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Infection characteristics and resistant gene of carbapenem-resistant Klebsiella pneumoniae”
KANG Beipei sFU Xiaorui s HE Wenfang .YANG Peihong ,ZHOU Ke ,ZHOU Lei s XU Xiuli®
(Department of Clinical Laboratory ,Xijing Hospital of Air Force Military
Medical University s Xi'an ,Shaanxi 710032 ,China)

Abstract: Objective To investigate the characteristics and drug sensitivity of carbapenem-resistance En-
terobacteriaceae (CRE) infection in our hospital, and study the genotypic analysis of carbapenemase genes.
Methods 95 isolates of CRKPs were isolated from clinical specimens from January 2018 to February 2019 in
our hospital. Bacterial identification and antimicrobial susceptibility testing were carried out with VITEK 2
Compact automatic microbiological assay system. The detection of carbapenemase-producing Klebsiella pneu-
moniae was confirmed by modified carbapenem inactivation method (mCIM) and EDTA-modified carbapenem
inactivation method (eCIM). Screening of carbapenemase-encoding gene by PCR. Results The 95 isolates
showed high-level resistance to the antibiotics commonly used by Clinician. 91strains were all positive for
mCIM, 3 strains were positive for eCIM. Carbapenemase-encoding gene was identified in 92 isolates of Kleb-
siella pneumoniae, 3 strains were not detected having resistance gene. Among which 86 were confirmed as KPC
and 3 were NDM. And 3 strains carried both KPC and NDM. Conclusion CRKP showed high resistance to
most of the common antimicrobial agents in our hospital, relatively sensitive to tetracycline, doxycycline and
tigecycline , KPC carbapenemase was the primary mechanism to cause the bacterial resistance to carbapenems.
According to susceptibility test,the hospital should enhance the drug-resistance surveillance and use antibiot-
ics reasonable to control the multi-drug resistance and the prevalence of resistant strains.

Key words: carbapenem-resistant Klebsiella pneumoniae; drug resistance; modified carbapenem inacti-

vation method; EDTA-modified carbapenem inactivation method
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i 5 5 TR A7 BRI R UL A AL 2 M B0 L 5 A R
2 AR ) 1/3, H AT B AR G L AL 35 DR R |
B e 8 it 9 | FFE e B L P R R P R L TR U 1 R
I FE B A iy 0 B o T JE88 e s A9 JIE % 0 W i E
Jiti 4 v 5 A B A i 25 R 0E 2 A BT, AEad 20 10 4E
L BT R M 2 R R IR T T 2 2% B R R
P e o — 1B B 2. B A Bk 75 B M 25 T 24 T PR O HE
SRt 98 B A T A A1 T TR 80 2 S B AT TR R 1
R b, © Bk Y I R TR IR T R
D4 CHINET 20 B it 24 1 W 00 %5 40 8.7 il 9% e 3 1A
DAV I e 15 e A 98 B 5% mA A T 2 2R 43 1 AN 2005 4F Y
3.0%H 2. 9% IR T 2017 4ERY 20. 9% Fl 24. 0%,
it 25 %% b Fh g BE Ak 8 A%, 5 L R I, Bl R 5 R A B A
SRR B R IR RS BT,

e T IR ISP W) 2 I IR L3R IT 7 ) i B
PN Bk B T (ESBLs) il 48 52 75 1A B 51 A ) Jak e I A &L
(2590 . 7=k T %5 M il %) Jili 8 w2 B 1A 3 (CPKP) A& de
LW T ST EFAE (CPE)Z— . Jf
HE S Z ARSI R4 1 T 50 B2 5
T M I 25 0 i EEHLE] L 4 A 28 (KPC).B 2%
(IMP,VIM . NDM) Al D 2§ (OXA-48) . H.1X $6 i 75 5%
W R AT ok B0 ARBFSY B T AR
T il 7 8 4 S il 9 B A TR A 24 B R T RN ik T R
A5 it 5 DR 485 0 15 00« oy B B 5 P 24 R I o ek g 4 o
PR T
1 #RE5HE
L1 ARARIE  WEARE 2018 4F 1 H = 2019 4F 2
W8] 43 5 1 R A AR v 3R 5 AT ik 75 B O 2 i R T
A 95 Bk, FRIERAR . KR A ATCC 25922,
fifi % 75 & 1A B ATCC BAA -1705, ifi 4 3¢ 3 111
ATCC BAA -1706,
1.2 A5 EA SRHEE M F IR Vitek 2-Com-
pact 4= H 3l 4l B % 5E A2 E 40 T A 25 B, K-B 48 A ik
PEAT 2 ORI B A% QO e 15 /A2 0 55 /) L 25 A4S
K MH #5323 T B H %5 Oxiod A Hl., 254
KR M CLSI2018 45 i i 47 H) Wr, BT 2 W %
ATC(C25922,
1.3 R BT B KO R
1.3.1 mCIM #$# CLSI M100-S28 J5 45 4E B 1
p L BEFPER 09 A KTl B R P AR b B a1 R R Al
%.T2mL TSBRZY . EHIRS10~15 s, BEK
A1 RE R ER 10 pg WEHA . AR BIX
THEHEBRT.HEG 2T RKRIHEBF (4. 00+
0.25)h, WELHRE LR EFRRFHEK 0. 9% NaCl
il & 0.5 F M E M K IRA R ATCC 25922 B .
TR S VR ) 4 NS B0 A A28 15 min N SERL, T4 3~
10 min, F] 10 pL #M K SE L B 407 N TBS
P B B AC R W R N RE L R R R DABY A 4R
R B 24K REH AR R BUB W T E R A K in ik

W ATCC25922 B MHA ¥4z I, &4~ 100 mm 19
MHA Vi 20 4 k48 q . # & FH, (35+2)°CK
ST 18~24 h, 2RI B e, 25 R0
LW HEHEMEE ER N 6~15 mm S EEH 16~18
mm {H 11 P PN A BSCFE TR V% R Tl 7 R M T BE e 5 9 R
Bl A =19 mm N bk 5 8 M 5 10 30 0 Bl B4
16~18 mm 3% %2 H=>19 mm {H 3 15 B N A 8 &
AR = R L LR G W7 [P i o (2R e A
I 1

1.3.2 eCIM #% M8 CLSI M100-S28 J7ik#:4E, H
%2 2% TSB2 mL WRAE &R L ARiC 40 4 FK
JA 20 pLL 0.5 mol/L EDTA ## T 2 mLTSB 1,
EDTA & ¥ E N 5 mmol/L, T & 3 [F mCIM
SEE AR . mCIM Al eCIM SZ 55 [F] 25 #E17. mCIM Al
eCIM L E P XD AR I TR —IERmA
KA W ATCC25922 9 MHA V4 b, 45 5 5
P25 mCIM 5 R AH L D B I B A2 =5 mm
F4 R BT <4 mm N & B, X T eCIM,
22 W AT A 410 TR BB P ) HICZE B R FE TR T, B mCIM
g5 R BHPE R, eCIM 25 1 A 20 mCIM 25 53 B 4
B AR eCIM 45 5. 24 mCIM 25 5 M, eCIM 45
TEBAME B 1% 0L T it 22 R ik 7 R 0 e BH A

1.4 RBAEMYE RN (PCR) i R 3 FH %
GeneXpert 77 12 Wi & 48, Xpert 52 5% I 98 0% € &
PCR P #6003 T 520) PCR A, 5B E K Xpert
Ao 12X 7 e 5] 45 H A 55 5 5k AT Xpert Carba-R 12l 5]
& A ECE KB R B BC ] 0. 5 mol/L Az 3 Eh K
FEWL, WL HL 10 L i AKEAS AL B T, T8 i 58 % 24 10
s, WHLZY 1.7 mL IR AW AR &, 55 Bl R &
@, A s kI, e U7 kK I KPC, IMP, VIM,
NDM,OXA48 M, %l & A — A FE A L 2 X i
(SPO) ki & PCR I 14 45 14 il B FnBsf a4
WA . BN — AW AR, B B R A
(PCC), 7] DLEGIE & P i) PCR 4538 70, IR 5F 52 B E K
Jertpy R e . DA R ZCE I ATCC BAA-1705
M Ry 22 S R B 75 5 0 186 BH M X B L DL — kR P NDM
HE TR B B i 4 5 A0 TR PR AR Ry 4 i Tl BH M R, DA
fifi % 5 B AH E ATCC BAA-1706 1F Jy B 75 25 45 1 B
PEXT IR

1.5 Sit=#4ab3 i Whonet5. 6 F4T8 5047,
2 % R

2.1 T T B A 28 I 98 o B A AT S R

2,11 BRAAMAFR A 95 tk CRKP B A5 A
FeR LI R LA 43 Bk, b 45, 3% L HoOh I
W5 U W, Ay N A 18 bR (18, 9%0) .16k
(16.8%).9 #(9.5%), CRKP tpAfl) 32 H T
FAE N, 40~<T60 % 5 46 Bk, 60~<T90 % 5 24 k.
W1,

2.1.2 B4 CRKP LB FFEERH ICU,



ER#ES2E 2019 4F 12 A% 40 %% 24 #  Int ] Lab Med,December 2019, Vol. 40,No. 24 * 2993 -

52 i 5 BRI 54. 7%, T2 & 12 il i 12. 6%, H
UORRE B H LR AR = & 8 Bl 8. 400, M &
WA 4 B 5 4. 2% M2 sbEE 3 il i 3. 2%,

x1 95 #k CRKP BHEARARIBEMER D HER (n)

WRAKE n <204 20~<<40 ¥ 40~<160 % 60~<90 ¥
7303 43 1 10 20 12
iR 18 — 3 12 3
SlW 16 — 5 6 5
W9 1 2 5 1
SR 4 - 1 1 2
miEw 2 — 1 1 —
HoAth 3 — 1 1 1
ait 95 2 23 46 24
i — FoR LHR

2.2 ORI B 95 Bk CRKP X4 fin ¥
R MU R 96. 9%, X UK F | 2 V4 38 &K 1 it 25 R
B (¥<T30 %6 ) o HyR Ry BT oK - B2 0 52 D7 Tk i FY W e
(80. 6% F1 82 %) , XF H: Al BT &1 245 4 3¢ BH Ny i Tif 24 2%
25 R 4B >90%., Wk 2,

F2 OHBEBREWMEMAETEENMEMEY)

MH Y UK iy fiit 2
kS AR 0.0 0.0 100. 0
Ak 0.0 0.0 100. 0
Sk F e v 0.0 0.0 100. 0
FAORPIAR/EF 0.0 0.0 100. 0
WR 7 75 R /il s £ 360 0.0 0.8 99.2
i 0.8 0.0 99.2
Sk VR AR /47 1230 0.0 1.6 98. 4
ZEWA Y B 2.2 0.0 97.8
BN ROy 2.2 0.0 97.8
kS n fi 3.0 1.5 95.5
Kl nE 2.3 4.9 92.8
52T R i T 15.0 3.0 82.0
Fip oK R A 19.4 0.0 80.6
PUER R 69.0 6.2 24.8
ZWHER 73.0 1.0 23.0
(IS 96. 9 2.1 1.0

2.3 kEEMEFER N . mCIM il eCIM 125 5
2.3.1 mCIM 1 eCIM (9 £ B H 22 538 50 46 I
ZER R 1A mCIM BH 1, eCIM FAYE, #28 2 &
T T 745 25 M i P PE 5 18 1B mCIM B, eCIM B L 42
NG JE T H M. AR B S B R Bk & K HE X
(mCIM)O1 Bk FH . EDTA 2% B % H 5 M K% ik 56
(eCIMD 3 #RFAYE . #0435 I 25 2R WK 1,

1 #4 mCIM #1 CIM I RERIGHE R

95 k¥ B 15 % M il 48 7 TR A B A9 mCIM,

2.3.2
eCIM IR 50 FHEAT i F M B L 45 5 50 i PCR &
BRI 5 Fp R AL, 43 5] 2 KPCL.NDM,IMP, VIM,
OXA48, 7E 95 kit ik T B 5 28 1Y Il %8 52 5 10 &
92 PR FE PR Ry BH M o oA A 0 s T 24 35 PR ) TR AR AT 3 Ak
Hih 86 Bk & A KPC 4.3 #& A NDM K, 3 f
M A KPC X &4 NDM A, 95 Bk R #
IMP.,VIM, OXA48 3£ [H ., mCIM Kl 2] 92 £k ik 7
BRI DR BH M B AR P 91 R b BH M TR Bk . 3 Bk 3 X B
PR Y BB, 1 ¥k PCR &8 & KPC 2 [ ) B Bk
mCIM 0 i, 78 mCIM FH M 4 3l -k — 2
fift BE eCIM 4558, e CIM A6 H (%) BHAE TR AR 3 Bk BAHE
WA 88 #k,3 MR & A KPC £ K Al NDM 3 [A
B Bk mCIM A6 I A B  {H e CTML A 0 24 A BH 1
WL 3,

F£3 9O HMBRESBRMAEEMEEN mCIM,CIM KB

MEHHREERBERERS T (n)

B 4 250 mCIM <CIM
BRI A WE RfE BIME WME R
KPC 86 85 1 0 0 85
NDM 3 3 0 0 3 0
KPC/NDM 3 3 0 0 0 3
FE A B 3 0 0 3 — _
HEomCIM 45 W HERT R CIM 25 4L, Fi* — 7R

30 i

CRE A 3L LAk T Bk B P B S0 T 19
BRI Z — . CRE 85 0 kS b th 82 36 10 A4
R —JE R . R I o DR M % CRE X
FARIGTT SO e i i 2 O, AR LUAE B
G5 T B I A T P T R A X R T R A P
25T 24 1 2 BEHLHD . 5 AT LE W KT DR A T bR LY
W E M £ E A KPC,IMP,VIM,NDM #l OXA-
48 4§, CRE FZAEfili & 5 B A0 & K 3% A 18 Fl )
T FF B R % L T CRKP 5 CRE 9 o il KL
MEEFLT LA LA BE CPKP %085 [ 24 B
K ACU B bR A 2R P MR 5 | T v 5% L 43 B
J HAEF ICU A AR (B K A Be . S e AR, Bt
EE R E N THER N X TR (1A R INEC 2N
SR W AR5 2, BN T T 25 TR AR R AL .



e 2994 - Bt i EF 2% 2019 47 12 A% 40 %% 24 1 Int ] Lab Med,December 2019, Vol. 40, No. 24

YR R CRKP X4 K 2 500 i 25 W it 25 7 5
FEE B- N BRI ZE25 0, it 25 288 >90 00, X A2 S TP
BTV BT 25 5k 97, 8%, & ik fie P I g
FBAT AR AL BT 245 22 43 5] Ry 8296 F1 80. 6 %6, X I B
EE N PR R UEZ N | P AR R o ]
69 %6 73 %0 KRR IR K LA ARG . ASBIF S H i 5%
S0 A A XT B- PN TR e 2 L B2 S T S L e 25 | s T
A PR H P U 2 W 2% B R B v A T 25 R DU BR R
FEHVE N IR 28 R & L R AT VR IR YT CRKP 1 8k
o, FRMEZFHH R L B MA R EH R AR
BEH 28X CRE W AR A KA PUEd G M, DL EYL 259
AN Cin 2 260 R RSk KB BA ks &
H R R I A NI R SO AR L S T 2R
BEABER RS M7 RO T 8253097, L& A ik
HEHMIM A IBIT AR AR AR . B ATk E
FE TR BN B 7 ik T RS YR UL 2R Rl KPC, WA
IMP 1l VIM fiff . NDM {# WL A58 % 34 B
95 Pk CRKP #47 KPC A 86 #k, NDM A 3 k.,
[F] i #5417 KPC A1 NDM 5&[H 3 #k . A A 0 H3 i 25 2 ]
B R 3 Mk, -2 ABE 4B CRKP (19 24 1k [ [7)
FLLKPC 3. B SR 2018 4F CLSI F i 1E
187, R mCIM 1 eCIM i3 56 X Bk 75 25 M Bl 7 I Ak
HEAT O 35 » mCIM 46 00 1 AF 18 B 40 B ) sk 7 25 0
fifg , 45 3 R mCIM K I 2] 95 Bk ik 75 55 M g L 4 BH
PETR PR T 91 #k S BH MR K 3 Ak 55 IR B % R mCIM
BB, 1 #k PCR W7n & KPC ZE N & #E mCIM
Ko bk, 2 mCIM fil PCR 25 58— SR & .
eCIM R K& FFH EDTA 40 4 s B 04 B B L 76 77 bk
T M 0 TR bR bk — 2B X0y & R N 22 R . AE
mCIM FH P i 2 il b i — 20 i B eCIM 45 2R, eCIM
ol A BH PR B AR 3 Ak B PE TR AR A 88 Bk, 3 PR [F] B
A KPC SE A F NDM L A B TR R mCIM K 4 BH
P H eCIM K3 2 4 B 1

A IE B L BT B 0 S R e T A TR R £ BRI
PR H L T8 245 40 15 JBE it 245, 22 530R AS0ORT 385 Jn 38 38 sk
BARR . R I X I I i 245 AT BT T 0K e S 50
FEURR 5 11 DA 70 388, 14 i H b W] BB A 28004 BT 1 24 ) dn %2
B DA 2 RN B 2R Sk A6 fil v - B 4 B 01 2 B0
R A Wy 92 8 2 N e R AT 25 O 0 ) L 75 R 0 R
22 ZH TR R ORI 3R 20 25 058 O TR A A I ]
ZE W R 2050 T ik B Al CLSI RN EFE4E A% V3
I e A HL Al 2 S 3 20 FH A PR 3 R R 1k 1
TP E . B MR R AR S sz Z R0 R 2R B 52
A FE B 5 R ) A R] LRSI i | A S R L 4R
FARTE A0 W sk #5  HRlT, % CRE A 455 1
T 1R 18 22 TR 24 1E AE G R IF s ml LA Sk BP9 Tk
it 400 ) 700 4 A R Al S . Sk At e /BT 4 ELIH

2015 AFTFF i T 35 B I PR IR I7 . Bl 4 £ 30 2 S
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350 B, Sk 78 A e /B 4 L IH 2 A ) X Ok &2 BT
KPC Al OXA-48 (B bk LA R A pam s v . 5
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