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A B S T R A C T

Mucormycosis caused by Cunninghamella bertholletiae (C. bertholletiae) is a rare opportunistic
infection in patients with hematological malignancies (HM), with high mortality rates. Herein, we
first report a case of pulmonary mucormycosis (PM) with C. bertholletiae in a 25-year-old male
recently diagnosed with T-lymphoblastic lymphoma (T-LBL). The diagnosis was established
through chest computed tomography (CT), metagenomic next-generation sequencing (mNGS) of
blood and bronchoalveolar lavage fluid (BALF), as well as histopathological examination. He-
matoxylin and eosin (HE) staining of the surgical specimen revealed the presence of fungal hy-
phae. He was effectively treated with liposomal amphotericin B (L-AmB) and posaconazole
enteric-coated tablets, followed by aggressive surgical debridement. In our case, the fungal
infection was initially identified as C. bertholletiae using mNGS, which facilitated rapid and ac-
curate diagnosis, enabling clinicians to initiate early intensive treatment. The case also empha-
sizes the importance of surgical debridement in addressing affected tissues and underscores the
significance of a multidisciplinary approach in implementing this treatment strategy.

1. Introduction

The most common pathogens associated with mucormycosis are Rhizopus, Mucor, Lichtheimia, Apophysomyces, Cunninghamella,
Rhizomucor, and Saksenaea. This infection primarily affects individuals with weakened immune systems, including those with dia-
betes, cancer, organ transplants, and those on long-term corticosteroid therapy. PM presents in the lungs, which are the third main
location for the infection after the rhino-orbito-cerebral areas and the skin. C. bertholletiae is particularly linked to PM and has a higher
mortality rate compared to other Mucorales (71 % vs 44 %) [1]. Patients with T-LBL often require intensive chemotherapy, leading to
severe immunosuppression and increased vulnerability to opportunistic infections. PM involvement in T-LBL is rare and presents
significant diagnostic and therapeutic challenges. In this case report, we describe the first documented survival of a T-LBL patient with
PM caused by C. bertholletiae.
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2. Case presentation

The patient, a 25-year-old male, was diagnosed with T-LBL without bone marrow involvement. He achieved complete remission
after induction chemotherapy with the VDLP regimen (vincristine, daunorubicin, L-asparaginase, prednisone). He then received
consolidation chemotherapy with the CAT regimen (cyclophosphamide, cytarabine, 6-mercaptopurine (6-MP). He developed high-
grade fever (≥39.5 ◦C) and severe neutropenia during consolidation chemotherapy. Broad-spectrum antimicrobial therapy was
initiated, including imipenem/cilastatin (500 mg intravenously every 8 hours), vancomycin (1000 mg intravenously every 12 hours)
and voriconazole (loading dose of 6 mg/kg intravenously every 12 hours, followed by 4 mg/kg intravenously every 12 hours), but the
specific pathogen remained unidentified with persistent fever. CT scan revealed multiple patchy and ground-glass opacities with
indistinct margins (Fig. 1A). Due to the high risk of bleeding and anesthesia-related complications associated with fiberoptic bron-
choscopy, we performed mNGS (Hangzhou Matridx Biotechnology Co.,Ltd.) of blood (Fig. 1H) to identify the causative agent, and the
results revealed C. bertholletiae (Supplementary materials and methods, Sequencing data in NCBI: PRJNA1113529, 58 reads). And
then, L-AmB therapy, initiated through a collaborative, multidisciplinary approach at a dose of 3 mg/kg for PM, effectively reduced the
fever (below 38 ◦C) and improved hemoptysis. However, follow-up CT showed progression of pulmonary lesions and increased pleural
effusion (Fig. 1B). After the recovery of thrombocytopenia, we performed mNGS (Hangzhou Matridx Biotechnology Co.,Ltd.) of BALF
(Fig. 1I), confirming C. bertholletiae as the predominant pathogen (Supplementary materials and methods, Sequencing data in NCBI:
PRJNA1113529, 628 reads)). We continued the antifungal treatment, resulting in a normalized temperature and the absence of he-
moptysis. However, the third CT scan showed further enlargement of the infected area with consolidation and cavity formation
(Fig. 1C). We attempted to increase the dose of L-AmB to 5 mg/kg and added posaconazole enteric-coated tablets at 300 mg/day.
However, the patient experienced severe chills and shivering during the higher-dose L-AmB infusion. We then reduced the dose of L-
AmB back to 3 mg/kg, and no further infusion reactions occurred. On day 72 of fever, the fourth follow-up CT scan revealed an

Fig. 1. Chest CT scans, surgical specimens and mNGS of blood and BALF of the patient before and after treatment. Chest CT scans at 13 (A),
21 (B), 33(C), and 72 (D) days post-treatment demonstrated persistent fever and an obstructive mass in the basal segmental bronchus of the left
lower lobe. The patient underwent video-assisted thoracoscopic surgery for lung resection (G), and no evidence of PM recurrence was observed on
chest CT scan at one month (E) and seven months (F) after lobectomy. (H) The depth coverage distribution plot of the C. bertholletiae genome from
blood. The X-axis represents the position on the reference genome (in base pairs, bp), while the Y-axis indicates the sequencing depth at each
position. The reference genome length is 31,145,096 base pairs. The average depth is 0.01 %, meaning that the total number of bases in the
sequencing reads is 0.0001 times the length of the reference genome. The coverage is 0.01 %, indicating that, on average, the sequencing reads cover
0.01 % of the total bases in the genome. (I) The depth coverage distribution plot of the C. bertholletiae genome from bronchoalveolar lavage fluid.
The reference genome length is 31,145,096 base pairs. The average depth is 0.10 %, meaning that the total number of bases in the sequencing reads
is 0.001 times the length of the reference genome. The coverage is 0.10 %, indicating that, on average, the sequencing reads cover 0.10 % of the total
bases in the genome.
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obstructed bronchus (Fig. 1D).
At this point, we were faced with a treatment dilemma. T-LBL, being an aggressive tumor, required immediate consolidation

chemotherapy. However, active pulmonary mucormycosis posed a risk for systemic dissemination during chemotherapy, which could
be fatal in severe cases. Following consultations with respiratory medicine, gastroenterology, thoracic surgery, anesthesiology, and
hematology specialists, we decided to perform video-assisted thoracoscopic surgery (VATS) to resect the pulmonary lesion. The lesion
showed consolidation (Fig. 1G). HE staining (Fig. 2A and B) and PAS staining (Fig. 2C) further confirmed the presence of fungi. During
the perioperative period, we continued the antifungal therapy with L-AmB and posaconazole enteric-coated tablets.

One month after the surgery, a follow-up CT scan showed no evidence of PM recurrence (Fig. 1E). Subsequently, he received one
cycle of high-dose methotrexate (MTX), two cycles of autologous stem cell transplantation and low-dose MTX and 6-MP orally for
maintenance therapy. He continued oral posaconazole enteric-coated tablets for secondary prophylaxis. Currently, seven months after
the lobectomy, the CT scan shows no signs of lymphoma or PM relapse (Fig. 1F). The patient has resumed his college studies.

3. Discussion

Recent studies have identified HM as the main cause of PM, including acute leukemia (24 %), hematopoietic stem cell transplant
(HSCT) (21 %), lymphoma (13 %), and others (4 %) [2,3]. The occurrence of PM in T-LBL patients infected with C. bertholletiae is
actually rare. Early diagnosis of PM poses huge challenges, which was predominantly confirmed through postmortem examinations in
the past [4]. Isolation of Mucorales from clinical specimens is difficult, with positive cultures observed in only 15 %–25 % of cases [5].
Efforts should also be directed towards obtaining specimens for non-culture methods, such as tissue puncture or excisional biopsy and
mNGS of blood or BALF. However, invasive examinations or surgical procedures are contraindicated in patients with low platelet
counts (<50,000/mm3), which is very common in hematological diseases, thus increasing the difficulty of diagnosis of PM [6]. mNGS
provides a comprehensive approach to identify causative agents, with a significantly higher pathogen detection rate compared to
traditional methods (80.21 % vs 25.00 %) [7]. Additionally, in patients with febrile neutropenia, it also shows a significantly higher
fungal detection rate compared to the non-febrile neutropenia group (32.35 % vs 12.22 %) [7,8]. In this case, both blood and BALF
mNGS identified C. bertholletiae (Fig. 1H and I), which played a crucial role in determining the cause of PM and initiating timely
antifungal therapy. Fungal hyphae were also detected in the histopathological examination of the surgically resected lung tissue
specimen.

There is a lack of prospective studies to determine the optimal treatment strategy for this rare infection. Current management
primarily follows the guidelines for diagnosing and treating mucormycosis. Successful treatment of mucormycosis relies on three
essential factors: surgery, antifungal therapy, and the management of underlying risk factors. The guideline group strongly recom-
mends early and complete surgical resection of mucormycosis whenever feasible, along with systemic antifungal therapy [9]. Timely
initiation of antifungal therapy is crucial, as a delay of 3 days in starting amphotericin B can increase the mortality rate (72 vs 33 %)
[10]. In this case, the primary predisposing factor was neutropenia, which required active efforts to promote granulocyte recovery
through appropriate supportive care measures. L-AmB is the recommended first-line treatment for mucormycosis at a dose of 5~10
mg/kg/day. A high dose of L-AmB (10 mg/kg) is suggested for central nervous system infection, while 5 mg/kg/day is advised for PM.
In real-world scenarios, patient tolerance to L-AmB dosages varies significantly. In our case, the patient was unable to tolerate a
moderate dose of 5 mg/kg due to recurrent chills and high fever. According to the guideline recommendation, if a patient exhibits
intolerance to L-AmB, reducing the dosage and considering the addition of isavuconazole or posaconazole may be appropriate.
However, further research is needed to establish the optimal combination therapy regimen. The duration of therapy required to treat
mucormycosis is uncertain. In our case, after two months of combined antifungal treatment, the dissemination of mucormycosis was
effectively controlled. However, complete eradication was not achieved, resulting in residual consolidative lesions. The most common
histopathologic findings in patients with pulmonary mucormycosis who underwent autopsy or lung biopsy include angioinvasion (100
%), hemorrhagic infarction (90 %), coagulative necrosis (85 %), and intra-alveolar hemorrhage (85 %) [11]. These changes impair the
continuous fungicidal action of medications, leading to irreversible necrosis of lung tissue. Therefore, timely surgical resection of the
lesions becomes crucial. Surgical resection of localized pulmonary lesions is an important therapeutic modality in the management of
PM. In this case, we performed VATS, which resulted in the successful resection of the affected lung lobe. Surgical intervention allows
for the elimination of the infectious focus, reducing the risk of dissemination and improving overall treatment outcomes.

Fig. 2. Lung tissue HE and PAS staining. (A) HE staining at 40 × magnification demonstrates the lumen uniformly filled with evenly distributed
fungal hyphae. (B) Higher magnification (400 × ) of the HE-stained section reveals hyphae of consistent thickness, displaying septa and acute-angled
branching. Spores are often located at one end of the hyphae, forming a racquet-like structure. (C) PAS staining at 400 × magnification highlights
the hyphae, which are stained rose-red. Black arrows indicate the presence of fungi. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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4. Conclusions

In sum, the successful management of PM in a T-LBL patient highlights the crucial importance of early pathogen detection through
mNGS of blood and BALF, prompt correction of underlying conditions, surgical intervention, and secondary prophylactic antifungal
therapy. These findings emphasize the need for a multidisciplinary approach and personalized management strategies to optimize
outcomes in complex cases involving hematological malignancies and invasive fungal infections.

5. Supplementary statement

In regard to the section on relevant past interventions with outcomes (5d), it is important to note that the patient in this case had no
prior history of pulmonary mucormycosis infection. As a result, there were no previous medical records or interventions related to this
specific condition. This case represents the patient’s initial occurrence of pulmonary mucormycosis, and therefore, no relevant past
interventions or outcomes are available for discussion or comparison.

6. Patient perspective

I feel extremely fortunate throughout the treatment of pulmonary mucormycosis. With accurate diagnosis and comprehensive
treatment from my doctors, my condition has been effectively controlled. The utilization of mNGS technology swiftly identified the
C. bertholletiae infection, providing a basis for prompt intervention. Additionally, surgical debridement played a significant role in my
recovery. This experience has deeply emphasized the importance of multidisciplinary collaboration, and I am grateful to the medical
team for their expertise and care, which helped me overcome the illness.

Prior to the publication of this case report, informed consent was obtained from the patient for the publication of all clinical in-
formation, images, and other data included in this manuscript. The patient was fully informed about the nature of the publication and
its potential implications. Confidentiality was ensured, and all identifying information has been appropriately anonymized to protect
the patient’s privacy.
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