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Variations in the morphology of Rhizomucor pusillus in granulomatous lesions of
a Magellanic penguin (Spheniscus magellanicus)
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aBsTRACT. This report presents a new case of mucormycosis encountered in penguin characterized by morphological variation of hyphae and
presence of sporangia with numerous sporangiospores. A 4.5-year-old Magellanic penguin (Spheniscus magellanicus) died after exhibiting
anorexia, poor nutritional condition and dyspnea. Multiple nodular lesions were observed in the thoracic and abdominal regions. Histopath-
ologically, hyphae of various sizes were seen in the lungs, air sac and nodular lesions. Myriad sporangiospores and several sporangia were
observed in/around the bronchi or parabronchi. The very narrow and short hyphae in the nodules were not consistent with the characteristics
of Mucorales. However, for most hyphae, including those in the nodules, sporangiospores and sporangia, immunohistochemistry revealed
Mucorales-positive reactions. In addition, these fungi were identified as Rhizomucor pusillus by gene analysis.
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Mycosis is one of the opportunistic infections affecting
mammals and birds. Among the various species giving rise
to this condition, aspergillosis, mucormycosis and candidia-
sis are considered major diseases. Aspergillus spp. are the
most common cause of mycosis in birds, accounting for
many cases of respiratory infections [1, 13]. There are also a
few reports of candidiasis or mucormycosis in chickens, os-
triches, ducks and parrots, affecting the lungs, air sacs, liver,
spleen and skeletal muscle [4, 6, 8—10]. In penguins, several
cases of aspergillosis have been reported [5, 15]. With re-
spect to mucormycosis, only one case has been recorded so
far [2], but the genus of Mucoraceae could not be identified.
Here, we present a new case of mucormycosis encountered
in a penguin and characterized by unique morphological
variation of the hyphae and the presence of numerous spo-
rangiospores. We investigated the case in detail using im-
munohistochemistry and genetic analysis.

A 4.5-year-old Magellanic penguin in a flock of 160
penguins showed anorexia, poor nutritional condition and
dyspnea. Despite treatment with antibiotics, antifungals and
gastrointestinal drugs, the penguin died within 6 weeks.

Necropsy revealed multiple nodules up to 5 mm in diam-
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eter over the dorsal side of the lung surface, and multiple
nodules of 1 to 2 mm in diameter were seen on organ sec-
tions (Fig. 1). In addition, multiple nodules of 5 to 10 mm in
diameter were found in the abdominal region. The center of
some nodules exhibited coagulative necrosis or cavitations.
The air sacs were opaque.

For histopathological examinations, tissues were col-
lected, fixed with 10% neutral buffered formalin and then
embedded in paraffin wax. Paraffin sections were cut and
stained with hematoxylin and eosin (HE), periodic acid-
Schiff (PAS), Grocott-Gomori methenamine-silver and a
Fungiflora Y staining kit (Biomate Co., Ltd., Tokyo, Japan).

Histologically, granulomas were observed in the lungs, air
sacs and abdomen nodules. There were two types of granu-

Fig. 1.

The cut surface of the lung. There were multiple nodules
(arrows) in the dorsal area.
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Fig. 2.
branchings of hyphae (arrows) were also seen. Grocott-Gomori methenamine-silver stain. (b) Broad hyphae and sporangiospores reacted with
anti-Rhizopus antibody. Immunohistochemistry for Mucoraceae.

Fig. 3.

Fungal granuloma in the lung. (a) Many broad hyphae and sporangiospores were observed in the parabronchi. A few right angle

Fungal granuloma in the lung. (a) Many sporangia and sporangiospores were observed in the parabronchi. Grocott-Gomori methenamine-

silver stain. (b) Sporangia, sporangiospores and broad hyphae reacted with anti-Rhizopus antibody. Immunohistochemistry for Mucoraceae.

Fig. 4.

Fungal granuloma in the lung. (a) Narrow and short hyphae were scattered throughout the nodular necrotic lesion in the lung. Grocott-

Gomori methenamine-silver stain. (b) The narrow hyphae reacted with anti-Rhizopus antibody. Immunohistochemistry for Mucoraceae.

lomas in the lungs. One type was seen around bronchi or
parabronchi, and the other type, which was macroscopically
identified as nodules, was composed of necrosis encapsulated
with fibrous tissues. In the former granulomas, bronchi and
parabronchi were obliterated or necrosed with many hyphae
and sporangiospores with a few sporangia. Macrophages,
epithelioid cells, multinucleated giant cells, lymphocytes and
fibrous tissue surrounded them. Some granulomas bridged
with each other. The hyphae were heterogeneous and had
relatively broad widths ranging normally from 3 to 8 um,
with some having widths of more than 10 xm, although this
was rare. Most of the hyphae were not septate. There were a
few right angle branchings (Fig. 2a). Sporangiospores were
2 to 8 um in diameter. There were several round sporangia
of about 50 um in diameter with round columellae (Fig.
3a). The latter granulomas were composed of severe necro-
sis with scattered hyphae, which were narrow (1 to 3 um
in width) and short with irregular branching (Fig. 4a). The
hyphae were 5 to 6 um in width and were rarely seen in the
periphery of the nodular lesions. No sporangiospores were
seen. A few conidial heads of Aspergillus spp. (aspergilla)
and hyphae with parallel walls and septa and foreign bodies
were found in bronchi or parabronchi. However, they did not
invade the parenchyma.

The lesions of the air sacs were similar to bronchial and
parabronchial lesions. Lesions in the nodules in the abdomen
were similar to nodular lesions of the lungs. No vascular le-

sions were seen at any of these sites.

In sections stained with the Fungiflora Y staining kit, the
narrow and short hyphae seen in the necrotic tissue of nodu-
lar lesions in the lungs and abdominal nodules had a posi-
tive reaction. However, broad hyphae and sporangiospores
showed a negative reaction. Aspergilla were extremely rare
and exhibited positive reactions with Fungifiora Y.

Immunohistochemistry was carried out using mouse
anti-Aspergillus spp. monoclonal antibody (WF-AF-1;
AbD Serotec, Oxford, U.K.), mouse anti-Rhizopus arrhizus
monoclonal antibody (WSSA-RA-1; AbD Serotec) and rab-
bit anti-Candida albicans type A polyclonal antibody (AbD
Serotec) together with a Simple Stain Multi kit (Nichirei,
Tokyo, Japan). Antigen retrieval pretreatment was done by
immersing the sections in 0.1% actinase E (Kaken Pharma-
ceutical, Tokyo, Japan) for 5 min at 37°C (anti-Aspergillus
monoclonal Ab) or for 20 min at 37°C (anti-Rhizopus mono-
clonal Ab and anti-Candida polyclonal Ab). As positive con-
trols, one slide of a paraffin-embedded culture fungi array
including A. fumigatus, Lichtheimia corymbifera (Absidia
corymbifera), Rhizomucor miehei, C. albicans, C. tropicalis,
Lecythophora hoffmannii and Trichosporon asahii was used.

Most hyphae and sporangiospores were positively stained
only with anti-Rhizopus monoclonal antibody (Figs. 2b—4b).
Aspergilla, which are rarely seen in bronchi or parabronchi,
exhibited positivity for anti-Aspergillus monoclonal anti-
body.
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For isolation of fungi, the air sacs, lungs and abdominal
nodules were cultured on potato dextrose agar at 36°C and
52°C. The white fluffy colonies were observed a few days af-
ter the start of incubation. Microscopically, the hyphae were
broad and infrequently septate, with sporangia and rhizoids,
which were characteristic features of Rhizomucor.

In addition, the DNA of isolated fungi was extracted using
a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) for
identification of the fungi. The internal transcribed spacer
(ITS) region of the rRNA gene was amplified using two
primers: ITS1, 5-TCC GTA GGT GAA CCT GCG G-3/,
and ITS4, 5-TCC TCC GCT TAT TGA TAT GC-3' [14]. The
PCR products were sequenced using an Applied Biosystems
3130x!/ genetic analyzer (Life Technologies Corp., Carlsbad,
CA, U.S.A.), and a BLAST search of the GenBank database
was used for analysis of the sequences. The sequences of
isolated fungi had 100% homology with Rhizomucor pusil-
lus strain CNRMAO03.1205 in GenBank (DQ119000.1).

In the present case of mucormycosis, histopathologically,
there were various widths of hyphae from narrow to broad.
In close-packed regions, most of the hyphae were narrow; a
few broad hyphae, which were characteristic of mucormyce-
tes, were scattered throughout. In the present case, no broad
hyphae were observed in nodular lesions. Narrow hyphae
with short irregular branching were 1 to 3 um in width
and reacted positively to Fungiflora Y staining, which is a
sensitive method to detect the cell wall components of most
fungi, except for those of Mucoraceae. Although the pos-
sibility of mixed infection of fungi was suspected, because
some case reports of mycosis indicated mixed infection with
other fungi or bacteria [4, 10, 11], immunohistochemical
examination revealed that all the fungi, excluding the rarely
seen aspergilla, were Mucoraceae. The degeneration of fungi
resulting from caseous necrosis may lead to an ambiguous
reaction, as most of the narrow hyphae that exhibited posi-
tive reactions with Fungiflora Y were observed in or around
the areas of necrosis.

Another characteristic finding of this case was that a great
many sporangiospores and several sporangia were seen in
the bronchi and parabronchi. Although many cases of mu-
cormycosis of the lungs have been reported [3, 4, 8, 9, 12],
sporangiospores have been seen in only a very few birds
[3, 4] and in no domestic animals, except for poultry. The
shapes of sporangiophores, sporangia and columellae are
key to the identification of Mucoraceae [7], and the round
sporangia and round columellae in the present case were
consistent with those of Rhizomucor sp. The more abundant
airflow in the respiratory systems of nonmammalian avian
species might provide a more aerobic environment that en-
courages the fungi to produce sporangia. It is also probable
that certain fungi tend to form sporangia in tissue.

In the present case, a Rhizomucor sp. was isolated in
culture and was identified as Rhizomucor pusillus by gene
analysis. Histopathologically, it was impossible to identify
the genus of Mucoraceae, and therefore, the pathological
features of each zygomycete were obscure. Pathological
analysis, together with immunohistochemistry and gene
analysis, might be able to clarify the characteristic lesions of

various zygomycetes.
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