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Abstract

Cutaneous lesions in immunocompromised (IC) patients are a challenging diagnostic phenomenon but
may provide early clues to invasive fungal disease (IFD). Genital involvement in IFD is rare and often
mistaken for viral infections or malignancy. We present a comprehensive literature review of penile
lesions as the initial manifestation of IFD, a topic that has not been well described in the literature. We
identified 23 cases published between 1966 and 2025 and included a recent case from our institution.
IFD with penile lesions typically occurred in patients with neutropenia (38%), diabetes (38%), hematologic
malignancy (33%), and stem cell transplants (17%). Mucorales were the most frequent pathogens,
followed by Histoplasma and Fusarium species. Diagnostic delays were common due to variations in
lesion morphology and clinical symptomatology. For this reason, neutropenic patients with genital ulcers
should undergo prompt biopsy and fungal culture to expedite diagnosis.

Introduction

Invasive fungal disease (IFD) is rising in prevalence due to the advent of highly immunosuppressive
cancer treatments including chimeric antigen receptor T-cell therapy (CAR-T), increased stem cell and
organ transplantation, emergence of fungal resistance, and climate change [1-5]. IFD is associated with
mortality rates ranging from 50-80% and such infections disproportionately affect patients with
hematological malignancies [5-8]. Infections by fungi usually manifest as persistent neutropenic fever,
sinusitis, skin lesions or pneumonia of unknown origin [1, 9]. For this reason, a new genital rash does not
immediately prompt consideration of IFD.

While less common, skin lesions can be seen particularly in IFD caused by Candida, Cryptococcus,
Fusarium, endemic fungi, and rarely by other hyalohyphomycetes such as Aspergillus species, and they
often serve as a nidus for dissemination [10]. Genitourinary manifestations of IFD have been described
primarily in the setting of disseminated endemic mycoses or involvement of the urinary tract, prostate,
epididymis, or testes [11]. Here, we describe a case of invasive fusariosis presenting with penile and
scrotal ulcerations in a profoundly neutropenic patient with leukemia. Furthermore, we systematically
characterized published cases of penile lesions serving as the initial manifestation or sole culture-
positive site of IFD, with an emphasis on host factors, lesion morphology, diagnostic mimics, pathogens,
treatment, and outcomes.

Case Report

A 72-year-old man with a past medical history of chronic lymphocytic leukemia and chronic sinusitis was
hospitalized for 2 months in El Paso, Texas, USA, for a new diagnosis of high-risk myelodysplastic
syndrome with excess blasts. He received two cycles of chemotherapy with decitabine and venetoclax
without improvement in his cell counts. During this time, he had been receiving prophylactic oral
acyclovir and fluconazole for prolonged neutropenia. He was subsequently transferred to MD Anderson
Cancer Center (Houston, TX) for consideration of stem cell transplant.
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On admission to MD Anderson (hospital day 0), the patient had a neutropenic fever of 100.6°F and a
white blood cell count of 0.1 x 10°/L. He reported painful penile lesions that had first appeared one
month prior and had progressively worsened over the last two weeks. The lesions had become ulcerated
and increasingly painful, causing difficulty with voiding. He also endorsed mild nasal congestion. Empiric
therapy was initiated with intravenous cefepime 2 g every 8 hours, intravenous acyclovir 5 mg/kg every 8
hours, oral linezolid 600 mg every 12 hours, and oral posaconazole 300 mg every 24 hours.

Given the unusual appearance of the genital lesions and the presence of neutropenic fever, Infectious
Disease was consulted. A social history was obtained, revealing that the patient was originally from
Mexico but had lived in El Paso, Texas, for many years, working as a carpenter and woodworker. He
enjoyed gardening and using his jacuzzi. He had recently gone camping in New Mexico, but he otherwise
denied international travel, animal exposures, genital trauma, and recent sexual activity.

His physical exam was notable for multiple tender, friable ulcerations of the glans penis, foreskin, and
scrotum (Fig. 1). Inguinal lymphadenopathy was absent. Otolaryngology (ENT) evaluation with nasal
endoscopy demonstrated dark crusting along the nasal septum, concerning for invasive fungal sinusitis.
Initial infectious workup was negative including blood cultures, urine cultures, and respiratory viral panel.
Serologic testing for hepatitis viruses, HIV, HTLV, syphilis, Coccidioides, Histoplasma, and Blastomyces
was negative. An HSV/VZV PCR swab from the penile ulcer returned negative, hence intravenous
acyclovir was discontinued and prophylactic oral valacyclovir was resumed.

Urology was consulted on hospital day 2 due to concern for a primary penile malignancy, but it was felt
that the patient’s clinical presentation was inconsistent with penile malignancy. Biopsy by Dermatology
was recommended instead of an excisional biopsy, and a shave biopsy of the penile lesion was
performed. Histopathology demonstrated fungal hyphal elements on preliminary staining, prompting
addition of liposomal amphotericin B to the patient’s antimicrobial regimen. Tissue bacterial and AFB
cultures demonstrated no growth. Tissue fungal culture subsequently grew Fusarium species.
Histopathology analysis of the shave biopsy specimen demonstrated ulceration and necrosis with deep
fungal infection. Immunohistochemical (IHC) staining with the ISCA Diagnostics Fusarium mouse
monoclonal antibody (ED7 clone; ID2525-0100) demonstrated the presence of Fusarium antigens.
Staining for Rhizopus and Aspergillus antigens was negative.

Following finalization of fungal culture results, liposomal amphotericin B was discontinued, and the
patient’s antifungal regimen was changed to oral voriconazole 300 mg twice daily and terbinafine 500
mg twice daily. ENT recommended surgical debridement of suspected invasive fungal sinusitis; however,
the patient declined surgical intervention. After discussions with Palliative care, the patient ultimately
elected to pursue home hospice care. All antimicrobial therapy was stopped prior to discharge. At the
time of this report, the patient remains alive.

Literature Review
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A qualified medical librarian (R.H.) conducted a comprehensive literature search for published cases of
IFD with genital involvement, with no date or language exclusions. Medline (Ovid), Scopus, and Embase
(Ovid) were queried using both natural language and controlled vocabulary terms for male genital
anatomy (penis, glans, foreskin, balanitis) and fungal organisms and mycoses (Aspergillus, Mucorales,
Fusarium, Scedosporium, Histoplasma, Blastomyces, Coccidioides, Paracoccidioides, and dermatophytes).

Thirty-five articles were identified, consisting of 59 cases published between 1966 and 2025. We
included only cases in which penile lesions were the initial manifestation of IFD or served as the
diagnostic site leading to recognition of IFD. Cases were excluded if penile lesions developed after an
established diagnosis of IFD; if findings represented superficial fungal colonization or balanitis; or if
there was insufficient clinical detail.

After applying these criteria, we analyzed 23 published cases [12-33], with the addition of the case
described above for a total of 24 cases that are summarized in Table 1. Individual case-level data are
provided in Online Resource 1. The median age was 56.5 years (range, 12-80 years). Hematologic
malignancy was present in 8 of 24 patients (33%), including acute myeloid leukemia (n = 4), B-cell acute
lymphoblastic leukemia (n = 1), chronic myeloid leukemia (n = 1), lymphoma (n = 1), and the present case
of chronic lymphocytic leukemia with high-risk myelodysplastic syndrome. Neutropenia was
documented or presumed in 9 patients (38%), including all patients with hematologic malignancy and
one patient with severe aplastic anemia after cord blood stem cell transplantation. Diabetes mellitus
was present in 9 patients (38%). Six patients had no reported diabetes or major immunocompromising
condition, although several had possible occupational or environmental exposures, including farming
and printing press factory work.

Clinical presentation varied substantially. Of 17 cases, only 8 patients (47%) had documented fevers that
coincided with lesion onset. Pain or tenderness associated with penile lesions was reported in 13 of 21
patients (62%). Dysuria was reported in 4 of 20 cases (20%). Lesion morphology was heterogeneous, but
mainly manifested as ulcers (50%), followed by necrotic patches (17%), necrotic plaques (8%),
violaceous macules (8%), nodules (8%), bullae (4%), and other morphologies (4%). Initial diagnostic
impressions, available in 14 cases, included bacterial infections (6/14, 43%), malignancy such as penile
cancer or leukemia cutis (3/14, 21%), viral infection such as herpes simplex virus or molluscum
contagiosum (3/14, 21%), and drug reactions (2/14, 14%). Other differential diagnoses included
pyoderma gangrenosum, Behget's disease, and paraphimosis.

Diagnosis was most often established by tissue-based evaluation. Histopathology was performed in 20
cases (83%), while culture was positive for fungi in 14 cases (58%). Direct microscopy was used in 3
cases (13%), and molecular identification was performed in 3 cases (13%). In our institution’s case,
diagnosis was established by histopathology, immunohistochemistry, and tissue culture. Time from
lesion onset to diagnosis was reported in 11 cases, with a median of 13 days (range, 5-46 days).
Mucorales and Histoplasma were the most frequently identified fungi in our data set, with full pathogen
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distribution shown in Table 1. Blood cultures were positive in 3 cases, including 2 cases of Fusarium
solani fungemia that occurred over 30 days after onset of penile lesions.

Breakthrough infections occurred frequently. Ten patients (42%) had recent antifungal exposure before
diagnosis: seven received prophylaxis and three received empiric antifungal therapy for a febrile
syndrome. Six of these patients had received mold-active agents. Treatment varied by pathogen and
disease extent. Commonly used regimens included amphotericin B monotherapy, mold-active azole
monotherapy, and amphotericin B followed by an azole. Surgical intervention was performed in 15 cases
(63%), including debridement, circumcision, resection, or penectomy. Penectomy was required in 5 cases
(21%).

Disseminated disease occurred in 8 of 24 patients (33%), including 6 patients with neutropenia. Overall,
21 patients (88%) survived at last follow-up and 3 died (13%). All deaths occurred among patients with
disseminated disease, and 2 of 3 patients who died had Fusarium solani identified as the causative
pathogen with widespread dissemination to the lungs, heart, spleen, and kidneys.
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Table 1

Summary of 24 cases of penile lesions as the initial manifestation or diagnostic site of invasive fungal
disease

Demographics

Age, median years (range) 56.5 (12-80)
Sex, male 24 (100%)
Underlying conditions

Hematologic malignancy 8 (33%)
Neutropenia 2 9 (38%)
Diabetes mellitus ° 9 (38%)
Stem cell transplant © 4 (17%)
Solid organ transplant 1 (4%)
Presenting symptoms

Fever 8/17 (47%)

Pain of penile lesion

Dysuria

Lesion morphology at presentation
Ulcers

Necrosis present

Initial diagnostic impression

13/21 (62%)
4/20 (20%)

12 (50%)
14/23 (61%)

Bacterial 6/14 (43%)
Malignancy 3/14 (21%)
Viral 3/14 (21%)

Denominators less than 24 are due to cases that did not report certain variables. Percentages may

not sum up to 100% due to rounding and/or overlapping categories. @ One patient with neutropenia
did not have hematologic malignancy but had severe aplastic anemia. Two of the patients had
strongly presumed neutropenia based on their chemotherapy regimens, although this was not

explicitly documented. ® One patient had hematologic malignancy and diabetes. ¢ Three patients had
both hematologic malignancy and stem cell transplant. 9 Included cases with recent empiric

antifungal therapy that was not given as prophylaxis. € Included cases with Rhizopus arrhizus (n=1),
Rhizopus oryzae (n = 1), Rhizopus microsporus (n = 2), Absidia corymbifera (n = 1), and 4 with

unidentified species. fone patient had Candida, Mucor, and Cryptococcus identified; one had

Rhizopus and Fusarium; one had Rhizopus and Vancomycin-resistant Enterococcus. 9 All-cause
mortality reflects deaths reported during available follow-up (range, 14 days — 4 years)




Demographics

Drug reaction 2/14 (14%)
Recent antifungal exposure ¢ 10 (42%)
Fluconazole 3(13%)
Posaconazole 2 (8%)
Amphotericin B 2 (8%)
Voriconazole 1 (4%)
ltraconazole 1 (4%)
Micafungin 1 (4%)
Disseminated disease 8 (33%)

Diagnostic methods

Histopathology 20 (83%)
Culture 14 (58%)
Direct microscopy 3(13%)
Molecular methods 3(13%)
Immunohistochemistry 1 (4%)
Pathogens

Mucorales © 9 (38%)
Histoplasma 5(21%)
Fusarium 4 (17%)
Polymicrobial f 3 (13%)
Aspergillus flavus 1 (4%)

Denominators less than 24 are due to cases that did not report certain variables. Percentages may

not sum up to 100% due to rounding and/or overlapping categories. # One patient with neutropenia
did not have hematologic malignancy but had severe aplastic anemia. Two of the patients had
strongly presumed neutropenia based on their chemotherapy regimens, although this was not

explicitly documented. ® One patient had hematologic malignancy and diabetes. ¢ Three patients had
both hematologic malignancy and stem cell transplant. ¢ Included cases with recent empiric

antifungal therapy that was not given as prophylaxis. € Included cases with Rhizopus arrhizus (n = 1),
Rhizopus oryzae (n = 1), Rhizopus microsporus (n = 2), Absidia corymbifera (n = 1), and 4 with

unidentified species. fOne patient had Candida, Mucor, and Cryptococcus identified; one had

Rhizopus and Fusarium; one had Rhizopus and Vancomycin-resistant Enterococcus. 9 All-cause
mortality reflects deaths reported during available follow-up (range, 14 days — 4 years)
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Demographics

Cryptococcus 1 (4%)
Paracoccidioides 1 (4%)
Treatment

Amphotericin B monotherapy 4/23 (17%)
Amphotericin B followed by azole monotherapy 5/23 (22%)
Azole monotherapy 6/23 (26%)
Other regimens 8/23 (35%)
Surgery 15 (63%)
All-cause mortality 9 3 (13%)

Denominators less than 24 are due to cases that did not report certain variables. Percentages may

not sum up to 100% due to rounding and/or overlapping categories. ? One patient with neutropenia
did not have hematologic malignancy but had severe aplastic anemia. Two of the patients had
strongly presumed neutropenia based on their chemotherapy regimens, although this was not

explicitly documented. ® One patient had hematologic malignancy and diabetes. € Three patients had
both hematologic malignancy and stem cell transplant. 9 Included cases with recent empiric

antifungal therapy that was not given as prophylaxis. € Included cases with Rhizopus arrhizus (n=1),
Rhizopus oryzae (n = 1), Rhizopus microsporus (n = 2), Absidia corymbifera (n = 1), and 4 with

unidentified species. f One patient had Candida, Mucor, and Cryptococcus identified; one had

Rhizopus and Fusarium; one had Rhizopus and Vancomycin-resistant Enterococcus. 9 All-cause
mortality reflects deaths reported during available follow-up (range, 14 days — 4 years)

Discussion

To our knowledge, this is the first structured review on penile lesions as the initial manifestation or
diagnostic site of IFD. Although dermatologic findings are recognized in several invasive mycoses,
genital involvement is uncommon. As a result, clinicians may utilize a mental heuristic that favors more
familiar causes of penile lesions, such as sexually transmitted infections or primary penile malignancies.
Moreover, genital examination may not be routinely performed in patients without urologic complaints,
even those with neutropenic fever, leading to additional delays in diagnosis. The present case of penile
fusariosis illustrates many of these challenges and underscores the importance of early tissue sampling
of atypical genital lesions in high-risk hosts.

Most patients in our review had established risk factors for IFD, including hematologic malignancy,
neutropenia, stem cell transplantation, and diabetes mellitus. However, 25% of patients had no reported
diabetes or major immunocompromising condition, suggesting that penile IFD should not be dismissed
solely because classic host factors are absent. In such cases, traumatic inoculation, occupational or
environmental exposure, or endemic fungal disease may be relevant. This distinction is important
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because cutaneous IFD may reflect either primary inoculation or secondary hematogenous
dissemination, and clinical morphology alone may not reliably distinguish between these entities.

The appearance of penile lesions was heterogeneous. Although ulceration and necrosis were common,
lesions were also described as plaques, macules, nodules, bullae, or vesicles. This variability likely
contributed to diagnostic mimicry, including bacterial soft tissue infection, herpes simplex virus
infection, molluscum contagiosum, drug reactions, pyoderma gangrenosum, leukemia cutis, neutrophilic
dermatoses, and penile malignancy. Importantly, the absence of fever or tenderness should not be
reassuring in immunocompromised hosts, who may not mount typical inflammatory responses [34]. In a
study of leukemia patients undergoing biopsy for new skin lesions, ulcerated or necrotic lesions and the
presence of bacteremia or fungemia were independent predictors of an infectious etiology, whereas
fever and neutropenia were not. Additionally, the study found that invasive mold infections were
diagnosed by skin biopsy alone in 71% of patients [35]. In our cohort, fever was only documented in 47%
of cases, while ulceration (50%) and necrosis (61%) were more frequent findings. These observations
support a low threshold for biopsy of necrotic or ulcerated lesions, even when blood cultures are
negative or initial clinical suspicion is low.

When IFD manifests as cutaneous genital lesions, biopsy may not merely confirm a suspected diagnosis
but may be the decisive diagnostic event. However, clinicians may be hesitant to pursue biopsy in
patients with hematologic malignancy and severe thrombocytopenia or neutropenia. Available data
suggest that skin biopsy can often be performed safely in this population with appropriate supportive
measures. In a retrospective study of acute myelogenous leukemia (AML) patients undergoing intensive
chemotherapy, most biopsies were performed during severe neutropenia and moderate-to-severe
thrombocytopenia, yet biopsy-related complications (e.g. bleeding) were uncommon [36].

Timely biopsy of penile lesions may provide an early window for diagnosis before widespread
dissemination of IFD. Cutaneous IFD can herald occult or evolving multiorgan involvement, particularly in
profoundly immunocompromised hosts. In our review, all deaths occurred among patients with
disseminated disease. In particular, two of the fatal cases were neutropenic patients in whom Fusarium
solani was identified as the causative pathogen. Both were found to have subsequent fungemia and
multiorgan involvement despite appropriate antifungal therapy. This is consistent with prior literature
showing that outcomes in fusariosis are strongly influenced by host immune status, neutrophil recovery,
and fungemia [8, 37, 38].

This review also highlights that antifungal exposure does not exclude IFD. Of 24 patients, 10 had prior
antifungal exposure, of which 6 had exposure to mold-active agents. Of note, all patients with Fusarium
identified as the causative pathogen had recent antifungal prophylaxis or empiric antifungal treatment.
This aligns with a large body of literature that shows that breakthrough invasive fusariosis is common
despite mold-active triazoles, as well as breakthrough aspergillosis and mucormycosis [39-41].

This study has several important limitations. Published cases are subject to reporting bias, and unusual,
severe, or diagnostically challenging presentations may be overrepresented. Case reports varied in the
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granularity of clinical detail, including antifungal exposure, duration of neutropenia, immune recovery,
susceptibility data, follow-up, and outcomes. Under-reporting of cases from low- and middle-income
countries may contribute to underestimation of cases in these regions, particularly where certain
geographically restricted mycoses may be more prevalent. Additionally, older cases may have involved
pathogen misidentification when diagnosis relied primarily on histopathology. Because of small numbers
of cases and incomplete denominators, associations between host factors, treatment, surgery, and
outcomes cannot be inferred.

Finally, our review demonstrates the importance of pursuing prompt biopsy for atypical penile lesions in
high-risk patients to facilitate timely recognition of IFD before irreversible dissemination. Further
research is needed to elucidate outcomes in IFD with penile involvement and optimal management
strategies.
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Figure 1

(@) Multiple round ulcers on the tip of the penis with surrounding erythema. (b) Small right-sided hemi-
scrotal ulcer with central eschar. (¢, d) Ulcers on the shaft and foreskin of the penis on hospital day 5. (e)
Progressive ulceration of lesions and development of necrosis and hemorrhage on hospital day 6.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e ESM1.xlsx

Page 15/15


https://assets-eu.researchsquare.com/files/rs-11133174/v1/c8b2015fcc47fc754c0de658.xlsx

