RGP 24 7 2019 4E 6 45 18 %5 6 ] Chin J Infect Control Vol 18 No 6 Jun 2019 .

DOI:10. 12138/j. issn. 1671 —9638. 20195330

MEEEHELMA B RENAHERNRTAHER

oF AT B R TR, R R 0 ot
(. RWTIE— BB W K 4100055 2. PRI S BB MM K 410013)

489 -

(3 E] B 405 Be i ek &0 2500 4 70 % 11 H (CRKP) 1Y 25 W) S0sbk i 25 3 R B 00 . ik Ikse
2017 4F 1 2018 4F 6 J1 % Bl K 43 9 119 CRKP, % B 0k 347 245 499 U 53 A 1o P 2R 65 86 5% = 5 iz (PCRO A6 11
Mif 25 BE R BE AP E 00 . B R lldE 57 vk CRKP, FZ R IR T 0P URGHE bR A, F 88 34 Bk I 60 7 B 11 bk 5 SR IR R
TR PG NRQ20 #k,35.09%) FRILIRL(15 B, 26. 32%) VEREE RO B, 15.79%) . CRKP X% K4 Hi
TR 25 Wi 25, 398 43 BU T 24 0 6 25 30 A8 A o By B e TR e i 24 S B IR (15, 79000 IR O B I &
(50.88%) B>k K B (57.89%0) . ki 2 Fhfik & B 4 i 3k Il (KPC-2 . NDM-1) , 4 B8 T 1% -7 Bt % i (ESBLs)
FEP(SHV.CTX-M-9, TEM,CTX-M-1), 57 # CRKP ¥4 i ESBLs 3, H th 39 #k (68. 42%) # i} KPC-2 %t
BLALAE 1 AR NDM-1 56, 238 IR 8519 CRKP Wil 2508 3™ 182 , 3 EL4% 4 22 R 25 28 A L G v e Wl g

TR T R IR A KPC,
[ & W] WkEEGIMRIEMAR: W25tk; 29808 brehik. by WK
[(hESZEES] RI181.3"2 R378.99

Antimicrobial susceptibility and resistance genes of carbapenem-resistant
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[Abstract] Objective To analyze antimicrobial susceptibility and carrying status of drug resistance genes of car-

bapenem-resistant Klebsiella pneumoniae (CRKP) in a hospital. Methods CRKP isolated from a hospital between

January 2017 and June 2018 were collected, antimicrobial susceptibility of strains was analyzed, polymerase chain

reaction (PCR) was used to detect carrying status of drug resistance genes. Results A total of 57 strains of CRKP

were collected, mainly from respiratory tract specimens, including sputum (n = 34) and alveolar lavage fluid (n =

11). The main source departments of CRKP were department of neurology (n = 20, 35. 09%), department of

respiratory medicine (n =15, 26.32%), and department of critical medicine (=9, 15.79%). CRKP was resistant

to most antimicrobial agents, but resistance rates to some antimicrobial agents were relatively low, compound sulfa-

methoxazole had the lowest resistance rate (15.79%), followed by tegacycline (50. 88% ) and amikacin (57, 89%).

Two carbapenemase genes (KPC-2, NDM-1) and four extended-spectrum B-lactamases (ESBLs) genes (SHV,
CTX-M-9, TEM, CTX-M-1) were detected. 57 strains of CRKP were all detected ESBLs genes, 39 (68.42%) of

which were detected KPC-2 gene, and only 1 was detected NDM-1 gene. Conclusion Antimicrobial resistance of clini-

cally isolated CRKP is severe, CRKP carries multiple drug resistance genes, the most common carbapenemase is KPC.

[Key words| carbapenem-resistant Klebsiella pneumoniae; drug resistance; antimicrobial susceptibility testing;

drug resistance, microbial; drug resistance gene
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T AR R L A BRI A o A TR A R I G il
B AN R T B M 2R B R A 2 R T e
2013 4F 32 [ % 5 45 6 5 1B a0 (CDOO K i ik 7
R FF T (CRE) 41 Sy 5 e 2000 S 30 g i ™
2014 AEH A T AHLE (WHO) KA W E iy 2Bk 114
A BT A 2 YT 24 10 4 A R . A R T A X
& B B 7 2 0 2 i A8 50 A B (carbapenem-
resistant Klebsiella pneumoniae, CRKP), H f L&
R 5 2 B CRKP L6 J7 J6 A0 . 2017 4F
CHINET 4 i i 24 th 9 412 1 2. 75 » Jiff 5% 5 o {5 3 Xt
X K (TR 25 2R = 3k 23,1 00 . % W0 Jie 55 g 1Y) it 25
ik 207, CRKP &Y 1934 97 & H Al R -
AR ik R G B 2 AL D G AR F 5 0 B CRKP
TATHRE R 25 B - U D i PR CRKP L /9 3R
I7 PRS2 50 A

1 #MREFE

1.1 A4

1.1.1 BakE WHE201741 201846 A
B 5 e AR W G S N T A B e I B R T 24
FO il 9% 58 B A T PR AT 2 — 80 C kA  AIBR IR — iR
[ — & B EE Wik, kM VITEK 2 Com-
pact 4> H 2l 4l T 4 5 A B % 5 R X il 48 5 A0 T
1% K2ty M. 25 B0 B 45 Ak KR Ay
B ATCC 25922, 4l 4 B2 i # ATCC 27853,
112 ESRA SEAYhHRESEA b EE
it 24 i S E T ST B b R 3N P B M-H BRIR P
Wl B b R AW B A R 2 v, VITEK 2
Compact 4z H gl 4 18 % 5 3 40 @ 25 U E . & IR
Fe b A v [ AR g IR A WA IR A W L SanTagq
PCR Mix SR AN 85190 B e T AY)
TREEAA PR 2 A B BE 2 7 i Marker DL2000,
10 X Loading buffer I H TaKaRa =¥ TFA R A A,
4> H BB R 53 RS2 H 25 [ Bio-Rad 24 7] .

1.2 Fi&k
12,1 g% RA ATB A SR 2 b

AT 25 W) UG 36 (MIC 35 o A5 25 1025 A 5E
Iia) = 0 v A IO I P KB 4% 7 ks R AT A . A
PR 25 W) 045 G ih R 2R P AR/ 6 B3 ORI PG A/
M L Sk A0 I bR Sk 7 Al E L Sk A6 R Sk AR
K AL O s R O e B R R U R AR AR
RN YR E NN N LIPSy NV RSN
ST TP e R INER B . RN B R 2 A AR A

FE AR A U BT B 25 ) RO M B & B 2y (EU-
CAST) bR EFEAT 132 - AR BT 245 9 245 540 i i 4
5 [ M PR 552 6 % A E AL B 25 (CLSD 2017 4 HE7F 1Y)
PRUEFAT . ZE 25 (multi drug resistance, MDR)
FERTTEDUR TS LR N Y 3 2KEE 3 KDL EHiE A YA
UG CRLHE Tt 25 F1 H A 5 72 i 24 (extensive drug re-
sistance, XDR)FE X R 1~2 KR 259 (E B 45 2 A
TR AR 20 Ah, L% i A7 268 51 90 18 245 9 A
UK ; 4 Tit 2 (pan-drug resistance, PDR) $8 Xt H i Ifi
PRI F 1 BT A 2 31 e 1 245 4 2 AN UK

1.2.2 WEEBM R ARG #EEX L (poly-
merase chain reaction, PCR) ¥ 1 DL T #k T %5 ¥ i
¥ W blaKPC., blaIMP, blaVIM, 0blaSIM-1,
blaSPM, blaGIM J blaNDM-1; OXA ¥} H.
blaOXA-48 ;#1534 Bt 1§ (extended-spectrum
beta-lactamases, ESBLs) 3t K. b6/aCTX-M-1,
blaCTX-M-9, blaCTX-M-2, blaCTX-M-8, blaSHV
15 0laTEM, R JH# b5 U DNALPCR 473
1907 5 2 B SCk 406 80 8 = P 1 00 B
W BEIE F Uk >R 42 3l BE B LR O3 i & g L5
PCR 3 7= Wy 25 5, PR 3 77 1 26 A6 2 e K3 A
WEFE L AT I Y ARG P 45 2R 5 GenBank
BLAST J¥ 3 47 L Xt

2.1 CRKP &% & H 1 ASFE 2017 F 1 A—
2018 4F 6 H LR 57 #k CRKP,57 il @ ge 8 35 , F
o B 30 i, Lot 27 B ARRE (73 £ 14) % fE B i)
] (81 £127) ds K7y & G 0 A B al B . £ %
A4 v 0L (32 D B PR (13 1) L0 T RES 42
(30 i) B T RE AR 4 (10 i) S R (3 )
APACHEM> N (11.96 £5.26) 41,

2.2 CRKP #r A kR &Zm K o &tk 57 bk
CRKP 2R IE T IF W B bR A, 43 ) 98 (34 #k
59. 65 %) il 1 7 VR (11 Bk . 19, 30%0) L W L 1
1Rk 175 %) s R M IR (6 8510, 53 %) 4 1L (2 £k
3.51%0) il A WL MW ORI TE (% 1 Bk, &
1.75%0) . K UGB %= 2 2 W & W B (20 Bk,
35.09%) RN N B (15 kR, 26. 32%) T IE BE 2% R
(9 Bk, 15.79%0) LK Ryl 2 SMBE(GS #.8. 77 %0) i
REEERES BRL5.26%0) VE B2 BRL3.51%0) 0
WL ZCEERR NIRRT AR (&5 1.75%0)
2.3 CRKP #H#0R% 4R a5 R ER, 5
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iz FEY O A T 245 238 e I (15, 79 %) & vk Ry 85 I 3 &
(50. 88%) ., Bl K | & (57. 89%) . K Kk # &
(75.44%) . Z i 55 £ (78. 95 A R R b B2
(94. 74 %0) JWRHL PG AR/ b 1 L 1T (96. 49 26) (IR VB
B (96. 49%) W % [ (98. 25 %) . CRKP [ #k X4f 3
A 8 FPHL TR 2454 H i 25 3 00 100 %, Wk 1, g
MDR B # 53 #k (92. 98%), XDR F t 2 #
(3.51%) . PDR Btk 1 #(1.75%), #HEHF 5
() MDR [ 2 (17 #£) , W3k 2.

F 157 tk CRKP X 4 1 25 Yy (1 it 24515 0

Table 1 Antimicrobial resistance of 57 strains of CRKP

BLAST #E% 452 LR130548. 1 47 b %, — 5k
24 99.22% .

£ 2 AFFZE4E MDR,XDR,PDR B # 5t
Table 2 Numbers of MDR, XDR and PDR strains isolated

from different departments

PU W 259 T 25 4k 5 ifif 25 % ( 6)
ARV &7 I 57 100. 00
WR 7 75 A6/l s £ 30 55 96. 49
3K 6 e b 57 100. 00
kAl e 57 100. 00
k70 A 57 100. 00
3K 76 0t i 57 100. 00
kA2 41 57 100. 00
A th 57 100. 00
. e K5 e 57 100. 00
Ju b 5 57 100. 00
B oK R B2 33 57. 89
RRER 43 75. 44
ZAHR 45 78. 95
BmH R 29 50. 88
Wik =N R 54 94, 74
WY E 55 96. 49
W R % R 56 98. 25
52 g i HEY I e 9 15.79

Pr= MDR XDR PDR
LLEYE S 17 2 0
1% iy e 15 0 0
HHE B AR 9 0 0
Mz SR 4 0 1
M R 3 0 0
(AL 2 0 0
D HF 1 0 0
S 1 0 0
P 43 R 1 0 0
it 53 2 1

% 3 57 tk CRKP HHk ESBLs PG 15 &L

Table 3  Detection resuts of ESBLs genes of 57 strains

of CRKP
B R 2 7 B 1 74 Ak 2 FH 3 (90)
SHV + CTX-M-9 + TEM 25 43.86
SHV + CTX-M-9 14 24,56
SHV + TEM 5 8.77
TEM + CTX-M-1 2 3.51
SHV 11 19. 30
&t 57 100. 00

2.4 wHARENLER 57 Hk CRKP LM 2 ff
T B 5L N (KPC-2,NDM-1) .4 F ESBLs %t
(SHV,CTX-M-9, TEM, CTX-M-1), # 4+ PCR
Prg e R 1.2, 57 Bk CRKP W, 1 Bk KL
NDM-1 JE£[H ;39 #k KPC-2 PHM: . BHE R Ky 68, 42%,
Hodr 21 #k[E A SHV . CTX-M-9 I TEM JE[H ,
8 Bk [a] I #577 SHV e A, 6 #k [6] I #5 77 SHV F1
CTX-M-9 L[ 4 B[R B #5787 SHV F1 TEM JE [ .
57 PR R 2 #0 A t ESBLs JEH L WL 3, ¥ 15 H
85 W AR Y W PCR™ W AT Iy, M P IS 45 R 5

(bp)
1 000

75
500

M. TR ARE 1.2.3 205 Dy KPC [ R L 5345 X0 1R BA 1 %
MR 54.5.6 4353 Sy NDM-1 B #k BT 6 B8 PR XS IR 57,89 435
3 TEM AR B X B B A B
B 1 Bk RS EERE I PCR 44 7= 1) B vk
Figure 1 Electrophoresis map of PCR amplification produ-

cts of carbapenemase genes
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M: 43 F AR 1 FHPEXT IR 2 BAMERT IR 3—5 . KP I Rtk
2 KPC-2 JEH G 7= vk
Electrophoresis map of amplification products of

KPC-2 gene

Figure 2

2.5 AR AR AL RS RILK

blaKPC HH  CTX-M-9 K& TEM X [H {4k 5
B e o) 20 it P L 2R P AR/ BT e At R R LSk A
Hi A Sk fth E L Sk AR AL Sk AR 5 | Sk AR e AR L T
e B e T 25 B 8 T 25 L ¥ 10026, 3 A SE B B
AR T B TR X A 5 T B TR 24 0 1) TS 245 38 34 A
L 4,

3 i

FILAG . B A CRKP Y 25 0k 56 45 R s,
CRKP X 22K 1 2 52 J7 R e FRY e 25 i 0 22 70
KA R — U et R R B
Sk HEAT I — T [ R MR CRE 9 1) BF 5%, 3 il 52
1201 #k CRKP, XSRS 20 3 R IR

&R 4 CRKP Al iiif 245 3 B Bk 55 B 1 bk X 90 581 245 990 19 25 sl 2R (00

Table 4 Antimicrobial susceptibility testing results of CRKP positive and negative strains for different drug resistance genes ( %)

KPC(+) KPC(-) CTX-M-9( +) CTX-M-9(-) TEMC(+) TEM(-)
PLH 25
R S R S R S R S R S R
ARTIMR/ P 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00

WRAL PG AR/ fb s EL4H 2,56 97.44  5.55 94.45  5.13

S o1 g bk 0.00  100.00  0.00  100.00  0.00
Sk Ay A 0.00  100.00  0.00  100.00  0.00
kA Ath g 0.00  100.00  0.00  100.00  0.00
K Ay 4 0.00  100.00  0.00  100.00  0.00
S g 5 0.00  100.00  0.00  100.00  0.00
Sk A6 B 31 0.00  100.00  0.00  100.00  0.00
NN 0. 00 100. 00 0. 00 100.00  0.00
W e 35 A 0.00  100.00  0.00  100.00  0.00
JB i 45 74 0.00  100.00  0.00  100.00  0.00
B oK s B2 35. 89 64.11  55.55 45.45  41.03
KK % 17.95 82.05 38.89 61.11 23,08
ZER 17.95 82.05 27.78 72,22 20.51
BmAx 53. 85 46.15 44,44 55.56  53.85
KN R 5.13 94.87  0.00  100.00  2.56
ik = U 5.13 94,87  5.55 94,45  20.51
I 1 22 [ 0.00  100.00  5.55 94.45  2.56
52 77 Tk i R G e 82.05 11.95  88.89 11.11  84.62

94.87 5.55
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00

100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00

100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
100. 00 0. 00 100. 00 0. 00 100. 00 0. 00 100. 00
58.97 44,44 55.56  46.87 53.13 36.00 64. 00
76.92  27.78 72.22  31.25 68.85 16.00 84. 00
79.49 22.22 77.78 21.87 78.13  20.00 80. 00
46.15 44,44 55.56 43.75 56.25  60.00 40. 00
97. 44 5.55 94. 45 0. 00 100. 00 8. 00 92. 00
79.49 22.22 77.78 3.12 96. 88 8. 00 92. 00
97. 44 0. 00 100. 00 3.12 96. 88 0. 00 100. 00

15.38 83.33 16.67 87.50 12.50  80.00 20. 00

TS UG R T 2

Kt I 2R BT 25 AR X AR 0 o 1. 49631 %,
31 s Xk 2 B R VA AEEA — E R
e LT 25 4y R 57.5% .69, 6% .70, 3% 5 % s i

i 2K T 25 SR A8 80 L B0, 4R Tfii , Dong 251 3
JH CRKP X Bk - AL {1 25 88 AN 5. 800, 5F
PP R15. 404 HLCBIF S v J K5 8 bk X 22 G o R
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PR, BANR E BRI A =W ER T B
718 CRE X By oK R B2 0 2 809 U0 B2 1 it 24 38 I
30% ., — Wi 4 [E {5 B N CRE (193 17 9% 2 1 2 i)
T R, B B & X CRKP Y fUR F U H
40.2%,

AR CRKP Xf ffok 2 B mH XA
— 7 AR  (EUG R N 2R 2R W it 2 %3k 50. 884,
A BB 5 5 AF R 0 A 2R G T 24 S 22 5
A XK, Dong % R IE FT A CRKP X Bl K+ & Fn
WS T T 2 24 ) 1 i 2 R AR, (HAR BF5E CRKP &) A2
ST TR 25 53K 97 %0 X BT R R R 1 i 25 R
57.89% , "l fig 5 Dong %" BF 53 UL 1 B A% Ok B L
PR R JLEAR D YA G

A2 CRKP % & 75 it e F B it 245 2 5541, 5
B AL, Su SEHUBEST AT Dy e HH R R B A
Zh CRKP 144 St w1 17 4 A6 0 & B, 52 07 ik Jig WY
TR G Z R R BETE 2~24 h P R K
CRKP.i% 7 &4 & B H T Ili KRG 97 CRKP J& %,
R R 52 T e B ol e Sy 0 ) R ANAT 1R
A H Su 2 VBE T ALK R AMNIF ST B = 0 R IE 9T
CRKP 7§ IE B 243k . HIA YT CRKP 8 i) 1
VA A R E— 2 1 I PRI FEIE 55

A K . CRKP R TR 25 AL A2 2 )32 1 56
H A 7T 245 9 o o H S A 25 AU A4S (D) Pk
WA GG DL KPC il 09 A Kk %06
it R LRE BT oM IS PR R ) B 2R 8 3P R Ak I
Fl D 2K OXA-48; (2)5E 7" AmpC fiffsf ESBLs &
IAMNEE AR ER: GOIMERMERE; (DS
DL BR I B T B SR AR AR AR
SR T A k7 B M Sk ) J ESBLs JE R 7E N
(14 Fhif 25 56 .

57 Bk CRKP ¥4 4 ESBLs JEH L X 1 A
NDM-1, 44 IMP &% VIM, % E ESBLs $i47
Fho %k CTX #F SHV BN, A BF 5% i 4 1
CRKP Btk . SHV B 5 96. 49 % (55/57) ,CTX %I
b 71.93%(41/57),

ABIESE A I 04 ok 75 R M Tl T 24 R TR 3R
KPC JLH . K Rl 68, 42% , KPC-2 2 5 30i% be
CRKP X} i 5 & M Rt 25 19 E 27 H, KPC
i 2004 476 30 B W LA kg & Y L bl S 4
[ 2 A~ 1 X AH 4k A 7= KPC-2 fig CRKP Ji 17 19 #i¢
WY A GER 8 KPC-2 S [ AR AR b
DX fi 48 v T A R X ik T s 2 2 0 i 24 i 2
M. AREZR CRKP #7414 i) bk 5 2 7 B i 25 5k A

22 AR TR o AT R R A B B T R A R DL
FEH 2y KPC-2, 245 NDM-1, 8 f 4 J& [
IMP . VIM.SIM K& OXA-48 # ! ; i £ i L4 NDM
RELEIEF L VIM Sy £, 78 3 E A [ H X
CRKP #8515 1) B 5 55 M i S 245 25k R o A oA — o 25
S KPC-2 J& 3% [ ifi 48 5 75 41 0 % Bk 75 23 0 25 25 90)
T 245 1) 32 2 e DR 2 A, L v T g LT b L SRl
KPC-2 i # H 55 100% . db 5t T 4R L 1 4R i X 432
I 70% . A — TR 5T 8 5 R XA R 2 3 N
Lol NDM-1(4/5,80 %) , I o] 58 512 W0 4F 5%+ 18
T b DX ARG ) B R 5 2D R

ARBFFAFAEA & ZAb 8 56 by T4 DA% 24 2
B B A P 53 A s 245 88500 50 I R T 55 9T A R 1Y
BIT W 2R T R R R DL ROR BT Sk 76
W /B 2k B 30> DL K24 R 0 50l S 78 43 s X I AR
BITHSHMEZ B —E RS . 55 A5 R
RS T 5 43 A AR P A T 2 5 B X A 2D L 1Y
S KPC-12 ,NDM-5 Jf R A7 K U HL R i 47
) 43 A W] DATE S 22 0F 58 ok CRKP i i 25 2%
T4 L AT SR A M 5E

MRT S A BF 5% CRKP (41 PR 43 15« 25 il
I M it 25 B R AT T 0 i o AH B 15 5 P A
& PRYA YT J7 58 itk — 2B W58 . %) CRKP gk
PR 8 5 T AR = 45 B3 o7 i 2 o JE g B 4 A 1L &
P B 25 . 7 CRKP ##0R AT .

M mBPBE R PRI RBEZERAR KD
T — B Y E R AR AR
¥ A

(& % x k]

[1] Centers for Disease Control and Prevention. Antibiotic resis-
tance threats in the United States, 2013 EB/OL]. [2018 —
127]. https://www. cdc. gov/ drugresistance/ biggest_ threats.
html.

[2] World Health Organization. WHO (2014) antimicrobial resis-
tance: global report on surveillance[ EB/OL]. [2018 — 127,
http://www. who. int/drugresistance/documents/ surveillancerep-
ort/en/.

(3] 4 ANHE 25 W . 2017 4 4 40 18 i 245 W0 41 45 Cf 22
BMOLEB/OL]. (2018 = 11 — 30) [2019 — 04 — 05]. http://
www. carss. cn/Report/Details? ald=552.

(41 T H V. BR75 %00 210 24 It 9 50 75 1171 1 Tk 24 WL o 2 ) Y PE 0F 52
[DJ. B - Lk, 2015.

[5] Wang Q, Wang X, Wang J, et al. Phenotypic and genotypic



c 494 - A R P A A A 2019 4

Lo]

7]

(8]

9]

[10]

[11]

[12]

[14]

[15]

26 A5 18 %% 6 ] Chin J Infect Control Vol 18 No 6 Jun 2019

characterization of carbapenem-resistant Enterobacteriaceae:
Data from a longitudinal large-scale CRE tudy in China (2012
=2016) [J]. Clin Infect Dis. 2018, 67 (Suppl 2): S196 -
S205.

Dong F, Zhang Y, Yao K, et al. Epidemiology of carbapenem-
resistant Klebsiella pneumoniae bloodstream infections in a
Chinese children’s hospital; Predominance of New Delhi Me-
ta-llo-B-lactamase-1[J . Microb Drug Resist, 2018, 24(2).
154 = 160.

Gong X, Zhang J, Su S, et al. Molecular characterization and
epidemiology of carbapenem non-susceptible Enterobacteriace-
ae isolated from the Eastern region of Heilongjiang Province,
Chinal[J]. BMC Infect Dis, 2018, 18(1): 417.

Han JH, Goldstein EJ, Wise J, et al. Epidemiology of carbape-
nem-resistant Klebsiella pneumoniae in a network of long-
term acute care hospitals[ J]. Clin Infect Dis, 2017, 64(7);
839 — 844,

Zhang Y, Wang Q, Yin Y, et al. Epidemiology of carbape-
nem-resistant Enterobacteriaceae infections: Report from the
China CRE Network [ J]. Antimicrob Agents Chemother,
2018, 62(2), pii: e01882—17.

van Duin D, Cober ED, Richter SS, et al. Tigecycline therapy
for carbapenem-resistant Klebsiella pneumoniae (CRKP) bac-
teriuria leads to tigecycline resistance[ J]. Clin Microbiol In-
fect, 2014, 20(12): O1117 — 20.

Lombardi F, Gaia P, Valaperta R, et al. Emergence of car-
bapenem-resistant Klebsiella pneumoniae : Progressive spread
and four-year period of observation in a cardiac surgery divi-
sion[J]. Biomed Res Int, 2015, 2015; 871947.

Su J, Li D, Guo Q, et al. In vitro bactericidal activity of trime-
thoprim-sulfamethoxazole/colistin combination against carbape-
nem-resistant Klebsiella pneumoniae clinical isolates[ J]. Mi-
crob Drug Resist, 2019, 25(2): 152 = 156.

B, Xk, SRR 0655 R DI 48 S0 TR A FT B A T 25 BL
il BIG T RmME s dE JR ()], BE2E W5 AR 2 4, 2018, 31(4)

430 — 434,

Veeraraghavan B, Shankar C, Karunasree S, et al. Carbape-
nem resistant Klebsiella pneumoniae isolated from blood-
stream infection: Indian experience[ J]. Pathog Glob Health,
2017, 111(5): 240 — 246.

Tian D, Pan F, Wang C. et al. Resistance phenotype and clin-

ical molecular epidemiology of carbapenem-resistant Klebsiella

pneumoniae among pediatric patients in Shanghai[ J]. Infect
Drug Resist, 2018, 11: 1935 — 1943,

[16] Lin D, Chen J, Yang Y, et al. Epidemiological study of car-
bapenem-resistant Klebsiella pneumoniae [ J]. Open Med (Wars) ,
2018, 13 460 — 466.

[17] Zhang Y, Zhao C, Wang Q. et al. High prevalence of hyper-
virulent Klebsiella pneumoniae infection in China; Geographic
distribution, clinical characteristics, and antimicrobial resis-
tance[ J ]. Antimicrob Agents Chemother, 2016, 60 (10);
6115 - 6120.

[18] Wei ZQ, Du XX, Yu YS. et al. Plasmid-mediated KPC-2 in a
Klebsiella pneumoniae isolate from China [ J]. Antimicrob
Agents Chemother, 2007, 51(2): 763 — 765.

(197 BOURTE, S Hik, XIPE. 5. 108 BRH B 75 % 0 I 2 72 % 1A 18
B RS A S 2 SRR L], E A Rk, 2017, 42
(3):218 — 224,

[20] Hepiffe, Yok, MR %5, BT 8 M 2R 25 il 8 T 1A W 254
THUANE K blaxee PRS2 [T, o D 5 4097 20k, 2017,

17(3):298 — 302.

(217 BpoRyE . 2, NGV 5. B Be 2k 19 M I 0 Js e ok Vi ik 75
B ASTOE 245 I 58 5 B A0 T 25 4 A LT 0. b I S 2 I A
2018, 22(5):765 — 768.

[22] Munoz-Price LS, Poirel L, Bonomo RA, et al. Clinical epide-
miology of the global expansion of Klebsiella pneumoniae car-
bapenemases[ J]. Lancet Infect Dis, 2013, 13(9): 785 — 796.

[23] Shields RK, Nguyen MH, Chen L, et al. Ceftazidime-avibac-
tam is superior to other treatment regimens against carbape-
nem-resistant Klebsiella pneumoniae bacteremial J]. Antimi-

crob Agents Chemother, 2017, 61(8), pii: e00883 - 17.

R SCYi 4 - 5 518 42 W)

b2 K - W N e B o R - R B e ]
TR 24 S5 2R e i 245 5 PR [0, v Jek 2 4 1 2% 3K, 2019, 18 (6)
489 — 494, DOI;10. 12138/j. issn. 1671 = 9638. 20195330.

Cite this article as: SUN Ji, HE Ge-fei, SHEN Hui, et al. Anti-
microbial susceptibility and resistance genes of carbapenem-resis-
tant Klebsiella pneumoniae [J]. Chin J Infect Control, 2019, 18
(6) :489 = 494, DOT:10. 12138/]. issn. 1671 = 9638. 20195330.



