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Introduction of mycology

Kingdom of fungus

Eukaryotes

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

< Anamorph: =22 HNIUHE, S M A S asexual form of sporulation
% Teleomorph : 2FM NS, R MASH sexual form of sporulation.
nuclear recombination

< Spore: L X}, = Ml sexual propagule; general term

% Conidium(pl. conidia): == M|, =M L X, =4 Xt asexual propagule
+ Microconidia, macroconidia

+» Chlamidoconidium : &9} & Xt

< arthroconidium: & & i X}

% Hypha (pl. hyphae): = Al septate, thread-like fungal element
< Hypha (pl. hyphae) - mycelium (mycelia) = At Xl— thallus & 4} X|— colony & &
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Terminology

o

> Mould (mold) : Ab&ra? filamentous fungi

Yeast : & 2 ¢ unicellular growth form

» Pseudohypha (pl. Pseudohyphae) : A& = At string of budding cells.
No cytoplasmic connection

o,
o

2

2

» Dematiaceous : pigmented in olivaceous or brown colours
Phaeo- : darkly pigmented
Hyalin : colorless

°,
o

o,
o

o,
o

Dermatomycosis : I| 22 & 0|3
Dermatophytosis = tinea : 24 &1,
Onychomycosis : &g &
Tinea unguium ;: =& S8 A
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Taxonomy of fungus

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

Reproduction
* Anamorph - asexual stage

o,

<+ Teleomorph - sexual spore: ascospore: + or —

% T. mentagrophytes
* var. mentagrophytes Arthroderma behamie
* var. interdigitale Arthroderma vanbreuseghemii
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Eurotiales

» Orypense: —————————

Chaetothyriales
Sordariales

phiostomatales

Di S

Xyleriales

Hypocreales

S E
Microascales

Lecanorales

Pezizales
Calicium tricolor

Hemiascomycetes
. Pneumocystis carinii

pombe.

Uredinales

Ascomycota

Basidiomycota

Zygomycota

Chytridiomycota

A. obtusum (M. nanum)
M. prascox
A. persicolor (M. persicolor)
M. duboisii
A. corniculatum (M. anamorph)
A. fulvum (M. fulvum)
A. gypseum (M. gypseum)
A. incurvatum (M. gypseum)
d A. otae (M. canis)

[’

L a. audouinit
A. cajetanum (M. cookei)
II_E A ™.
™.

A
A. grubyi (M. gallinae)
A. gloriae (T. gloriae)

A. uncinatum (T. ajelloi)
A. quadrifidum (T. terrestre)

A. multifidum (C. anamorph)
T. eboreum

A. flavescens (T. flavescens)
T. thuringlense

A. melis

A. ciferrii (T. georgiae)

A. cuniculi (C. anamorph)

C. vespertilium

T. phaseoliforme
A. tuberculatum (C. anamorph)
A. curreyi (C.
Ct. serratus (C.
A. borellii (M. amazonicum)
K

—— 0.01 Substitutionen/Stelle

FEEEEES
< Taxonomy
Ascomycota; Pezizomycotina;

+ Classification

Dermatophytes

Eurotiomycetes; Eurotiomycetidae;
Onygenales; Arthrodermataceae

Anamorph state  Teleomorph state

Trichophyton

A. obtusum (M. nanum)

M. praecox

A. persicolor (M. persicolor)
M. duboisii

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

A. gypseum (M. gypseurn)

A. incurvatum (M. gypseum)

A. otae (M. canis)

L at. audouinii
A. cajetanum (M. cookei)

A. racemosum (M. racemosum)

A.
A. grubyi (M. gallinae)
A. gloriae (T. gloriae)
A. gertleri (T. vanbreuseghemii)
A. lenticularum (T. terrestre)
A. Insingulare (T. terrestre)
A. uncinatum (T. ajeliol)

Microsporum Arthroderma
5 A. quadrifidum (T. terrestre)
Epidermophyton e~
A. flavescens (T. flavescens)
AT, ”th:lllingknu
% Classification by host SR -
» Anthropophilic (black) . vespertiium
+ Zoophilic (red) e "’”’S’:L".i"fé".’.’.".i’.?&"ﬁ:;
el . serratus (C. anamorp|
» Geophilic (green) A_orst . amazonicum)
by Graeser Y (2008) —— 0.01 SubstitationenStelle

-10 -
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T. raubitschekii

Microsporum
persicolor

V

N\
T. mentagrophytes | »~
grophytes | %

T. rubrum
(hyaline)

T. rubrum
(granular)

- T. kanei

(' T. mentagrophytes
(red form)

T.rubrum
var.
rubrum

T. rubrum
(velvety)

4 / \
| T- mentagrophytes '

(velvety) /

/

T. rubrum
(golden form)

T. rubrum
var. nigricans

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.

ENL0ILIS

-11 -
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*anthropophilic; #zoophilic.

Current species classification Former species classification
Teleomorph
species Anamorph species
relationship
Trichophyton mentagrophytes var. in-
terdigitale *
Arthroderma e Trichophyton men'tagrop/)ytes var.
vanbreuseghemii | . e nodulare* (also Trichophyton krajdenii)
. interdigitale™# y
Takashio 1973 Trichophyton mentagrophytes var.
goetzii *
Trichophyton mentagrophytes var.
granulosum #
T
Arthroderma Trichophyton . hopprpian mnanseenip /.7}’ Sl
= sagrarhyse quinckeanum # (also Trichophyton
Ll ozt ad sarkisovii and Trichophyton langeronii)
Arthroderma Trichophyton sp. # Trichophyton mentagrophytes var.
benhamiae granulosum #
Ajello and Trichophyton Trichophyton mentagrophytes var.
Cheng 1967 erinacei # erinacei #

Nenoff P et al, 2007

(=) |_ I_ = HH
SclLictollA &ole s
MN&8 (1976-1995) x =2
Trichophyton(T.)
T. rubrum 81.7 % T. rubrum, T. mentagrophytes
T. mentagrophytes 5.8 % T. tonsurans, T. verrucosum
M_ Canis 57 % T erinacei
T. violaceum
E. floccosum 1.0 % i Saeee
T. verrucosum 0.6 %
M. gypseum 0.2 % Micr/c\)ﬂsporum y
. . canis, M. gypseum
M. ferrugineum 0.04% M. ferrugineum
T. tonsurans 0.03%
T. violaceum Epidermophyton

E. floccosum

-12 -
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o

C. albicans &2t A}

Jp

X4

%A

K/

* T.rubum-S32 &2 M,

Pl

Potato Dextrose Agar-Corn meal-Tween 80

% 198611 ZEOIM M= 4L 0| N
=BI51C}. (<> SDA)

KOH/ZE& % &4

« T. mentagrophytes®| 0t& &

Potato dextrose agar (Oxoid)
Corn mel agar (Difco)
Peptone

Tween 80

==2A
= BaE

20g
20g

6ml

1L

-13-
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S 03 E 2F
* Microconidia - Trichophyton
* Macroconidia- Microsporum, Epidermophyton
* Hyphae
o dMel™ A
* Hair perforation test
* Urease test
» Growth factor requirement

Colony =04 A

>

Xl

Al =S
i B 8§ O
+» Texture
« Smooth, fluffy, granular, suede, velvety
++ Topography
 Flat, raised, heaped
+» Pattern of folding
» Cerebriform, craterform

TS ED TS O

crateriforme cerebriforme plicatile flat

X/

¢

b

Jz 0x

-14 -
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e0l& 44

“ 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 , = AtOl & 24t

Dermatophytes

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

thick walled

spiny surface

Trichophyton rare Numerous skin, hair,
spp. pencil or fusiform 20| 2t SZ= nail
thin walled

smooth surface

Epidermophy numerous not produced skin,
ton spp. boat-shaped nail
thick or thin walled
smooth surface

-15-



WORKSHOP ©

o

+

Contents

Classification of fungi
Identification of dermatophytes
Practice

T. rubrum

o SEEGE slow 14

% Colony & Ef
o H ™ : fluffy, white to buff
o ™ : B2 X T34 >prown, yellow, no-color
o (22 LI HiXl

-16-
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T. rubrum %éiiiiiiii
o0

W

| B B B N R Il E MBI EEENEBEREERENEREE RN B]

» 801&E &4
* Microconidia
* Numerous to rare
» Solitary along hyphae
* tear-shaped
* Macroconidia
* rare; pencil-shaped

narrow
cylindrical

-17 -
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T. mentagrophytes (T.interdigitale)

s 8&=5 : moderate, 7-10

% Colony SlEH : i< Ct
+ zoophilic-2t & & (granular)
« anthropophilic —& £ & (downy), =X & (powdery), = = 024 & (persicolor)
» Powdery form : Radial or concentric fold

b 21 : brown > colorless, vellow, red

~18 -
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T. mentagrophytes (T.interdigitale)

< ¥©01&E 44
» Microconidia :very round, clustered
» Coiled spiral hyphae
» Macroconidia : Jt2Z, thin walled

-19-
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Menoff P et al JDDG 2007)
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3

%

0|8 oA
 coild hyphae,
¢ clusted microconidia

R/
£ %4

Hair perforation test :
» T. mentagrophytes : 28

R
£ %4

Urease test

» T. mentagrophytes : 2t'8

» Bacterially contaminated T. rubrum
» T. raubischeckii

-21 -
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T. tonsurans

% 8 &= % : moderately slow, 122
< Colony & Ef
+ Sulfureum & : &M
» Mahogany-red & : X S0l
=

Ol 3l =2, &8t

» HH® : Mahogany-red

Ol
N

rr

&l

[ s
8

00
i “’;

T. tonsurans

Mahogany red-brown

var. sulfureum

-0 .-
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T. tonsurans

epEl| = A
* Microdonidia : diagnostic
Variable: tear drop, 2=, & Y2, balloon forms
Conidiophore : perpendicular to hyphae
* May spiral coils
“ Physiologic test : thiamine dependent

variable size
and shape

balloon
forms

endothrix

I. -
: t/‘r
‘ { U’/
h . -.Ql‘
, *:-"..’
- '.\ -
-
V .\‘,' \
-

|
il

T. tonsurans ; o (lr)nage Courtesy of M. McGinnis

Copyright ® 2000 Doctorfungus Corporation
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Trichophyton
5 .'.‘
-~
% » ;::.\‘:‘
o Ve N
D
- 4
&~
T. rubrum 7. mentagrophytes /. tonsurans

T. verrucosum

e H8&=5 :very slow; 21-302

« 370N O & Kte&tCh

< Colony SH
+ Small, heaped, button-like> flat
» Texture : glabrous > downy
+ White — gray or yellow
» HHS : various

Image Courtesy of Libero Ajello
Copyright © 2002 Doctorfungus Corporation

-4 -
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T. verrucosum

» A01E 4A

A F 20| Z 9T T} (chlamidoconidia in chain) . .
» Macroconidia : ¥ 112| 2 T

o gt

< Physiologic test : Thiamin, inositol Z 2

On thiamine- and inositol-
enriched agar

S

M. canis

o,
*

v A& =T moderate, 6-102 Of LK
< Colony & EH

o HO: whitish , fluffy, 2tALE =&
o JI&ERXIE| : A HAE A Z TH A LIZ2HCEH
o Hi™ : deep yellow — yellow brown

_25-
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M. canis

» 80|18 44
» Macroconidia : E£6iCt. S& &
* Long, spindle shaped, rough, thick walled
o &=&0Il(knob) 22 Z.
« 60 Ol &S MIE
* Microconidia : a few

7 terminal beak
A thick walls

spores in

masses on hair
U more than

six cells
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M. gypsesum

< &5 moderateley rapid, 62 0|

=]

<+ Colony S El
« HO: flat, spreading, powdery to
granular
» Buff -> tan to cinnamon brown,
=W LR,
* Hi™ : variable

M. gypseum S 0|8 AA

+ Macroconidia: (1L ZE8, E&2 A
« Symmetric, rough, thin walled, 61 OILH2| Al X
- 2822 :rounded <-> pointed M. canis

* Microconidia : usually

-27-
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» 8 &£ % moderately slow, 152 O Lf

< Colony & Ef
+ H M brownish yellow to olive gray or k
* Lumpy and sparse
-> folded, radial groove. velvety
o = = fluffy
* Hi ™ : orange to brownish,
JtZ yellow border
 PleomorphismO| & 2421C}.

_28 -
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E. floccosum

[ s e
L]

Macroconidia:
o HHEF =010l AL
* Smooth, thin walled, club shaped, round ends
« 2-6 Ml XZ; single or clusters

* Microconidia : no

club-shaped

attached
in group

g o " o A
chlamydospores > é
formed O Q
as thallus ages O

E. floccosum;, @AW 7 A

-29.
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Macroconidia

Ll BEE B B B BRI B BN R SR ENEBREERNEENRSERRNN & |

29

Colony A2t

HE M T rubrum

Macroconidia

232M: M. canis = C’GODODDDB M. canis
| E. floccosum -
ALE M. gypseum <[P - gypseum
aD E. floccosum
A8 &5 Microconidia
W=Ct M. gypseum, M. canis P 0 00 o
T. mentagrophytes % P T. rubrum
=Ct E. floccosum, T. tonsurans =

T. rubrum
O =Lt T. verrucosum, T. violaceum
M. ferrugineum, T. schoenleinii

T. mentagrophytes

%ﬁﬁ%% T. tonsurans

=30 -
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Tip

% i X| PDACT

o T. rubrum SE 0 |2l
B3 IS (e = S0 =
% Primary culture )t =2

+*» Wine red & cottony

e T. rubrum >>>T. mentagrophytes
¢ Granular

» T. mentagrophytes vs M. gypseum

+» Clinical information & X

231 -
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Clinical information

%+ Site

« & T. rubrum, T. mentagrophytes
« A= %1l : M. canis, T. tonsurans

s Animal & =

« 1120[, H{ : M. canis, T. mentagrophytes

« A : T. verrucosum

UISXX : T. erinacei

& 2= T. tonsurans
=

el 2=0{

—

3

*

PO H .

=
o
=
i

>

/7

*

Next step

* Atypical strain

* Rare species

* First species in Korea

* New species in the world

«H2HO S

» Special medias,
physiologic test

» Sequencing

* Mating test

7
°o

5 bl
YN ESIN=
« AIZHOI [HE B &t

» Epidemiology

» vkkim3245@konyang.ac.kr

-32-
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Contents

Classification of fungi

|dentification of dermatophytes
Practice

S M XHH

c I SR

* Aseptic technique2 AIEStC

A

= ML

AL QU ROl Y RS LB
BAYAO IR, T X RO 2R
oo or2 I H

LS o= il

-33-
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Sabouraud dextrose agar(SDA), Mycosel agar : & Xt et Ct,spore |
+ Potato dextrose agar (PDA) : conidiation =&l
« Cornmeal with Tween 80 : conidiation =&, T. rubrum2 &2 M

* Dermatophyte test medium (DTM) : phenol red :yellow — red

ol E A 2
=T S-=C

» Christensen urea agar
» Trichophyton agar #1 - #7 (Difco)
+ Takashio medium (Diluted Sabouraud medium) : 1 8 &

Kl Bt= TS =2 AtE =ctH
e MSHSt THEE ALSSHCH
S US 22 20Xl Z=Ch
o M Xl -S28 &S 20, AIHE S &2 (1:2)
2= S=ol ¥t
XILt& 20| &= contamination2] & ©10| & Ct.
< St M2 cye IoheX|m|de
Ui XloF &=l 2 = (80T ) = et
ik 2

< 1= O[LH Ol AFS ST 33Dt XILHH B D[ 8T
02X =5 L=0lH 4CUHA 22

-34 -
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M B8, e

S
« tubeE 2l Ol & AtE St
BRI O S 4 1§ Bt
Xl S = 2 28| HLE 8=0| 2=l AEHS 1| StLt.
Aseptic - Alcohol lamp ?I0IA 2= WUE S Al SHCY.
Cycloheximide € 2 21t 8= 2JtX| BHXIE AFE&HLY.

=88 HE 320t

L
=L

2 HH 2
« 25T 2t 37 COI Al BHFetCh.
« eI

Contamination=S =0|= &4

o e G0N SAIO XS SH0 BH &
% O JH2l tubeOfl HH &
< mite Ml H -LIZEE
% QA= HHXIE AF20HX| =L
» HXIE S [ SJ71E S0 LN E&
HIH X 20 tubeE AL SHLE.
A& B3 S 4RGN
cloheximide, &4 Xl S= &F st Xl AtE

o

X/
4

X/
4

*

®.
E X4

4

% 1. O
ﬂJ|0 N

OEHJEO[IEO

R/

H]
Hy
>
i)
o
ol
J
0
m
fjo
%—I:I
ﬁ
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Pathogen vs contaminant

w0 SA0A SAIO RFSHH B

» 0] JH 2l tubeOl S A0 BHF

AM2t2t2E S0 0] H e

t=3t0 Z2Z0| & H pathogen2 2 THESHLE.

Al 2 5 = h 2leHiE

RY

53

%

X3

*
rc

N
é
Uy

False negative (B 20| Ot &=

>

S St 20 HS [

=2, 2M2MANE S

S HES= Exst 2 UK EF 8, TH2 2
% L& B X

HO
Qé::
[l
=
L

s OFHES B 2top B A
+ 2Ot UX US M : D2, ML

o,
o
Q

ontamination
« BN 0] At A0l BiAl & HE E=0H
s NN 29

-36 -
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Microscopic examination

“ Prepatation
* Hook
» Cellophan tape
» Slide culture

<
3
E=
3 c o
e E 3§ 3
i 7 o 3
9] L & 2 2
0 [ 1%}
€ 3 ¢ 5 3 °
< = 9 O L9 el
2 [¥) % 25 [
5] ° o Y 8 2
o [9] Q o & § €
= N N 3 ax 8-
3 = = ragy
N g 5§ &2 g
3 - % ¥ E0 2
- 7 i

7 7

3

*

Jt& Xl : hyphae
Center : Old conidia, degeneration
=72t : young conidia

Cottony £ <! : conidia H 2| 8{Ct.

7
%

X3

%

*.

-37-
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o4 AH

C=) g

Mount

«» Water

+» Lactic acid

+» Cotton blue

+*» Lactophenol cotton blue

S HURNHZ JtEXe 2Sotd &I

2

—

be

A =

Q!

Primary culture

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

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.

HH #80| =& YHL LE = Jl=4H- Pure culture
MW E20| &= EAHQ SEENE 2t UL
HO HHUS & =2 EAMO AAS U=C-HI|MABE
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Ngo| H)| o P&

°,
¢’

HICH BH 2F

o MEAHIX, 16-17 T

o &=0| 2Ol 2Lt 2 & HOl ItsH
e E. floccosum, T. rubrum

= 02 e ) S

n

VI g-TE
—

o AMH B X0l BH Y & E 2 St mineral oil2

v ZEHS YED BZE

* L — O

- 22/HIE T=DMSO0 €S = 55} 80 Tl 22
> HAEA BEIIE OIMH
o SEAX

- EXRN 20 SZAX E WSNHZ LE

HAAN &2

22
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1979
1983
19834
19881
19901

of
b
Opt
:|Z
e
oAt
kL

~ dA

l

19913
1998\
20093

l

l

SEELIES

537318t o] 5
Ferehstan )t s
ojshuba) 25

"] = University of California San Francisco &1l 91
"] = Center for Disease Control & Prevention

il
g 2= CBS Fungal Biodiversity Centre 15~
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Candida®l S8

SYo|CH ZITtH AR et at

ol o 3

1. Introduction of fungal infection
2. Epidemiology of fungal infection
3. Identification of Candida spp.

4. Prevention and control

-41 -
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Fungus
: Properties

« AgiAof d2| B=
« Eukaryotic organism (ZI& ME)
- SHatof| 2foH S2{Mte! St &7|ES Z=C
« Cell wall (M=)
¢ gGE2a(-)
- 55 GUA|
&« Mycology = myco (fungus) + logy (study)

Mold (AlAMR) Yeast (E27)

-

C. albicans

O

Al AlARR(mold) A2 yeast)

TiZel M 71X Helsts| Bf Alahe sl G202 0|4E=SAM 2ol 32|=cH 3 34 381 24y

-42 -
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100 £ m(0.1 mm) »

Bacteria
0.1-54m RBC 6-8 pm
Virus Candida
<0.01 £m
&

IEneielefy Ol e

¢ 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 t
- Use of new & aggressive therapeutic
strategies (Antibiotics, ChemoTx,
Transplantation)
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Nosocomial fungal infections

CDC NNIS (National Nosocomial Infections
Surveillance) System

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

25 20
18 r
01980 w1980
e zu o 16 -
g 2 m 1990
s ® 1990 £l
]
25} 212}
=)
g St
T T o8t
8 2 .
© L
5 2
c 5t e 4
0 L N L 0
sSwi BSI uTi Pmeumonia Burn/Trauma Cardiac High-risk Oncology

surgery nursery

s Epidemiology of sepsis
- 1979-2000: 207% *
- 24,170 nosocomial bloodstream infection
(1995-2002, 49-centers)
: 4th leading cause

1. Coagulase-negative staphylococci 31.3%
2. 5. aureus 20.2%
3. £nterococcus spp. 9.4%
4. Candlida spp. 9.0%
5. £ coli 5.6%
6. Klebsiella spp. 4.8%
7. P. aeruginosa 4.3%
8. Enterobacter spp. 3.9%
9. Serratia spp. 1.7%
10. A. baumannii 1.3%
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Pathogens (1980-1990)

Yeasts(Malassezia & Trichosporon spp.)
Zygomycetes (Rhizopus & Mucor spp.)
Hyalohyphomycetes (Fusarium &

Acremonium spp.)
Phaeohyphomycetes (A/ternaria,
Bipolaris, & Curvularia spp.)

Fungal pathogen Estimated %
Candida albicans 61
Candida glabrata 8
Other Candida spp. 19
Aspergillus spp. 1
Other 11

Species distribution of Candida from cases of
invasive candidiasis (Pfaller, JCM 2005;43:5848)

% of total No. of cases

Species 97-98 1999 2000 2001 2002 2003
C. albicans 73.3 69.8 68.1 65.4 61.4 62.3

C. glabrata 11.0 9.7 9.5 11.1 10.7 12.0
C. tropicalis 4.6 5.3 7.2 7.5 7.4 70

C. parapsilosis 4.2 4.9 5.6 6.9 6.6 T

C. krusei 1.7 2.2 3.2 2.5 2.6 2.7

Others

Total No. 22,533 20,998 11,698 21,804 24,680 33,002
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Cases per 100K population
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1996 1997 1998 1999 2000 2001 2002 2003

o

—m— |nvasive candidiasis —m— |nvasive aspergillosis

© Etsavies, in o 2000 Anaissis, McGinnis & Phaber. Glnical Mycology, 2nd adtion

Incidence of invasive candidiasis and invasive aspergillosis
in the United States, from NHDS, 1996-2003. Data
reproduced from Pfaller and Diekema.

HA candidemia

Acute leukemia

Leukopenia
Burns
Gl disease Exposure (OR)
Prematurity Antibiotics (1.7)
Catheter (7.2)
Hemodialysis (18)
Candida colonization (10.4) ~ |
Candida BSI
(5-10/1,000 admissions)
No Candida 35% 35%
All admissions infection
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Environment
* Mold
* Yeast

Community-acquired fungal infections

Human host
Inhalation
Ingestion
Traumatic

inoculation

.

Mold
Yeast

Localized
Colonization
Infection

F 3

Dissemination
Hematogenous
Single or multiple organs

Histoplasma capsulatum

Coccidioides immitis

H. capsulatum

H. capsulatum

HEEE B

Blastomyces dermatitidis/

Endemic dimorphic pathogens

H. capsulatum var duboisii

|

Paracoccidioides brasiliensis/

. .
o ~ Penicillium

(Y marneffei
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Description of Yeasts

« Unicellular, eukaryotic, budding cells
&« Reproduction: budding (blastoconidia)
= pseudohyphae ' ol
¢ Shape: generally round to oval f_%
(less often, elongate or irregular) \O==°

======
s
el

¢ Colonies: smooth & glabrous
usually white to cream colored
% ldentification
: macroscopic & microscopic features

+ biochemical tests + ---

Yeasts

Genus Blastoschizomyces
VGenus Candida

Genus Clavispora
VGenus Cryptococcus

Genus Dabaryomyces

Genus Dipodascus
VGenus Malassezia

Genus Pichia

Genus Rhodotorula

Genus Saccharomyces

Genus Sporobolomyces
VGenus Trichosporon
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Selection of clinical specimens

for recovery of yeasts

Candida spp. g;oformans gl:l;f.sssezis :;J:hospomn

Blood 0 @] @] @)
Brain & CSF @] 0

Bone marrow 0 @]

Catheter @] O 0
Eye (@] @]

Respiratory sites (@] @] @)
Skin, mucous memb. @] @] O O
Urine O @] o
Mul. systemic sites (@] @] O

e e e e e 0 e @

In the genus Candida
(Almost 200 species)

HOHHHOHOHOH06H

Anamorph (S 4/44])

albicans
glabrata
tropicalis
parapsilosis
krusei
guilliermondii
lusitaniae
dubliniensis

Telemorph (S AIAHAL

None

None

None

None

Issatchenkia orientalis
Pichia guilliermondii, P. ohmeri
Clavispora lusitaniae
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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. parapsiolosis « 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
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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 %
Candidia spp.
C. albicans 426 93.42 588 89.36 914 86.64 687 81.40 473 70.28 Te6 68.09 671 78.60
C. glabrata 5 110 15 228 29 275 39 482 41 809 48 427 40 470
C. tropicalis 8 175 26 395 38 360 36 427 49 7.28 81 720 3 390
C. parapsilosis 8 175 22 334 57 540 58 687 41 809 74 658 40 470
C. guilliermondii 1 022 6 057 2 024 2 030 7 062 2 020
C. krussi 2 030 3 028 2 024 4 059 7 082 1 010
C. lusitaniae 3 036 2 030 3 ozr 3 040
C. pelliculosa 1 015 2 019 2 024 4 059
C. famata 2 044 0.10
C. dubliniensis 2 018
C. haemuionii 1 009
Other Candida spp. 2 030 3 oz7
C. neoformans 1 009 3 036 17 253 10 089 4 050
Trichosporon spp.
T. beigelijcutaneum 6 132 1 015 2 030 3 ozr
T. asahii 1 012 1 009 1 010
T. inkirt 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. 1 012 3 oz7
Pichia spp. 1 015 6 053
Other yeasts 1 015 5 047 4 047 36 535 105 933 56 660
Total 456 658 1,055 844 673 1,125 854
Korean J Lab Med 2010;30:364-372

% Candida spp. can be found as commensals

Gl tract

Vagina & urethra
« Skin

Fingernails

% Prevalence of Candida spp. in the mouth
5%

40%

80%

80%

» Infants

» Middle aged

« AIDS

« Terminal Cancer
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Candida infections : diverse

- Oropharyngeal infection &8
« Esphagitis ~d

« Lower GI infection 2
= Vulvoviginal infection g
- Infections of the skin & nails

« Cutaneous congenital candidiasis

» Chronic mucocutaneous candidiasis

« UTI

« Pneumonia, Endocarditis, pericarditis
» CNS infection

« Ocular infection

« Bone & joint infection

« Hematogenous infection

Routes of transmission of Candida spp.

& Patient him or herself: predominant source
- Gl tract
overgrowth of No. of yeast
loss of the integrity of the Gl mucosa
Bloodstream
- |V 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
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Laboratory Dx of invasive fungal infections

Conventional microbiologic Histopathologic

1. Direct microscopy (Gram,...) 1. Conventional microscopy
2. Culture (H&E PAS,..)

3. Identification 2. Direct immunofluorescence
4. Susceptibility testing 3. In situ hybridization

Immunologic

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

Molecular
Biochemical 1. Direct detection
1. Metabolites (D-arabinitol) 2. Identification
2. Cell wall components 3. Strain typing

Direct exam. of specimens

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

- size & shape

- morphology of the bud attachment site
« humber of buds

« presence or absence of a capsule

« thickness of the cell wall

- presence of pseudohyphae

« presence of arthroconidia
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Potassium hydroxide (KOH)

¢ Wet mount prepared ina 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

e e e e e

&

Identification of Candida

% Macroscopic characteristics
% Microscopic characteristics
s Germ tube test

¢ Chromogenic agars
« Commercially available kits
: automated & semiautomated
systems
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Macroscopic characteristics

¢ Most yeasts grow well on common media
- exception: Malassezia spp.
&% 30T (yeasts to grow at 377C)
¢ Usually detected in 48-72 hr
¢ Colony
 if mucoid = C. neoformans?
(heavily encapsulated yeasts give a very
moist, mucoid appearance)
* if not mucoid = Candida spp.?
- spiking on BAP = C. albicans

& Spiking on BAP

: Colonial morphology of C. albicans
known as ‘spiking’ on a BAP in 5% CO,
after 24 h incubation
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Microscopic characteristics
B. capitus o] (o] o (o]
C. albicans/C. dubliniensis (o} o] o (o]
Other Candida spp. (o] (o] (o] (o]
Cryptococcls spp. o
Geolrichum spp. o] (o]
Pichia spp. o] (o] [o]
Rhodotorula spp. o]
Saccharomyces spp. o] (o] (o]
Trichosporon spp. (o] (o] o o

Cornmeal tween 80 agar
: Chlamydospore

C. albicans C. dubliniensis
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Germ tube test

¢« Serum (human, rabbit, FBS) + yeast colony
— incubate (37TC), 2-3 h

C. albicans C. dubliniensis

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

Chromogenic agars

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

C. trop
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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)

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 ||

» Mass Spec and MALDI-TOF
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APl 20C test

"
B s Lo e i o e g i A 1
O | e o g = e e e v
] - “ . ot el e N e N S -

a. o awu G 266G ARA X ADD KLY QAL INO BOA MDG NAG GEL LAC MAL SAC TAE WMZ  Rar
c

Temps dincubation
Time 24 st O
Inkubationszelt 48 st O

Autres 163t Other lests! Waitere Testa! Altr tests/ Otros fests o
The
Prod; by: David
ht © 2003 Doctorfu

BIO MERIEUX SA 1 69280 Morcy | Elode / Frand

Vitek YBC (bioMerieux)
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Mass Spec & MALDI-TOF

Fungi and mycobacteria:
On-target extraction
with 25% formic acid

addition of
1.0 «L matrix solution

@
4 \ direct solvent evaporation
\/ —_ ix at room temperature

Target slide \

e

/ automated
/ . MS analysis
VITEK VIS

Molecular biology based
identification

1 2 3 4 5 6 7 8

(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. albicans; Lane 2 (608
bp), C. glabrata; Lane 3 (379 bp), C. krusei; Lane 4 (323
bp and 608 bp), C. albicans and C. glabrata; Lane 5 (507
bp), C. guilliermondii; Lane 6 (603 bp), C. tropicalis;
Lane 7 (419 bp), C. parapsilosis; Lane 8 (194 bp), C.
lusitaniae. (KJCM 2006;9:119)
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Scheme for identification of yeasts

Colony color
v v
Salmon or red White, cream, or tan
v v
Rhodotorula, India ink stain
Sporobolomyces spp.

-capsule, + or -pseudohyphae +capsule, -pseudohyphae

Hyphae, arthroconidia Urease test

g e l

+ -

J 4 Cryptococcus spp.
Trichosporonspp.  Germ tube test

Blastoschizomyces — _ ™ +

C. albicans

Identity & Jubliniensis

Presumptive ID of C. albicans

¢ 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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C. albicans

liniensis

C. dub
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C. glabrata

C. tropicalis
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C. parapsilosis

C. krusei
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C. guiiliermondii

C. lusitaniae
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