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Background: Trichophyton mentagrophytes complex is a heterogeneous group. A new classification,
based on molecular biology, has replaced the one based on morphology, physiology, and mating behavior.

Objective: T. mentagrophytes isolates from Korean patients were classified using the new method
and compared with the classic classification.

Methods: During 2010-2011, fungal isolates were collected at the Catholic skin clinic from 562
patients infected with 7. mentagrophytes; clinical characteristics were reviewed. Patients were divided
into four groups based on the morphological characteristics of the isolates. Thirty-four strains of 7.
mentagrophytes were randomly selected from the four groups for mycological and molecular biology
analyses, including analyses of morphological characteristics, ribosomal DNA (rDNA) internal transcribed
spacer (ITS) sequence, and rDNA nontranscribed spacer (NTS) typing.

Results: Among the 562 isolates, persicolor (41.6%) was the most common strain type, followed by
the powdery (38.4%), downy (11.2%), and granular (8.7%) types. The granular type differed from the
other three with respect to the isolation site, patient's age, seasonal variation, and microscopic characteristics.
Among the selected 34 strains, the microscopic characteristics varied for each strain. The powdery,
persicolor, and downy types had ITS sequences identical to those of the anthropophilic 7. interdigitale
/A. vanbreuseghemii. The ITS sequence of granular type was similar to that of zoophilic 7. interdigitale
/A. vanbreuseghemii. The granular type had different NTS types than the other types did.

Conclusion: The 7. mentagrophytes strains isolated were classified as 7. interdigitale/A. vanbreuseghemii,
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the majority (91.7%) was anthropophilic and 8.3% were zoophilic and granular type.

[Korean J Med Mycol 2017; 22(1): 1-14]

Key Words: Arthroderma vanbreuseghemii, Internal transcribed spacer, Non-transcribed spacer,
Trichophyton interdigitale, Trichophyton mentagrophytes complex
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Table 1. Clinical, mycologic, and molecular characteristics of the Korean strains

=

=

=20I0A 22I=! Trichophyton mentagrophytes®l 28 & 0F

Strain Sex Age Site Culture ITS type” NTS type
Gl M 8 Face Granular Granular-a B23 XII
G2 F 78 Face Granular Granular-a A25X1
G3 F 85 Back Granular Granular-a B21 XII
Go6 F 54 Face Granular Granular-a A21X1
G8 M 8 Face Granular Granular-a B32 XII
G 10 F 54 Face Granular Granular-a A25X1
G4 F 46 Neck Granular Granular-b C2511
G5 M 1 Leg Granular Granular-b C2511
G7 M 24 Arm Granular Granular-b C2511
G9 F 69 Palm Granular Granular-b B251I
Dong 1 M 79 Wrist Granular Granular-b C301I
Dong 2 M 52 Face Granular Granular-b C28 11
Dong 3 F 17 Chest Granular Granular-b C51I
B1l F 68 Toe web Powdery 1I F1211
B12 F 38 Toe web Powdery 1I D24 11
B13 F 60 Toe web Powdery 1I D11l
B14 M 26 Sole Powdery 1I F2111
B15 F 79 Toe web Powdery 1I D11l
B16 F 54 Sole Powdery 1I C2211
B17 F 31 Sole Powdery 1I D29 11
B18 M 25 Toe web Powdery 1I D11l
B19 M 30 Sole Powdery 1I Cli
D21 M 49 Sole Persicolor II C311
D23 M 30 Sole Persicolor II c3on
D24 M 35 Toe web Persicolor II C121
D26 M 57 Toe web Persicolor II C331
D27 F 40 Toe web Persicolor II c291
D28 M 39 Toe web Persicolor II c291
W3l F 47 Toe nail Downy 1I C2911
W32 M 52 Sole Downy 1I D29 11
W33 M 49 Toe web Downy 1I D22 11
W34 M 19 Sole Downy 1I D29 11
W 35 nif ni Ni Downy i C121
W36 M 11 Toe web Downy 1I R29 11

*[TS type: T, interdigitale ITS type (Heidemann et al., 2010)*°; ¥ni, not informed
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Table 2. Clinical characteristics of Korean patients by colony phenotypes of Trichophyton interdigitale/A. vanbreuseghemii

Group by colony phenotypes (Number of patients)

Granular (49) Persicolor (234) Powdery (216) Downy (63)

Anatomic site

Area 1’ 93.9* 1.3 1.4 0.0

Area 2 6.1 98.7 98.6 100.0
Age

<20 28.6 34 3.7 6.3

20~39 8.2 25.6 222 254

40~59 38.8 55.1 56.0 444

>60 245 15.8 18.1 23.8
Season

Spring 32.7 25.6 26.4 31.7

Summer 10.2 50.0 49.1 413

Fall 20.4 15.8 144 15.9

Winter 36.7 8.5 10.2 11.1
Sex

Male 38.8 65.4 59.3 55.6

Female 61.2 34.6 40.7 444

*Area 1: hand, trunk, arm, leg, face, TArea 2: foot, toe nail, groin, {Values are presented as percent.

4. rDNA NTS typing
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o] &35} tt. TmiSO H-99 5E-& TmiSOF (5-
CGAAGCATACTGTGGAAGATG-3')¢} TmiSOR (5-
GCAACATAAGTGTACAGCTG-3'"), TmiSI +-9]2]
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Fig. 1. Four subtypes of Trichophyton mentagrophytes isolated from Korean. Potato corn meal-Tween 80 agar, 3 weeks
at room temperature
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Table 3. Microscopic findings of Trichophyton interdigitale/A. vanbreuseghemii strains isolated from Korean

Microconidia
Subtypes Macroconidia Spiral hyphae
Pyriform Round
Granular-a (n=6) T + ++ ++
Granular-b (n=7) ++ + ++ ++
Powdery (n=9) + +++ +H+ +++
Persicolor (n=38) - - - +++
Downy (6) - - ++ +
*: Median value of each group
In 5 fields of microscope (*<400), +, less than 6; ++, 6~15; +++,>15
780l 7 HATHB8.5~11.1%) (p<0.05). $HA}2] AAS Tk FEEe W S 8 =
4 ztolg BW, YL ot o B = 1 F Bl s I, wiHe 2
(612%) WHd, U2 o}ldE2 EAtelA o Wokth A e gAS vl 3HE F Granularas
(55.6~65.4%). W] ©=AE, Bady LHege Granular-boll H|8}e] A = Al Ao] ] s}
HIS2E s vEhilen, AHEE g aL ol ¥ F#dvh
OE dFFEE Bl OE old53 F3lo] 2) T =S ¥{0|E 27 (Table 3)
- E AT 918 Granular-av™= ol w2} ol ZAA 27}
ol i 5 345 oA 4% Granular- B AL, AR g sEler] A
at U2 oM, #9¥ Granular-bi= 2t Gl mF2 AUk HHE Granular-b Y
o} FEoA F2 BYHdth 289, =A%, & A vl FESESAL ARAAE YRR T2
Y2 S ARE, dmbe dhsgo A el E ok Row, YAE A BTk
(Table 1). LS UEAAATE Ao vl TR
> ior Az Fw Qoleh ) whe F2 aRgAs A
3 AP BAL Ao wope] vl
1) dHEe SoF 224 (Fig. 1) 3 AE A Aok
M 229 QgEEE A A falelel mAEelE dEARTE 18 R, A
Tk PCTA®} PDAC] ]l SDAIA wEgi=te] Mo]  Rof B o Aw AR} wetor] Widd A
% o Asglon, 35 ol widsh $Ugen  E wol Bawr
WA S o] o Bkth 25CellA 257 v HFHPA = 2L -2 AL, MY
T A7 5~7 em A= AFHem 4714 ofdzt  wf Kk AT AAE woken Ay wAt
o] A £re] Apol= ISATH Ehotes
e g Aol Azl Ige A5
l’z‘f % o A %x}]a;; ﬂjﬂ o j%‘j\_j}x]gtj 3. IDNA ITS IIME 24 o HSLMEs
Qe Ausdle, MRe 2ag e, pw 00 P2
HE A YAke] S el Pkl wi ASHAEAS T mentagrophytes= TUAV, A.
W AHES S mrk =AY U #2 simii, A. benhamiaelT. erinacei®] 37FA] clade® -
S o] J AL, WS HY Eel HAaL, TVAVE AF S} 2158
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Table 4. Signature polymorphism of Trichophyton interdigitale/A. vanbreuseghemii in ITS sequences

ITS1 5.88 ITS2
Type - Host
8 22 105 137 148 176 217 404 460 483 551

TItypel G G A C C A - G C G C  Anthropophilic
Persicolor G G A C C A - - C G C Anthropophilic
Downy G G A C C A - - C G C Anthropophilic
Powdery G G A C C A - - C G C Anthropophilic
TI type I G G A C C A - - C G C Anthropophilic
Granular-b A G A C C A - - C G C ? Zoophilic
Titypel' A G € C C A - - C G C  Zoophilic

TI type 111 A G C C T A - - T G T Zoophilic
Granular-a A G C T C C - - C A C Zoophilic

TI type IV A C C T C C A - C G C Zoophilic

*Polymorphism numeration follows the works by Heidemann et al’,
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ol BV} TVAVOl 4381 t(Fig. 2).
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Tl type Il AF506036
S Powdery Korea KY814746
Pinkish Korea KY814748
Downy Korea KY814747
Granular-b Korea KY814750
AV GU646873 IHEM 4411 chinchila Belgium
AV AB566295 IFM 58270 brown rat Japan
Tl type llI* FM986758
Tl type Il AF506034
Tl type IV AB246678
Granular-a Korea KY814749
AV AB456737 IFM 56843 man Japan
AV EU683894 WCH-AV001 human China
A. simii AF170475
T. mentagrophytes SS CBS 318.56 AY185126
A. benhamiae African RV 30000 AF170456
T. verrucosum CBS 564.50 298004
T. erinacei IFM 50998 AB078898
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Fig. 2. Neighbour-Joining tree of the strains of Trichophytom mentagrophytes complex. Bootstrap values are shown
in percentages. Complete deletion and Kimura-2 method were used. A, Arthroderma; AB, A. benhamiae; AS, A. simii; AV,
Arthroderma vanbreuseghemii; T, Trichophyton; TL, Trichophyton interdigitale; TI type, ITS type of Heidemann et al®’,

offt 1o,
a=)

e

1o
o

=y
a

ATk B AN = T interdigitale2] 7N'dS
VH3IAL T interdigitale/A. vanbreuseghemii (TI/AV)
= E7]8ih

S'¥} Nenoff 59| Y& &7
of oJalH gl A & T mentagrophytes
FE5-2 T mentagrophytes complex & TI/AV®]
i, o5 A &4, wRE 3 AvE &,
DNA ITS 94714 <E 2 NTS typing .= A&
F sE2HEYS T T AA T menta-

2=
grophytes sensu stricto, A. simii, T. erinacei % A.

Griéser

PRAEN

benhamiae= LT}
Suh$} Kim™& 3¢ WA ghajol| 4 F-2] 3k

-9._

T mentagrophytes &N A var. interdigitales | <]
g 3332w E S skglaL o] F 313571 4
vanbreuseghemii® T}l R.I13} T}, o] Aol A
Q)7 #FEL ol AFA T TVAVR AL, 1l
WA o2 SR1St 4. vanbreuseghemiic= 57 &

2435 TVAVE FA )

FEANA ¥ T mentagrophytes



tsteldzstelxl M2z M1 2017

Table 5. Comparison of NTS typing by phenotypes in Korean strains

Granular
Powdery Persicolor Downy
Granular-a Granular-b
A21 X1 B25 11 Cll Cl1211 Cl21
A25X1 C2511 Cc221I C2911 C2911
A25XI c2511 D1l C2911 D22 11
B21 XII C2511 D1l Cc3010 D29 11
B23 X1II C2811 D1l C311I D29 11
B32 XII c301n D24 11 C331 R29 11
C511 D29 11
F121I
F2111
Table 6. Comparison of ITS types of Trichophyton interdigitale among studies (%)
Heidemann et al* Drira et al*! Pchelin et al*? This study
ITS type West Europe Tunisia Russia Korea
n=86 n=56 n=15 n=34
I 11.6 89.3 0.0 0.0
II 453 3.6 46.7 61.8
ur 7.0 3.6 133 20.6"
1 314 3.6 20.0" 0.0
v 4.7 0.0 20.0" 17.6"

#: Similar sequence with ITS type of Heidemann et al*®

= tho®m gk Aol A IHY o] 9ol thek
3t FREL BA TP A benhaminae, T, erinacei,
A simii % THFES Holng t3eke] )
Rro 2 AlghAs 9 FEHS TVAVS T8}
= 24 &tk a8y Sh=oll X 4. benhaminaeSt
T erinacei’} "9~ =217, 4. simii= oF2] Bl

94 gstons Yl Aol FE
TVAVY 7VFsAo] 714 =i,

Aol A ﬁ“]ﬁ 2o HEES Ay

Gkl

Ak gom BT AR Be w, $93,
ag, waae Ao B AL el

I==1 o =
& Wusl TR & don FEE0s] b
£ Axx & 4 At} Heidemann ';;‘20-/] 5714

ITS typeS B3k =7lo wle} 1 o}gde] B ¥=
ull-$- 3 THTable 6). FIYA]+= type 0]
A5 type 119} M7} Bokem”, EWOF type
I} V7 P2 B Aol 345 5 215+
Type II, 75+ type 119} type IIT* A}©](Granular-b),

:ﬂ-o
QES
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Table 7. Strains identical ITS sequences with Granular-a and Granular-b in GenBank

a(:g;}:;gﬁ glfnber Strain Host Nation

Granular-a type
AB456737 IFM 56843 Human Japan
AB617776 KMU 5478 Human Japan
EU683894 WCH-AV001 Human China
EU683893 WCH-AV002 Human China
EU683892 WCH-AV003 Human China
GQ140347 WCH-AV004 Human China
KU315314 XQ3-3 Giant panda China

Granular-b type
KM578844 ATCC MYA-3108 Human Brazil
KC595993 strain 4 Human Tunisia
KP132831 WM 07.303 ? Australia
KP132832 WM 09.79 ? Australia
KP068999 WM 04.491 ? Australia
KP132819 IHEM 25199 Human Belgium
GU646873 IHEM 22714 Guinea pig Switzerland
GU646873 [HEM 4411 Chinchilla Belgium
GU646873 IHEM 4028 Human Mozambique
AB566295 IFM 58270 Brown rat Japan
AB566299 IFM 58444 Brown rat Japan
AB566300 IFM 58445 Brown rat Japan
AB566303 IFM 59062 Brown rat Japan
AB566301 IFM 58446 Brown rat Japan
AB518070 IFM 57617 Human Japan
GQ214705 WCH-AV005 Human China
EU200369 ATCC 28185 ? ?

65 type IVe} F-AFSFSI THGranular-a). GenBank
oA Granular-a®} ELg FF= TFAL T
I dZo| Mt Y EATHFT T 57, D 25).
Granular-b®} 543 75+ 177909 A &
=, 5, W7, 292, YA, 2AH| A, B
Aol A &)= A THTable 7).

Kim 5%& E7]9} ojgtsEn HEste] 149

-11 -

H Sh=Qlo A B2|E T mentagrophytesS] ITSI
A7IMEE BAet A vanbreuseghemii®t A}
S stk 1 @R B st wans)
™ Granular-a®} 5L &AL} ITS type IV} A3}
ATk Anzawa 509 WA E o= S A van-
breuseghemii 277-2) ITS =243} 2% type 11,

15°% type II*, 95°% Granular-a®} FAFHSl AL,
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o]

s
rlo

ot

255+ type IVeF AT &
A5 E type I 27 459S 2t
type IV} 417 #F50] tjRiola $23) o
J?ﬂrol AR 74 THE &L polymorphism©]
ok WA TVAV TolA type IVE BEAS
é 132 o}t polymorphismS: H.olw, Al E
ol type I, 2 Z4= Ae8S olojwz|a
polymorphism®]| 2.2 type 11, type III*, Granular-b

© I R AT AL 4% 5 Sl
Heidemann 52" ITS 97149 % 893} 105
Hol] G} Aol ALY A9 ColH HEA
T si3ih o] ]l whet, B AgtellA
Granular-b3-2 87} 105%10] A9} A%lo™ o=
AgtEet BEaEge] Faellth e

o X

A
CEC

R
N
32

of
il

Oﬁ

Granularbﬁﬂo 5 AR S} BEA Eald A
o2 Hol FEATYY 7Fsido] 2t} GenBank
o 4] Granular-b9‘r S o7l A o] et HF

=T 67 AbgollA, 79 wEelA el E AT
(Table 7). Symoens ‘52 Granular-b®} ITS 714
Ho] A3 5+ [HEM 4028, IHEM 4411, IHEM
227147} A. vanbreuseghemii®} 1/¥]7} Qojydtiar

Raslglth o] AMEEL Granular-b7} 524
FYds gt kA s ITS 1714
drnto] Al EYH Y sEHATHEE sk
Lol & 3log Helrk eko & v ¥ Granular
b TFES e 1) BEE FA5H 9
ol AE s Aotk

Wakasa 558 QElo)|A] Byt AlgAE TV

AV 6555 A O Z NTS typingS A3 a}o].
TmiS0 7¢}%, TmiS1 3013, TmiS2 30}38-& -3}
a1, o5 FEske] 150k o Eslelck i A
TollA Y, E43 9 £H3P ] NTS typing
AI}E Wakasa %9 Z3te} v)ws] B TmiSo
I} TmiS2& +AFFS L
PCR &3 2 7|4 5 PCR WH§ Z7o] v
Aol 4 7FeAdol Ak 2 AFolA Ay
FZo| 7 o]FolAA| o} annealing ===
o™, TmiS0, TmiS1, TmiS2 =7} Wakasa
580l Rael thE Ao R Hol TVAV & &

£>-

, TmiS1¢l4] =}o]7}F Zith.

Aoy ap AFAEHS NTS typing F7o] vl
T e 4 T AT HHE T Granular-at
Granular-b™= A2 U2 NTS typing Y/dS 1o
T ool M= tE-S HREHSISIt) Pehelin 57
2 ITS type II, 1%, 11, IVOl] &38l= 455 1)
NTS type©| The= HaLstAINE w#5-2] 47} 4
Ak

Qoksh SRl B2l T mentagrophytes
= B5 TVAVOIAL T mentagrophytes sensu stricto,
A. simii, A. benhamiae, T. erinaceiv= §1t}. ©]
4 913%7F HEE, =AY, FUF o tgst
7_” E]_oﬂ 014‘ 1TS oﬂ7]/\10:1 }\1— 1:1‘: }\],a—/Hi TI/
AVOlQIT) o]5e fjRE whld W AuE 7
ToS 4o NTS typing= FAFHATE 8.7%
= AHHeIAL, e, g, wE FolA e
Ao ITS A7IME & =43 TVAVO AT

Zz2 =

Trichophyton mentagrophytes complexol| &= TF%F
g dEEo] EAEITE FE B wwlikge]
Agt BF{7 EAAES ] 7|23 A2 R
2 AL Qi) kel i el A EEjE T
mentagrophytes®ll A 2L BHE
et A2 EF] A3 WAE dopr it
20108 1€ 195-E 2011 12€ 314704] 2,43
AEA R4 WRae] A .
mentagrophytes7t -2 E 2} 56272 U o=
slo] T mentagrophyte 4 Iy, 2Ly, T4,
S o}l i A 54E vaekglaL
ol Ul o 3475 AHs)
9 #n A7, 1DNA ITS 2714
typing= H]L5}i T}

56272 o}d-e = o] 2345(41.6%) = 7
okl Ba 2165(384%), 8 635(11.2%),
8 49758.7%) ] o7 wWolth PP LS &
T Agel =9l = o) fAbe] A, 5, B
oA wWol AEHU, =A4Y, 9, &4
e ofFoll, a2 Ak w s, AR olA
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