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Background: Zygomycosis, also termed mucormycosis, is a rare yet highly fatal fungal infection caused by Mucorales species, 
notably Rhizopus spp.
Case Presentation: This case study details a 72-year-old man with diabetes, pulmonary tuberculosis, and nephrotic syndrome who 
developed acute necrotizing fasciitis attributable to R. oryzae. Despite initial empirical antibiotic therapy, the infection progressed 
rapidly. Metagenomic next-generation sequencing (mNGS) facilitated a swift diagnosis, identifying R. oryzae in blood and drainage 
samples. The treatment included amphotericin B and isavuconazole, along with aggressive surgical debridement. The patient exhibited 
substantial improvement, and he was discharged after stabilization.
Conclusion: This case highlights the critical role of early diagnosis through mNGS and the need for a multidisciplinary approach to 
manage severe mucormycosis in immunocompromised patients.
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Background
Zygomycosis, also known as mucormycosis, is a rare but highly fatal infection caused primarily by organisms from the 
order Mucorales (class Zygomycetes).1 Although uncommon, this infection carries a high mortality rate, particularly 
among immunocompromised individuals or patients with disseminated disease.2 In recent decades, the incidence of 
zygomycosis has increased, especially in healthcare settings that treat immunocompromised patients.3 It is generally 
considered an opportunistic infection, most commonly affecting patients with poorly controlled diabetes mellitus, solid 
organ or hematopoietic stem cell transplant recipients, patients with trauma, or those receiving immunosuppressive 
therapy.4–6 A retrospective review reported mortality rates for zygomycosis ranging from 44% to 76%.7

Zygomycosis, which is caused by species such as Rhizopus spp. and Mucor spp.,1 is a serious concern, particularly in 
immunocompromised individuals. Rhizopus is one of the more frequently identified fungal genera in indoor environ
ments, being found in approximately 9% of samples in certain regions.8 Its presence is particularly alarming because of 
its strong association with severe infections. Although rare, Rhizopus and other fungi from the Mucoraceae family can 
cause necrotizing fasciitis, a condition most commonly linked to bacterial pathogens such as Group A Streptococcus and 
Staphylococcus aureus, which are more aggressive in soft tissue infections.9,10 Zygomycosis typically affects immuno
compromised individuals, and it is more common in the sinuses, lungs, or gastrointestinal tract, with its occurrence in 
necrotizing fasciitis requiring specific risk factors such as uncontrolled diabetes, immunosuppressive therapy, or 
trauma.11,12 In this context, we present a case of acute necrotizing fasciitis caused by a Rhizopus infection in a patient 
with diabetes and pulmonary tuberculosis (TB).
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Case Presentation
Prior to Our Hospital
This case involved a 72-year-old man. On May 24, 2024, while working in a field, he sustained a small knife cut on his 
left lower leg, resulting in minor bleeding, but the wound was left untreated. This study was approved by the Ethics 
Committee of the Zhejiang Hospital of Integrated Traditional Chinese and Western Medicine. The written and signed 
informed consent was obtained from the patient.

On May 27, he experienced a sudden episode of hemoptysis, producing approximately 200 mL of blood, and 
subsequently sought medical attention at a local hospital. Bronchial artery computed tomography angiography revealed 
several significant findings as follows: 1) tortuosity and thickening of the right bronchial arteries; 2) patchy opacities in 
the right middle lung lobe; 3) diffuse miliary, nodular, and patchy lesions in both lungs; and 4) mildly enlarged 
mediastinal lymph nodes. The imaging findings suggested a diagnosis of pulmonary TB. He underwent emergency 
bronchial artery embolization, followed by a comprehensive treatment regimen, including hemostatics, expectorants, and 
antimicrobial therapy with piperacillin–tazobactam. Additionally, insulin was administered for diabetes management, and 
amlodipine besylate was prescribed to control hypertension. On May 30, both T-SPOT.TB and sputum TB-PCR tests 
returned positive results, confirming the diagnosis of pulmonary TB. Subsequently, he was prescribed a triple anti- 
tuberculosis regimen with HRMfx.

On June 5, he displayed elevated skin temperature, redness, and swelling in the left lower leg. Despite daily 
debridement and dressing changes, no improvement was noted. By June 8, his erythema and swelling had worsened, 
and on June 11, he developed a high fever of 39°C. The inflammation had extended to the entire left lower leg, 
accompanied by ulceration and purulent discharge. He also experienced severe pain. Sulbactam was administrated, but it 
proved ineffective, with symptoms persisting. Laboratory tests revealed a negative blood culture, a normal white blood 
cell count, an elevated C-reactive protein (CRP) level (107.8 mg/L), and a normal procalcitonin (PCT) level.

On Admission
On June 14, he was transferred to our hospital. His medical history included nephrotic syndrome for more than 10 years, 
with serum creatinine levels ranging 170–200 µmol/L for the past 7 years. He also had type 2 diabetes mellitus for 5 
years and hypertension for 4 years with poor glycemic control and suboptimal blood pressure management despite 
treatment with insulin and oral antihypertensives.

Upon admission, the patient’s vital signs were as follows: temperature, 37.3°C; heart rate, 115 bpm; respiratory rate, 
21 breaths/min; and blood pressure, 120/85 mmHg. His height and weight were 156 cm and 57.5 kg, respectively. He 
was alert but appeared fatigued. Cardiopulmonary and abdominal examinations revealed no significant abnormalities. 
The left lower leg exhibited extensive purple–red discoloration, increased skin temperature, scattered blisters, and some 
ulceration with exudate. Although there was no purulence, the dorsalis pedis pulse was diminished, and the toes were 
pale and cool. Pain in the left foot was assessed as 3 on the numeric rating scale.

Abdominal ultrasound revealed no abnormalities in the liver, gallbladder, pancreas, or spleen and no fluid accumula
tion in the chest or abdomen. Echocardiography demonstrated mild tricuspid and mitral regurgitation with an ejection 
fraction of 60%. Magnetic resonance imaging of the left lower leg revealed bone marrow edema in the tibial plateau, 
multiple swollen muscle groups with intermuscular fluid suggesting an infectious process, and effusion in the left knee 
joint (Figure 1). Doppler ultrasound of both lower limbs identified arterial intima–media complex thickening with plaque 
formation. The results of laboratory tests were as follows: erythrocyte sedimentation rate, 42 mm/h; white blood cell 
count, 24.4 × 109/L (neutrophils 92.5%, lymphocytes 2.5%); hemoglobin, 82 g/L; CRP, 294 mg/L; PCT, 24.37 ng/mL, 
creatinine, 641 µmol/L; albumin, 24.4 g/L; glucose, 15.52 mmol/L; total glycated hemoglobin, 9.8%; HbA1c, 8.1%; and 
B-type natriuretic peptide, 53 pg/mL. The results of blood gas analysis were as follows: pH, 7.204; bicarbonate, 
4.6 mmol/L; base excess, −22.4 mmol/L; and lactate, 0.8 mmol/L. The coagulation profile results included a thrombin 
time of 13.9 s, fibrinogen level of 1163 mg/dL, and D-dimer level of 1707 µg/L. Therefore, on admission, his diagnoses 
included acute necrotizing fasciitis, pulmonary tuberculosis, type 2 diabetes mellitus, hypertension, nephrotic syndrome, 
metabolic acidosis, renal anemia, and hypoalbuminemia.
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Treatment
Under general anesthesia, emergency debridement was performed, and the wound was covered with a vacuum sealing 
drainage (VSD) dressing for continuous drainage (Figure 2). Intraoperative specimens were collected for bacterial and 
pathological analyses. Postoperatively, he was transferred to the tuberculosis care unit.

Postoperatively, he experienced hypotension and metabolic acidosis, which were managed with fluid resuscitation, 
norepinephrine (0.28 µg/kg/min), mechanical ventilation, sodium bicarbonate, heparin, and bedside continuous renal 
replacement therapy. Additionally, meropenem and sulbactam were administered for infection, isoniazid and levofloxacin 
were administered for tuberculosis, and insulin was administered for glycemic control. Other treatments included 
albumin supplementation and enteral nutrition.

On June 17, sputum Xpert testing confirmed the presence of rifampicin-sensitive TB, although repeated mycobacter
ial sputum cultures were negative. Xpert testing and metagenomic next-generation sequencing (mNGS) of the VSD 
drainage fluid were negative for TB. However, mNGS detected R. oryzae in both the VSD drainage fluid (4737 
sequences) and blood (257 sequences). Additionally, Rhizopus spp. were isolated from the intraoperative pus culture 
(+++, Figure 3).

Antifungal therapy was initiated with amphotericin B (50 mg daily) and isavuconazole (200 mg daily, with an initial 
dose of 200 mg every 8 h for 48 h). On June 19 and 24, he underwent additional debridement and VSD drainage 
(Figure 4). Despite normal fibrinogen levels, he experienced progressive decreases in hemoglobin levels and platelet 
counts, although liver and spleen ultrasound and ferritin and triglyceride levels remained normal. Further investigations, 

Figure 1 Fat-saturated T2-weighted magnetic resonance images. (A) Coronal view, (B) axial view, and (C) sagittal view.

Figure 2 Intraoperative findings. (A) Extensive necrosis and exudation of the skin in the upper and middle segments of the left lower leg. (B) Post-excision, superficial 
venous thrombosis and necrotizing fasciitis with extensive muscle necrosis were observed, and they were most pronounced in the anterior tibial compartment. (C) 
Following thorough debridement, bleeding was controlled, and the wound was covered with a vacuum sealing drainage dressing for continuous drainage.
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including NK cells, ADAMTS13, and bone marrow biopsy, were declined by the family. Sulbactam was discontinued 
because of thrombocytopenia, and received red blood cell and plasma transfusions.

Subsequently, his condition improved. Specifically, his temperature normalized, his redness and swelling subsided, 
the local wound stabilized, his inflammatory marker levels decreased, and his liver and kidney function improved. His 
hemoglobin level and platelet count gradually increased, his metabolic acidosis was corrected, and his circulatory status 
stabilized after discontinuing norepinephrine. Urine output began to increase on July 1. Finally, he was discharged on 
July 2 because of financial constraints (Figure 5). Figure 6 outlines the timeline of the case presentation and treatment 
course to aid in understanding the progression.

Figure 3 Culture and pathological findings. (A and B) Culture: exudates cultured on Sabouraud dextrose agar and potato dextrose agar at 26–28°C for 3 days, revealing 
colonies that transitioned from white or gray to gray or brown with a dense, fluffy, cotton-like appearance. (C) Smear: rhizoids (beneath the mycelium), smooth hyphae (few 
or no septa), upright sporangia with spherical, smooth-walled sporangiospores. (D) Pathological findings: extensive necrosis and abundant fungal hyphae in tissue with 
positivity on periodic acid-Schiff and periodic acid-methenamine silver staining, indicating Rhizopus spp.

Figure 4 Observations before debridement and vacuum sealing drainage (June 19 and 24). (A) On June 19, previously intact skin and muscle deteriorated with expanded 
necrosis and complete loss of the anterior tibial muscles. (B) By June 24, necrosis had progressed to the knee with severe involvement of the anterior tibial muscles.

Figure 5 Hospital discharge (July 2). Prior to discharge, the vacuum sealing drainage was removed, revealing well-formed granulation tissue and no evidence of further 
necrotic progression.
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Discussion
Necrotizing fasciitis is a severe, rapidly advancing soft tissue infection with a mortality rate exceeding 70% if 
complicated by septic shock and organ failure.13,14 It commonly affects patients with diabetes, vascular disease, 
immunosuppression, and chronic kidney failure.15 Though rare, mucormycosis (often caused by Rhizopus spp) can 
cause NF, especially in immunocompromised patients, leading to rapid tissue necrosis and severe systemic effects.16,17

In this case, a 72-year-old patient with a history of diabetes mellitus, pulmonary TB, nephrotic syndrome, and 
hypertension developed acute necrotizing fasciitis attributable to R. oryzae. This case report is significant for both its 
rarity and its description of the complexities of managing mucormycosis in a patient with multiple comorbidities, 
including pulmonary tuberculosis and poorly controlled diabetes mellitus. It emphasizes the critical need for a combined 
diagnostic approach incorporating imaging, histopathology, and microbiological techniques such as mNGS to ensure 
accurate and timely identification of the causative pathogen. The rapid progression of necrotizing fasciitis in this patient 
underscores the importance of an integrated therapeutic strategy combining surgical intervention, antifungal therapy, and 
supportive care, particularly in immunocompromised individuals. Our findings further reinforce the value of 

Figure 6 Timeline of the patient’s course prior to and during hospitalization.
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a multidisciplinary approach in managing such severe and rare fungal infections, for which timely and coordinated 
interventions can substantially improve patient outcomes.

Rhizopus spp. are opportunistic pathogens that predominantly affect immunocompromised individuals, particularly 
those with uncontrolled diabetes or hematologic malignancies or those receiving immunosuppressive therapy or 
chemotherapy.18,19 Our patient, with uncontrolled diabetes, was at high risk for Rhizopus infection. Previous cases 
highlighted the critical role of diabetes in predisposing patients to the rapid and fatal progression of rhino-orbital cerebral 
mucormycosis.20 Our case, consistent with other reports, underscores that diabetes mellitus, especially when poorly 
controlled, is the most common underlying risk factor for mucormycosis.19,21 These fungi thrive in high-glucose 
environments because of ketone reductase, and the increased iron uptake often observed in patients with diabetes further 
promotes fungal growth and infection.22

The diagnosis of Rhizopus infection typically relies on pathogen detection and histopathological findings, but 
effective biochemical biomarkers for this infection are lacking. In this case, R. oryzae was isolated from drainage, 
indicating infection, and pathological evidence was also obtained. Given the patient’s rapid and severe complications, 
early diagnosis and treatment were critical for improving his prognosis. mNGS, a rapid, precise, and effective diagnostic 
tool, using blood and drainage samples confirmed the infection. Unlike traditional methods, mNGS offers unbiased 
sampling, enabling the simultaneous identification of all potential pathogens without prior target selection. Several 
studies validated the utility of mNGS in diagnosing Rhizopus infections.20,23,24 Although histological confirmation of 
non-septate hyphae remains the gold standard, mNGS, which returns results within 24 h, should be the first-line 
diagnostic tool in suspicious cases. However, it is important to note that the use of mNGS presents diagnostic challenges, 
particularly in low-income settings, and warrants further discussion. Therefore, although mNGS is highlighted, other 
diagnostic options should also be considered, especially in resource-limited environments. Additionally, in the context of 
necrotizing soft tissue infections, the presence of gas in the subcutaneous tissues (subcutaneous emphysema) is 
commonly observed using imaging modalities such as CT. When integrated with other techniques, these imaging 
methods offer a comprehensive approach to diagnosing and assessing the extent of the condition.

For patients with mucormycosis, early and aggressive surgical debridement combined with antifungal therapy is 
crucial for improving survival.25,26 The optimal strategy involves multiple debridements, continuous VSD, or even 
amputation to contain the infection, alongside prompt systemic antifungal treatment. Effective management of underlying 
conditions, such as diabetes or immunosuppression, is also vital for successful outcomes.27,28 Liposomal amphotericin 
B is the first-line treatment, with posaconazole and isavuconazole recommended as alternatives. Combination therapy 
with amphotericin B and either posaconazole or isavuconazole has demonstrated superior efficacy versus monotherapy.29 

Isavuconazole can also serve as salvage therapy when amphotericin B is ineffective or poorly tolerated.30 Although 
echinocandins generally lack activity against Mucorales, Rhizopus spp. can express target enzymes, indicating potential 
clinical utility.31 The efficacy of other treatments, such as iron chelators and hyperbaric oxygen therapy, remains unclear 
and under investigation.

Nursing care was crucial in managing this complex case, particularly given the patient’s immunocompromised status. 
The nursing team ensured continuous monitoring of vital signs, effective pain management, and meticulous wound care. 
Regular assessments for infection were essential, alongside strict glycemic control through closely monitored insulin 
therapy. Postoperative care included diligent management of the VSD system to ensure proper drainage and prevent 
secondary infection. The nursing team also provided critical education and support to the patient and family regarding 
wound care and the risks of recurrent infection. Additionally, the study was limited by the lack of follow-up data, which 
hindered the evaluation of the long-term outcomes of the interventions.

Conclusions
This case highlights essential aspects of managing mucormycosis in immunocompromised patients, a rare but severe 
infection. It underscores the importance of early, accurate, and rapid diagnosis using advanced molecular techniques, 
such as mNGS, especially when traditional methods are time-consuming. However, given the rarity of this infection, it is 
important to consider other established techniques (such as imaging), particularly in resource-limited settings. Effective 
management necessitates a multidisciplinary approach that includes surgical intervention, antifungal therapy, and 
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supportive care. This case illustrates the challenges of treating severe fungal infections in patients with multiple 
comorbidities and emphasizes the critical need for rapid and coordinated treatment strategies.

Abbreviations
mNGS, metagenomic next-generation sequencing; TB, tuberculosis; CRP, C-reactive protein; PCT, procalcitonin; VSD, 
vacuum sealing drainage.
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