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(1) ¢ & :

e WA R A Rk AN ER A A

Dul

FERFAFLAT 2pAHIVLZE 2 L2 FR 255 - Ex
AT 22 BAMH A R BRL AR A2 AR 25 2 5Bk
ORI AL PR e 0§ R E A T AR ETS E

SRR EL R 2 FRA T AAURFRRL ARG

B fese ™ o o i A F R NP T B LERFE AT
"&£ 7% F#8. %) <1 PCR, PCR-EIA % real-time PCR #jiv > 5 & & B]- K 15

Ly A FEEENALAREA p{f] fluconazole % |+ 44 | 57 PCR-EIA » I #-i%

,J

C'“r

R R AR R R R o AP TRE ¥ fluconazole £

PN

14+ ¢ Candida albicans, Candida dubliniensis, Candida parapsilosis,

Candida tropicalis s 4 £ 7k 7] > ¥ fluconazole » 2 2 $i% |

Candida glabrata » %t fluconazole % 2> & #w% 4 7 Candida krusei %4 %]

Kz sl o ARBPERET EH- Mg > gAaATE
10fg/100ul ™1 o ek 2 REFHKE LR A RHRRES B E

germ tube , Viteck 2 API20C eh2 52 4 it g2 % & & & 100% -

o
ol

A i} BOTTRA DU REL



BAFAFG > APEFENAFEAI AR
PFGE 4 %];# (PFGE-karyotyping * PFGE-Sfil ¥ -BssHII ) ~ rep-PCR -
MLST 2 AFLP A4 3|3 & » & g it 2 3] 3 2 S 10 B L Flaf

# 1 C. albicans &5 ##x°PFGE-BssHII 2 MLST i # < DNA 4] &

’Zﬂ}

=
W4 g H = £ PFGE- Sil> £ & % rep-PCR- #& ¥ £ AFLP- @ PFGE-
karyotyping 28 %] # & X o % & %  RIZ s 3] 3 2 (4 rep-PCR+
PFGE) ¥ #& & & A engrs] 4 o iplt 2 2 397 L N imip M Fjik > 4o
FAP T A A BV RR o @ RN G }?3‘3* bfes i o Rt e
FLEM E PR o 2. 1% PFGE-karyotyping = PFGE- Sil 4 3| = ;2
FHHIVEF LB L AL TR THE - 5587 KIk -
A2 BB R B A BLPE T IR (iR 0 ¥t fluconazole gt X 45 £ o ©
BB EER A5 A R A B AL B0 AT £ A 37 A RS
AT R B WA e F] 2 R s KR TR R R AT
T1EZH s ARt A H o LY EE AT RS B Bt ataE

LERRAEY S ATIFAL  FRERAP 2 BERE FA T b

T A
AT th> 2 %8 58 - KRBT ESCIHE 7] > - B ek

FEISCIHPA - Ko HFAXNRP YT/~ > S L aER? THPF

I SCI# ] -



(2) Abstract:

Keywords : pathogenic fungi, rapid molecular diagnosis, species

identification, molecular typing.

The advent of HIV epidemic in recent years together with the modern
medical practices have resulted in an increase in the size of the population
of immunocomprosed individuals. Consequently, the infections caused by
pathogenic fungi have increased rapidly and become major public health
problem. Rapid and accurate identification of the pathogenic fungi to
species level is critical for timely and proper treatment. Molecular typing is
important in elucidating the transmission route. Both rapid diagnosis and

molecular typing studies are important for consolidating control strategy.

In our previous research work, we have successfully developed rapid
molecular diagnosis methods such as PCR, PCR-EIA and real-time PCR
for rapid species identification of 6 Candida spp. and Cryptococcus
neoformans. As a continuation of our previous effort, we have further
developed a PCR-EIA method to differentiate 7 clinically frequently
encountered Candida spp. based on their resistance characteristics to
fluconazole. 3 set of primers were designed: one set is for fluconazole-

susceptible species including Candida albicans, Candida dubliniensis,

Candida parapsilosis, Candida tropicalis, one set is for Candida glabrata

which developed resistance to fluconazole quite easily, one set is for_

Candida krusei which is innately resitance to fluconazole. Specificty of

this methods were 1009%. Sensitivity was less than 10fg/100ul of the

fungal DNA. The identification results matched results of the phenotypical



identification method employing germ tube, Viteck and API20C methods.
We have also applied these molecular diagnosis methods on blood culture
specimen. The method developed will be beneficial not only for clinical

diagnosis but also for therapy regimen.

Reguarding molecular typing, we have developed 6 molecular typing
methods, including 3 PFGE-based typing methods (PFGE-karyotyping,
PFGE of Sil- and BssHII), rep-PCR, MLST and AFLP methods and
applied these methods to investigate the genetic profiles of Candida
albicans clinical isolates. All these methods were able to identify clonal
related isolates from the same patients. PFGE-BssHII and MLST exhibited
the highest discriminatory power, followed by PFGE-Sil, then by rep-PCR,
then by AFLP, while PFGE-karyotyping demonstrated the lowest
discriminatory power. High discriminatory power can also be achieved
with a combination of typing methods with different typing mechanisms,
such as rep-PCR supplementary to PFGE-based typing methods. The
results also showed that the DNA type of each isolate was patient-specific
and not associated with source of isolation, geographical origin or
antifungal resistance. We have also applied both PFGE-karyotyping and
PFGE-Si I analysis methods to study the molecular epidemiology of
long-term colonization of C. albicans strains from HIV-infected patients.
Clonality analysis demonstrated that isolates from same patient sampled
over a rather long span of time, despite of different susceptibility to
fluconazole and reguardless of colonizing/infecting stage were genetically
closely related. These methods will be compared and the most

discriminatory typing method will be standardized and serve as the tool for



future outbreak investigation and the basis for comparison basis of other
typing methods. The data obtained in this study will also contribute to our
attempt to establish a central genetic database of fungal pathogens and
provide plateform for comparison of domestic as well as international

fungal genotypes.

The publication output of this research is quite fruitful: two papers will
be published in SCI journals, one paper has been submitted to SCI journal,
and one article has been published in Taiwanese peer-reviewed journal,

many manuscripts are in preparation and will be submitted to SCI journals.
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PRAFI L H S AR S o W E R G 6] 0 p 1989 A2 S IR R
Candidaspp. B % BARP w it Lehh e =287 6 4 A3k
F|Candida albicans it i sttt & 3k 7B 50% 2 5 B2 T =R
Iia*pz"] g F Riep B 2 % 4R % SLNNISS 2 @41}% & ) gLt
BT B E?]I“:‘_I}%R;‘ et 22 d 198050 % L v 1 1997 & g =
Ple A HmERPLBEFL "o p R L FoAEREZ TR

EFRY ALFERF LAKF Ji (candidemia) T Bi-F 5 A3~45

FrEREF L Ee o L
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E#pR %=z, ¢ Calbicans A FE B F - &
FHFREFRAKASARMEAIRBAIEE " 2H5EFR
F3t19813 1993 # Fap B A E A& 340 1271 o 21994# > FE
+ z :'H‘}i,%—‘ﬁ ¢4 253=% mé‘_fj&ﬁﬁﬂ,}i IR o N A\ e

162% @AM A 17> & » s e &4 % 5 Candida albicans 50.8% ~
Candida tropicalis 17.6% ~ Candida parapsilosis 11.7% % Candida

glabrata8.2% - # ¢ - C. parapsilosis £2 C.glabrata § %= 7 4-6
el o m ¥ - KEFRATL D0y s bigd = &2 >« 3
49505 xehAEe o B HIHF4 0 2 P AKEE IR

4 E’J’J,_L =12,13

Vf TREEFH R RERREFR AT AP E H R
(morbidity)fes+ = & (mortality) 3" 4p TR oo F - 4L A30-60%2
& o Fusarium, Mucor ¢ i# ) {rAspergillus spp. §g 7] % #7i = e 2> ¥
BRL > &= 521 F2100% "o dopt e = & p 5 a P s

FIRLF AP E OM G BT B AR S s P FRY VL e e

ARBEPELI TR IFEG PR R R E e

. . . . 17 ., 5 )
voriconazole, posaconazole, echinocandin, caspofungin "¢t 7 » i



FFFLEHT FESEFT FFG { 5ER TS DB
FEEFE N F R BELRE fﬁ”«f’”m@mlﬁv ALoE BT
WHERE S SOFETEF DR Y T ELAL BT o B
fme & 5 FR 4T & 3R4AL o p j¥azolesf # 4 £ H fluconazole
Ak B M AT O RE B ooz R @ H bR L pE
At EOEEL - o A HazoleF L 5 B R RE BT
B R AN R B ES i - 1 U S B AR E o
# i) 4ramphotericin B, flucytosine, itraconazole, ravuconazole %
voriconazole¥t # I il Fjerdr Eik B+ § B ¥ 3 k" o 4-Candida
lusitaniae¥t amphotericin B% % & 4 #.2 3* o % fluconazole
Candida krusei 2 & #f > C. glabrataf| # 3 i Candidaj & & &
s 2. C tropicalisz-% % % 2 4 fluconazole L (42 o M FE F
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FALLEAFRE KA D € 51—4::@:}];35@ % 2100-200
8o - HfRF AL IR T 7 ¢ 45 Candida spp. 4-C. albicans, C.
tropicalis, C. parapsilosis, f= C. glabrata r % Cryptococcus
neoformans, Aspergillus spp. , A. fumigatus# A. niger & - ¥ 7 i F &
R A AT E RARF R FR L op R D A G AER P 2 -

B
A P

e

¥ % 2 4c% SDA ~ BHI ~ CHROMagar3s % % %4 ¢ 3 4%
KOH -~ India Ink™ » BL2AI4E 5 1 o AR &2 % PFA ~ AR

,5
P

NG o ¥ ATR Rsensitivity? 43 8 o 24 v 4 TR PE ho ¥
API ID32C (bioMérieux Inc., France) ~ VitekIl ~ Rapidi& B/ ¥ 7 ¥
LHE Rt 80 AR T R E o R A4 AT
RS TR H Y L AR RET . JH2 ¥ LaOEA Bk
Feomampaey Tk - BARE M ERY LA KRG
BPg 5 B 35k 2 (Latex Agglutination, LA) ** ~ 4 % #4302
(Immunodiffusion, ID) ~ f% % & % 5 & (Enzyme immunoassay, EIA)
~ dgE ¥ k4 ¢ (immuno florescence, IF) *° ~ 4% 48 &) 2 (Complement
Fixation, CF)F JE % =z kR & Fefke =7 ~ Ak ~ i
2 40 N BE R blde 1% LA# ip|Cryptoccocus neoformans

FiR o 12 P OSEIAY IR ORI F e Ak F#k ~ 2 41* EIA~ID

£ CFip|blastomycosis, coccidioidomycosis, paracoccidioidomycosis %
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-

histoplasmosis & 2_ 48 + ¥ Mok 1 2 3] (phenotype) =

Leht R R U2 R ARARE - v

L2 R F R R st Fer G Pk R R TR R 2
BT o P R BT WA R B Peid oM R ATR #E%] 2
IR e A pP s BN ET Y - R E R4 F f(polymerase

chain reaction, PCR)# 5 % % ; PCRE 3 P-i# #FWpgik g ¢ 4 - 'w
P2 FATR ™ T i {4 % 38 PCR (nested-PCR)~ £ % #p ;X PCR
(Semi-nested PCRY*1z |\ b & 4313 » 7 } 55 @7 % 3% & - MPCR
fie & f2 % 4% P2 EIAR RFLPH 27 11 2 frpese £ 52 %% p)
L HFC 7 * V42 0 hCandida™ & 0 © § £ PCRHIFITS2 % £
£ % - M molecular beacons#z 4+ #-%_ Candida dubliniensis* 2. <
e oo thaes e Aspergillus spp*?, Candida spp. *****, Cryptococcus
neoformans®, Penicillium marneffei 2 & & chgE ) {4 f%* 7 H0% 2 g
B o Hﬁ%%},%@ 7 ¢ Coccidiodesimmites ~ Histoplasma
capsulatum# Blastomyces dermatitidis=ik 2 it % fé # 5% 373
GenProbe® = # + # o PCRens #74F & R Z | * 2 prPCR ¥ P2
(real-time PCR) > * % # ;p|Pneumocystis carinii** £t *’ ~ C. albicans
C. neoformans’ s /i « * PFPCR i ipli% £ § i (45min-2hr) ~ 5

B - FREZHLITLE R pang BV Ee AR
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B ¥ LB s 2 PCR-EIA® - » % B r/Light-Cycler Real-time
PCRZ p¥ ( ipl 7R - 4 L5 Hm b 2 % 6 5 o 815 22000
#£ 5 p ANotomi* A #3 11 - f& % % Loop-mediated Isothermal
Amplification(LAMP) 37 3] % e 5 15 H e » ;‘g dH R332 R
XA gRB T ERS > T @I F R VA EERBAR
B PP R AR RS RAISE F £ 9 B & I (point-of-care)
RO R A REBE v A TR EREER AN < Rt
£ E2* o p HLAMPAD & 2 =% JISARS™ ~ 9L E A %
WA o iod RO BHE AL A2 FRAR > 2 LAMPO

T~ T S TR 5 R DR

EF RSt R A 0§ S LK L B A
P e AR LR RETHE FHA TR ITS2R
large subunit ribosomal DNA » ¥ # % 2k € & 2 5 - Sugita ¥ ©
gz > - BITSAE S FTHE k&2 5k £ £ ailrichosporon spp. » 3
P24 gt T o Ninet% % B — 1% 28SHipe B 7| k2 Ak 2
7] 7 #&(dermatophytes species) i ¥ & 2 ; ABI= & B3 B 1) 44t
E FPD2 LSUDNA R B 2 p B0 245 B 7 (e S 3 5 d TR
Bt ghagnlfa ] o %A 9 Hlarge subunit ribosomal RNA 2k 7] -

E F BTG o e PUDNACH § - U 2 R B R 2 R
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RYATRAVRNGREAZELRR Ao - ko TSR

AR e el BN & P HEET DS E R Lk
& fAmacro-/microarray # I lab-on-a-chip#Ljise brak = 3 > F]pt % B

Ptk FERROR R AL DNALS| S # 0 27 23w o

C.albicans % W2 A5 A AT RO 2 Fe-H LA 1S

2
=
ER3
3\
¥
|
=
&=
EN
IRy

GBI R AL L o A AR
e BAPT A % F = Fen kst g % “eHIV &% C. albicans
FREZIFAGT B2 P F A CDA+ IERTEPEAE T2 p
T VEATKF R RAAR S B %7 AIDS & HIV-5 4 L4 4F & 1
LB g iR e HIV g 4 BB kG 3 hr FIE TR ¢ & 5
3R RT3 iy A s § v oG Calbicans ## M F ke I,
4o$%r%?*ﬁﬁﬁéwm7WMV@4€ﬁfﬂ%&7

oM EAKER S 121% 29 502 CoalbicansE i ¥ 2

@ 2t albicans H4 3k F & % & CD4 lymphocyte 1T % azole i 42 7
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B > iz i 2t albicans sh & IR FY ok R 4R Z M v g7 C, albicans

. ‘e N 65
RER R Tl AR R B e T

KB FLPIRP R R PR SHE A F LA RER S
et AP R FEPEE TR AR AR R TR 03T
KFT 7 A BT R 4 (exogenous)deik p %;ﬁ% AR BR BB
Ve & B R E F A+ A 2l (molecular typing) e i uiE A
Mo AN IR AR AR A BHRET L
SO B FRNE Y B S R E RR R N L
B o 4o #-4 F) e * %% EcoRI, Hinfl{eMspl iaps > & &£ B %

4] |+ (RELP; restriction fragment length polymorphism)”' 2 RFLP& &

FEFe AR 2t F prC.albicansiF th FF 47 5 B 07 02 3 BiGA TR R 2D

SHEE U o R LR E T T B B e g u] £ T

B EK R A % S ok 0 4§ MDNAA 8 % - Pulse-Field Gel
Electrophoresis (PEGE) P % #-Z2 %4 ¢ #DNA ™ *» BL-% 3 L s 4o
Sl ” ~ Smal ~ Notl 2 BssHIT 7Ok fi# 15 » #-5 B ¥ 5% ffrsS 3 i 18 3 4%
BB o B PFGEA F A 7] % 2 AR i % pin g R i Bld
it 2P 4 PFGE@ w4 2 L sl > ML LN REAL
A3 reng £1R% o 2R PFGEL 5 i € 4 (low throughput) ~ % %

TG b7 5 F a8 o » 3R AL T e cPCR-fingerprintingB] & 35
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Randomly amplified polymorphic DNA (RAPD) " & # Aamplified
fragment length polymorphism (AELP)” > = —‘F'T K/ért P RO <
TRABBE 122 En] Atk E AR B o RAPDJI * SE & 51 5 bR
(non-stringent) i 3 tF T T B HF T A AW 0 2 ERE T LELRM
7% o AFLPR I % * = #6 *34|fs (4-ECORIfrMsel)*» 2| DNAt: » £
ERDNAR L Fadaptordb & S DNAF R -3 c B F UL F B
FlE (F51 3 tAPCR > H ¢ — 155013 10 k4R 7 2 BBl - 2o
TR ERBIEAT R > T N5 a3 S A I~ 3R R 0

THE RO P -~ 45 o AFLP2 BEEL ST DNAR M i

Ik

|

® 0 2 AU Fw PCRIF #Fecf AR E F © PR TS 4 178 L
TRILBens + 231 5 > Tk p doit TG PSR S 3 2 A 4K
AL RN AHAL T FHME o BED 0 FF
# 2 § F &3¢ = milti-locus sequence typing (MLST) 7%%' d FT R
P e R S ARG R R B R R R enT o

http://www.mlst.net e MLST /& 32 % 4-416-8 I X 500bp e734F R Jk 7]

(house-keeping genes) T/ > & — £ 3 Ip eh /i 51§ LEF T - 2 eh
alleles - & & fﬁﬁ A ik B gt 3 2 4F 748 Fllocus b allelessnie & % 58
A5 H 4F T 0R 7k 38 (sequence type, ST) 14 %+t g o MLSTE 5 42

TN Y PN R T A HE RS T

16


http://www.mlst.net/

* 332 34C. albicansefa o B A (7 J,%%‘i’ 23F 2 ERL G RIE
2R A D o 1 b Bt 44t dhisequence & B B F A
“73 genome £ i A 74p ¥ 2 drrep-PCR %3 g2 Multilocus microsatellite
genesA TR * A Flle P LB 34 L4

DNA o 444t 3 5 (v #4F & ehsatellite DNA _} fmicro- % minisatellite #7
7% & cIVINTR (variable number of tandem repeats) &« MILVA (multiple-
locus VNTR) 4 3| R4 * k#7533 C. albicanssrg it fr& 33 @ %
B2 g A A1 B pE R A P g odE 3t 0
gm0 TME PRI ERRM S RE A ST ERY > T e B

> ﬁ:tl %J”" ~ &'—ﬁx I \v}ﬂ_g,L b"iif‘f-«- .J\A}|E‘86

S B PR R s S HIVE 4 2 C. albicansi

FR2_ A F S (T )ﬁ?; 7 ORLdR 2 ?‘%LHIV-‘[}% A ERd ﬂ’blé‘“p%]"}%fi’i 4

Fik? B 5o Rm s § AL AR A R Y A ik HIVE 2 5
Lengtkap g™ o ¥ 4 C.albicansti# i bk e S B BV R

Ed iR e T 7 @i A MR L2 % b L
E0HIV; 4 FHRE £ e 7 il o B FRT 7 B4
P REFEIRA 2 R o MEKZE ¥ 2TAEAF A SR e > £t
;»ﬂuconazole/rR}‘HIV%-k Ll WA i OF alblcans;;z]fk 2 A S F

Ao R AHIVER T LA R A & AR SRR
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¥ F L ER R B4R ¢ A 2 fluconazoledid 1177 o 2TAFE -3
e ol G S R R 2 R 0 rF BHIVE
% #+ 4 dfluconazolet i 1 Ftk B f — AR 2 ik o L HHIV
LA PR 4 v vEs 5 AT 0 WRFLPZ RAPDE] 5| 4 47 fr
Mmoo 3 RIS R R E RS L8 ooy
ERFRF#HCDAM R MT 2 B4 > BELFKF T > o355

PRy TR R AR C IR RS A B .

AR F LSRR REWT C FRE L ST A

o=

Ja .

ETINS
Jin

(-) e 2 g AR EER O RS TR L FikeiE
(2 Rt g 7)o % B § 2430 Tok F 2 42 5 iPCR-EIA R

BT TR AT LAMPRE-iE #wE o

(Z) et AL AHEI RB 2RI [ A R A CARNT
ok AlEEE 4 o R AP AT R (Blcin
Bl ~p R 2B A FRPRER) VIR RS
AF TR MERfRE D 2O ERY LIPS BE

Frr A % «C. albicansyiA th2. 3] %] o

(

Iy

)~ et L AR A B 0 43R A HIVE & C. albicansz & 5 it
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“r4 B PCR-EIAP-# 22 2 % Z i § 2050 F 2 ok 24

SRR S BT FRRABREFTILE H L ARG R

AR o B A AN T A M 2L FR R o AT

FAE > 2 RERM 2 REEFR A RDT oo
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I LR X

() ARk kRz %

Candida albicans ATCC14053, Candida glabrata ATCC2001, Candida

krusei ATCC6258, Candida parapsilosis ATCC20515, Candida parapsilosis

ATC(C22019, Candida tropicalis ATCC750 #2 Fthd &« Frems 2 F vk

& ; Candida guilliermondii BCRC21559 1% %# Ftad = = %Hi,]‘s EEA KR

o TRA AR R RFLFALREA AL AARMES 247 I5p 36
IS PR 22 FF Rtk 2 TRE FR SRS FRELS - DERL R
(Taiwan Surveillance of Antimicrobial Resistance of Yeasts I, TSARY I) - * — $x
Tk Atke 7 ehF 3 fluconazol FLE iRl ~ # 3 Kiffed LR PINEA
HoBe RFABRPRS T LR FARBERARE R FRE AT
L2 5Bmpp%d T AP RS E R EP - RS & EK - Calbicans 4
# & fluconazol #1212 MICs B|3# * microdilution broth 7 ;% » 335 NCCLS

22 % M27-A"

wAE A S R # 7 53 TRAk 12 Coalbicans (B F L A T ) o
H P 42 4 TRA Btk k B TSARY 135 % fc 8 s the #17 11 $24 424k CDC-
F003000393~ CDC-F003000396, CDC-F003000399~ CDC-F003000402,
CDC-F003000418~ CDC-F003000420) » % # 2001 # X 2002 & » jijr - B

Fheeh3 @ dpR Ao 4 T EY A s R

4 PFGE-Electrokaryotyping # PFGE-$l 4834 & p HIV j% 4 & 3k fF=ha
+ o i Ferig * v 21 ki C. albicans itk (CDC- F003000393~
CDC-F003000396, CDC-F003000399~ CDC-F003000402, CDC-F003000418~
CDC-F003000420) (pFtr#ridssl £ 4 ) & & 2001 # 2 2002 & & » j& e -

B B3 o Ao 4 (O < #1-#3) T 99 & 3k o AP g 2
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PR SRS ARFREAPTLPEFOTEHVE AL - ek AR
B RS daiEds s 1u] s BT h CDAT M T ThikcD 2 BT EE RE
Waopd i R AT FREUIE L v RA T FAR AR S F o S

O

P fé o #UGE 3 = HIV B s WHke e blr 2t e b ie

=

Bz & o o A #1 fo#2 A )Pt 1999, 2001, o 2002 £ H ik o g 4 #3 Rl
2001 fr 2002 & $i46 o & £ 4RI 0P Wbz hEE F G- H A

j -

"2 rep-PCR #£31 % p HIV g5 ¢ ATk Fha 3 ik (T 8 50 * 0 91 thie
A C. albicans Ftk (45 k% § HIV g5 ¢ 2 46 th & p 2L HIV 5 £ ) (s

PR A4) e

3B MLST 4 4|3 2 £ 3+ * 28 $k C. albicans &4 Fjthir 2 i ¥ F
BRABRFEFL LA AN ) B Y O RTEAFHRT A A 2385 - 2¢ 27 $
1999 = 2002 # A3 = HIV g 4 ko 324 3 $5(CDC-F003000393,
CDC-F003000397, CDC-F003000402, CDC-F003000404, CDC-F003000406,
CDC-F003000416, CDC-F003000419) : % = f2.& § 6 $hj€2-HIV s 4 k¢
Tehthe %2 ¢ 7 15 $hk TSARY 3+ & €. > % Fgl‘mvlzﬁ: EtR o T F - HIR

;ﬁ;}a_{blﬁ'ﬁ’» ’H\IJ‘%F]’H& FINQIS’]‘%\E:]’]‘%\F'&%;/ﬁfﬁﬁlﬁgrﬁgﬁ”*ﬁ?ﬁ%°

# B AFLP ~ 3] 3 2 23+ * 56tk C.albicans f&/4 Fk{rxx R4 7
WOABEHEL L xx) B ¢ 28 HRIpA T A A 53815 - 28 77 #
1999 f= 2002 # R j&_3 = HIV Ji & % T 534 3 4k (CDC-F003000393,
CDC-F003000397, CDC-F003000402, CDC-F003000404, CDC-F003000406,
CDC-F003000416, CDC-F003000419) 5 % = & & 6 gL HIV 5 4 ke
T the % = 2 7 15 $A TSARY 3 H /82 4 Flefcfh ihfaph > o 2 je b ps
Eo HIRE Ao R A FR O e 15 BRAKRE SR 2 M
® o
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(2) AR 32 23248 VT 0

AE* F T ¥ #% Germ-tube assay » &% F #* ¥ * 2 API-32 & VITEK

AN CERTE R S SR

(z )~ DNA ¥ 5B :

(

sl

)

I F A~ 3tk & & * PUREGENE DNA Purification Kit (Gentra,
Minneapolis, Minnesota, USA) % P~ DNA - E [ % Sabouraud dextrose agar SDA
beE 23 2o B BREMAERS L PE FEMICAEETF 2ml PBS & 5-ml
A EFREE N 0 fer 10-15 1 & fEpEF lyticase » ¥ T 37°Ci & o ik 1 13,000
Xg#rs 3 4482 (8 0 E4 L Gk 5 4 » 2ml Cell Lysis Solution » #-'m* 52 %
PR E DA fRn e dv gk o 2t 4o~ ITml F-9 FABKR 0 14 vortex E B i
R 20 F5 5 FF 13,000 x g Fpes 10 A4 o Bt ik de » 100% 3R 5 OAE
DNA itk 5 12 70%FpF i is > b §c# 14 501 of DNA Hydration Solution
L DNA -k < %4 &) DNA dr kBt & 3% A260 j £ i £ k& - DNA

o R0T E* -
~ 28 "5 R 7 A & ¥7 (agarose gel electrophoresis ) :

i * 2.0% wt/vol 113§ 73 ¥} 48 (BioWhittaker Molecular Applications: BMA,
Rockland, ME, USA)# fe 1X 0 TBE % % /% (0.1 M Tris, 0.09 M boric acid, 1
mM EDTA [pH 8.4]) 100 & 4F:& {5 3% 1~2 /] B ; & i FplH A5 Syl & 2
100-bp DNA » + EHE B R Pt ® o R AR i 224 05ug
cthidium bromide (EtBr) % & ¥ 4 15 4 45 - #&?{ AR KL LBk 0 & 30

&R o

~PCR 313 2 3%+ ¢

\\?{.r

4 v‘fg@mNCBI EAFIAIE FTREEFM AT e

lmL

= ¥t1s > v/{ }}?']‘7»3 + Z ‘f’—ﬁ&%ﬁf‘l“’
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(™)

PCR # t5 :

H sl @ * 4% tDNA L E fF] pan-fungal £ f8 % & - #2351+ < PCR
FREFMSS0ul M 7 1l #p DNA>25 112 X PCR # fi=% ( MBI Fermentas
2X PCR Master Mix) > 0.5 uM & 8313 » H At FA-KiR 3 o 3 tga~ 4o %1%
Fs 94C 5 A 4R R 0 35 % IR IF i 94C 30 #j—Akir S8°C 30 #
>NRC 1 »&F L F B 265 2C 100 &R 6L F R -PCRIFE
¢ * PTC-200MJ research o :2#| @ & & & > 4235F %95 Kwok % Higuchi

T R R S

* PFGE-% ¢ #i& 4 :

ABFAE T ESDAR AR > B3 3TCR A KB B 2B FEDR
3w g% % ¢ (cell suspension buffer) (100mM Tris-HCI, pH 8.0; 100
mM EDTA, pH 8.0 )> | 2 F& )k & 0.D.600 & % 1.5-4&:F 3000g 3~ 5 4 4>
Bod bFR ts 4~ 500p dwvE R R R 0 o4~ 100ul e R fREE

(lyticase ) ( Sigma, 1250 unit/ml in 50% glycerol §= 0.01 M N3PO4 ) > *x ¥ 37
CTF R30 &40 2 18 4~ 600ul 7 1% (w/v) 3 75 (Seakem Gold agarose,
BroWhittaker Molecular Applications )= TE % % ;% ( 10 mM Tris-HCI, pH 8.0,
I mM EDTA,pH8.0) /2 & » £ 3| » @MY » 28 3R NT A &RERH -
B B ey P TR 75 ml dwmre A % A% (100 mM Tris-HCI, pH 8.0,
0.45 M EDTA, pH 8.0, 1% N- lauroylsarcosine, 1 mg/ml proteinase K ) 350 ml
Hrog? ol S0C-kipHEEF - B (2 % 50°C R Fkiie 15 4
4 > @ 4§a =t g% 50°CTE ¥ fi??;"?};‘,’iri?’-i%t 10 & 48 > & fs3%c ¥ TE ¥ #3 %
FeF o M e P B Fe W4 0 0.8%3 P W2 ~ 0.5x TBE % = (50 mM
Tris, 45 mM Boric acid, 0.5 mM EDTA ) ¥ i * Biometra Rotaphor® ik % & 66

JPER A B £ 8k 60-700 £ 0 & B 120° 0 TR 120-90V o 3§ 7 2k ~
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EtBr 3% ® 4¢ 4 d 15 »4ais » 74 -Kki?%4 - DNA Bl * 1S-1000 # i
%% ¥u(Alpha Innotech Corporation) P& 4p % 4% °
(1) ~ PFGE-Sfil §=-BssHII *4|fs > & K :
B 5 (plug) 7= 2mm B0 ¥ o Sl petr w o) 38 5 B dr e i Y
2z » 2ul BSA (New England BioLabs, Beverly, MA, USA ) £ 200ul2 5% fbr
%% (50mM NaCl, 10mM Tris-HCI1, 10mM MgCI12, ImM DTT) ¢ - 50°C ¥ &

%

1] P e 2 (S8 23 2 2ul BSA ~20 B H e Sl f2 2 22 200ul2 355%
s % ?  S0°CF fis— 8t o BssHIL s w0 o 3% 5 #2745 09 7 5 22 0 200113
8% 4 % (100mM NaCl, 50mM Tris-HCI, 10mM MgCl12, ImM DTT) (New
England BioLabs, Beverly, MA, USA) ® 50 C K & 1 | P o 2 {5 83 & 2 &
3% 4 B H =5 BssHII 2% 22 200ul3 L5 @3 ? » 2% 50CFK - % o
Wi b g e SE 5 2 A B 4F 100.8%3 a2k ~ 0.5x TBE % 7% (50 mM Tris,
45 mM Boric acid, 0.5 mM EDTA ) ¥ Biometra Rotaphor® ik % §4 36 |- ¥ 7. 7% »
H 348 60-700 F5 0 & & 120° > T & 120-90V o T A = {8 > #-3f 7 B2~
Fihite g 2 A 15 st > B FAKIRL - DNA P BRI

IS-1000 # i+ 8% %% 3L (Alpha Innotech Corporation) P& 4p 5 4%, °
() ~ rep-PCR :

DNA % it (=) o Rep-PCR 7 Ji ik 4 3 & ff taig scig * 313 B 7] 4
Ca-21 5’-CATCTGTGGTGGAAAGTTAAC-3’ §r Ca-22 5’-ATAATGCTCAAA-
GGTGGTAAG-3’ (19) » ¥ iR & 4 2= 3 10 mM Tris-HCI (pH=9.0), 50 mM
KCl, 2.5 mM MgCl,, 0.1% Triton X-100, 0.2 mM dNTP mix, 50 pmol 3!+ §= 0.5
B H > ¢ Taq polymerase » ¢ * Tpersonal thermocycler (Biometra) % % it {7
HIEFE G A B REO5°CT Adb 2162 BHI5 9O4CR DNA 141 4
& 42CakR 1 248 T2CH~ 2 ~487 40 B %k > 518 T2CH~ 5~ 4 -

PCR & 4= 7 1.5%3f "% *x » 1 & TBE % =% (Seakem LE agarose, Cambrex )
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¢ o % 100 Vem-1 §5 50 4 48T & o DNA #4535 11 % 100 ] 3000bp
FE > VAT _PCR A4 DNA e+ 0] o R AR (s » B9 3 r 780 ¢ 4z
BiY R d IS ks £ F FHAFREIZ
(+-) ~DNA ¥ E& 47
41 * # %% Bionumerics software version 3.0 ( Applied Maths, Kortrijk,
Belgium) F Ak B4~ 47 o 45 i cfF 4 /T&li%? W ® i DNA P e & o
PR 44 HRie (reference marker) * [ I o ¥ E AT E AL EH D
PERERFFESNED  RETRARTTEE G 0 A R 2 AUk
SRR EE g o Y ARERGEEL Y
REAFRT mEfE>r 2 2 2 DNA PR o3 LB BRI A 1%7 L2
M oEiE Y B2k A 3% i % fRgr 3 2#kc (Dice Coefficient) 2 4 47 5 B4p i B
(SAB): #* & #ic 35 (UPGMA ) it il § e 45 o & A Bikdp 02 B - 3+ 95%
P ks A e
()~ F 4 g
E & A A iE B e 4 4k (discriminatory index, DI) & % 4§ & %
[EXER S (Simpson’s Index) % ' o pli*%k3e 3 B2 4p+ SfEA T~ R e
A > DI fcidek £ 1.0 &7 A8 B RHT R A 5 ApF i DI 5
00> T fAELEFELF- f -
(t=)EIA:
PCR-EIA 33+ 1 % 2515 2 F 45 B 7350 4 — o Bif B 51 3 #ip2 ¥
BB 10yl R4c# 95C,5 Adh» % 8 ¥k » 4~ 200 11 £ hybridization
buffer 4x SSC [1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate], pH 7.0, 0.02
M HEPES, 0.002 M EDTA, {= 0.15% Tween 20 % 10ng 7 ITS3-1%3&7% biotin
B F4F &4 fr 10ng i%3% digoxigenin el B #5445 o iR & 16 B * 37C, 1 /]
oo #1001 3R &% 4 ~ £ AAEM T strepavidin 096 34 % > R T R F
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~350 rpm 35 % 1 -] FF {512 0.01M PBS- Tween 3£+ =x o 3% 4c » 100 1 01 :
1000 % ;ﬁﬁ,—% e11 horseradish peroxidase £ Z_erifw dioxigenin 42 150 U/ml;
Roche > ** 2 BT R & 1 P51 0.0IM PBS-Tween £+ X o B {5 4 »
3,3’, 5,5°-Tetra- methylbenzidine TMB-H202 & & » ¥ & 10 » 455 > ** % & 3+

Quant Universal Microplate Spectrophotometer (Biotek Instruments, INC. USA)

" 650nm B ki (Bl )

BRI B o 1% Higes % 20 C. albicans 33 & 3.0 MacFarland ¥ = %) 3
1106 CFU/mI » $2% 3 #2855 11 1000C £ 5 & 48 o ¥k i P gk s
&7 o % i PCR-AGE 2 PCR-EIA 7 template DNA - # 36 2~ DNA » #-

34 P~ DNA f_Ing 3| 1fg & B # 10 & & 71§ -

(Tt =)~ ¥tgFEEL AR $ AL 47 (amplified fragment length
polymorphism, AFLP)
a UH|ECE UBRL T RL:

B 10" CFU 13 Fj4m*s & 44 B~ DNA » B~ 100ng 1% ¢ 4§ DNA i 4 »
5U &7 EcoRI 4r 1U 7 Msel (New England Biolabs, Beverly, Mass.) **f% %
% % (restriction buffer)p £ {7+ > & R 5 10yl - e F & 37C
TAET 2 BE e MUFIEE R fE 0 P I0ul EE T AL B EATE BE PR §C
4e » &1 0.5ul Ilmg/ml BSA, 1ul 0.5M NaCl, 2 pmol 1 EcoRI # & 3, 20 pmol
of the Msel # & &, 80 U of T4 DNA ligase, 2 pl of a 10X T4 ligase buffer
(United States Biochemical, Cleveland, Ohio) - ¥ 3884 = 20 pl. ## & F B>

37°CTi&f7 2] B o AFLP #7% & F fo3l 3 4o @

BeF A5 7
Adaptor EcoRI adaptor 5'-CTCGTAGACTGCGTACC-3'
3'-CATCTGACGCATGGTTAA-5'
Msel adaptor 5'-GACGATGAGTCCTGAG-3'

3'-CTACTCAGGACTCAT-5'
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Ist PCR Primers ECORI-A 5'-GACTGCGTACCAATTCA-3'

Msel 5'-GATGAGTCCTGAGTAA-3'
2nd PCR Primers JOE-EcoRI-AA JOE -5'-CAATTCAA-3'
Msel-C 5'-GATGAGTCCTGAGTAAC-3'

b. @ & E PCRYré& :EPCR ¢

iR E RR & P ok ﬁr%‘&i B o i * ¢ z AFLP primers, core mix, fv
internal size standard 7 AFLP % ‘% (Applied Biosystems Foster city, CA.) o # &
i# PCR s core sequences = # 7 nucleotide extensions (751 + o PCR 3 t§ ~ &
B S 10 ul po7 2pl 910 B ﬁ?ﬁm %= & F A 47, 0.3ul 17 EcoRI core
sequence, 0.3ul 7 Msel core sequence, f= 7.4ul -3 AFLP amplification core
mix - F & 4 i& {7 PCR 3 t§ (Whatman Biometra T3000 thermocycler
machine) - 3 g8 & % * ¢ 94°C 5Smin, 20 = #5% 5194°C 305 f= 65°C 30's, #

s EF BT72°Clmin R EFHG L F B 72°C %2 10 min ©

B F s IEF BRI @ * ECORI-AA-JOE fr Msel-C 313 (% 2) H
PR R % 1 94°C Smin, 12 =t 5T 1 94°C 30 s fr 65°C 30's, & & Tl ]
' 1°C> s fswt £ F B 72°Clmin - £ EFE £ F B 72°C 1 min - 23
= JE P 94°C 3055, 56°C 30s, frdisat £ F £ 72°C Imine £ B Fhfbut &

F R 72°C 2 10 min °

BirL m*Fi‘ A 2w i d2 P R 0.5ul ehéiE PCR A 37 Tﬁ*“ 10ul 8
&% 5 B &% ¢ 45 1:40 0 GeneScan-500 6-carboxy-X-rhodanine [ROX] labeled
fr deionized formamide i P FRAREE B0 R &R 4 94°C 3 min, e F B T

L L

c. AFLP % B4 3 id ip] 3 Tl A 47
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AFLP # t§ 2 ¥ 11 ABI3100 avant 2 p # TR A FTRA T o T
Bionumerics, %<4 4.0 #x %8 4 7 Bl:%# (Applied Maths) & * Pearson 4p Rl § ¥
AR R BT % & UPGMA kb B3 e s 47 o

(+ 7) ~ multilocus sequence typing, MLST

a. i£ #locr:
i# # > % housekeeping loci # %] 5 CaACCI ~ CaVPS13 ~ CaGLN4 -

CaADPI ~ CaRPN2 %2 CaSYAI(R 7| FMFAL 4= ) @& B locus & *

primer 5 PCR ¥ J&2*x < I 500-700bp 2. ¥ £ »

b. PCR~ &% 25
PCR ¥ x5 # 5 501> 5 % 50ng DNA~# #& primer S0pmol~ 1.25U

Taq DNA polymerase ~ 5 1 =7 10X buffer 2 200 4 M deoxynucleoside
triphosphate - PCR ¥ & % ¢ 5 95°C, 5min denature > # % & {7 30 cycle 93
C, 30S—55C, Imin—72°C, lmin ek & » £ 18 5 72°C, 4min ehk Ji o Z_
B F & * ABI PRISM Big Dye Terminator Cycle Sequencing Ready

Reaction Kit (PE Applied Biosystems) > * &2 4 15 * ABI 3100 avant PE

Applied Biosystems & % o

c. Sequence 4~ #7
#1718 I e sequence i alignment 14 7 &JE {8 BE> Bionumericus 4

1590k ¢ vt OB F R EE SR B T 0 £ b http/www.mlst.net fe xb vt

WL FORE ¢ chie A type o
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A}

i

2 S

(=)~ AN PERET S B EG BTk ¥ A RE D

PCR-EIA#-i¢ % 7 2 #3775 AT LAMPP-i¢ 22 -

a. o A S\:Iﬁ?}%' 2 FE R BN A G
SRFERE TR 2d M AR RBR O RET YT
BB R B R AT RE v £ (14-18

F)e

b. & B F 20Tk F 2 & FPCR-EIAE-# %>

PR BRI TR 2 BB S k- o L
2 B F51F ITS1% ITS1:E FPCR:Z% (R - ) » £ 5 tF

A $ 2 (FEIAF & 0 %% % & 7 95k + ¥luconazole & 7

M enCandida albicans, Candida dubliniensis, Candida

parapsilosis, Candida tropicalissfw & 4 3 7] & $+CFS

(Candida fluconazol susceptible)! + 3 &~ J& » ¥+fluconazole

% & 2 % |+ chCandida glabrata i $+CFM (Candida

fluconazol medium)3 !+ F ¥ & » $Hfluconazolex > £ Fu%

14 enCandida krusei % #+CFR (Candida fluconazol resistant)

33 F R (AZ) ARBERAN IR 28 - Py

100% » & #¢ /& 7 £ 10fg/100ulr T (B =) o 1 Tk A 45
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R(ZZ2)2 2 B 2 HM(E 2 )RRESES » ¥4 germ
tube , Viteck% API20C#2 12 4 v g 2 S % 3 & B

g ko

Zt
¢
#&

1009 o ¢* *F 2 R & R F A T AR

bl defRa & B F k> & C. parapsilosise? C. glabrata 2 C.

glabrata¥r Candida kruse & 7 — ] » C. albicans# C.

glabrata B F = &)(% =) & ¥%3 % 4 > % C. tropicalis

%

C. kruse &

"

BAFERN- bl(Rm) e 2237 BEK
ik B ¥fluconazole # o FLB M 4r 1 F A 0 X i EWR & R
Lo HHEFEP I FHROREE A EEER B

TR LR P E2 5T -

Te b FIL 2 ek TR A 3= 5 LAMP $eig 72 2 7
FE o L E(19-25 F) o k45 H @ LAMP 2 i
A BAET > 2 LAMP £ s DNA &8 % (5 o3z B I 5 &
=R B E g well B F'“-kp;jﬂ "fra g RE P AR
primer 2 @ Tk % AP 2 TN AR A o BEAR T
ikl Tg e | s ® DNA ShE 3 > R ik
primer § * > FHonfr@ iz Lo ¥V UpR DT RS D
7] Candida ip|3# LAMP &7 {714 0 3 Jokiv v g £ 0 ¥ k5%
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(Z)~ ™ A AR RB2REFHZ A F IR ERE R

RN - A AN RPN A S o ;P)P‘:, _zi 2_Hp

.
AT Fd 45 R 4 A g e 53 4k TRk 12 C. albicans 7

& » * PFGE-karyotyping(®] = ) ~ PFGE- Sil (B2 ) ~
PFGE-BssHII (] 7 )2 rep-PCR (Bl = )it i 45 o 94 e 4
R o fEA x4 A 0 &g @i 4 e E PFGE-BssHII 2
PFGE-Sil s & %] 4 11 40 3](DI1=0.995)% 35 4|(DI=0.985) » %
P 7 %F%E’?”J42 R4 3k ? o PFGE-BssHII = ;2 4 41 38 Ao

rep-PCR = ;2 & 11 31 A)(&%] 4 > discriminatory index,

bo

DI=0.983) - PFGE-karyotyping #r‘,ért R%<¢ M ny 788
i DNA # B> 53 4k? R &1 1974 Zulin 4 L
1% (R T ) F b Fleah 42 goa dikiok p b2 i s
o R T o HIV A & Ed s gtk 7§ R/
TR AR s Ak o w fEA F| 2 2 3RF ok = B HIV

A BTl 1 A BAREFR G Z A4 A kA - HIV

ot A MR BRI A R
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AN B AR BRI ST E B

A 3R DNA & 418057 A #5 0 sldekep g Aa 4 2
R R R g A TR B o d AT TR kg
LT R 18 F"*fi‘mmmfi’ FlEtd A e R
R Pa%ﬁf‘%fl_\.* AR A AT B A 7] g F /b s %
Fxmipbd it o 4oBl = ~> B > 42 fluconazol Ffd
(MIC>64pg/ml) i w &4 3] 0855 A 47 7 308 2 R B &
oo L dgsdp = BRR fluconazol %P H HIV

Al BB A FE] o Bpom & B EjIR S DNA A B2 B S
AR e RAETE S MBI s B IR KR, S

fluconazole s+ 5 & B -

. E AEMLSTA 3 &4 3|3 -

2 A MLST A 3] 5 7 & 172844 C. albicansf@ F ik
Fr2tk 4% FIR(R - ) BT 6 A T £ 5 661 § 1L
% (polymorphic sites) » % & Flek F1A| # H9~197% & » %
%P il & AT 5-14%7 £ 0 £ & 4 8448 A T4
(genotypes) (% =) °

1o MLST4-PFGE-BssHII A 7]+ % (4 = )« #5% &30

HRF TR AcAkiz = 8> 2 4 3] o PFGE-BssHII i % 4 )
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27 A3 A 5] > #5554 (D)5 0.900 ; MLST g% + #
B o oA R A 129 B A 7 A) Bl (diploid sequence type,
DST) > #%| 4 (DI) % 0.967 - #MLST~ 4] & Fr - 3] 4 {4
i3 CDC-F002000393 (% p N4F FHIV s  #18)¢ CDC-
F002000393(% p S4F P £ #4) = PRtk 5 &= th
PFGE- BssHIIA 4] 7= B3 b — 4] %) o § 4B Y @ (771 3, e
s #LN4?§5F%E'7"J% po o A oehe SRR A #16:
DOHB86¢040, DOH86{007 2 DOH86044; 55 4 #17:
DOH86d082, DOH86d090 2 DOH86f022) » 4 PFGE-BssHII
A A eh % 3 DOHS6f007 2 DOHS6044( A %] A 3 59
vEfh i & Jhf) Bt {eDOH86d090 2 DOH86f022(4 ] 4
BAEHHFFI2IPFEI)FAREL AR P I HRR S
A & pAn ke A w0 @ DOH86e040( A~ 3t p B % 43 ) B e
DOHB6f007Fr — % 4x4& » 4r/h 7 I A% 5 e
DOHB86d082(4 &t p %) B2 22 DOH86d090K — % s -
d A Mo in N R PRIV L B € i AN
Ao R E = FHIVE L 0F RO ¢ #1:CDC-
F002000393-CDC- F002000397; 5 * #2:CDC-

F002000402, CDC-F0020004041-CDC-F002000406; 5 *
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#3:CDC-F002000416{=CDC- F002000419) » B 2 2% 4 J§ #
Al w) o Bom gk IR S & PR(1~3E) 0 S3RF MR
B Ggen® E 1 uRATkp - HIVE A ShEiaos
B e A %] o IUMLST % 4 i34 % p 4p e 4 FIF TR 0 BE
PRE B % DSTA| w357 b o wimy B & A Fengk 713
FORBEI A oo .1‘1N4§5F%§¢E1 I A DRSS
12 PFGE-BssHII 4 3] - 4] é9MLST & 5 2~3 % & ¥]3| £ £
(DOH86007 2 DOH86f0444~DOH86d090 %

DOHS6f022) ; # I 2| &l R § 5 A 714 £ £
(DOH86007 2 DOH86e040{~DOH86d090 %

DOH86d082) - ¢ ¢t » CDC-F002000393 (HIV 5 * #18)£!
CDC- F002000393(s * #4)= tk Ftk * MLST %

PFGE-BssHII= #& ;2 ~ A eh %4k > €677 & & £

. B FTAAFLP A~ F 2 ]2 2
AFLP % % o1 > 35tk iR i ae & 128483 %] » H &~
3] 5 % v PFGE-EKA 4+ » #3% PFGE-Sfil ~ PFGE-BssHII

% rep-PCRA A »c % 394 (£ 7 ) (Bl ~) » 2 AFLPA| w2
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AR A BTE S SN s B kR, 2 ¥luconazoles

M T a i v e iR H) };;,/\ﬁﬁ‘f‘_i,lﬁjgrﬁg.]io

(=)~ #F e AHIVE & Calbicansz » =+ ik 7§
a. J&* PFGE-Sil% -EK 4 3| = /* :

Afe )% PFGE-SI 2 -EK = #&4 42 A4 % p 3 =
HIV & % 5121 % C. albicans & #th(4 4 )o s 4 #1 3+ 1999,
2001, 2002 4 ] & A 3= PR E R 0 “TF i 6 R HRIOH
fluconazole & g % 4 o T A #2 31999 4w 2001 E A u A
H3+502002 & & 44k i244 7 3 $4(CDC-F003000400,
CDC-F003000401 f= CDC-F003000402) % f I — $i 1 1
o ¥ - KRR P T - Befath oo A #2 4 5] & 1999 2002
£ LB E R E g % 2 (MICs from 16-256 ug/ml) &
¥ 2001 # eha AR $L# 12 g 11( 0.125-1 pg/ml) © 5 4 #3
2001 & & 33 $& 0 2002 & 2 $k o “f}l%k#?) 2001 &
0 HEHRT - HRE B E L (MICs 32 e 128 pg/ml)*t >
H i o ke R 4( 0.125 t0 0.5 pg/ml) = 5 £ CD4
= SRR 1S T 448 3 ¥ <CDA o~ TP e
A2 % 1999 & (CD4=15)% 5 A #3 1 2001 # (CD4=37) -

l{:"_fE_'l.k:L_'FEF'EELE: l“'}?i&,l» A}‘%lj*} I’*E:])P‘?J’T*Ex&l'm
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B EE R R o

21 RFBROPAIBH LRI P 7 Fop A
WEF AR ARA - A ﬁ}iﬁﬂﬁﬁ"ff R %4
J R A4 c R 44 4 i B H d > rDNA repeats 7
Ao TR AP - BREHHEDT R FRR AL
FAR oA BT RESRDOFERPIINT B oo b4,
i A #12Y 1999 & (lanes 5 v 6) a2 2002 # (lanes 1
4 2)fr 2001 & (lanes 3 4 4) hEtR L ¢ W3 fr 4 A}
Z R o g A #13 2002 # (lanes 1w 2)=3t 1999 # (lanes 5
fr o) R 7T 5L A ¢ Wy £ 8 o Jp 4 #2 2 2002 # (lanes
7-10)F- 1999 & (lanes 14-15)HF R 6 5Lfe 7 5L ¢ # e

R I

% PFGE-Sil A 3] 2 ¥ #-21 hiph %A 5 3
L o i A HL o2 DR R R TR AR IRHER £ i
3E > R A BT 855% % 86.9%2 4p 144 (]
L) © 2001 # s A #3 A 82 = R FFA(CDC-F003000417,
CDC-F003000418, = CDC-F003000419)8¢ 2% 4}
fluconazole #MIC & £ 8 ¥ >4 w5 0.125,128, f- 32

ug/ml > 2iz= ke DNA Bl T & % F o
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o A H#3 b S HREARY 0 Z AR 2001 £ 5 4
Be? ATRFR - thA #p 2002 & (CDC-F003000420 fr
CDC-F003000416) » % PFs * &P B AR FRE © A7 &5
HRAHR™ T 79.6% chspigip it B v P o apkiR b o
o L T hh A#2 BT - - R A PAREAR

Bk A2 L0 B i 86.9% -

b. & * rep-PCR% 3| 3 &+

" rep-PCR #5314 45tk % p HIV i ¢ A IR A A B s
F02 46 ok B2 HIV s A SRR o T R A
KpARmA (L) S5 T kp HIV 5 4 5 Calbicans
FItR s & 7 $0f H endg W RISE- 2 X ¥ 4 5 A(24 3], 53.3%),
F(9 41, 20%), E(8 41, 17.8%), C(4 Al, 8.9%)z f& » + F]; % p
AHIV s 4 B HRAIF B P50 2 £7 4 5 C(24 1,
52.2%), G(11 3], 23.9%), D(4 4, 8.7%), H(3 3], 6.5%), F(2
A1, 4.3%), E(1 41, 2.2%)4- B(1 41,2.2%)- a4+ + 4] - & 14
Bt 4 47 2 o > R (B CBLF 2] 6h) » % §
HIV 5 4 £ 22 HIV 5 4 IF IR € & ] ¥ (clustering) (B] -+

._.)o
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T~ 3w

RS FE RS L E R BRSNS

PR EOREE > FHET A H;-;fé_v_,,];: %E:@’ﬁﬁ%m%ﬁﬁg
ﬁ’f %évv' qu g‘,@ o F\ ]FB]—}’—:[‘]&_— @7%'13(9‘:

E N RaE XA oL SERTS & R E SRS oL gt ot Ted
cEE RRRE FAR R RELLS GG e

s 4% 2 AP pEDNA R F S /R 45 % ITS
Bl B J 2Rk B 2 R E PCR-EIA P-4 835 2

G h o MRE A BARE LA R RMPRES S TR

W

BRI EG 3 E - VHRFAKREEH
fluconazole 7 I FE 4 4r 11 | & > AT AR 7 i 10fg/100ul
T g 5 2 57 £ germ tube , Viteck 2 API20C:n4 32
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= ~ B> %
# - ~PCR 4r PCR-EIA :#5 ¢ * tnil 3+ 2 545 7|

513 & E7 (5 12 3) GenBank P B Rt
x4 K
31 %
ITS1 TCC GTA GGT GAA CCT 5.8S rDNA universal forward
GCG G primer
ITS4 TCCTCC GCT TAT TGA 28S rDNA universal reverse
TAT GC primer
Py
ITS3-B GCA TCG ATG AAG AAC 5"-Biotin-labeled universal
GCA GC capture probe
CFS GGG TTT GGT GTT GAG  AY196001,  5"-end-labeled digoxigenin
CAATACG AF287909,  probe for C. albicans, C.

AF321539, parapsiloss, C. tropicalis, C.
AJ249484 dubliniensis
CFM TCG GTG TTG ATC TAG  AF167993 5"-end-labeled digoxigenin

GAA GGG A probe for C. glabrata
CFR AGC GAG TGT TGC GAG AF246989 5"-end-labeled digoxigenin
ACAACAA probe for C. krusei

#% = ~ IMPCR-EIA %4 #7DNA {F4-enfa | & - |4

Genc;:?tzj)NA Mean Ags for EIA diction of PCR products with probe

CFS CFM CFR
C. albicans 1.026 0.070 0.058
C. dubliniensis 1.724 0.067 0.059
C. parapsilosis 1.639 0.066 0.056
C. tropicalis 1.040 0.069 0.056
C. glabrata 0.068 1.712 0.058
C. krusei 0.057 0.068 1.281

® P~Sngihi i“DNA (L 44L& = 2 )i TPCRE 1§ F Js
Bhes BHEHL - felEE X ADNAHF L EPCRAY § 28 F i o
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%=~ LIRS ?]1‘%5” Agso 1B

8 %) a Mean Agsg after reaction with probeb

(I3 i) CFS CFM CFR
C. albicans (6) 1.043 0.069 0.057
C. dubliniensis (1) 1.170 0.072 0.063
C. parapsilosis(5) 1.506 0.066 0.059
C. tropicalis (6) 0.787 0.066 0.060
C. glabrata (5) 0.065 1.319 0.058
C. krusei (4) 0.064 0.067 1.097
C. parapsilosis+C. glabrata (1) 0.475 1.388 0.067
C. glabrata+C. albicans (2) 0.174 1.477 0.075
C. glabrata+C. krusei (1) 0.075 0.892 0.564

® P~Sngihi i“DNA (L 44L& = 2 )i TPCRHE 1§ F Js
iéjtgiét: T%*%‘Zg‘ f}éﬁ;}_ ° #E%ﬁﬁi:ff. TL%‘#;F?fL—EPCRé*}"’ﬁ ;,E_é\. K }’7@ 3

# w ~ 1t #Candida spp. * BacT/Alerts 332 % & @B LA LA 2 #
PCR-EIA= % 2. @7 % %

Bk A FEE . FY Specific-probe identification
¥ #c CFS (+) CFM (+) CFR (+)
C. albicans 13 13 0 0
C. parapsilosis 6 6 0 0
C. tropicalis 6 6 0 0
C. glabrata 8 1 7 0
C. krusel 9 0 0 9
C. tropicalis+C. krusel 1 1 0 1

62



+ -

# I ~ DNA types of 53 isolates of C. albicans.
Code No. PFGE karyotype | PFGE-Sfil | PFGE-BssHII | Rep-PCR | AFLP Source of region* Fluconazol | Nosocomial | HIV status
isolation /hospital  |MIC(pg/ml)

CDC F003000062 Al B1 Cl D1 El Urine N3 0.125 Yes No
CDC F003000064 Al B2 C2 D1 E2 Urine N3 0.125 Yes No
CDC F003000088 A2 B3 C3 D2 E3 Sputum M3 0.125 No No
CDC F003000112 A3 B4 C4 D3 El Sputum S3 0.125 No No
CDC F003000113 A3 B5 C5 D4 E4 Sputum S3 0.125 No No
CDC F003000114 A3 B5 Cé6 D5 E5 Urine S3 0.125 No No
CDC F003000139 A4 B6 C7 D6 E6 Urine S4 64 Yes No
CDC F003000142 A5 B7 C8 D7 E2 Wound S4 0.25 No No
CDC F003000147 A6 B8 C9 D8 E7 Sputum M2 0.25 No No
CDC F003000148 A7 B9 C10 D2 E4 Stool M2 ND No No
CDC F003000149 A8 B10 Cl11 D9 E2 Urine M2 0.25 Yes No
CDC F003000150 A9 B11 C12 D10 ES8 Sputum M2 0.25 Yes No
CDC F003000174 A3 B12 Cl13 D2 E9 Urine N7 0.25 No No
CDC F003000184 Al10 B13 Cl4 D11 E10 | Pleural effusion S2 0.25 Yes No
CDC F003000186 All B14 Cl15 D10 E1l1 Sputum S2 0.5 No No
CDC F003000204 Al2 B15 Cl16 D12 | EI2 Sputum S1 0.125 No No
CDC F003000219 Al3 B16 C17 D12 Ell CVP tip N8 0.125 0.25 No
CDC F003000220 A8 B10 CI18 D12 E4 Urine N8 0.5 Yes No
CDC F003000225 A8 B10 C19 D13 E13 Urine N8 0.25 Yes No
CDC F003000232 A3 B12 C20 D13 El4 Urine N2 0.125 No No
CDC F003000233 A3 B17 C21 D14 E15 Urine N2 0.125 Yes No
CDC F003000234 Al4 B18 C22 D15 E1l1 Urine N2 0.25 Yes No
CDC F003000235 A4 B6 C23 D16 El6 Wound N2 0.25 No No
CDC F003000242 A9 B19 C24 D15 E17 Wound N1 64 No No
CDC F003000243 A8 B20 Cl1 D17 E18 Urine N1 1 No No




CDC F003000244 A8 B10 C25 D17 E2 Ascites NI 0.125 No No
CDC F003000268 A8 B21 C26 D18 Ell Sputum N6 32 No No
CDC F003000269 AlS B22 C27 D19 Ell CVP N6 0.125 Yes No
CDC F003000270 A7 B23 C28 D19 E18 Sputum N6 0.125 No No
CDC F003000293 A4 B24 C29 D20 | E12 Sputum N5 0.125 No No
CDC F003000294 Al6 B25 C30 D21 E19 Urine N5 0.25 No No
CDC F003000297 A8 B10 C31 D16 E20 Urine M1 0.25 No No
CDC F003000301 Al7 B26 C32 D18 E21 CVP M1 4 Yes No
CDC F003000311 A4 B27 C22 D22 | E22 Wound N9 0.5 No No
CDC F003000313 Al8 B28 C33 D23 E23 Urine N9 0.125 No No
CDC F003000314 Al8 B29 C34 D24 E19 Sputum N9 0.25 No No
CDC F003000352 Al7 B30 C35 D25 E24 Blood El 0.25 No No
CDC F003000353 Al7 B31 C35 D25 E25 Urine El 0.125 No No
CDC F003000354 Al7 B31 C36 D25 | E26 Urine El 0.125 No No
CDC F003000379 Ab B8 C37 D26 E8 Sputum E2 0.25 Yes No
CDC F003000380 Al7 B32 C38 D27 | E!3 Sputum E2 0.25 Yes No
CDC F003000381 A6 B33 C37 D28 Ell Sputum E2 0.25 Yes No
CDC F003000393 A4 B6 C7 D29 E27 Oral N4 0.25 No Yes
CDC F003000394 A4 B6 C7 D29 E25 Oral N4 0.125 No Yes
CDC F003000395 A4 B6 C7 D29 E24 Oral N4 0.125 No Yes
CDC F003000396 A4 B6 C7 D29 E23 Oral N4 0.5 No Yes
CDC F003000399 A8 B34 C39 D30 E2 Oral N4 64 No Yes
CDC F003000400 A8 B34 C39 D30 E24 Oral N4 16 No Yes
CDC F003000401 A8 B34 C39 D30 E2 Oral N4 16 No Yes
CDC F003000402 A8 B34 C39 D30 E2 Oral N4 256 No Yes
CDC F003000418 Al9 B35 C40 D31 E20 Oral N4 0.125 No Yes
CDC F003000419 Al9 B35 C40 D31 E13 Oral N4 128 No Yes
CDC F003000420 Al9 B35 C40 D31 | E28 Oral N4 32 No Yes

* N: north, S: south, M: middle, E: east




# = ~ Oligonucleotide primers for amplification f= sequencing of loci used in C. albicans MLST scheme

: TR ] P8 %R
Locus Primer Sequence 5°=>3’
N bp) Ak (%)
466 forward GCAAGAGAAATTTTAATTCAATG
CaACC1 407 9 5
466 reverse TTCATCAACATCATCCAAGTG
552 forward TCGTTGAGAGATATTCGACTT
CaVvPS13 403 18 14
552 reverse  ACGGATGGATCTCCAGTCC
598 forward GAGATAGTCAAGAATAAAAAAGT
598 reverse ATCTCTTTCATCTTTTGGACC
904 forward GAGCCAAGTATGAATGATTTG
CaADP1 443 11 14
904 reverse TTGATCAACAAACCCGATAAT
1041 forward TTCATGCATGCTGGTACTAC
1041 reverse TAATCCCATACCCAAAGCAG
1369 forward AGAAGAATTGTTGCTGTTACTG
CaSYAl 391 19 11

1369 reverse

GTTACCTTTACCACCAGCTTT




%=~ FtRE e MLST & %

‘ \ bk B xR Fluconazole  PFGE Allele no.

i 4 S Fe 7l g i FF.  MICougm)  -BsHI  HIV CaACCI CavPSI3 CaGLN4 CaADPL CaRPN2 CaSYAL DST
1 CDC-F003000064 Urine N3 0.25 1 E3 1 10 9 1 6 1 1
2 CDC-F003000089 Sputum M3 0.25 2 3 1 2 4 5 5 5 2
3 CDC-F003000112 Sputum S3 0.125 3 k3 1 7 8 10 9 8 3
4 CDC-F003000139 Urine S4 64 4 k3 1 11 5 2 6 3 4
5 CDC-F003000142 Wound S4 0.25 5 k3 1 7 3 10 10 8 5
6 CDC-F003000184 Pleural effusion S2 0.25 6 E3 4 11 12 2 6
7 CDC-F003000219 CVP tip N8 0.25 7 3 4 7 6 3 13 7
8 CDC-F003000242 Wound N1 64 8 E3 5 12 10 11 11 16 8
9 CDC-F003000268 Sputum N6 32 9 3 2 3 4 3 5 15 9
10 CDC-F003000297 Urine M1 0.25 10 E3 1 11 6 8 6 4 10
11 CDC-F003000298 Pental swab M1 0.25 11 k3 1 10 5 1 6 11
12 CDC-F003000314 Sputum N9 0.25 12 E3 1 11 5 2 6 4 12
13 CDC-F003000352 Blood El 0.25 13 3 1 5 3 4 5 10 13
14 CDC-F003000354 Urine El 0.125 14 E3 1 1 1 10 10 12 14
15 CDC-F003000379 Sputum E2 0.25 15 3 4 4 1 1 4 14 15
16 DOH86¢040 Rectal swab N4 22 E3 7 10 5 1 1 22
16 DOHB86f007 Sputum N4 23 E3 8 15 1 1 14 18 23
16 DOHS861044 Pleural effusion N4 23 E3 4 16 3 1 14 18 24
17 DOH86d082 Sputum N4 24 3 6 13 12 10 13 12 25
17 DOH86d090 Rectal swab N4 25 3 1 14 3 10 8 17 26
17 DOHR861022 Anal swab N4 25 k3 1 7 3 10 9 17 27
18 CDC-F002000393 Oral N4 0.25 4 X 1 11 5 2 6 3 4
18 CDC-F002000397 Oral N4 0.125 16 X 3 8 2 2 7 11 16
19 CDC-F002000402 Oral N4 256 17 X 1 6 3 1 8 6 17
19 CDC-F002000404 Oral N4 0.125 18 X 1 6 3 10 8 8 18
19 CDC-F002000406 Oral N4 64 19 g 1 6 3 9 8 9 19
20 CDC-F002000416 Oral N4 0.25 20 i 1 1 3 9 1 7 20
20 CDC-F002000419 Oral N4 128 21 i 1 1 1 9 1 8 21

ATCC10053 26 9 17 13 1 3 19 28
ATCC90028 27 1 18 14 10 13 12 29




F N~ K 3 > HIV 55 4 42 3021 & Candida albicans T4 Fik2 {2

MIC CD4 #ic 4ok i 4r i A
7t # 8 Atk PFGE  (ueg/mh ## g mA ek ARFAR s R

1 37 CDC-F003000397 A-1 0.125 1999 223 Yes No No

1 37 CDC-F003000398 A-1 0.125 1999 223 Yes No No

1 39 CDC-F003000395 A-2 0.125 2001 448 Yes No No

1 39 CDC-F003000396 A-2 0.5 2001 448 Yes No No

1 40 CDC-F003000393 A-2 0.25 2002 ND Yes No No

1 40 CDC-F003000394 A-2 0.125 2002 ND Yes No No

2 29 CDC-F003000406 B-1 64 1999 15 No Yes Fluconazole
2 29 CDC-F003000407 B-1 64 1999 15 No Yes Fluconazole
2 29 CDC-F003000408 B-1 16 1999 15 No Yes Fluconazole
2 31 CDC-F003000403 B-3 0.5 2001 364 Yes No No

2 31 CDC-F003000404 B-3 0.125 2001 364 Yes No No

2 31 CDC-F003000405 B-3 1 2001 364 Yes No No

2 32 CDC-F003000399 B-2 64 2002 ND No No No

2 32 CDC-F003000400 B-2 16 2002 ND No No No

2 32 CDC-F003000401 B-2 16 2002 ND No No No

2 32 CDC-F003000402 B-2 256 2002 ND No No No

3 45 CDC-F003000418 C-2 0.125 2001 37 Yes Yes Mycostatu
3 45 CDC-F003000419 C-2 128 2001 37 Yes Yes Mycostatu
3 45 CDC-F003000420 C-2 32 2001 37 Yes Yes Mycostatu
3 46 CDC-F003000416 C-1 0.25 2002 270 Yes No No

3 46 CDC-F003000417 C-1 0.5 2002 270 Yes No No




%4 >~ rep-PCR ~ 47 45k p HIV 5 4 2 46 3k p 22 HIV 55 * &
REEFE o

Code no. Fluconazole(MIC) | Amphotericin B (MIC) HIV status Sab=0.8 cluster
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Bl- -~
markers MassRuler'™™ DNA Ladder; 1, C. albicans, 2, C.
parapsilosis; 3, C. tropicalis; 4, C. dubliniensis, 5, C. glabrata; 6, C.

Yot

E%’]ITSHPITSM I 5 end vy A # o Lanes: M, molecular size

krusei; 7, negative control.
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» PCR-EIA 4r PCR = ;2 jp|3# Candida DNA izt & ° Lanes: M,
molecular size markers GeneRuler™ 50bp DNA Ladder; #7+4r DNA
£/ _lanes1 & 11 & % % 5ng, 1 ng, 500 pg, 100 pg, 50 pg, 10 pg,
5 pg, 1pg, 500 fg, 100 fg, 50 fg, 10 fg - Lane 12 5 FA %P ¢ * -k
P~ % template DNA gave " & iZ @ K g 2 4 o H tg A 4 1L §a
agarose gel ¥ Bl A4+ B+ EIA P - DNA k& 2 Ags (B
R o BERREDNTEZHEENIEEL B + & — Ao RiE

(cut-off, fpt 5 0.076) A BB HRTIDE - BHRERL -



Bl= - "PFGE-karyotyping 4 =+ 4 3];* & 17534k C. albicansTe/# Ftk
& HIV g 4 2 f2flor o 3 %N, #5S, 3;M, ¢ E, K.
MIC # % &tk fluconazol %1% - ND, % | o

) Molecular Weight mb)
P PFG 313 235 181 137 1.05
Isolates region/hospital MIC ial  source of i

L |
CDC-F003000418 N4 0.125 No Oral
CDC-F003000419 N4 128 No Oral
CDC-F003000420 N4 32 No Oral
CDC-F003000294 N5 0.25 No Urine
CDC-F003000150 M2 0.25 Yes Sputum
CDC-F003000242 N1 64 No Wound
CDC-F003000064 N9 0.125 Yes Urine
CDC-F003000062 N3 0.125 Yes Urine
CDC-F003000269 N6 0.125 Yes CVP
CDC-F003000313 N9 0.125 No Urine
CDC-F003000314 N9 0.25 No Sputum
CDC-F003000379 E2 0.25 Yes Sputum
CDC-F003000147 M2 0.25 No Sputum
CDC-F003000381 E2 0.25 Yes Sputum
CDC-F003000393 N4 0.25 No Oral
CDC-F003000394 N4 0.125 No Oral
CDC-F003000395 N4 0.125 No Oral
CDC-F003000396 N4 05 No Oral
CDC-F003000293 N5 0.125 No Sputum
CDC-F003000235 N2 0.25 No Wound(PCN)
CDC-F003000311 N9 0.5 No Wound
CDC-F003000139 sS4 64 Yes Urine
CDC-F003000184 S2 0.25 No Pleural effusion
CDC-F003000204 S1 0.125 No Sputum
CDC-F003000297 M1 0.25 No Urine
CDC-F003000220 N8 0.5 Yes Urine
CDC-F003000149 M2 0.25 Yes Urine
CDC-F003000399 N4 64 No Oral
CDC-F003000400 N4 16 No Oral
CDC-F003000401 N4 16 No Oral
CDC-F003000402 N4 256 No Oral
CDC-F003000225 N8 0.25 Yes Urine
CDC-F003000243 N1 1 No Urine
CDC-F003000244 N1 0.125 No Ascites
CDC-F003000268 N6 32 No Sputum
CDC-F003000232 N2 0.125 No Urine
CDC-F003000233 N2 0.125 Yes Urine
CDC-F003000174 N7 0.25 No Urine
CDC-F003000112 S3 0.125 No Sputum
CDC-F003000113 S3 0.125 No Sputum
CDC-F003000114 S3 0.125 No Urine
CDC-F003000234 N2 0.25 Yes Urine
CDC-F003000352 El 0.25 No Blood
CDC-F003000353 El 0.125 No Urine
CDC-F003000354 E1l 0.125 No Urine
CDC-F003000380 E2 0.25 Yes Sputum
CDC-F003000301 M1 4 Yes Cupltip
CDC-F003000186 S2 0.5 No Sputum
CDC-F003000270 N6 0.125 Yes Sputum
CDC-F003000148 M2 ND No Stool
CDC-F003000219 N8 0.125 No CVP tip

- CDC-F003000142 S4 0.25 No Wound

- CDC-F003000088 M3 0.125 No Sputum




Bz -~ MPFGE- Sfil & + & 3] » $7534C. albicansfiek Ftk - =+ &
HIV g5 4 723 f24f7 o 3 %:N, #4;S, 4;M, ¥ ;E, 4. MIC #&
# &tk F0 fluconazol <% }4 - ND, & ip|

Molecular Weight kb)

i N 5 100 40 Isol. region/hospital MIC ial source of isol
CDC-F003000150 M2
CDC-F003000148 M2 ND No Stool
CDC-F003000142  S4 0.25 No Wound
CDC-F003000204  S1 0.125 No Sputum
CDC-F003000186  S2 05 No Sputum
CDC-F003000393 N4 0.25 No oral
CDC-F003000394 N4 0.125 No oral
CDC-F003000395 N4 0.125 No oral
CDC-F003000396 N4 05 No oral
B CDC-F003000235 N2 0.25 No Wound(PCN)
CDC-F003000139  S4 64 Yes Urine
CDC-F003000220 N8 05 Yes Urine
CDC-F003000149 M2 0.25 Yes Urine
CDC-F003000297 M1 0.25 No Urine
CDC-F003000244 N1 0.125 No Ascites
CDC-F003000225 N8 0.25 Yes Urine
I CDC-F003000243 N1 1 No Urine
CDC-F003000314 N9 0.25 No Sputum
CDC-F003000380 E2 0.25 Yes Sputum
CDC-F003000381 E2 0.25 Yes Sputum
CDC-F003000353 E1 0.125 No Urine
A CDC-F003000354 E1 0.125 No Urine
CDC-F003000064 N3 0.125 Yes Urine
CDC-F003000352 E1 0.25 No Blood
CDC-F003000242 N1 64 No Wound
CDC-F003000174 N7 0.25 No Urine
_':E CDC-F003000232 N2 0.125 No Urine
CDC-F003000293 N5 0.125 No Sputum
CDC-F003000311 N9 05 No Wound
CDC-F003000113  S3 0.125 No Sputum
E CDC-F003000114  S3 0.125 No Urine
| CDC-F003000112  S3 0.125 No Sputum
CDC-F003000268 N6 32 No Sputum
CDC-F003000269 N6 0.125 Yes cvp
CDC-F003000294 N5 0.25 No Urine
CDC-F003000301 M1 4 Yes Cupltip
CDC-F003000270 N6 0.125 No Sputum
CDC-F003000234 N2 0.25 Yes Urine
CDC-F003000313 N9 0.125 No Urine
CDC-F003000219 N8 0.125 No CVP tip
CDC-F003000233 N2 0.125 Yes Urine
CDC-F003000379 E2 0.25 Yes Sputum
CDC-F003000147 M2 0.25 No Sputum
CDC-F003000418 N4 0.125 No oOral
CDC-F003000419 N4 128 No oral
CDC-F003000420 N4 32 No oral
CDC-F003000399 N4 64 No oOral
CDC-F003000400 N4 16 No oral
CDC-F003000401 N4 16 No oral
CDC-F003000402 N4 256 No oral
CDC-F003000062 N3 0.125 Yes Urine
_'E CDC-F003000088 M3 0.125 No Sputum
CDC-F003000184 S2 0.25 Yes Pleural effusion




B -~ PFGE-BssHII~ + 4 3];% 4 $7534C. albicansfiek Ftk - + B
HIVyE 4 722 f24kom o 3 %N, #4458, #;M, ¢ E, L. MIC &
% &tk F0 fluconazol <% % o ND, AP -

o Molecular Weight kb)

1100 700 450 300 100 40 Isolates region/hospital MIC ial  source of isol.
CDC-F003000174 N7 0.25 No Urine
CDC-F003000062 N3 0.125 Yes Urine
CDC-+003000114 S3 0.125 No Urine
CDC-+003000352 E1 0.25 No Blood
CDC-F003000353 E1 0.125 No Urine
CDC-F003000220 N8 05 Yes Urine
CDC-F003000225 N8 0.25 Yes Urine
CDC-F003000293 N5 0.125 No Sputum
CDC-+003000186 S2 05 No Sputum
CDC-+003000269 N6 0.125 Yes CvP
CDC-F003000354 E1 0.125 No Urine
CDC-+003000301 M1 4 Yes Cupltip
CDC-F003000313 N9 0.125 No Urine
CDC-+003000311 N9 05 No Wound
CDC-+003000235 N2 0.25 No Wound(PCN)
CDC-+003000379 E2 0.25 Yes Sputum
CDC-F003000381 E2 0.25 Yes Sputum
CDC-F003000380 E2 0.25 Yes Sputum
CDC-F003000268 N6 32 No Sputum
CDC-+003000088 M3 0.125 No Sputum
CDC-+003000150 M2 0.25 Yes Sputum
CDC-F003000314 N9 0.25 No Sputum
CDC-F003000219 N8 0.125 No CVP tip
CDC-F003000243 N1 1 No Urine
CDC-+003000064 N3 0.125 Yes Urine
CDC-F003000297 M1 0.25 No Urine
CDC-+003000184 S2 0.25 Yes Pleural effusion
CDC-F003000399 N4 64 No Oral
CDC-F003000400 N4 16 No Oral
CDC-++003000401 N4 16 No Oral
CDC-003000402 N4 256 No Oral
CDC-+003000113 S3 0.125 No Sputum
CDC-+003000112 S3 0.125 No Sputum

' CDC-+003000418 N4 0.125 No Oral
' CDC-003000419 N4 128 No Oral
[ |l CDC-F003000420 N4 32 No Oral
CDC-F003000142 sS4 0.25 No Wound
ﬂ | CDC-F003000204 S1 0.125 No Sputum
| CDC-+003000148 M2 ND No Stool
'l" ’ CDC-003000242 N1 64 No Wound
| CDC-F003000147 M2 0.25 No Sputum
H| CDC-F003000393 N4 0.25 No oral
ll CDC-F003000394 N4 0.125 No Oral
“ CDC-F003000395 N4 0.125 No Oral
[]] CDC-F003000396 N4 05 No oral
CDC-F003000139 sS4 64 Yes Urine
CDC-F003000294 NS5 0.25 No Urine
CDC-F003000244 N1 0.125 No Ascites
CDC-F003000270 N6 0.125 No Sputum
CDC-+003000149 M2 0.25 Yes Urine
CDC-+003000232 N2 0.125 No Urine
CDC-F003000233 N2 0.125 No Urine

CDC-F003000234 N2 0.25 Yes Urine




B> ~ Mrep-PCRA + 4 32 » 5534k C. albicansTe/# Ftk o # # HIV
i A A AR o RN, 258, 85 M, 7 oE, AMIC * 4 &
tk F e fluconazol & % - ND, 4| o

. Molecular Weight bp)
r
30001500 800 600300 100
Isolates region/hospital MIC nosocomial source of isolates
. . . s L1 1 1 1 |
‘ ! § ! || | ||| | CDC-FO03000150 M2 0.25 Yes Sputum
|| | ||| | | cbc-F003000186 s2 0.5 No Sputum
HETT W CDC-F003000184  S2 0.25 Yes Pleural effusion
| | || | | CDC-F003000243 N1 1 No Urine
L | | | CDC-F003000244 N1 0.125 No Ascites
| | CDC-F003000297 M1 0.25 No Urine
| || . | | * | cbc-F003000235 N2 0.25 No Wound(PCN)
[l |1 CDC-F003000225 N8 0.25 Yes Urine
| || | CDC-F003000232 N2 0.125 No Urine
: N1 j | CDC-F003000204  S1 0.125 No Sputum
1 | CDC-F003000219 N8 0.125 No CVP tip
Il | CDC-F003000220 N8 0.5 Yes Urine
| | CDC-F003000379  E2 0.25 Yes Sputum
_|: | | CDC-F003000381  E2 0.25 Yes Sputum
|j| | CDC-F003000301 M1 4 Yes Cupltip
E 1111 1 CDC-F003000268 N6 32 No Sputum
| || | | || | CDC-F003000380  E2 0.25 Yes Sputum
| [l CDC-F003000313 N9 0.5 No Urine
[ 0l CDC-F003000314 N9 0.25 No Sputum
| | | | || | CDC-F003000352 El 0.25 No Blood
| || | l | CDC-F003000353  E1 0.125 No Urine
R I CDC-F003000354  E1 0.125 No Urine
= | | ” '. || CDC-F003000112 s3 0.125 No Sputum
| Il i_l[ |l|| | | coc-Foooooize  s4 64 Yes Urine
| - ' | ' | j.| | CDC-F003000114 s3 0.125 No Urine
¥l | CDC-F003000234 N2 0.25 Yes Urine
u ' | .|. || CDC-F003000242 N1 64 No Wound
u ||| I jl | | CDC-F003000233 N2 0.125 Yes Urine
= || || || || |: | CDC-F003000113 s3 0.125 No Sputum
|| !\” E ’ CDC-F003000142 S4 0.25 No Wound
| CDC-F003000147 M2 0.25 No Sputum
|||| | | CDC-F003000149 M2 0.25 Yes Urine
— I T @l | cocrFoosoo0sin  Neo 0.5 No Wound
H | |“ | | CDC-F003000148 M2 ND No Stool
m ” | CDC-FO03000174 N7 0.25 No Urine
g e CDC-F003000088 M3 0.125 No Sputum
CDC-F003000062 N3 0.125 Yes Urine
| |r||” |Ll| CDC-F003000064 N3 0.125 Yes Urine
) CDC-F003000269 N6 0.125 Yes cvP
” | | CDC-F003000270 N6 0.125 No Sputum
| |||; | | CDC-F003000293 N5 0.125 No Sputum
(1111 CDC-F003000294 N5 0.25 No Urine
|| ||| CDC-F003000418 N4 0.125 No Oral
|| .| CDC-F003000419 N4 128 No Onal
Il |l || coc-Foo3000420 N4 32 No Oral
4| CDC-F003000399 N4 64 No oral
’ ' \ CDC-F003000400 N4 16 No Onal
1 | | CDC-F003000401 N4 16 No Oral
| l | coc-roosoc0s02 N4 256 No oral
| | | | | CDC-F003000393 N4 0.25 No Oral
| I” | | : | CDC-F003000394 N4 0.125 No ol
| [1] | cpc-Foo3o00395 N4 0.125 No Oral
[ I [ :| CDC-F003000396 N4 0.5 No oral
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Comparison of four molecular typing methods to
assess genetic relatedness of Candida albicans
clinical isolates in Taiwan

Kuo-Wei Chen,' Hsiu-Jung Lo,? Yu-Hui Lin" and Shu-Ying Li’
"Labaoratory for Mycopathogens, Chlamydia and Mycoplasma Division of Labaratory Research and

Davalopment, Canter for Disease Control, 161 Kun-YYang Streat, Man-kang District, Taipei 115,

Taiwan

“Division of Clinical Resaarch, Mational Haalth Resaarch Institutes, Taipai Taiwan

This report describes the investigation of the genetic profiles of 53 Candids athicansisolates
colectad from 18 hospitals in Taiwan using three PFGE-based typing methods (PFGE karyotyping,
and PRGE of Sl and SzsHIl restriction fragments) and one repetitve-sequence-PCH (rep-PCR)
mathod. All four methods were able todentfy clonal relatedisolates from the same patents. PFGE-
BzsHIl exhibited the highest discriminatory power by disciminating 40 genotypes, followed by
PFGE-&fil (35 genotypes] and then byrep-PCR (31 genotypes], while PFGE karyotyping exhibited
the lowest discriminatory power (18 genotypes). High discriminatony power can also be achieved by
combining typing methods with diferent typing mechanisms, such asrep-PCR and PRGE-based
typing methode. The results slso showed that the genotype of each solate was patent-specific and

Accepied 8 MNowvember 2004

not associated with the source of the solation, geographic orgin or antfungal resistancs.

INTRODUCTION

In recent decades, the incidence of invasive Candida infec-
tions has increased and has emerged as an important public
health problem (Hajjeh et al., 2004; Tortorane et al, 2003}
Carndida albicans accounts for more than 50 % of systemic
candidiasis and is the most pathogenic Candida species
(Plaller et al,, 2000}, Since 2000, Candida species and other
yeasts have ranked as the third most frequent nosocomial
infection in Taiwanese medial centres, with & albicans

being the leading cause of yeastinfections (Chen et al, 2003 ).

Molecular typing methods are increasingly used in the
analysis of strain related ness in order to identify transmission
routes (Elias Costa et al, 1999), decide on prophylaxis
practices (Chen et al, 2001 ) and assess the biodiversity of a
microbial population (Clemons ¢ al, 19971, Molecular
typing methods based on different principles have been
developed to fulfil such purposes. These methods indude
RFLP of the whole gemome by using EcoRI, HinfT and Mgl
restriction enzymes (Poikonen et al, 2001}, RFLP followed
by probe hybrid tation { Taylor et al., 2003 ), PFGE karyotyp-
ing, PFGE of fragments generated by rare-cutting restriction
endonucleases such as Sl (Kandlopoulou et al, 2001,
Srrval, Notl and BssHIT (Riederer et al, 1998), PCR finger-

Abbreviations: AFLP, amphfied fragment length pobemonphizm D
deorenmatory  nde; MLST, multFlocus sequence  typeng: RAFD,
randarrily amphfied pay monghic DA regr PCR, repedtive-sequence-PCR.

printing of the whole genome by randomly amplified
poelymorphic DMA (RAPD) analysis (Samaranayake o al.,
2003} or amplified fragment length polymorphism (AFLP)
analysis (Ball ¢t al, 2004}, fingerprinting of repetitive
sequences by repetitive-sequence-based PCR (rep-PCR;
Redkar et al, 1996} and sequencing of house-keeping genes
by multi-locus sequence typing (MLST; Bougnouws e al,
2003 ). Molecular typing methods should be reproducible,
discriminatory, high throughput, easy-to-use, digitally por-
table amd amenable to standardization and library typing
(Soll, 2000 ). For more than two decades, PFGE-baseal typing
methods have been widely usel and shown to be discrimi-
natory and reproducible, The method of rep-PCR represenis
a more convenient PCR-based genomic finger printing tech-
migue; it uses primers directed o the interspersed repetitive
DFA dements present at certain characteristic loations in
the genome. Rep-PCRE has the advantage of being labour-

saving, rapid and economical.

In this paper, we used three PFGE-based typing methods
(PFGE karyoty ping, 5f I-PFGEand BssHII-PFGE) and a rep-
PCR typing method to study 53 clinical isolates of C albicans
collected from 18 hospitals in Tatwan. The aims of this study
were to compare the discriminatory power of these four
maolecular typing methods and to ascertain whether different
characteristics (eg. drug resisance, geographic origin,
source of solate, nosocomial or not) could be attributed to
certain specfic molecular typess in Taiwan, The most dis-
criminatory by ping method will be standardized and serve as
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the tool for future outhreak investigations and the basis for
comparison of other typing methods, The data obtained in
this study will also contribute to our attempt to establish a
central genetic database of fungal pathogens and provide a
platform for the comparison of domestic as well as inter-
national fungal genotypes,

METHODS

Fungal strains. A total of 53 O alficaes cinical solates wene used in
this study. Dnforma tion o eschisobite was collected, including the MIC
offluconxole, geographic origin ad body site origin as wellas whether
it wi @ oo cormial infection. MNoseoomial inkotionm were identified by
hospital infection comtral practitiones in the course of moutine
surveilbisce scconding to the criteria of the Center for Disease Control
annd Prevent o I_l'. [ I_Gﬂrmtl ef al., 1988).

Bty -Uwas dso kit es were pant of the collec tiors of the Taiwan Surveilbinsee
of Antimicrobial Resistance of Yewis Project, which collected clinical
strains isoksted from 2 oo pitals located in different geographic regions
inn Tadwan from April 15 to June 15 1999 [Vang or al, 20041 Only onse
isobite was sccepled durng each epbode of infection. The remaining
eleven isolates  |CDC- FMBMWKEY -CDC-FOO3MNE3%,  COC-FM
SNE9-CDC-FO3 WAL,  COC- BHSMNE 18—CDC- B3 ME 210
were serial oral Bolites collected from three HIV-infected patients
b tween MW aned 202, The three HIV patients were outpatients from
the same hospital

The identifcation of all fungal steaing was undertaken by the germ- tube
asaay Followed by WITEE Yexst Biochemical Card and APL-320 v iems.
The MIC for Muco o de of the 0 alaaie isolates were determined by
the microdilution broth method scconding 1o the guidelines of the
Mationm] Committee for Clinical Laboratory Standands [NCCLS)
document M27-A, as described previowsly [ Yang ef al., 2003).

PFGE karyotyping. Steins were inoculated on Sabouraud dexirose
agar [SDA; Difco) for 48 hoat 37 °C. Colomies on sgar were pickedina
cell suspension buffer [ 1mM TrisHCL pH 84 10 mdd EDTA, pH
Belf). The cell demsity of the suspemsion for the plug was estimated by
e uring the 0D and sdjusting o ODgw 1-5. The cells were pelleted
by centrifingation at 300 g for 5 min awd reswspended in 500 pl of cell
suspension buffer. Then, T pl of lyticse [Sigma; 1250 unit ml =" i
50050 glyeerol and (MM M N PO ) wis added 1o the suspersion, which
wis incubated at 37 °C for 30 min. Mext, a0 plof 1% (wiv) agarose
[Seakem Gold sgarese; BioWhittaker Molecular Applications) in TE
b ffer | 10k mnbd Tria/ HCL pH 845 1 mdd DT A, pH 8-0) vas added. Afier
mixing, the solution was poured into the wells of plug moulds and kept
al room temperature for 5 min for selidification. The plug were
transferred into 50ml tubes contsiming 5ml of cell hsis buffer
[ LWk mdd Tris/HCL, pH 840, 0045 3 EDTA, pH 840, 1% N-lauroykar-
cosine, 1 mg proteinase Kml =) and incubated overnight in 4 shaker
water batl at 50°°C. The plegs were washed twice with double-distilled
Hal st 50°°C for 15 mdn and TE buffer at 50°C for 10 min and then
atored in TE buffer wnti] we.

Electro ploresis wis performed witha Biometra Rotaphor at pulie time
6l —"AH} 5, au:g]e 120F, 12090 W in (H8 Agarae @ with (5% TBE
(S0 mbd Tris, 45 mM borde acid, 05 mh EDTA) for 66k Afier
electrophoresis, the gel was stained with ethidium bromide solution
for 15 min and destained with distilled water. DNA fragments were
irmaged with [S- D0 Digital Tneging Svstem [ Alpha Dnaotech ).

PFGE of 5iil and BssHll restriction fragments. The plugs were cut
into 2-mun-wideslices. For 51 digestion, the slices were placed in 20 ul
of buffer 2 solution (50 mbd NaCL 10 mdd TristHCL 100mbd MaCl,
1 mbd DTT) contsining 2 pl of BSA [Mew Englasd BioLaba) and

incubated for 11 at 5070, The pleg slices were tramered to 200 pl of
bulffer 2 solution comsining 2 pl of BSA and 20 wnits of SFT asd
incubated at 50°C overmight. For BuHIT digestion, the slices were
placed i 20 pl of buffer 3 solution | 10 mbd MaCl, 50 mbd Tria HC
10k b Mg Clz, 1 mbd DTT) [Mew England BioLabs) and incubated for
Thoat 50°0 The plug slices were tramsferred 1o 200 pl of buffer 3
sl ution comtaining 4 units of BaHITand incubated a1 50°C ovemight.
Electroplioresis was performed witl a Blometra Rotaplor at pulse tine
G—50ka, angle 120F, 180V i (F8 % agarose gel with (F5% TBE for 36 hu
After electrophoresia, the gel wis stained with ethidivm bromide
solution for 15 minand destained with distilled water.

rep-PCR The total genomic DNA of the strain was extracted by using
PUREBGEME DA Purification Kit [ Gentra) a8 was described previowsly
[Hawer al, 20050, The con entration of DNA e xtrac ted froom O allacans
Bolates was measured with a spactoophobometer [Agg ). DRA was
atovved at — 800wl wse.

The ep-PCR resction was performed by using primers Ca-21 (5
CATCTGTGGTGGAAAGTTAAC-3") and Ca22 [5-ATAATGCT
CAAMMGOTGOTAAG ") designed from Care-2 mepetitive elements
annd amvplified varishle regions between Care-2 elements as described
previoualy, with some modifications | Redkar er al, 1996). Reaction
mixiures |20 pl) consisted of 10mbd TristHCL [pH %00, 50 mbd KCL
25mM MgCl, 1% Tritom X106, -2 mbd dANTP mix, 50 pool
primer and 45 wnits of Tag polvmerase. The amplification was
performed by an initial dessturation at 95 0 for 5 min followed by
A eveles ol denatu e tion at 94 "Clor 1 min, ansealingat42 "Clor 1 min
and extension at 72 “Cfor 2 min, anda final extension at72 "Cfor 5 min
i @ Tpersoal thermaocyvcler | Blometra), PCR prodocts were amlysed
by electrophoresis throwgh 15 % [w'v) agarose gel [Seakem LE sgarose,
Cambrex) in 12 TBE buffer. Lambda budder 10— 3000 bp was usedasa
DA size standand . Gel electrophoresis was conducted in TBE buffrat
1V e for 31 mdi Afier elecirophoresis, the gel was stained with
etlidivm bromide solution for 15 min and destained with distilled
waler.

Analysisof banding pattem. Dendrogrom amlysis wis performed by
using Bionumerics sofiware version 3.0 [Applied Maths ). Fingerprint
simdbarty values were bused on the presence or absence of bands
between exch profile pairbeing compared. The bamd inclusion window
was adjusted by the size reference markers. Band ssignment was done
firatly by the auboanatic band search function of the software, then
inspected visually o emsure that eschassigned bad had a carscteristic
densitomet ric profile of 2 Gaussian G and hed g comesponding bad on
the gel. Some weak basds resulied from incomplete digestion with
restric on eneyime and were excluded manually. Incomplete digestion
of DNA was olserved for some sobites; intermediate bands, resulting
from incomplete cutling, were confirmed by repeating the digestion of
e D00 A weith i e e 1 ot ol enayvime, Thee position toleranee was
selat 1% and op tim B ton wes set at 3 % The Dice coefficient was used
tos amalyse the similarities [5,5) of the basd pattems. The unweighted
it group method wing arithmetic sversges (UPGMA) was wsed for
cluster amahsis Bolates were comidered different when the band
slvmibirity value was Jess than 95 % [ Voss er al,, 1998).

Calculation of discriminatory power. The dscriminatory fndex ([0
ol exch ofthe four typing methods was detenmined by the application of
Shmpson’s fndex [Hunter & Fraser, 1989). The D is & mexsure of the
probability that two wrebited steins sampled froom the test population
will be pliced into different typing groups. A DI value of 140 would
indicate Ut a typing metbod wasable to distinguish each member of 2
strain population from all other members of that population. Con-
versely, @ D of (Hb would isdicate that all membern of 4 stesin
popubstion were of an identical type.
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RESULTS AND DISCUSSION

The increasing frequency of invasive fungal infedtions and
the high mortality rate associated with disseminated fungal
diseases have underscored the importance of understanding
the molecular epidemiology of fungal infections. We com-
pared four molecular typing methods to ascertain thar
potential for outbreak investigation and to see whether
different characteristics (drug resistance, geographic origin,
source of wolation, nosocomial or not) could be attributed to
certain sped ic molecular types in Taiwan. The data obtained
in this study will serve as a ol for future outbreak
investipations and a basis for comparison basis for other
typing methods.

I this study, genetic profiles of 53 C. albicans clinial isolates
from 45 patients were obtained and compared by PFGE
karyotyping (Fig. 1), PEGEof5fi1 ( Fig. 2] and BssHIT (Fig. 3)
restriction fragments, and rep-PCR analysis (Fig. 4], All
isolates were typable by all four typing methods. PFGE-
BsHIT and -5f1 generated 40 (DI = 0995} and 35
(DT = (+985 ) DMA patterns, respecively, for the 53 isolates,
amd were the most discriminatory in distinguishing isolates,
Within the 42 isolates collected from different hospitals, 38
genotypes were found by using the PFGE- BEssHIT method.
The rep-PCR method revealad 31 distinet  genobypes
(DT = 0983}, PFGE karyolyping displayed  seven- and
eight-band patterns (exduding R chromosome] and was
the least discriminatory method, generating 19 karyolypes
(D0 = 0-929) among the 53 strains analysed. When the R
chromosome was considered in PFGE karyotyping, more
patterns (25 ty pes) were yielded (data not shown J. However,
the frequent size variation of B chromosome mainly stems
from rRMA gene copy number differsnces and can alter
within one cel division (Wickes et al, 1991 ). Therefore, the
dendrogram was constructed without analysing the R
chromosome,

In contrast to the 42 isolates collected from different
episodes, the year-long recurrent isolates from HIV patients
serverd here as clonal/epidemiologically related isolates. All
four methods were able to identify clonal related isolates
from the same patients. Isolates from the same HIV patient
belongad 1o one unique genotype. The 11 isolates collected
from three HIV patients were assigned to three molecular
types by all four typing methods. PFGE-restriction fragment
methods yielded better results but the restricion endo-

nuclease may vary by strains or spedes.

Ideally, a fingerprint pattern should comprise 2030 bands
within a wider molecular range. Restriction with the en-
donuclease Notl (Diaz-Guerra et al., 1997} or Smal (Doi et
al, 1994 generated around 10 bands in narrower molecular
ranges, which was not sufficient. PFGE-5f1 and -BsHII,
which recogniee 13 and & bp restriction sites, respectively,
provided more resolving power for the molecular typing of
. albicans infections, Restricionwith the endonuclease Sil
generated 18-22 (mean, 20} clear and well-separated frag-
ments in the range of 40-1100 kb, which allowed clear

differentiation with reasonable discriminatory power. PFGE-

BssHIT resulted in more banding patterns (mean, 31 frag-
ments; rangs S0-1000 kb} and provided the highest
discriminatory power, Meverthelss, scoring PFGE-BssHII
banding patter ns was moretime-consuming than PFGE-5f 1
Analternative would be to use 5 Las the first byping enzyme,
with the indistinguishable strains further typed by BsHIL A
combination of PFGE-Sfil and -BssHIT methods resulted ina
DI of 10

For PFGE-based methods, band differences in DMNA finger-
print profiles are primarily a result of poly mor phisms in the
recognition sites of individual restriction enxymes, trans-
location (Twaguchi ¢ al,, 2000} or reorganization of non-
rDMA-containing  chromosomes, or the non-reciprocal
reorganization of (BMNA  pene cistrons in the fRMA-
gene-containing chromosomes (Ramsey et al, 1994). High
concordance was found among the three PFGE-based
methods (Table 1),

To our knowledge, no previeus report has compared FFGE-
basad typing methods with the rep-PCR method for delinea-
tion of fungal strains. The PCR-based methods are less
labour-intensive, and thus, potentially more suitable for
routine use. A problem with BAPD typing using short and
non-specific primers under low-stringency conditions is a
lack of reproducibility (Dassanayake & Samaranayake,
2003 ). rep-PCR s chosen because it isbased onan alter native
typing mechanism, Le inter-repetitive sequence  length
polymorphism analysis, and s very simple and reproducible.
O data showed that PCR amplification of repetitive DNA
elements in the Coandida genome using the Ca-21 and Ca-22
primer pair generated simple patterns and offered less
clustering and discriminatory power than FFGE with restric-
tion ensy mes, Lowconcordance was found between rep-PCR
and the three PFGE-based methods (Table 1), However,
when rep-PCR was used as a secondary typing method
supplementary o eledrokarytyping, PFGE-5f1 or PFGE-
BssHIT ty ping methods, high discriminatory indices o f-%96,
0-998 and 0-998, respectively, were obtained. The results
highlight the wsefulness of a combination of typing methods
with different ty ping mechanisms,

All four methods used in this study were reproducible. This
wits demonstrated by the same DRNA pattern being obtained
in consecubive isolates from the same HIV patient and
obtaining the same results by different experiments and in
repeated runs

Choosing ap propriate molecular typing methods is essential
for identifying the clonal relatednss of pathogens. The data
obtained in this study will help to establish benchmarks for
future surveillance in Tatwan, which will also serve as a basis

for comparison of other typing methods,

Cur results showed that the genotype of each isolate was
patient-specific and no specific genotypes were predominant
as to their ability to cause nosocomial infedion or blood-
stream infections. The panel ofisolates used in this study were
collected from L8 hospitals lvated around Taiwan and thus
gave a good representation of diverse geographic origin, The
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Molecular weight (ki)

Imbain Hegon!  MIC Neooromiol S ofjmlie
bl info:tian
COC-FOORODNED M2 025 Taa Spuhum
COC-FOG2OON4E M2 ND Ho Sioad
COC-FOO2O0NN4Z 54 0.8 Mo Wound
COC-FOO2000204 51 Q1FE Mo Sputum
COC-FDOZODNBE =2 05 Ho Spuhun
ODC-FD02000083 M4 025 Mo oral
COC-FOO2000O04 WA 0MEE Mo oral
COC-FDO2000OBS M4 Q25 Mo oral
COC-FOO2O00IDE M4 05 Ho oral
COC-FDO2O00E35 M2 nas Ho Wound[PCN)
COC-FDO200 38 S4 Y fas Urina
COC-FOO2000220 WA 05 faa Urina
COC-FOORODOM4E M2 025 fax Urina
COC-FOO200020T M 0 Mo Urina
COS-FOGRO0O244 W IEE Mo Panilos
COC-FOG2000225 WA 0 fas Urina
COC-FOOZO0OZ4T M1 1 Ho urina
COC-FOO2O0OO14 MO 05 Ho Spuhum
COC-FON20000ED 025 fea Spuhum
COC-FOO2000081 0.8 fex Spulum
COC-FO2000IE3 EN OIES Mo Urina
COC-FDO2O0OOE4  EN 0125 Mo Uring
CDC-FOO2O0OOE4 M3 IE5 Yaa Urina
COC-FO020DOIEZ  EN 028 Ho Bnod
COC-FDO2O0OE4E W1 B Ho wound
COC-FOO2ODN T4 M7 05 Ho Urina
COC-FDO2O0OEEE M2 0125 Mo Urina
COC-FOO2000283 WS 0125 Mo Spuhum
COC-FOO2O0COTT MO 05 Ho wound
COC-FOO200C 13 53 025 Mo Spuhem
COC-FOO2000 14 53 a1FE Mo Urina
COC-FOO2O0ON1Z 53 0125 Mo Spuhm
COC-FG2O0OZEE WA 1 Ho Spuhrm
COC-FOOZO0OZES  ME 0IEE Yaa ="
COC-FDO2O00Z04 M5 0.8 Ho Urina
COC-FOO2000I0T M 4 Yaz Cuptp
COC-FOO2000ZTO WA OIES Mo Spulum
COC-FO2O0OZ34 M2 025 faz Urina
COC-FDO2O00T13 MO 0ES Mo Urina
COC-FOO200OZ19 WA QIE5 Mo =
COC-FOO2000233 M2 MBS Yaa Urina
COC-FOO2000373 028 fax Spuhun
COC-FOOZOOOM4T M2 0325 o Spuhum
COC-FDOZOOMAE M4 0125 Mo oral
COC-FOO2O0MIE M4 128 No oral
COC-FON2O0MI0 WA 2 Ho oral
COC-FOO2O0OOZD M4 & o oral
COC-FOORO0MED M4 i Mo oral
COC-FOOZO0MOT M4 % Ho =
COC-FOORO0MOZ M4 =6 Ho oral

COC-FOO20DI0EZ N3 125 L] unna
COC-FOORODOBS M3 Q125 Mo Sputum
COC-FOOA0DCH B4 52 Q25 fas Flawd sfusion

Fig. 1. Cluster analysis of the 53 C. alhicans solates hased an the pattern of clectrophonesis karyotype. Each of the three HIV
patients was marked by a frame. Regions: N, narthy 5, south; M, middie; E, east. MIC indicates the MIC of fluconazal of each of the

solates WD, Mot determined.

exlensive dispersion of genolypes among different hospitals
illustrated that ro correlation betwem genotypes and hospi-
tal/geographic origin could be established.

Monitoring genotype variations could have greal implica-

tions for antifungal regimens, The five fua naeole-resistant
strains (MIC = 64 pgml ') were not clustered by any of the
fouer by ping methods (as shown in Figs 1,2, 3 and 4} and the
long-term recurrent isolates from each of the three HIV
patients exhibited Ouctuating Quconazsle susceptibility/re-
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0 Fiisiiaid 13 AL Hid hi  Did Urse ik i 1% Mo
CIHC Fotan2 33 Ak Fi? il DM U ] 018 e -
W NI 1 Ald HIA 221 DS Urss M2 0% Ya
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Loop-mediated Isothermal Amplification LAMP

ﬁ@f{i@ﬂ[ﬁﬁ?ﬁ'@ﬁb? PSRRI T SN~ 7}55%%?»'%5']4@@7} ) SRR RL
A AR A ﬁﬁ?f%ﬁ’%ﬁgﬂi@? P F e o 77— e g‘fﬁg\fgiﬂﬁfj’ﬂjﬁfj PCR TE‘%%@ gt Ef
FYPRITIpHE PN At P [#6 5% (Nucleic acid sequence-based amplification, NASBA) » 1 5]
F ] =7k (self-sustained sequence replication, 3SR )~ %ﬂﬁ (CPELENFE  (strand displacement amplification,
SDA) - [GEAg L 58 Sl L1 o lﬁﬁzr&{ﬁ'ﬂf i e [HIRESEF o = ‘EJI %Eﬂﬂﬁ PEFIPEA DY @‘%ﬁ’
(KHERRIIRL * % SDA RL T8~ it » EERIST TR e & Rt PO Toplulel 2 PREBUR v S 5
pLE | ERPRTE > AGPRAVIEE 5 “@E[T‘ﬁ IR WT}T I e

2000 £ [ 14 Notomi <7 * 421t LAMP WE&‘F@MW‘%E[I] FIFss (= 53 et B @ﬁ"ﬁﬂ i
# 60-65C 'E’?ELEIC’PHF*E TEY#ZE WS (heat block ) » WI'%%F,E el &mAs ~ ZHH  (point-of-care ) ﬁ‘/’%{&
(bed-side ) JHEE ~ W*‘Eﬁ%’%‘ﬂ? | SRS R lﬂfﬁﬂ e Bk o PR ST Yﬁhl*ﬁ?ﬁﬁ
AR (2]

"LAMP | [1]= &5} loop-mediated isothermal amplification » I'] #7€ q[]— &[T ~ £ loop 7
N[ DNA $#I7  LAMP = i IR RS < (1) fili ™ 155138 60-65°C#15! fl DNA strand ff/45:
—ﬂ Jup DNA & EXF" i ( DNA polymerase ) : ${fil # )% <o 58 > HikkLif 7 5°—>3"FY DNA 75 Ej’ff 745 7 DNA
RAMSERED - FIRSREY DNA 328 107 ) DNA HUETE 6" & LR /e =
dsDNA—ssDNA [ivH & - (2) {fi*] inner primers (FIP, BIP) #! outer primers (F3, B3) ( q%a'# ) ﬁ‘}FJ
i+ loop primers (Loop F, Loop B) [2] : inner primers = outer primers £3" [EH™7F » iETﬂJﬁﬂ‘Jﬁﬁ@
Fli53 H[Jf}}iﬁj??iﬁfﬂ |55 58 T self-priming ; 1951 > | loop primers F[EL™ HF* DNA %[ F1 ~ F2
FIRE oA B j‘H[[—'nL Fﬁj LAMP [ DNA product - > £} stem-loop ﬁﬁﬁﬂ Y loop i FF[ v E ”iﬂﬁ"?ﬁﬂ“[ [
[l sk s g = B ];"&[%?rj/ 5 > T ol 60-65°C - I'JFI DNA 5 £ [ i S 4 £ 5=
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Sy PR 35;@%;@};[@ 1 EJ,A M o [s,zugr;fgal'ggﬁ, Elmgejﬁlﬂ‘;ﬁ ﬁ  LAMP [lUEEsy
75 10 copies I~ [1] 40 - F4 TS ' ARPABAI3] » 9545~ BEE pOrppRmmBete =

LAMP [iv" ERCH > it 45 iﬁﬁ/[l[ﬁk HEt PCR » {ELRLED denature [+ BRE[F - qﬂ]‘ HfY DNA
polymerase V% » primers fi Ty, fifi* %‘ﬁ‘}ﬂﬂ'fﬁu& 60-65°C » || #iF. annealing [/ F |y FX I%‘?frﬁ
(LB DNA 7% 4995423 stem-loop [958 » (BLj self-prime [U3E % [i) DNA 5 F& 2 B H30 | S18
= iﬁﬁ@g[I”JT%%%“H',FF%@F}F}HlFé%J@iéEm DNA i » @% target DNA FURTEE2 Gy R JGHAYEA
P DB BT SETE 5~ WU~ - heat denature A 114 OIS -
N f%ZE\'FQIﬁJ%T%}lF%%—_’ 60-65°C V[~ iR - (5] 35-60 5584 » A% H> i > F' ] magnesium
pyrophosphate &  yJ:EIY 4 2¢[4] » F 7" SYBR Green T EFUEI<I[3] 1 ARG HRAVER ~ Bt - (5
AV ISPEITEN [0, 2)

— ~ DNA polymerase
(BRCE s pu TR %ﬁﬁl]i“ﬁﬂ TR R3] = 72 DNA polymerase [/~ :Bst DNA polymerase,
BcaBEST DNA polymerase, Z-Tag DNA polymerase  £! [[1 Z-Taq DNA polymerase [IVF*f i > {EI{[1{N
DNA polymerase *“ 17+ heat denaturation Vi J[I * » Z-Taq DNA polymerase [![[fL U -
"~ Primers
TR TRCE ) Vs E AN N = A primers ¢ Outer primers ~ Inner primers {1 Loop primers
7+ DNA 4 B¢ primers H-5[|fY "‘ffF'[' 5’353 |[[kL B3-B2-Loop B-B1 ! F3-F2-Loop F-FI1( [~ )-
T LAMP %5 EIfJE?T {5 [N outer primers( F 3, B 3 )it inner primers [ 5 ’ifl%} BT %7 }Iﬁ’ " JkFinner primers
E{"TFL‘, 7YY DNA GEE#E o inner primers ]| & ?ﬁ forward inner primer ( FIP) I backward inner primer
(BIP) - FIP, BIP EIUF%%{- E'[Hfi’ﬁ]’ﬁ o (-5 3 AU RY £ Fle-F2 ~ Ble-B2 pi¥ Flc-[Spacer]-F2
Blc-[Spacer]-B2 » [Spacer] £ 3~6bp fiY T (thymidine ) f% 1= Hjfva-]f - ?l, outer primers ?ﬁf‘[flﬁ DNA
F’ﬁ’?} » [fli inner primers ‘?’ﬁ!ﬁfl@ DNA G5 £1 H ﬁ&ﬂﬁ » inner primers _HY Flc ~ Ble %ﬁé‘?iﬁ' NIV FL
B1 755 looped out [3dg] » J# [T ¥it loop Ui DNA R KL= R H R stem-loop #5245
DNA - loop fﬁ%}]{lﬁ%ﬂﬁ‘ I DNA H-%]] 5’—3’ £i[Spacer]-F2-Loop F ~ [Spacer]-B2-Loop B f% F2-Loop F
B2-Loop B (ﬁ%‘ﬂ: )oe
Loop primers (Loop F ~ Loop B) EIfJﬁJFJ‘:EJ[JiL_& stem-loop 545 DNA ‘rﬁﬂjﬁiﬁﬁ@ﬁl ) “F“, loop fﬁ%}ﬁf’i
53]l 5°—3" i [Spacer]e-F2c-Loop Fe ~ [Spacer]c-B2c-Loop Be FiY F2¢-Loop Fe ~ B2c-Loop Be Eﬂji ] "J[@Fi
iEWJFFf"”f #[2] -
= ~ Reaction mixture for LAMP
PRI 1= ipud 2 ]2 %??E[ESF » 7 LAMP reaction mixture £% 25 1> %" ANTP
(0.4-1.6mM each ANTP ) , primers, template DNA = MgSO, 9} » I') ™ shifif [5il 255 55 @ 1 M betaine
(Sigma) , 20 mM Tris-HC1 (pH 8.8) , 10 mM KCI, 10 mM (NH,) ,SO,, 0.1% Triton X-100 o
MgSO, 1% E[U%TEZ » RLPESFE YT ATELD | magnesium pyrophosphate formation & 2 Jjfi )
S TN TR
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LAMP reaction mixture J[I * 4" outer primers (5% fI {47 inner primers ) , Inner primers, ﬁ‘} Loop

primers[2]=* template DNA I * % » V[H‘{W 95C 57i#F] fFH]J‘ et F' » it 8 U Bst polymerase > fF"'
65 e 35 3 E 1T - 80°C 10 ST EAAHTh S sl - MRS A ORI, 2] - SRR Y

heat denaturation »» DNA polymerase heat termination » | ’5?{5]5‘?[ P T YR e AN o BETR
I (SRR PR | R
[~ Analysis
BG4 7 0 25 <+ magnesium pyrophosphate Y1ER41 T AUTEIAIE ') R BV
405nm AHL6] < F I s = 1) E[ R ROk N - F B i i R Y SYBR Green
I EPA BT T AR E3] -

LAMP [ ] FTJJ%F' F' RIS J%F[T B PRI ,iJf‘t g@qﬁ%iﬁﬂ | jfﬂ@'i‘%ﬁﬁlﬁﬂjﬁ ik
ik 1i¥ Mycobacterium tuberculosis Complex, M. avium = M. intracellulare[3] - & fi'y M. avium subsp.
paratuberculosis - # F| 5 H 1 ' Real-time LAMP i S sEL 265320 7 A [ ') IR P Sidje o
(West-Nile Virus ) [7] » G 055k < [RAIPE * Aot i T I TR BB B M i R Py

) {75 - LAMP [i° i [ (] ~ 2 ')iJi‘H[ﬂ ST, -6 [8] - F € T LAMP AR [BRLF Cin
situ) {ff] Escherichia coli O157:H7 iy stxp FLFN[5] « [l = | {RIfiY LAMP ﬁ{ﬂﬁﬁu;@ﬂmﬁf? B
# (trypanosomes) » I J*Wft AL B [9] - AT L T EI 4 LAMP BUR e gita
Y [FMFS«K}@&&'{%?JTF ﬁpﬁﬁéﬁlpdﬁﬁtﬁﬁﬂ[ fug |3%T%E'l/ﬁ%[10 BT
LAMP fi' fsifl 4" | 'f@_ﬁ’ﬁ # [11]% 119 Edwardsiella tarda B32[12] - LAMP iU $£542119 DNA
~HEETHE (inverted repeats ) [IIfRi57% DNAs ﬁj);&}iﬁ']“."g HER9 PRI + 1P B TopRI
SRV EF SR e VR JFﬂ’%&“DNA AP [ TR DNA R
FOFPRITI3] « SERE | Fr il B, SARS Aake V[l m1[14]

R

~ BT R e - RO o S DNA & 60-65°C IR S I DNA

i) A SR S ORGP SV AP > NS MR - s

Fi PRS2 - S
Zo ﬁ%:"[‘ikﬁ'ﬁ'}ﬁq ’ W?ﬁ"bﬁﬁ‘xﬁéﬁ]Jﬁ_;i;;;@%?ﬁ;gﬁ»ﬁ[J YRR
s SO RERAAIR S 0 5 POR FURERE B B - [T R PCR A (-
4450435 531 P )+ HRIETE copy FURRIURLNN A HSEAIFZ 107 [ copy (500 2 g/ml DNA) »
Hr %Tf‘%ﬁ? B> BPEU% 2 nested- FY real-time PCR ﬁ‘?'[ » B ﬁﬁ?ﬂﬂ%ﬁ' B) o
P> STATRTRY » DNA S BIETIRSEPE ﬁﬁjiﬁ"ﬁﬁ—%% pyrophosphate & % > #5FI magnesium

pyrophosphate |1 REEPIRY % 55 o i A FSUZESEELEY S B T TN FHENR > 2 VR ERE DNA

PP L e F Y SYBR Green I £ 0 p] » |V Sy [ = F e B AL -

Ze A RNA (RT-LAMP) > pUei e [fil~ > Bl 0 27 il (reverse transcriptase ) » i

bl
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i TSNP+ PREDE SRL FE F— AYEP ]  b R

R

-~ primer?ﬁ?ﬁ?’éﬁ' Bﬂfﬁﬂ" E'*'J%fﬁ*]!‘ BelE) JJ EJ%‘E‘WEQK » JE ) ST B -
B (T B -

S G EARVEN D T‘wﬂﬂ (LY E ) R TR -
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