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ARTICLE INFO ABSTRACT

Keywords: The 2022 mpox outbreak is the first ever report of worldwide spread of cases. Integrated
Mpox knowledge on the epidemiology and clinical characteristics of mpox are limited. This study was
H“}’( conducted to shed light on the epidemiology of 2022 mpox outbreak. We found that men were the
illlZn group most infected sex (90-100 % cases). The highest prevalence of mpox infection (70 %) was found

among men aged between 30 and 40 years. Pre-existing HIV was reported among 24-100 % of
mpox positive cases. About 90-100 % of the cases have been disproportionately found among
group of men with specific sexual practice, namely, men who have sex with men (MSM). Case
fatality rate of 2022 mpox outbreak varied between 1 and 10 %. Studies on the relationship of
HIV with mpox outcomes are limited. This study will add knowledge on the epidemiology of 2022
mpox outbreak.

1. Introduction

The 2022 Mpox (previously monkeypox) outbreak has transmitted across 110 countries with case number surpassed 84 075 on
January 11, 2023 [1,2]. No historical records of mpox have been reported from majority of the localities (94 %, 103 of 110) before the
2022 outbreak. Nearly 99 % cases and fatalities are reported from these non-endemic regions [1,2]. The highest number of cases
(nearly 30 000) have been recorded in USA with 20 deaths. Historically mpox was isolated in 1958 from outbreaks in cynomolgus
monkeys with smallpox like symptoms in Copenhagen [1-3]. During 1970s, several outbreaks were reported from monkeys in the USA
and the Netherlands. The first symptomatic case of human mpox was documented in 1970 during smallpox surveillance in Democratic
Republic of Congo from a 9 months old child followed by another six cases in young children during 1970-1971 in West Africa [1-5].

Patients with mpox infection develop characteristics symptoms [4-9]. The most common symptoms include fever, multiple popular
lesions, vesiculopustular lesions, and ulcerative lesions on the body and face and lymphadenopathy [3-10]. Case fatality rate may vary
between 1 and 10 % depending on the clade of mpox infection. Severe illness and other complications like encephalitis, pneumonitis
and secondary infection are higher in children, elderly and HIV infected patients [3-10].

Integrated studies on the epidemiology, clinical characteristics and transmission route of mpox are scarce. Only few studies are
available with limited knowledge of the previous sporadic outbreaks. Recently, as case number are increasing, studies focusing on
clinical features and transmission are getting highlighted to understand the baseline of the outbreaks. This study was conducted to
create an integrated insights about the epidemiology, route of transmission in human body along with clinical data of mpox.
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2. Method
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Findings from different original research works were included to conduct the study. We included articles from searching in
MEDLINE (through PubMed), EMBASE, Web of Science, Scopus, the Internet Library sub-Saharan Africa (ilissAfrica), African Journals
Online (AJOL), The New England Journal of Medicine (NEJM) and The Lancet with no restriction on language and place. All published
articles and scientific writings till January 20, 2023 were included in this study. The notable search term included Monkeypox, Mpox,
Monkey pox, MPXV, Epidemiology of mpox, Clinical characteristics of Mpox, Cases of Monkeypox, Transmission of mpox,

Table 1
Epidemiological characteristics of 2022-mpox outbreak.
Study Participants ~ HIV- Specific Age Skin* Anogenital Semen Saliva
positive behaviors Median (IQR)
MSM MPXV DNA MPXV DNA MPXV DNA MPXV DNA
prevalence prevalence prevalence prevalence

European Region 25471 3927/10 96 % 31-40 100 % NA NA NA
(ECDC, 2023) 366 (38 %)
[2]

Spain (Hernaez et al., 44 23/44 (52 94 % 35(11-3) NA NA NA 85 %
2022) [3] %)

Italy (Agrati et al., 17 7/17 (41 100 % 395 100 % NA NA NA
2022) [4] %) (33-5-45-25)

France (Mailhe et al., 264 73/256 95 % 35 (30-41) 98 % NA NA NA
2022) [5] (29 %)

Spain (Tarin-Vicente 181 72/181 92 % 37 (31-42) 99 % 78 % NA NA
et al., 2022) [6] (40 %)

Italy (Raccagni et al., 36 15/36 (42 100 % 34 (29-36.5) 100 % 61 % NA
2022) [7] %)

15 countries (Angelo 226 92/209 99 % 37 (32-43) 100 % NA NA NA
et al., 2022)** (44 %)
[8]

Spain (Peir6-Mestres 12 4/12 (33 98 % 38.5 (32-52) 100 % 92 % 78 % 100 %
et al., 2022) [9] %)

UK (Patel et al., 197 70/195 99.5 % 38 100 %* NA NA NA
2022) [10] (35.9 %)

16 countries 528 218/528 98 % 38 (18-69) 100 % 91 % NA
(Thornhill et al., (41 %)
2022)' [11]

Italy (Lapa et al., 1 1/1 (100 100 % 39 NA NA 100 % NA
2022) [12] %)

Germany (Hoffmann 546 256/546 100 % 39 (20-67) 100 % NA NA NA
etal., 2022) [13] (47 %)

Spain (Vivancos- 25 25/25 100 % 39.5 (33-46) 91 % 90 % NA NA
Gallego et al., (100 %)
2022) [21]

Portugal (Duque 27 14/27 (52 95 % (18/ 33 (22-51) 100 % NA NA NA
etal., 2022) [14] %) 19)

Spain (Echevarria 49 15/49 (31 96 % 37.6" 100 %* 80 % NA NA
etal., 2023) [20] %)

USA (Philpott et al., 1195 136/334 94 % 35 (30-41) 100 % NA NA NA
2022) [15] (41 %)

Spain (Inigo 508 225/508 93 % 35 (18-67) 100 % NA NA NA
Martinez et al., (42 %)
2022) [16]

UK(Girometti, N., et, 54 13/54 (24 100 % 41 (34-45) 100 %* NA NA NA
2022) [17] %)

Spain (Orviz, E. 48 19/48 (40 87.5% 35 (29-44) 100 % NA NA NA
etal., 2022) [18] %)

France (Palich et al., 50 22/50 (44 98 % 34 (29-40) 88 % 71 % 54 % NA

2022) [19]

%)

IQR- Interquartile range.
" Includes perianal skin.
t Argentina, Australia, Belgium, Canada, Denmark, France, Germany, Israel, Italy, Mexico, Portugal, Spain, Switzerland, The Netherlands, UK, and

USA.

Argentina, Belgium, Canada, Denmark, France, Germany, Israel, Portugal, South Africa, Spain, Sweden, Romania, The Netherlands,UK, and USA.

* Range in years.
# Mean age.

¥ Skin or anogenital samples combined.

§ Either skin, anogenital, or oropharyngeal samples combined.
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Transmission of Monkeypox, “variole simienne”, and “variole du singe” and combination of these terms. Additionally, we conducted
search on the grey literature and Google Scholar. These sources included databases from CDC (Centers for Disease Control and Pre-
vention, USA), ECDC (European Centers for Disease Control and Prevention) WHO (the World Health Organization), Epicentre,
ProMed, CDC of Nigeria, CDC of Africa, and African Field Epidemiology Network. Total number of cases was determined for each
decade by summation of the reported cases per clades. Pooled Statistical analyses were conducted by using SAS version 9.4.

3. Epidemiology of 2022 mpox outbreak

Community transmission of 2022-mpox outbreaks has been found disproportionately among men who have sex with men (MSM)
gay, and bisexual in several countries including the new hotspot, USA [1,2] followed by Brazil, Spain and France [2]. The natural
history of mpox is still unknown and the recent studies on epidemiology and transmission of 2022-mpox outbreak suggests unusual
features than previous sporadic and local outbreaks. We analyzed the scientific evidences to add knowledge about the risk group and
epidemiology of 2022-mpox outbreaks.

Firstly, the reported cases from Americas, Europe and other severely affected areas were most frequently found among men
(90-100 %) (Table 1) [2,3,5,8-13,14,15-19]. Epidemiological and clinical data suggested that nearly half of the reported cases of
mpox have previous HIV infection (Table 1). The prevalence of HIV positive cases varied from 24 to 100 % among the mpox patients in
the ongoing outbreak. In most of the studies with the prevalence of HIV positive patients were between 30 and 55 % [2-6,8,9,11,
14-17,20,19]. However, in two studies, the prevalence was 100 % [12,21]. We rarely found studies directly relating HIV as a risk
factor of mpox infection. However, it is evident that people living with HIV have weaker immunity than without HIV. Accordingly,
prognosis of mpox and health outcomes among HIV-positive and HIV-negative cases are required to be analyzed extensively to predict
the impacts. Case fatality rate of patients co-infected with mpox-HIV was higher than patients with mpox alone. Previous case series
analysis in 2017 in Nigeria [22] have also found higher case fatality rate among the HIV co-infected cohort. We have also found reports
of bacterial secondary infection in the genitals of mpox-HIV co-infected patients, which resulted in hospitalization and prolonged
illness in this 2022 outbreak [10].

Secondly, the mpox infection was most prevalent among people with median age of 30-40 years (Table 1) [13,14-17,20,19]. The
reported number of cases in 2022-mpox outbreaks among children (below 16 years) and elderly persons (above 60 years) are
significantly lower than previous outbreaks. During the early period (May-July 2022), proportionate incidence of mpox was high
among white people (nearly 67 %), which was replaced by black or African American and Hispanic or Latino with time (from 6 % to 50
%) [1,2,5-9,11,16]. We found disproportionate distribution of cases among the mentioned age groups, which remained nearly the
same during the outbreaks. The exact reasons and transmission need to be better analyzed and described for generalize statement and
defining risk group. There is evidence of asymptomatic cases of mpox, which suggest that underreporting is continuously occurring
[13,21,20,15,17,19]. A vigilance and rapid surveillance with wide scopes are required to include the asymptomatic cases and those
unwilling to report without notable symptoms. The existing data and knowledge partially support that, men aged between 30 and 40
years with HIV infection, come in close contact with diseased patients, have higher frequency of getting mpox infection [1,3,9,11-14,
21,15,17].

Finally, a lot of studies on the route and sources of transmission of 2022-mpox outbreaks have been conducted and identified few
probable routes responsible for higher frequency of the cases. The characteristics muco-cutaneous lesions of mpox have been most
frequently isolated from the genitals, anogenital and perineal areas than other organs of the body, which was higher in face, arms, and
legs in previous outbreaks [2,4-7,9-11,21,16,17]. Recent studies have reported higher prevalence (54-100 %) and concentration of
mpox DNA in semen sample of the infected men [7,9,11,13-22]. Several studies have found that isolated DNA of mpox from the lesions
of anogenital skin and semen have capability to infect cell lines like Vero E6 cells and produce cytopathic effects [12,13]. However,
these are preliminary studies to define and characterize the transmission route of 2022-mpox outbreaks. Interestingly, 90-100 % of the
cases have been disproportionately reported among group of people with specific sexual practice, namely, men who have sex with men
(MSM) (Table 1). Data and findings from numerous studies support the sexual transmission of 2022-mpox outbreaks among MSMmen
[3,4,6,8,13-21]. Based on these findings can we categorize 2022-mpox as a sexually transmitted disease? Actually, the preliminary
data supports further extensive investigation on the mechanism of transmission of mpox among the infected, from the infected to the
healthy susceptible via sexual interactions or other routes [13,14-20]. Till now data are scarce about how mpox DNA mixed with
semen samples. The main limitation of this study is that it couldn’t add all the available data and necessary information.

4. Conclusion

In conclusion, the public health measures, surveillance and preventive measures of mpox should highlight on the MSM men with
HIV and those came in contact with them recently. Awareness should be raised among them to immediate reporting to the local health
centers if symptoms arise and avoid direct-contact with their partners. This study also finds a significant gap on the epidemiological
characteristics of the minor groups and asymptomatic patients. In addition, genomic characterization of mpox, detailed clinical and
epidemiological analysis of asymptomatic cases, and minor number of cases outside MSM men are required to understand the complete
scenario of risk factors, risk group and appropriate measures to prevent the outbreak.

Data availability

All the necessary data will be made available on request.
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