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Introduction of mycology
|dentification of dermatophytes
Practice

Introduction of mycology

Kingdom of fungus
Eukaryotes

Cell wall : glucan, chitin
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Excretion of enzyme- aspiration
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Terminology

% Mould (mold) : At&f = filamentous fungi
+ Dermatophyte
* Non dermatophytic mould

% Yeast: 2 2 unicellular growth form

°,
°e

Dematiaceous : pigmented in olivaceous or brown colours
Phaeo- : darkly pigmented
» Hyalin : colorless
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Dermatomycosis : I| 2% 0|35
Dermatophytosis = tinea : 8i&. I
Onychomycosis : =24 E3 %03
Tinea unguium : &2 S8 A
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< Anamorph : E2 &AM S, R4 4 AIS asexual form of sporulation
Teleomorph : 2 & AIHE, REMAS sexual form of sporulation.
nuclear recombination
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Spore: & XI, 2 M| sexual propagule; general term

Conidium(pl. conidia): 24 = M, &4 L X, =4 Xt asexual propagule
Microconidia, macroconidia

Chlamidoconidium : & &+ 3L X}

arthroconidium: =& & X}
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» Hypha (pl. hyphae): & Al septate, thread-like fungal element
Pseudohypha (pl. Pseudohyphae) : H &l ? Al string of budding cells.
No cytoplasmic connection

®,
£X 3

% Hypha (pl. hyphae) - mycelium (mycelia) = At |- thallus & At M- colony & &t

o
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Taxonomy of fungus

% Anamorph - asexual stage

% T. mentagrophytes
» var. mentagrophytes
+ var. interdigitale

Class Hyphae Sexual spore Asexual spore
Zygomycetes aseptated zygospore sporangium
Ascomycetes* septated ascospore conidium
Basidiomycetes septated basidiospore conidium
Deuteromycetes septated not found conidium
Reproduction

+ Teleomorph - sexual spore: ascospore: + or —

Arthroderma benhamiae
Arthroderma vanbreuseghemii

Dermatophytes

% Taxonomy
Ascomycota; Pezizomycotina;
Eurotiomycetes; Eurotiomycetidae;
Onygenales; Arthrodermataceae

+» Classification
* Anamorph state
Trichophyton
Microsporum
Epidermophyton

Teleomorph state

Arthroderma

% Classification by host
* Anthropophilic (black)
» Zoophilic (red)
» Geophilic (green)

by Graeser Y (2008)

A. obtusum (M. nanum)

M. praecox

A. persicolor (M. persicolor)
M. duboisii

A. corniculatum (M. anamorph)
A. fulvum (M. fulvum)

A. gypseum (M. gypseum)

A. incurvatum (M. gypseum)

A. otae (M. canis)

M.

Ln.ludoulnll

[, A cafetanum (M. cookel)
A ™.

L A. ™.

A. grubyi (M. galli

A. gloriae (T. gloriae)
A. gertleri (T. vanbreuseghemii)
A. lenticularum (T. terrestre)

A. insingulare (T. terrestre)

A. uncinatum (T. ajelio])
A. quadrifidum (T. terrestre)

A. multifidum (C. anamorph)
T. eboreum

A. flavescens (T. flavescens)
T. thuringiense

A. melis

A. ciferril (T. georgiae)

A. cuniculi (C. anamorph)

C. vespertilium

T. phaseoliforme

A. wberculatum (C. anamorph)

A. curreyi (C. anamorph)
CLt. serratus (C. anamorph)
A. borellii (M. amazonicum)

K

—— 0.01 Substtutionen/Stelle
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SEIVEN

N=3 (1976-1995) 2000 32

Trichophyton(T.)
T rubrum 81.7% 90.0% T. rubrum, T. mentagrophytes
T. mentagrophytes 5.8 % 7.9% T. tonsurans, T. verrucosum
M. canis 57%  1.4% ; er/7ace'

. violaceum

E. floccosum 1.0 % 0.1% e
T. verrucosum 0.6 % 0.1%
M. gypseum 02%  0.2% Min/‘\?”SPOFUm
M. ferrugineum 0.04% M. S;Zféum
T. tonsurans 0.03% 0.3% M. ferrugineum
T. violaceum )

Epidermophyton

E. floccosum

T. raubitschekii

T. mentagrophytes = Mlcros?porum
(granular) > persicolor

'\
4 (red form)
T. rubrum

(velvety) TR

T. mentagrophytes | »»~
w K

T. rubrum
(hyaline)

T. rubrum
(granular)

T. kanei

var.
rubrum

T. rubrum

T. rub
\_(golden form) b

var. nigricans

T. krajdenii

N__/

Figure 26. Trichophyton rubrum species complex; its variants and morphologically sim-
ilar species. Note, the close apparent relationship among the common dermatophytes.
The BCP Milk Solids Glucose agar was essential in establishing this revised taxonomy.
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Potato Dextrose Agar-Corn meal-Tween 80

@ | 102} Workshop
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o T.rubrum —
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« C. albicans £ 2L X}
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Corn mel agar (Difco)
Peptone
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* Hyphae

olr

o Me| M A
* Hair perforation test

* Urease test
» Growth factor requirement

25
Microconidia - Trichophyton
» Macroconidia- Microsporum, Epidermophyton
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“ Hyphae
+ Septation
 Pattern : spiral, raquet, chandelier, nodular body
* Pigmentation
* Vesicles or swollen cells
+ Conidium (conidia)
+ asexual reproduction < spore
* Macroconidia
Surface, number of septum, shape, wall thickness, size
* Microconidia
Shape, group, @ AF0l 22 24

Dermatophytes

Macroconidia Microconidia Involved
Microsporum numerous numerous skin, hair
spp- spindle-shaped

thick walled

spp. pencil or fusiform
thin walled
smooth surface

Epidermophyton numerous not produced skin, nail
spp. boat-shaped

thick or thin walled

smooth surface

spiny surface
Trichophyton rare Numerous skin, hair,
20| Tet SFF  nail ,
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Contents

Classification of fungi

Identification of dermatophytes
Practice

T. rubrum

o HEEE slow 14

% Colony S Ef
o H W fluffy, white to buff
o HHHH : F2 EZ M >prown, yellow, no-color
o 022, LI Hi X

-13-
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T. rubrum

% 8013 A4A
* Microconidia
* Numerous to rare
+ Solitary along hyphae
+ tear-shaped
* Macroconidia
* rare; pencil-shaped

Q 0 09 Q lateral and

peg-shaped
o0
[—4

narrow
cylindrical
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T. mentagrophytes (T. interdigitale)

» A4 &3%T : moderate, 7-102
< Colony SEH : i O+
+ zoophilic-1t & & (granular)
« anthropophilic —-& 2 & (downy), & Z & (powdery), == 044 & (persicolor)
* Powdery form : Radial or concentric fold
« BHS : brown > colorless, yellow, red

-15.-
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Granular

Persicolor

Fig. 1. Four subtypes of Trichophyton mentagrophytes PDACMT agar, 3 weeks at
room temperature.

T. interdigitale, anthropophilic, zoophilic Menoff P et al JDDG 2007)

216 -
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T. mentagrophytes (T. interdigitale)

= [l b= 71

X3

%

* Microconidia :very round, clustered
+ Coiled spiral hyphae

» Macroconidia : 2t &, thin walled
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A2
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018 4+A
+ coild hyphae,
+ clusted microconidia

Hair perforation test :
 T. mentagrophytes : &4

Urease test
« T. mentagrophytes : &8

+ Bacterially contaminated T. rubrum

» T. raubischeckii

- 18 -
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T. tonsurans

K/
>

> 8 &= 5 moderately slow, 12

+» Colony & Ef

¢ Sulfureum & : M=

+ Mahogany-red & : XS0
Dl =4 st A=

+ B : Mahogany-red

T. tonsurans

Mahogany red-brown  var. sulfureum

-19 -
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T. tonsurans

% &0|& &4
* Microdonidia : diagnostic
Variable: tear drop, 2 £, & 2, balloon forms
Conidiophore : perpendicular to hyphae
* May spiral coils
“ Physiologic test : thiamine dependent

variable size
and shape

balloon
forms 4

endothrix

* P

T tonsurans

-20 -

Image Courtesy of M. McGinnis
Copyright © 2000 Doctorfungus Corporation

1>



Dermatophytes 54 ©

@ | 102} Workshop

Trichophyton

s @Vae <2
7. mentagrophytes

I. rubrum

7. tonsurans

T. verrucosum

% HE=55 :very slow; 21-30
o 370N O & KretCh

% Colony & Ef
+ Small, heaped, button-like> flat
» Texture : glabrous > downy
+ White — gray or yellow
« Bi®™ : various

Image Courtesy of Libero Ajello

Copyright © 2002 Doctorfungus Corporation
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T. verrucosum

% B0

A A2

& 20| SAUILTL (chlamidoconidia in chain)
Macroconidia : F 12| 2

< Physiologic test : Thiamin, inositol Z 2 —

On thiamine- and inositol-
enriched agar

M. canis

% &5 moderate, 6-102 Of LK

% Colony & Ef
o HM™: whitish, fluffy, ZALA =5
o JHEXC : DAL AL A2 Z HAH U2
« Bi™ : deep yellow — yellow brown

-2
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» 8018 AdA
* Macroconidia : S£0otCt. S&H
+ Long, spindle shaped, rough, thick walled
« &&0l(knob) 22 Z.
« 6J1 Ol &S HIZE
* Microconidia : a few

terminal beak
thick walls

¥ sporesin
masses on hair
U more than

six cells

.23 -
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M. gypsesum

< S &EX5  moderateley rapid,
ol I LH
=

< Colony & EH
« HO:flat, spreading, powdery to
granular
« Buff -> tan to cinnamon brown,
S22

o U™ : variable

Image (

Copyright © 2000 Docto

S04 -
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M. gypseum 80|18 A A

+ Macroconidia: 01 E8, S& A
+ Symmetric, rough, thin walled, 671 O|LH{ 2| AlZE
« 222 : rounded <-> pointed M. canis
* Microconidia : usually

S5 .
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E. floccosum |

’0

» &&= 5 : moderately slow,
15! OfLH

+» Colony & Ef
« H™: brownish yellow to
olive gray or khaki
* Lumpy and sparse
-> folded, radial groove. velvety
o =3 = fluffy
« BH™ : orange to brownish,
It yellow border
* PleomorphismO| & A 2IC}.

E. floccosum

oo (0] 2 24
* Macroconidia:
« B =D10l EA=C
» Smooth, thin walled, club shaped, round ends
« 2-6 Ml Z; single or clusters
* Microconidia : no

club-shaped

attached
in group

chlamydospores =
formed O 9
as thallus ages O

226 -
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B

E. floccosum; 80|43 &

Macroconidia

-27 -
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Colony A2

Macroconidia

LM T rubrum
S$2M: M canis =00000Ds. M. canis
It E. floccosum W
) seum
AUE: M. gypseum <]Ip gypset
oD E. floccosum
A& £5 Microconidia
W=Ct M. gypseum, M. canis G 5N 0 I 1
T. mentagrophytes % 20 T rubrum
= E. floccosum, T. tonsurans o

T. rubrum
0l =Ct T. verrucosum, T. violaceum
M. ferrugineum, T. schoenleinii

%:&% T. tonsurans
% T. mentagrophytes

Tip

< Ui Xl PDACT
o T.rubrum S8l K2l
» OA sildez 20

R/

% Primary culturedt 2

“ Wine red & cottony

* T. rubrum >>> T. mentagrophytes

«» Granular

» T. mentagrophytes vs M. gypseum

% Clinical information & =

.28 -
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Clinical information

% Site
« & T. rubrum, T. mentagrophytes
« ¥=, &1l : M. canis, T. tonsurans
% Animal & &
o 20, i : M. canis, T. mentagrophytes
e 4 : T. verrucosum
ASSX : T. erinacei
. tonsurans

Next step

% 90% w7 e
% 10%: - SN KB
* Atypical strain o AZ2HY HE W3}
» Rare species « Epidemiology
* First species in Korea « Taxonomy
* New species in the world o K}AH
» =80 =& e PAR NSRS
+ Special medias, . D28
physiologic test » ykkim3245@konyang.ac.kr

« Sequencing
+ Mating test

-9 .
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Classification of fungi
|dentification of dermatophytes
Practice

2 A XHH

I =

S) S -Ef

* Aseptic technique= At&stCh.

= ML

A0 Y= ROl Y= RS MBI
samAC DA, 2 L Do 39
0o o= iHil

LT o= T

- 30 -
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Sabouraud dextrose agar(SDA), Mycosel agar : Z XtetCt, spore|
* Potato dextrose agar (PDA) : conidiation = &I

« Cornmeal with Tween 80 : conidiation Z&!, T. rubrum?2 &2 M
Dermatophyte test medium (DTM) : phenol red : yellow — red

L]
. = A
":T%E

)

ACT

o

L

o .

K/
L X4

e
0o

» Christensen urea agar
* Trichophyton agar #1 - #7 (Difco)
 Takashio medium (Diluted Sabouraud medium) : W Hi &
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eSS

« tubeES 201 Ol &F AFESIHTHL E= 85 S
« BHXI ESH0 &3 H gHECH
« HIXl £22 2| E9l

U A

« Cycloheximide €2 21 1t

Rk
+ 25 9 37TTHIA HHLEHTH
. 28 (2

Lt 50| ¢+& el S Il B0

A
* Aseptic - Alcohol lamp /10N S= HES Al StHL.

=0|=

Contamination=

o 0 HA0M SAIO HSGH B F
0 d JHQ tubeli BHF
< mite Kl H -LIZE2
o QEE HIXIE AF20olXl Z=C0h

»UIAIE Ot M 2018 S=20| YN 22
& QO X 20 tubeE A
o SAA BHE S RO

=13

EH
==

< Cycloheximide, &M Xl S & Itst Xl AtS

S U AS

L HHS ADS2 ASE

.32.
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Pathogen vs contaminant

o Ol SA0A SAI0 XHF O HH &

< 04 A JHCl tubelll SAIO BHE

S A 2HES F10 ] Bl

% B=E6tH HA=0| & ® pathogen@ 2 THEFSHLY.

<+~ dHE MFAE /S D&t

False negative (B 0| OtEl= ER)

/7
0’0

33

%

C o o

3

%

33

%

< OHHE &2 9i0F 24
2 AN A= M : 22, M2
+ contamination
o SHMTZOl At MOl Kl MK E
o N0 2

-33-
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Microscopic examination

< Prepatation g
+ Hook H 5 g
& £ 3 g
+ Cellophan tape H v 22 2
! £ 3 3 385 %
+ Slide culture 2 = 3 < 5g 9
e & B 2 &3 §

[} Vi Y 3

>

KD
»

Jt&Xtel : hyphae
Center : Old conidia, degeneration
=2t : young conidia

Cottony £ %! : conidia 12| 8iCt.

*,

e

o

e

2

5

2

.34 .
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Mount

+«» Water

+ Lactic acid

+ Cotton blue

+ Lactophenol cotton blue

S HLANHZ JtE A2 LSotH

012t

2t 7 X

ot

SyaLy

Primary culture

Figure 9. The primary inoculated media were overgrown
by molds. The scatter plate method yielded molds and
small colonies of T. rubrum.

012 2E0| B EN AHU
SEH0 S20| H= SRR
GO S B S2 ST

Figure 10. The primary isolation grew Scopulariopsis bre-
vicaulis. Scraping scattered on SABCCG agar, also allowed
the growth of a few colonies of T. rubrum.

.35.
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o &=0| Ol 20, Y8 L HO| JisH
« E. floccosum, T. rubrum
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Name Jong Soo Choi
Current Position Professor, Department of Dermatology, College of Medicine,

Yeungnam University, Daegu, Korea

¢ Educational, research and professional experiences b

1973. 3 ~1979.2 Yonsei University College of Medicine

1982. 9 ~ 1988.8 M.D. and Ph.D. degree of dermatology at Yonsei University
College of Medicine

1997. 3 ~ 1998. 2 Visiting researcher at Branch of Mycology, CDC, Atlanta, USA

2008. 10 ~ 2009. 8 Visiting researcher at laboratory of Professors Sybren de. Hoog,
CBS fungal biodiversity center, Utrecht, Netherland

1983. 4 ~ present Professor, Department of Dermatology, College of Medicine,
Yeungnam University

2008 Academic secretary of the APSMMO08, Seoul, Korea

2011. 6 ~ 2013.6 Chief director of the Korean Society for Medical Mycology

( Membership of Societies b

1983 ~ present The Korean Dermatological Association
1996 ~ present The Korean Society for Medical Mycology
1997 ~ present International Society for Human and Animal Mycology

.37.-
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Candida 1dentification and Antifungal Drug Susceptibility
o o &

vt A1ek7 Aot

ofN
o2
=
£
£l
o
I

& Fungal infections
(1) Healthcare-associated (HAI, nosocomial)
: opportunistic mycoses
(2) Community acquired
: opportunistic + endemic mycoses

¢ Incidence of fungal infections ¢
 Immunocompromised pt. t
(cancer, AIDS, large burn)
 Aging population ¢
- Use of new & aggressive therapeutic
strategies (Antibiotics, ChemoTXx,
Transplantation)

.39
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Surveillance) System

20

18

® 20 01980 216
2 o

£ = 1990 £
2 @

g 15 T 12
s

8 g 10

g e g°

e @ 6
5 &

T 5 £ 4

- 4

[] 0

swi BSI uTl Pmeumonia Burn/Trauma

: Rate of nosocomial fungal infections
2(1980) —» 3.8(1990)/1000 discharges

Nosocomial fungal infections

CDC NNIS (National Nosocomial Infections

01980
= 1990

Cardiac  High-risk  Oncology

surgery nursery

s Epidemiology of sepsis
«+ 1979-2000: 207% +

(1995-2002, 49-centers)
: 4th leading cause

. Coagulase-negative staphylococci
. 8. aureus

. Enterococcus spp.

. Candida spp.

E coli

. Klebsiella spp.

. P aeruginosa

. Enterobacter spp.

© XN VA WN R

. Serratia spp.
10. A. baumannii

31.3%
20.2%
9.4%
9.0%
5.6%
4.8%
4.3%
3.9%
1.7%
1.3%

= 24,170 nosocomial bloodstream infection

- 40 -
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HAZHNAM 22T 22| BE(ZLH)
E22|2F2 WES(%)
H{ Q|7 19_96‘.—_1, 199644, 20_04'-.'_1, 2()_10'.—_1
S SEAIA  UHEHE SEXA  SEAA
(n=1,029) (n=2,743) (n=534) (n=3865)
Staphylococcus aureus 20.80 18.00 23.2 12.2
(Methicillin-resistant S. aureus) (19.14) (12.32) (21.5) (10.9)
Pseudomonas aeruginosa 17.59 12.32 8.8 5.7
Candida spp. 9.52 3.72 14.8 22.0
Acinetobacter spp. 8.55 6.38 8.7 10.3
Klebsiella pneumoniae 7.58 7.77 6.6 7.5
Enterobacter spp. 6.51 5.21 2.6 2.6
Enterococcus spp. 5.83 8.35 12.8 14.1
Escherichia coli 5.25 14.62 5.5 6.0
Serratia marcescens 4.08 1.82 3.7 1.5
CNS 3.69 7.00 3.1 7.3
Others 10.68 15.86 NA 10.7
Total 100 100 100 100

Risk factors for fungemia in hospitalized pts

Risk factor Possible role in infection
Antimicrobial agent* Promote fungal colonization
Corticosteroid Immunosuppression
Chemotherapy* "

Malignancy "

Previous colonization* Translocation across mucosa
Indwelling catheter* Direct vascular access/Contamination
TPN "

Neutropenia* Immunosuppression
Extensive surgery Route of infection,
or burns Direct vascular access
Assisted ventilation Route of infection
Hospitalization, ICU Exposure to pathogens/risk factors
Hemodialysis* Immunosuppression

Malnutrition "
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HA candidemia

Acute leukemia
Leukopenia

Burns
Gl disease Exposure (OR)
Prematurity Antibiotics (1.7)
Catheter (7.2)
Hemodialysis (18)
Candida colonization (10.4) _l
Candida Bloodstream Infection
(5-10/1,000 admissions)
! By Eeacton (- Survive hospitalization(30-50%)
All admissions infection

= Death from Candida BS1(20-50%)

= Death from underlying disease
(10-40%) )

Community-acquired fungal infections

Human host
Inhalation
Ingestion
Traumatic

inoculation
Environment \ Mold
/

- Mold Yeast
[ieast Localized

Colonization
Infection

Dissemination
Hematogenous
Single or multiple organs

_42 .
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Endemic dimorphic pathogens

Blastomyces dermatitidis/
Histoplasma capsulatum

H. capsulatum var duboisii

Paracoccidioides brasiliensis/
H. capsulatum

El
B cocsidioides immitis
=
i

H. capsulatum

Penicillium
marneffei
B

Description of Yeasts

‘l

Unicellular, eukaryotic, budding cells
Reproduction: budding (blastoconidia)
= pseudohyphae

Shape: generally round to oval A

(less often, elongate or irregular) ()
Colonies: smooth & glabrous &

usually white to cream colored

s C. albicans
- similar to Saccharomyces cervisiae
- no sexual cycle / morphologic variationt

‘l

‘l

‘l

aaaaaaa
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Yeasts

Genus Blastoschizomyces
VGenus Candida

Genus Cl/avispora
VGenus Cryptococcus

Genus Dabaryomyces

Genus Dipodascus
VGenus Malassezia

Genus Pichia

Genus Rhodotorula

Genus Saccharomyces

Genus Sporobolomyces
VGenus Trichosporon

Selection of clinical specimens

for recovery of yeasts

Candida so. | TN | pae e | ape

Blood (@] @) O
Brain & CSF O O

Bone marrow &) O

Catheter (@] O
Eye (@] O

Respiratory sites @) @] O
Skin, mucous memb. O © (@]
Urine O @) (@]
Mul. systemic sites @) @] @]
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Candida genus

s« Approximately 200 species of ‘yeast-like
fungi
= 20 Candida spp. have been associated
causing infection in humans

& Highly heterogenic group
= Biochemistry
= Morphology
» Genetic composition
» Ability to instigate human infection

Routes of transmission of Candida spp.

¢« Predominant source: patient him or herself
= Gl tract
overgrowth of No. of yeast
loss of the integrity of the Gl mucosa
Bloodstream
- IV catheter, Respiratory tr, GU tr

¢« Exogenous transmission
- contaminated materials (IV catheter,
pressure-monitoring devices)
- staff — pts, pts — pts
; burn, geriatric, hematology, intensive
care, transplantation unit

& Neonates: from the maternal vagina
hands of the hospital personnel

- 45 -
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Candida infections of the skin & nails

¢ Invasive infections of the fingernails
= C. albicans, C. parapsilosis

¢ Chronic swelling & inflammation of the
nailfold
- C. albicans

« A manifestation of hematogenous
candidiasis
: diagnostic value in neutropenic pts.

¢« Cutaneous infection: immunocompromised
& premature neonates

Candida spp. can be found as commensals
- Gl tract
» Vagina & urethra
= Skin
= Fingernails

Prevalence of Candida spp. in the mouth

= Infants 5%
« Middle aged 40%
- AIDS 80%

« Terminal Cancer 80%

_46 -
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Isolation of Candida spp.

¢« Significant
: Blood, CSF, pleural,
peritoneal & ascitic fluid
& Often significant
: Urine
+« Seldom significant
: Sputum, stool

List of Candida species

% Species commonly implicated in human infections

C. albicans « C. guilliermondii
C. glabrata « C. krusei
C. parapsilosis = C. lusitaniae

C. tropicalis

% Species uncommonly implicated in human infections

C. dubliniensis - C. kefyr

C. famata -~ C. lipolytica
C. haemulonii = C. pelliculosa
C. inconspicua - C. utilis

_47 .
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Species distribution of Candida and other yeast isolates by year in South Korea

2001 2002 2003 2004 2005 2006 2007
Organism
N % N % N % N % N % N % N %

Candida spp.

C. albicans 426 588 89.36 914 86.64 687 81.40 473 70.28 766 68.09 671

C. glabrata 5 8 15 228 29 275 39 462 41 609 48 427 20

C. tropicalis 8 175 26 395 38 360 36 427 49 728 81 720 33 .

C. parapsilosis 8 175 22 334 57 540 58 687 41 609 74 658 40 470

C. guilliermondii 1 022 6 057 2 024 2 030 7 062 2 020

C. krusei 2 030 3 028 2 024 4 059 7 062 1 010

C. lusitaniae 3 036 2 030 3 027 3 040

C. pelliculosa 1 015 2 019 2 024 4 059

C. famata 2 044 1 010

C. dubliniensis 2 018

C. haemulonii 1 009

Other Candida spp. 2 030 3 027
C. neoformans 1 009 3 036 17 253 10 089 4 050
Trichosporon spp.

T. beigeliifcutaneum 6 132 1 015 2 030 3 027

T. asahii 1012 1009 1 010

T. inkin 1 009

T. mucoides 1 009

Other Trichosporon spp. 5 059 2 018 2 020
Rhodotorula spp. 1 012 1 015 1 009
Saccharomyces spp. 1012 3 027
Pichia spp. 1 015 6 053
Other yeasts 1 015 5 047 4 047 36 535 105 933 56 6.60
Total 456 658 1,056 844 673 1125 854

Korean J Lab Med 2010;30:364-372

Diagnosis of fungal infection

¢ Clinical Sx. & Sign
« Lab. Dx.

stopathologic
tests

Microbiolog
tests

aging
procedures
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Laboratory Dx of invasive fungal infections

Conventional microbiologic

1. Direct microscopy (Gram,...)
Culture

Identification

2
3
4. Susceptibility testing

Histopathologic

(H&E PAS,..)

3 In situ hybridization

1 Conventional microscopy

2. Direct immunofluorescence

Immunologic

1. Cryptococcal Ag test
2. Histoplasma Ag test
3. Galactomannan test
4. Mannan test

3

—~—

e

Molecular

Biochemical
1. Metabolites (D-arabinitol)
2. Cell wall components

1. Direct detection
2. Identification
3. Strain typing

@ 100 um(0.1 m

“

0

Bacteria
0.1-5um

m) »

%
RBC 6-8 um
Candida’

o

NEnelelepyOotines com
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Incubation & Examination

4 Incubated at 30C for mini. of 4 weeks
Exam. : daily for first 7 days
- at least twice/week

& Specimens from genital sites or mucosal
surface (for Candida spp.)

- discarded after 7 days

& H. capsulatumor B. dermatitidis
-+ 6 to 8 weeks of incubation

Direct exam. of specimens

: Stain (Gram, calcofluor white,---)
KOH, India ink prep.

size & shape

morphology of the bud attachment site
number of buds

presence or absence of a capsule
thickness of the cell wall

presence of pseudohyphae

presence of arthroconidia
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e @

e e e

e

Potassium hydroxide (KOH)

Wet mount prepared in a 10 to 30% KOH

To distinguish fungi in mucoid secretions or
in skin, hair, or nail

Gentle warming = speed

Dimethyl sulfoxide = to facilitate clearing
Bubbles: confused with yeast cells

Round & oval objects lacking buds

: erroneously identified as yeasts

Cotton swab: resemble hyphae = no use
Calcofluor white stain

Stains (Gram, Pap, PAS)

8 ? 3
. &
G o ‘3 s i
5 5 :
e R
S -
- 4 .
R S ™
Dark blue, dense staining of Yeasts and pseudophyphae
yeasts (Gram stain, x1000) (Papanicolaou stain, x1000)
d Nao?”
f '.‘ =

¥

L4
20.0&’
B 4 9 PAS stain

-




A| 102} Workshop ©

@ ol oj 3

Identification of Candida

» Macroscopic characteristics
» Microscopic characteristics
v Germ tube test

s Chromogenic agars

v Commercially available kits
: automated & semiautomated
systems

v Molecular test

Macroscopic characteristics

% Most yeasts grow well on common media

- exception: Malassezia spp.

s 30C (yeasts to grow at 37C)
« Usually detected in 48-72 hr
s Colony

- if mucoid = C. neoformans?
(heavily encapsulated yeasts give a very
moist, mucoid appearance)
= if not mucoid = Candida spp.?
- spiking on BAP = C. a/bicans

.52
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¢ Spiking on BAP

: Colonlal morphology of C. a/b/cans
known as ‘spiking’ on a BAP in 5% CO,
after 24 h incubation

Microscopic characteristics

Organism Pseudoh True Blastoc Arthroco Annello Chlamyd Ascosp

yphae hyphae onidia nidia conidia ospores ores
B. capitus (o] o [} o
C. albi C. dubliniensi: o (o} o} [o)
Other Candida spp. o o (o] [e]
Cryptococcus spp. (o]
Geotrichum spp. o o]
Pichia spp. [o] (o] [o]
Rhodotorula spp. o
Saccharomyces spp. o o o
Trichosporon spp. o o (o} [e]
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Cornmeal tween 80 agar
: Chlamydospore

C. albicans C. dubliniensis

Germ tube test

& Serum (human, rabbit, FBS) + yeast colony
— incubate (37C), 2-3 h

C. albicans

C. dubliniensis

s False (+): C. tropicalis
+« False (-): heavy inoculum, bacteria(+)

.54 .
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CHROMagar Candida

C. alb C. kru
C.dub C. gla C. guil C. lusi
C. trop C. para

C. dubliniensis C. krusei

Colonies of different species of Candida after growing
for 48 h at 37° C in CHROMagar Candida medium
supplemented with Pal's agar (JCM 2006;43:5768-70)
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Commercially available kits

« For multiple genera

- Vitek-Yeast Biochemical Card

» Microbila Identification System (MIDI)
* Microscan Rapid Yeast ID

- APl 20C AUX

- API ID 32C

- Vitek2 ID-YSD

* Quantum Il

- Mass Spec and MALDI-TOF

ey o vy ormeEm rErworeNeeusss e
I S o o e
ID 32 C (bioMerieux)
PE——— ' ' TR
Werscooooor 20000 | 8
NN (s% oMA. 8 c o E
© 0_.»\ el -
R O see

e o P - | : | s
3 AT {6 Bt T R A B ol
E) = e e N o
Autres testal Other tests! Welters Testa/ Altri tosts/ Otros tests < ‘Courtesy of -
The Ger Kaminski Medical Mycology Library-
Produced by: David Ellis and Roland Hermanis| -
Copyright 2003 Doctorfungus Cor

BIO MERIEUX SA 169280 Marcy =
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Vitek YBC (bioMerieux)

MALDI-TOF

Matrix-Assisted Laser Desorption lonization-Time of Flight Mass Spectrometry

10
20
30
@ Sample culture 40

m
°
0000080000v
00000800000
ooooooooom.
00000000000
0000000000
000000%G000-
0000000000
000000000 0%
0000000000
i

00000000
000000600 O0m

(3) MALDI-TOF/MS
sample plate

@ Matrix

Clinical Microbiology Reviews, 2013
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1.00
MS Detector
(Mass to charge (m/z) ratio)
0.50
Neutral field
(Drift) TOF 0.00
513 1013 1123
MS Profile
(match to database)
Electrostatic tield
(Acceleration) 33 g' 356454
© oo 000 o0o0o0
o \ °
4+ S ooNlssanse bt &
as syt e 3 ;
i S A Protein and Matrix
1006000000000
0000600000000
WO 0 0 000000000

Clinical Microbiology Reviews, 2013

sloMERIEUX
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Molecular biology based
identification

(A) Set A (B) Set B

Species-specific DNA amplifications by multiplex PCR
in clinical isolates of Candida spp. Lane M, molecular
size marker; Lane 1 (323 bp), C. a/bicans;, Lane 2 (608
bp), C. gfabrata Lane 3 (379 bp), C. krusei, Lane 4 (323
bp and 608 bp), C. a/bicans and C. gfabrata; Lane 5 (507
bp), C. guiltiermondii; Lane 6 (603 bp), C. fropicalis;
Lane 7 (419 bp), C. parapsifosis; Lane 8 (194 bp), C.
fusitaniae. (KJCM 2006;9:119)

Performance of molecular assays

Molecular assay or Commercially ~ DNA extraction ~ Candida species 9% Sensitivity* % Specificity*
format available procedure detected

PCR with probe detection  No Manual Major Candida species 100 98-100
Seminested/nested PCR ~ No Manual Major Candida species 100 98-100
Multiplex PCR No Manual Major Candida species 75 97
Real-time PCR No Manual Major Candida species 91-100 97-100
SeptiFast Yes Automated Five Candida species 90 97

*Cumulative values for sensitivity and specificity are based on several published studies

Indian J Med Microbiol 2013

-59 .



@ o[ a3

A| 102} Workshop ©

C. albicans

iniensis

C. dub/
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Case Report ANNALS OF

Inica icrobiology

s W LABORATORY
://dX.dOL1.0r} & ‘alm.. o e

|55: 2234-3806 eISSN 2234-3814 M E D I CI N E

The First Korean Case of Candidemia due to Candida
dubliniensis

Nae Yu, M.D., Hye Ryoun Kim, M.D., and Mi-Kyung Lee, M.D.

Department of Laboratory Medicine, Chung-Ang University College of Medicine, Seoul, Korea
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C. tropicalis

C. parapsilosis
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C. krusei

C. guiiliermondii
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C. lusitaniae

History of antifungal development

ix discovered Wooley discovers Miconazole and
and first C. immitis first azole Clotrimazole
cases in US. reported benzimidazole introduced
Amphotericin Itraconazole Micafungin
Gruby and Remak 2 I ntraceced
discover tinea favosa Z Amphotericin Ketoconazole AmBisome
in hu:m raportold inUS. B dborvnd inmlkmd htmlluud
1837 1896 1918 1944 1955 1960 1969 1981 1992 1997
NEIEd] (e S ) I Rt [ N o i )y ] e T
v s | V| T i T L P PR ) o St P Kt O |
1835 1841 19|N 1908 123 19|30 1950 19|57 1954 19]14 1990 1995 2o|02

Gichrist reports S SoRE = 9 First Echinocandi
Hastomycosis in discovered First used introduced (caspofungin)

humans in US. in humans 4 and

proves Cryptococal Hazen and Brown 5-FC Fluconazole Vlonmmlol i
fungal etiology ingit discover introduced
of thrush reported in US. nystatin
Bassi discowers Darling discovers ABLC Anidulafungin
in i and
silkworms in Panama Posaconazole
introduced

© Elsevier, inc. 2000 Anaissie, McGinnis & Pfaller. Clinical Mycology, 2nd edition.
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and

inhibit glucan synthase

Cell wall synthesis *Polyoxins and nikkomycins: inhibit chitin synthase
il and bind to i
and cause a calcit alteration in
permeability
nystatin, and pi bind to
pm—j Membrane function ] ergosterol %
+Azoles i L)
inhibit Paso 14
Ergostsol synthady 1, (naftifine and
thiocarbamates (tolnaftate): inhibit squalene epoxidase
! i inhibit A4- A7,
AB-isomerase, oxido-squalene cyclase, and
224 methyltransferase
Nuclear '"‘"""nj +@Griseofulvin
- - —
is of RNA and inhibits
e j thymidylate synthetas
Protein synthesis j tBlasticidin and sinefungin
Diflt and inhibit

Metabolic inhibitors "
homoserine dehydrogenase

Mechanisms of action and resistance of major
systemic antifungal agents

Antifungal agent Me: (s) of action Mechanism(s) of resistance

Antimetabolites

Flucytosine Cell death: inhibition of DNAand  Enzymatic modifications:
RNA synthesis cytosine permease (FCy2 gene); cytosine deaminase (FCy7 gene); and
phosphoribosyl transferase (FURT gene)

Fluconazole, itraconazole, ~Perturbation of fungal membrane:

posaconazole and inhibition of ergosterol synthesis by

voriconazole blocking P-450 14-a. demethylase
leads to accumulation of lanosterol

Formation of a defective cell wall
leads to cell rupture (yeasts) or
aberrant hyphal growth (molds):
inhibition of

B-1,3-p-glucan synthesis

Anidulafungin,
caspofungin and
micafungin

Amphotericin B Cell death: intercalation of pores
across the membrane formed by
eight polyene molecules linked to
the ergosterol, through which the
fungal cell leaks cytoplasmic
components (protons and
monovalent cations); oxidative
damage of fungal membrane

Echinocandins

Decreased drug concentration by activation of efflux pumps (CDR, MDR
and atrF genes); decreased affinity to the binding site (ERG77 and
Cyp51A genes); upregulation of target enzyme (ERG17 and

Cyp51A genes)

Bypass pathways (ERG3 gene)

Point mutations (FKS7 and FKS2 genes)

Decreased access to the drug target by altered membrane ergosterol
content, accumulation of other sterols and reduced intercalation (ERG3
gene); decreased oxidative damage by increased catalase activity
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Definition: Resistance

®" Primary (intrinsic) resistance; resistant to a
drug before it encounters the drugs

= Secondary (acquired) resistance; developed
resistance in the presence of drugs

® Microbiologic resistance; inhibited by an
antimicrobial agent concentration higher
than the range seen for wild-type strains

® Clinical resistance; inhibited by a
concentration of an antimicrobial agent that
is associated with a high likelihood of
therapeutic failure

“90-60 rule”

. Arbitrary threshold for defining
clinical response

= Susceptible isolates can be
successfully treated 90% of the time

= Resistant isolates can be
successfully treated 60% of the time

- b6 -
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Azole MIC breakpoints:

orophayngeal candidiasis

Antifungals MIC («g/mL) Interpretation Cured
Fluconazole <8 S 97%
16 - 32 SDD 82%

> 64 R 60%

Itraconazole < 0.125 S 90%
0.25 - 0.5 SDD 63%

> 1.0 R 53%

SDD: susceptible, dose dependent NCCLS M27-A

in Candida

Antifungal Drug Susceptibilities

% CDC, SENTRY, EIEIO, ARTEMIS,..

Flu Itra Vori Caspo| AmpB 5FC

MIC90 %R | MIC90 % R [ MIC90 % R| MIC90 | MIC90 % R| MIC0 % R
C albicans 054 0-38]0.06-05 0-1 10015012 03| 025 | 05-1 5 12 27
C glabrata 16-64 450 | 24 24-53( 051 0 [025-0.5| 05-1 34]012-0.25
C parapsilosis 12 0-15]025-05 0 003 0| 24 |052 0.25-05
C tropicalis 2-64 0-147( 025-1 36-42/006-0.12 0 |0.25-0.5/05-15 216 71
C krusei 64 0-100| 01 3-66| 006 1 4-6 32
C guilliermondii | 16 1 >8
C dubliniensis 16 0.25 05
C lusttaniae 2 025 1
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Antifungal susceptibility testing (AFST)

1. Broth-based method (M27-A3, M38-A2)
Macrobroth dilution
Microbroth dilution
Colorimetric
VITEK-2 system

2. Agar-based method
Agar dilution
E-test
Disk diffusion test (M44-A, M51-P)

3. Flow Cytometry (FCM)
4. Sterol Quantitation (SQM)

CLSI M27-A3: Test procedures

% Broth medium
: RPMI 1640, 0.165 mol/L MOPS, pH 6.9-7.1
% Preparing diluted antifungal agents (2x serial)
: microdilution plate (96 U-shaped wells)
plastic test tubes
GC (growth control) 643216 842 1. 0.125 GC SC
SC (sterility control) 1 . 5 ff{j{y} ;

stored at -70°C for up to 6 months
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CLSI M27-A3: Test procedures

% Inoculum prepararion

1. subcultured onto SDA at 35°C (purity & viability)
2. Candida spp.(24h), C. neoformans (48h)
3. 0.5 McF (1~5X106 cells/mL)

1:1000 dilution (0.5~2.5X10° cells/mL)

% Incubation at 35°C
Candida spp.(24~48h), C. neoformans (70~74h)

CLSI M27-A3: Reading results

% Amount of growth-compared visually with GC
0: optically clear
1: slightly hazy
2: prominent decrease (~50%) in turbidity
3: slight reduction in turbidity
4: no reduction in turbidity

- 69 -
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CLSI M44-A: Disk diffusion of Yeasts

% Mueller-Hinton agar
+ 2% Glucose (fungal growth)
& 0.5 pg/mL Methylene Blue dye (zone edge
definition)

% 0.5 McF standard (1~5X106 cells/mL)

% Reading: after 20-24 hrs of incubation

Vitek 2 Yeast AST card
(bioMerieux, France)

= The first automatic AFST

= More rapid results

= Fliminates the difficulties in reading of
other methods (trailing zone)

= AMB, 5-FC, Fluconazole, Voriconazole,
Caspofungin, Micafungin -
(Oct 2006: licence for Flu) 3 (¥

S

=

-70 -
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Comparison of the Vitek 2 system with the CLSI broth
microdilution, disk diffusion, and sterol quantitation
methods for determining fluconazole susceptibility
against Candida spp.

Isolate Species MIC, p/mlL Zone diameter, mm
BMD-24V BMD-48V BMD-48S SQM Vitek 2 Disk diffusion

1 C. albicans 0.125 64 0.125 <4 s! 28

2 C. albicans 0.25 025 >64 <4 <1 32 .

3 C. albicans 025 8 0.125 <4 <1 2 If the V[tek 2

4 C. albicans 05 64 0.25 <4 4 26

5 C. albicans 2 4 16 <4 4 17 1

p € e ozs : o3 G4 oa w system is used as
7 C. albicans 8 8 64 5.83 8 17 .

§ C alvicans 025 025 >61 < 8 2 a routine test for
5 €. slabrata 16 8 o 6o 4 6

10 C. glabrata 16 16 >64 14.04 4 18 ﬂ |

i e b Ja 40 4 @ uconazole MIC
12 C. tropicalis 05 64 1 <4 <1 28 .

i3 C. tropicalis ! 64 2 1574 4 19 measurement, it
14 C. tropicalis 05 64 1 <4 =1 25 o

15 C. tropicalis >64 >64 025 <4 <1 21 d d
p C albians is s 16 s 16 Is recommenae

17 C. albicans 32 64 64 <4 8 31 i

it ¢ abicam 2 = o that Candida spp.
19 C. albicans 64 64 64 <4 <1 2 MIC .
20 C. glabrata 16 16 16 26.71 8 15 h h
21 C. glabrata 16 32 64 16.07 4 13 W e re t e | S
22 C. glabrata 16 32 32 1933 8 13 b
% & Slabat io o o o® 4 s above 4 pg/mL
24 [+ brata 16 32 2 14.03 4 17 .
25 C. tropicalis 64 64 64 <4 =<1 9 be exa m| ned
26 C. tropicalis 64 >64 >64 <4 <1 24
27 C. albicans 025 64 64 <4 <1 29 H dff
¢ aicans o DY using a different
29 C. albicans 0.25 64 >64 <4 =1 32

% Sl 025 o - < i » method.

31 C. tropicalis 1 64 64 <4 <1 28
ATCC22019 C. parapsilosis 025 025 025 <4 2 27
ATCC6258 C. krusei 16 32 32 22.07 16 8
BMD, broth microdil V. BMD-visual readin 24 h of incubation; BMD-48V, BMD-visual reading after 48 h of incubation;

BMD-485, spectrophotometric reading after 48 h of incubation: SQM. sterol quantitation method; Vitek 2, Vitek 2 system.

Clin Chem Lab Med 2010;48(3)

E-Test (AB Biodisk, Sweden)

= Quantitative agar
diffusion method using
antifungal gradient strips:
direct reading of MICs.

32
2
i
12
8
6
a
3
2

g
Ao

= Available for all
systemic AFST, excellent
alternative to the CLSI
standard.
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Zoom ZoomOut Trace Function Autoscale Annotate Print

Sterol quantitation method (SQM)

| Zoom ZoomOut Trace Function Autoscale Annotate Print

Functions: Scan

Smoothing: None

Functions: Scan

Smoothing: None

2.5000

17

\
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\

2.5000 V '
it
i
) &
A K
i)‘ a\ P
Lbsd \& \ [Abs]
——————
-0.300
0.0
200.0 Uavelength (nm) 3 -0.300
200.0

//

Wavelength C(nm)

300.0

Heating

Flu0 zg/mL

Flu 64 xg/mL

ATCC22019

2 040914.001 & 040914.001
s = MCF 63
38 »&9
3 H
22 H
g 3]
b1 ||'
0 200 400 600 @0 1000 ol 2 3
oy 1 10 Al 10 10
= 040914.002 i 040914.002
5 i MCF 173
T8 29
& £
23 H
g 8z
TG aba sbe a6 1000 S0 1 2 3
! I 10 A 10 10
8 040914.003 & 040914.003
2 i MCF 250
58 289
b ¢
15 32
3z 38
200 400 600 800 1000 o p 2 g
FSCH

Flowcytometry method: PI (Propidium iodide)
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Ex: C. tropicalis

E prrere T 2 prere
< (A)Flu o . (B)Flu1 s (C)Flu2

o8 MCF 107 8 MCF 199 W8 MCF 216
35 gg 32

. 2 ¥

= oamingions 2 oxsgass = oo

¢1(D) Flu 4 s{ (E)Flu 8 =i (F) Flu 16

: MCF 191 P MCF 200 MCF 216

g o8-

o s

g g il i T 3 w e

7 '
e i Afn

o916 097 0409183038

& £
¢/ (G) Flu 32 s (H) Flu 64 M27-A2 (0.5 g /mL)
§ MCF 202 MCF 165 FCM (1 zg /mL)

Flu MIC distribution of 10,803 invasive Candida spp.
using CLSI broth microdilution methods. Data
compiled from Pfaller MA et al, 2010
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& Species-specific CBPs
= more sensitive & specific in detecting
emerging resistance to antifungal agents

Development of breakpoints

< Both CLSI and EUCAST have established
clinical breakpoints (CBPs) for Flu and Vori
versus Candida by taking into account the
MIC distributions, pharmacokinetic (PK)
and pharmacodynamic (PD) parameters,
resistance mechanisms, and clinical
outcomes as they relate to MIC values

s Epidemiologic cutoff values (ECVs)

Interpretive guidelines for in vitro susceptibility

testing of Candidaspp. (CLSI)

o= 7|Z (MIC, pg/mL)

A 2t &
S SDD | R
Fluconazole C. albicans, C. parapsilosis, C. tropicalis =2 4 =8
C. glabrata - =32 =64
C. albicans, C. parapsilosis, C. tropicalis =0.12 0:26~0.5 =1
Voriconazole
C. krusei =05 1 =2
C. albicans, C. tropicalis, C. krusei =025 0.5 =1
Anidulafungin
.g C. glabrata =0.12 0.25 =05
Caspofungin
C. parapsilosis. C. guilliermondii =2 4 =8
C. albicans, C. tropicalis, C. krusei =025 05 =1
Micafungin C. glabrata =006 0.12 =0.256
C. parapsilosis. C. guilliermondii =2 4 =8

S, susceptible; SDD, susceptible-dose dependent; |, intermediate; R, resistant
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Presumptive ID of C. al/bicans

¢ Germ tube test
« Spiking on blood agar plate (BAP)
+« CHROMagar Candida
& Cornmeal tween 80 agar : Chlamydospore
¢ Preformed-enzyme test
- Albistrip
* Murex C. albicans CA50
% Monoclonal Ab
- Bichro-latex albicans
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The Identification of Malassezia Y easts
Yang Won Lee, MD, Ph.D
Department of Dermatology, Konkuk University School of Medicine

Malassezia yeasts are lipophilic fungi that are recovered in 75~98% of healthy adults. The yeasts, since
being first introduced in 1889, have been linked to various skin conditions such as pityriasis versicolor,
seborrheic dermatitis, and Malassezia folliculitis, and most recently, atopic dermatitis. Its pathogenic ability
is drawing attention more than ever as cases of confluent and reticulated papillomatosis and Malassezia
onychomycosis, as well as systemic Malassezia infection in immunocompromised adults and neonates
receiving intravenous fluid replacement have recently been reported.

Conventional studies and identification on Malassezia yeasts have traditionally been based on morphological
and biochemical analyses. However, these methods often have dubious criteria, and environmental factors
and genetic mutations are giving rise to new species. Therefore, new molecular biological methods, which
would overcome these limitations, are now in demand.

The authors have already reported successful identification of Malassezia yeasts using 26S rDNA PCR-
RFLP (polymerase chain reaction-restriction fragment polymorphism). RFLP methods enable us to analyze
the pattern and size of fragmented amplified ribosomal DNA with the use of two restriction enzymes, Hhal,
and BstF1. With these methods, genetic diversity can be examined, and it can be widely used in the rapid
diagnosis and epidemiological study of fungal species because it is rapid, precise and cost-effective. In
addition, the pyrosequencing method, which has recently been brought into the spotlight, enables us to identify
the species with only a 30~40 bp sequence.
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