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Case Report
Disseminated Cunninghamella bertholletiae
mucormycosis with protracted clinical course and
formation of a large intra-ventricular mural thrombus
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Abstract: We report the autopsy findings of a case of disseminated mucormycosis caused by Cunninghamella bertholletiae, a rare pathogenic fungus of the family Mucoraceae. The patient was a 49-year-old woman with B-lymphoblastic leukemia with hyperdiploidy, who died of progressive heart failure 4 months after induction chemotherapy
successfully brought about complete remission of the leukemia. Granulocyte colony-stimulating factor (G-CSF) had
been administered along with anti-neoplastic drugs, and her blood neutrophil count was markedly elevated. Autopsy revealed disseminated mycotic thromboembolism and abscess formation in the heart, lung, liver, kidney,
and spleen. The most marked feature was a large mural thrombus in the left ventricle containing numerous fungal
hyphae. In the myocardium and disseminated foci in visceral organs, giant cell-rich, fibrotic reactions to the mycotic
infection were observed. Both the formation of a large intra-ventricular mural thrombus and giant cell reactions are
rare findings in mucormycosis. We considered that the recovery and marked increase in neutrophil count induced by
chemotherapy and G-CSF administration prolonged the clinical course and pathologically elicited an atypical, giant
cell reaction to the mycotic infection. The prolonged clinical course also contributed to the formation of an unusually
large intra-ventricular mural thrombus.
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Introduction
Mucormycosis (also known as zygomycosis or
phycomycosis) is the third most common opportunistic mycotic infection caused by fungi
belonging to the family Mucoraceae (class
Zygomycetes, order Mucorales) [1, 2]. Mucormycosis predominantly affects patients with
hematological malignancies and takes several
clinico-pathological forms: rhino-orbito-cerebral, sinopulmonary, cardiovascular, gastrointestinal, cutaneous, and disseminated [2]. Among these, the disseminated form consistently
results in a fatal outcome after an acute or fulminant clinical course [2]. Among Mucoraceae
family members, Cunninghamella bertholletiae
(C. bertholletiae) is rarely the causative agent
of this opportunistic mycotic infection [1-7].
We report a case of disseminated mucormycosis that occurred in a middle-aged woman with

B-lymphoblastic leukemia with hyperdiploidy
[8] and resulted in the patient’s death due to
progressive heart failure after a prolonged clinical course. Autopsy demonstrated disseminated mucormycosis that involved the heart, lung,
liver, kidney, spleen, and chest wall, and the
causative fungus was identified as C. bertholletiae. The most marked feature was the formation of a large left intra-ventricular mural
thrombus containing numerous fungal hyphae.
Fungal hyphae in the heart and other organs
evoked giant cell-rich, fibrotic reactions surrounding necrotic foci.
Clinical history
The patient was a 49-year-old woman without
any significant past medical history. Four months before her death, she consulted a local
physician complaining of right upper abdominal
pain and low-grade fever. Blood analyses dem-
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Figure 1. Gross appearance of the bisected left ventricle. A large mural thrombus adhering to the posterior wall and involving the papillary muscles and
chordae tendineae was observed (center). A small
abscess was noted in the left ventricular wall (arrow).

onstrated an erythrocyte count of 282×104/μL,
leukocyte count of 1,160/μL with the appearance of abnormal lymphoid cells (58%), and
platelet count of 13.1×104/μL. No lymph node
swelling was noted. Bone marrow aspiration
established a diagnosis of B-lymphoblastic leukemia with hyperdiploidy [8], and induction chemotherapy was started. At that time, no evidence of local or systemic infection was noted.
The chemotherapy rapidly led to complete remission of the leukemia. Granulocyte colonystimulating factor (G-CSF, genetically recombinant filgrastim, 150 μg/m2 of body surface/day,
10 days in 2 months) was also administered to
improve leukopenia, and recovery of the neutrophil count was achieved in approximately 2
months. The serum G-CSF value reached 316
pg/mL (normal value: <39.0 pg/mL), and the
leukocyte count increased and peaked at
91,800/μL (70% neutrophils).
However, the patient developed drug-induced
hepatic dysfunction and diffuse pulmonary
edema with bilateral pleural effusion. Despite
prophylactic administration of anti-fungal drugs, the pulmonary edema gradually increased
and a round, cavitary nodule suggestive of
mycotic infection appeared in the right lower
lobe 2 months prior to death. She was diagnosed with left-sided heart failure, and echocardiography and computed tomography demonstrated mitral stenosis and a mass lesion
measuring 46×29 mm in the left ventricular
cavity. The mass was adherent to the posterior wall and involved the papillary muscles.
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Endomyocardial biopsy was conducted, but the
specimen contained only fibrotic endocardium
and fragments of necrotic myocardial tissue,
and no fungal hyphae were detected. Although
the leukemia remained in complete remission,
persistent fever and frequent bouts of ventricular arrhythmia developed, and her heart failure
rapidly worsened. Although she was transferred
to the intensive care unit and placed under artificial respiratory control, she died of severe
hemodynamic deterioration approximately 3
months after the appearance of pulmonary
edema. Throughout the clinical course, serum
1, 3-β-D-glucan levels remained within the normal range.
Pathologic findings
Autopsy demonstrated disseminated mucormycosis that formed many septic thromboemboli and caused multifocal, necrotizing, and
inflammatory lesions in the visceral organs.
Leukemia was in a state of complete remission, and no residual leukemic cells were found
in the bone marrow, lymph nodes, or visceral
organs.
On gross examination, the largest lesion was
present in the heart (weighing 340 g), where a
large mural thrombus of irregular shape (measuring 35×25×20 mm) was adherent to the
posterior wall of the left ventricle and involved
the papillary muscles and chordae tendineae
(Figure 1). The cut surface of the thrombus
showed an annular ring-like, laminated appearance. A discrete intra-mural abscess measuring 10 mm in diameter was also found in the
left ventricular wall.
Microscopic examination revealed that the
mural thrombus contained a large amount of
laminated fibrin and numerous, often entangled, fungal hyphae (Figure 2A). The hyphae
invaded deeply into the contiguous papillary
muscles and ventricular wall, causing myocardial necrosis. In the boundary area between
the necrotic and viable myocardium, a zone of
fibrotic granulation tissue had formed. Inflammatory cells within granulation tissue consisted primarily of histiocytes that infiltrated the
myocardial interstitium (Figure 2B). Several
multinucleated giant cells of the foreign body
type were admixed with mononuclear histiocytes. In the ventricular wall abscess, necrotic
small arteries were found to be occluded by
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Figure 2. Histopathologic findings. A. Beneath the mural thrombus (T) containing many, palely basophilic fungal
hyphae (arrow), a zone of necrotizing myocardial tissue (N) was observed, which was adjacent to viable myocardial
tissue (M) (Left ventricle, H&E stain, scale bar 500 μm). B. Diffuse interstitial infiltration of histiocytes was observed
in the myocardium adjacent to the mural thrombus (Left ventricle, H&E stain, scale bar 100 μm).

Figure 3. Histopathologic findings. A. A thromboembolus containing numerous hyphae of mucormycosis occluding
the lumen of a medium-sized vein within the myocardium (Left ventricle, Grocott stain, scale bar 100 μm). B. Fibrotic
tissue containing many multinucleated giant cells surrounding a necrotic focus (N). (Kidney, H&E stain, scale bar
100 μm). Some giant cells phagocytized fungal hyphae, stained pale black with Grocott stain (arrows) (Kidney, H&EGrocott stain, scale bar 25 μm).

thromboemboli containing many fungal hyphae;
in addition, multiple thrombosed vessels and
scattered microscopic foci of an anemic infarct
or abscess in the myocardium were observed.
The fungi formed broad, ribbon-like, and nonseptated hyphae exhibiting irregular branching
at wide angles. The hyphae had thin walls that
were faintly positive for a periodic acid-Schiff
reaction and stained pale black with Grocott
stain (Figure 3A). Genomic DNA was extracted
from the fungi isolated from a portion of the
cardiac thrombus taken before fixation and
subjected to polymerase chain reaction (PCR)
analysis. The fungi were identified as C.
bertholletiae.
The lungs (each weighing 370 g) showed edema and bronchopneumonia, and a round nod235

ule measuring 14 mm in diameter with a central cavitation was found in the right lower lobe.
The cavity contained a small mass of necrotic
lung tissue, within which many fungal hyphae
had invaded the walls of small arteries. In the
kidney and spleen, multiple wedge-shaped,
anemic infarcts caused by mycotic thromboembolism were observed. The kidney, spleen, and
liver also contained multiple microscopic abscesses with thin pyogenic membranes and
containing many multinucleated giant cells
(Figure 3B); however, the formation of true discrete granulomas was not observed. Some
giant cells had phagocytized fungal hyphae
(Figure 3B). Hematopoiesis in the bone marrow
was hyperactive, and extramedullary hematopoiesis was observed in sinusoids of the liver
and spleen.
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Discussion
Mucormycosis predominantly affects immunologically compromised patients, particularly patients who are neutropenic, patients with diabetic keto-acidosis, and patients receiving iron
chelation therapy with deferoxamine for iron
overload [1, 2, 5, 9]. Mucormycosis exhibits
characteristic angio-invasive or angio-destructive pathologic features [9, 10]. In most cases,
mucormycosis initially affects the lower respiratory tract, and fungal hyphae readily disseminate to systemic organs by a hematogenous
route, where they form multiple septic thromboemboli that produce anemic or hemorrhagic
infarcts or mycotic abscesses in the involved
organs [1, 2, 9]. Although the heart is one of the
most commonly involved organs in disseminated mucormycosis [2, 10, 11], most cardiac
lesions in mucormycosis are microabscesses
[10], endocarditis [6], or myocarditis [12], and
the formation of intra-ventricular or intra-atrial
thrombi sufficiently large to be discerned by
imaging studies has only rarely been documented [3, 4, 10, 11].
The pathogenic fungus in the present case was
C. bertholletiae. The majority of cases of mucormycosis are caused by fungi of the genera
Rhizopus and Absidia, and infection by fungi of
the genus Cunninghamella is rare [2-7, 9]. Five
species of Cunninghamella have been described, but only C. bertholletiae is considered
pathogenic to humans [1, 2]. Although C. bertholletiae is considered more virulent than
Rhizopus species [2], C. bertholletiae infections comprise only 3 to 4% of mucormycosis
cases [9], and reports of its pathologic features are limited [3-7]. In contrast to infection by
members of the genus Rhizopus, in which the
rhino-orbito-cerebral form is the most common, rhino-orbito-cerebral infection is less frequent in C. bertholletiae infection (4.7%) in
comparison with the disseminated (48.8%) and
pulmonary (30.2%) forms [2].
Mucormycosis complicating hematologic malignancies usually pursues a rapidly progressive clinical course ending in a fatal outcome
[1, 2, 5, 7, 9]. The disease is pathologically
characterized by septic thromboembolic lesions associated with extensive necrosis due to
vascular occlusion by the angio-invasive fungi
[4, 5, 9-11]. In the present case, however, the
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clinical course was protracted, and an intraventricular mass lesion (representing a mural
thrombus) was detected approximately 1.5
months prior to death. McGinnis et al. reported
a similar case of C. bertholletiae infection with
a protracted clinical course (Case 1 of their
series) [3]. Interestingly, that case was not iatrogenically immunocompromised and thought
to have had chronic fungal infection that may
have persisted for many months.
In the present case, the blood neutrophil count
recovered after induction of leukemia remission following the commencement of chemotherapy and administration of G-CSF and was
even markedly elevated during the subsequent
clinical course. Pagano et al. conducted a univariate analysis of the prognostic factors in
numerous patients with mucormycosis and found that recovery of the neutrophil count after
chemotherapy was positively correlated with
improved outcome [9]. Neutrophils play a critical role in protecting tissue against mucormycosis [9, 13]. Gonzalez et al. reported that
administration of G-CSF in addition to liposomal amphotericin B led to recovery of blood
neutrophil count and markedly improved the
clinical outcome of mucormycosis [13]. In the
present case, a marked elevation in blood neutrophil count was brought about by the administration of G-CSF and also presumably by the
response to mycotic infection. We consider that
restoration of the neutrophil count prolonged
the clinical course and led to a pathologic feature unusual for mucormycosis: the formation
of giant cell-rich, fibrotic reaction surrounding
necrotic foci. A giant cell reaction to fungi was
also observed in the above-mentioned case of
McGinnis et al. [3]. In our case, prolongation of
the clinical course also probably gave the mural
thrombus sufficient time to grow to an unusually large size.
The present case demonstrated that C. bertholletiae infection can take a protracted or chronic
clinical course following restoration of the neutrophil count, leading to the formation of a large mural thrombus in the heart. This case also
demonstrated that the pathologic features of
chronic lesions include giant cell-rich, fibrotic
reactions. The paucity of lymphocytic infiltration within the lesions in this case probably
reflected the post-chemotherapeutic state of
leukemia in the patient.
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Cardiac involvement in mucormycosis occasionally appears as myocardial infarction because of vascular invasion and occlusion by the
fungi, but ante-mortem clinical diagnosis is
usually very difficult [4, 14]. In the acute development of an intraventricular mass lesion in
immunocompromised patients, the possibility
of a septic mural thrombus forming due to
disseminated mycosis should always be considered.
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