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3 y Abstract

Keywordsbcommunityacquired fungainfections nosocomial fungal infections

newly energing fungj dimorphic imported fungiNocardia spp,
Acinetobacter baumannii  Cryptococcus neoformans
Staphylococcukigdunensismolecular epidemiologymultiple-drug
resistant bacterjarapid and multiplex detectigrsuspension bead

array

Invasive irfections caused by andida spp. and nosocomial pathogens
continue to cause high morbidity and mortality in a diverse range of debilitated
and immunocompromised hosts and constitute an important public health
problem Rapid species identification andolecuar epidemiology studies is
important in elucidating transmission characteristics of pathogens and can help
to fine tuning the control strateggontinuoussurveillanceof type prevalence is
also important for the adoption and development of vaccines mgghasbtic
assays. Investigation on resistance and resistance mechanism could help

development of vaccines and diagnostics.

This research is aiming developng rapid species identification method
standardized typing methgdssystematically collect moredomestic and
international isolatesntegrate clinicglepidemiological data with typing data to
establish a databadeentify significant clonal clusters and explore the specific
differences at molecular levels. We also try to study¢lestance andesistance
mechanisms to have morscientific impact Our major findings can be
summarized into twelve points: Firstly, We have developed a
microspherebased suspension array (MSA) for the identification of 26
medically important mold pathogens includiAgpergillus spp, Fusariumspp,

Mucor spp, Rhizopusspp, Coccidioidesspp, Rhizomucor pusillusPenicillium



marneffej Paecilomyces javanicussSaksenaea vasiformisApophysomyces
elegans Absidia corymbiferaand Syncephalastrum racemosutiwenty-three
oligonucleotide probes were designed based on the internal transcribed spacer
(ITS2) region for species level identification of molds. No cnesgctivity was
identified except for probes ducor racemosugMurac) which cross react with
Mucor hiemalisandMucor ramosissimuslhe sensitivity of MSA is 100 fg to 1
ng and 16 cells/ml in simulated blood specimerk&he whole procedure can be
finished within 5 hoursSecondly we have developed reaine PCR detection
methods for clinically important yeast amibld pathogensind integrated the
beads array and reaime detection methods and applied in the detection of
various specimens from higisk groups such as hematological and neonatal

patients Thirdly y we develop a microsphere suspension array dssagpid

and accurateidentification of four most important nosocomial pathogens,
namely Staphylococcus aureusPseudomonas aerugingsaAcinetobacter
baumanniiand Candida albicansThe specificity is highand the sensitivity of
detection is 110 pg DNA. Fourthly, we have set up diagnostic methods for
high-pathogenic imported dimorphic fundkifthly, we develogd molecular
typing methods foCryptococcus neoformaremd monitor closely the possible
introducton of the high virulent strains from North Americaixthly, Typing

methods for Microsporum canis/ using nultilocus sequence typingr ATP9
and betatubuliny and MLVA were also develope&eventhly we carry outthe

molecular epidemiologystudy of Staphylococcuslugdunensisin Taiwan
Eigththly, we set up typing scheme for Nocardia brasilienis and conduct its
molecular epidemiology studiinethly, we continue strain typing dfandida
spp. by MLST and analyse the strain relatedness with international data to find
out the epidemiological links and the geographical preferedaasthly, we

published thevhole genome sequemof a multiple dug resistanA. baumanei



strain TCDGABO715 and conduced comparative genomic study of our
TCDC-AB0715 and7 other reference strains which are already whole genome
sequenced to identify gene rearrangement such as insertion, deletion, invertions
or duplicatons in a hope to elucidate the resistance and virulence mechanisms.

Twelflyy quality systemfor cryptococcal antigen test hascredited to 1SO
15189by the Taiwan Accreditation FoundatiditAF)],

We will establish a fungal reference laboratory in Taiwaor €@search
results and typing dataill be feedbackto clinicians for refining their therapy
regimen and collaborate to establish databases integrating typing results with
clinical and epidemiological data.and provide research findings to control
divisions for finetuning of their control strategies. Our continous effavil
eventually help to identify crucial points for disease intervention and display our
strength and commitment in global participation and international collaboration.
Such ontinuous #orts will help to understand the epidemiology as well as the
evolution mechanisms of some high resistant/virulent clomgsch can
potentially help to identify specific diagnosticaccine and epidemiological

marker molecules.
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£ W multiplex PCRIT QW & "Hz X Az R
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3y DN CR

)y Yw u
Q Q 52% by y =~ VI y . X =
N Q | uwn Mi (&C) Y Exophiala dermatitidig Sporothrix

schencky Trichosporon asahyi Microsporum gypsewnChrysosporiunsppy

Saccharomyces cerevisiZe | 5 2007 Ty 2008 1T CAP 2

NYn A N n Sabouraud dextrose ag@DA) |
— HA Wsy € € 219 B
n T WA 2,773 JU YZM 1,315 (48.1% t+ bloodY 1,057

(38.199 + ogarglingy 394 (14.29%9 + sputun¥ 7 (0.3% + Z~ (K &
Ha y7 yr Ry T Ha yT "HHa )|
2 R N W 25MQ  wnau' | Mi (BCRO
A 10X U N R O 2
(Saphylococcusaureug 13} y methicillin resistanceStaphylococcus aureus

(MRSA) 66 % Y methicillin susceptible Staphylococcus aurdMSSA) 10

NY® 6 (S epidermidi3 6 Xy 3¢ S capitiy € Y S heamolyticug
(Enterococcus famlis) 9 X Y (Enterococcus faeciumd
Ny (P. aeruginosa 63\ v N (Acinetobactespp) 10\t y
A.baumanniB4y Y3 ® 27 &® (Klebsiella pneumoniges X y 3
e %  (Klebsiella oxytocp4 Xy € (Escherichiacoli4 Ny &
(Enterobacter aerogengd ‘\ (Enteiobacter cloacagp5
NL "HX  N' W TSA (tryptone soy agauplateW u L uw APIy

Vitekl CAF® ¢V 0
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NW By a We m N NYu

W B | N Taiwan Surveillance of Antimicrobial
Resistance of Yeasts Proj¢€SARY) 19991 2002 N | E C.
tropicalis Ay € 148 |CU WM "~ wu NQ 50 %] C.
albicans| oS T (19972006 Vv 25N 1 7 N Q
201N ] £ Cryptococcus neoforman999 1, 2001 Twu N Q
14N NMn W Sabouraud dextrose agi8DA) | NME
ulh Mo & = P Germtube assay W nM API-32

'H VITEK2 & Wok Y= ¢N |
W K N é (Staphyleoccus lugdunesisv + MW
& T, W/

A)y m Y DNAA &

n N L n PUREGENE DNA Purification Ki{Gentr&Y

Minneapoli¥ Minnesotf USA) & DNAL pnY SDAp 2~3
wLYazH A O 2mIPBSB YFf 9 10-15n u

Y 0 37 6] 13000xg @ 3m MNOLYK ¢ ] Fd 2ml
Cell Lysis SolitionY T H W Bwu AT QLOLFY 1ml
Protein Precipitation Solutioh 20 13000xg 1 10m |

aop FY 100 V v DNAe | W 70% s LYF Y50
m DNA Hydration Solution  DNAL W A,, DNA A Y’ | v 180
L Q W Sabouraudiextrosebroth v 25 Y' B3

R L a DNA] F dz X 300mgA glassbheadgBiospec
Product¢ Bartlesvilld Okla) 1, 600 ml A Tissue and Cell Lysis SolutioA
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2 mlscrew cap tube_"0O49 Mini- Beadbeatew 4,200rpm YO 5u
Y L ‘ a 3 1.5 ml centrifuge tubel MasterPur®

Yeast DNA Purification Ki{fEPICENTRE Biotechnologie¥ MadisorY

Wisconsi) & DNAL WW M T T < DNAA YL’ | i80 |

(t)y xn w

1.i 1 y Mm . uy, D

~

"HY  Q A speciesspecific ' H groupsspecific T

GenBank N 4 ITS2 regionAt w? in BioEdit 70 " Q P+ Wi

L, u speciesspecific’ H groupsspecific XU . AXu-T
5 W> WwWHWY B]

SP 0! A ITSEé 16S , t wu NCBI o A L

A rDNA ¢+ wY u W Microsoft Access 200 Y+ wA N 4]

n Squencher P 7 +twk Y WWYAEALY p. O
YzX nHAtwY W . il é L
H ITSi | K2 n PCRu nHz u 16S rRNA
vy ITS M 23SIRNA . Mys]l Z'w t b
Forward primeth 5-GTCGTAACAAGGTAGCCGTA3
Reverse primeb 5- (T/G) A (C/G) TGCCAAGGCATCCACG3

2. ITS3 [ ITS4 N 4 (PCR)

@ ITS3 (56 GCA TCG ATG AAG AAC GCA GC 8 ) & ITS4 (50
TCC TCC GCT TAT TGA TAT GC 30 ) i | ITS2 (internal
transcribed spacer YPCRuY Y A + 50e¥YB2z 10ng/
DNAY 25 ¢ 2X Master Mix (Fermentas Y 1, 50 nM of ITS3 (forward

22



primer) Y 200 nM of ITS4(reverse primérY Z F W nlu o0

W 95 5un =Y 35 1l A nQu 95" 30mn Y €& 58 30
n Y 727 1mnu A u Y Lt 72 10w A 4y |
PCR v n PTG200(MJ research|
3. ITsn | Y (PCR)
N/ l %N P PCRY | v A t 50eYsB
z 1lelA chromosome DNAconcentr at i o forvardl O 2

primerleY r ever se p(L0ic MJeyR2ell KEYR5¢ M Z N master

mix (Fermentagl 4 wOW 94 10u =Y 341 A fu
94 30mn Y & 55 20m Y 72 1w A u Y Lt
727 10 wn . A 4y | PCR v n PTG200(MJresearch |
4. @ n ¢ (agarose gel electrophoresjs
W 15 0 P DNA duéYvin 15% (wt/vol)
A b a 0.6g A agaroseO 0 100mlA n» MYufd
40ml MR, @ AF Y A 98&H ML M
L 40miy q Mu 9 Y © 454
un EL Busn EA 3 0.5XA TBE(0.1M TrisY 0.09M
boric acidV 1 mM EDTA) aF ¢+ 120V/icnmY 35mu Y
EtBrdk2 15u LY "~ W k4= L0 muot PCR M
QY W 100bp DNA u | TR 1
5. E®o 0 o)
a 25x16 (Lumine¥ TX) YF d 50ul0.1M 2- (N-morpholong

ethanesulfonic acid(MES) buffer pH 4.5 (Sigm3 1 mM

23



oligonucleotide* WA . +° 5e amino F @ 12-carbonlinkdr F 9 3

e |

1-ethy}3-3 (3-3-dimethylaminopropyl carbodiimide hydrochloride

(EDC) solution (10 mg/m) (Pierce BiotechnologyY K

.Y

A% 30m [ MLgFd 3¢l A EDCy 30 u

J] EDCu LYF 9 0.5ml0.02% Twee0Y , d n Y 8000 rpm

2 "

Ho|

Q ChH f

Yk o YF 9 05mlof0.1% SDS = LYg W 8000 rpm

W
Yk o L L W 50e | -EDTAs Y 0 &4

W 1.5X tetramethylammonium chlorig@d MAC) solution

(Sigm& St. Louiy¥ MO) | TMAC solutionf z 4.5M TMACyY 0.15%

Sarkosyy 75mM Tris-HCIpH 8.0 6mMEDTA (pH80 & 33 ¢ |

TMAC Bz 5,000 17 €1 Q dnY O A0 95C

y

k

10wm
(0]

Y b 45 4y 30wm | W 6000rpm T 5u Y
YFY975 €l 1X TMAZL18o0hgte¢bn

streptavidinR-phycoerythrin (Molecular Probegé Eugen® OR) Y 0 "H

40°

10un

] L Ann F3 965 ELISA YW Bio-Plex 200

Suspension Array System(Bio-Rad Laboratorieé Inc. Hercule¥ CA)

L
1

7.

T

=MB 1 (Median fluorescent intensity MFI) + 100

TN MB  YqO Bio-Plex Manager4.1.1 wné¢ QJ

te )

N

" a

w I o

N DNAW Y M+ w Y <=0 10¢ g /3n10pg/mly

OzZMa 1le| t template DNA P i w Y ot
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x)yz”nm af

TooA l s ¥ n (Clinical and Laboratory Standards
InstituteY CLSI) "H &OA / W oxacilliny vancomyciry imipenemé
ciprofloxacin 2 1 ° 7, €6¢ NN o Aa = (Minimum
Inhibitory Concentratio MIC), v n COAt A (agar diluton
method |
X)y Yk n aué (PFGE)

NocardiaPFGE plug W W 3 N J] A colony 0 10ml
BHI broth ( 0 3dayyY/ e La O BHI broth (z 15%

sucrose and 2% glycihesubculture 4hysy Z lysozyme L nm 5mITEN
(0.1M TrisHCIY 0.1M EDTAY 0.15M NaC)washZ 11 | g L EC
buffer (6 mM Tris-HCIY 0.1M EDTAY 1M NaClY 1% sarcosing 0.2%
sodiumdeoxycholatg =3 2x108 cells/m| 1% agarose kW

o) Plug 0 1 ml EC buffer(z 20mg/ml lysozymg 0 37C y
overnight, EC buffer LF 9 1 ml ESP buffer(0.5M EDTAY 1%
sarcosin¥ 1 mg/ml proteinas&) 0 50€¢ y 24 hrg, A ESPbuffer
LFY 1ml A ESPU 506 4  24hrg

Y a ( 1" A species )b Insilico p HpayY

SpeéY SspY Xbad (N. farcinicd x Ya Yo 1w Asd (N.
Farcinica) Y Xbal andAsel (N. Seriolag Ya | Xba Spe "H

A band€D 3540eHYd . Wtwmw A JUY W FA

X awm Z |

r)y N @ (PFGE) 4 BsHIl Ya #hWwywyeué
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PFGEL BsHll Ya woeuéfn W 66 oM n 9

W 1S-1000 Digital Imaging System(Alpha Innotech Corporatiofi San
Leandryy Calif) M TN Tu | a n )] 2> i Bionumerics 5.1Applied

MathsY Kortrijk Y Belgium) un £ a Yuoyw Q I
N = T 1% KIAY~ Vo T 3%)v
7 | ... (Dice Coefficient k né yo TR o (Sig) Y Q uné

n UPGMA (Unweighted pair group method using arithmetic averag€o
N, ”n NyYsTR oHO 95%1 Y t +N1° A PFGE genotypgs

F)y. B .t wwué A (Multilocus Sequence Typiny MLST)
1. 4 @& =N _, uPCR JU

Candida albicans p F 1 AATly ACCly VPS1y MPlby ADPly
ZWF1 u SYAl/ Candida glabrata r M housekeeping loci
(housekeeping gene lgcn " £ FKSy LEU2y NMTly TRPly UGP1 y4
URA3 Candida tropicalis rv1 locinn + ICLly MDRly SAPTZ
SAPT4 XYR1y ZWF1g Candida krusei r v locimn + ADE2y
HIS3y LEU2y LYSy NMTL uy TRPY

W PTG200 96well thermal cycler (MJ Research)p PCRuy | C.
albicans u Bz 2 el DNA (10ngkl) Y 4 €l primer (5eM) Y 10 el
distiledwate¥ 1, TEMPLY PCR kit (LTK BioLaboratories) u Jut 94
“ Y 2 min denaturé P 25cycle 92 Y 1minY 52 Y1miY 72
Y 1minAuy Y Lt 72 Y 10mif C.glabrataPCRuy A + 20
elYB z X 10 ng DNA é primer 50 pmgl 1.25U Taq DNA polymerage
5¢l A 10X buffery, 200eM deoxynucleoside triphosphpt@€CR u JU

26



t 95 Y 5 min denaturé P 30cycle 93 Y 30SYV
woaAN Y | - 5057 N1 Y 1minY 72 Y1min Ay

Y Lt 72 Y4minAu | u Hz 6&l DNA (10ngkl) Y 2
el primer (5eM) Y 5 ¢l distilled watetY u TEMPLY PCR kit (LTK
BioLaboratories), u Jut. 94" Y7 min denatute P 30 cycle
94 Y 1minY 52 Y1minY 74 Y1min5secondAuy Y Lt 74
Y 10mir, ¢t u viaAil PCRy T Yu®t EAu43TY
4y Mwné€ v in ABI 3100 avant (PE Applied Biosystem§)

2, MLST=A , u PCR JU

S. lugdunensis p f M aroE(shikimate dehydrogenasa)at (D-amino

acid aminotransferase)ddl (D-alanine:D-alanine ligase),gmk (guanylate
kinase), Idh (L-lactate dehydrogenase)recA (recombinase), andyqiL

(acetylcoenzyme A acetyltransferasé) PCRu A t 25 ¢, B z
20 ngA genomic DNA', 1el AZAZ uyu, primer(5eM)y 12.5 el of
Master Mix () (Fermenta, Hanover, MD}), Jut. 94" Y 5 min denatur¥
P 25cycle 94 30se¥ 30minY 50° Y1ImiY 72 Y 1 min
Ay Y Lt 722Y 7min, 4 N v i T3000 thermal cycler

(Biometra, Gottingen, Germany).

3. PCRy

W PTG200 96well thermal cycleMJ Research p PCRuY |
Candda albicansu Bz 2&l DNA (10ngkl) Y 4 ¢l primer(5eM) Y
10 ¢l distilledwatelY 4 TEMPLY PCR kit(LTK BioLaboratorie3 | u
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Jut. 94" Y 2 min denatuié P 25cycle 94 Y 1minY 52 Y1 mi

Y 72 Y 1minAuy Y L+t 72 Y 10 miyj Candida glabratsPCR u
A+ 20elYB z X 10ng DNAy é primer 50pmoy 1.25U Taq DNA

polymerasg 5 ¢l A 10X buffery 200 eM deoxynucleoside triphosphgte

PCR y Jut. 95 Y5 min denatuté P 30cycle 93 Y 30SY
\Y; CWeANT Y L e 5057 N1 Y 1minY 72
"Y1imnAuy Y Lt 727 Y4minAu |y Bz 6¢clDNA

(10ngkl) Y 2 ¢l primer (5eM) Y 5¢l distilledwatety 1, TEMPLY PCR kit
(LTK BioLaboratorie$ | u Jut. 94" Y 7 min denaturé P 30
cycle 94 Y 1minY 527 Y1minY 74 Y 1min5secondAuy Y
Lt 74°Y 10mi, ¢t 4 v iaAil PCRu T  Yut Au
AT Yu nNMué v ABI3100 avan{PE Applied Biosysten)s],

l)y £ IGS 1 M13 PCR Fingerprinting
IGS ... Cryptococcus gattiVGIl Aun £ COA"Hv n A primert

IGSF (5-CCGAGGCAGGACACACATAG?3)
IGSR (5-GGCGGAATACAAATACTACTTACCT-3)

PCRy [ Jut 94 Y 5min denatur¥ P 35cycle(94 Y 1
mnY 500 Y1minY 72 Y209 Y Lt 72 Y 6min'®] M13 0¥
minisatellite n £ CGOn Y H v W A primer £ Mi13
(5- GAGGGTGGCGGTTCT3YPCRu [ Jut 94" Y5min denaturé

P 35cycle (94 Y1minY 51" Y1minY 72 Y209 Y Lt
727 6mip & Juk 120W t O5XTBEY &+ + 30
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minj, A G A band typ¥ . U £ VGI~IV
Hq VNI~IV]

G)YYy~ t Wh MEY 4 N4A0Y

Gt LA D ¢ Bionumerics 5.1n € Y’ oW @€
locusAt wLYp (http://www.mist.net v . locusA _ £ ] u oy

"HX  NYHX loci AEND 0 £ M n A sequence typetST9 Ya Uy

E X0 NALy n° "Hn N Y NwoL,
\ .TW UPGMAAGCM®W . A' wl @ Minimum
Spanning Tre¢MST) 0UAE Ny 1T N M L

(*)y . @' (' L DNA yeTl

AvnMA =x/ . ...0 YE &+ Mi W llumina
Genome Analyzer Ibky y> ¢t ] WAE ays (read3/ W CLC
bio A D contigf L B - O1 KbA contigs, . 114

ML u contigs/& 9~ uné yu J]> ba A optical
mapping Q p M|
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ty Q
€)y- 1§ Real time PCR

> 1 Realtime PCR( t A)uné¢ 1788 Wu 2,182+ YZ
M ITS3-4 panfungal X 661J/U (30.3%) t positiveyY X 1,521JU (69.
7%) t negativefé CE ITS3-4 panfungal positive A W
panCandidan ¢ Q 661JU Y 'Q positive X 287JU (43.4% Y
negativeX 374 JU (56.69%9 ] ~W panAspergillusn ¢ Q 661 Ju
Y Z 'Q positive X 4JU (0.6% Y negativeX 657JU (99.4%
L . Wwp Q ~Y t panfungal M Candida speciesA
W 43.4%Y Aspergills speciesA w W P 0.6%,
2,182 Ju W un g bloody garglingy sputumuy 2~ (K& H
o YT VI MyT Ha y1 "HHa )Y  panCandidau é
‘Qt positiveA 287 Ju MY ° bloody sputumé gargling pY

nn o A 0.7% 1 28.2%u 71.1% panAspergillusm ¢ Qt
positive A 4 Ju MY’ °  bloody sputumé gargling pY
Pan-Aspergillus positive + positive A 3 bl0Y 1A "HP MW
Nz L

Tm1AunéY ¢ 54 ~ A Candida species(C. albicansy C.
glabrataY C. tropicalisY C. parasilosisy, C. kruse) 1, AspergillusspeciegA.
fumigate¥ A. flavusy A. nigerY A. nidulansy A.terreud YA Y n 1 w
pZ Tm Y Panfungal A 'Q o 3  CandidaspeciesV+ t C.
tropicalisY C. parapsilosi¥ C. glabratay C. albicans, C. kruselY <
T 84.18~84.2Y 3 90.69~90.78 Y a ) £ 6.55 Y Aspergillus
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speciesV*t £ A nigeY A flavusy A fumigatusy, A. nidulanf -
T 92.44~928 3 93.6~93.6F Y ¢ J 1.2¢ Y¢ 1 A terreus
uaXyY A Tm 1) PanCandidaA Q o 3 Candida species Tm

A " Panfungaly < T 81.45~81.5 3 89.81~89.9 Y a
J ‘Q 8.5¢ | PanAspergillusA 'Q o 3 Aspergillusspecies T
A " Panfungall - T 91.72~91.96 3 93.9C Y « J

20YZ Q &3, OWpA Q “YKoiawmw Tm1A o VYH
R Mx | ] species
Ao CE n Real time PCR pafungalY PanCandida u
PanAspergillus 1 primerA Tm 1 wN A QY &2 13
v Wy 20 4 YV ®3)A Fim Yine GOV TmTA
MSAA Q71d, Y QT WD Realtime PCRA Q
w N Candida speciesM A C. albicansy C. glabratay C. tropicalis

4

AspergillusspeciesMA A.flavusy Q 0 &t |

> n panfungal PanCandidal, PanrAspergillus primer P Real time
PCRLYW Tm 1° & "Hz Candida’H AspergillusA species , t
A Candida 'H Aspergillus/1~ A specie¥~ > o 'H

Ig species £ 9 © A VY BW Speciesspecific primer p Real time

PCR( t )] 275U w N Candida speciest. 1 W

Candidaspeciesspecific primer p Real time PCR Q 223JUL (81.1%)t
i) " 70JUL w N "1 zX 2 W Candidaspecies

MX 48JU Real time PCR Q wN ¢ &, 10/UL W

N Aspergillusspecied. A W Aspergillusspeciesspecific primer

P Realtme ER Q 9/U (90.0%)t HAYZM 1Ju w N
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z X 2 Aspergillusspecied Real time PCR p 1 4Ju w

N Candida speciesy Aspergillus speciek 1 nn W Candida
speciesspecific primer Aspergillusspeciesspecific primer P Real time PCR
2JU Q1 ¢~ A, Real time PCR Q wN N1¢° AA,

K + A wHtAa, | A |

A)y A ChAd Y
A ) n Coccidioides species Histoplasma
capsulatumd 4 39 i ywu | A CJA| Coccidioidesspecies 9 i
ACRO~™ A9 ACAYO QK p sampleA fu
X (A HyLcour N nwnl A CJA CoccidioidesspeciesA

M CSPgené x (B)A Q ~ Lane2r3C.posadasi(C735 u
C.immitis(RS°~ ® 500bpe HX'Y A Y uhy n ol

Histoplasma caspulatum Mg i uul ACJAY 9 i
Coccidioidesspecies TRYXZ 4y p R E T
| Histoplasma capsatun® i A nl Mv n M antigen gene
(
t)y w t
1. C
C y N oq w ¢ Q CH® |

n QA S/Bw1 (sample fluorescence intensity to background

fluorescence intensity radio t 7.93 123.4

2. N g fAuné
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t wN Q A Ny y
y y . Afe2 -~ 10ng 3 10°ngY
Q yYAN Kw t 1ng (Absidia corymbifer
Syncephalastrum racemosurd 10 ng (Aspergillus nigey Aspergillus

terreug Fusarium moniliformeFusarium pallidorosewrPenicillium marneffe

(@©x) L

q Auéy Q 49 N op T wo
YK BT A QYk==xn wA g |
3.

K w T NMKepAY &N~ A Aspergilus
flavusdt = - (ILng 100 p§ 10 pg 1 pg  Aspergillus fumigatugl
ng) € Rhizopus oryzae (1 ng , PN E | Q vy A
fumigatug’ R. oryzaedt = =t A flavusA 100N+ Y2 7 #n

wb K p A fumigatus Y®YV WKXIT A np ~
C )l
4. w N no | MKp A
t w N no | COKeAUA nY
10° cells ml Aspergillusnidulansu | (conidig n o dn L
3 10°cell mlL & DNAY w N A Q v

t 1CPcellssmi( )|
5. w N - N

w N n W 6 4FA Candida species(C.

albicansY C. dubliniensisY C. glabrataY C. kruseiY C. lusitanieeY C.
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parapsilosi¥ C. tropicalisy C. guilliermondiY Aspergillusspecies A. flavusy

A. fumigatu¥ A. nidulan¥ A. nigelyY A.terreug u Cryptococcus neoformans
oY Y 2098 — 1 W 3,815 /U Y 784
(206%) JU t positiveY 49 (1.3%)JU t beyond cuttoff 784 Ju
positive M 744 (19.5%)J/ut Candida speciey 23 (0.6%) Jut
Aspergillus speciey 13 (0.3%) /Ut Candida speciesy Aspergillus
specieg 4 (0.5%) Ju t Candida speciggositively Aspergillus species
t beyond cutoff 49 JU beyond cuttoff M 43 Ju (1.1%)t Candida
specie¥ 6 JU (0.2%) Aspergillusspecie® X ) |

20117 1H 3 20147 9% 3,815/LU  Yu > bloo@ gargling
sputumuy Z© (K6 Ha yrT YU RYT Ha yT "HH=a )Y
784 U positive A gargling 4 sputumP _ Ynn g
355% (517/1,457) u 42.%%6 (226529) z X Candidaspeces A
746 JU nn q gargling 512Ju(351%)y sputum204/L (386%)Yy
blood 26/L (1.4 %9y Z~ 4JU (44.4 % . Aspergillus species
bloody sputum R 1N A 07% (121,828 uy 2.1%
(1/533) . ~ 1+ 2z X Candida speciesy, Aspergillus species/ -"-°
gargling 4  sputum p YP A 0.2 (3/1,46) u 1.9%
(10533 , ~ Z~ b ko Ha yT YU Ry 1T Ha ¢ 1
"HH = X 9JuYX 47U p z X Candidaspecief® X ) Y,

tou 1z |

w N t positive 4 beyondcutoff A YV R

<l

"Hz X A speciesw CHi | W Y Q yS L~ wm
a ITS3-4 panfungal PCR Qz X QT w N Q1
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t negativey 37 QNC¢T AA, X (1) ITS34 panfungal i |

n ~ W'Q Internal transcribed spac@S) regionX cross reaction”
zXZ" ~ WNQ gargling zXN'Q Y/  p ITS34
panfungal PCR y 9 ) M"Hz X N species
w N M Q fwooX Y 7 CHf A Z
1 (.t Ch TN T W 6 A
H Y W M "Hz twon »vVA M/ A
Rl
%)y w ¢ & B T
Or t A MHy @A L N 30%uT A N ®
F/ £t HYmAZ il Ynun A Wy A Y
vino .4 M| Yt multiplex PCRA & Yun
CA 4 Wwuyz A Ay Y & M lane2t C

C. albicaryY lane 3+ A. baumann¥ lane 4+ P. aeruginos¥ lane 5t
S. aureu¥ lane 6/ 1 C. albicanf @ A. baumanni¥ lane 7t C.
albican £ @ P. aeruginos¥ lane 8+ C. albicanf @ S. aureu¥ lane 9
t A. baumanniif @ P. aeruginosX¥ lane 10t P. aeruginosaf o S.

aureu¥ lane 11t A. baumanniifF ¢ S.aureus O MK D0 T

A _ ywye' XA A OVEpPWY oAE Lqg P
woo ]
Wz- O0A W YuhYXd positive
signal minimum ratio! HU 1Y A ¢ Y n nj
CE I NYBHzX MSSAy MRSAy v &N

y o y € y 6 Wuzo E .Y,
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bz ¢ A Y minimum ratio 1 U 2.7Y » negativél ' H0
1, M™H A Wy N MNAE R} sensitity . v
" DNA - O 10ng~1fg(Kv#@ 1pl A 10ng - DNA

PCR L Q) |
(X)y?°>#hn MLST 'H PFGEwn £ B L E y y WK
L Munl x%p
1. C. tropicalis
W MLSTmneye€ 148 |ICU WM.~ wu NQ 50\

C. tropicali&¥r QX 21  diploid sequence typd®STg W] W UPGMA
Q MEYVH WTR €0 74%"HX N Kut t 1 clonal group¥
clonal group 1(13X) u 11 (26 X)., X 8  DSTY ~ clonal group llI
(11N)/ Bz 5 DST, PFGENael u t r ™ clusters (cluster A3
F) 4t v minor groupgminor group I3 IlI] MLST PFGENael <

T R (p<0.095 |

Jacobsen WW eBUSTu ¢ Z "H 242 N Z 7 C.

108

tropicalis '\ TwYYy 3> "H A NOQu 0 79 eBURST
cluster§ ~ Aw¥in A X/ 0~ nX0 39 clustersMYZ MB 5 clonal
group Ill (Hz DST 134 175 179 UL O~ W= u1l1 o NA
eBURST clustersY clonal group IA N (Hz DST98 1y 140 m 0
€ Woy N (o WS N wmU) AeBURST clusters %~
clonal group IMB 3 DST 169 174 u 177 %/ 07 ¢ty N

M eBURST clusters]7

O0 C. tropicalis £ \ (diploid) & Y Z N’
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(alleleg @ SNP (single nucleotide polymorphigme oK wmn-
heterozygosity / homozygositheterozygous / homozygous SNRs A ¥ n
MYO ¢ WHu pn. - NK O MLST' wo SNP o
Y CE u N WM o P (replacement y 0
(microevolution) H =11 (maintenancke nln = P2 WAS
N N MY DOH86¢g018 DOH86g082z X T A DST165¥ ZHz
16 M  heterozygosityy ~ DOH869099 + DST173/ X 7™
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Organism

Identfication no

Aspergillus clavatus

Aspergillus flavus

Aspergillus fumigatus

Aspergillus nidulans

Aspergillus niger

Aspergillus terreus

Aspergillus versicolor
Fusarium moniliforme

Fusarium oxysporum

Fusarium pallidoroseum

Fusarium solani
Paecilomyces javanicuss
Penicillium marneffei

Absidia corymbifera
Apophysomyces elegans
Mucor hiemalis f. corticola

BCRC 31136
BCRC 30007
BCRC 30008
BCRC 30144
BCRC 33516
BCRC 30099
BCRC 30502
BCRC 33380
BCRC 30100
BCRC 31120
BCRC 33355
ATCC 10074
BCRC 30506
BCRC 31512
BCRC 32731
BCRC 32734
BCRC 32735
ATCC 16404
BCRC 30135
BCRC 31128
BCRC 32068
BCRC 3225
BCRC 31492
BCRC 31611
BCRC 32107
BCRC 32139
BCRC 33554
BCRC 33555
BCRC 32448
ATCC 36031
BCRC 35511
CBS 344.59

CBS 549.77

BCRC 33078
BCRC 33107
BCRC 32109
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Organism

Identfication no

Mucor racemosus

Mucor racemosus f. chibinensis

Mucor racemosus
Mucor ramosissimus

Rhizomucor pusillus

Rhizopus azygosporus
Rhizopus microsporus
Rhizopus oryzae
Saksenaea vasiformis
Syncephalastrum racemosum
Coccidioides immitis RS
Coccidioides posadas§i735
Absidia coerulea

Rhizopus homothallicus
Mucor flavus

Absidia cuneospora
Absidia fusca

Exophiala dermatitidis
Sporothrix schenckii
Trichogporon asahii
Trichophyton rubrum
Microsporum gypseum
Chrysosporium spp.
Saccharomyces cerevisiae

BCRC 30186
BCRC 32162
BCRC 32586
BCRC 32160
BCRC 33122
BCRC 31510
BCRC 31158
BCRC 31995
BCRC 31145
BCRC 33074
BCRC 31638

BCRC 30897
BCRC 31146
BCRC 32478
BCRC 32943
BCRC 33045
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®3y 8 X A Reference strain
Pan-fungal ITS3-4 primers Pan-Candida primers Pan-Aspergillus primers

C. tropicalis B 3 _
(ATCC 750 84.1884.27 C 81.4581.5C
C. parapsilosis _
(ATCC 22019) 84.7384.88 C 82.81:82.98C
C. glabrata _
(ATCC 90030) 85.0585.18 C 84.7884.83C
C. albicans _ _ -
(ATCC 90028) 86.3686.46 C 85.0885.19C
C. krusei B 3 _
(ATCC 6258) 90.6990.78 C 89.81:899 C
Aspergillus fumigatus B _ 3
(ATCC 1022) 9223923 C 92.993.04C
Aspergillus flavus _
(ATCC 16883) 92.6992.74C 92.4592.6C
Aspergillus niger _

(ATCC 16404) 92.44925C 91.7291.96C
Aspergillus nidulans _
(ATCC 10074) 93.693.67C 93.393.48C
Aspergillus terreus _ 3

93.9C

(BCRC 30125)
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Oty m Realtime PCR MSAA Q
CDC
7 RS fefiiEst | fiufdEE] Real-Time PCR | Real-Time PCR Real-Time PCR MSA
(Candida spp.) | (Aspergillus spp.)| (pan-fungus ITS3&4) )
Candida albicans
3118431 ND-579 sputum +(84.71) — +(86.26) Candida glabrata
Candida tropicalis
5230726 ND-431(1~4) | gargling +(81.57) — +(82.75) Candida albicans
ND-434(1~4) | gargling +(84.97) - +(82.61, 88.81) |—
5516157 |ND-446 sputum +(81.45) +(89.01) —
5660649 |NR-33 1(1-4) | gargling +(87.26) +(92.17) =
ND-533(1-4) | gargling +(81.81) +(89.18) Candida tropicalis
ND-622 sputum +(84.57) — -+ (90.69) Candida glabrata
5230726 ND-635 gargling +(83) — +(85.15) —
ND-644 sputum +(84.93) — —(85.1) Candida glabrata
5688404 ND-698 gargling +(85.64) = +(86.8) Candida albicans
06061334 |ND-692 gargling | -~ +(85.49) T(92.62) T(93.28) é:ﬂfllli;nqul;ﬂ;:r
ND-695 sputum -+(85.49) +(92.96) +(93.14) Candida albicans
5695653 ND-700 gargling + (85.49) = +(86.5) Candida albicans
5688404  |ND-727 gargling +(85.49) — +(86.75) Candida albicans
5672070 |ND-731 gargling +(85.55) — +(86.55) Candida albicans
- . o o Candida albicans
ND-759 gargling T(E.15) B T (8601 Candida glabrata
. - ) ) - U Candida albicans
5636785  |ND-760 gargling +(85.31) — +(82.68) Candida elabrata
ND-773 gargling +(85.19) - +(85.99) ((;Egig: i;lll;:;?:;
5055928 ND-771 sputum +(81.45) — +(82.85) Candida tropicalis
5569930  |ND-578 blood — +(92.35) (83.92.61) Aspergillus flavus

67




&
.4
<

y wN Y MSAy

DNAA @ <

Fungal strain

DNA detection limit

Aspergillus clavatus
Aspergillus flavus
Aspergillus fumigatus
Aspergillus nidulans
Aspergillus niger
Aspergillus terreus
Aspergillus versicolor
Fusarium moniliforme
Fusarium oxysporum
Fusarium pallidoroseum
Fusarium pallidoroseum
Fusarium solani
Paecilomyces javanicuss
Penicillium marneffei
Mucor hiemalis

Mucor racemosus
Mucor ramosissimus
Rhizomucor pusillus
Rhizopus azygosporus
Rhizopus microsporus
Rhizopus oryzae
Absidiacorymbifera
Apophysomyces elegans

Saksenaea vasiformis

BCRC 31136
BCRC30008
BCRC 30502
ATCC 10074
BCRC 30506
BCRC 30135
BCRC 30225
BCRC 31492
BCRC 32107
BCRC 33554
BCRC 33555
BCRC 32448
BCRC 35511
CBS 344.59

BCRC 32109
BCRC 32162
BCRC 32160
BCRC 33122
BCRC 31158
BCRC 31995
BCRC 31145
BCRC 33078
BCRC 33107
BCRC 33074

Syncephalastrum racemosurBCRC 31638

Coccidioides immitis RS

Coccidioides posada§i735

10 pg
10 pg
10 pg
100 pc¢
100 fg
100 fg
1pg
100 fg
10 pg
100 pc
100 fg
10 pg
1pg
100 fg
1 pg
100 pc
100 pc
100 pc
100 pc
100 pc
100 pc
1ng
100 pc
10 pg
1ng
10 pg
10 pg
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QOXy wN Y MSAy - N W

>

- No. MSA (=) MSA (=)* Candida spp. Aspergillus spp. ) 4scp::a?'2;:'?;_:prsl;p. ) -15;;-;-;?::35:}1::#. ) Candida spp.(=)* Aspergillus spp.(=)*
No. % No. % No. % No. Yo No. % No. Yo No. Yo No. %
blood 1,820 37 2.0% 12 0.7% 26 1.4% 12 0.7% 0 0.0%% 0 0.0% 8 0.4% 4 0.2%
gargling 1.457 517 35.5% 32 22% 512 351% 0 0.0% 3 0.2% 3 0.2% 30 21% 2 0.1%
sputum 529 226 42 7% 5 0.9% 204  386% 11 21% 10 1.9% 1 0.2% 5 0.9% ] 0.0%
other a 4 44 4% 0 0.0% 4 444% 0 0.0% ] 0.0% 0 0.0% Q 0.0% ] 0.0%
it 3.815 784 20.6% 49 1.3% 744 195% 23 0.6% 13 0.3% 4 0.1% 43 1.1% G 0.2%

r (x)dbbeyond cutoff
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@ r y Bacterial and fungal strains used in this study

Species

No. of strains

Reference strairs

Staphylococcus aureus
Pseudomonas aeruginosa
Acinetobacter baumanini

Candida albican
Enterobactelaerogenes
Enterobacter cloacasubspCloacae
Enterococcugaecalis
Enterococcugaecium
Escherichiacoli

Klebsiellaoxytoca

Klebsiellapneumoniaesubsppneumoniae

Proteusmirabilis
Staphylococcuspidermidis
Staphylococcusapitis subsp capitis
Stenotrophomonawaltophilia
Candida dubliniensis

Candida glabrata

Candida krusei

Candida parapsilosis

Candida tropicalis

Candida guilliermondii

Cryptococcus neoformans

7C

66

63

49

24

ATCC25923

ATCC27853

ATCC15151

ATCC90028

ATCC13048

ATCC13047

ATCC19433

ATCC19434

ATCC25922

ATCC8724

ATCC13883

ATCC29906

ATCC14990

ATCC27840

ATCC13637

CBS7988

ATCC2001

ATCC20381

BCRC20865

ATCC750

BCRC21599

ATCC32045



AOFY | AA Wii | Y degenerate primgrst w

Degenerate primers of bacteria

Forward: 5-GTCGTAACAAGGTAGCCGTAZ'

Reversed:  5-(T/G)A(C/G)TGCCAAGGCATCCACGC3

Degenerate primers of fungus

Forward: 5-GCATCG ATG AAG AAC GCA GG3'

Reversed: 5-TCC TCC GCT TAT TGA TAT GE3'

71



®Yy vy € 50¥ Candida. tropicalism N N Nu Q
u w \ _ 48 Hor Mlc (ng/ml)? - ST MLST
Th W Amphotericin B Flucytosine Fluconazole Voriconazole group
P1 1997/1/27 DOH869091 Anal 0.5 32 0.5 0.03 164 I1-2
P1 1997/1/31 DOH869041 Urine 0.5 8 0.5 0.03 164 I1-2
P1 1997/1/31 DOH869045 Urine 0.5 4 1 0.06 164 I1-2
P1 1997/1/31 DOH869081 Sputum 1 32 1 0.06 164 I1-2
P1 1997/2/1 DOH869055 cveb 0.5 2 0.5 0.03 164 I1-2
P1 1997/2/1 DOH869063 cvC 1 0.125 1 0.06 164 I1-2
P1 1997/2/3 DOH869005 Urine 0.125 8 0.5 0.06 164 I1-2
P1 1997/2/3 DOH869074 Urine 0.25 16 0.5 0.06 164 I1-2
P1 1997/2/11 DOH869012 cvC 0.125 8 1 0.125 164 I1-2
P1 1997/2/11 DOH869021 Urine 0.25 8 1 0.06 164 I1-2
P1 1997/2/11 DOH869061 cvC 2 16 0.5 0.06 164 I1-2
P1 1997/2/17 DOH869071 Ana 0.5 16 1 0.06 164 I1-2
P2 1996/12/6 DOH869099 Urine 1 0.125 1 0.125 173 11-8
P2 1996/12/9 DOH869018 Urine 0.25 0.25 1 0.06 165 -7
P2 1996/12/16 DOH869082 Urine 1 0.125 1 0.125 165 -7
P3 1996/9/11 DOH869035 Sputum 1 0.125 1 0.06 140 1-1
P3 1996/912 DOH869006 Anal 0.25 0.125 1 0.06 140 1-1
P3 1996/9/13 DOH869057 Sputum 0.5 0.125 1 0.06 140 1-1
P4 1996/11/27 DOH869066 Sputum 1 0.125 1 0.06 TW3 1-4
P4 1996/11/29 DOH869039 Sputum 0.25 0.125 1 0.06 166 1-5
P4 1996/12/2 DOH869022 Anal 0.125 0.125 0.5 0.03 164 11-2
P5 1996/12/6 DOH869038 Urine 0.5 0.125 0.5 0.06 167 1-6
P5 1996/12/6 DOH869078 Sputum 1 0.25 1 0.125 134 -1
P5 1996/12/6 DOH869089 Throat 1 0.25 0.5 0.03 171 1-7
P6 1996/10/8 DOH869076 Anal 0.25 0.125 1 0.03 170 11-3
P6 1996/10/11 DOH869070 Stool 0.25 0.125 1 0.06 169 -4
P7 1996/12/24 DOH869011 Anal 0.125 16 1 0.06 164 I1-2
P7 1996/12/24 DOH869097 Anal 1 0.125 0.5 0.03 172 -1
P7 1996/12/26 DOH869092 Anal 0.5 0.125 0.5 0.03 172 -1
P8 1996/11/30 DOH869036 Urine 0.25 0.125 1 0.03 176 1-3
P8 1996/12/2 DOH869086 Anal 0.5 0.125 1 0.25 98 1-2
P9 1997/1/23 DOH869003 Anal 0.25 0.125 0.5 0.03 140 1-1
P9 1997/1/23 DOH869033 Throat 0.25 0.125 1 0.03 140 1-1
P9 1997/1/23 DOH869014 Urine 0.125 0.125 1 0.06 134 -1
P10 1996/12/16 DOH869068 Anal 1 0.125 0.125 0.03 169 -4
P10 1996/12/26 DOH869051 Urine 0.5 16 1 0.03 164 I1-2
P10 1996/12/27 DOH869062 Urine 0.5 16 1 0.06 164 I1-2
P10 1996/12/28 DOH869058 Urine 0.5 0.125 1 0.25 177 11-6
P10 1997/1/20 DOH86f018 Urine 0.125 0.125 1 0.25 174 I1-5
P11 1997/1/21 DOH869023 Sputum 0.25 0.125 1 2 100 1-8
P11 1997/1/29 DOH869004 Anal 0.25 0.25 0.5 0.03 175 -4
P11 1997/1/29 DOH869024 Sputum 1 0.125 1 0.06 134 -1
P11 1997/2/1 DOH869075 cvC 1 0.25 1 0.125 178 -3
P11 1997/1/29 DOH869002 Sputum 1 0.125 1 0.06 134 -1
P12 1996/10/1 DOH869040 Sputum 1 4 1 0.06 TW2 11-5
P12 1996/11/6 DOH869094 Nasal 0.5 0.125 0.5 0.03 98 1-2
P13 1997/1/29 DOH869031 Sputum 0.125 0.125 0.5 0.03 TW1 -2
P13 1997/1/31 DOH869095 Anal 1 0.25 1 0.06 134 -1
P14 1997/1/25 DOH869065 Anal 0.5 16 1 0.03 134 -1
P14 1997/1/29 DOH869054 Anal 1 0.125 0.5 0.125 134 -1
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@4y C.albicans | N 5 =z Qnz .

MIC50 | MIC90 range S I R
Fluconazole 0.5 2] 0.12564 93.0% 1.0% 6.0%
Itraconazole 0.03 0.125| 0.0158 904% 1.9% 7.5%
Voriconazole 0.0325 0.25| 0.0158 94 6% 0.0% 5.4%
Amphotericin B 0.5 1| 0.06252 99.5% 0.5%
5-FC 0.125 0.25 | 0.12564 98.0% 1.0% 1.0%
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6.1

2003 2004 2005 2006 2007 2008 2009 2010 2011

=&— Candida spp.

—l— Acinetobacter baumani

- == Pseudomonas aerugin

=il— Escherichia coli

—f#— Staphylococcus aureus

=@ Klebsiella pneumoniae

== Yeast-like

-~ Enterobacter spp.
Coagulase negative
staphylococci

=0~ Stenotrophomonas

maltanhilla
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t ¥y Realtime PCR - A £t

YAy 1 O n
Extracted DNA from NTUH
real-time PCR
ITS 3-4 pan-fungal
I
ITS 3-4 pan-fungal ITS 3-4 pan-fungal
Positive Negative
} ! }
real-time PCR real-time PCR
Candida spp. specific primer Aspergillus spp. specific primer
YBy B
Extracted DNA from NTUH

Microsphere-based suspension array | «= — = = = — — —
(MSA)

Y

MSA (—) MSA (+)
1 4
1 .
I real-time PCR
e m - > *species specific primer

*MSA (+)was further confirmed using
real-time PCR species specific primer analyses
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% ¥y Coccidioides immitig 1 Y IDCFy u PCR

YAy 91 Y IDCFy

Lane 1. 7: Marker 323

Lane 2: C. posadasi1 C735

Lane 3: C. immitis RS

Lane 4. 5: samplel and sample 2
Lane 6: Negtive control
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y Histoplasma capsulatuifd) 9 i

(A)

(B)

3000 bp

1000 bp

500 bp

300 bp

sampltla M

Lane 1. 7: Marker 323
Lane 2: H. capsulatum

Lane 3: C. immitis RS

Lane 4. 5: samplel and sample 2

Lane 6: Negtive control
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