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Case Report

The first case of onychomycosis in a koala (Phascolarctos cinereus) due to
atypical isolates of Microsporum gypseum, a diagnostic challenge
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Abstract

Background and Purpose: Superficial mycotic infections have been only poorly described in koalas and there are no
reliable mycologically confirmed data regarding clinical isolation of dermatophytes in this animal. We report an 11-
year-old female koala, kept in a zoo in Tokyo, Japan, and presenting with hyperkeratotic lesions and scaly plaques on
forepaw claws and pads reminiscent of fungal infection.

Case Report: Direct microscopy of the scrapings was indicative of a dermatophyte infection. By culture and
subsequent repeated subculturing of clinical specimens on Sabouraud dextrose agar, Mycobiotic agar, and potato
dextrose agar, two distinct strains with different colony morphotypes (designed as types | and Il) were identified.
Macroscopic and microscopic characteristics of the strains were suggestive of three different species, i.e. Microsporum
canis, M. gypseum, and M. fulvum. However, partial sequencing of internal transcribed spacer (ITS) region of rDNA,
translation elongation factor-lo (Tef-/&), and beta-tubulin (BT2) genes confirmed the identity of both isolates as
M. gypseum. The animal was treated with a continuous terbinafine regimen (250 mg/kg) once daily for 12 weeks.
Conclusion: To the best of our knowledge, the present report is the first confirmed case of dermatophytosis in a koala.
The genetics underlying a variety of phenotypic traits in most classical dermatophyte species are unknown, and further
studies are needed to understand this phenomenon.
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Introduction

fungal conditions to veterinary and medical

dermatologists. It represents a spectrum of
cosmopolitan  zoonotic  infections,  affecting
keratinized tissues (i.e., skin, nail, and their
appendages) in humans and other animals. This
condition is caused by a large group of
keratinophilic fungi of the genera, Trichophyton,
Microsporum, and Epidermophyton [1, 2]. Despite
being less frequently reported, M. gypseum is
known as the most prevalent geophilic species,
causing dermatophytosis in humans and many
domestic and wild animals [3-5].

The koala is an iconic Australian animal that
there are limited numbers of the animal in
aboriginal countries zoos [6]. It was nationally
listed as a ‘vulnerable’ species under the

D ermatophytosis is one of the most familiar

Threatened Species Conservation Act 1995 [7, 8].
Given this issue, a variety of disciplines such as
detection, identification, and treatment of infectious
agents, including dermatophytes, has an important
role in efforts to conserve this endangered animal.
Generally, superficial mycoses have been only
poorly studied in koalas and as far as we know
there are no reliable mycological or molecular data
regarding the isolation and identification of
dermatophytes in this animal. Here, we report on
the  isolation, phenotypic and  genotypic
identification of a dermatophytosis in a captivated
koala.

Case Report
Inspection of an 11-year-old female Queensland
koala (Phascolarctos cinereus), kept in a zoological
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park, Tokyo, Japan, revealed hyperkeratotic
lesions on the third and fourth claws of right
forepaw, along with white-yellowish, non-
erythematous, and scaly plaques on forepaw pads,
and hyperkeratosis and parakeratosis of the
affected areas (Figures 1A & 1B).

The animal was gently restrained, the affected
claws and active border of the lesions of the paw
were scraped off with a sterile scalpel blade, and
the sample was submitted to our laboratory in
Teikyo University Institute of Medical Mycology
(TIMM), Tokyo, Japan, to be screened for
potential fungal infection. A part of the scrapings
was treated with 20% potassium hydroxide (KOH)
and subjected to direct microscopy. On
microscopy of a wet-mount preparation,
observation of short, irregular, narrow, hyaline
hyphae suggested a dermatophytic infection. The
remaining sample was inoculated onto both
Sabouraud dextrose agar (SDA) and Mycobiotic
agar (Difco Laboratories., Detroit, MI, USA)
plates, at separated points, and incubated at 28°C.
Cultures became positive within a few days, and
after 10 days, two distinct colonies with different
morphology (designed as types | and II) were
observed at the inoculated points. In order to
purify the colonies and to observe the appearance
in greater detail, original colonies of each
morphological type were subcultured on SDA,
Mycobiotic agar and potato dextrose agar (PDA)
(Difco Laboratories, Detroit, MI, USA) plates and
incubated at 28 °C for two weeks. During
subculturing, colonies with macro-morphology
similar to the wild-type isolates were formed. On
SDA, the type-l colony appeared flat, outspread,
slightly granular and white-colored in the center
while being characterized by buff thalli in the
margin, and a brownish-yellow reverse pigment
was seen (Figures 2A, 2B). On PDA, the colony
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Figure 1. Hyperkeratotic lesions and scaly plaques on the claws (1A) and pad (1) of the right forepaw of the koala

developed as flat, radiating, fluffy in texture,
bright yellow to yellowish-orange and slightly
folded in center, and buff to colorless with a fringe

~

Figure 2. The surface and reverse appearance of M.
gypseum colonies (type | and Il) grown on Sabouraud
dextrose agar (2A, 2B, 2C, 2D) and potato dextrose agar
(2E, 2F, 2G, 2H) after one week
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of submerged growth in the advancing
border which made it resemble M. canis.
The reverse pigment was also light yellowish
(Figures 2E & 2F).

On SDA, the type-II colony was uniformly buff-
colored, raised in the center, and flat along the
periphery edge with limited radial groves. It had a
velvety to suede-like texture and a brownish reverse
pigment (Figures 2C & 2D). On PDA, the colony
consistently  appeared  discolored-yellow  to
colorless, radiating, and flat, with fluffy thalli and a
pale yellow reverse pigment (Figures 2G & 2H).

The two strains also differed in terms of
microscopic configuration on both media. The teased
mount preparation of morphotype-l colony was
significant for numerous three- to five-celled,
fusiform to cucumber-shaped macroconidia, as well
as some round to clavate microconidia, characteristic
of M. gypseum. Also, the distal end of most
macroconidia was slightly oval to rounded, while the
proximal end was almost truncate (Figure 3A).

The microscopy of morphotype-Il revealed
abundant three- to six-celled, ellipsoidal, elongate,
and bullet-shaped macroconidia, along with a
limited number of pyriform to clavate microconidia,
resembling those of M. fulvum (Figure 3B). The
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Figure 3. Microscopic examination of type-I (3A) and type-II
(3B) colonies grown on Sabouraud dextrose agar (SDA)
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subculturing of both colony types was repeated
twice under the same incubation conditions. The
characteristics described above reappeared and
could therefore be confirmed.

Cultures were fixed with 2% glutaraldehyde in
0.1 M cacodylate buffer (pH 7.2) for 2 h at 4 °C.
After being washed twice with the buffer,
specimens were post-fixed with 1% osmium
tetroxide in cacodylate buffer (pH 7.4) for 2 h at 4
°C. Next, the samples were dehydrated with graded
acetone, freeze-dried in t-butyl alcohol, and coated
with osmium tetroxide using an osmium coater,
OPC 60A (Filgen, Nagoya, Japan), as described
previously [9]. Colonies were examined using a
JEOL JSM-7500F scanning electron microscope
(JSM-7500F, JEOL, Japan), operated at 1kV. The
type—I colony was characterized by abundant thick,
spindle-shaped macroconidia with a rough surface
(Figure 4A). Meanwhile, the type—II colony showed
slender- and elliptic-shaped macroconidia with a
rough surface (Figure 4B).

To confirm the diagnosis of dermatophytosis
and additionally to determine if the etiologic
agents represented the same species/strain, the
two isolates were subjected to PCR and
sequencing by the following primer sets: The
universal fungal ITS1/ITS4 primers [10] were
used to amplify the DNA fragment covering the
internal transcribed spacer regions (ITS1 and
ITS2) and the flanking 5.8S subunit of the rRNA
gene (rDNA); the pan-dermatophyte primers EF-
DermF/EF-DermR [11] were used to amplify
translation elongation factorl-a (Tef-/a), and the
universal fungal primers T1 [12] and Bt2b [13]
were used to amplify the beta tubulin (BT2) gene.
Interestingly, analysis of all three loci by
pairwise sequence alignment revealed that the
two strains were identical (100% similarity). The
ITS sequence was submitted to the open access
validated CBS database for dermatophytes
(www.cbs.knaw.nl/dermatophytes) and it showed
100% similarity to sequence JN134132, M.
gypseum IFM 5292.

The minimal inhibitory concentrations (MICs)
of the isolates towards seven antifungal agents were
tested according to the Clinical and Laboratory
Standard Institute (CLSI) broth microdilution
(BMD) methods for filamentous fungi [14]. The
MICs of amorolfine, terbinafine, itraconazole,
bifonazole, ketoconazole, bute-nafine and mica-
fungin were 0.25, 0.004, 1, 8, 4, 0.06, and 0.12
pg/mL for the colony type-1, and 0.25, 0.06, 1, 8, 4,
0.12, and 0.12 pg/mL for the colony type-Il,
respectively. The koala was treated with
terbinafine, 250 mg/kg once daily for 12 weeks.
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Figure 4. Colonies were examined using a JEOL JSM-7500F scanning electron
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microscope (JSM-7500F, JEOL, Japan) at

1kV. The type—I colony was characterized by abundant, thick, and spindle-shaped macroconidia with a rough surface (4A).
On the other hand, the type—II colony showed slender- and elliptic-shaped macroconidia with a rough surface (4B).

Discussion

The case presented here is peculiar in two
aspects. It is the first mycologically confirmed report
of dermatophytosis caused by M. gypseum in a
koala. Also, gross- and micro-morphometrics of the
two colony types, isolated from the same clinical
specimen, differed substantially, and none of them
bore resemblance to the typical morphology of M.
gypseum. While the morphological features of the
isolates were indicative of one or more of three
different species, M. canis, M. gypseum and M.
fulvum, molecular analysis confirmed the identity of
both colony types as M. gypseum.

The decline in wildlife biodiversity coupled to
economic incentives motivates many zoological
parks to expand their conservative activities for
increasing the survival chance of some endangered
species [15-17]. The Koala bear, a species native to
Australia only, is one of those threatened species
whose health conditions, whether in captivity or free-
ranging, is ethically, ecologically, and economically
a major concern for conservationists and zoo
directors; therefore, they should regularly be
monitored for any infectious threats [17].
Dermatophytosis, which is among the few fungal
communicable infections, might be one of these
threats. Due to low host specificity, the infection
may potentially have a vast impact on zoo animal
health; hence, affected or asymptomatic animals can
play as infectious reservoirs for other animals or
personnel who are directly in contact with them [18].
M. gypseum has been reported as the causal agent of
dermatophytosis in animals. It is usually transmitted
from soil and can be secondarily transmitted by
animals to humans [1]. In animals, dermatophytic
lesions due to M. gypseum are most often localized
in nails, pinnae, and paws [19]. This species has been
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cited as the etiologic agent of infection in many
domestic and wild animals such as rabbit, horses,
camels, pigs, wild ruminants [3], cats, dogs [20] and
wild felids (ocelot) [5]. To date, dermatophytosis has
been reported in two koalas held in Taronga Zoo,
Sydney, Australia, solely based on veterinary
histopathologic records and not mycological findings
[21]. To our knowledge, this is the first molecularly
proven case of dermatomycosis in a koala from
which a dermatophyte species was isolated.
Conventionally, verifying the presence of a
dermatophyte in clinical specimens relies on the
observation of hyaline hyphae and arthroconidia in
KOH wet-mount or stained histological preparations;
nonetheless, an additional culture in a semi-selective
medium is usually required to specify the etiologic
agent [1, 22]. In the current study, routine direct
microscopy proved the dermatophytic infection in
the koala, while the results of subsequent
mycological analyses were ambiguous, casting doubt
upon the identification of the fungal agent.
Dermatophyte species, including M. gypseum, are
known to exhibit wvariable and overlapping
characteristics and undergo pleomorphism, the
phenomenon in which a dermatophyte spontaneously
loses its typical pigmentation and conidiation [1]. In
clinical laboratories, such pleomorphic strains make
challenges correct identification and may easily be
discarded as contaminating agents.

The geophilic dermatophyte M. gypseum is the
imperfect state of two teleomorphic species;
Arthroderma gypseum and A. incurvatum, which are
morphologically distinguishable from each other and
from another dermatophyte, M. fulvum [1, 23, 24].
Generally, mature colonies of M. gypseum on
Sabouraud’s glucose agar are flat, spreading, and
powdery to grainy in texture, and cinnamon-buff to
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tawny-buff in color, usually a yellow-brown or,
rarely, reddish pigment is produced on the reverse.
Many strains develop a white fuzzy flocculent of
mycelia in the center and, less commonly, some
isolates extend a narrow white exterior margin [1,
20, 25]. However, the strains in this study developed
colonies more buff in texture than powdery or
granular. There is no evidence in the scientific
literature of the production of a yellow pigment by
M. gypseum, as developed by our strains. These
macro-morphologies (Figure 2) are controversial and
more suggestive of M. canis than M. gypseum. The
micro-morphologic characteristics of our isolates
were also arguable and shared between M. gypseum
Figure 3A) and M. fulvum (Figure 3B) [25]. This
phenomenon is confusing, but informatively clarified
another unknown facets of dermatophytes that can
convolute the identification. Importantly, we did not
confine diagnostic analysis to morphology-based
experiments only, and so the identity of the
infectious isolate was determined as M. gypseum by
ITS-sequencing, the golden diagnostic standard [23].
Further sequencing of two novel genetic markers for
dermatophytes, BT2 and Tef-/a [11, 26] along with
the results of antifungal susceptibility testing
indicated that the two isolates belonged to the same
strain of M. gypseum which concurrently exhibited
two very different morphotypes. Generally, the
genetic background of phenotypic variation in most
classical dermatophyte species remains unknown and
more studies are needed to understand this
occurrence.

In  conclusion, this study highlights the
importance of dermatophytosis in koalas and reports
M. gypseum as a causative agents. Additionally, our
study reinforced some of the caveats in the diagnosis
of dermatophytes, namely the multi-formity of
phenotypic traits in dermatophytes, inconsistency of
morphological characters, and efficacy of genomic
information for reliable species delineation.
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