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A B S T R A C T   

Mucormycosis is a rare fungal infection caused by fungi of the order Mucorales. The rhino- 
cerebral form of mucormycosis is most commonly seen in patients with diabetes mellitus, 
whereas pulmonary mucormycosis is a rare manifestation in patients with hematological ma-
lignancy and transplant recipients. We report a case of a 40-year-old male, with history of poorly 
controlled diabetes, who presented to the emergency room with a one-week history of hemop-
tysis. Computed Tomography (CT) of the chest was concerning for a lung mass or abscess. Flexible 
bronchoscopy revealed an endobronchial lesion that was biopsied with a cryoprobe. Histopath-
ologic examination showed non-septate right-angle branching hyphae, typical of mucormycosis. 
He underwent surgical resection of the right middle and lower lobes and treatment with anti-
mycotic agents with a complete recovery. This case highlights the importance of early histo-
pathological diagnosis of pulmonary mucormycosis in preventing a fatal outcome.   

1. Introduction 

Mucormycosis is a life-threatening opportunistic mycosis that infects a broad range of hosts with qualitative or quantitative defects 
in innate immunity, including patients with severe neutropenia, recipients of corticosteroids or other immunosuppressive medications, 
and poorly controlled diabetes mellitus. The most implicated species belong to the Rhizopus, Mucor, and Lichtheimia (Absidia) genera. 
The primary mode of acquisition is through the inhalation of sporangiospores present in the environment. Traumatic inoculation and 
oral ingestion are other possible forms of transmission. Pulmonary mucormycosis results from inhalation of sporangiospores or by 
hematogenous or lymphatic spread. Patients present with nonspecific symptoms like cough, dyspnea, chest pain, and fever. In pul-
monary mucormycosis, clinical diagnosis is difficult, and early diagnosis is paramount for this life-threatening infection. There are no 
reliable serological, PCR-based, or skin tests for mucormycosis. Sterile cultures do not rule out the diagnosis. Histopathology and 
positive cultures from various clinical specimens are the primary diagnostic modalities for mucormycosis. Treatment usually involves a 
combination of antifungal agents and surgical resection. 
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2. Case report 

A 40-year-old male with a past medical history of poorly controlled type 1 diabetes mellitus (HbA1c 10.3%) presented to the 
emergency department with a one-week history of fever, chills, shortness of breath, and hemoptysis. On admission, the patient was 
febrile (101 ◦F) and tachycardic (110 beats/min). He required 3 L of supplemental oxygen via nasal cannula to maintain oxygen 
saturation above 94%. The pulmonary exam was unrevealing. Laboratory workup was unrevealing, including a normal white blood 
cell count and procalcitonin. Chest X-ray was grossly unremarkable (Fig. 1). Computed Tomography (CT) of the chest showed a 
cavitary mass (3.5 × 2.9 cm) in the right lower lobe (Fig. 2). He was started on vancomycin and piperacillin/tazobactam after col-
lecting sputum and blood cultures. Sputum was also sent for acid-fast bacillus (AFB) smear and culture. Throughout the course of 
hospitalization, these cultures remained negative. 

Despite antibiotherapy, the patient’s symptoms continued to worsen. A flexible bronchoscopy with endobronchial ultrasound- 
guided transbronchial needle aspiration (EBUS-TBNA) under general anesthesia was performed on day 7 of hospitalization. Bron-
choscopy revealed a yellow-colored, friable, slimy, endobronchial mass occluding the right lower lobe bronchus (Fig. 3). Mediastinal 
and hilar lymph nodes were sampled, with rapid on-site cytology negative for malignancy. Endobronchial biopsies with cryoprobe 
were performed. Extraction of the lesion was attempted first with the cryoprobe, then by gastrointestinal biopsy forceps, and lastly 
with a polypectomy snare. However, the attempts were unsuccessful as the mass was very elastic, with the stem firmly attached to the 
right lower lobe parenchyma. Forceps biopsies and cytology brushing of the mass were also performed. Histopathological examination 
of the specimen from the mass was consistent with pulmonary mucormycosis, with broad, non-septate hyphae, characteristic of 
Mucorales species (Fig. 4). No malignant cells or fungal elements were seen on cytological examination of lymph nodes’ aspirates, and 
the cultures were negative. The patient was started on Amphotericin B at 5 mg/kg daily on hospital day#11. Thoracic surgery was 
consulted, and right middle and lower lobes lobectomy was completed on hospital day#15 without any complication. The removed 
specimen is shown in Fig. 5. He finished a 14-day course of intravenous Amphotericin B with clinical improvement. He was transi-
tioned to oral Posaconazole and discharged on hospital day#26. At the 3-month follow-up, he reported complete resolution of 
symptoms. 

3. Discussion 

Mucormycosis, also referred to as zygomycosis, is an opportunistic infection caused by a fungus that belongs to the class zygo-
mycetes and is the third most common invasive fungal infection after candidiasis and aspergillosis. The most common agents of 
mucormycosis are Rhizopus spp., Mucor spp., and Lichtheimia (formerly Absidia and Mycocladus) spp. Genera of other Mucorales, such 
as Rhizomucor, Saksenaea, Cunninghamella, and Apophysomyces, are less common [1]. Most cases of mucormycosis result from the 
inhalation of fungal sporangiospores that have been released in the air or from direct inoculation of organisms into disrupted skin or 
gastrointestinal tract mucosa. Seasonal variations affect the incidence of mucormycosis, with most infections occurring from August to 
November. The incidence of mucormycosis has been increasing in recent decades, mainly due to the growth of the number of 
immunocompromised patients. Mucormycosis cases are being reported worldwide, but differences in the epidemiology seem to exist 
between developed and developing countries. In developed countries, the disease remains uncommon and is mostly seen in patients 
with diabetes, hematological malignancies and those who have received stem cell transplant. In contrast, in developing countries, 
mucormycosis occurs mainly in patients with uncontrolled diabetes and trauma [1]. 

The COVID-19 pandemic was associated with an increased incidence of mucormycosis including pulmonary mucormycosis [2]. 
COVID-19 infection, along with prolonged courses of corticosteroids and the use of immunosuppressive therapies compromise the host 
response and increase the risk to develop opportunistic infections, including those caused by molds [3]. 

Fig. 1. Chest X-ray on admission.  
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Mucormycosis is usually seen in diabetic patients or patients with other risk factors, including cancer, acquired immunodeficiency 
syndrome, chemotherapy, organ transplantation, severe and prolonged neutropenia, iron chelation therapy, severe malnutrition, and 
prolonged use of corticosteroids [1]. Clinically observed forms of mucormycosis are rhino-cerebral, pulmonary, cutaneous, 

Fig. 2. Chest CT demonstrating a right lower lobe cavitating mass (3.5 × 2.9 cm).  

Fig. 3. Endobronchial lesion obstructing the right lower lobe bronchus.  

Fig. 4. (a) Fragments of necrotic cartilage with invasive fungal hyphae. (b) Broad, pauci-septate, and branching hyphae consistent with Mucorales (arrows).  
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gastrointestinal, disseminated, and others. The most common clinical presentations are rhino-orbito-cerebral, pulmonary, cutaneous, 
and disseminated mucormycosis. The percentages reported in a review by Jeong et al. were 34%, 21%, 20%, and 14%, respectively [4], 
while in the European study of the Working Group on Zygomycosis, they were 27%, 30%, 26%, and 15% [5]. 

The clinical manifestations of pulmonary mucormycosis may not be differentiated from other fungal or bacterial pulmonary in-
fections. Patients may present with fever, cough, hemoptysis, and pleuritic chest pain. Hence, a tissue diagnosis is needed unless 
sputum culture is positive with imaging highly suggestive of invasive fungal infection. 

Patients with suspected pulmonary mucormycosis should undergo a CT of the chest. A reversed halo sign, defined as a central area 
of ground glass opacity surrounded by a ring of consolidation or vessel occlusion on CT angiogram are the common findings [6]. Other 
radiographic presentations of pulmonary mucormycosis vary and include pulmonary infiltrates, cavity, consolidation, air crescent 
sign, pleural effusion, fistula, or pneumothorax [7]. In a few patients, the disease manifests as airway obstruction as the fungus invades 
bronchi and forms intrabronchial lesions similar to what was seen in our case. Bronchoscopy appears to be a successful diagnostic 
modality in diagnosing mucormycosis with airway involvement. Bronchoscopy usually reveals granulation tissue and grey-white 
mucoid material that frequently blocks the airway. The airways involved are typically edematous and necrotic, or lesions with an 
appearance suggestive of a bronchial adenoma [8]. In many cases, it is postulated that a submucosal, invasive fungal infection causes a 
submucosal abscess, which presents as an endobronchial mass [9]. A definitive diagnosis of endobronchial mucormycosis can only be 
made with a biopsy as the lesion may masquerade as a malignancy or a bacterial abscess. Sputum culture, used as a simple preliminary 
diagnostic method, is often negative. Histopathologically, Mucorales hyphae have variable width and are usually non-septated or 
pauci-septated. The wider and irregular nature of hyphae are more reliable distinguishing features than septations or angle of 
branching as a change in branching angles and false septations may occur during sample processing [6]. 

Pulmonary mucormycosis is highly angio-invasive. Fatal hemorrhage has been described in patients with endobronchial mucor-
mycosis after a standard endobronchial forceps biopsy [10]. Therefore, the use of cryotherapy to obtain adequate size biopsy speci-
mens while minimizing the risk of bleeding should be considered whenever possible [11]. In addition, endobronchial mucormycosis 
may be successfully treated with cryoablation [12]. However, the efficacy or safety of this approach is unclear. In our case, several 
attempts failed to extract the lesion completely, and the decision was made to stop given concern for arising complications related to 
the extent of lung involvement beyond the visible endobronchial lesion and the nature of the procedure (flexible bronchoscopy). 
Bronchoscopic management of endobronchial mucormycosis or other endobronchial fungal infections is not clearly defined, and the 
available literature is limited to case reports and case series [13]. The data about the safety, effectiveness, and outcomes of bron-
choscopic management compared to medical therapy alone or in association with surgical management is currently lacking. 

Current guidelines recommend a combined medical and surgical approach to management, as anti-fungal agents may have poor 
penetration at the site of the infection, and the disease is rapidly progressive and associated with a bad prognosis [14]. The main 
reasons for delaying or refusing lung surgery with pulmonary mucormycosis are the severity of underlying diseases and high operative 
risk. One of the studies concluded that the overall survival rate was poor in patients with lung mucormycosis, but it was significantly 
higher in patients who underwent surgical resection [15]. Amphotericin B, along with surgical resection of the involved areas of the 
lung and treatment of the underlying disease, is the mainstay of treatment [14]. Despite its renal toxicity, Amphotericin B (>5mg/kg) 
has been the gold-standard antifungal agent against mucormycosis [14]. It is effective, but its use is limited by its substantial toxicity 
specifically in the doses and treatment duration needed for mucormycosis. Isavuconazole is a triazole antifungal drug which has also 
been recommended as the first line agent for mucormycosis [6]. The efficacy of isavuconazole has been shown to be similar to 

Fig. 5. (a) & (b) Showing resected right middle and lower lobes with mucor abscess seen in the airway.  
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amphotericin B [16]. Isavuconazole salvage treatment has been successful when the other first-line agent had failed either due to 
refractory mucormycosis or drug-related toxicity [17]. Oral posaconazole is also recommended for the treatment of mucormycosis 
[18] as well as strongly supported for salvage therapy [19]. Voriconazole is ineffective against mucormycosis [20]. The duration of 
therapy is unknown. In general, the treatment is continued until the immune defect has resolved and clinical and radiological 
improvement is achieved [6]. The mean duration of the Isavuconazole first-line or salvage treatment was found to be 84 days [16]. 
Surgical therapy, such as wedge resection, lobectomy, and pneumonectomy, in combination with antifungal therapy, has been 
associated with lower mortality rates in published series of patients with Mucor infection, particularly in patients with disease confined 
to one lung [21]. Surgical resection should be done as soon as feasible to prevent dissemination and erosion into the vessels, resulting 
in potentially fatal massive hemoptysis. 

4. Conclusion 

Pulmonary mucormycosis is an opportunistic angio-invasive fungal infection. Diagnosis is difficult due to nonspecific presentation. 
Physicians must have a high level of suspicion in immunocompromised patients with fever and respiratory symptoms refractory to 
antibiotherapy, with a low threshold for performing an invasive diagnostic procedure. Early diagnosis and treatment, including 
surgery and antifungal therapy, can improve outcomes and survival. 
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