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[Abstract] Objective To investigate the Klebsiella pneumoniae carbapenemase (KPC) production in clinical iso-
lates of Enterobacteriaceae in a hospital. Methods 1 801 clinical Enterobacteriaceae isolates were collected from this
hospital from 2009 to 2010. Highly drug-resistant strains were screened by antimicrobial susceptibility testing,
KPC-type carbapenemase was detected with the modified Hodge testing and polymerase chain reaction (PCR), and
DNA sequencing was performed to confirm carbapenemase genotypes. Results Of 1 801 Enterobacteriaceae isolates,
783(43. 48%) were resistant to the third cephalosporins, 4 of which were also resistant to carbapenem; 2 isolates
were screened as drug-resistant strains by Hodge testing, and 6laKPC-2 gene was identified in this 2 isolates by
PCR. Conclusion KPC-2 Enterobacteriaceae strains with carbapenemase-producing drug-resistant gene have e-
merged in this hospital, monitor and control should be strengthened.
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BB B B 1 801 MRIAAT IR RN TR . i3 4
WL Vitek-32 GNI + < %5 7 2| Fh, ASEARER -
GNS-143 45 5 PR K F8E g | Sk 761 il A A0k ffth
WE rp— sk 2 P 255 Tt s e e A B vk
(MIC)=>2 pg/mL; 35 % i MIC=>2 pg/ml; Tt
Fim MIC=2 pg/mlL, il 2 LA AR —T i A R
ER R AT A, XFHRE A E. coli ATCC 25922
M K. pneumonia ATCC 700603,

1.2 # R Hodge X% il 0.5 22 [ B 5067 1Y
KIpA W ATCC 25922 B, 10 58, R4
PR P A U A M-H AR S A ] I T At 3% R (10
p@ 4CH BRI JC R A O RS PR R (DL B A BE TR
MO 4R R 30 % ) Ak R £ B 6 BE i ATCC
700603, FH P xF B KPC-2 |y il 48 5 5 A &
it 5 + o WL AR 1R 7K T r O B e A 36 B 28 4 5
%), 35CHEF 16~18 h Ja g4 R .
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TR R B Tl 5 S 0 (PCR) AR 3 WAk 5 25 7 Tl
(blaKPO) [, 2 kv $ ML B DNA, 5197741
R4 GenBank rh4 L[ F 511t B LAY T72
ANE AR A AR 1B 1 57- CCCACTGTG-
CAGCTCATTCA 37, & 1] 5’- CGTTGACGC-
CCAATCCC -37, 414 B Br K il 680 bp, PCR &
WA N A DNA 3 uL, 10X PCR buffer(Mg**
plus) 5 pl, 2. 5 mmol/L. ANTP € &% 4 uL.

10 pmol/pL 519145 1 pl.. 5 U/ull rTaq i 0. 25
pL TGEIK 35,75 pl BUARN 50 pl, SO 551
94°C W28 £ 5 min, 94 C Z8¢E 30 s,52°C Bk 30 s,
72°C FEAf 30 s.30 NMEIFF, Fe)g 72°C L 7 min,
Pa e 2 1 % BNEHE (& SYBRGreen) HLIK /35S
BEME AL . WLEL 45 5, PCR =) 4 b L FE /4 7
ABI 3730 W FFASCI T , B #5345 R 7E GenBank - i
17 blast HLXT,

2 #X
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AT T A 783 Bk (43. 48 %0) %of Sk AL EE N5 | S F it 44
S AR IE H—Ff sl Z Rl 24, B A A 98 A 3% T
s Hor 4 x5 20 B e s e 85 e 1 24 43 i) 2 2
MR IR A (i - K 09— 97 K07 10 - 422),2
BRI AT R (45« BH YA 09 — 138 [ 10 — 76)
5 PR 43 B ) 5 DL A B Rk 4 1 X6 885 = L DU AR Sk 7 7R
R 25K YU 259 25 s R R, Kz
B R S TR AA B L P I A 1 6 26 = L U AR sk 7
PRI ZR S 8 5 A [ 2 B2 Tk 242k 5 it 4% e o A1) 781 X 56
B EE R s F AN 24 o A5 R 5 A TR R A AT
W BT SE B B R W e T 2 B S,
Fz1.

R 1 20092010 45 WHAAT BRR 3 B BRI 255 (0)

Table 1 Antimicrobial resistance rates of the common Enterobacteriaceae isolates from 2009 to 2010 (%)

Antimicrobial agent

Escherichia coli

Klebsiella pneumoniae

Enterobacter cloacae

2000n=376)  2010(n=431)  2009n=219)  2010n=197)  2009n=147)  2010(n=141)
Ceftriaxone 55.59 48.72 44.29 40.10 53.06 51.77
Cefotaxime 48. 67 47.56 40.18 41,12 44,22 47.52
Ceftazidime 46.54 46.40 40.18 43.15 43.54 40. 43
Celepime 44,68 45,01 27.85 39.09 25.17 33.33
Meropenem 0. 00 0.23 0. 00 0. 00 0. 00 0.71
Imipenem 0.27 0. 00 0. 00 0. 00 0.68 0.71
2.2 AR Hodge iK% 783 BRAZEEHR .2 ¥Rkt § 845 R W il 98 v A B Ui e 10 — 135) FI B

R Hodge 58 FHE » 1 BRI 92 50 10118 (i 58 10 —
135) F1 1 RRBIIA AT (B394 10 = 76) 5 5 B4k X
— R T I ISR A L AL B BRI
1.

2.3 PCR # 3# blaKPC Z DNA # 513y PCR

WIHAFEE (B 10 = 76) 76 680 bp Z2 47 kb ¥ f
blaKPC K H 1 25 » FoAth A M 7 24 R 7 1 ) 4%
i . UL 2, PCR ¥4 ¥ )55 GenBank H ¥
B L% SE SR KPC-2 TR 75 2 B S A
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1:Negative control (ATCC 700603); 2:Positive control (Kleb-
stella pneumoniae K+ ); 3. Klebsiella pneumoniae (K10 —135); 4.

Enterobacter cloacae (E10—76)
1 %R Hodge {5025 5%
Figure 1 Result of modified Hodge testing
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M: DNA marker (2 000 bp); 1: Positive control (Klebsiella
pneumoniae K+ ); 2:Negative control(ATCC 700603) ;3 : Klebsiella
pneumoniae (K10 —135) ;4. Enterobacter cloacae (E10—76)

2 PCR ¥4 0laKPC FE[H 451
Figure 2 Amplification of 6/aKPC gene by PCR

3 itig

TR YR 259 (R W B p L 52 % s
9 JEALRE A e B SO A D — 4T R BN Mt
2y BAT BT B sdE PE A T RS T TS
T B IBE I Al A BORE Y 19 AmpC R R

TP IRt B R & B AT 8 24 P A o
BT ISPUE 25 . ARWEIT AR BRI R4 B 1Y
JFE BB 20 PR A7 48 R T 24556, 20092010 AR5 =
PR3 B 2 BT 25 R 978 40 % L) |, 2010 AR5 UL
LA CL AT 38 A 25 F A m T 2009 4F, ik
302Uk b, EARG TS B0 S 2 T 2 3R B A%, (R
1F TR, Bl FLAE G R T2 A0 S i 245 i Ak ey
SEAE S AN SR T AN S BB R R R B
FF BRRR A A X L SR B F B e Sl A
PR 250k . ABFIEEE R B A BEAE 2009 4F H Bt
Ve K ma K Y5 A R RTBH 8 B R R 45 1 B 5 2010 4F
AN Sz BT 55 % K5 e (0 K 3 7 1 1 AR IR R B 1
R B Tirf IV fe 5 e o i 58 2 855 1 19 BH 98 B F B (BRI
10 =76, i 5 |3 92 2RI DR 2 A 11 w8 3
M.

AT [ N AR 5 2% T 0o ik 0 2% 24 W it
AR FELENN Z — &7 kTl &I 55 Ambler
P2 AB.D 2R, Kb g+ A 2501 KPC #Y

TR H TS AT BRI B R E R
i 25250 E BRI . 2001 4F Yigit 255 5k
TESE E L R 2ok gl M i 48 e B A0 T H 4 S E
KPC-1, bifi 5 76 35 B e 7 | 220 4% [ 5 A
AR 4385 517 KPC BB AR, 58 2 10 Rt s &
FGRAT » 11 FLAENT R 58 TE 7 B s B A B T
B SIVA AR TR R 2 A TR R A S8 T 1 55
R Z AR h e, RET 2004 4E7EHTIT R
PR 22 e I T B — BS B B K 2 B KPC-2 Jiff 11 il
RICEAAR s Z G LA AT S b XA 4k
B KRBT KPC i, Ffiz = KPC BT BRI B
SR B 25342 (IR T B AT B R AN R A s — T
Bl RREIR , HL 125 SR R L 25 AT TR
ABFFEAENG R B 1 801 MRl 5 A W AT i B0 5
i 2 A= KPC RURK 75 s T TR & 378 6 20
T W AR ARG YR, Rl T KPC R
T R TR A T B 7 B I R 25 W) R — S Tif 24
[ €Y7 AV Ay NSETIN: = EATE 7 ik e SN N 0 S £
B, FiE B 2 Bk KPC Bk 205 T AT 14
BN 1 BRBI AT (BAA 10 — 76) % 55 8 K i
TSIV iz 855 v 249 1t 24 W0 75 1 R il 4 o A1 T Al e
10 = 135) XiF Sk AEE 5 | Sk 76 ply A7 i Sk 60 fth i 2491 25
EXH R 25 0 R DU I 20 P BURR . X F k26 7= KPC
Tt 1) TR o I R0 T 5k 75 B3 M 2R DL T 2 RO AN B
. AT Z R R M R EY697. SR,
Xof F T B 2 BT B 2 T 24 1) TR R AN — e



o R I 248 2012 4F 7 HEE 11 %55 4 ] Chin J Infect Control Vol 11 No 4 Jul 2012

+ 269 -

KPC 74t , 7] fig b A7 HAd i 245 AL QA< Be 43 25 1
KM 09— 97 . KW 10 — 422 FIBHE 09 — 138 kA
e thy KPC Uit , i IV e 35 g 5 56 2 15 g A AL
A RpifE— 5% .

A KPC R B0 B 55 R A T T 8 3l ok
b BT OB R G Al AT A ) S R e kAT
L4516 JR T 28 R AT I e BB o i L

R ISPUE R I RIRYT 2 BN 25 B Y —
25, 7 KPC BB AR A B B Im PR T X —K
MEd, PRt KPC i A e 50 N 2 9SG I
ARSI 56 28 07 AT LG I A o] 1) W, & PR 24, M
IR o DA S 2 B B e s 8 2 R R AT I A

(& % x k]

[1] Zarfel G, Hoenigl M, Wiirstl B, et al. Emergence of carbap-
enem-resistant Enterobacteriaceae in Austria, 2001 —2010[]].
Clin Microbiol Infect,2011, 17(11):E5-8.

(2] TISPM, BRI, ETRE. 55 KRIGRA R BURL 5k 55405 B
KPC-2 500 20 47 [T ], v A4 0 2 2 6 7 2009, 32.(10)
1120 - 1123.

(3] Iz, BEPRAR. 116 BRELE A SIFT I I PR3 25 Bk BT 25 175 50 /3
M. JHCBE 2 BE 2247 . 2011, 26(2): 119 - 122,

(4] SCHIE. THg. LA, 55 Sl PR Bk s Y 1 B i I0 Ji
5% T ) B B A 155 0 B 2 0 A L 1. ol TR A o 2
. 2009, 8(2): 89-193,

[5] Yigit H, Queenan A M, Anderson G J, et al. Novel carbap-
enem-hydrolyzing beta-lactamase, KPC-1, from a carbapenem-

resistant strain of Klebsiella pneumoniae[]]. Antimicrobial A-

gent Chemother, 2001,45(4) 1151 - 1161.

[6] Naas T, Nordmann P, Vedel G, et al. Plasmid-mediated car-
bapenem-hydrolyzing beta-lactamase KPC in a Klebsiella
pneumoniae isolate from France [J]. Antimicrob Agents Che-
mother, 2005, 49(10) :4423 — 4424,

[7] Woodford N, Zhang J, Warner M, et al. Arrival of Klebsiella
pneumoniae producing KPC carbapenemase in the United
Kingdom [J7]. J Antimicrob Chemother, 2008,62(6): 1261 —
1264.

[8] Piekarska K, Zacharczuk K, Szych J,et al. Dissemination of
the KPC carbapenemase producing Klebsiella pneumoniae in a
hospital in Warsaw, Poland[J]. Med Dosw Mikrobiol, 2010,
62(1):9-20.

[9] WeiZQ,DuXX, YuYS, etal. Plasmid-mediated KPC-2 in
a Klebsiella pneumoniae isolate from China [ J]. Antimicrob A-
gents Chemother, 2007, 51(2):763 — 765.

[10] Yang Q. Wang H, Sun H, et al. Phenotypic and genotypic
characterization of Enterobacteriaceae with decreased suscepti-
bility to carbapenems: results from large hospital-based sur-
veillance studies in China [J]. Antimicrob Agents Chemother,
2010, 54(1):573 = 577.

[11] Deshpande L. M, Rhomberg P R, Sader H S, ezal. Emergence
of serine carbapenemases (KPC and SME) among clinical
strains of Enterobacteriaceae isolated in the United States
Medical Centers: Report from the MYSTIC Program (1999 —
2005)[J]. Diagn Microbiol Infect Dis, 2006, 56 (4);: 367 —
372.

[12] Naas T, Cuzon G, Villegas M V, et al. Genetic structures at
the origin of acquisition of the beta-lactamase blaKPC gene
[J]. Antimicrob Agents Chemother, 2008, 52 (4); 1257 —
1263.

(L% 313 )

3.3 RRFHEAEFHIRZ 2007 HhK IR FEA
B 40,3200, I B2 A SR AR I D PR Dy s 2 e
Z IERG T HUOR ARG I I (R4, A B BE R Bl Ky
FRAE A — AR ARG 3~4 d g T BRAE
BRI AT R4 S IR S B 2. 2485
EHLG 9 B AE R R B4R R & 2010 4F [ 76. 0026,
W T DA =>70 YA REA BsK

3.4 HEMHFTRWREE GAMEEHLOE, E
55 N BRI PR 15 A= 4 BN FHTC 1 2440 1) UL
b IR - B TR 25 A Dk A R (A

A F X R B A S BN 2 A
PUR S AN RIk =N A

(& £ X ]

(1] XA BUE 25 & 3R S M. 13 RIgRERAR
HRE 2 20065 1 — 40,

(2] %A LR . CAE . 5. TR 178 JIr B W A8 067 1 40 78 25 490 1ifF
R ] bR iR 2 4435, 2002,12(12) : 881 — 884,

(3] ZEWSLr. Bt , 20k 45, 1132 (543 b 8 35 1t 1 25 1 1 ) o
R i R [T, sh AR B BRI gL 25 2%, 2006, 16(6) : 684 — 686.



