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Abstract

Background and Clinical Significance: Pulmonary mucormycosis (PM) is a life-threatening
opportunistic infection caused by fungi of the Mucorales order, including genera such as Rhizopus,
Absidia, and Mucor. This condition predominantly affects immunocompromised individuals, with
mortality rates exceeding 50% in high-risk populations; Case Presentation: We present the case of a
33-year-old female with a medical history of type 1 diabetes mellitus (poorly controlled) and
hypothyroidism, who presented to the hospital with a 7-day history of productive cough (mucoid
expectoration), chills, and myalgia. An unenhanced chest computed tomography (CT) scan revealed
a pneumonic process with left basal consolidation, predominantly in the lower lobe. Empirical broad-
spectrum antibiotic therapy was initiated; however, the patient exhibited clinical deterioration,
prompting consultation with the thoracic surgery team. A left thoracotomy with wedge resection and
histopathological biopsy was performed, confirming invasive pulmonary mucormycosis through
visualization of broad, pauci-septate hyphae on microscopy. Following diagnosis, the infectious
disease department initiated antifungal therapy with intravenous liposomal amphotericin B (5
mg/kg/day); Conclusions: The patient demonstrated marked clinical improvement over the
subsequent two weeks, enabling discharge with plans for 6 weeks of continued antifungal treatment
and glycemic optimization.
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1. Introduction and Clinical Significance

Mucormycosis is a life-threatening angio-invasive fungal infection caused by organisms within
the Mucorales order (formerly classified under Zygomycetes), ranking as the third most common
invasive fungal infection globally, following candidiasis and aspergillosis [1-3]. The Mucorales order
encompasses 55 genera and 260 species, of which approximately 40 are recognized as clinically
significant human pathogens [4,5].

India reports the highest global incidence (140 cases per million population), while population-
based studies in the U.S. estimate an annual incidence of 1.7 cases per million (~500 cases/year) [6].
In Mexico, a retrospective analysis (1982-2016) identified 418 mucormycosis cases, with 72%
occurring in patients with type 2 diabetes mellitus and Rhizopus spp. as the predominant isolate [7].
Pediatric data from 2011 highlight pulmonary fungal infections in 100 children, with mucormycosis
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accounting for 6% of cases, compared to aspergillosis (54%), pneumocystosis (26%), and
histoplasmosis (7%) [8].

Mucorales thrive in environments with iron overload, acidic pH, and immunosuppression,
rapidly proliferating via resilient zygospores. Their hallmark histopathological feature is broad,
ribbon-like, pauciseptate hyphae capable of angio-invasion, leading to tissue necrosis [9-11].
Transmission occurs via spore inhalation (respiratory tract), ingestion (gastrointestinal), or traumatic
inoculation (cutaneous). Immunocompromised individuals are disproportionately affected, with
common clinical presentations including rhinocerebral (55%) and pulmonary (30%) involvement.
Pulmonary mucormycosis often mimics chronic pneumonia but may progress to severe
complications such as bronchopleural fistula (BPF), abscesses, or chronic cavitary lesions [12].

We present a case report of a 32-year-old female with poorly controlled type 2 diabetes presented
to our institution with progressive dyspnea, productive cough, and chills. Imaging revealed left lower
lobe consolidation with cavitation. Despite empiric antibiotics, clinical deterioration prompted
surgical intervention. Thoracotomy with wedge resection and histopathological biopsy confirmed
pulmonary mucormycosis, demonstrating invasive, non-septate hyphae. Postoperative treatment
with liposomal amphotericin B and glycemic optimization led to gradual recovery, underscoring the
critical role of early diagnosis and multidisciplinary management.

2. Case Presentation

A 33-year-old female with poorly controlled type 1 diabetes mellitus (T1IDM) and
hypothyroidism presented with a 10-day history of fever, dry cough, pleuritic chest pain, and
progressive dyspnea. Initial outpatient management with oral antibiotics (unspecified) failed to
alleviate symptoms. On day 12 of symptom onset, she was hospitalized at a rural facility, where she
developed hemoptysis and worsening respiratory distress. Laboratory studies confirmed diabetic
ketoacidosis (DKA), and imaging suggested pneumonia. Due to clinical deterioration and lack of
diagnostic resolution, she was transferred to our tertiary care center. On admission (day 12), the
patient exhibited hypoxia (SpO2 89% on room air), tachypnea, and diminished breath sounds over
the left hemithorax. Chest CT revealed left lower lobe consolidation with basal predominance (Figure
1).
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Figure 1. A. Anteroposterior chest radiograph demonstrating left lower lobe consolidation with preserved hilar
architecture. B. Axial contrast-enhanced chest CT (mediastinal window) revealing bilateral consolidative lesions
(arrows), a cavitary abscess (asterisk) in the left lower lobe, and a bronchopleural fistulous tract (arrowhead). C-
D. Coronal CT reconstructions (lung window) highlighting left basal consolidation (star) and right apical

segment involvement (dashed circle), suggestive of multifocal angioinvasive disease.

Arterial blood gas analysis showed respiratory alkalosis (pH 7.48, pCO2 28 mmHg). Empirical
broad-spectrum antibiotics (intravenous ceftriaxone and ciprofloxacin), fluid resuscitation, and
supplemental oxygen (2 L/min via nasal cannula) were initiated. Diagnostic workup is shown in
(Figure 2). Persistent pleural effusion and clinical decline prompted thoracic surgery consultation.
On day 20, the patient underwent left thoracotomy with decortication(Figure 3), abscess drainage
(segments X and VI), and repair of a bronchopleural fistula (Figure 4).

— Viral Testing

*SARS-CoV-2 and influenza A/B RT-PCR: Negative.

— Imaging Studies

*Repeat contrast-enhanced chest CT (Hospital Day 16):
«Interval development of moderate left pleural effusion (1.5 cm depth) with adjacent consolidation.
*No evidence of cavitation or mediastinal lymphadenopathy.

— Pleural Fluid Analysis

*Thoracentesis findings:
* Gross appearance: Cloudy, amber-colored fluid.

* Biochemical profile: Exud: 1 istics (pleural fluid protein 2.4 g/dL, LDH 280 U/L).
* Microbiology: Gram stain revealed mixed gram-positive cocci and gram-negative bacilli; aerobic/anaerobic cultures showed no
growth at 48 hours.

—| Respiratory Microbiology

*Sputum cultures (aerobic/anaerobic):
+No bacterial growth at 48 hours.
*Tuberculosis evaluation:
« Sputum acid-fast bacillus (AFB) smear: Negative (<3).
* Mycobacterium tuberculosis PCR (Xpert MTB/RIF): Negative.

— Key Observations:

*The discordance between pleural fluid Gram stain (polymicrobial) and sterile cultures may reflect prior antibiotic exposure or non-
viable organisms.
*Low pleural fluid protein (2.4 g/dL) despite exudative LDH concurrent hyp

1

ia (serum albumin: 2.8 g/dL).

Figure 2. Diagnostic workup made in emergency department.
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Figure 3. Intraoperative visualization of a bronchopleural fistula (BPF) in pulmonary segments X and VI. A.
Fistulous tract (arrow) communicating with a parenchymal abscess (2.1 cm diameter) containing fibrinopurulent

exudate, pleural cavity with loculated empyema (dashed outline) adjacent to necrotic lung tissue.

B D

Figure 4. Gross pathological specimens obtained via thoracotomy. A-B. Irregular lung parenchyma fragment
(2.1 x 1.7 x 1 cm) exhibiting hemorrhagic necrosis (whitish-brown regions) and visceral pleural adhesions
(arrow). C-F. Necrotic lung tissue (9.6 x 6.4 x 2.7 cm) with fibrinopurulent membranes (arrowheads) and cavitary

destruction, consistent with fungal invasion.

Postoperatively, respiratory mechanics improved transiently, but recrudescent dyspnea and
productive cough on day 27 necessitated further evaluation. Histopathological analysis of the lung
biopsy revealed the following key features: coagulative necrosis, extensive zones of ischemic necrosis
accompanied by neutrophilic infiltrates, consistent with tissue infarction secondary to angioinvasion.
fungal morphology with broad (1020 um), ribbon-like, pauciseptate hyphae with irregular
branching (90° angles), infiltrating vascular lumina and walls (Figure 5), pathognomonic of
Mucorales infection.

Reactive changes, fibrotic remodeling of the visceral pleura and pronounced capillary
proliferation, indicative of chronic tissue repair mechanisms. Antifungal therapy with liposomal
amphotericin B (5 mg/kg/day) and isavuconazole (372 mg loading dose followed by 186 mg daily)
was initiated on day 28. After 14 days of inpatient treatment, the patient achieved clinical stability
and was discharged on oral isavuconazole. Over six months, she experienced three readmissions for
DKA exacerbations and recurrent dyspnea, highlighting challenges in long-term glycemic control
and antifungal adherence.
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Figure 5. Histopathological features of pulmonary mucormycosis (H&E staining). A-B. Low-power view (40x):
Coagulative necrosis (N) bordered by neutrophilic infiltrates (circle) and reactive capillary proliferation
(arrows). C-D. High-power view (100x): Broad, pauci-septate hyphae (arrows) with right-angle branching
invading vascular walls (V). E-F. Parietal pleura with neutrophilic exudate (star) and intravascular hyphae

(arrowhead), confirming angioinvasive dissemination.

3. Discussion

Mucormycosis predominantly affects immunocompromised individuals, particularly those with
diabetes mellitus (DM)—especially with ketoacidosis, chronic renal disease, or diabetic foot—and
patients on prolonged corticosteroid therapy [13]. Our case highlights a 33-year-old female with
refractory hyperglycemia despite insulin therapy, underscoring the interplay between uncontrolled
DM and fungal susceptibility. Infection typically occurs via inhalation of Mucorales spores from soil
or decaying organic matter [14,15], with occupational exposure (e.g., farming, as in this patient’s
corn/pumpkin harvesting) representing a documented environmental risk [1-4].

Diabetic patients exhibit impaired innate immunity, characterized by reduced IL-1 and TNF-a
production, phagocytic dysfunction, and elevated tissue iron availability —factors that collectively
promote spore germination and angioinvasion [4,8]. Notably, DM and solid organ transplantation
are the leading risk factors for pulmonary and gastrointestinal mucormycosis [11].

Our patient developed pulmonary mucormycosis complications—bronchopleural fistula (BPF)
and abscess—within 10 days of referral, aligning with reported median BPF onset timelines (8-12
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days) [10-13]. Initial nonspecific symptoms (progressive dyspnea, pleuritic pain) and antibiotic-
refractory pneumonia prompted exclusion of bacterial/viral etiologies via negative sputum cultures,
pleural fluid analysis, and SARS-CoV-2/influenza RT-PCR. Chest radiography revealed lobar
consolidation and cavitation, consistent with prior studies (consolidation: 43%, cavitation: 30%) [4—
8]. Contrast-enhanced thoracic CT, the gold standard for assessing pulmonary mucormycosis (PM)
[5], demonstrated ground-glass opacities, bronchial thickening, and BPF-related features (Figures 1-
3). Classic findings such as the “halo sign” (nodule encircled by ground-glass opacity) and vascular
thrombosis leading to pulmonary infarction [3-6] were absent, though disease extension into adjacent
structures (e.g., pleura) was evident.

Definitive diagnosis requires histopathology demonstrating broad, pauci-septate hyphae
invading vasculature, accompanied by coagulative necrosis and neutrophilic infiltrates [6-8]. In this
case, biopsy confirmed Mucorales hyphae within small pulmonary vessels and pleural tissue (Figure
4). Differentiation from aspergillosis—marked by thin, acutely branching hyphae—was critical [6].
Molecular speciation via RT-PCR targeting Mucorales 285 rRNA could not be performed due to
institutional resource constraints.

Given progressive respiratory failure and BPF, surgical intervention (thoracotomy, abscess
drainage, fistula repair) was prioritized to reduce fungal burden and restore pleural integrity [10].
Adjunctive antifungal therapy with liposomal amphotericin B (5 mg/kg/day) and isavuconazole (372
mg loading dose followed by 186 mg/day) was initiated postoperatively, reflecting current evidence
for combination therapy in severe cases [15,16]. Despite clinical improvement, three readmissions for
recurrent DKA and dyspnea over six months highlighted challenges in glycemic control and
antifungal adherence.

4. Conclusions

This case reinforces the lethality of mucormycosis in diabetics and the imperative for early
suspicion in antibiotic-refractory pneumonia. While CT and histopathology remain diagnostic
cornerstones, resource limitations often delay confirmation. Multimodal management—surgical
debridement, amphotericin-based therapy, and glycemic optimization—is critical to mitigate
mortality (>50% in pulmonary cases). Future studies should address optimal antifungal duration and
standardized protocols for BPF management.
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DKA Diabetes ketoacidosis
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CT Computed tomography
BPF Bronchopulmonary fistulae
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