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Abstract Trichosporon asahii and Rhodotorula

mucilaginosa are important fungal species causing

disseminated disease in immunocompromised

patients. Onychomycosis prevalence rate ranges from

2 to 30%, which were 50% of nail diseases and 30% of

superficial mycosis, respectively. Although important,

little is known about the co-habitation of T. asahii and

R. mucilaginosa in the causation of onychomycosis.

Here, we present the co-habitation of T. asahii and R.

mucilaginosa as causative agents of onychomycosis in

a healthy 41-year-old male in China. Direct micro-

scopic examination, fungal culture and MALDI-TOF

MS were employed in isolated pathogens; hence,

antifungal susceptibility test was evaluated. T. asahii

was sensitive to posaconazole, voriconazole and

itraconazole, whereas R. mucilaginosa was sensitive

to both 5-flucytosine and amphotericin B. This report

highlights the co-habitation of T. asahii and R.

mucilaginosa in the causation of onychomycosis and

to raise the awareness of this infection among

dermatologists.
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Introduction

Onychomycosis is a common fungal infection in

dermatologic clinics, caused by dermatophytes, Can-

dida spp., or a non-dermatophyte mold [1]. Humidity,

occlusive footwear, repeated nail trauma, genetic

predisposition and concurrent diseases such as dia-

betes are risk factors for onychomycosis [2]. World-

wide, the prevalence ranges from 2 to 30%. It accounts

for 30% of superficial mycoses and 50% of nail

diseases and is common among men of all ages and in

women above 60 years of age [3]. Most cases of

onychomycosis are caused by dermatophytes that
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belong to three genera Trichophyton, Microsporum

and Epidermophyton. Distal lateral subungual ony-

chomycosis and total dystrophy onychomycosis are

the prevalent forms of onychomycosis in China,

followed by superficial white onychomycosis and

proximal subungual onychomycosis [4]. Trichosporon

spp. and Rhodotorula spp. are Basidiomycetous yeasts

that are ubiquitously found in soil, decomposing wood

and air [5, 6]. Trichosporon sp. is an opportunistic

pathogen that resides commensally on the skin of their

hosts. Alteration of the surrounding environment of

this fungus may activate its pathogenic potential [7].

Nonetheless, Rhodotorula sp. is an uncommon agent

in the etiology of onychomycosis with only few cases

reported [8–10]. Onychomycosis is frequently diag-

nosed using direct microscopic examination with 10%

potassium hydroxide and fungal culture [1]. In this

study, we report identification and in vitro antifungal

susceptibility test of two different species of Basid-

iomycetous in a toe nail of 41-year-old Chinese patient

with onychomycosis by direct microscopic examina-

tion of toe nail fragments sample, fungal culture on

Sabouraud dextrose agar and MALDI-TOF MS iden-

tification system.

Case Report

A 41-year-old Chinese male patient was attended at

the dermatology department of the First Affiliated

Hospital of the Chongqing Medical University in

China with a history of 3-year deformity and thick-

ening of the right toe nail. Prior to his presentation, he

had not been on any medication and upon direct

questioning; he had no known history of chronic

disease, malignancy, or familial genetic disorder

except poor hygiene management, humidity and

occlusive footwear. On examination, he presented

with lateral discoloration of toe nail and provisional

diagnosis of lateral subungual onychomycosis was

made (Fig. 1a). In contrast, nails of his fingers and left

feet were normal. Preliminary laboratory reports of

diabetes were negative. Hence, Fig. 1b shows a

picture of recovered toe nail after treated with

itraconazole (100-mg capsules) orally twice a day

and naftifine hydrochloride (100 mg/g-cream) applied

twice a day for 7 months.

Materials and Methods

Three nail fragment samples were collected with

sterile scalpel for direct microscopic examination and

mycology laboratory examination immediately [11].

Direct microscopic examination of samples previously

treated with 10% potassium hydroxide (Guanghua

Sci-Tech Co. Ltd, China) yielded wide and septate

hyphae and round to oval single-budding blastoconi-

dia (Fig. 1c, d). Samples cultured on Sabouraud

dextrose agar (SDA; Oxoid Ltd, England) were

supplemented with 1% ampicillin (Genview, China)

and incubated for 15 days at 25 �C.Mixed growth was

presented on the culture medium after 15 days which

showed an irregular folded or verrucosed whitish-

creamy colonies about 80 mm (Fig. 1e) and a salmon-

orange-pink, moist and smooth surface about 90 mm

after 15 days (Fig. 1f). VITEK� MSMALDI-TOF

mass spectrometry system (bioMérieux) was used for

identification of the fungi and the value expressed as

logscore (LS) range between 1.7 and C 2.0. Purity

plating was done by touching the surface of a single

colony of each growth and sub-culturing on SDA

supplemented with 1% ampicillin. The morphologies

of fungi were characterized using a compound micro-

scope (Olympus) with 100 magnification.

In vitro antifungal susceptibility test was performed

against isolates from clinical sample with pure pow-

ders provided by manufacturers using standard broth

micro-dilution method according to the Clinical and

Laboratory Standards Institute (CLSI) guideline M27-

A2 [12]. The antifungal agents, amphotericin B,

caspofungin, micafungin, anidulafungin, 5-flucy-

tosine, voriconazole, fluconazole, itraconazole and

posaconazole, were all purchased from Sigma-Aldrich

(St. Louis, MO, USA). The stock solutions of

itraconazole (100 mg/mL), voriconazole (100 mg/

mL) and amphotericin B (100 mg/mL) were freshly

prepared in dimethyl sulfoxide (DMSO, Sigma).

Fluconazole (100 mg/mL), 5-flucytosine (100 mg/

mL), caspofungin (100 mg/mL), micafungin

(100 mg/mL) and anidulafungin (100 mg/mL) were

dissolved in sterile distilled water. Candida parap-

silosis ATCC 22019 and C. krusei ATCC 6258 were

used as the quality control strains. Final drug dilutions

were prepared in standard RPMI-1640 medium (Ox-

oid Ltd., England).
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Results and Discussion

Trichosporon spp. and Rhodotorula spp. are Basid-

iomycetous yeasts that are particularly found in deep

liquid substrates or moist and uneven surfaces that are

rich in simple soluble nutrients such as sugars and

amino acids and establish their habitat in water bodies

and animals [13, 14]. Observation of direct micro-

scopic examination of toe nail fragments sample under

the compound microscope (Olympus) with 100 mag-

nification revealed the presence of definite regular

septate hyaline hyphae of Trichsoporon spp. (Fig-

ure 1c) and small round to oval single-budding

blastoconidia of Rhodotorula spp. from the same nail

fragment repeatedly (Fig. 1d). The structure of hyphae

observed under microscope pointed to the genus

Trichosporon spp. [14] which is parallel to a study

conducted by Mariné et al. [6].

Some criteria were evaluated to determine whether

these two isolates were causative agents of onychomy-

cosis not colonizer such as no dermatophyte or other

known bacteria were presented, the definite structure

presented repeatedly on the same nail fragments

sample, well-taken nail samples, and the growth of

colonies on culture were associated with the direct

microscopy examination. The morphology of colonies

growth on SDA was evaluated by microscopy exam-

ination, and the result showed the same structures as

on the direct microscopy examination of nail frag-

ments sample after several rounds of pure isolation.

The species of isolates were identified as T. asahii and

R. mucilaginosa by using MALDI-TOF MS system.

In vitro antifungal susceptibility test and minimum

inhibitory concentration (MIC50) results showed T.

asahii was sensitive to posaconazole (MIC B 0.5 lg/
mL), voriconazole (MIC B 0.25 lg/mL) and itra-

conazole (MIC[ 0.5 lg/mL) but less sensitive to

amphotericin B (4 lg/mL),while R. mucilaginosa was

sensitive to 5-flucytosine (MIC B 0.06 lg/mL) and

amphotericin B (1.0 lg/mL). Combining our results

and other studies published before, fluconazole, itra-

conazole and voriconazole appeared as effective

antifungal drugs against the majority of clinical

isolates of Rhodotorula sp. in vitro, but amphotericin

B exhibits good activity and is a reasonable alternative

for empirical treatment. Moreover, since azoles and

allylamines prove effective for onychomycosis infec-

tion [15–17], the patient is treated with itraconazole

(100-mg capsules) orally twice a day and naftifine

hydrochloride (100 mg/g-cream) applied twice a day.

Fig. 1 a Picture of a 41-year-old male’s right foot showing

lateral discoloration of toe nail, and provisional diagnosis of

lateral subungual onychomycosis was made. b Picture of

recovered toe nail showing the nail plate that grew out

completely. c Observation of direct microscopic examination

of toe nail fragments sample previously treated with 10%

potassium hydroxide under compound microscope (Olympus)

with 100 magnification yielding wide and true mycelia of T.

asahii. d Spores of R. mucilaginosa. e Colony morphology of T.

asahii. f Colony morphology of R. mucilaginosa after 15 days

on SDA, cultivated at 25 �C
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Clinical cure criteria showed a completely normal-

appearing toe nail at study endpoint as shown in

Fig. 1b. In conclusion, our report revealed the pres-

ence of T. asahii and R. mucilaginosa in the infected

toe nail onychomycosis. Further surveillance and

investigation into the mechanism of co-infection of

fungal species is recommended.
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