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Abstract In this study, we epidemiologically inves-

tigated on clinical isolates of Arthroderma benhamiae

from humans and animals in Japan by internal

transcribed spacer (ITS) region sequence analysis

and mating type (MAT)-specific PCR. Seven of 8 A.

benhamiae isolates from a human, rabbits and guinea

pigs were identified as group I (white phenotype) by

morphological characters and ITS region sequence

analysis. One strain isolated from a degus (Octodon

degus) produced colonies with few irregular folds

and yellow velvety mycelium without macro- and

microconidia. This strain resembled to group II

(yellow phenotype) strain. ITS sequence analysis

was also 100 % identical to that of group II. MAT-

specific PCR indicated that 6 of these 7 isolates of

group I contained an alpha-box gene and that one

strain contained high-mobility-group (HMG) gene.

One strain of group II was revealed to have an alpha-

box gene and no HMG gene. To our knowledge, it is

the first A. benhamiae isolate of group II found in

Japan. The A. benhamiae may be more widespread in

worldwide than our surpassing what is common or

usual or expected.

Keywords Arthroderma benhamiae � Genotype �
White type � Yellow type � Zoophilic

Introduction

Teleomorphs of the Trichophyton mentagrophytes

complex are Arthroderma benhamiae, A. simii and A.

vanbreuseghemii [1, 10, 17, 19, 20]. Hironaga and

Watanabe reported in 1980 that T. mentagrophytes

isolates from human and animals in Japan were

identified as A. vanbreseghemii, and not as A. benh-

amiae [4]. In 1998, however, we reported the first

isolation of A. benhamiae from a pet rabbit in Japan

[6]. Subsequently, A. benhamiae was isolated from

humans, rabbits, guinea pigs and hedgehogs in differ-

ent areas of Japan [3, 7, 11, 15, 16], indicating that A.

benhamiae was imported from foreign countries and
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then is prevailing in companion animals of Japan. A.

benhamiae was divided into two races due to the

phenotypic characteristics and mating behavior:

American–European race and African race [19, 20].

In 2008, we reported three genotypes of A. benhamiae.

Genotypes 1, 2 and 3 were correspondent to isolates of

American–European race, to isolates of African race

and to isolates from hedgehogs in Japan, respectively

[7]. The genotype 3 is closed to African race than to

American–European race by chitin synthase 1 (CHS1)

and internal transcribed spacer (ITS) region sequences

analysis [7].

After then, Symoens et al. [18] reported that

American–European race was further divided into

two groups: Group I included isolates with a white

phenotype, while group II included isolates with a

yellow phenotype. Many strains of the former group

strain have been isolated in Japan [9, 18]. An isolate

from a degu (Octodon degus; a pet rodent in Europe

and Japan) be included in the group II is the object of

this communication. To our knowledge, it is the first A.

benhamiae isolate of group II found in Japan.

Materials and Methods

Strains

Clinical isolates of A. benhamiae in Japan are listed in

Table 1. IHEM20161 (white phenotype) and IHEM23024

(yellow phenotype) were used as reference strains of

group I and group II, respectively, in this study (Table 1).

Cultures

Isolates were sub-cultured on Sabouraud’s dextrose

agar (SDA) and were then morphologically charac-

terized as group I (white phenotype) or a group II

(yellow phenotype) [18].

ITS Region Sequences of Isolates

The ITS sequence analysis were carried out according

previous report [7]. The DNA sequences were com-

pared using Clustal W multiple sequence alignment

programs [21], and a phylogenetic tree was con-

structed by the TREEVIEW displaying phylogenies

program [14]. Bootstrap analysis was performed on

1,000 random samples and analyzed by the Clustal W

programs [2].

PCR Analysis of Alpha-Box and High-Mobility-

Group (HMG) Genes

Genomic DNA samples were derived by previous

report [8]. Primers TmMATa1S and TmMATa1R

amplified a 471-bp fragment of the A. vanbreuseg-

hemii alpha-box gene [5, 8]. Primers TmHMG1S and

TmHMG1R amplified a 524-bp fragment of the A.

vanbreuseghemii HMG [5, 8].

Genomic DNA samples (100 ng) from the clinical

isolates were amplified by PCR in a volume of 30 ll,

using a reaction mixture containing 10 mM Tris–HCl

(pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.001 %

gelatin, 200 mM each deoxynucleoside triphosphate,

1.0 unit of Taq polymerase (Takara Bio) and 0.5 lg of a

pair of primers. Amplification was carried out over 35

cycles consisting of template denaturation (1 min,

94 �C), primer annealing (1 min, 57 �C) and polymer-

ization (2 min, 72 �C). PCR products were detected by

electrophoresis on 2 % agarose gel followed by staining

with ethidium bromide and visualization under UV

light.

Results

Seven of 8 A. benhamiae isolates from a human,

rabbits and guinea pigs were identified as strains of

Table 1 Strains of A. benhamiae used in this study

Strain Origin Groupa Alpha-box

geneb
HMG

genec

IHEM20161 Human I - ?

IHEM23024 Human II ? -

VUT97010 Rabbit I - ?

VUT00001 Guinea pig I ? -

VUT00002 Rabbit I ? -

VUT00003 Rabbit I ? -

NUBS09011 Rabbit I ? -

NUBS12001 Human I ? -

NUBS13001 Degu II ? -

NUBS13002 Human I ?

a Indicated in reference [18]
b Alpha-box gene-specific PCR
c HMG gene-specific PCR
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group I (white phenotype) similar to IHEM20161 by

morphological characters of the cultures (Table 1)

[18]. The ITS sequence of 6 of these 7 isolates was

100 % identical to sequence AB048192 deposited for

KMU4136, which was isolated human skin in Japan

and deposited by Kawasaki et al. [18]. These six

strains contained an alpha-box gene. The ITS

sequence of the 7th isolate (VUT97010) was 100 %

identical to sequence AB048192. This isolate con-

tained an HMG gene (Table 1).

One strain (NUBS13001) isolated from a degus

(Octodon degus) produced colonies with few irregular

folds (Fig. 1) and yellow velvety mycelium without

macro- and microconidia. This strain resembled

IHEM23024 of group II (yellow phenotype) strain

[18]. Its ITS sequence was also 100 % identical to

AB088677 deposited by Kawasaki for RV26680

reference strain (American–European race) and

revealed in strain IHEM23024 of group II (Fig. 2)

[18]. Like strains of group II, NUBS13001 was

revealed to have an alpha-box gene and no HMG

gene. The sequences determined in this study have

been deposited in GenBank (Arthroderma benhamiae

genes for ITS1, 5.8S rRNA, ITS2, 28S rRNA, partial

sequences, strain: NUBS13001; DDBJ Accession

Number: AB973435).

Discussion

Arthroderma benhamiae is a zoophilic dermatophyte,

which is causative highly inflammatory tinea corporis

Fig. 1 Colony morphology of the yellow type of A. benhamiae. a Reference strain of IHEM23024. b Clinical isolate of NUBS13001

from pet degu. The clinical isolate was characterized as a yellow type on SDA and ITS sequence analysis

Fig. 2 A tree shows phylogenetic relationships among the

obtained ITS region sequences from dermatophytes. Numbers at

branches were determined by bootstrap analysis, indicating the

times in 1,000 repeat sub-samples in monophylogenic grouping.

Parenthesis indicates the GenBank accession number of ITS

region analysis of dermatophytes. Genotypes 1, 2 and 3 were

reported in reference [7]. Group I and II were reported in

reference [18]
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and tinea capitis on humans. In this study, we

epidemiologically investigated molecular analysis on

clinical isolates of A. benhamiae in Japan. Seven

examined isolates were found to belong to the

genotype I, corresponding to American–European

race in our previous study [7]. Moreover, these were

divided into two groups as reported by Symoens et al.

[18]. A strain (NUBS13001) was confirmed to belong

to the group II, attesting for the existence of strains of

this group also in Japan.

NUBS13001 and IHEM23024 strains like other

isolates of group II have only an alpha-box gene,

indicating that they are of MAT (-) [8, 18]. Isolates of

group II are pathogenic to human and animals, and it is

assumed that genetic exchange (mating) in this group

could not occur in nature [18]. On the other hand, the

group I contains strains of either (-) or (?) mating

type. Strain interfertitlity occurs in this group. Strains

of MAT (-) appeared to be more frequent in Japan

than in Europe [18]. Future study is needed to

investigate the bias of MAT (-) in this group to

prevent this zoonotic dermatophytosis.

The infections due to the A benhamiae are being

more frequently diagnosed in Europe [12, 13]. The

colony morphology of group II may be confused with

M. canis, T. erinacei, and even T. soudanen-se [12,

13]. The group II may be more widespread than our

surpassing what is common or usual or expected.

Arthroderma benhamiae was imported from for-

eign countries with companion animals and is now

prevailing between animals and humans in Japan.

Therefore, dermatologists that manage the dermato-

phytosis of pet owners should take care of the

epidemiological state of this zoophilic dermatophyte

species.
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