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HB8ZIKE TagMan- /NALEEWIRFT LM KA ES
RemEgrNREQUEMERAYERES R
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HE BRY: & 5 TagMan— A S WIRAT F 8 KT RSB XL 7 ik, ik T ARG RIFA P
B ELSKRAFTHRITIHAR BB, Fik: 438 ELRE N R E R K f» 265 BAE R IR A
B4 7 5| AR AT Mo Lk R R 69 AR AR AT R AT, 3 & TaqMan— /74 25 -4 3R 4+ 55 B
KA F RSB XA 77 ik RN A b R BUE A, 1185 il RirA T e a é
ARBHATAN, Fl i ST A 37 58 PCRUA B Aol 552, sHTA AH 2 B THRARA LY
B, ER:ARERET, E568 ELRE TagMan— /14 S IRA E Bt K2 F RSB XL
RAE T ikt B AR AR R O EAKRE, S A NARA AN EAKEEAR WA FAE RS
IR, A 100%, ZHE AR ZHE S, s 2 2480 8 EAZRA DNA KRR AKX 11 AKE
B, 8 AR BARAMIRE A 5 AN B R EAL, 5 kLI F 4R, 2R Fo A At AR A £ TF
2%, MR PAAK R AT EARXREA BE T, RN 7 EABEMNAT  HEE S R A TR AR
AP ELSKARZTHIZZAN, A58 PCR AR B LEN 5 o477 e, EANMEMNEETE 2L A
TR, T ARAVER ATk 507 7 ik, B TaqMan— >4 25 &3R4 5 BF 30 2 2 R A Bask X R LA 1
185 e RARA P 04 1y G EARATERAAR, AR SRR S RAEFTH G ELKRA , AR HHRE
KBS HERIL T XL ELRA L BARNFER F R LBk B SR R R GHR,
tost @t EF BB AL E S FUee D25 A T et ik, 18 KB IT L IF M6 TaqMan— />4
OMIAT EFR RAR ZREBE X, TARE R 5 WERT , FF RABHETH T ELKA,EA
THH R S b 8 EARA RN R 502 EDH & BT BREoEE FELEN RATRFAE,
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quantitative polymerase chain reaction using TagMan—minor
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Abstract Objective: To develop a TagMan-minor groove binder ( TagMan-MGB ) probe based real-time
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fluorescence quantitative polymerase chain reaction ( RTFQ-PCR ) assay that can rapidly quantify, detect and

identify Candida albicans from clinical specimen, and analyze antifungal susceptibility. Method : Primers and
probes specific to internal transcribed spacer (ITS ) and 26S ribosomal RNA ( 26S rRNA ) genes of Candida
albicans were designed. Standard plasmid containing the sequence of ITS and 26S rRNA genes were constructed for
quantitative analysis. A TagMan—MGB probe based RTFQ—-PCR assay was developed. The sensitivity, specificity,
reproducibility and stability of the assay were assessed. Then, the developed TagMan—MGB probe based RTFQ-
PCR assay was applied to detecting Candida albicans in 1 185 clinical specimens, and fungal culture, conventional
PCR, gene cloning and sequencing were concurrently performed. Antifungal susceptibility test was done on
all fungi isolates. Results: It is shown that the developed TagMan—MGB probe based RTFQ-PCR assay could
accurately detect Candida albican with 100% specificity, and other Candida species, non—Candida species,
bacteria, parasites and viruses had no cross reaction. The technology was demonstrated to be highly sensitive,
allowing a precise Candida albicans DNA quantitation over a range of eleven orders of magnitude, and the limit
of detection ( LOD ) of the assay was determined to be 5 Colony—Forming Units ( CFU ) for Candida albicans.
The reproducibility of this method was excellent with the relative standard deviation ( RSD ) within and between
groups of less than 2 percent. Correlation coefficient, slope and efficiency did not vary significantly among the
tests, suggesting good stability and high precision of the method. The TagMan—-MGB probe based RTFQ-PCR
assay was successfully applied to quantitative detection of Candida albicans genomic load in clinical specimens,
and was confirmed using conventional PCR and gene cloning and sequence analysis. The assay described in this
report generates complete result in 2 h and can be used as a quantitative analytical and fast diagnostic method. The
TagMan—MGB probe based RTFQ-PCR assay was used to detect Candida albicans in 1 185 clinical specimens,
in which 94 specimens were positive, while only eight specimens were positive for Candida albican obtained by
fungal isolation method. The determination of the antifungal sensitivity showed that these Candida albicans isolated
were susceptible to nystatin, miconazole, clotrimazole, econazole, fluconazole and voriconazole. However, their
resistance to amphotericin B, ketoconazole, terbinafine and fluorocytosine were found. Conclusion: The novel
TaqMan—MGB probe based RTFQ-PCR developed and evaluated in this study is considered as a rapid and simple,
accurate and stable, specific and sensitive method for quantitative determination and identification of Candida
albicans, and it is suitable for Candida albicans detection in animal origin products, for safety inspection of food,
drug, biological product and medical instrument, and for environmental monitoring and epidemiology investigation.
Keywords: Candida albicans; internal transcribed spacer ( ITS ) ; 26S ribosomal RNA ( 26S rRNA ) ; TagMan—
minor groove binder ( TagMan—MGB ) probe ; real-time fluorescence quantitative polymerase chain reaction

( RTFQ-PCR ); rapid detection ; analysis of antifungal susceptibility

H 02 B ( Candida albicans ) & 55 1 158 1%
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karyotype ). PRl Fr Bt A< i 2 85 (restriction fragment
length polymorphism, RFLP ). Fifi #1L 4" 3% £ & ¥ DNA
(randomly amplifiled polymorphic DNA, RAPD ) Fl
Jik w37 &E B H 3K ( pulsed—field gel electrophoresis,
PFGE ) {X [l T Bk 4 M e s 1 3 T s s vk
T hh 2 AR R T AR AR R R i R
HUR OSBRSS E T E R IT R AN
BT S

Wi E AR TR W) BORTE IR ARG B2 Wiy v
90, B 12 I R A BIJERDK - 3R G i X
JZ I ( polymerase chain reaction, PCR ). #& [A il J¥* ( gene
sequencing ), = 9158 A (biochip ). & F Ji 2H ( proteome ).
2 ( metabonomics ) FFEHIZ T ( gene diagnosis,
NFR A 4 T2 W molecular diagnosis ) A e B YLk
PRI B AL VLI | TR R 45 1 12 W b A 1 R
A & # B A AE . TagMan 48 £ ( TagMan probe ) 52
i) 2¢ 6 #E i PCR (real-time fluorescence quantitative PCR,
RTFQ-PCR ) J& 7£ 3% i PCR 3% &l _E hn A %€ St 4
12 TagMan PR £, K5 BB 47 1Y . 2 58 KOG il e R A
PLES Gk ke, X B 0y FE P AT e E A, 5
% 3 PCR AH ¥, Real-time PCR £ 845 o 4™ 4 6
L DNA, 3X A3 G 1 PCR Ji5 #4114 B [ Y 2% 50
WD T W AE )75 Y, {5 Real-time PCR A I 1A 2 1
FEAEARRE S S B, 22RO 56 YLk (I SYBR
green ) AEFE T MELE A, 1 R UE & B9 TagMan— /N5
25459 ( TagMan—minor groove binder probe, TagMan-MGB
probe ) RFBEA RO AL IRFNNC , AL SER) TagMan
AT R ES A B EHNAMERI
F TaqMan-MGB 5 &1 RTFQ-PCR 5 il {9 (% &
PR B . ARG ST T H 8 2 2R B TaqMan—
MGB #£ £ RTFQ-PCR A Il J7 ¥, Bk & H 1 K7 77 M
e PR e B 8 R R TR 2 ) BRI 1 20
SR FH T W PR B AR HR (0 2 B R AR E
K2, o4 0 & BR T R G 1 092 7 SR A
et .
1 #R57E%®
L1 3 B0 2 % bk R AR ME i TagMan
Universal PCR Master Mix ( TagMan 18 H| ! RTFQ-
PCR il 1 & % W) W A 3¢ [# Life Technologies /A
F]. Nuclease—Free Water ( JC A% 2 fif§ 19 7K ) g H 3%
Progema 7 H], QIAamp DNA Mini Kit ( QIAamp
DNA /N2 BRI & ) W A 42 E Qiagen 24w, dNTP

Mixture ( fid 48 42 B 2% 45 = B TR 1R & ¥ W, deoxy—
ribonucleoside triphosphate £ $f dATP ., dGTP . dTTP,
dCTP, 52 PCR 4" 4 % e 5 55 S W Tt ) 6 A Jit
B ) EX Taqg( HA 3" — 5" Exonuclease {5 14 A% i #4
P£ DNA R & . 753 PCR %51, 5 Tag DNA
Polymerase AH LU, HA ¥ B 2058 AEEC RN UL B
B ). Agarose ( BEB# ). DNA Ladder Marker ( DAN
T AR dE) W H H A TaKaRa 2 &l H 0 & Bk
B G S BRI ( Candida glabrata ) 4R 7 5% B2+
( Issatchenkia orientalis ). YR IE & 0 1 ( Trichosporon
ovoides ). Z% % [C I ( Clostridium piliforme ). ) B2 FT
1 ( Helicobacter pylori ). %5 35 TR ( Campylobacter
jejuni ) NIl L 5 FE 1L ( Toxoplasma gondii ). W < 51 5
i £ 1 ( Giardia lamblia ) B2 B & R 28 H2 ( Syphacia
obvelata ), FJE 9% B ( Ectromelia virus ), H 74 £, 7 fii
R I B ( Japanese encephalitis virus ), 3 E 21 fitg Jik 2%
I\ i B 4% 95 5 ( Lymphocytic choriomeningitis virus )
B ARSI S R AF o & OSBRI NS SR AT B X
(internal transcribed spacer, ITS ) Fl 26S 1% B RNA
(268 ribosomal RNA, 268 rRNA ) 5 K] (1 Jo AL b o il
P S50 2 1 4 , B TR, DNA W E E 5 % 107
POl -l '
1.2 Il RARAS 8 8 B T o3 15 AT L T 25 )
JEAE B 73 B S DNA #2069 491 il R T 988 T A
A N KR H i # BS  OR B TS b w4 22
PRBe e fit. 60 HU/NEURE R F ] 58 52 5 1T /IN L A b
Jo ot YR, R I3 B LY, R A ST AR ik
g5 U O IS s kbR A, 60 HEFAE
BAEA RR A B L 65 S Bk A #L, R I
I B TE . 60 HJK A B ( Cricetulus migratorius ) &
FUBT S8, SR L2 B 1000, R VU8 W 112 Ak
55 HR, R AACRT, SRl & L3 , K56
FEfE. 122 HoH L 160 K RLL 40 H KR 382 H
/INBROR 4 [ A% 4, SR I 03 B8 ALY, SRR B il T
i, 853 b ik R A /N BUSR L AR R B e PR 2
A
TESURA )2 AN R R IR AR b P
JE o R YD IR B R A, B 35 CHE SR 2 do 1EHCEE
PR RE R TR P EAT S8, TR P A, SIS Bl 2 R e
FE AT IR AL T AU 223, e A [RIUIS A MR
o S L BT B SR )20 S BT RR 28 3 RS
Sy alifb)E , S5 3k [ 17-19 1 % I R AR AS Hh 43

AR S
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B SRR I TP B A 25 OB
FH QIAamp DNA mini kit $ZHUIG ARBRASF @ 82K
SrESHR DNA,
1.3 [ {0 2 Bk 7 TagMan—MGB 45 4t #1 RTFQ-PCR
It K AR Z AL R T k% TagMan-MGB
PREF RTFQ-PCR A5 I F €2 8 2k T 179 e BH 1 {1 B
PEGE R, R ST 5 AR ) BE B iR T W AR R H
B, A AT K A SClk R R A AT S
7 1 B DR RO T A T SR LA A LU X, AS B T
X 68, 2 3R B ITS F126S tRNA K2 P 4 3 F ks 5 1
WEF I (1), H A& 2K H TagMan—-MGB £ £
1 RTFQ-PCR 5| ¥ i 3¢ [ Life technologies 28 F
B

*£1 ABLIKE TagMan-MGB F4t#n

RTFQ-PCR 5|45 5

Tab.1 Sequences of TagMan—-MGB probe and RTFQ-PCR

primers for Candida albicans

£ FK ( name ) 7515 — 3" (sequence 5’ —3' )

GZQCA-ITSTF GCTTGAAAGACGGTAGTGGTAAGG

GZQCA-ITSTR CCGCCGCAAGCAATGTTTT
GZQCA-ITSTMP FAM-CCTAAGCCATTGTCAAAGC-MGB-NFQ
GZQCA-26STF GGGCTTGAGATCAGACTTGGTATT
GZQCA-26STR TGCTGGCCCGGTAAACC

GZQCA-26STMP FAM-TTGCATGCTGCTCTCTC-MGB-NFQ

XF A8 BR B TagMan-MGB #4841 RTFQ-PCR

WK R IEAT LA, R 20w L B 8 RN AR,
ﬁg()\ﬁl]/\ TaqMan Universal PCR Master Mix 10 p L, #§
5% 1 WL, B H DNA 1 L, Nuclease—Free Water
8 pLo TagMan-MGB £ £ RTFQ-PCR 2 /i Z #{:50 C
2 min, 1 MEF; 95 C 10 min, 1 MIEFF;95 °C 155,60 °C
1 min, 3 40 /> 3. WA 56 ) LA Nuclease—Free
Water A FIVEXT B, (16L& R A AZ R N BHPEXTRE .
ABI 7500 Fast 4= [ 2750 7 PCR AR i1 A%
v FAHT SDS BRAFSE A WREE PCR 26 1 i 2 1R 46
G/
1.4 /{08 ¥k TagMan-MGB #£ 41 RTFQ-PCR #5
HEMM A A RS v RIS B SRR
FrE R (5%x 10" # 01 - wL ') LA Nuclease—Free
Water % 10 1545 LU 6 B, 25 B0 1 WL 3R 90 Bk HE AR
(5x10°~5x 10" $5 U1 - L ') Jim A B B 8 o, 44
PRIEWR AT 8 3 5, # 4k J5 19 TagMan—

hhiHE i

MGB 4t RTFQ-PCR & R A7 K i 38 4o 52 i) A
NS A Sl S b oY (= R=a B - N B F @ VB U e akr b oY =1
SARE . PR T R B — B, AR AR
i s 45 BT FH A PR B ( CL AL, € AR 3R Cycle 3R
B, tfR3R threshold B ) B #kic % T2k, Ct{E 545
HERAR S (XU 2 (B A A R R R &R
FUBRHERLAR 1 C A, i BUAR T I 42, AR PR AR A & 1)
CAEL, 558 1T 67 M il Ze i iff e FRp A it 2 45 19 DNA
it

DL S BR T OC T BRI R R
YRIE BT 7 TR 2 V3 CQ TR W 1 DR L 25 s i
PR b, 5 08 H QB SR R B AR
BRI BE . H A 2 Y ik 4 58 75 L Ik EXL 200 L ik 265 A i
I 48 75 5 1 A% R R A, 4% P AL )5 1Y TagMan—-MGB
R4 RTFQ-PCR 1A £ HEAT B2 I, B E 1% J7 ¥ 14
S

W5 A 0 S ERTE ATCC 10231 b v b B A8 V0 3 24
N 0.6 22 5i ik A hRiEE, BT 5 x 10° AN EVE P
AV ( Colony—Forming Units, CFU, F8 B AR TR
AT B ANE0 ), LATG B A R K R TR BERRRE , 20014l
$& DNA, £ U 1 pLfE & TagMan-MGB #£ £ RTFQ-
PCR HE A, #5405 19 1R R 2547 SO, I ez A
PR ( LOD, limit of detection ), fifff 52 12 K6 I J7 12 B R
g,
1.5 [ {48 Bk TagMan—-MGB #5 4t RTFQ-PCR
EHEMRE MR SR E TagMan-MGB #£
%t F1 RTFQ-PCR 51 ¥ . #75 #E J52 &%, TagMan Universal
PCR Master Mix . Nuclease — Free Water 2% Fitt £ & 5
43 B —70.-20.4 °C VKA H A7 ik 90,180,360 d,
Ay M B L # B S Y B o TR (5 % 10°~5 x 10
UL - L) A B, $E 1R S B TagMan—-MGB
PREF RTRQ-PCR 1R R AT o FE Al —A~al g5,
BB bR ORI 3 AR AL, TSR AN
AR AR HER 22 ( RSD, relative standard deviation )o F
DAAH bR o R AR, 242 3 d -7 3 ST A
ARG, HAGE T 40 6] RSD, B E 1% 7 ki &
EYERRRENE
1.6 A& FRE TagMan-MGB 541 RTFQ-PCR F11
58 PCR KM RFRAS 8 T PP A 58 g 1Y
TagMan-MGB #£4t RTFQ-PCR J7 ¥ % i AR A H [
o SR R I Y 52 R, 0 ) DAL SR I PR BR A A
R BR TR 43 B bk DNA S AsAl , 4% 44K J5 19 TaqMan—
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MGB ## 4t RTFQ-PCR /& R 47 ) i, [RI 0 FH 1 €8
TR PCR I DA 5 il e 2 A 7 vk0t 1 6
PR BH AR AR A 746 22 B

I {0 R 5l PCR 519 02 2. P4k 19
o SR8 PCR B N ARFR 50 pL, B HE
10 x Buffer (Mg™ Plus ) 5.0 wL, ANTP Mixture 4.0 L,

R2

1E 851445 0.5 pL, EX Taq 0. 25 wL,#itz DNA
3.0 pL, Nuclease—Free Water 37.25 wlL. il PCR JZ
WZHL: 95 °C 1 min, 1 DMEER; 95 C 305,60 C 30 s,
72 °C 1 min, 35 MEFF; 72 C 10 min, 1 MEFH, B

EWEEEI HL VKA TN PCR 9387, BHMEARAS it — 25
AR R P 73 B 22

HESLELE PCR 3| #1575

Tab.2 Sequences of conventional PCR primers for Candida albicans

#Fk (name ) FF41 5'— 3" (sequence 5'—3' ) FEHIR/IN (product size )
GZQCA-ITSF GAAGGATCATTACTGATTTGCTTAATTGCACCAC 498 bp
GZQCA-ITSR TTAAGTTCAGCGGGTAGTCCTACCTGATTTGAGGTC
GZQCA-26SF TGCCTCAGTAGCGGCGAGTGAAGCGGCAAAAGCTC 524 bp
GZQCA-26SR AAAAACCGCAGTCCTCGGTCTAGGCTGGCAGTATC
2 4R UM AR I TE B LS A0 ik 45 A 46 9 i 30 AR DL L
2.1 P& ER I TagMan-MGB #£ 41 RTFQ-PCR A B S BRI BT 4L, CE—F2 /R4 “Undetermined”,

HEM R etk RO AR R E AR R
3 A R R 43 59045 G G (B 9EAT 11 9 43T , 2 %)
PLEAVERDE bRERNZE, o5 77 .

=—3.299X+38.945 R’=0.986

LR (slope ) 4 3299, 550K (efficiency ) A 100.974%,
LRPETL A 11 B0 (10"°~10° $5 D1, Arifi il 2k
R S ER AR TORE C (B S DUBU SRR
A RAFZMELR,

TaqMan—-MGB 45 £ RTFQ-PCR & | 11 {4 £ Ek
TN IR S AP HE i 2, H CufE/INT 28, 4551
JE R BAVE s TG EERTE AR PRI RE R B 1
AL 2813 T A W T TR L 23 5 i AT T 5 T

SERHNE RATE . RIS BRI, AW ST T
ff) TagMan-MGB % £ RTFQ-PCR # Il J5 1% % J& 7k
SR, BEMERAAS 1 S ERE S A SR N8 A
AR L A A AR R R R AR A X
BN, eSS 100%

TagMan-MGB # £ RTFQ-PCR £ #ll] 5 x 10°~5 x
10° CFU - mL ' [ {6 & Bk 1 ATCC10231 5 i Bk B,
AR e Oty & 3L, B CHE¥/NT
38, RAPE IR LS R B, AW 5T ST W TaqMan—
MGB #5 4t RTFQ-PCR 5 i A I 1 €8, 73 K 147 e I A
TBREE K 5 CFU, REUEIE

H {4 & Bk B TaqMan-MGB % 4 RTFQ-PCR #5

St EAp ey AN FEN =t /i > s B b 1 7A
O RBURME R REE IR R R mEE . HA MR Ak R A R WA 1,
A
40+
37.5-
35 ¢
32.5- 6- 6
30 5.5 5.5
27.5- ) g _ ) g
25 .5 p 5
22 g 4 4
201 3.5 3.5
il k| 34 £ 3
17.5 < 2.54 < 2.5
154 2 2
12.5- 1.5 1.5
10 14 14
7.5 0.5 0.5
0’ 0’ — — — - — 0,
0 1310 1001000 100000 10000000 100000000 O 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
Quansty Cycle Cycle
E1 Bf&S3E TagMan-MGB R4t RTFQ-PCR #7/& th 4k 42 | REEIRIE

Fig.1 Standard curve, specificity and sensitivity test of TagMan—-MGB probe based RTFQ-PCR for Candida albicans

AR S



1076 -

5 M 4 W 22 E ChinJ Pharm Anal 2017,37(6) ‘jPA

2.2 H 0 ER B TagMan—MGB # 4 RTFQ-PCR
BYERBEESHT 4 TagMan-MGB £ 4 RTFQ-
PCR e 22 12500 78 A [A] 1 B2 00 0 148 S e A &80
TSR E mA I, i 3R 3 W %0, 41 RSD 7E
0.09%~0.8% Z[a] , 4[] RSD 7 0.03%~1.8% Z[a] , 41

AL [R] RSD #4170 F 2%, TEASHIF ST /Y B2 42 1 A
FE P HP TagMan-MGB £ £ RTFQ-PCR 4 3¢ £
B RER ARG WE R, RUNZOT AR e PEAF

#= 3 BEEIE TagMan-MGB R4t RTFQ-PCR E£ 4ikie
Tab.3 Reproducibility test results of TagMan—-MGB probe based RTFQ-PCR for Candida albicans

Ct

PrELy
FERATHT
21 5] ( quantitat
(group ) qudrll ita I)Ve CtfA 1 Ctffi2 Ct{d3 FHE = RSD/%
anatysis (Ctvalue 1) (Ctvalue?2) ( Ctvalue 3) (‘mean ) -

BN 5%10° 16.93 16.81 16.69 16.81 0.12 0.7

(intra—group )
5% 10° 20.58 20.9 20.57 20.68 0.18 0.8
5x 10" 24.12 23.85 24.16 24.04 0.16 0.6
5% 10° 27.38 27.40 27.43 27.4 0.025 0.09
5x 10 31.25 30.93 31.28 31.15 0.19 0.6

EaE 1] 5% 10° 16.94 17.35 17.44 17.24 0.26 1.5

(inter—group )
5% 10° 21.54 20.86 20.83 21.07 0.4 1.8
5x 10" 23.83 24.11 24.31 24.08 0.24 0.9
5% 10° 27.52 27.54 27.53 27.53 0.01 0.03
5% 10° 30.64 30.88 29.87 30.46 0.52 1.7

2.3 IGPRPRAS T S BR R A E R ZE A A
5% 8 57 1) TaqMan—-MGB #£ £ RTFQ-PCR £ I Ilfi IR
FRAS o 8 A R TR bR e ARA Ct < 35 HA
MR S TR 1 il 2 35 B R BHAE AR AR Ce > 3588
LAY S R 14 i 238 20 R B 5 B Ui 7E B AR
HEBE X BB 2 BT BB 0 R &S R A AL 1185 4y
I TR F5 A 28 TagMan—-MGB 4% % RTFQ-PCR #: ],
gh WL R AT 94 Iy bR AR Cr < 35 HO 5L B Ll 5 A
M2 A A F A SR P (K 2), & & PCR £
D235 TR 3R B PR PR A v 1 00 R R AR IR 2 1 Y Ly
5x10°~5x 10° CFU - mL ' IIfi R AL /N B9 %% P
PRAS 8 R A% R 28 A ey, M K Bt BRI
B R BRI AR AS ip (S BR P 2 B I Wil
PRI 12 48] 16 K B FH P Cufi: Y14 50K 23.02,
I ¥ 27.72, Y20 i /K 24.60, Y27 [ 7K 23.83, Y29 i
7K 26.62, Y30 i 7K 26.19, Y31 i 7K 27.68, Y32 Ji§ /K
28.18,Y35 7K 21.95, Y38 7K 29.30, Y42 7K 23.91,Y43
J§7K 30.72, Y44 JIE K 28.88, /INEIME 31 Sk FHME CLofi .

hhiHE i

P1 Ifil & 21.58, AT 25.54; P2 fif 27.39; P3 & 24.80; P4
> 28.37; PS itk B 45 29.43; P6 &4 25.69; P7 55 22.13;
P8 £ 21.78; P9 £ 21.41; P11 £ 21.09; P12 £ 21.26,
fiF 28.15; P13 i 29.97; P14 &5 19.51; P15 £ 21.52;
P16 Ifil ¥ 23.51, £:23.97, JiF 30.39; P17 £ 2238, %
25.85; P18 £4 21.38; P19 54 23.57; P20 ik [ 4% 29.18;
P21 IfiL 3§ 23.49; P23 Jii 30.29; P26 IfiL. 7§ 23.06; P31 IfiL
1 22.39; P36 Il 7 21.87; P43 I 23.14; P( 1) Il 74
29.32, ik B 45 29.71, fili 27.75, 1% 29.95, & 29.74, %
30.19, i 28.67; P(2) IfiL & 24.39, <4 30.57, k2 4%
26.86, .0 28.48, fiili 29.1, JIf 25.375, JIf 28.73, % 30.38,
¥ 26.57, % 28.59, i 27.85; P(3) itk [ 45 27.96, 1>
2428, iF 29.61, 1§ 28.53, ' 26.19, % 25.27, i 29.61;
P(4) I3 29.11, 5% 24.99, k[ 45 26.48, 10> 25.59,
Jifi 25.32, 1§ 27.73, & 27.6, 1% 28.502, Jiki 28.3; P(5 )<,
% 29.39, k45 28.72, 0> 27.99, it 27.73, T 29.17, A
28.56, ' 25.91, I 24.51, Jiii 26.31., KA K 10 H FHM:
Ct{H: HCSS & 30.35, HCS9 E 29.03, HCS39 E 28.11,
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HCS47 F 30.25, HCS49 E 30.92, HCS50 & 30.90,
HCS52 & 30.74, HCS55 & 29.98, HCS56 & 25.81,
HCS57 & 2850 AR A i /NS RS B HBLERL |
JAC BRI BRI /N BRUBR A4S H ) P 8 R B P A 1 %R
A3 90 K 17.3% (12/69 ). 4.4% ( 5/112 ). 51.6% ( 31/60 ).
16.6% (10/60 ) .5.7% (7/122) .1.25% (2/160 ) . 7.5%
(3/40) F16.2%(24/382) (K 4), [FlHF, W FH €&
B R 38 PCR 775 XF3X 94 3 BH M bR AR 547 56 UEAS:
T, ¥4 fE 3% 45 ITS (498 bp ) 1 26S rRNA (524 bp ) 3t
HRE S0k H 4547, B 338 PCR K2 U 55 TagqMan—
MGB £ £ RTFQ-PCR 5 il 25 S A — &, 2R 1, I
i 94 4y BHMERRAS 2 P RE 32 5, (I KB R
J B BH PR BR AR TR 43 B9 4R 75 8 MR AT TG 1Y (8 R BR TR
B AR 9 5 N GZQCAL, GZQCA2 , GZQCA3 . GZQCA4
GZQCAS . GZQCAG6 . GZQCAT . GZQCAS, H: B ¥4 45 1k
B B 96 11 T 22 00 38 Sl T s B LI 3. SR
F SR A8 PCR kvl P X 8 bR A
BRI ITS (498 bp ) F126S rRNA (524 bp ) J [R5 54

ARn
w
L
N

Fr B, X ITS Fi1 268 rRNA 3 PR 43 51 1545 v B e
FEAWTTESAT R S IRIE LR I 7 i, TRk $252
NCBI( National Center of Biotechnology Information,
5% 1 [ 5 A W E R fF 2 ), 3 i BLAST ( Basic
Alignment Search Tool ) (http: //www.nchi.nlm.nih.gov/
blast/ ) HEAT FEXS 70 A, 45 8 R AW 5T B I R An A
g3 AR A B L 25 ZR AT ITS. 268 rRNA Y51, 5
] B b 28 2 A 9 AN [a] [ AN [] ) b R DAY 1 €7
R T ITS . 268 rRNA FE PR A% 17 92 [7] U5 4 51 34 100%
( GenBank accession number: JN882316.1, HQ014713.1 .
GU319987.1,FN652297.1, GQ376070.1, EU266569.1
KJ624035.1  KF214375.1 . KP780462.1 , AF156537.1,
JX094790.1, FJ627953.1 ), MFPASRAESLIX 8 4RI Bk
FHHAEASIRE . AWK TagMan-MGB #54H RTFQ-
PCR BN T i RARAS P S PR R A R A Y
E RGN , P PCR MDY s B P HEA TR IE .
KRR ATAE 2 h P SE R, T LA f o bR
2Tk

"8 12 16 20 24 28 32 36 40

51 .
s
4 / /////
/ // J/
3 / /// yd
£ 2 /,/’/ ///
< / / a
1 /S S/ / / / /
/ / /
g e ‘ / ////
o ,
/ // /
/S ’/
-1 » _~ g
_27
0 4 8 12 16 20 24 28 32 36 o 4 8 12 16 20 24 28 32 36 40
Cycle Cycle

E 2 TaqMan-MGB #£4t RTFQ-PCR #&iIlf KR4 B 5 & S Bk

Fig. 2 Detection of Candida albicans in clinical specimens by TagMan—-MGB probe based RTFQ-PCR assay
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#* 4 TaqMan-MGB #£$t RTFQ-PCR #:E &Ml KR 1 B & SR E E
Tab, 4 Numbers of clinical specimen positive for Candida albicans identified by TagMan-MGB probe based RTFQ-PCR assay

FRARZEY ( BEIPERRA R / R IR AR ) FRAERRAS S C PSR )

AR (HIERRASE /R348 PR AR A48 BIERR )

[ specimen types [ total no. of specimens [ specimen types [ total no. of specimens
('no. of positive specimens/no. tested ) | positive ( positive rate ) | ('no. of positive specimens/no. tested ) | positive ( positive rate ) |
5 ANIE7K (12/69 )] patient ascites ( 12/69 )] 12(17.3% ) JRARUMIE (060 X Cricetulus migratorius serum ( 0/60 ) 1] 10(16.7% )

LA (1/69 )] patient serum ( 1/69 ) ]

WIS (0/112 ) monkey serum (0/112)] 5(4.4% )
MEZAE (5/112)[ monkey faeces (5/112)]

/DS I (10/60 )L minipig serum ( 10/60 ) ] 31(51.6%)
IR (13/60 )] minipig nose ( 13/60 ) |

JNEDRESAE (3160 )[ minipig trachea ( 3/60 ) ]

JNBRURERIT R T 25 (7/60 ) [ minipig submaxillary
lymph node ( 7/60 ) ]

JNEDEL (5760 ) minipig heart ( 5/60 ) ]

JNFEUSENIT (4/60 )[ minipig lung (4/60 ) ]

JNEDRERT (8/60 ) minipig liver ( 8/60 ) ]

JNELEEN (560 )[ minipig spleen ( 5/60 ) ]

JNEVRE W (15/60 ) minipig kidney ( 5/60 ) ]

NI (6/60 ) minipig intestine ( 6/60 ) ]

JNEDRE B (7/60 )[ minipig brain ( 7/60 ) ]

K3 (0/55 )[ dog serum (0/55 ) ] 0
RZEfH (0/55)[ dog faeces (0/55) ]

B 17 (0760 )[ tree shrew serum ( 0/60 ) | 0

AT (1060 ) Cricetulus migratorius hair ( 10/60 ) ]
TRAS B (0060 ). Cricetulus migratorius trachea ( 0/60 ) ]
WA 5 (0060 X Cricetulus migratorius intestine ( 0/60 ) ]

KOV UL (0/65 )] Mongolia gerbil serum ( 0/65 ) ] 0
b FUALYE (07122 )[ hamster serum (0/122 ) ] 7(5.7%)

i 5% (57122 )[ hamster intestine ( 5/122 ) ]
it FUAT (27122 )[ hamster Tung ( 2/122)

HiBUIF ( 1/122)[ hamster liver ( 1/122) ]

JK BT (0/160 )[ Guinea pig serum ( 0/160 ) ] 2(1.25%)
JK B (2/160 )[ Guinea pig intestine ( 2/160 ) ]

KB (3/40 )[ rat serum ( 3/40) ] 3(7.5%)
KU (0/40 )[ rat intestine ( 0/40 ) ]

/NERUALT ( 3/382 ) [ mouse serum ( 3/382) ] 24(6.2%)
/NEE (0/382)[ mouse hair (0/382) ]

/INEU ( 16/382 ) mouse intestine ( 16/382) ]

ANEIEE B2k (2/382)[ mouse skin ulcer (2/382) ]

/NEUIR L (3/382)[ mouse fetus ( 3/382) ]

3 BEITREIRKS BHRIEFRMEERHE
Fig. 3 Cultural characteristics and morphological photos of Candida

albicans clinical isolates

?'5 % é‘ ﬁ% (\;‘. Chinese

2.4 HOSIKREINR> SR AWK
JH Neo—-Sensitabs 2§ i ( Rosco, £+ 22 ) ¥ 0L #4740
LR 25 W) UM e i, AR SR AR e,
JO T A B ER K 0 31 K 2% 1 (L BRI B R BN 0.5
A2 vk 2RI, TN K AR A5 B U B ) TR A T 4
mm JE B R Shadomy ZEAEH (] Detgerm 44
PR BRA R 5 ) 2R 200K 10 Fheh J: bk
# & B (amphotericin B; 10 g ). il % # % ( nystatin;
50 wg). FER FE WE (ketoconazole; 15 g ). K FE M
( miconazole; 10 g ). 5 %F Mk ( clotrimazole; 10 pg ).
5 BE B (econazole; 10 g ). i BE B (fluconazoles
25 wg ). K /K BE B (voriconazole; 1 wg ). ¢ kb Z5 5%
(terbinafine; 30 g ) Fl % Hfd B BE ( fluorocytosine; 10
g ) B AR LR R T, 22 35 CHiFR 24 h ),
HEBIC AR B BARRY RN 258507 K I 25

ZHEHR NI bR . ARAE 2 1 R 6 E
BRI T 10 90 1 AR /N SR S HT L TR 25 % 1
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IR M HIE . F o ESERE ATCC 64548 K
JRAE IR . XA 43 B 355 S BR i E A TP I
P 25 R A AT (32 5), 45 R R, 1 L B R X

(4 ESNUNG SN T L T SN )
BB B PIVERE R B R B R L ST TR
WEE AR T2

x5 BEILHIERSBERATEIKE
Tab.5 Antifugal susceptibility test of Candida albicans clinical isolates

P S IR I R BSR4 FR ( name of Candida albicans clinical isolates )

=l
Citem) GZQCAl  GZQCA2  GZQCA3  GZQCA4  GZQCAS  GZQCA6  GZQCAT  GZQCAS
Witk % B (amphotericin B) 30,8" 20, S 0,R" 20, S 20, S 20, S 20, S 20, S
il 2 (nystatin ) 30, S 40, S 15,8 20, S 40,8 20, S 20, S 20, S
TR ( ketoconazole ) 50, 40, 25,1 12,R 50, S 40,8 40,8 40,8
WK HER: ( miconazole ) 35,8 35,8 25,8 20, S 35,8 30, S 35,8 30,9
TEREE ( clotrimazole ) 45,8 40, S 30, S 25,8 35,8 35,8 35,8 30, S
%5 HEW ( econazole ) 45,8 35,8 25,8 30, S 35,8 30,$ 30,$ 25,9
SEUBERE ( fluconazole ) 40, 40, 30,S 25,8 35,8 35,8 35,8 30,S
IRIR BRI (voriconazole ) 35,8 35,8 35,8 25,8 35,8 35,8 35,8 30, S
FiEEZEIT (terbinafine ) 30, S 30, S 0,R 40,8 30, S 20, S 20, S 0,R
FEILIEBE ( fluorocytosine ) 35,8 50,8 0,R 0,R 50, S 30, S 30, S 35,8

Bueg” FEIHUR ( “S” means sensitive ); beR” 81245 ( “R” means resistant ); © e FEH 4 (“1” means intermediate )

3 itig

FEAE ST T, 880 T & P 1 R A
TagMan-MGB #£%t RTFQ-PCR Ji JH T4 3, AN{H 5
BHORE AR S P R v, T L A Ry e e, 0 HoE
T TR B RS i L2 B R PR PR 7S 1 2 1
R e o ARIIREE SR WoR , P EBR R FH P I ARAR AR
T B R TG g RN I R ST, 5 A R SRR
O S ERE A E RR A TR 2
YRR IR I 40 BT T B0, 30k S A o X ) TR R L DR
W SR 1 BRI | SRUREME TR IR R M AR (DX
B 7 BRI RE 2R OF RUNR I AR 2, S A
SFESCHRGE " R

A HF 5% 8 ] TaqMan—-MGB 4% 4 RTFQ-PCR #il
DAL e BRI 3K A LR B R M LT 25 ) R i
U7 [ RO W& REihas e N ) S N 955 B o/ (TR & 5
RURBVRHIE 2 BORe R S 2 0 T A T o i 4 e .
i TagMan-MGB #£ 4+ RTFQ-PCR ., J [H] 77 F& 1l )5 %
EVH IS B IEFRAE PURTE 2 OB S B
T LRI, B 43 B R R A A ATE Y 1 £
IR BB A BR A, AR R PR AS o LS AR A
LG A AL TR AT TR I BRI,

B 35 07 M AT AR B X SE LT, XA E TR LY
M I PR B0 B RS A (1 U . R TagMan-—
MGB #£ £ RTFQ-PCR A& W I IR 55 A . /N L% PH
PRAS v 0 R T A R 48 5y H L O3 B R
FRUETE IR RAFAATE TR . B R B I
B BH P AR ARt P (0 3 B T AL R 8 I A v L (ELAD
M A B ARAR T AE ORI AP T ik, o FLTR A
A RE R T PRI TE 25 W i L, A 1 AR AR
AR IRE R E 5 /DR A SR A A
SE R AR BRI T B A . AWFSEAS R R
SR I RARAS Ffv (0 8 BR TR 0 A% R A A6 I 445

FEAR — & 5 53 B AT 56 B A A7 15 1Y ) 55 5% 1Y T bk
5 E WA, PRI AE SEBR AR 2T A #5311
ot 2 2% W o FH AT A ek AR AR
FH TaqMan—-MGB #£ £ RTFQ-PCR 7£ /N B % & 4~ 41
ZUPE &S ARG OSBRI, I S U IR AS il
OIS W kP A A AR AR B

PR, 31X A HE— 2D AT 5 B0 LT X S M T A R 2 R g
MBS TR BB . A5, B IR i
K93 T DAGEAA R 5908 5 A 2527 B 5 7 vk 2
B AR AN , BRI PR S A TR AG S A S8 B e

AR S
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SUAL PR N R A A (R, DR B AT 2422 4 1) 1 [
e
H 25 BRI 2R T 5 I T 4MRPIF 5 A
R 9 DA A P B AR . JUHRE T — SRR AR /D
U (i LB AT AN sh e T AR A
PEBEIT AR ) ARSI, dn ey bl ol G GG
IR B MR LR A A T AR T8
AR T IR BR R, ASIE 9% 37 8 57 1Y TagMan—MGB 4
£t RTFQ-PCR i J7 2 , B A Pl i 158, e 7 Ve ok
R, EE A A REE S T Eh R
o R BRI B 24 AR A BT AR A A
A FREE W IR A T 2 A, e R AR A
TR DA DR S e RS AL T — iRy S R AN T
H A5 N
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