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Abstract: Monkeypox (mpox), caused by mpox virus (MPXV) infection, reemerged in 2022 and still raises concerns globally. 
Abundant clinical data indicate that mpox is a sexually transmitted infection and that the urogenital system is the most frequently 
involved system in mpox, which deserves more attention. Penile lesions are the most common presentation, followed by urethritis. 
Acute urine retention and acute kidney injury are relatively rare but also highly crucial. Currently, the majority of the urogenital lesions 
are considered complications secondary to MPXV infection and the common immunosuppression in mpox patients. However, such 
viewpoints should be treated carefully due to the lack of understanding of the basic mpox pathology. Here, we briefly and 
comprehensively review the current evidence concerning urogenital lesions caused by mpox, including epidemiology, clinical features, 
pathogenesis, and therapeutic approaches to provide a preliminary reference for clinicians in future clinical practice. 
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Introduction
The mpox virus (MPXV), a member of the Orthopoxvirus genus, is the cause of mpox (formerly known as monkeypox), 
a zoonotic illness. The virus was first identified in humans in the Democratic Republic of the Congo in 1970 after it was 
discovered in monkeys transported from Singapore to Denmark in 1958.1 Due to its sporadic outbreaks related to contact 
with wildlife reservoirs (particularly rodents), mpox was subsequently considered a rare infectious zoonotic disease until 
2022.1,2

The World Health Organization (WHO) declared mpox an “evolving threat of moderate public health concern” on 
June 23, 2022, after more than 3000 cases were reported in more than 50 countries across five regions since early 
May 2022.2 During the past decades, mpox has undergone a rapid evolution and worldwide transmission and ended up 
being a global pandemic (Figure 1).1,3,4 The disease has become a new threat to the world’s health systems, which are 
still slowly recovering from the significant shocks caused by the COVID-19 epidemic.5

Similar to most virus infections, mpox is self-limited and can recover after the immune clearance of MPXV.6 

However, numerous reports have shown that the course of mpox infection in humans typically resolves on its own 
with mild symptoms lasting for 2–4 weeks, including fever, chills, headache, muscle soreness, and lymphadenectasis, 
a small percentage of patients exhibit signs of severe illness that can result in hospitalization or even death.1,4,7–9 

Recently, a meta-analysis including 1958 patients revealed that 35% of mpox-infected patients were admitted to hospitals 
and that 4% (95% CI: 1%–9%) of the inpatients had fatal outcomes.8

Infection and Drug Resistance 2025:18 209–226                                                              209
© 2025 He et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance                                                          

Open Access Full Text Article

Received: 11 November 2024
Accepted: 23 December 2024
Published: 10 January 2025

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2790-462X
http://orcid.org/0000-0003-4306-4656
http://orcid.org/0000-0003-0818-8151
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


According to several cohort and case-series investigations, the great majority of cases in the 2022–2023 outbreak 
were suspected to have been spread by close physical contact, mostly sexual behaviors, especially among men who have 
sex with men (MSM).2,10–13 MPXV can be detected in genitourinary fluids (urine, seminal fluid, and vaginal fluid),2,14–17 

and virus replication has also been reported.16,18 Urogenital manifestations, including penile skin lesions, penile edema, 
acute urine retention, and urethritis, are frequent among mpox cases and are often the reason for consultation visits.19 

More importantly, kidney injury caused by mpox, especially in hospitalized patients and kidney transplant recipients, 
should receive increased attention.2,17 All the evidence emphasized that urogenital lesions in mpox have diverse features 
and deserve further consideration. Therefore, this review aims to summarize the current studies on urogenital system 
manifestations in mpox and urge clinicians to pay more attention to urogenital disorders and timely medical intervention.

Virology of MPXV
MPXV belongs to the same genus as cowpox virus, vaccinia virus, and variola virus, which are all orthopoxviruses 
(double-stranded DNA viruses) and smallpox pathogens, respectively. A brick-like virion, 200–250 nm in size, is found 
by electron microscopy (EM) to be identical to the virions of vaccinia or variola viruses.4,20 With over 200 kilobase pairs, 
the MPXV genome is large and encodes about 190 proteins used to construct viral particles and alter host functions. Two 
clades (clades 1 and 2) were previously found in various African regions and showed genomic sequence variations of 
approximately 0.5%. While clade 2 (with low case-fatality rates of less than 0.1%) was discovered in West Africa, clade 
1 (with high case-fatality rates of 1–12%) was the cause of sickness in Central Africa.20–22 The genetic variations 
between them that take place in areas that encode crucial virulence genes may account for the variations in clinical 
severity. Clade 2b, a novel lineage B.1, was found to be the cause of the epidemic in 2022.4,20,23 This lineage exhibits 
multiple gene mutations related to host recognition, virulence, and immune evasion. Compared with previously obtained 
genome sequences of MPXV isolated in Nigeria in 2018, the MPXV strains that emerged recently exhibited more single 
nucleotide polymorphisms (SNPs).20,21 Isidro et al conducted an in-depth mutational analysis and suggested that the 
function of host APOBEC3,24 which serves as a cellular defense mechanism by introducing errors into the viral genome, 
is vital in MPXV evolution as well as signs of potential MPXV human adaptation in ongoing microevolution, which has 
been validated in other large-scale genomic investigations.25–27 The significance of such mutations is underexplored, but 
they may trigger a sudden appearance large amount of human-to-human transmission (HHT) and increase the transmis-
sibility in non-endemic regions, and emphasize the importance of both genomic surveillance in tracking spatiotemporal 
dynamics of MXPV clades.

Transmission of MPXV
Monkeys were not the most frequent reservoir, despite the term “monkeypox”. In central Africa, several rodents (eg, 
African pouched rat, squirrel, and dormouse) and primates (eg, chimpanzee, sooty mangabey, and baboon) are the natural 
hosts of MPXV.20,28,29 Early reports generally associated MPXV infections with interactions with infected animals, such 
as eating raw meat or coming into contact with mucosal membranes, bodily fluids, and tissues.20,30 Additionally, 
scratches or bites from infected animals can spread the infection. Direct contact with respiratory secretions from infected 
people is considered the cause of HHT.1,20,31 Then, vertical transmission (VT) was also described.32 Both HHT and VT 

Figure 1 The timeline of major milestones in mpox.
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used to be rare in historical events, however, in the current outbreak in 2022, the consistent existence of MPXV in genital 
fluid, the successful culture of MPXV from the anal and urethral swabs, and the various occurrences of lesions observed 
lesions occurred in the anal and genital regions strongly supported that the frequent and rapid transmission of mpox could 
be associated with sexual contact between individuals, especially among MSM,2,33 and that mpox should be considered 
a sexually transmitted infection (STI).2,15,33 A schematic of the mpox transmission route is shown in Figure 2.

Pathogenesis of MPXV
Data on various orthopoxviruses and primate models are widely used to extrapolate current views on the pathogenesis of 
mpox in humans.1 The infection and replication of MPXV within keratinocytes, fibroblasts, antigen-presenting cells, or 
airway epithelial cells allow MPXV to enter adjacent tissues through mucous membranes, including ocular, respiratory, 
oral, urethral, rectal, or broken skin when exposed to the respiratory secretions or bodily fluids of infected patients.1,20 

During historical outbreaks, the mean incubation period of MPXV infection was 5–13 days, while in the 2022 outbreak, 
the mean incubation period was commonly 7–10 days after exposure. The shorter incubation period could be caused by 
direct viral inoculation through sexual transmission.4,34 The latent period for MPXV then occurs as a result of the virus 
spreading throughout the body through tissue-resident immune cells and draining lymph nodes.20 Lesions are distributed 
according to lymphatic spread, and the virus then spreads systemically to the liver, spleen, and other large organs. There, 
it amplifies and causes a second major viremia wave, which may then enable the virus to spread to other distant organs, 
including the skin, lungs, kidneys, intestines, cerebrospinal fluid, and mediastinal lymph nodes.4,20,35 Primate models of 
subcutaneous injection exhibit modest, localized illness following clade 2 MPXV infection, with viral replication limited 
to the skin and lymphatic system. Following skin injection with clade 1 MPXV, the genitourinary, gastrointestinal, and 
respiratory systems may be impacted. The only data available on human skin inoculation come from immunization with 
the variola or vaccinia viruses, which cause minor lesions near the site of entry. Similarly, mpox was likely to be 
transmitted through sexual contact and genital secretions during the latest outbreak, resulting in some odd clinical 
symptoms.2,4,8,36

Both humoral and cellular immune responses are stimulated to block MPXV replication and induce long-term 
immunity after recovery.37,38 Humoral immune response to MPXV infection compromises MPXV-specific immunoglo-
bin M (IgM) and IgG against antigens with long-term persistence of residual IgG-memory B cells that protect hosts from 
reinfection and developing severe illness.39 Then, cellular immune response to MPXV infection is mainly Th1 biased and 
is characterized by a rapid expansion of activated effector CD4+ and CD8+ T cells.37,40 Most patients have specific T cells 
to produce Th1-related inflammatory cytokines (eg, IL-1β, IL-6, IL-8, IFN-γ, and TNF).41 Functionally, effector CD4+ 

T cells enhance recall and differentiation of B cells into antibody-secreting cells, whereas CD8+ T cells can kill infected 
macrophages to prevent MPXV spread. In nonhuman primate models, neutralizing antibodies produced by B cells are 
especially important for avoiding fatal infection, while CD4+ or CD8+ T cell depletion only slightly affects disease 
protection.4,42 However, such protective B-cell responses and antibodies was reduced due to CD4+ T cell depletion before 

Figure 2 The transmission pattern of MPXV.
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immunization, and the severity of the infection was markedly increased.42 Additionally, MPXV can evade antiviral CD4+ 

and CD8+ T cell responses by suppressing cognate T cell activation.40 A deeper understanding of T cells in mpox may 
provide more insight into disease management.

Risk Factors
In the past, living in wooded regions (particularly close to squirrel-habitable locations), residing with mpox patients, 
being male, and being under 15 years old were all recognized risk factors for mpox in African nations.4,43,44 In the recent 
outbreak, the majority of mpox patients (98%, 519/528) were identified as MSM,2 and high-risk sex behaviors were the 
most reported potential risk factors.2,10,13 A large percentage of people with HIV (PWH) are mpox patients (36–42%), 
and a significant portion (33–42%) are on pre-exposure prophylaxis to avoid contracting HIV.4,45–47 Children, pregnant 
women, immunocompromised patients, especially those untreated PWH infection, and solid organ transplant recipients 
(SOTRs) are among the groups most at risk of developing severe disease.4,34,48,49 However, the role of HIV infection in 
mpox severity remains obscure. A meta-analysis by de Oliveira et al revealed that the hospitalization rates were 
comparable between PWH and patients without HIV (odds ratio [OR] = 1.13, 95% CI: 0.28–4.46, p = 0.87).50 Other 
clinical features, illness severity, and clinical outcomes are comparable between patients with HIV positive and negative, 
although the former are more likely to have skin rash.2,12,13,51 Therefore, it is suggested that immunological status be 
used to determine the severity of mpox. According to previous reports, untreated PWH with low CD4+ T cell counts 
(<200/µL) may be more susceptible to severe, widespread, or protracted mpox.4,49 The mechanism of the interaction 
between HIV and MPXV is still unclear, and researchers tend to assume that the function and load of T cells plays 
a central role. Following recovery from MPXV infection, virus-specific T-cell responses are detected in PWH, suggesting 
that T-cell responses play a role in MPXV infection recovery.52 This viewpoint can also indirectly support the severe 
mpox features in SOTRs.48,53 Some common pathogenesis and candidate hub genes (eg, MX2, ADAR, and POLR2H) and 
related pathways (eg, regulation of viral infection, inflammation, and activation of innate immunity) in MPXV-HIV 
coinfection have been explored and are still needed to be validated.54 Moreover, evidence that patients living with 
autoimmune diseases (AIDs) receiving special treatment (eg, glucocorticoids, monoclonal antibodies) are at increased 
risk of severe mpox is extremely limited. Few cases and historical experiences from recent COVID-19 cases indicate that 
AIDs are likely to be risk factors for severe illness.10,55 The assessment of immunological status may provide insights 
into this hypothesis.

Clinical Presentations
Historically and classically, mpox induced prodromal systemic symptoms that caused by viremia. These symptoms 
usually appear prior to the skin rash and last for 1–5 days, including general discomfort, fever, myalgias, sore throat, and 
lymphadenectasis.1,4 Rashes start on the head and face and eventually spread to the entire body following the fever and 
lymphadenectasis. From papules to vesicles and pustules, the rash eventually develops into crusts that cure and leave 
scars (more details about skin rash will be discussed in [Penile lesions] below). This progressive phase of rash often lasts 
around 2–4 weeks. The median time from the onset of skin lesions to the dry crust formation is approximately 10 days 
(interquartile range: 7–13).1,13 The number of skin lesions can vary widely, with over 100 lesions noted in almost 
20–50% of patients.4 In the recent 2022 outbreak, several novel and unusual presentations have been observed. These 
presentations include lesions involving anogenital, oropharyngeal, and vaginal mucosal surfaces, with a significant 
proportion of patients presenting with anogenital lesions alone; proctitis; anorectal pain; and odynophagia. These 
manifestations, particularly the anogenital lesions, are highly prevalent in MSM.4,20 According to a large international 
case series of mpox in MSM, the most frequent locations of skin lesions were the anogenital area, followed by the trunk, 
arms, legs, face, and the palms and soles.14 Such lesion distribution could potentially be explained by the main infected 
populations and the transmission pattern of this outbreak.

Diagnosis
The combination of suspected epidemiological data, clinical observations, and laboratory tests can be used to determine 
the diagnosis of mpox. Preliminary diagnosis is made based on clinical manifestations, which are typically acute skin 
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rashes, including mucosal lesions in the mouth, conjunctiva, penis, vagina, or anorectal area; proctitis or lymphadeno-
pathy in patients; and influenza-like symptoms in patients following high-risk exposure.4,56,57 Final confirmation is 
achieved through laboratory examinations such as polymerase chain reaction (PCR) tests, virus isolation, and serological 
testing, which detect specific antibodies against MPXV. The WHO recommends PCR for early diagnosis based on its 
high sensitivity and specificity.56,58 Skin lesion material, such as swabs of the lesion surface or exudate and lesion crusts, 
is the best specimen for laboratory confirmation of mpox. In some situations, biopsies can also be carried out.4 Based on 
the time course of MPXV infection, a higher positive rate can be obtained by testing the sample collected during the first 
three weeks after symptoms onset.59 As for blood samples, routine PCR is recommended since viremia occurs in the 
early stage of MPXV infection when the symptoms are nonspecific.60 Although they still work, the conventional methods 
of viral isolation, EM detection, and immunohistochemistry require highly developed techniques and an advanced 
laboratory.57 The cause of cases that are discovered after the fact can be ascertained via antibody-based diagnostics. 
Serologically measuring anti-MPXV IgM is more helpful for diagnosing recent infections, including in people who have 
already received a vaccination, than measuring anti-MPXV IgG alone is more useful for retrospective patients who have 
been exposed to MPXV, including through vaccination.57,61 Detection of IgM from patients with acute illness (4–56 days 
after rash onset) or IgG in paired serum samples (collected at least 21 days apart, with the first being collected during the 
first week of ill) can augment diagnostic accuracy.4,62

Differential diagnosis for mpox includes consideration of other viral illnesses with similar clinical presentations, such 
as smallpox, chickenpox, and other poxvirus infections. The distribution of lesions in clade 1 mpox resembles 
smallpox.56 In contrast, clade 2 mpox often manifests genital, perianal, and oral regions. Oral or perioral lesions can 
be mistaken for syphilis (chancriform papules), oral candidiasis (pseudomembranous plaques), and herpes simplex virus 
(HSV) (ulcers).63 Since genital ulcers are common in clade 2 mpox, syphilis, HSV, and chancroid should all be taken into 
consideration. People who have vaginal and oral ulcers should be evaluated for certain inflammatory conditions, such as 
Behcet’s illness. Several STIs have become more common in recent years, and mpox frequently coexists with other STIs 
such as syphilis, chlamydia, gonorrhea, lymphogranuloma venereum, and HIV. This should be taken into account for all 
patients who present with genital lesions.63,64 For a detailed differential diagnosis of infection caused by different MPXV 
subtypes and of mpox and other diseases, please refer to the review by Cowen et al (Ref63). Notably, in practice, clinical 
differentiation of mpox from similar clinical conditions can be difficult without laboratory diagnosis.18

Urogenital Lesions in Mpox
Numerous urogenital lesions significantly increase the number of visits to urology and andrology clinics.19,36,65,66 

Although lesions of the male external genitalia are consistent with STIs, some complications in the upper urinary tract 
make it important for clinicians to consider the more complex pathogenicity of MPXV, rather than just an STI, although 
the data are limited. We briefly summarize cases of urogenital lesions and related key findings reported in previous 
studies in Table S1. The urogenital system involvement in mpox, including its clinical features, pathogenesis, and 
management, is discussed in the following parts of this review (Figure 3).

Acute Kidney Injury
Epidemiology Data
Data from historical mpox outbreaks revealed no cases of acute kidney injury (AKI), which is characterized by a rapid 
decline in renal function (defined as an increase in serum creatine [sCr] of ≥50% within 7 days or an increase in sCr of 
≥0.3 mg/dl (26.5μmol/l) within 2 days or oliguria for ≥6 hours) associated with poor outcomes.67 A multi-national case 
series, enrolling 528 mpox cases, reported two AKI cases.2 Another cohort focused on the clinical features of mpox in 
SOTRs and found one AKI case.48 All of the 3 AKI patients were ultimately survived. Additionally, due to the high 
incidence of MPXV-HIV co-infection, the challenge of AKI is magnified since PWH with multiple comorbidities, co- 
infections, and nephrotoxic drugs complicate its management.68 Although only a few studies have reported kidney 
complications, the occurrence of AKI in these patients should raise concerns.
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Potential Mechanism
Some mechanisms have shown to be responsible for AKI. The etiology of AKI is conceptually classified into three 
categories: prerenal, intrarenal, and postrenal.69 In mpox-related AKI, prerenal and intrarenal AKI were observed in 
patients and in in vitro models, respectively. First, tiredness, painful oral lesions, fever, and widespread cutaneous rashes 
are common symptoms of mpox. These symptoms lead to a decrease in oral intake and an increase in insensible fluid 
loss, which can lead to hypovolemia and dehydration.7,70 The detection of MPXV in urine supported that MPXV directly 
infects the kidney.71 MPXV is an orthopoxvirus that can replicate in a variety of mammalian kidney cell lineages, 
including human kidney, pig embryo kidney, and baby hamster kidney. Human kidney tropism is therefore possible.72 

With the aid of human pluripotent stem cell-derived kidney organoids (HKOs), virus infection, kidney disease, and anti- 
viral drug development can be simulated.71,73 Li et al inoculated HKO with MPXV, finding a large increase of 
intracellular viral DNA and the HKO can stably excrete MPXV. Almost all cells were infected after 96 h, and on day 
7, the HKO structures were disrupted. EM visualized the intracellular MPXV particles and captured the complete process 
of virus synthesis which demonstrated that HKO can support the full life cycle of MPXV.71 Third, the drug-induced AKI 
has been explored in depth, especially in immunosuppressed hosts, such as SOTRs and patients with HIV.7,48,53 Recent 
literature shows that mpox patients are treated with antiviral therapy empirically, including cidofovir, which can cause 
apoptosis in the proximal tubular cells, leading to AKI and dose-dependent tubular injury (Fanconi syndrome).2,74,75 

A multicenter retrospective study of hematopoietic cell transplant recipients treated with cidofovir presented that more 
than 25% of patients developed nephrotoxicity with an increased sCr and a decreased estimated glomerular filtration 
rate.76 Additionally, tecovirimat, a new drug for mpox, potentially causes AKI, although no severe adverse events were 
reported.48,77 However, injectable tecovirimat is formulated with hydroxypropyl-β-cyclodextrin, which is nephrotoxic 
and is eliminated in the urine.7 Some HIV-related factors, such as low CD4+ T cell count, and high viral loads, can 
significantly increase the AKI risk, and the mechanisms were reviewed previously, however, some divergences exist.78–81 

In contrast to the above two factors, the AKI related to antiretroviral therapy (ART) was more clarified. Many ART 
agents are secreted or cleared by the kidney, so nephrotoxicity is inevitable.82 For example, tenofovir, the most common 
drug ART, is related to a 5% increased AKI risk. The main mechanism of tenofovir nephrotoxicity is cellular 
accumulation by increased entrance from human organic anion transporters and decreased efflux into the tubular 
lumen.78,82,83 Other ART drugs have also been proven to have nephrotoxicity, including zidovudine, atazanavir, and 
rilpivirine.78,82 Finally, secondary infections, sepsis, and shock might be reasons because of multiple organ failure 
(MOF).84 However, the description of AKI in mpox only focuses on the outcomes without more information about the 

Figure 3 The overview of urogenital manifestations in mpox.
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clinical background (ie, renal function measurements, HIV status, and medication use), which hinders the identification 
of AKI etiology. The mechanism of AKI in mpox is graphically displayed in Figure 4.

Management
Although AKI is a rare complication of mpox, it should still be carefully considered by clinicians because of the poor 
prognosis. Prevention and management are closely related to the pathophysiology of AKI and the anti-viral therapy. AKI 
prevention usually starts with circulatory volume support and the early beginning of anti-MPXV medication. Regular 
fluid status assessment and quick fluid expansion are advised in cases of hypovolemia to achieve euvolemia, in addition 
to the standard renal function examination and subsequent dynamic monitoring.7,85 Concerning mpox-related kidney 
injury, anti-viral therapy in the early stage is the key point. A preclinical experiment proved that MPXV-infected HKOs 
can respond to tecovirimat, with a significant reduction in the viral DNA load and even undetectable viral titers.71 These 
medications, such as cidofovir and tecovirimat, should be considered for patients who present severe disease and well- 
functioning kidneys. Continuous renal function monitoring is vital during the anti-viral therapy, although the nephro-
toxicity is still blurred. For PWH, normative ART can decrease the AIDS-dependent AKI risk, and medication adaptation 
is an applicable approach to prevent ART-related AKI. For instance, tenofovir alafenamide has been recently approved as 
an alternative tenofovir prodrug with a promising decrease in nephrotoxicity.78,86,87 Additionally, human recombinant 
alkaline phosphatase (an endogenous enzyme that provides renal protection via the dephosphorylation of compounds, 
including endotoxins and proinflammatory mediators), blood purification, broad-spectrum antibiotics, and inotropic 
agents (eg, angiotensin II) are helpful in cases of MOF caused by sepsis and shock.84,88 Finally, renal replacement 
therapy is vital for patients with severe renal impairment, especially those with obvious internal environment disorders 
and excessive volume loads. When a patient is in good condition, regular hemodialysis can be performed. Bedside 

Figure 4 The mechanism of AKI in mpox.
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continuous renal replacement therapy is required if the patient is severely ill and cannot be transported or tolerate normal 
hemodialysis.89

Acute Urine Retention
Epidemiology Data
Acute urinary retention (AUR) is the most common urological emergency and is defined as the sudden and painful 
inability to voluntarily pass urine.90 Regretfully, only five mpox cases (four male, one female) with AUR were reported 
so limited evidence can be provided, especially for the pathophysiology process of AUR.48,91–93 Except for the cases who 
developed AUR secondary to penile lesions, including severe penile swelling and unretractable foreskin, as observed by 
Hackett et al,92 the other patients were all admitted to the emergency department due to noninducible urination difficulty. 
AUR is among multiple complications in 3 kidney transplantation recipients, indicating severe disease in STORs.48,91

Potential Mechanism
The primary etiology for AUR mainly consists of obstruction, infection, inflammation, pharmacologic, and neurogenic 
effects.94,95 The mechanism of AUR in mpox patients remains under-recognized and under-researched. First, obstruction 
caused by penile morphological abnormalities is believed to be the most common trigger. Second, AIDS in mpox cases is 
another risk factor for AUR, which was widely reported for more than 30 years ago.96–102 AUR is usually caused by 
secondary urinary tract infection (UTI) (eg, cystitis or prostatitis) and neurologic disorders due to AIDS (eg, HIV 
encephalitis, herpetic ascending myelitis, transverse myelitis (TM), central nervous system lymphoma, cerebral toxo-
plasmosis, and acute idiopathic polyneuritis) in AIDS patients.97,98,102–106 Current evidence also shows that MPXV can 
lead to multiple neurological complications that may indirectly cause AUR, such as encephalitis, encephalomyelitis, and 
TM.7,84,107,108 The reasons for these complications remain obscure because of inadequate data and poor understanding of 
mpox. These results imply that viral persistence and invasiveness may be noteworthy causes, especially in immunocom-
promised patients. The HIV-MPXV coinfection could further aggravate neurological damage to cause AUR and improve 
the understanding of MPXV-related neurological disorders. However, another hypothesis is that the neurological 
disorders are mainly attributed to postinfectious autoimmunity rather than direct viral invasion.47,107 In summary, the 
lower urinary tract damage caused by infection and inflammation, the acquired lesions related to AIDS and immuno-
suppression, and the neurological invasion by MPVX are the major pathogenesis of AUR, but the mechanism needs 
further exploration.

Management
The principle for AUR treatment in mpox patients is nonspecific. Bladder decompression, usually by indwelling urinary 
catheterization, is a fundamental approach to rapidly drain the bladder and relieve symptoms.90,94 Notably, long-term 
indwelling catheterization should be avoided since it is positively associated with a greater risk of UTI, sepsis, trauma, 
urolithiasis, urethral strictures or erosions, prostatitis, and even cancer.109 Typically, catheterization is done in a hospital, 
and if the patient is released with a catheter in place, an appointment is made for a trial without a catheter.94 For 
infection-induced AUR, identifying the pathogen is vital after primary bladder decompression. Considering the wide 
immunosuppression and frequent antibiotic use in mpox patients, pathogens can be hardly detected by conventional 
methods (eg, culture, smear), and metagenomic next-generation sequencing is a useful alternative.110,111 Anti-pathogen 
therapy after unraveling the pathogens can significantly improve the prognosis and decrease AUR recurrence risk.112 

AUR related to penile lesions, the combination of anti-viral medication, antibiotics, and anti-inflammatory drugs (regular 
non-steroidal anti-inflammatory drugs [NSAIDS]) are effective.92 Despite its inability to penetrate the blood–brain 
barrier (BBB), cidofovir may then be taken into consideration for neurogenic AUR.113 Because tecovirimat can pass 
through the blood–brain barrier in animal models, it was utilized to treat encephalitis.114 Although tecovirimat and 
brincidofovir, the lipid prodrug of cidofovir, have been shown to work in concert in animal models, human trials are still 
required to corroborate these findings. Furthermore, longitudinally extensive TM responded well to therapy regimens that 
included methylprednisolone and plasmapheresis, with a favorable prognosis. There is no doubt that ART is necessary in 
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HIV-MPXV coinfection patients. Furthermore, appropriate rehabilitation intervention after recovery is pivotal for the 
long-term prognosis.115 Finally, medication or surgical intervention for benign prostate hyperplasia (BPH) is the 
recommended therapy for BPH-related AUR,90,94 however, since the age distribution of mpox patients is mostly 
young, this condition is rare in clinical practice.

Urethritis
Epidemiology Data
Urethritis, an inflammation (swelling and irritation) of the urethra typically caused by infection, especially STIs, is an 
important urological syndrome but is usually overlooked in mpox patients.116 Liesenborghs et al indicated a considerable 
incidence of urethritis among mpox cases in Belgium (7.7%, 12/155), which is consistent with other case series and case 
reports.12,117,118 A country-wide study in Mexico investigated a total of 3291 mpox patients, among whom 10 patients 
with urethritis. Another regional observational study investigated 56 mpox cases (23 hIV infected and 33 non-HIV 
infected), and urethritis was reported in 4vcases (3 in HIV infected group, 1 in non-HIV infected group).51 In addition, 
HIV infection is likely to be a risk factor for urethritis (OR = 2.08, 95% CI: 1.88–2.29).119 Zhao et al also observed 
a higher incidence of urethritis in the HIV-infected group than in the non-HIV-infected group, although the difference did 
not reach a statistical significance (3/23 vs 1/33, p = 0.295).51

Potential Mechanism
STI is almost the single cause of urethritis, and the pathogens are clarified in half of the cases, including Chlamydia 
trachomatis (CT), Neisseria gonorrhoeae (NG), Mycoplasma genitalium (MG), Ureaplasma urealyticum (UU), and 
rarely pathogens such as HSV, adenovirus, and Trichomonas vaginalis (TV).120,121 The findings of a PCR test for NG, 
CT, MG, TV, and HSV, as well as a Gram stain and culture for NG from a urethral swab, were surprisingly negative when 
a urine sample from 1 hIV-negative subject was sent for testing. According to PCR revealed that an anal swab and a urine 
sample were positive for MPXV, suggesting that the urogenital tract has the highest viral load and that MPXV may be the 
direct cause of urethritis.116 This viewpoint needs further validation by analyzing the pathogen spectrum from the 
urogenital tract in more patients.

Management
Urethritis symptoms are not exclusive to mpox patients and can occasionally even appear before dermatological 
symptoms. Even in the absence of skin lesions, mpox should be taken into consideration in patients at risk of mpox 
who exhibit urethritis during an epidemic, and painful inguinal lymph node is a crucial sign of mpox.116,117 The majority 
of the common pathogens can be easily identified via traditional methods (eg, culture, stain, etc.). Gonococcal urethritis 
is recommended to be treated with ceftriaxone plus azithromycin in single doses or ceftriaxone monotherapy in a single 
dose in cases of unknown antimicrobial susceptibility.122 Nongonococcal urethritis (NGU) accounts for around 80%– 
95% of the total cases caused by a variety of microorganisms with emerging drug resistance, and the NGU treatment 
should ideally be guided by etiologic diagnosis. The primary treatment is azithromycin or doxycycline. For patients with 
macrolide-resistant MG infections, moxifloxacin is the only treatment option.123 Unfortunately, AIDS is a risk factor for 
urethritis, and urethritis could act as a local source of HIV that can be reversibly activated to increase HIV 
transmission.104,124,125 This interaction significantly increases the difficulty of treating urethritis in MPXV-HIV coin-
fected patients, highlighting that ART and antibiotic therapy must be performed simultaneously.

Penile Lesions
Epidemiology Data
Unlike the other three urogenital complications mentioned above, penile lesions (PLs) are quite common. Skin lesions in 
the anogenital area occurred in more than 70% (383/582) of the included cases in the multi-center cohort,2 which echoes 
the results from other case-series.10,66,126 In a retrospective case–control study, MPXV infection was associated with 
a greater risk of genital rash compared to healthy individuals (OR = 5.38, 95% CI: 2.57–11.23). A descriptive case series 
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in Spain of 14 patients described the natural course of PLs, 43% (6/14) sought consultation for urogenital symptomatol-
ogy due to penile edema (PE) as the initial presentation.19 Another large-scale study in Brazil included 10,169 cases, and 
22.4% (2280/10169) had PLs, mainly PE.127 Lee et al investigated the clinical features with intermediate follow-up with 
PLs and reported that a large portion of (16/68) patients experienced significant penile skin changes at the final follow- 
up.36 A meta-analysis indicated that the pooled prevalence of PE or scrotal edema was 10.7% (95% CI: 6.3%–17.7%), 
accounting for the majority of genital lesions.128 Moreover, penile ulcers (PUs) have been reported by various case 
reports but lack data from cohort studies or case series.66,129–132 Additionally, penile lymphoedema was found in two 
cases, which added mpox as a cause of multiple PLs.133

Potential Mechanism
The definition of PLs is mainly based on gross images and symptoms since PLs have a characteristic appearance with 
umbilicated lesions that are often ulcerated and painful (see the typical images in134), but it could lead to a poor 
understanding of pathogenesis and significant uncertainty of pathological heterogeneity.36,65 PLs are widely considered to 
be caused by a single skin rash, the most representative manifestation in mpox, and are usually accompanied by bacterial 
superinfection.10 The skin rash is divided into six stages: macule, papule, vesicle, pustule, crust, and scab1,18,135 

(Figure 5). In the vesicular stage, histopathological examination showed significant spongiosis, cutaneous edema, 
acute inflammation, and ballooning keratinocyte degeneration. Apoptotic keratinocyte debris and inflammatory cells 
predominate at the pustule stage, with a small number of viable keratinocytes being present. Both multinucleation and 
cytopathic damage, characterized by eosinophilic inclusion bodies, conspicuous nucleoli, and so-called ground glass 
chromatin, are possible in viable keratinocytes.4,136 In addition, the deeper involvement of the dermal layers markedly 
increases the severity of infection and the risk of bacterial superinfection.36 Moreover, penile lymphoedema is possibly 
caused by lymphatic congestion because of pronounced lymphadenopathy, which is consistent with the dispersal process 

Figure 5 The six stages of skin lesions in Mpox (A) early vesicle, (B) small pustule, (C) umbilicated pustule, (D) ulcerated lesion, (E) crusted mature lesions under the lower 
lip, and (F) partially removed scab.
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of MPXV in the body.20,133 The pathological test showed the same histological alterations in the PUs from the case of 
penile lymphoedema, implicating that penile lymphoedema is an accompanying symptom of common PLs rather than 
a new disorder.133 Surprisingly, the influence of AIDS on PLs remains controversial. Lee et al found that the PL rates 
were not significantly different between those with and without AIDS (p = 0.12), which contrasts to other cohorts.36,137 

The role of AIDS in PLs warrants further research in larger cohorts.
Note: SOURCE: Photo credit: UK Health Security Agency.

Management
Urologists and andrologists must understand the presentation, diagnosis, and management of PLs, as many patients first 
visit a urology or andrology specialist clinic for their penile concern. PLs are usually not life-threatening but are 
a warning sign of small-scale transmission of mpox, which means that clinicians should comprehensively inquire 
about their history, including sexual contact, vaccination, and AIDS status, and complete differential diagnosis with 
other STIs exhibiting similar skin lesions by cooperating with dermatologists and infectious disease specialists, and 
report a public health emergency.36,127,138 Most management of PLs is symptomatic treatment. Pain in PLs is frequently 
reported in patients. Acetaminophen, NSAIDS, and topical lidocaine were the most common analgesia regimens. When 
treating individuals with severe refractory pain, opioid medications should be administered sparingly.1 When cellulitis or 
subsequent bacterial infections are suspected or verified by local lesion cultures, oral and topical antibiotic therapies are 
used.1,36,129 The effectiveness of antibiotic regimens containing levofloxacin, trimethoprim-sulfamethoxazole, and 
cephalosporins has been confirmed.11,36 Griffiths et al reported a remarkable improvement in 1 case with genital ulcers 
after antibiotherapy with doxycycline, with resolution of fever and lymphadenopathy reduction.139 Similar success was 
also achieved in a case treated with doxycycline for suspected rickettsial infection, and the patient presented fever 
resolution within the first 24 h of treatment.140 The natural evolution of mpox, the anti-inflammatory effects of 
doxycycline, or an unidentified mechanism could all account for this clinical improvement. Additionally, topical 
corticosteroids, primarily medium-potency corticosteroids such as betamethasone or methylprednisolone, were given to 
ulcerated lesions with a notable inflammatory component.138 Sepsis is rare but critical in mpox patients with only one 
record to date.36 Early clearance of infected lesions and the use of effective antibiotics constitute the core, and supportive 
therapy aimed at maintaining organ functions, including circulatory resuscitation, mechanical ventilation, renal replace-
ment, and immunomodulatory therapy targeting therapeutic modalities affecting the immune-inflammatory response, can 
lead to a more favorable prognosis. The participation of the intensive care unit is important.36,141,142 Patients with deep or 
necrotic skin lesions should receive medical debridement therapy via collagenase.36 Surgical intervention should be used 
only for purulent collections incised and drained or for penile surgical exploration, and only a very small number of cases 
receive a surgical approach.10,19,36 In addition to symptomatic supportive treatment, tecovirimat has been applied in 
mpox patients with PLs and has shown satisfactory efficacy.19,130,143 Referrals to infectious disease specialists should be 
made to assess therapeutic eligibility for tecovirimat.36 PLs can recover without specific treatment such as tecovirimat, 
which implies that the need for tecovirimat use requires repeated consideration.129 However, the limited availability of 
tecovirimat is another concern for mpox management, and alternatives are urgently needed. A prospective cohort showed 
that patients treated with topical cidofovir obtained faster resolution of lesions than those not treated with cidofovir (p = 
0.019), recommending topical cidofovir as a potential treatment for PLs.144 Treatment strategies for PLs are now well 
established and effective but still lack standardization. Hence, experience derived from successful treatment cases still 
needs to be validated.

Future Challenges, Perspectives, and Public Implications
On 11 May 2023, the WHO declared that the 2022–2023 mpox epidemic was no longer an international public health 
emergency. However, the end of emergence does not mean the end of the recognition and exploration of this reemergent 
disease.145 In contrast, scientists have put more effort into mpox research. First, the early diagnosis of mpox is essential 
for patient therapy and rapidly blocks further mpox transmission. Clinical definitions may not distinguish between other 
viral rashes, such as varicella, and have shown low specificity for mpox.146 Case definitions were revised in response to 
case series detailing the changing clinical presentation after it became clear during the worldwide outbreak that they did 
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not identify modern mpox presentations.1 This fact continued emphasis on laboratory-based diagnostics is much 
warranted.146 However, even though PCR tests are now the mainstay for confirming mpox in high- and middle- 
income countries, false negative results, time, and economic cost maintain the value of the clinical presentation-based 
diagnosis of mpox, particularly in low-income countries.61,147,148 Standard guidelines for tentative mpox diagnosis are 
much needed for urologists and dermatologists.64,65 Some key features used to distinguish mpox have been published in 
European Urology, and advice for protecting against possible occupational exposure was also proposed, which can serve 
as a preliminary guideline, but improvements are urgently needed.65 Using the combinations of personal information and 
clinical presentations to detect mpox is promising with the development of artificial intelligence, deep learning, and 
machine learning.149–151 Second, although mpox is a self-limiting disease and organ complications are considered 
secondary to mpox, the model by Li et al reveals this potentially enormous risk by the direct organ invasion by 
MPXV, especially for the urogenital system, which is the most common route of infection.71 The basic mechanism is 
worth researching further. It is not advisable to rely exclusively on antiviral medications, even though some of them, such 
as tecovirimat, have been clinically shown to be effective with few side effects.1,20 Even though MPXV is a member of 
the DNA virus family, its elevated SNPs cause it to show noticeably greater genomic diversity. Raised worldwide travel 
and rapid population movement have made it easier for mpox to spread continuously, which has increased the mutation 
possibility. The increased variability, drug resistance, and the emergence of multidrug-resistant MPXV are all caused by 
these factors.1,5,20,152 Furthermore, some restrictions on existing medications prevent them from being used in clinical 
settings. For instance, tecovirimat is not widely available in some areas, cidofovir has a low bioavailability and might 
cause renal damage, and both cidofovir and brincidofovir may harm hematological and hepatic functions. These factors 
all call for the creation of new drugs.20,138 Fortunately, some emerging technologies, such as artificial intelligence, high- 
throughput screening, and multi-omics strategy, greatly increase confidence in drug development.153–155 Existing drug 
targets and their mechanisms have been reviewed in.20 For the therapeutic drugs in PWH, some potential targets have 
been discovered by bioinformatic analysis.54 Moreover, although the anti-viral drugs are the crux of mpox management, 
the treatment for complications and the integrative management for patients are of importance for the long-term 
prognosis.36,138,142 Guerrero et al proposed a multidisciplinary team (MDT) approach for mpox, which included 
dermatologists and experts in infectious diseases, emergency medicine, and preventive medicine, is encouraging because 
it enhances the capacity to identify and treat the condition early with supportive, topical, and systemic treatment.138 In 
adequately staffed hospitals, such MDTs deserve consideration, and urologists are strongly encouraged to join the team. 
Furthermore, psychological and social support is imperative but usually ignored, especially for patients suffering from 
PLs, since PLs are usually considered taboo.36,142,156,157 Appropriate and sufficient cosmic and psychological care can 
significantly reduce the psychological burden of patients after they have recovered. The elimination of the stigma and 
discrimination against mpox patients is also a great task, which requires the combined efforts of clinicians and social 
advocates.158,159 Finally, prevention is critical, particularly in high-risk groups such as MSM with HIV and in locations 
where mpox transmission is active. Immunization is a successful method of preventing mpox. The vaccinia vaccination 
may provide some protection against MPXV infection, according to studies. However, because of the possible hazards to 
immunocompromised patients, especially PWH and SOTRs, the use of smallpox vaccines for MPXV prophylaxis in 
epidemic locations is restricted.20,48,160 Live replicating vaccinia virus vaccinations, such as the first-generation Dryvax 
and second-generation ACAM-2000 vaccines, can result in serious diseases such as progressive vaccinia.161,162 PWH are 
safe for the third-generation vaccination, JYNNEOS, a non-replicating vaccinia vaccine that can prevent mpox cases and 
reduce the severity of sickness.163,164 Some newly designed vaccines, including mRNA vaccines and immunogen-based 
vaccines, have demonstrated better virus neutralization than conventional live attenuated vaccines in mouse models and 
are waiting to be tested in clinical trials.165–167 However, the availability of effective vaccines is the next problem that 
must be faced.

Although the number of mpox cases has declined drastically, the global mpox outbreak underscores the lack of 
surveillance, investment, and research into this emerging infection. According to the 2022 outbreak, mpox occupied an 
ecological niche allowing for quick spread through dense sexual networks. International travel, participating in large events, 
immune system dysfunction, and close physical or sexual contact with a large number of sexual partners may have 
contributed to the mpox transmission in MSM. The quick containment of the subsequent outbreak was potentially facilitated 
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by identifying of these risk factors and the public health propaganda and education, vaccination, immunoregulation, and 
behavior modification.1 The precise detection of the population at risk can achieve better medical resource allocation and 
patients’ management. In fact, the epidemiology evidence and behind mechanisms have powerfully illustrated that mpox will 
no longer be a regional disease, the globalized transmission is inevitable.27 With the advent of globalization, collaborations 
are essential in mpox management both nationally and internationally, including supporting disease response (eg, disease 
surveillance, drug and vaccine accessibility, and crisis communication), enhancing laboratory capacity (eg, effective 
diagnostic approaches, the establishment of laboratory networks), and scientific research (eg, exploring mpox epidemiology, 
transmission dynamics, and pathogenesis, drug and vaccine design, and the international sharing of research advances).1,58

Conclusion
Mpox can lead to various urogenital lesions, most of which are self-limiting with a good prognosis. However, until more 
research has been released, it might be too soon to make such recommendations. Current researches on mpox focus 
primarily on clinical descriptions and lack a deeper understanding of the fundamental mechanisms, which disables us 
from being optimistic about another potential reemergence in the future, even though mpox is usually not life- 
threatening. Such a pandemic still poses a substantial threat that cannot be neglected; instead, it is supposed to be 
a “mystery”, especially after learning the lessons from the COVID-19 havoc. The fact that mpox is often characterized by 
urogenital manifestations as the first symptom emphasizes the important role of urologists and andrologists in the 
management of mpox epidemics. To respond in cases of severe disease, clinicians should regularly monitor patients and 
be aware of the possibility of developing these urogenital events.
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