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Invasive splenic mucormycosis
due to Rhizopus microsporus
during chemotherapy for acute
monocytic leukemia: a case
report and literature review

Xiru Peng1, Zixiu Wei1, Lijuan Wang2 and Juan Cheng1,2*

1The First Clinical Medical College of Lanzhou University, Lanzhou, Gansu, China, 2Department of
Hematology, The First Hospital of Lanzhou University, Lanzhou, China
Mucormycosis is a rare opportunistic fungal infection associated with high

mortality that typically occurs in immunocompromised patients. It is difficult to

diagnose owing to non-specific clinical manifestations, the serologic index,

imaging features, and the limitations of diagnostic methods. The incidence of

invasive splenic mucormycosis is extremely rare, with only a few cases

documented in the literature. We report a survival case of invasive splenic

mucormycosis involving the liver caused by Rhizopus microsporus in a patient

during consolidation therapy for acute monocytic leukemia (AML-M5). The

patient initially presented with recurrent fever and splenomegaly accompanied

by multiple focal hypodensities unresponsive to empiric anti-infective treatment.

Splenic mucormycosis was diagnosed by Contrast-Enhanced Ultrasonography

(CEUS) and metagenomic next-generation sequencing (mNGS). However,

surgical intervention carries a high risk due to the progressive involvement of

the liver in invasive splenic mucormycosis. Fortunately, monotherapy with

amphotericin B was effective, and the patient underwent allo-HSCT. This case

aims to emphasize the importance of utilizing mNGS and CEUS for the timely

diagnosis of mucormycosis to help clinicians identify splenic mucormycosis and

initiate appropriate therapy as soon as possible to improve therapeutic efficacy

and prognosis.

KEYWORDS

invasive splenic mucormycosis, Rhizopus microsporus, metagenomic next-generation
sequencing, contrast-enhanced ultrasonography, amphotericin B
Introduction

Mucormycosis is a rare but life-threatening opportunistic fungal infection associated

with immunocompromised patients with hematologic malignancies, persistent

neutropenia, poorly controlled diabetes mellitus, iron overload, and trauma, undergoing

solid organ or hematopoietic stem cell transplantation (HSCT), or receiving corticosteroid
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therapy (1). The reported incidence varies from 0.005 to 1.7 per

million people, depending on geographic region and study center

(2). Mortality rates vary between 40% and 80%, depending on the

location and extent of the lesions and the severity of the patient’s

primary disease (3). The most frequently affected sites of

mucormycosis are pulmonary, rhino-orbital-cerebral, and

cutaneous, while invasive splenic mucormycosis is extremely rare,

with only a handful of cases documented in the literature. The

recommended initial therapy involves liposomal amphotericin B

and surgical debridement (4). However, the clinical manifestations

of splenic mucormycosis are non-specific, leading to frequent delays

in diagnosis. Early identification and prompt initiation of targeted

an t i funga l the rapy a r e e s s en t i a l t o improv ing the

patient’s prognosis.

Here, we report a survival case of invasive splenic

mucormycosis involving the liver caused by Rhizopus microsporus

in a patient during consolidation therapy for acute monocytic

leukemia (AML-M5). The patient initially presented with

recurrent fever and splenomegaly accompanied by multiple focal

hypodensities unresponsive to empiric anti-infective treatment.

Subsequently, splenic mucormycosis was diagnosed by Contrast-

Enhanced Ultrasonography (CEUS) and metagenomic next-

generation sequencing (mNGS). However, surgical intervention

carries a high risk due to the progressive involvement of the liver

in invasive splenic mucormycosis. Fortunately, after treatment with

amphotericin B as an antifungal, the patient’s symptoms,

inflammatory markers, and imaging results showed significant

improvement. Subsequently, allo-HSCT was performed on 15/06/

2023. During the transplantation process, prophylactic anti-

mucormycosis therapy with amphotericin B was continued, and

the patient achieved hematopoietic reconstruction. The aim of this

case is to emphasize the importance of utilizing mNGS and CEUS in

the diagnosis of mucormycosis to help clinicians identify splenic

mucormycosis and initiate appropriate therapy as soon as possible

to improve therapeutic efficacy and prognosis.
Case report

A 24-year-old female patient was admitted on 10/05/2022, for

“recurrent headache, pharyngalgia and fever for 1 week”. The

patient denied any history of hypertension, diabetes, coronary

heart disease, or infectious diseases such as hepatitis B and

tuberculosis. Physical examination on admission showed
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mucocutaneous pallor, and palpation did not detect superficial

lymph node enlargement or hepatosplenomegaly. Laboratory

analyses revealed pancytopenia: white blood cell (WBC) count

1.37×109/L, red blood cell (RBC) count 2.3×1012/L, platelet (PLT)

count 71×109/L, absolute neutrophil count (ANC) 0.3×109/L, and

hemoglobin (Hb) count 69 g/L. Abdominal ultrasonography and

computed tomography (CT) scans showed no abnormalities. The

patient was diagnosed with AML-M5 on 19/05/2022, based on a

comprehensive assessment of morphology, immunophenotype,

cytogenetics, and molecular biology (MICM). She had achieved a

complete cytogenetic response, and minimal residual disease

(MRD) was negative by flow cytometry after starting a cycle of

induction chemotherapy with idarubicin and cytarabine. She then

received consolidation therapy with high-dose cytarabine, VAH

(venetoclax+azacitidine+homoharringtonine), AE (cytarabine

+etoposide), and VA (venetoclax+azacitidine). A treatment

timeline is shown in Figure 1.

However, during the third cycle of consolidation therapy, the

patient developed a recurrent fever and intermittent discomfort in

the left upper quadrant. The laboratory analysis results were as

follows: WBC 0.82×109/L, RBC 2.1×1012/L, PLT 90×109/L, ANC

0.4×109/L, and Hb 59 g/L. C-reactive protein (78.81 mg/L) and

procalcitonin (0.11 ng/mL) were both elevated. Abdominal

ultrasonography and CT scans revealed splenomegaly with

multiple focal hypodensities, while no evident abnormalities were

detected in the liver, gallbladder, pancreas, or kidney, which initially

suggested leukemic involvement of the spleen. However, despite

empiric treatment with piperacillin sodium and tazobactam

sodium, meropenem, vancomycin, voriconazole, and micafungin,

satisfactory therapeutic effects were not obtained. The patient

exhibited recurrent fever, and the abdominal CT scan showed

progression of the splenic lesions to the liver. To further clarify

the nature of the splenic lesions, we performed splenic CEUS, which

revealed multiple hypoechoic nodules in the spleen that were

considered splenic abscesses. The etiology of these infections may

be related to the primary disease or myelosuppression after

chemotherapy. Notably, no pathogens were detected in repeated

blood cultures, and both galactomannan and serum (1, 3)-b-D-
glucan tests yielded negative results. Fortunately, Rhizopus

microsporus was identified by peripheral blood mNGS, providing

a basis for targeted anti-fungal therapy. The recommended

therapeutic approach for mucormycosis involves a combination

of anti-fungal pharmacotherapy and surgical debridement of

necrotic tissue. However, the follow-up CT scan showed that the
FIGURE 1

Timeline of the patient’s diagnosis, treatment, and evaluation of clinical efficacy. The patient achieved complete morphologic and genetic remission
after induction therapy with idarubicin and cytarabine. During the subsequent consolidation therapy, the patient maintained a continuous complete
remission, and the diagram illustrates in detail the therapeutic protocol for anti-infective treatment.
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splenic mucormycosis had progressed to the liver, resulting in

multiple focal hypodensities in both organs. Considering the

multiple infected lesions and deteriorating systemic condition,

surgical intervention was not an optimal option in this

particular case.

Based on these results, we initiated intravenous pumping of

amphotericin B cholesteryl sulfate complex (1 mg/kg/day) for

hepatosplenic mucormycosis. Based on therapeutic efficacy and

adverse reactions, the dosage was gradually increased to 3 mg/kg/

day from December 2022 to March 2023. The subsequent abdominal

CT scan and splenic CEUS showed a gradual resolution of hepatic

and splenic hypodensities. After approximately 4 months of

treatment with liposomal amphotericin B, with a cumulative dose

of 8.1 g administered, the patient was well and asymptomatic, and the

lesions on imaging examinations improved considerably. Fortunately,

in our study, the patient did not exhibit any signs of renal dysfunction

but solely presented with hypokalemia, which was cured after

potassium supplementation. The patient underwent allo-HSCT and

received prophylactic antifungal treatment with liposomal

amphotericin B due to a previous mucormycosis infection. The

imaging results of the patient throughout the course of treatment

are shown in Figure 2.
Discussion

Mucormycosis is caused by opportunistic pathogenic fungi of

the order Mucorales, which includes Rhizopus, Rhizomucor,Mucor,

Cunninghamella, Lichtheimia, Saksenaea, and Apophysomyces.

These are saprophytic fungi that are widespread in our
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environment, usually found in soil and decaying matter, with

broad, ribbon-like aseptate hyphae that characteristically branch

at right angles (5). The fungus is spread by spores of the order

Mucorales, particularly through food contamination, inhalation, or

infection of open wounds (5). The incidence and prevalence of

mucormycosis exhibit regional variations across different countries.

Globally, the highest reported incidence of mucormycosis comes

from India (6). Osaigbovo et al. have reported 408 individual cases

from 12 African countries: 80.9% from North Africa, 15.4% from

Southern Africa, 1.7% from East Africa, 1.7% fromWest Africa, and

0.2% from Central Africa (7). The average incidence of

mucormycosis in the USA is about 0.3 cases per 100,000 per year,

compared to 0.54 cases per million people in Greece. In mainland

China, 390 cases of mucormycosis were reported in two decades,

from 2001 to 2020. It is noteworthy that the incidence of

mucormycosis has increased dramatically worldwide since the

onset of COVID-19 (8). Diabetes mellitus, malignancy, solid

organ or HSCT, severe neutropenia, immunosuppressive therapy,

iron overload, malnutrition, and COVID-19 are significant risk

factors of mucormycosis (9). It is imperative for clinicians to be

aware that mucormycosis may occur in patients with high-risk

factors, especially when conventional anti-infective therapy proves

ineffective. The prognosis of mucormycosis remains poor,

particularly in patients with hematologic malignancies. In medical

practice, the index of suspicion for mucormycosis should be

increased. Timely diagnosis and appropriate treatment are critical

to reducing the mortality of mucormycosis.

Based on anatomical localization, mucormycosis can be

classified into six forms: rhino-orbital-cerebral, cutaneous,

pulmonary, gastrointestinal, disseminated, and uncommon sites
FIGURE 2

Imaging alterations during patient management. (A–C) The abdominal CT scan revealed diffuse small round low-density lesions in the spleen. (D–F)
The splenic lesions exhibited significant resolution following treatment with amphotericin B. (G–I) Changes in contrast-enhanced ultrasound of the
spleen during administration of amphotericin B therapy.
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(10). Due to its diverse and atypical clinical manifestations, early

diagnosis of mucormycosis is challenging. The incidence of invasive

splenic mucormycosis is extremely rare, with only a few cases

documented in the medical literature. Hammami et al. conducted

a comprehensive review of all reported cases of splenic

mucormycosis up until October 2020, revealing that the clinical

manifestations of this condition primarily include fever, chills,

abdominal pain, diarrhea, cough, dyspnea, loss of appetite,

nausea, and vomiting, in addition to febrile neutropenia,

depending on the organs affected. It can be inferred that

mucormycosis lacks specific clinical features, and in the early

stage, it may only present with symptoms such as fever and upper

abdominal discomfort (11). In our case, the patient presented with

recurrent fever and left upper quadrant discomfort, and imaging

showed the development of multiple focal splenic hypodensities

despite the administration of broad-spectrum antibiotics. When

making a differential diagnosis, it is crucial to distinguish

hepatosplenic mucormycosis, candidiasis, and leukemic

infiltration. CEUS is an essential method for the diagnosis of focal

hepatic and splenic lesions. Cao conducted a study on the role of

contrast-enhanced ultrasound in differentiating benign from

malignant splenic lesions and found that hypovascular

enhancement was predominantly observed in malignancies, while

a lack of enhancement was exclusively identified in benign cases

(12). In our study, the splenic lesions had multiple focal

hypodensities in abdominal ultrasonography, indicating leukemic

involvement of the spleen. However, the splenic lesions did not

show enhancement in the arterial and parenchymal phases on

splenic CEUS, which is inconsistent with typical leukemic

infiltration. In 2016, Trenker et al. reported the use of CEUS in

the diagnosis of hepatosplenic mucormycosis in a patient with

Chronic Lymphocytic Leukemia (13). To our knowledge, there is

limited literature on the application of CEUS for the diagnosis of

hepatosplenic mucormycosis. The lack of contrast enhancement on

CEUS may help to distinguish invasive fungal infection from

parenchymal leukemic infiltrates and the general need to confirm

tumor progression seen radiologically by histopathology.

As the initial clinical symptoms and imaging findings of

mucormycosis can be non-specific, diagnosis is often delayed, and

misdiagnosis rates are high, leading to unsatisfactory treatment and

high mortality rates. The gold standard for the diagnosis of

mucormycosis is fungal culture and pathologic tissue biopsy.

Fungal culture has high specificity, which is crucial for accurate

species identification and anti-fungal susceptibility testing.

However, its time-consuming nature and high false-negative rate

limit its utility, with a sensitivity of only 25% (14). This can be

attributed to several reasons, such as the grinding or

homogenization of tissue specimens, which can destroy the

delicate hyphae of mucor; the presence of genera that require

special culture conditions; recent or ongoing therapy with an

anti-fungal effective against Mucorales; or even a lack of expertise

(6). Pathologic evaluation of biopsy specimens can provide a more

definitive diagnosis, but obtaining tissue biopsies is not feasible for

vulnerable AML patients (15). Molecular biology techniques can be

utilized to diagnose mucormycosis with high speed and precision

(16), owing to the fact that the amount of circulating Mucorales
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DNA is usually higher than that other fungal diseases due to the

angio-invasive nature of Mucorales infection. Serum Mucorales

qPCR is a non-invasive and extremely accurate diagnostic

technique for mucormycosis. The results indicate that serum

Mucorales PCR has a sensitivity of 85.2%, a specificity of 89.8%,

and positive and negative likelihood ratios of 8.3 and 0.17,

respectively, for diagnosing mucormycosis (17). However, PCR

also has certain limitations: for instance, its specificity is

dependent on primer design, and its sensitivity is prone to false-

positive results after inspection contamination. In contrast, mNGS

can detect almost all pathogenic bacteria in a sample. It does not

require pre-guessing or hypotheses about the type of pathogen

causing the infection (18). In addition, mNGS allows for efficient

diagnosis of infectious diseases where culture may take a long time

to grow or even produce false-negative results. mNGS is primarily

used for pathogen screening, while PCR serves as a quantitative

detection tool. Liu et al. reported a case of intracranial infection that

did not respond to empiric antibiotic therapy and whose blood

culture results were negative. However, NGS revealed an infection

caused by Mucorales, and the fever resolved after targeted anti-

fungal treatment with amphotericin B liposomes (15). Zhang et al.

evaluated the diagnostic value of mNGS in 13 patients with

hematologic malignancies suspected of mucormycosis, and their

findings demonstrate that mNGS can be used not only for early

diagnosis of mucormycosis, but also for simultaneous detection of

bacteria and viruses, thereby improving the prognosis of patients

(19). In our case, the predominant clinical manifestation was fever,

and splenomegaly was revealed by abdominal ultrasonography and

CT scans with multiple focal hypodensities. Although the results of

blood cultures, serum (1, 3)-b-D-glucan, and galactomannan assays

were negative, mNGS confirmed Rhizopus microsporus infection.

After receiving timely treatment with intravenous pumping of

amphotericin B cholesteryl sulfate complex, the patient’s

symptoms resolved, and imaging examinations showed

considerable improvement in the lesions. This suggests that the

detection of Mucorales by mNGS in the blood may serve as an early

marker for invasive splenic mucormycosis, potentially reducing

treatment delay.

The main treatment options include anti-fungal therapy with

amphotericin B, surgical resection, and the management of

underlying risk factors (20). As established in all guidelines, surgical

debridement is important in the control of mucormycosis, and several

studies have confirmed the efficacy of surgical intervention in

improving survival rates. However, it is also important to

acknowledge that such procedures may also carry inherent risks,

and selecting the safest treatment modality should be based on the

patient’s clinical condition. In some cases, surgery may not be

possible. Due to the presence of multiple lesions, surgical

intervention was not a viable option in our particular case.

Fortunately, the patient responded well to treatment with

amphotericin B liposome alone and showed significant lesion

improvement on imaging examinations. Posaconazole and

isavuconazole may serve as alternative therapies or salvage

prescriptions for patients who are unresponsive to or intolerant to

conventional treatments (21). Clinical registries of the European

Confederation of Medical Mycology have reported a success rate of
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approximately 50%-60% for first-line treatment with posaconazole in

patients with mucormycosis (22). Whether combination anti-fungal

therapy is superior to single anti-fungal therapy for mucormycosis

remains controversial (23). In addition, there is currently no

standardized protocol for evaluating the efficacy and duration of

treatment with amphotericin B. The primary criteria currently used

are based on the degree of immunosuppression and the remission of

symptoms and signs. It is imperative to identify the optimal

prevention and treatment strategies for mucormycosis to mitigate

its morbidity and mortality rates.

In conclusion, mucormycosis is characterized by rapid

progression, high mortality, and a challenging diagnosis. The

successful management of our case emphasizes the importance of

maintaining a high index of suspicion, timely diagnosis, and

prompt initiation of specific anti-fungal therapy. This case report

highlights the importance of mNGS and CEUS in diagnosing

splenic mucormycosis. Surgical debridement will remain a

cornerstone in the treatment of mucormycosis. Treatment

strategies for mucormycosis are clear and well-defined in the

literature and guidelines. No survival benefit has been shown with

combination therapy. What remains unclear is treatment duration,

which depends on clinical improvement and the degree of

immunosuppression, in addition to the lack of follow-up markers.
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