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Mucorales (subphylum Mucoromycotina) are well-known agents of invasive mucormycosis, whereas Ento-
mophthorales (subphylum Entomophthoromycotina) are rarely encountered in human diseases in temperate
zones. Here we report a fatal case of invasive rhino-orbitocerebral entomophthoramycosis caused by Conid-
iobolus incongruus in a 78-year-old woman with myelodysplastic syndrome.

CASE REPORT

A 78-year-old woman with known hypoplastic myelodysplas-
tic syndrome (MDS) with trilinear pancytopenia was admitted
to our hospital for further evaluation and treatment of refrac-
tory fever. Two months earlier she had been diagnosed with
hypoplastic MDS without cytogenetic alterations. Because of
her good clinical presentation and her age, chemotherapy was
not initiated. Other known comorbidities were arterial hyper-
tension and non-insulin-dependent diabetes mellitus without
signs of hyperglycemia. Five weeks before admission, she had
developed cellulitis on the right side of the forehead and treat-
ment with cefuroxime intravenously (i.v.) (3 doses of 1.5 g/day)
had been initiated, because of an initial swab from which me-
thicillin-sensitive Staphylococcus aureus was cultured. At the
time of referral, the patient was in a reduced general state of
health and she was unable to open the right eye. Hemogram
showed leukocyte counts of 700/�l, a hemoglobin level of 6.9
g/dl, thrombocyte counts of 2,000/�l, and a C-reactive protein
level of 476 mg/liter. Blood cultures remained sterile. Galac-
tomannan and (133)-beta-D-glucan detection in serum was
attempted repeatedly with negative results. However, fever
persisted and antibiotic therapy was switched to piperacillin-
tazobactam i.v. (3 doses of 4.5 g/day) and finally to imipenem
i.v. (3 doses of 1 g/day). Trimethoprim-sulfamethoxazole orally
(p.o.) (2 doses of 960 mg twice per week) was given regularly
as anti-Pneumocystis jirovecii prophylaxis, and fluconazole (1
dose of 200 mg/day p.o.) was given as antimycotic prophylaxis.
Supportive therapy with granulocyte colony-stimulating factor
and transfusion of erythrocytes and thrombocytes were started,
but cellulitis progressed. A computed tomography (CT) scan of
the skull and midface showed frontal hypodensity, suggestive
of intracerebral abscess formation; signs of pansinusitis; and
periorbital edema with orbital inflammation (Fig. 1A). Sinus

surgery was performed. Samples of all affected bones were sent
for microbiological and pathological examination. Anti-infec-
tive therapy was changed to levofloxacin i.v. (1 dose of 500
mg/day) and liposomal amphotericin B i.v. (1 dose of 200
mg/day). Histological examination of the ethmoidal cells re-
vealed a chronic inflammatory infiltrate containing lympho-
cytes, plasma cells, and a few dispersed granulocytes. Hyphae
with almost orthogonal branches, which invaded the mucosal
stroma, were seen (Fig. 1B). Invasion into the bones or vascu-
lar structures could not be verified. No signs of Splendore-
Hoeppli phenomenon were found.

Direct fluorescence microscopy using calcofluor white (flu-
orescent fungal cell wall stain; Bayer AG, Germany) revealed
septate hyphae in the biopsy specimens of the ethmoidal cells.
Fungal growth was observed after 24 h of incubation at 36°C on
Sabouraud dextrose agar (BD). There was no growth at 28°C.
Colonies were flat, waxy, and dry; had sparse aerial mycelium;
and expelled their spores on the petri dish lid. The surface of
the colonies was white, and the reverse was yellow. Microscopy
(lactophenol blue; Sigma-Aldrich) showed wide vegetative my-
celium (�5 �m wide) with moderate septation and large num-
bers of primary conidia with pointed papillae (Fig. 1C to E).
No zygospores were seen. Based on macro- and micromorpho-
logical criteria, the isolate was identified as Conidiobolus
incongruus. Identification was confirmed by amplification
and sequencing of the 18S rRNA gene (8). Comparison to
GenBank (http://www.ncbi.nlm.nih.gov/GenBank/) showed
an identity of 100% (787/787 bp) to C. incongruus (accession
number AF 113419) (15). In vitro susceptibility testing was
performed for trimethoprim-sulfamethoxazole (MIC, 1 mg/
liter), voriconazole (MIC, �32 mg/liter), fluconazole (MIC,
�256 mg/liter), posaconazole (MIC, �32 mg/liter), ampho-
tericin B (MIC, �32 mg/liter), and caspofungin (MIC, �32
mg/liter) using the Etest method (AB Biodisk, Sweden). A
suspension of conidia and hyphae (0.5 McFarland standard)
was prepared in saline. Amphotericin B was tested on yeast
agar (BD), whereas Casitone agar (Bacto Casitone; BD) was
used for the other antimicrobials. Plates were incubated at
36°C for 24 to 48 h and analyzed according to the instruc-
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tions of the Etest technical manual (M0000448; AB Biodisk,
2008).

Under 5 days’ treatment with liposomal amphotericin B,
cellulitis still progressed and now also involved the left eye. In
consideration of the unfavorable prognosis of the myelodys-

plastic syndrome, therapy was stopped and the patient died 9 h
later.

From a postmortem biopsy specimen of the right eye, C.
incongruus and methicillin-resistant S. aureus were cultured.
Calcofluor white staining showed a mass of fluorescent septate

FIG. 1. (A) CT scan of the midface: signs of sinusitis (*) and osteolyses of the medial part of the right orbita (3). (Courtesy of Mathias
Langer and Marisa Windfuhr-Blum, Department of Radiology, University Hospital of Freiburg; reproduced with permission.) (B) Hyphae
with orthogonal branches in periodic acid-Schiff staining (magnification, �600) in the biopsy specimens of the ethmoidal cells. (C to E)
Micromorphology of Conidiobolus incongruus (lactophenol blue; magnification, �1,000). (C and D) Wide vegetative mycelium with
moderate septation. (D and E) Large single-celled primary conidia with pointed papillae. (F) Septate hyphae with orthogonal branches in
the calcofluor white staining from the biopsy specimens of the right eye (postmortem; magnification, �400). (G) Perivascular accumulation
of fungal hyphae, with infiltration of the vessel wall and beginning infiltration of surrounding brain tissue in the frontal cortex (Grocott stain;
magnification, �200).
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hyphae (Fig. 1F). Grocott staining of the frontal cortex re-
vealed an infiltration of leptomeningeal and intracerebral ves-
sels and an infiltration of the surrounding brain tissue with
fungal structures (Fig. 1G). No fungal structures were found in
other organs.

C. incongruus belongs to the subphylum Entomophthoro-
mycotina, order Entomophthorales (6). Infections with Mu-
coromycotina (formerly Zygomycota) (6) are considered
emerging infectious diseases especially in neutropenic and
immunosuppressed patients. In Italy, about 4% of all mold
infections in patients with hematologic malignancies are
caused by these fungi (10). In these patients the mortality
rate is 64% (10). Among the Mucoromycotina, members of
the order Mucorales, such as Mucor, Rhizopus, and Rhizo-
mucor spp., are the most common pathogens found in im-
munosuppressed patients (2, 13). Infections with the Ento-
mophthorales, including the human pathogens C. incongruus
and Conidiobolus coronatus, are rare. Conidiobolus spp. are
found worldwide in soils and plant detritus. Unlike infec-
tions with the Mucorales, most infections with Conidiobolus
spp. have been described in immunocompetent patients,
typically men, working in agriculture or in the forest in
subtropical and tropical regions (11, 12). Patients suffer
from a local chronic, indolent infection involving facial and
subcutaneous tissues as well as the paranasal sinuses, lead-
ing to swelling of the infected tissues and chronic sinusitis
(12). C. coronatus is the most common species identified.
Disseminated infections due to Conidiobolus spp. are ex-
tremely rare (4, 11, 12). One case of a fatal disseminated C.
coronatus infection involving brain, lung, heart, renal allo-
graft, and thyroid was reported in a 64-year-old male after
renal transplantation. Coinfection with Histoplasma capsu-
latum and cytomegalovirus was found in this patient (16).
Very few invasive infections with C. incongruus have been
described in the literature to date. Eckert et al. (3) reported
a disseminated infection in a previously healthy 15-month-
old boy with involvement of mediastinum, lung, and peri-
cardium, who survived after treatment with amphotericin B.
The first fatal case was described by Busapakum et al. (1) in
a 20-year-old previously healthy female Thai student, who
presented with a disseminated infection of the skin, medi-
astinum, lung, esophagus, jejunum, and liver. Further fatal
cases were reported in a granulocytopenic patient with in-
volvement of lung and pericardium (17) as well as in a
49-year-old-female patient with type II diabetes and a sub-
cutaneous C. incongruuus infection of the foot (5). A fatal
disseminated infection with Conidiobolus species that had
not been found previously in vertebrates was described by
Jaffey et al. (7) in a 29-year-old cocaine abuser with involve-
ment of the brain, lung, heart, kidneys, and skin.

In patients with suspected mycoses, biopsy specimens of the
involved tissues with subsequent histopathological detection of
hyphae are essential to establish the diagnosis. With hematox-
ylin and eosin (HE) staining, the Splendore-Hoeppli phenom-
enon may be seen (eosinophilic, pseudomycotic structures
composed of necrotic debris and immunoglobulins around hy-
phae). As the Splendore-Hoeppli phenomenon is a result of

the host’s immune response, it is often missed in immunocom-
promised patients (12), as in our patient. However, it is not
specific for Conidiobolus, as it is found in a variety of other
fungal infections. In contrast to the Mucorales, Conidiobolus
spp. are generally not angioinvasive (11, 12). For species iden-
tification and appropriate choice of therapy, isolation of the
fungus from affected tissues should be intended in every case
(14). Currently available fungal antigen assays detecting galac-
tomannan or (133)-beta-D-glucan in serum samples are not
helpful, because they do not cover the Mucorales and Ento-
mophthorales (9).

Experience in treatment of entomophthoramycosis is very
limited, and general recommendations are lacking. Results of
susceptibility testing may be helpful in guiding therapy but
cannot predict outcome. Different schemes containing azoles,
amphotericin B, trimethoprim-sulfamethoxazole, potassium
iodide, terbinafine, hyperbaric oxygen, and surgical debride-
ment have been used in various combinations with variable
success (4, 11, 12).

To our knowledge, this is the first clinical isolate of C. in-
congruus in Germany and hence Europe. Furthermore, this is
the first reported case of an invasive disease extending to the
brain through neighboring tissues. Due to her comorbidities,
our patient was at risk for infections with fungi traditionally
named zygomycetes. This case report underlines the relevance
of Entomophthorales as opportunistic pathogens. When diag-
nostics rely exclusively on histopathological findings, ento-
mophthoramycosis may be misdiagnosed as mucormycosis.
Species identification is indispensable for the collection of suf-
ficient data concerning adequate treatment of entomophtho-
ramycosis. Especially in patients at risk, rare molds should be
taken into account when choosing empirical antimycotic
therapy.

Nucleotide sequence accession number. The sequence of
our isolate was submitted to GenBank under accession number
HQ200416.
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