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Abstract

Trichophyton benhamiaeis a zoophilic dermatophyte transmitted to humans mostly from
guinea pigs and occasionally other animals. It presents two distinct phenotypes: yellow
and white. T benhamiae was formerly known as Trichophyton species of Arthroderma
benhamiae; it was considered part of the T. mentagrophytes species complex, and some
authors have incorrectly described the yellow phenotype of T benhamiae as T men-
tagrophytes var. porcellae. Identification of T benhamiae has been difficult, as it was
described under more than three names, two phenotypes, and in several different pos-
sible host species. During the past 15 years, human infections due to this dermatophyte
have been increasingly reported all over the world. In order to better understand the local
epidemiology of T benhamiae and to compare it to other European countries, we per-
formed a 9-year retrospective study in the Strasbourg University Hospital. We studied 41
dermatophytes (38 isolated from humans and 3 from guinea pigs) identified as T. menta-
grophytes var. porcellae or A. benhamiae from January 2008 to December 2016 and ver-
ified their identification by ITS (Internal Transcribed Spacer) sequencing. ITS sequencing
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was performed in 35 of the 41 strains, and they were identified as T benhamiae (33),
T bullosum (1), and T. eriotrephon (1). The other six remaining strains were identified
according to morphology as T mentagrophytes var. porcellae, name incorrectly used
since 2010 for the yellow phenotype of T. benhamiae. ITS sequencing is recommended
for accurate identification of this dermatophyte and the culture phenotype (yellow or

white) should be specified.

Key words: Trichophyton benhamiae, Arthroderma benhamiae, guinea pig, zoophilic dermatophyte, T. mentagro-

phytes var. porcellae, T. bullosum.

Introduction

Dermatophytes are a group of keratinophilic filamentous
fungi that can infect animals and humans. Dermatophyto-
sis, commonly called ringworm, is usually limited to hair,
nails, and the keratinized layers of the skin.! These mycoses
are transmissible diseases and can clinically range from mild
to severe, depending on the host’s immune status, the strain
virulence, and other environmental factors.'

According to their habitat, dermatophytes can be di-
vided into anthropophilic (human), zoophilic (animal) and
geophilic (soil)'. The latter two types tend to cause more
inflammatory human lesions that the former.

Dermatophytes belong to four genera: Epidermophyton,
Trichophyton, Microsporum, and Nannizzia, with only the
first two being truly anthropophilic.? The genus Trichophy-
ton is the one most frequently isolated from humans, espe-
cially in regions with a temperate climate.

Trichophyton benhamiae (comb. nov.)* is a zoophilic
species transmitted to humans mostly from guinea pigs and
occasionally rabbits, cats and dogs. During the past 15
years, it has been described in animals in Japan, Europe,
and the United States.?>%3:67

Two phenotypes have been described for T. benhamiae:
yellow and white.8-%10:11,12,13,14 The yellow phenotype
strains are downy, with a pleated mycelium, a yellow-
orange reverse, and a slow growth rate. Sporulation is
poor on Sabouraud agar, with rare microconidia and no
macroconidia or spiral hyphae. Subcultures on other media
(potato dextrose agar, diluted Sabouraud agar or M40Y)
can enhance sporulation.®>'® The main differential diagno-
sis is Microsporum canis, also often macroscopically yel-
low, but presenting 6-12 celled macroconidia, with thick
cell walls and thinner septa.'’

The white phenotype strains are powdery to floccose,
with a yellow, orange, or brown reverse and a rapid growth
rate. Microconidia are numerous, spherical to clavate;
macroconidia are sparse, 3-8 celled, smooth- and thin-
walled, clavate to cigar-shaped; spiral hyphae are occa-
sionally present.?>!? The main differential diagnosis for the
T. benhamiae white phenotype is T. mentagrophytes, which

presents numerous spherical microconidia and frequent
spiral hyphae, aside from the clavate to cigar-shaped macro-
conidia.

In the past years, the nomenclature of dermatophytes has
undergone some changes. Initially, species were defined ac-
cording to clinical data, and morphological and physiologi-
cal characteristics. Thus, T. benhamiae was initially known
as Trichophyton sp. of Arthroderma benbamiae*>"-2?
and it was considered to be part of the T. mentagro-
phytes®21:22,23,24,25,26,27,28,29 gpecies complex. But der-
matophytes presenting different phenotypes can have the
same genotype, or vice versa. This is perfectly illustrated by
the fact that in 2010 Contet-Audonneau and Leyer invalidly
introduced the name T. mentagrophytes var. porcellae for
the already described yellow phenotype Trichophyton sp.
of A. benhamiae.®

The rapid development of molecular methods in the past
20 years has revolutionized the dermatophyte taxonomy.
Based on sequencing the ITS ribosomal DNA region, seven
clades have been described. The upper clade A comprises
the Trichophyton species, with clade A-1 corresponding
to T. mentagrophytes. Trichophyton sp. of Arthroderma
benhamiae is no longer considered part of the T. menta-
grophytes species complex; it became T. benbhamiae (comb.
nov.), which formed the A-2 clade together with T. schoen-
leinii and T. verrucosum. Clade A-3 is represented by the
zoophilic species T. bullosum.?

Having more than three different names, two differ-
ent phenotypes, and several different possible hosts ren-
dered difficult the identification of T. benhamiae. This der-
matophyte has been reported since 2001 from humans
in Japan,®'¢ Switzerland,*'%-'” Germany,’*'*'® France,®
Belgium,” and the United Kingdom'?. In recent years in
Japan, T. benhamiae has become the second most frequent
dermatophyte after M. canis and a study performed in
Germany between March 2010 and March 2013 showed
that T. benbhamiae had already become the most frequent
zoophilic dermatophyte responsible of human infections,
with a prevalence of 2.9%.13:14
In the Medical Mycology laboratory of the Strasbourg

University Hospital we look for dermatophytes in 1400 to
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1750 samples per year, and rare or interesting strains are
stored in a mycology bank since 2008. We performed a 9-
year retrospective study, in order to better understand the
local epidemiology of T. benhamiae and to compare it to
that of the other European countries or regions.

Methods

Strains

Strains were isolated in our laboratory from clinical samples
sent to our diagnostic laboratory in sterile Petri dishes, or
from strains sent to us for identification by external sources
(private laboratories or smaller hospitals).

For each sample of sufficient quantity, a direct ex-
amination with KOH 30% and culture on in-house
slant media (Sabouraud Chloramphenicol Dextrose Agar
and Sabouraud Chloramphenicol Dextrose Cycloheximide
Agar) were performed. The cultures were incubated at 27°C
for 4 to 6 weeks and examined twice a week. No direct
examination was performed for strains sent to us for iden-
tification.

In-house media plates (potato-dextrose agar, water agar,
Borelli’s lactrimel agar, and diluted Sabouraud dextrose
agar) were used for subcultures of all the strains. They were
incubated at 27°C for 3 to 10 days and examined twice a
week.

The urea hydrolysis activity was tested using Chris-
tensen’s urea broth test.’ Subcultures of the strains were
inoculated in 1 ml of ready-to-use Christensen’s urea broth
(Sigma-Aldrich) incubated at 27°C and examined after 3
and 7 days.

All 41 strains were identified morphologically (T. menta-
grophytes var. porcellae), and 35 were confirmed by DNA
sequencing (33 A. benhamiae/T. benhamiae, 1 T. bullosum
and 1 T. eriotrephon). The remaining six strains were not
available for sequencing at the time of this study.

DNA extraction, amplification, and sequencing

Confirmation of the initial identification was performed
retrospectively by sequencing the Internal Transcribed
Spacer (ITS) region of the ribosomal DNA using
primers ITS1 (5-TCCGTAGGTGAACCTGCGG-3') and
ITS4 (5-TCCTCCGCTTATTGATATGC-3') as previously
described.! Briefly, DNA was extracted and purified di-
rectly from fungal colonies with a Qiagen QIAamp® DNA
mini kit according to manufacturer’s instructions. The poly-
merase chain reaction (PCR) mixture (40 ul) included 3 mM
MgCI2 (Qiagen, Germany), 200 uM of each deoxynucleo-
side triphosphate (ANTP) (Euromedex, France), 0.2 uM of
each primer, and 0.2 uM of Hotstar Taq DNA polymerase

(Qiagen, Germany). The thermal cycler (Applied BioSys-
tems, Foster City, CA, USA) was set for initial denaturation
at 95°C for 15 min, followed by 45 cycles of denaturation
at 95°C for 1 min, annealing for 1 min at 54°C, and exten-
sion for 2 min at 72°C. A final extension step at 72°C for
7 min was included at the end of the amplification. The PCR
products were electrophoresed in 2% agarose (Eurogentec,
Belgium) for 30 min at 150 V and viewed in gel documen-
tation Gel Doc EZ System (BioRad, France) and stored at
—20°C until they were sent (to GATC Biotech, Germany)
for ITS sequencing. Resulting sequences were compared to
GenBank, CBS, ISHAM and EMBL databases.

Phylogenetic analysis

ITS sequences from our strains were aligned with reference
strains belonging to Arthroderma benhamiae complex us-
ing MUSCLE (Mega(®) 6.0 software), and the best model for
phylogenetic analyses was identified using default setting.
The evolutionary history was inferred by using the maxi-
mum likelihood method based on the Tamura 3-parameter
model.

The percentage of trees in which the associated taxa
clustered together is shown above the branches (10000
replicates). Initial trees for the heuristic search were ob-
tained by applying the Neighbor-Joining method to a ma-
trix of pairwise distances estimated using the Maximum
Composite Likelihood approach. A discrete Gamma dis-
tribution was used to model evolutionary rate differences
among sites. The rate variation model allowed for some
sites to be evolutionarily invariable. Evolutionary analyses
were conducted in MEGAG6. Trichophyton rubrum strains
IHEM13800 (JQ407179) and ATCC28188 (AF170472)
were used as outgroup.

Results

Between 2008 and 2016 we received 1390 (2009) to 1732
(2015) samples per year for dermatophytes analysis. About
50% had positive cultures for dermatophytes, moulds,
and yeasts. About 10% of the samples were positive for
zoophilic dermatophytes, mostly T. mentagrophytes, M. ca-
nis and T. benhamiae (Table 1).

In our 9-year survey, 41 strains isolated from separate
samples (38 human and 3 animal) and identified at that time
as T. mentagrophytes var. porcellae or A. benhamiae were
diagnosed in our laboratory by morphology or molecular
identification. As this study is retrospective, some informa-
tion is missing in some cases (Table 2).

No M. canis were included in this study because all of
the strains had typical macroconidia that made them easy
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Table 1. Main zoophilic dermatophytes identified in our laboratory from 2008 to 2016.

Year Total samples  Positive samples (%)  T. mentagrophytes (%)  T. benhamiae (%) M. canis (%)  T. verrucosum (%)
2008 1698 996 (58.65) 98 (9.84) 3(0.3) 4(0.4) 1(0.1)
2009 1390 787 (56.61) 97 (12.32) 1(0.13) 5(0.63) 1(0.12)
2010 1432 794 (55.44) 71 (8.94) 3(0.37) 6 (0.75) 1(0.1)
2011 1577 846 (53.44) 64 (7.56) 9 (1.06) 7(0.82) 1(0.12)
2012 1382 701 (50.72) 68 (9.7) 6 (0.85) 4(0.57) 0
2013 1452 717 (49.38) 75 (10.46) 3(0.41) 14 (1.95) 2 (0.28)
2014 1602 763 (47.62) 60 (7.86) 9(1.18) 3(0.4) 0
2015 1732 797 (46) 63 (7.9) 2 (0.25) 7(0.87) 0
2016 1720 786 (45.69) 63 (8.01) 3(0.38) 15 (1.65) 1(0.12)
2008-2016 13985 7187 (51.4) 658 (9.15) 40 (0.55) 65 (0.9) 7 (0.09)

to differentiate from the yellow phenotype of T. benhamiae.
We had no T. concentricum or T. eriotrephon in our col-
lections, and all of our T. verrucosum isolates were already
confirmed by ITS sequencing.

Only 35 of 41 strains were available for retrospective
study in our mycology bank; for these, the morphological
identification was verified by sequencing the ITS region of
the ribosomal DNA. The six remaining strains had been
identified according to morphology as T. mentagrophytes
var. porcellae, name used incorrectly for the yellow pheno-
type Trichophyton sp. of A. benhamiae (Figs 1 and 2).

Strain 3 had a white phenotype and was identified by ITS
sequencing as T. bullosum (Table 2, Fig. 1, Table 3). This
result was confirmed by the phylogenetic analysis presented
in Figure 3. Strain 3 had been isolated in 2008 from a thigh
lesion of a 15-year-old girl, presented a white phenotype
and a sterile microscopy; no information concerning animal
contact was known.

Strain 6 had a white phenotype, and ITS sequencing
showed 99-100% identity with A. benhamiae | T. erina-
cei strains (Table 3). However, the phylogenetic analysis
with high bootstrap values presented in Figure 3 showed
that it belongs to the T. eriotrephon clade. This strain had
been isolated from a beard sycosis of a 24-year-old man
in 2009 and no information concerning animal contact was
given. Microscopically, it presented numerous microconidia
and some macroconidia; urease activity was weekly positive
(Table 2).

The remaining 33 sequenced strains were confirmed as
A. benbamiae or T. benhamiae. One animal strain (strain
27) only had 97% identity with three strains of T. ben-
hamiae (Table 3). The other 32 strains all have 99-100%
identity with strains of T. benbhamiae, including the type
strain.

In sum, 36 of the total 39 T. benhamiae/T. mentagro-
phytes var. porcellae strains were isolated from humans
and three from guinea pig samples (Fig. 1). And 35 of the

39 T. benhamiae/T. mentagrophytes var. porcellae strains
(89.7%) belong to the yellow phenotype and four (10.3%)
to the white phenotype. All white phenotype strains were
isolated from human samples (strains 1, 2, 9, and 19); they
all clustered together and separately from the yellow ones
in the phylogenetic analysis presented in Figure 3.

With regards to the 36 human T. benhamiae strains, 25
(69.4%) were from children with ages ranging from 2 to 15
years; the lesions were mostly inflammatory and located on
the thorax or abdomen (seven), scalp (six), face (five), arms
(two), leg (one), and groin (one). At least two children had
more than one lesion (face and thorax, face and scalp). For
four children, the clinical data were not precise (only “skin
lesion” was specified).

The 11 adults (30.6% of T. benhamiae strains) had ages
ranging from 20 to 89 and presented lesions on arms (six),
legs (four), thorax (one), lip (one), scalp (one), face and
neck (one).

Only two human strains come from two members (chil-
dren) of the same family (strains 31 and 32). Both strains
were of the T. benhamiae yellow phenotype, presented
weakly positive urease activity but did not cluster next to
one another in the dendrogramm presented in Figure 3.

In nine of the 36 human T. benhamiae infections (25%),
contact with an animal could not be established at the time
of diagnosis, mostly because the interrogatory had been per-
formed out of our department and no detailed information
was transmitted to our laboratory. In sum, 27 out of 36
T. benhamiae patients (75%) had been in contact with an
animal. And 21 of these 27 patients had been in contact
only with guinea pigs; three patients had been in contact
with other animals besides guinea pigs (guinea pig, pony,
and cat for patient 8; guinea pig, hamster, gerbil, and kitten
for patient 17; and guinea pig, rabbit, cow, dog, and horse
for patient 19). Seven of the 24 guinea pigs were symp-
tomatic, but we did not receive samples from these ani-
mals. Three patients with no guinea pig contact had been in
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41 total strains

1 T. bullosum
(white, human)

6 strains ID by morphology only
T. mentagrophytes var. porcellae
yellow (5 human, 1 animal)

35 strains ID by
ITS sequencing

33 T. benhamiae

4 T. benhamiae
(white, human)

27 T. benhamiae
(yellow, human)

1 A. benhamiae/T. erinacei (by sequencing)
T. eriotrephon (by phylogeny)
(white, human)

Figure 1. Flow chart of the 41 strains included in this study.

2 T. benhamiae
(yellow, guinea-pig)

Figure 2. Macroscopy and microscopy of T. benhamiae. Up: Macroscopy of white (left) and yellow (right) phenotypes of T. benhamiae. Potato-
dextrose-agar slant media, diluted Sabouraud dextrose agar (two upper Petri dishes) and Borelli’s lactrimel agar (two lower Petri dishes). Low-left:
Microscopy of the white phenotype of T benhamiae (magnification 400 x): numerous micro- and macroconidia. Low-right: Microscopy of the yellow
phenotype of T benhamiae (magnification 400 x): absent macroconidia, few microconidia.
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U - Strain 13
Strain 27 A
—— Strain 7
RV26678 Athroderma benhamiae (ABOBBETT)
88 IHEM4710 Arthroderma benhamiae (JQ407182)
IHEM243908 Arthroderma benhamiae (JQ407183)

CBS623 66" Arthroderma benhamiae (JX122281)
———— Strain 35
Strain 32
Strain 23
L Strain 18
——— Strain 8
——— Strain 25
Strain 14
——— Strain 38
Strain 12
——— Strain 30
— Strain 21
——— Strain 20
——— Strain 11
Strain 4
——— Strain 28
———— Strain 5
——— Strain 17
Strain28 A
Strain 10
Strain 15
——— Strain 24
——— Strain 31
——— Strain 39
———— Strain 41
CBS624 66* Arthroderma benhamiae (JX122282)
Strain 40
Strain 33
— ATCCS8358 Trichophyton concentricum (KJ606078)

— CBS448 61 Trichophyton concentricum
— CBS563 83 Trichophyton concentricum

— ATCC 14250 Trichophyton concentricum (KJG06077)
L— CBS173 40 Trichophyton concentricum (AB430485)

85

— IHEM13435 Trichophyton concentricum (KP132801)
— IHEM22406 Trichophyton concentricum (EU083908)
— IHEM22407 Trichophyton concentricum (EU083909)
— IHEM22408 Trichophyton concentricum (EU083910)

100

K

!

‘E PWQ2328 Trichophyton concentricum (KP132802)
CBS196 26* Trichophyton concentricum (298012)
CBS280 83 Trichophyton benhamiae

CBS809 72 Trichophyton benhamiae

Strain 19

Strain 1

Strain 2

Strain 9

CBS112368 Trichophyton benhamiae

CBS474 76 Trichophyton erinacei

CBS511 73" Trichophyton erinace] (KC784358)
CBS344 79 Trichophyton erinacei (Z97996)
IHEM14134 Trichophyton verrucosum (FJ360689)
IHEM14133 Trichophyton verrucosum (EUB72179)
IHEM14029 Trichophyton verrucosum (EU872178)
IHEM14009 Trichophyton verrucosum (FJ360688)
CBS564 50 Trichophyton verrucosum

CBS562 50 Trichophyton verrucosum

CBS554 84 Trichophyton verrucosum (Z98002)
CBS134 66 Trichophyton verrucosum (Z98003)
Strain 6

CBS220 25* Trichophyton eriotrephon (FM392674)
isolate361 Trichophyton eriotrephon (JN134089)
straind Trichophyton eniotrephon (KP789415)
isolate363 Trichophyton enotrephon (JN134090)
Strain 3

CBS363 35* Trichophyton builosum (FM992675)
CBS557 50 Trichophyton bullosum (FM392676)

100 r IHEM13800 Trichophyton rubrum (JQ407179)

ATCC28188 Trichophyton rubrum (AF170472)

JL

T. concentricum

T. benhamiae

T. erinacei

T. verrucosum

T. eriotrephon

1 T. bullosum

Figure 3. Maximum likelihood phylogenetic tree (MEGA®) 6.0 software) based on ITS sequences of Arthroderma benhamiae complex using T92+G-+|
model, with 10,000 bootstrap replications. Bootstrap values above 70% are shown, Trichophyton rubrum was used as outgroup. A: animal strain (2);

*: type strains.

220z 1snBny 0z uo 1s8n6 Aq £ZE8E9Y/EZ./9/9G/010ME/AWL/WOD dNO"DIWSPEo.//:SAY WO} POPEOJUMOQ



Sabou et al.

731

Figure 4. Christensen’s urea broth test. From left to right: negative con-
trol, equivocal reaction (strain 11), weakly positive reaction (strain 10),
positive reaction (strain 40).

contact with rabbits (patient 2 and patient 18) and patient
4 with a cat (Table 2).

Three T. benhamiae strains isolated from guinea pigs
were sent to us for identification. These animals were symp-
tomatic but were not pets of any of the patients included in
this article. They were all yellow type T. benhamiae.

Only 32 T. benhamiae strains of the total of 39 were
tested for urease activity: eight were positive, 19 were
weakly positive, five were equivocal, and two were negative
(Table 2 and Fig. 4).

Regarding the incidence of T. benhamiae and M. canis,
the former was more frequent than the latter in only 3 of
the 9-year survey (Table 1): 2011 (1.06% vs 0.82%), 2012
(0.85% vs 0.57%), and 2014 (1.18% vs 0.4%).

Discussion

Most of the dermatophytes are cosmopolite, but some are
confined to specific regions or areas of the globe or are asso-
ciated with certain animals. Population migrations, changes
in lifestyle, improvement of hygiene, and practice of more
physical activity are changing the geographical distribution
of dermatophytosis.

Another important factor influencing the epidemiology
of these infections is the increasing number and variety of
pets. Lately, under the influence of fashion and mediatisa-
tion, these are no longer limited to cats and dogs. Reptiles,
mice, rabbits, guinea pigs or ferrets have become equally
common?”>2%:32,

Children and staff working in pet shops are populations
especially at risk of contracting an infection transmitted by

these no longer exotic animals.3233,34,35,36

More than adults, children are at risk of developing an
infection due to zoophilic dermatophytes because of their
increased outdoors activity and preferred close contact with
pets and other animals.?3 This was also evidenced by our
cases, with infections concerning mostly children (25 out of
38 patients = 65.78%).

The adults’ lesions were mostly situated on the exposed
parts of the skin (arms and legs), whereas lesions on thorax,
abdomen, scalp, face, groin, thigh, or shoulder, were pre-
dominant in children, probably due to petting and playing
with their animals.

T. benhamiae is transmitted mainly by guinea pigs but
also occasionally by other animals.*8:21-25:37 In our sur-
vey, three patients had been in contact with other animals
besides guinea pigs (pony, cat, rabbit, cow, dog, and horse)
and three patients had been in contact only with animals
other than guinea pigs (rabbit and cat). These data corre-
spond to those of the literature, since other hosts have re-
cently been identified for T. benhamiae, such as cats, dogs,
rabbits, mice, rats, foxes, and more rarely degus or porcu-
pines.610,13,38,39

Lesions caused by T. benhamiae tend to be highly in-
flammatory. The animals are usually asymptomatic; when
apparent, typical lesions are circumscribed areas of alope-
cia with erythema, scaling and crusting.* In 27 of our 36 T.
benbamiae human cases (75%), contact with guinea pigs
has been established. Out of these 27 cases, the animals
were confirmed symptomatic in only seven cases (25.92%).
Khettar et al. in 2012° and Bloch et al. in 2016*° have in-
vestigated pet shops in the city of Nancy (Eastern France)
and found that 1/2 of the guinea pigs in 2012 and 2/3
in 2016 were carriers of T. benhamiae (morphological
identification), most of them asymptomatic. The percent-
ages of carriers for hosts other than guinea pigs have not
been investigated.

Transmission can take place directly by contact with
the animals (even if asymptomatic) but also via soil, ani-
mal hairs, and scales. The infectivity could be as long as
2 years.? These are elements that add to the spreading of
the infection, since the animal is neither identified as a po-
tential source of infection for its entourage, nor isolated or
treated.

In terms of incidence, in most regions with a temperate
climate, M. canis remains the second most frequently iso-
lated zoophilic dermatophyte3” after T. mentagrophytes. It

33,41

is mainly transmitted by cats and dogs and determines

lesions that are not very inflammatory, unlike most of the
other zoophilic dermatophytes.

The observed frequency of T. benhamiae infection

11,16

has been increasing recently in Japan, Switzer-

5,14,18,42,43,44 France
5

land,*1%-17 Germany, 8 Belgium,’ the
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Netherlands,?” and Chile®®. In recent years in Japan'!-1

T. benhamiae has become the second most frequent der-
matophyte after M. canis, and a study performed in Ger-
many between March 2010 and March 2013 showed
that T. benhamiae had already become the most frequent
zoophilic dermatophyte responsible of human infections
with a prevalence of 2.9%.13-14

In the past 9 years in our laboratory we diagnosed a total
of 658 strains of T. mentagrophytes, 65 strains of M. ca-
nis and 39 strains of T. benhamiae/T. mentagrophytes var.
porcellae (Tables 1 and 2). T. mentagrophytes remains the
most frequent zoophilic dermatophyte (incidence around
9%). M. canis comes in second (incidence around 1%) and
T. benbamiae third (incidence around 0.5%, varying be-
tween 0.25% and 1.18%).

From our 9-year survey we can conclude (Table 1)
that T. benbamiae was the third most frequent zoophilic
dermatophyte after T. mentagrophytes and M. canis in
our laboratory, except for 2011 (1.06% vs 0.82%), 2012
(0.85% vs 0.57%), and 2014 (1.18% vs 0.4%), when it
came second, surpassing M. canis. This seems to be mostly
due to the increased number of guinea pigs as popular pets
and to the fact that up to 2/3 of these animals can be carriers
of T. benhamiae, even if asymptomatic.”>40

Microscopical differential diagnosis between M. canis
and the yellow phenotype of T. benhamiae can be straight-
forward when rough-walled spindle-like macroconidia are
present for the former and only few microconidia for the
latter. Recently, Brasch and Wodarg'* described loop or
circuit-like mycelial junctions for T. benbhamiae, which
could make morphological identification easier. Easy and
fast methods, like the one proposed by Mayser et al. in
2013* can be very useful. The authors used chromogenic
media CandiSelect™ 4 (Bio Rad, France), which allowed
differentiation of the two dermatophytes after a few hours
of incubation: the medium turned pink or purple for
M. canis and turquoise-green for T. benhamiae.*> The chro-
mogenic medium used routinely in our laboratory is Chro-
mID Candida™ (bioMérieux, France), but it does not allow
the differentiation of M. canis and T. benhamiae described
by Mayser et al. for CandiSelect™ 4. When both M. ca-
nis and the yellow phenotype of T. benhamiae present as
sterile mycelia, they are difficult to differentiate and ITS
sequencing is recommended.

Differential diagnosis between T. mentagrophytes and
the white phenotype of T. benhamiae can be problematic,
considering their similar macroscopy and microscopy.'®
Since these two species also show overlapping host speci-
ficity, ITS sequencing is the only method that can provide
reliable identification.

Christensen urea broth test for T. benhamiae has been
described as negative,® weakly positive,* positive,'> or
variable.'* Our results confirm the variability observed by
Brasch and Wodarg'#; 32 strains out of the 39 T. benhamiae
strains were tested for urease activity: eight were positive,
19 were weakly positive, five were equivocal, and two were
negative. Considering the subjective interpretation of this
test, the different types of tests available and especially the
strain variability of the urea hydrolysis activity, this test is
less and less used and/or reported in the literature.

Recently, mass spectrometry has been used for the iden-
tification of T. benbamiae, with great correlations when
compared to PCR.?%-4¢ This technique is now widely avail-
able in routine and hospital laboratories but some prob-
lems persist: sporulation of the mould is needed, extraction
protocols are not standardized, databases need to be regu-
larly updated, and most of them are expensive and/or con-
tain a limited number of dermatophytes in general and of
T. benhamiae isolates in particular.

Dermatophyte species identification can be performed or
confirmed by DNA sequencing, most frequently targeting
the ITS region of the ribosomal DNA.?>21-25:27 Multilocus
DNA sequencing has recently been used to revise the classi-
fication and taxonomy of dermatophytes.> De Hoog et al.
showed that dermatophyte taxonomy has reached an ac-
ceptable level of stability. ITS sequencing can also reveal
unexpected results: in our study, one of the strains we sus-
pected of being a white phenotype of T. benhamiae proved
to be T. bullosum, a zoophilic dermatophyte rarely iso-
lated from the coat of horses and possibly donkeys. Only
two cases have been described in the literature: one from a

47 and

forearm lesion of a 21-year-old male in rural France
one from a saddle-area lesion of a 6-year-old male horse in
the Czech Republic.*® As shown by the dendrogram pre-
sented in Figure 3, the ITS sequence of our T. bullosum
strain clustered with the other two available strains. This
newly described species is closely related to T. verruco-
sum and T. eriotrephon and systematic molecular identi-
fication of the dermatophytes comprised in these genera
could give us more insight into the real prevalence of this
species.

Another strain we suspected of being a white phenotype
of T. benhamiae was strain 6, isolated from a beard sycosis
of a 24-year-old man in 2009 (no information concern-
ing animal contact was available). ITS sequencing showed
a 99-100% identity with A. benbamiae and T. erinacei
strains (Table 3), but the phylogenetic analysis with high
bootstrap value presented in Figure 3 places this strain in
the T. eriotrephon clade, next to the type strain. There are
at least two limiting factors in our case: the sequence length
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(672 bp) and having used only one marker for the phyloge-
netic analysis presented in Figure 3.

All four white phenotype T. benhamiae strains were iso-
lated from human samples (strains 1, 2, 9, and 19); they all
cluster together and separately from the yellow ones in the
phylogenetic analysis presented in Figure 3.

The phylogenetic analysis shows clusters of A. ben-
hamiae as well as T. benhamiae. We think this is due to
ongoing updates taking place in the different databases fol-
lowing the new taxonomy of dermatophytes.? These efforts
of the scientific community will be useful in deepening the
knowledge of local epidemiologies and will improve com-
munication between scientists.

T. benhamiae is a zoophilic dermatophyte diagnosed as
an agent of human infection with increased frequency in the
past years on three continents (Asia, Europe, South Amer-
ica). Our study shows that ITS sequencing is necessary for
accurate identification of both phenotypes (white or yel-
low) of the species. The new taxonomy? should simplify
identifying T. benhamiae and monitoring the epidemiology
of this zoophilic dermatophyte.
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