weeks (Suñer et al., 2023). In addition, healthy individuals ought to avoid intimate contact with Mpox-infected individuals. People should also maintain cough etiquettes, wear a fitted mask, practice good hand hygiene, and sneeze with a piece of cloth or tissue or by bending arms. Appropriate disinfection and cleaning of high-touch areas are suggested after having home visitors. Moreover, practicing safe sexual intercourse and having less sexual partners might help in limiting MPXV transmission. According to the CDC, around half of the individuals who are at greater risk have changed their sexual activities and the number of their sexual partners (Gupta et al., 2023).




9.1.2 Surveillance systems and public awareness campaigns

Health Electronic Surveillance Network (HESN) is an electronic health information system of SA, that provides various public health data including immunization, vaccination, and epidemic outbreak (Alqifari et al., 2022). According to Ministry of Health (MOH) strict guidelines, any suspected Mpox cases must need to be reported by the healthcare facilities using HESN (Ministry of Health, 2023). This surveillance system ought to monitor suspected cases in SA and travelers from areas where Mpox is endemic (Shoaib, 2023). Confirmed or suspected Mpox cases ought to be isolated to avert the transmission of Mpox to others (Figure 3), this isolation is especially crucial in healthcare facilities where the risk of MPXV transmission is higher (Shoaib, 2023). Public awareness campaigns also need to be conducted by the SA government to educate the community regarding the Mpox signs and symptoms and methods to avert MPXV transmission (Shoaib, 2023).




Figure 3 | Pandemic preparedness and response plan to prevent Mpox outbreaks in Saudi Arabia (SA). The emergency management cycle of Mpox should follow 4 major phases including prevention, preparedness, response, and recovery. SA government can carry out public awareness campaigns to educate and raise awareness among the public regarding the signs and symptoms of Mpox. Suspected Mpox cases need to be reported and monitored by using the Health Electronic Surveillance Network of SA. Both local and global collaborations are essential for successful responses to Mpox-related public health emergencies. As there is no Mpox-specific vaccine available currently, therefore SA government can consider administering smallpox vaccines to high-risk groups, including healthcare professionals and individuals travelling to high-risk areas for Mpox. Contact tracing for Mpox is essential for the detection of new outbreaks and to stop or limit ongoing transmission. Quarantine and isolation of the infected individuals are crucial to minimize exposure to others.






9.1.3 Healthcare workers

Mpox prevention in clinical settings is more challenging since the healthcare workers remain in contact with infected individuals (Guarner et al., 2022). Appropriate personal protective equipment (PPE) including gowns, masks, and gloves should be provided to healthcare workers to provide protection from Mpox exposure. Immediate masking of the confirmed or suspected individuals is also essential. Furthermore, skin lesions of the affected individuals also need to be covered with a cloth or gown and these individuals need to be isolated preferably in a negative-pressure-containing single-person room in the hospital. Workers should wear gloves while handling the laundry of Mpox-infected individuals (Guarner et al., 2022; Gupta et al., 2023).




9.1.4 Vaccines

There is no Mpox-specific vaccine available currently. However, studies have reported that smallpox vaccines can provide up to 85% protection against Mpox (Kuroda et al., 2023; Liu et al., 2024). Moreover, epidemiological data suggest that increased occurrence of Mpox was observed in individuals who were born post-smallpox pandemic and eradication period or never been infected by poxviruses or never received smallpox vaccination in childhood (Malik et al., 2023a). At present, there are 2 approved smallpox vaccines used against Mpox. Pre- and post-prophylaxis immunizations for a certain group of people are recommended by various healthcare authorities including the Advisory Committee and Immunization Practices (ACIP) (Choudhary et al., 2022b; Meo et al., 2022b). FDA-approved vaccines including JYNNEOS™ and ACAM2000® are recommended for healthcare professionals who are supposedly exposed to OPVs (Table 1) (Mahase, 2022; Payne et al., 2022). These healthcare professionals include scientists researching clinical Mpox samples, diagnostic and vaccination teams, response teams against outbreaks, clinical personnel associated with viral disease management, and laboratory workers as well as technicians. Therefore, proper vaccination guidelines should be developed in SA to ensure the safety of these healthcare professionals. In addition to the aforementioned 2 vaccines, Aventis Pasteur Smallpox Vaccine (APSV) is also approved for emergency uses when the two other vaccines are unavailable or contradicted for application. Smallpox vaccines were previously effectively used to prevent Mpox. As there is no report or literature currently available that shows the use of smallpox vaccine by the SA health authorities in Saudi Arabia, therefore SA government might offer smallpox vaccine to high-risk groups, including healthcare workers and individuals travelling to regions where Mpox is known to occur. Collectively, SA health authorities should continue to collaborate with international organizations including WHO to implement preventive strategies and measures to efficiently control the spread of MPXV in order to avoid the next Mpox pandemic (Shoaib, 2023).


Table 1 | FDA-approved vaccines for Mpox prevention.







9.2 Post-exposure prophylaxis

Post-exposure prophylaxis is recommended for individuals following their contact with the skin or mucous membrane of an infected person or with their bedding, clothing, oral cavity, lesions, saliva, and bodily fluids (Mahase, 2022). People can be exposed to MPXV through viral presence in air particles and aerosol secretions, when they share a close space for a longer period (3 hours or more) (Islam et al., 2022c). Moreover, CDC and FDA recommend post-exposure vaccination only for high-degree exposures, where there is a possible risk of contracting MPXV (Islam et al., 2022c; Payne et al., 2022). Furthermore, the deficiency of medical masks and protective gloves or contact-used material without post- and pre-exposure sanitization is a condition that necessitates and sensitizes vaccination. It is recommended to go through monitoring or diagnosis before post-exposure prophylaxis, in cases of lower exposure rates or uncertain exposure (Bachmann and See, 2022; Islam et al., 2022c; Mahase, 2022). MPXV transmission can occur due to extended interaction with symptomatic individuals or infected animals. Therefore, according to CDC, post-exposure immunization should be carried out after around 4 days and within 4–14 days to prevent Mpox development (Bachmann and See, 2022; Payne et al., 2022). However, if vaccination is conducted after 2 weeks, only the disease burden can be reduced but the onset of Mpox cannot be averted (Bachmann and See, 2022; Raccagni et al., 2022; Saied et al., 2022b).





10 Therapeutics for Mpox treatment that can be used in Saudi Arabia



10.1 Antiviral agents



10.1.1 Trifluridine

Trifluridine is a thymidine analog that acts as an antiviral drug by suppressing DNA synthesis. This antiviral drug suppresses DNA polymerase and also gets incorporated into DNA molecules, Nonetheless, trifluridine action might lack selectivity. In the case of Mpox, this drug is only used as a topical preparation on the eyes of infected individuals. Trifluridine does not cross the intact cornea, therefore it is considered safe when this drug is used as eye drops. Nonetheless, this drug might cross the cornea and be noticeable in aqueous humor in case of corneal pathologies disrupting its structure. Various mild adverse reactions have been reported with the use of trifluridine, including allergy, inflammation of the cornea, oedema of the eyelids, and temporary local burning sensation. The dosing interval of trifluridine is 2 hours until the complete regeneration of corneal epithelium. After the regeneration, it might be taken once every 4 hours for another 1 week. Nevertheless, trifluridine is not recommended to be used for a longer term. Alternative drugs might be selected if treatment is required beyond 3 weeks (Shamim et al., 2023). Cash-Goldwasser et al (Cash-Goldwasser et al., 2022). and Perzia et al (Perzia et al., 2022). carried out studies with trifluridine in the Mpox treatment. Nonetheless, this drug was used by the researchers in these studies as an add-on agent. In general, 5 participants received both tecovirimat and trifluridine (through topical route). Mpox clinical presentations of four participants varied greatly, but all of them exhibited ophthalmological manifestations. These 4 patients quickly recovered and were discharged. However, reduced visual acuity and worsened ocular symptoms were exhibited by one patient. Overall, no adverse events were observed with trifluridine (Cash-Goldwasser et al., 2022; Perzia et al., 2022).




10.1.2 Brincidofovir

Brincidofovir is a prodrug of cidofovir that acts as an antiviral drug by selectively suppressing the activity of OPV DNA polymerase (Figure 2). Therefore, this drug was found to be efficient against DNA viruses. Brincidofovir is a lipid conjugate of cidofovir. It has been observed that lipid acylic nucleoside phosphonate plays a role as a phospholipid in the body and reduces the development of lesions with no confirmed effect with coupled vaccination (Hutson et al., 2021; McCarthy, 2022; Kuroda et al., 2023). Patients were reported to be completely recovered with minimal side effects. Therefore, this drug is approved to treat cytomegalovirus retinitis in HIV individuals and also approved to treat smallpox and other related infections. Brincidofovir is also a preferred drug for widespread administration during an emergency Mpox outbreak. As compared to cidofovir, brincidofovir has no reported nephrotoxicity and provides better oral bioavailability, thus brincidofovir received approval for oral administration (Hutson et al., 2021; McCarthy, 2022; Malik et al., 2023b). Nonetheless, the profile of liver enzymes needs to be strictly monitored and liver function tests need to be carried out for the treatment. Moreover, brincidofovir is not recommended for newborns, pregnant women, and immunocompromised individuals because of the hyperactive drug accumulation (Altindis et al., 2022). Animal studies already demonstrated its effectiveness against Mpox, however more clinical studies are required for proper licensure and approval (Bachmann and See, 2022; Malik et al., 2023a).




10.1.3 Tecovirimat

Tecovirimat is an antiviral agent, which originally received FDA approval in 2018 to treat smallpox infection (Guarner et al., 2022). Tecovirimat can block the formation of the viral envelope by suppressing p37 polypeptide (Figure 2), which is a highly conserved sequence among all OPVs (Russo et al., 2021; Huang et al., 2022). As MPXV is an OPV, therefore tecovirimat might exhibit an antiviral role against Mpox. Mpox patients in the U.S. can obtain tecovirimat from state, county, or city health authorities through an FDA- and CDC-approved expanded access–investigational new drug protocol (Guarner et al., 2022; Gupta et al., 2023).




10.1.4 Cidofovir

Cidofovir is effective against several DNA viruses and it acts as an antiviral drug by terminating DNA polymerase-based replication in the form of 5′-diphosphorylated metabolite (Figure 2). Cidofovir was found to be effective against infections caused by smallpox, Mpox (Table 2), VACV, and HIV (Al Jurdi and Kotton, 2022). Routes of administration of cidofovir include intravenous (IV) and topical routes. Indeed, cidofovir not only reduces the symptoms by preventing the formation of lesions, but also decreases mortality rates. In addition, cidofovir is used to treat severe VACV as a second-line therapy (Hutson et al., 2021; Malik et al., 2023b). Cidofovir was found to result in nephrotoxicity following IV administration, this drug should be administered along with probenecid and adequate hydration. Furthermore, proper dose adjustment along with renal functional considerations are needed to manage nephrotoxicity. Nonetheless, more clinical studies are required with cidofovir to confirm its potential against Mpox (Thakur, 2022; Malik et al., 2023a).


Table 2 | A summary of the antivirals that can be used against Mpox.







10.2 Immunomodulators

Monoclonal antibodies (mAbs) are commonly used to treat orthopoxvirus infections, which can also be used to treat severe infections caused by MPXV (Xiao and Isaacs, 2010). It has been revealed that interferon beta can significantly suppress the Mpox generation and spread. Therefore, recombinant beta can be used as a safe and novel agent in Mpox treatment. More mAbs also need to be developed to elevate the potency of immunoglobulin therapy and/or specific antiviral drugs that may ameliorate outcomes of individuals with severe combined immunodeficient individuals (Johnston et al., 2012; Piparva et al., 2024).




10.3 Immunoglobulin therapy

In 2005, Vaccinia immunoglobulin IV (VIGIV) was first approved for clinical uses in treating complications associated with the use of smallpox vaccinations (Center for Infectious Disease Research and Policy, 2005; Piparva et al., 2024). Several recombinant immunoglobulins (rVIG) are currently being studied. rVIGs act in a strategic passive immunotherapy manner. VIG’s two IV formulations including VIGIV Dynport and VIGIV Cangene are being studied and yet to be licensed (O’Laughlin et al., 2022; Turner et al., 2022). It was previously utilized effectively in refractive cases. As a hyperimmune immunoglobulin, it plays a role in neutralizing virus particles and decreasing viremia and mortality rates by up to 30% to 40% (Payne et al., 2022). In order to develop passive immunity, antibodies are obtained from the plasma of smallpox-immune people. It is also used in individuals with immunodeficiency, since it has adequate maltose to perhaps raises revaccination needs, needs attention for renal insufficient profiles, might interfere with serological testing, and affect insulin levels and glycemic conditions (Bachmann and See, 2022). Since there is a lack of human trial data regarding Mpox treatment, therefore more studies are required in this regard (Malik et al., 2023a).





11 Challenges and future perspectives

Despite being a member of the DNA virus family, Mpox shows incredibly greater genomic variability because of elevated nucleotide polymorphism. Increased international travel and rapid population mobility have mediated the spread of Mpox among people, which is further facilitating its potential for mutation (Lu et al., 2023). In addition, these factors also play a role in drug resistance, increased variability, and appearance of multidrug-resistant strains of the Mpox virus (Kmiec and Kirchhoff, 2022). Future studies on Mpox in SA can result in a better understanding of Mpox and its potential to cause public health threats, which will also reduce knowledge gaps. A future Mpox pandemic might involve a serious burden in the case of economic development, social activities, education systems, and healthcare facilities. Although there is a deficiency of information regarding the specific impact of a Mpox pandemic, some findings indicated the need for assessment of the economic burden of Mpox treatment in healthcare settings, such as costs associated with hospitalization, public health interventions, medications, and diagnostics (Shoaib, 2023). Analysis of these factors in SA might aid the estimation of financial resources needed for effective Mpox outbreak management. Moreover, investigation is also required for the potential Mpox impact on the productivity of the workforce in various sectors (such as services, manufacturing, agriculture, and healthcare) because of reduced productivity, absenteeism, and illness.




12 Conclusions

In this review, important insights have been provided regarding epidemiology, transmissions, clinical presentation, diagnostic tests, prophylactic measures and therapeutic options of Mpox from SA perspective. Recent Mpox outbreaks around the world have emphasized the necessity for vigilant and constant monitoring in SA. Mpox cases in SA were found to be travel-associated and showed potential close contact and heterosexual transmission. Novel therapeutic and prophylactic measures are also needed to be continuously appraised for the potential implications in SA. Selective usage of smallpox vaccines in the SA population can also be considered to limit MPXV spread. Moreover, lessons learned from the Covid-19 pandemic should be applied in the containment and management of Mpox in SA.





Author contributions

AH: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

 Abid, M. A. (2024). Game of clades: A global mpox snapshot. Int. J. STD AIDS. doi: 10.1177/09564624241288279/ASSET/09564624241288279.FP.PNG_V03

 Accordini, S., Cordioli, M., Pomari, E., Tacconelli, E., and Castilletti, C. (2023). People with asymptomatic or unrecognised infection potentially contribute to monkeypox virus transmission. Lancet Microbe 4, e209. doi: 10.1016/S2666-5247(22)00379-2

 Adler, H., and Taggart, R. (2022). Monkeypox exposure during pregnancy: what does UK public health guidance advise? Lancet 400, 1509. doi: 10.1016/S0140-6736(22)01794-9

 Ajman, F., Alenezi, S., Alhasan, K., Saddik, B., Alhaboob, A., Altawil, E. S., et al. (2022). Healthcare workers’ Worries and monkeypox vaccine advocacy during the first month of the WHO monkeypox alert: cross-sectional survey in Saudi Arabia. Vaccines (Basel) 10, 1408. doi: 10.3390/VACCINES10091408

 Al Jurdi, A., and Kotton, C. N. (2022). Monkeypox in transplant recipients: no breaks between outbreaks. Transplantation 106, E512–E513. doi: 10.1097/TP.0000000000004337

 Alqifari, S., Saleh, S. M., Habboush, O., and Ibrahim, A. A. (2022). Characteristics of electronic health services in Saudi Arabia during the COVID-19 pandemic. Cureus 14, e28441. doi: 10.7759/CUREUS.28441

 Alshahrani, N. Z., Algethami, M. R., Alarifi, A. M., Alzahrani, F., Alshehri, E. A., Alshehri, A. M., et al. (2022a). Knowledge and attitude regarding monkeypox virus among physicians in Saudi Arabia: A cross-sectional study. Vaccines (Basel) 10, 2099. doi: 10.3390/VACCINES10122099/S1

 Alshahrani, N. Z., Assiri, A. M., Al-Tawfiq, J. A., Rodriguez-Morales, A. J., and Sah, R. (2022b). The human monkeypox in Saudi Arabia and global tourism. Ann. Med. Surg. 82, 104686. doi: 10.1016/J.AMSU.2022.104686

 Altindis, M., Puca, E., and Shapo, L. (2022). Diagnosis of monkeypox virus – An overview. Travel Med. Infect. Dis. 50, 102459. doi: 10.1016/J.TMAID.2022.102459

 Assiri, A. M., Alserehi, H., Abuhasan, M. Y., Khalil, E. A. A., Al-Thunayan, M. H., Alshehri, M. S., et al. (2024). Epidemiology, clinical presentation, and outcome of mpox: A study of 381 cases in Saudi Arabia. IJID Regions 11, 100358. doi: 10.1016/J.IJREGI.2024.100358

 Assiri, A. M., Al-Tawfiq, J. A., Jokhdar, H. A., Algwizani, A. R., Albarraq, A. M., Alanazi, K. H., et al. (2023). Clinical features and outcome of human Mpox (Monkeypox) in Saudi Arabia: An observational study of travel-related cases. J. Infect. Public Health 16, 341–345. doi: 10.1016/J.JIPH.2023.01.006

 Bachmann, F., and See, K. C. (2022). Vaccination for monkeypox virus infection in humans: A review of key considerations. Vaccines 10, 1342. doi: 10.3390/VACCINES10081342

 Beeson, A., Styczynski, A., Hutson, C. L., Whitehill, F., Angelo, K. M., Minhaj, F. S., et al. (2023). Mpox respiratory transmission: the state of the evidence. Lancet Microbe 4, e277–e283. doi: 10.1016/S2666-5247(23)00034-4/ASSET/F3E6496F-43DD-476C-BDB2-EC4D5E786B79/MAIN.ASSETS/GR1.JPG

 Billioux, B. J., Mbaya, O. T., Sejvar, J., and Nath, A. (2022). Potential complications of monkeypox. Lancet Neurol. 21, 872. doi: 10.1016/S1474-4422(22)00340-4

 Branda, F., Romano, C., Ciccozzi, M., Giovanetti, M., Scarpa, F., Ciccozzi, A., et al. (2024). Mpox: an overview of pathogenesis, diagnosis, and public health implications. J. Clin. Med. 13, 2234. doi: 10.3390/JCM13082234

 Broughton, J. P., Deng, X., Yu, G., Fasching, C. L., Servellita, V., Singh, J., et al. (2020). CRISPR-cas12–based detection of SARS-coV-2. Nat. Biotechnol. 38, 870. doi: 10.1038/S41587-020-0513-4

 Bruno, G., and Buccoliero, G. B. (2023). Antivirals against monkeypox (Mpox) in humans: an updated narrative review. Life 13, 1969. doi: 10.3390/LIFE13101969

 Bunge, E. M., Hoet, B., Chen, L., Lienert, F., Weidenthaler, H., Baer, L. R., et al. (2022). The changing epidemiology of human monkeypox—A potential threat? A systematic review. PloS Negl. Trop. Dis. 16, 0010141. doi: 10.1371/JOURNAL.PNTD.0010141

 Cann, J. A., Jahrling, P. B., Hensley, L. E., and Wahl-Jensen, V. (2013). Comparative pathology of smallpox and monkeypox in man and macaques. J. Comp. Pathol. 148, 6–21. doi: 10.1016/J.JCPA.2012.06.007

 Cash-Goldwasser, S., Labuda, S. M., McCormick, D. W., Rao, A. K., McCollum, A. M., Petersen, B. W., et al. (2022). Ocular monkeypox — United states, july–september 2022. Morbidity Mortality Weekly Rep. 71, 1343. doi: 10.15585/MMWR.MM7142E1

 Center for Infectious Disease Research and Policy (2005). FDA approves VIG for smallpox shot complications | CIDRAP. Available online at: https://www.cidrap.umn.edu/smallpox/fda-approves-vig-smallpox-shot-complications (Accessed January 21, 2025).

 Choi, Y., Jeon, E. B., Kim, T., Choi, S. J., Moon, S. M., Song, K. H., et al. (2023). Case report and literature review of occupational transmission of monkeypox virus to healthcare workers, South Korea. Emerg. Infect. Dis. 29, 997. doi: 10.3201/EID2905.230028

 Choudhary, O. P., Priyanka,, Chopra, H., Shafaati, M., Dhawan, M., Metwally, A. A., et al. (2022a). Reverse zoonosis and its relevance to the monkeypox outbreak 2022. New Microbes New Infect. 49–50, 101049. doi: 10.1016/J.NMNI.2022.101049

 Choudhary, O. P., Priyanka,, Fahrni, M. L., Saied, A. R. A., and Chopra, H. (2022b). Ring vaccination for monkeypox containment: Strategic implementation and challenges. Int. J. Surg. 105, 106873. doi: 10.1016/J.IJSU.2022.106873

 Choudhary, P., Shafaati, M., Abu Salah, M. A. H., Chopra, H., Choudhary, O. P., Silva-Cajaleon, K., et al. (2024). Zoonotic diseases in a changing climate scenario: Revisiting the interplay between environmental variables and infectious disease dynamics. Travel Med. Infect. Dis. 58, 102694. doi: 10.1016/J.TMAID.2024.102694

 Dar, N. G., Alfaraj, S. H., Alboqmy, K. N., Amer, H., Khanum, N., Alshakrah, F., et al. (2023). Locally acquired mpox outbreak in Riyadh, Saudi Arabia: clinical presentation, risk factors and preventive measures. J. Travel Med. 30, 150. doi: 10.1093/jtm/taad150

 Da Silva, S. J. R., Da Silva, C. T. A., Guarines, K. M., Mendes, R. P. G., Pardee, K., Kohl, A., et al. (2020b). Clinical and laboratory diagnosis of SARS-coV-2, the virus causing COVID-19. ACS Infect. Dis. 6, 2319–2336. doi: 10.1021/ACSINFECDIS.0C00274/ASSET/IMAGES/LARGE/ID0C00274_0003.JPEG

 da Silva, S. J. R., Kohl, A., Pena, L., and Pardee, K. (2023). Clinical and laboratory diagnosis of monkeypox (mpox): Current status and future directions. iScience 26, 106759. doi: 10.1016/J.ISCI.2023.106759

 da Silva, S. J. R., Paiva, M. H. S., Guedes, D. R. D., Krokovsky, L., de Melo, F. L., da Silva, M. A. L., et al. (2019). Development and validation of reverse transcription loop-mediated isothermal amplification (RT-LAMP) for rapid detection of ZIKV in mosquito samples from Brazil. Sci. Rep. 9. doi: 10.1038/S41598-019-40960-5

 da Silva, S. J. R., Pardee, K., Balasuriya, U. B. R., and Pena, L. (2021). Development and validation of a one-step reverse transcription loop-mediated isothermal amplification (RT-LAMP) for rapid detection of ZIKV in patient samples from Brazil. Sci. Rep. 11, 4111. doi: 10.1038/S41598-021-83371-1

 Da Silva, S. J. R., Pardee, K., and Pena, L. (2020a). Loop-mediated isothermal amplification (LAMP) for the diagnosis of zika virus: A review. Viruses 12. doi: 10.3390/V12010019

 del Rio, C., and Malani, P. N. (2022). Update on the monkeypox outbreak. JAMA 328, 921–922. doi: 10.1001/JAMA.2022.14857

 De Puig, H., Lee, R. A., Najjar, D., Tan, X., Soekensen, L. R., Angenent-Mari, N. M., et al. (2021). Minimally instrumented SHERLOCK (miSHERLOCK) for CRISPR-based point-of-care diagnosis of SARS-CoV-2 and emerging variants. Sci. Adv. 7. doi: 10.1126/SCIADV.ABH2944

 Dhawan, M., Priyanka,, and Choudhary, O. P. (2022). Emergence of monkeypox: Risk assessment and containment measures. Travel Med. Infect. Dis. 49, 102392. doi: 10.1016/J.TMAID.2022.102392

 Dubois, M. E., Hammarlund, E., and Slifka, M. K. (2012). Optimization of peptide-based ELISA for serological diagnostics: A retrospective study of human monkeypox infection. Vector-Borne and Zoonotic Diseases 12, 400–409. doi: 10.1089/VBZ.2011.0779. https://home.liebertpub.com/vbz.

 Erez, N., Achdout, H., Milrot, E., Schwartz, Y., Wiener-Well, Y., Paran, N., et al. (2019). Diagnosis of imported monkeypox, Israel 2018. Emerg. Infect. Dis. 25, 980. doi: 10.3201/EID2505.190076

 Fahrni, M. L., Priyanka,, Sharma, A., and Choudhary, O. P. (2022). Monkeypox: Prioritizing public health through early intervention and treatment. Int. J. Surg. 104, 106774. doi: 10.1016/J.IJSU.2022.106774

 Farlow, J., Ichou, M. A., Huggins, J., and Ibrahim, S. (2010). Comparative whole genome sequence analysis of wild-type and cidofovir-resistant Monkeypoxvirus. Virol. J. 7, 1–15. doi: 10.1186/1743-422X-7-110/FIGURES/11

 Gentile, M., and Gelderblom, H. R. (2005). Rapid viral diagnosis: role of electron microscopy. New Microbiol. 28, 1–12.

 Gessain, A., Nakoune, E., and Yazdanpanah, Y. (2022). Monkeypox. New Engl. J. Med. 387, 1783–1793. doi: 10.1056/NEJMRA2208860

 Gilchuk, I., Gilchuk, P., Sapparapu, G., Lampley, R., Singh, V., Kose, N., et al. (2016). Cross-neutralizing and protective human antibody specificities to poxvirus infections. Cell 167, 684–694.e9. doi: 10.1016/J.CELL.2016.09.049/ATTACHMENT/E888D019-636F-413A-B8BD-8889A10EBE74/MMC1.PDF

 Gootenberg, J. S., Abudayyeh, O. O., Kellner, M. J., Joung, J., Collins, J. J., and Zhang, F. (2018). Multiplexed and portable nucleic acid detection platform with Cas13, Cas12a, and Csm6. Science 360, 439. doi: 10.1126/SCIENCE.AAQ0179

 Gootenberg, J. S., Abudayyeh, O. O., Lee, J. W., Essletzbichler, P., Dy, A. J., Joung, J., et al. (2017). Nucleic acid detection with CRISPR-Cas13a/C2c2. Science 356, 438. doi: 10.1126/SCIENCE.AAM9321

 Guarner, J., Del Rio, C., and Malani, P. N. (2022). Monkeypox in 2022—What clinicians need to know. JAMA 328, 139–140. doi: 10.1001/JAMA.2022.10802

 Gupta, A. K., Talukder, M., Rosen, T., and Piguet, V. (2023). Differential diagnosis, prevention, and treatment of mpox (Monkeypox): A review for dermatologists. Am. J. Clin. Dermatol. 24, 541–556. doi: 10.1007/S40257-023-00778-4/FIGURES/6

 Hasan, M. N., Bhattacharya, P., and Islam, M. (2023). Nexus between monkeypox and obesity: improved precautions and vigilance for obese patients. Int. J. Surgery: Global Health 6, e0222. doi: 10.1097/GH9.0000000000000222

 Hatmal, M. M., Al-Hatamleh, M. A. I., Olaimat, A. N., Ahmad, S., Hasan, H., Ahmad Suhaimi, N. A., et al. (2022). Comprehensive literature review of monkeypox. Emerg. Microbes Infect. 11, 2600–2631. doi: 10.1080/22221751.2022.2132882

 Hershan, A. A. (2024). Pathogenesis of COVID19 and the applications of US FDA-approved repurposed antiviral drugs to combat SARS-CoV-2 in Saudi Arabia: A recent update by review of literature. Saudi J. Biol. Sci. 31, 104023. doi: 10.1016/j.sjbs.2024.104023

 Huang, Y., Mu, L., and Wang, W. (2022). Monkeypox: epidemiology, pathogenesis, treatment and prevention. Signal Transduct Target Ther. 7, 373. doi: 10.1038/S41392-022-01215-4

 Hutson, C. L., Kondas, A. V., Mauldin, M. R., Doty, J. B., Grossi, I. M., Morgan, C. N., et al. (2021). Pharmacokinetics and efficacy of a potential smallpox therapeutic, brincidofovir, in a lethal monkeypox virus animal model. mSphere 6. doi: 10.1128/MSPHERE.00927-20

 Islam, M. A., Ahammed, T., Noor, S. T. A., Hasan, M. N., Hoque, M. N., Tiwari, A., et al. (2022a). An estimation of five-decade long monkeypox case fatality rate: systematic review and meta-analysis. J. Pure Appl. Microbiol. 16, 3036–3047. doi: 10.22207/JPAM.16.SPL1.16

 Islam, M. R., Hossain, M. J., Roy, A., Hasan, A. H. M. N., Rahman, M. A., Shahriar, M., et al. (2022c). Repositioning potentials of smallpox vaccines and antiviral agents in monkeypox outbreak: A rapid review on comparative benefits and risks. Health Sci. Rep. 5, e798. doi: 10.1002/HSR2.798

 Islam, M. A., Kumar, R., Sharma, P., Zhang, S., Bhattacharya, P., and Tiwari, A. (2024). Wastewater-based surveillance of mpox (Monkeypox): an early surveillance tool for detecting hotspots. Curr. pollut. Rep. 10, 312–325. doi: 10.1007/S40726-024-00299-6/TABLES/2

 Islam, M. A., Mumin, J., Haque, M. M., Haque, M. A., Khan, A., Bhattacharya, P., et al. (2023). Monkeypox virus (MPXV): A Brief account of global spread, epidemiology, virology, clinical features, pathogenesis, and therapeutic interventions. Infect. Med. 2, 262–272. doi: 10.1016/J.IMJ.2023.11.001

 Islam, M. A., Sangkham, S., Tiwari, A., Vadiati, M., Hasan, M. N., Noor, S. T. A., et al. (2022b). Association between global monkeypox cases and meteorological factors. Int. J. Environ. Res. Public Health 19, 15638. doi: 10.3390/IJERPH192315638/S1

 Johnston, S. C., Lin, K. L., Connor, J. H., Ruthel, G., Goff, A., and Hensley, L. E. (2012). In vitro inhibition of monkeypox virus production and spread by Interferon-β. Virol. J. 9, 5. doi: 10.1186/1743-422X-9-5

 Kamarudin, S., Shoaib, H. M., Jamjoom, Y., Saleem, M., and Mohammadi, P. (2023). Students’ behavioural intention towards e-learning practices through augmented reality app during COVID-19 pandemic in Saudi Arabia. Interactive Learn. Environments 31, 5715–5731. doi: 10.1080/10494820.2021.2016863

 Kaminski, M. M., Abudayyeh, O. O., Gootenberg, J. S., Zhang, F., and Collins, J. J. (2021). CRISPR-based diagnostics. Nat. Biomed. Eng. 5, 643–656. doi: 10.1038/s41551-021-00760-7

 Karagoz, A., Tombuloglu, H., Alsaeed, M., Tombuloglu, G., AlRubaish, A. A., Mahmoud, A., et al. (2023). Monkeypox (mpox) virus: Classification, origin, transmission, genome organization, antiviral drugs, and molecular diagnosis. J. Infect. Public Health 16, 531–541. doi: 10.1016/J.JIPH.2023.02.003

 Kmiec, D., and Kirchhoff, F. (2022). Monkeypox: A new threat? Int. J. Mol. Sci. 23, 7866. doi: 10.3390/IJMS23147866

 Kuehn, R., Fox, T., Guyatt, G., Lutje, V., and Gould, S. (2024). Infection prevention and control measures to reduce the transmission of mpox: A systematic review. PloS Global Public Health 4, e0002731. doi: 10.1371/JOURNAL.PGPH.0002731

 Kulesh, D. A., Loveless, B. M., Norwood, D., Garrison, J., Whitehouse, C. A., Hartmann, C., et al. (2004). Monkeypox virus detection in rodents using real-time 3′-minor groove binder TaqMan® assays on the Roche LightCycler. Lab. Invest. 84, 1200. doi: 10.1038/LABINVEST.3700143

 Kumar, P., Chaudhary, B., Yadav, N., Devi, S., Pareek, A., Alla, S., et al. (2023). Recent advances in research and management of human monkeypox virus: an emerging global health threat. Viruses 15, 937. doi: 10.3390/V15040937

 Kuroda, N., Shimizu, T., Hirano, D., Ishikane, M., and Kataoka, Y. (2023). Lack of clinical evidence of antiviral therapy for human monkeypox: A scoping review. J. Infection Chemotherapy 29, 228–231. doi: 10.1016/J.JIAC.2022.10.009

 Liang, C., Qian, J., and Liu, L. (2022). Biological characteristics, biosafety prevention and control strategies for the 2022 multi-country outbreak of monkeypox. Biosaf Health 4, 376. doi: 10.1016/J.BSHEAL.2022.11.001

 Liu, H., Wang, W., Zhang, Y., Wang, F., Duan, J., Huang, T., et al. (2024). Global perspectives on smallpox vaccine against monkeypox: a comprehensive meta-analysis and systematic review of effectiveness, protection, safety and cross-immunogenicity. Emerg. Microbes Infect. 13, 2387442. doi: 10.1080/22221751.2024.2387442

 Low, S. J., O’Neill, M. T., Kerry, W. J., Krysiak, M., Papadakis, G., Whitehead, L. W., et al. (2023). Rapid detection of monkeypox virus using a CRISPR-Cas12a mediated assay: a laboratory validation and evaluation study. Lancet Microbe 4, e800–e810. doi: 10.1016/S2666-5247(23)00148-9

 Lu, J., Xing, H., Wang, C., Tang, M., Wu, C., Ye, F., et al. (2023). Mpox (formerly monkeypox): pathogenesis, prevention and treatment. Signal Transduction Targeted Ther. 8, 1–15. doi: 10.1038/s41392-023-01675-2

 Lum, F. M., Torres-Ruesta, A., Tay, M. Z., Lin, R. T. P., Lye, D. C., Rénia, L., et al. (2022). Monkeypox: disease epidemiology, host immunity and clinical interventions. Nat. Rev. Immunol. 22, 597–613. doi: 10.1038/s41577-022-00775-4

 Mahase, E. (2022). Monkeypox: Fractional vaccine doses will be piloted as new treatment trial launches. BMJ 378, o2080. doi: 10.1136/BMJ.O2080

 Malik, S., Ahmad, T., Ahsan, O., Muhammad, K., and Waheed, Y. (2023a). Recent developments in mpox prevention and treatment options. Vaccines 11, 500. doi: 10.3390/VACCINES11030500

 Malik, S., Muhammad, K., and Waheed, Y. (2023b). Nanotechnology: A revolution in modern industry. Molecules 28, 661. doi: 10.3390/MOLECULES28020661

 Matthews, Q., da Silva, S. J. R., Norouzi, M., Pena, L. J., and Pardee, K. (2020). Adaptive, diverse and de-centralized diagnostics are key to the future of outbreak response. BMC Biol. 18, 153. doi: 10.1186/S12915-020-00891-4

 McCarthy, M. W. (2022). Therapeutic strategies to address monkeypox. Expert Rev. Anti Infect. Ther. 20, 1249–1252. doi: 10.1080/14787210.2022.2113058

 Meo, S. A., Al-Khlaiwi, T., Aljofan, Z. F., Alanazi, A. I., and Meo, A. S. (2022a). Public perceptions of the emerging human monkeypox disease and vaccination in riyadh, Saudi Arabia: A cross-sectional study. Vaccines (Basel) 10, 1534. doi: 10.3390/VACCINES10091534

 Meo, S. A., Al-Masri, A. A., Klonoff, D. C., Alshahrani, A. N., and Al-khlaiwi, T. (2022b). Comparison of biological, pharmacological characteristics, indications, contraindications and adverse effects of JYNNEOS and ACAM2000 monkeypox vaccines. Vaccines 10, 1971. doi: 10.3390/VACCINES10111971

 Ministry of Health (2023). Quick interim guidelines for mpox (Monkeypox). Saudi Arabia.

 Mitjà, O., Ogoina, D., Titanji, B. K., Galvan, C., Muyembe, J. J., Marks, M., et al. (2022). Monkeypox. Lancet 401, 60. doi: 10.1016/S0140-6736(22)02075-X

 Miura, F., Else van Ewijk, C., Backer, J. A., Xiridou, M., Franz, E., Op de Coul, E., et al. (2022). Estimated incubation period for monkeypox cases confirmed in the Netherlands, May 2022. Eurosurveillance 27, 2200448. doi: 10.2807/1560-7917.ES.2022.27.24.2200448

 Mohapatra, R. K., Singh, P. K., Branda, F., Mishra, S., Kutikuppala, L. V. S., Suvvari, T. K., et al. (2024). Transmission dynamics, complications and mitigation strategies of the current mpox outbreak: A comprehensive review with bibliometric study. Rev. Med. Virol. 34, e2541. doi: 10.1002/RMV.2541

 O’Laughlin, K., Tobolowsky, F. A., Elmor, R., Overton, R., O’Connor, S. M., Damon, I. K., et al. (2022). Clinical use of tecovirimat (Tpoxx) for treatment of monkeypox under an investigational new drug protocol — United states, may–august 2022. Morbidity Mortality Weekly Rep. 71, 1190. doi: 10.15585/MMWR.MM7137E1

 Parker, S., and Buller, R. M. (2013). A review of experimental and natural infections of animals with monkeypox virus between 1958 and 2012. Future Virol. 8, 129. doi: 10.2217/FVL.12.130

 Patel, A., Bilinska, J., Tam, J. C. H., Da Silva Fontoura, D., Mason, C. Y., Daunt, A., et al. (2022). Clinical features and novel presentations of human monkeypox in a central London centre during the 2022 outbreak: descriptive case series. BMJ 378, e072410. doi: 10.1136/BMJ-2022-072410

 Payne, A. B., Ray, L. C., Kugeler, K. J., Fothergill, A., White, E. B., Canning, M., et al. (2022). Incidence of monkeypox among unvaccinated persons compared with persons receiving ≥1 JYNNEOS vaccine dose — 32 U.S. Jurisdictions, july 31–september 3, 2022. MMWR Morb Mortal Wkly Rep. 71, 1278–1282. doi: 10.15585/MMWR.MM7140E3

 Perzia, B., Theotoka, D., Li, K., Moss, E., Matesva, M., Gill, M., et al. (2022). Treatment of ocular-involving monkeypox virus with topical trifluridine and oral tecovirimat in the 2022 monkeypox virus outbreak. Am. J. Ophthalmol. Case Rep. 29, 101779. doi: 10.1016/J.AJOC.2022.101779

 Philpott, D., Hughes, C. M., Alroy, K. A., Kerins, J. L., Pavlick, J., Asbel, L., et al. (2022). Epidemiologic and clinical characteristics of monkeypox cases — United states, may 17–july 22, 2022. Morbidity Mortality Weekly Rep. 71, 1018. doi: 10.15585/MMWR.MM7132E3

 Pickup, D. J. (2015). Extracellular virions: the advance guard of poxvirus infections. PloS Pathog. 11, e1004904. doi: 10.1371/JOURNAL.PPAT.1004904

 Piparva, K. G., FiChadiya, N., Joshi, T., and Malek, S. (2024). Monkeypox: from emerging trends to therapeutic concerns. Cureus 16, e58866. doi: 10.7759/CUREUS.58866

 Priyanka,, Abusalah, M. A. H., Chopra, H., Sharma, A., Mustafa, S. A., Choudhary, O. P., et al. (2023a). Nanovaccines: A game changing approach in the fight against infectious diseases. Biomedicine Pharmacotherapy 167, 115597. doi: 10.1016/J.BIOPHA.2023.115597

 Priyanka,, Chopra, H., and Choudhary, O. P. (2023b). mRNA vaccines as an armor to combat the infectious diseases. Travel Med. Infect. Dis. 52, 102550. doi: 10.1016/J.TMAID.2023.102550

 Raccagni, A. R., Candela, C., Bruzzesi, E., Mileto, D., Canetti, D., Rizzo, A., et al. (2022). Real-life use of cidofovir for the treatment of severe monkeypox cases. J. Med. Virol. 95, e28218–e28218. doi: 10.1002/JMV.28218

 Reda, A., El-Qushayri, A. E., and Shah, J. (2023). Asymptomatic monkeypox infection: a call for greater control of infection and transmission. Lancet Microbe 4, e15. doi: 10.1016/S2666-5247(22)00259-2

 Reed, K. D., Melski, J. W., Graham, M. B., Regnery, R. L., Sotir, M. J., Wegner, M. V., et al. (2004). The detection of monkeypox in humans in the western hemisphere. New Engl. J. Med. 350, 342–350. doi: 10.1056/NEJMOA032299/ASSET/F45A1222-DC5E-4F82-A63B-34450B4D1E70/ASSETS/IMAGES/LARGE/NEJMOA032299_F4.JPG

 Reynolds, M. G., and Damon, I. K. (2012). Outbreaks of human monkeypox after cessation of smallpox vaccination. Trends Microbiol. 20, 80–87. doi: 10.1016/J.TIM.2011.12.001/ASSET/72A4BB96-FFCF-4B27-B3B6-BBD77FA61AAF/MAIN.ASSETS/GR3.JPG

 Russo, A. T., Grosenbach, D. W., Chinsangaram, J., Honeychurch, K. M., Long, P. G., Lovejoy, C., et al. (2021). An overview of tecovirimat for smallpox treatment and expanded anti-orthopoxvirus applications. Expert Rev. Anti Infect. Ther. 19, 331–344. doi: 10.1080/14787210.2020.1819791

 Saied, A. R. A., Dhawan, M., Metwally, A. A., Fahrni, M. L., Choudhary, P., and Choudhary, O. P. (2022a). Disease history, pathogenesis, diagnostics, and therapeutics for human monkeypox disease: A comprehensive review. Vaccines 10, 2091. doi: 10.3390/VACCINES10122091

 Saied, A. R. A., Priyanka,, Metwally, A. A., and Choudhary, O. P. (2022b). Monkeypox: An extra burden on global health. Int. J. Surg. 104, 106745. doi: 10.1016/J.IJSU.2022.106745

 Shamim, M. A., Satapathy, P., Padhi, B. K., Veeramachaneni, S. D., Akhtar, N., Pradhan, A., et al. (2023). Pharmacological treatment and vaccines in monkeypox virus: a narrative review and bibliometric analysis. Front. Pharmacol. 14. doi: 10.3389/FPHAR.2023.1149909

 Sharma, A., Priyanka,, Fahrni, M. L., and Choudhary, O. P. (2022). Monkeypox outbreak: New zoonotic alert after the COVID-19 pandemic. Int. J. Surg. 104, 106812. doi: 10.1016/J.IJSU.2022.106812

 Shchelkunov, S. N., Shcherbakov, D. N., Maksyutov, R. A., and Gavrilova, E. V. (2011). Species-specific identification of variola, monkeypox, cowpox, and vaccinia viruses by multiplex real-time PCR assay. J. Virol. Methods 175, 163. doi: 10.1016/J.JVIROMET.2011.05.002

 Shoaib, H. M. (2023). Monkeypox as a potential emerging pandemic: a discussion on future risks and preparedness in Saudi Arabia. Front. Public Health 11. doi: 10.3389/FPUBH.2023.1254545

 Siegrist, C. M., Kinahan, S. M., Settecerri, T., Greene, A. C., and Santarpia, J. L. (2020). CRISPR/Cas9 as an antiviral against Orthopoxviruses using an AAV vector. Sci. Rep. 10, 1–11. doi: 10.1038/s41598-020-76449-9

 Siegrist, E. A., and Sassine, J. (2022). Antivirals with activity against mpox: A clinically oriented review. Clin. Infect. Dis. 76, 155. doi: 10.1093/CID/CIAC622

 Singh, P., Sridhar, S. B., Shareef, J., Talath, S., Mohapatra, P., Khatib, M. N., et al. (2024). The resurgence of monkeypox: Epidemiology, clinical features, and public health implications in the post-smallpox eradication era. New Microbes New Infect. 62, 101487. doi: 10.1016/J.NMNI.2024.101487

 Suñer, C., Ubals, M., Tarín-Vicente, E. J., Mendoza, A., Alemany, A., Hernández-Rodríguez, Á., et al. (2023). Viral dynamics in patients with monkeypox infection: a prospective cohort study in Spain. Lancet Infect. Dis. 23, 445. doi: 10.1016/S1473-3099(22)00794-0

 Suvvari, T. K., Ghosh, A., Lopinti, A., Islam, M. A., and Bhattacharya, P. (2023). Hematological manifestations of Monkeypox virus (MPOX) and impact of human MPOX disease on blood donation - What we need to know? New Microbes New Infect. 52, 101108. doi: 10.1016/J.NMNI.2023.101108

 Tarín-Vicente, E. J., Alemany, A., Agud-Dios, M., Ubals, M., Suñer, C., Antón, A., et al. (2022). Clinical presentation and virological assessment of confirmed human monkeypox virus cases in Spain: a prospective observational cohort study. Lancet 400, 661. doi: 10.1016/S0140-6736(22)01436-2

 Thakur, N. (2022). MonkeyPox2022Tweets: A large-scale twitter dataset on the 2022 monkeypox outbreak, findings from analysis of tweets, and open research questions. Infect. Dis. Rep. 14, 855–883. doi: 10.3390/IDR14060087

 Thornhill, J. P., Palich, R., Ghosn, J., Walmsley, S., Moschese, D., Cortes, C. P., et al. (2022). Human monkeypox virus infection in women and non-binary individuals during the 2022 outbreaks: a global case series. Lancet 400, 1953. doi: 10.1016/S0140-6736(22)02187-0

 Titanji, B. K., Hazra, A., and Zucker, J. (2024). Mpox clinical presentation, diagnostic approaches, and treatment strategies: A review. JAMA. 332(19). doi: 10.1001/JAMA.2024.21091

 Titanji, B. K., Tegomoh, B., Nematollahi, S., Konomos, M., and Kulkarni, P. A. (2022). Monkeypox: A contemporary review for healthcare professionals. Open Forum Infect. Dis. 9, ofac310. doi: 10.1093/OFID/OFAC310

 Turner, M., Mandia, J., Keltner, C., Haynes, R., Faestel, P., and Mease, L. (2022). Monkeypox in patient immunized with ACAM2000 smallpox vaccine during 2022 outbreak. Emerg. Infect. Dis. 28, 2336. doi: 10.3201/EID2811.221215

 Upadhayay, S., Arthur, R., Soni, D., Yadav, P., Navik, U. S., Singh, R., et al. (2022). Monkeypox infection: The past, present, and future. Int. Immunopharmacol 113, 109382. doi: 10.1016/J.INTIMP.2022.109382

 Vazquez, C., Fonseca, V., de la Fuente, A. G., Gonzalez, S., Fleitas, F., Lima, M., et al. (2024). Exploring the genomic dynamics of the monkeypox epidemic in Paraguay. Viruses 16, 83. doi: 10.3390/V16010083

 World Health Organization (2024a). 2022-24 mpox (Monkeypox) outbreak: global trends. Available online at: https://worldhealthorg.shinyapps.io/mpx_global/ (Accessed October 12, 2024).

 World Health Organization (2024b). Surveillance, case investigation and contact tracing for Monkeypox: Interim guidance. Available online at: https://www.who.int/publications/i/item/WHO-MPX-Surveillance-2024.1 (Accessed January 21, 2025).

 Xiao, Y., and Isaacs, S. N. (2010). Therapeutic vaccines and antibodies for treatment of orthopoxvirus infections. Viruses 2, 2381. doi: 10.3390/V2102381

 Yu, X., Shi, H., and Cheng, G. (2023). Mpox virus: its molecular evolution and potential impact on viral epidemiology. Viruses 15, 995. doi: 10.3390/V15040995/S1

 Zhao, F., Hu, Y., Fan, Z., Huang, B., Wei, L., Xie, Y., et al. (2023). Rapid and sensitive one-tube detection of mpox virus using RPA-coupled CRISPR-Cas12 assay. Cell Rep. Methods 3, 100620. doi: 10.1016/J.CRMETH.2023.100620




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Hershan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-15-1530900-g003.jpg
Effective
national
campaigns on
Mpox

Effective
surveillance
system

Quarantine and
isolation

Response Recovery

National and
Contact tracing global
coordination

Immunization






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Virology, epidemiology, transmissions, diagnostic tests, prophylaxis and treatments of human Mpox: Saudi Arabia perspective

      

        		

          1 Introduction

        



        		

          2 Virology of MPXV

        

          		

            2.1 Classification

          



          		

            2.2 Genomic organization and morphology of MPXV

          



        



        



        		

          3 Epidemiology of MPXV

        

          		

            3.1 Global epidemiology

          



          		

            3.2 Saudi Arabia epidemiology

          



        



        



        		

          4 Pathogenesis of MPXV

        



        		

          5 Transmission of MPXV

        



        		

          6 Clinical presentation

        



        		

          7 Mpox scenario in Saudi Arabia

        



        		

          8 Diagnostic testing for MPXV that can be used in Saudi Arabia

        

          		

            8.1 Real-time PCR

          



          		

            8.2 Loop-mediated isothermal amplification

          



          		

            8.3 Serological testing

          



          		

            8.4 CRISPR/Cas-based systems

          



          		

            8.5 Whole-genome sequencing

          



          		

            8.6 Electron microscopy

          



          		

            8.7 Virus isolation and culture

          



        



        



        		

          9 Prophylactic measures that can be taken in Saudi Arabia to prevent Mpox

        

          		

            9.1 Pre-exposure prophylaxis

          

            		

              9.1.1 Individuals

            



            		

              9.1.2 Surveillance systems and public awareness campaigns

            



            		

              9.1.3 Healthcare workers

            



            		

              9.1.4 Vaccines

            



          



          



          		

            9.2 Post-exposure prophylaxis

          



        



        



        		

          10 Therapeutics for Mpox treatment that can be used in Saudi Arabia

        

          		

            10.1 Antiviral agents

          

            		

              10.1.1 Trifluridine

            



            		

              10.1.2 Brincidofovir

            



            		

              10.1.3 Tecovirimat

            



            		

              10.1.4 Cidofovir

            



          



          



          		

            10.2 Immunomodulators

          



          		

            10.3 Immunoglobulin therapy

          



        



        



        		

          11 Challenges and future perspectives

        



        		

          12 Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Mechanism

of action

Elimination
half-life

Adverse reactions

Contraindications

References

Tecovirimat  Inhibits viral 18-26 hours Vomiting, abdominal pain, nausea, Contraindicated in patients with (Bruno and Buccoliero,
protein p37 and headache creatinine clearance below 30 mL/min | 2023; Gupta et al., 2023)

Brincidofovir = Inhibits 19.3 hours Abdominal pain, vomiting, nausea, Contraindicated in women of (Siegrist and Sassine,
DNA polymerase and diarrhea childbearing potential 2022; Gupta et al., 2023)

Trifluridine Inhibits 2.1 hours neutropenia, leukopenia, anemia, Contraindicated in individuals with a (Bruno and Buccoliero,
DNA polymerase and nausea previous history of hypersensitivity 2023; Gupta et al., 2023)

to trifluridine

Cidofovir Inhibits 3.2-4.4 hours Asthenia, chills, fever, pancreatitis, Contraindicated in individuals with (Bruno and Buccoliero,

DNA polymerase proteinuria, rash, alopecia, diarrhea, cidofovir hypersensitivity, individuals 2023; Gupta et al., 2023)

vomiting, nausea, dyspnea, impaired
hearing, iritis, headache, neutropenia

taking nephrotoxic drugs, individuals
with a urine protein > 100 mg/dL,
serum creatinine > 1.5 mg/dL, or
creatinine clearance < 55 mL/min





OEBPS/Images/fcimb.2025.1530900_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiclogy

Virology, epidemiology, transmissions,
diagnostic tests, prophylaxis and treatments
of human Mpox: Saudi Arabia perspective





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-15-1530900-g001.jpg
Core membrane Core/nucleoprotein

complex

Outer envelope of

iri Nucl m
extracellular virions ucleosome

Core fibrils

Surface tubules

Lateral bodies Pallisade layer

MPXV (200-250 nm)
dsDNA (~197 kb)

196,858 (bp)

Central region (from C10L to A25R) Variable region
- ——

Internal ‘terminal Internal ‘terminal

repeat (ITR) - repeat (ITR) -
10 kb 10 kb





OEBPS/Images/fcimb-15-1530900-g002.jpg
G5
- — @

Skin wound Respiratory droplets
Skin Epithelia Respiratory Epithelia I~

Prlmaﬁ Viraemia MXPV spread to

l other organs

Secondary viral
replication in liver,

_’ Langerhans = thymus & spleen
Dendritic 3 / 3 l

Macrophage —

cells ‘ Secondary Viraemia | —————

o EEV- Extracellular

/ QAan Enveloped Virus
° E IMV {{ Macropinocytosis « i EarlymRNA « IMV- Intracellular
4 3 Mature Virion

Early translation
0 ¢ IVN- Immature

atural Early & A/ virus with nuclei
- Q Killer cells | L _ transcription = + IEV- Intracellular
Infected \:;aelaDs’;‘dA e e O L7 , Early proteins Enveloped Virus
Macrophage $ e %
rophag - v e v _Cunent
P e Immune Drug targets
e 4----"" modulators

\*endritic
) cells

Draining lymph
nodes

i »—m
Replication ~
factory
i
Intermediate & prolelns

Late transcription o, .y“ Golgi wrapping

-/JVL\,!I\_ b Intermediate &.‘ *

Intermediate, "= late translation ===="" " |ntermediate
late mRNA proteins

‘ Late

Tecovirimat






OEBPS/Images/table1.jpg
Vaccine Vaccine type

FDA approval

Adverse Contraindications References

reactions

ACAM
2000

JYNNEOS

Live vaccine

Live attenuated vaccine

Approved on August 31, 2007 for a
specific group of high-
risk populations

Approved on August 9, 2022 for the
general population

Cutaneous reaction  Severe immunodeficient individuals (Gupta et al,, 2023;
at the injection site Malik et al., 2023a)
No reaction at the Immunocompromised patients and (Gupta et al., 2023;

Malik e

individuals allergic to
JYNNEOS vaccine

injection site





