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Analysis of drug sensitivity and drug resistance gene phenotype of ESBLs-producing Klebsiella pneumoniae
DENG Minghui  HOU Xuan ,ZHANG Wei \WANG Hui ,GU Yihai*
(Department of Clinical Laboratory ,3201 Hospital Affiliated to Medical College of Xi'an
Jiaotong University , Hanzhong s Shannxi 723000 ,China)

Abstract: Objective To study drug susceptibility and drug resistance gene phenotype of community-ac-
quired and hospital-acquired ESBLs-producing Klebsiella pneumoniae strains,so as to provide evidence for ef-
fective control of the epidemic of infection. Methods A total of 81 strains ESBLs-producing Klebsiella pneu-
moniae from 3201 Hospital Affiliated to Medical College of Xi'an Jiaotong University from January 2016 to
June 2018 were collected,and all strains were divided into two groups including community-acquired infection
group and hospital-acquired infection group according to the source of the strain. The paper diffusion method
was used to detect the resistance of Klebsiella pneumoniae strains to 21 kinds of commonly used antibacterial
drugs,and the ESBLs confirmation test was used to detect whether all strains produced ESBLs. PCR amplifi-
cation sequencing was used to detect ESBLs genotypes. Results The drug sensitivity of 44 community-ac-
quired strains and 37 hospital-acquired strains had no significant difference (P >>0. 05). The carrying rate of
TEM,SHV.,CTX-M-9 genotype of community-acquired strains were more than hospital-acquired strains,and
the carrying rate of CTX-M-9 in community-acquired strains was higher than that of hospital-acquired strains
(P<C0.05). However, there was no significant difference in other ESBLs genotypes,such as CTX-M-1,SHV
and TEM genotypes (P>>0. 05). Conclusion Whether the drug resistance rate of strains or the carrying rate
of ESBLs resistance genes,community-acquired strains are close to hospital-acquired strains,providing experi-
mental basis for clinical and effective measures to further control the epidemic and transmission of ESBLs-pro-
ducing Klebsiella pneumoniae.
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PR JER e R B TR BB R M S R R AR I 2 R
o R R L ol Y DR A X RS P R L 5
A2 B I A B AR 0 o B T . AR A A AR B 4% I
PR3 B Y fB 5 3% K 1 45 S A v 43 5 8 57 1 7
T i-B PN BE B (ESBLs) i 98 7 75 11 B B Bk, AR i HE
it 25 14 & ESBLs 19 JE K 38 B, L1 85 4 X0 45 7 Jg g
FINEE g AR A5 Pk S B AR =22 TR B 22 5L 38 S R B2 A
PRE FH AT P 255 51 100 B it 245 DA AR 10 A% 4% .

1 &ENEFE

1.1 BBRRIE B4R 2016 4F 1 H %= 2018 4F 6 H
95 BRABE G PR B} 5 3% K b5 A o 43 2 85 95 1Y ™ ES-
BLs iR e HAARE . HEAE TGRSR, L HRER
Je o BIBR 14 BRTEBE, T4 81 Bk ESBLs fili & i 75 11
B H R AR RPRAR 56 Bk MR BRAS 17 8k . IR AR
A ABR T WPIARAR 3 MR I WARAS 1 bR, AR R R
F A BB EDEE 81 bk 7= ESBLs i 46 78 B (1 B 4% WAt X
BRAFPE IR e = e AR AR IR e B AR ABE 48 h 2
RAERARIATR IR I HEBHETE 3 A WK BT
BILAE 512 SR FH 0 B8 24 49 D) S 43 Sy v DX 3R A5 1 J e
S Z 800 43 Sy B e AR A R SR g

1.2 Jiik

1.2.1 GEFREERE  JEye e, IR IR 1 4 H
ERIKTEAEDE A L AN B B MH 3588 - # L B 434
(4 5 TR 9 o A AR R K R R A R AR L R TS
ZEWGRG AT AN e, PR AT B 22 e fr g 58 R g
1 min, FE K 0P Y005 T 5 INBUA Z+ 1 min, /K op
Wi F B AR R RS 10~30 s, E LKA
WVE A b K Ve E W T e M AE .4
30 s, V8 K ok JE A HERS LT B

1.2.2  BAEAEKE R v TR L B
8 R B FF 1 . K /N (0. 5~0. 8) pm X (1~2) pm, 3
MR SRR HES . AR, R R AR AR L
vk s fE 5 3 W R R AL R WA R A A B
JEWE, ZHBOH R B . VIR S BB AR AL B R
KM K L R R T . R TR RN R S OGS R
T L ARSI T B Y S Rl o DL Bl Bl IR R R A0 22
7 b W BTG B 9% L o 2 IR LA R 3 L RE R WAL bE .
IEF R T 2 VR R A K A (B R R

1.2.3  JREWEHK PR EE K KGR AR
ATCC25922 F FH Pk Bt £ 5 HE 3 Bk I 2 52 8 7 &
ATCC70060 ¥ F B VG 44 I R K 56 o0 .

1.2.4 AR HUCK-BYIE 6 i PR YA I 56 52 0 il
RTTRIAH P E R K-B A7 25 50856 . B 24
R = W NI NN e TAAE Y NN BN NV VA
PR B P MR/ B UR i P R/ At e 23R Sk 7R ok
R E g | Sk 96 At BE | Sk J6L i i L il e L e 3
MLEDR LM T R RER FORRA. UR
R ANV R I FvgEms BmH R KT &,
ZFWEE 21 My, ¥ A% E OXOID A
H) . 24T A 52 K 77 ESBLs #fiAFRES R 2013
AP 5 [ I R RN S 30 ZE AR HE AL B & (CLSD AR fE#EAT .
1.2.5 fili R HIAHE = ESBLs BN i H 2
B A4 Ak B T EL A 45 T 1 4 1) MU 3500 S A 43 46 1) B
i B TR 7 G TR BT TG TR A B R K T TR A A L BT
YA . KA AL AT MH 3 Ak L I
XRIZ, A 35 CHERKEFRMIFHE 18~24 h, PRHCA
TERE AR, TR B B A 0.5 22 Gk E A, G
TR AR 22 Tl BT it RV X A1 0 A T MIH Al L, 5 TR
B 5 min JFMPTHE WAL R . Bk EBERT (30 pg) 3k
e N5 / SR AE MR (30/10 pg) Sk HLMBIE (30 pg) 3k A
Pl wE / v P AERR (30/10 png) 2588048 Il F MH R -
B L 4R A T FE RS O 25 mm, SR 5 BG4 9 MH 3%
BB T 35 °C IR B IR 40 05 & 0k 5 e 4
1.2.6 TZGIEE AT 405 DNA B H 4 A
R A Hh SRR DR A TR PR 5 FH 42 ol B0 A% ol 81 0l 35 i 455
FREE b AR5 PR N PR ] G IR KR L B G TR AR
B, 7E EP &P imA 2 mL WK, FEHIH 3~
S5ACHI IR 18~24 h Bt H % S T EP &, B
WAR RIS, & T K3 10 min, B E T &0
L (4 °C,12 000 r/min) B> 2 min, b %W B4R
$& DNA Bt , B A W HR 1 iE W 2 LW 1 EP 4
LR T —20 CUkAE & H . PCR ¥4 i B 04 if 24
%@jﬁ blﬂ("er—l \bla("I‘X—M—f) \bla'I‘EM \blaSHV aﬁﬁﬁﬁgl %
PN RY R B R EW R 1.5 v 2R Ay
HBRAF A L.

x1 PCRYBEHASIHEN FHEFRKE

HH 519 Al PR BRE bp B KR EECCH
blacrx P11 5-GGT TAA AAA ATC ACT GCG TC-3' 944 60
P12 5-TTG GTG ACG ATT TTA GCC GC-3’
blacryas P13 5'-ATG GTG ACA AAG AGA GTG CA-3' 877 60
P14 5'-CCC TTC GGC GAT GAT TCT C-3'
blatpy P15 5'-ATA AAA TTC TTG AAG ACG AAA-3’ 972 60
P16 5'-GAC AGT TAC CAA TGC TTA ATC A-3'
blagyy P17 5'-CGC CGG GTT ATT CTT ATT TGT CGC -3’ 898 60

P18 5'-TCT TTC CGA TGC CGC CGC CAG TCA -3’
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1.3 Siib2phb B SR SPSS17. 0 8831 #5447 %k
it b B2 J B3t 4y B, v BT R DL B s Ay R R OR
ZA A L RCR I X K56, 22 41 18] H % 76 4 B AR
Fisher MY K, LI P <<0. 05 N Z R A 4 it %
2 & £
2.1 A% 95 MRANE A 81 MR4E Ml R T
BAA T - B = R 50 PR L B R K 56 B L A
AR IR P L IR R0 BH M. & API20E % /8 45 B 47
EF N 99.8%.,
2.2 WiREHERAWEAHEIRG LR XK E MR 7
TEAATE I 81 MR HEAT T 21 Fh¥ 1 25 W 14 25 fcs )
SRR SR KRB T B S 25, WLk 2,
X &N P AR 25 5 5 1k 98, 8 U6 5 5 J2 o 25 1 1 371 24
YT 25 HA T W W AR B a0 B B PG AR/ T i 2
(39.5%) JE ¥ VG AR /&F ELHH (63, 0%) . WR HL PG Ak /il
WP (2.5 %) 5 0P85 — L L AR Sk 70 TR 2R 25 W 0
TR DA AS B AR, Sk 70 ok o RO AR 11 100, Sk R mE
Ji5 BUBGR Sy 3.7 %6, Sk FRL Al E AN A 33, 306, 1 X A
DU AL Sk 6 A 25 Sk FRL M Ml i 25 565 21, 0 %6 5 T A TR AR 3
XiF 56 B KA R 1 R 2R B R UK A BN ik
HEM RGP M ZH W E E BUEER
100. 0 %0 » X E IR Z HUBRFE Ny 93. 8%, AR Tk &
TR Y N 2 5H R E SURPER I 1258 A S b
RGP P AR RBERE BT 72. 8% M 25 %, (H
SR BT K A B B R R A L GR ) T 82, 7 %05 ki HiAth
29N VD B L VU R 2L A i e P s A 3 2k B
TR R T 2 %

£2 SIHMMAEEHEAHRBER(%)]

BLE Y fiif 24 g UK

EER NN 80(98. 8) 1(1.2) 0(0.0)

R $7 PG K 76(93.8) 1(1.2) 4(5.0)

B SE VG AR /e hi iR 32(39.5) 22(27.2) 27(33.3)
FORVUbR /& I 51(63.0) 20024.7) 10(12. 3)
WR 32 PG A/t el [ 38 2(2.5) 26(32. 1) 53(65.4)
kAt k= 67(82.7) 5(6.2) 9(11. 1)
kT E 75(92. 6) 3(3.7) 3(3.7)

3 76 by e 43(53.1) 11(13.6) 27(33.3)
Sk FE i g 17¢21.0) 12(14. 8) 52(64.2)
A e 42(51.9) 12(14. 8) 27(33.3)
e 00.0) 00.0) 81(100. 0)
Ve 15 e 0€0.0) 0€0.0) 81(100. 0)
LAPET 23(28. 4) 2(2.5) 56(69. 1)
fip >k R A2 14(17. 3) 00.0) 67(82.7)
RRFEE 59(72.8) 0(0.0) 22(27.2)
PN IS 35(43.2) 2(2.5) 44(54. 3)
B 3(3.7) 2(2.5) 76(93. 8)
M E 53(65.4) 1(1.2) 27(33.4)
WA 48(59.3) 32(39.5) 1(1.2)

52 77 it e R 68(84.0) 2(2.5) 11(13.5)
ZHWEE 000.0) 000.0) 81(100. 0)

2.3 ARG 5 PR B AR A 1 R Rk 2 8k
AR LB 44 BRAL DRI PR YL TR AR A 37 Bk 12 B
ARG T PR X BT B 25 W R TR 24 R UL SR 3. 44 R AL
DA PR TR AR TN 37 Bk I B AR 1 1 S 4 T Ak 1Y 24
BAS R 22 RS E L(P>>0.05).,

£33 HERBUERBRESERRFUERLEEK

HEREER(Y)

FEDCARAH L B ik BEBE AR ARG TR R

BBl (n=44) (=30
2% Pk gger  WEE R Huder

ZURVEAR 100.0 0.0 0.0 97.3 2.7 0.0
URRLYIN 95.4 2.3 2.3 91.9 2.7 5.4
PSEPab/ i difR 341 273 38.6 46.0  27.0  27.0
FRPEAR/ EFELE 54.5 341 114 73.0  13.5  13.5
WRPLVEAK/ MR E 4.5 18.2  77.3 0.0  46.0 540
KAk 8.1 6.8 9.1 81.1 5.4 13.5
Sk ALGEN 95.4 2.3 2.3 89.2 5.4 5.4
KAaftnzE 47.7 113 41.0 56.8 16.2  27.0
At fE 18.2 1.4 70.4 24.3 189  56.8
At 45.5 15,9 38.6 59.5  13.5  27.0
3 0.0 0.0 100. 0 0.0 0.0 100. 0
Wk 0.0 0.0 100.0 0.0 0.0 100.0
KAIPET 22,7 2.3 75.0 32.4 5.4 62.2
B 2 8.2 0.0 8.8 21.6 0.0  78.4
RKHER 68.2 0.0 318 78.1 0.0 219
LB 68.2 0.0 318 62.2 2.7 3.1
EINRU 50.0  47.7 2.3 70.3  29.7 0.0
527 T 79.2 2.3 18.2 89.2 2.7 8.1
ZHWEE 0.0 0.0 100.0 0.0 0.0 100.0
K HR 43.2 0.0  56.8 43.2 5.4 514
BngE 46 0.0 954 2.7 54 919

2.4 77 ESBLs ifi & 3 % {0 & 09 W 25 2 W A i
PCR 4" 540 ) (1) 77 25 3545 7= ESBLs Jili % 5 75 111 1 19
it 24 35 DR Y, b I R R B CTX-M-1, CTX-M-
9. TEM.SHV, % Bl 81 ¥k= ESBLs fii % 7 5 1A 5 24
Kt ESBLs %[, Ho TEM 2 K B BH PE 41 #%
(50.62%),SHV FH B FHYE 79 #£(97.53%),CTX-
M FHPE 51 B (62. 96 %), CTX-M-1 5 P35I B4 29 #%
(35.80%),CTX-M-9 F K # FHPE 26 ¥k (32.10%) .4
FRFE R CTX-M-1 5 CTX-M-9 J:H B AP, & 16 bk
PEHF B ESBLs 3 K A CRE X 3R A5 PRI G 7 #R, S B
PAFHEIRGL 9 #o , AR R & WA DL L ES-
BLs % K, 36 ¥k 40 B [F) B #5 27 99 R i 24 3% A
(44.44%) A 24 BE 40 #5 47 3 Fh DL L i 25 5
(29.63% ), HRHEM R K4 B Xt . TEM BAYE B vk 4
¥8 ok TEM-1 J: PR &1, SHV Jt K & B ¥ o SHV1 F
SHVI11 %, CTX-M #Y B #£ 44 7= ESBLs, 81 ¥ 40 I
W, SHV JEPR B B A 8 B sy, CTX-M+SHV 3 A



E R i E¥4% 2020 4 8 A% 41 %% 16 3  Int ] Lab Med, August 2020, Vol. 41,No. 16 « 1997 -

RISN 60. 49 %4 , T 24 56 PRAG I 245 5 0L 3¢ 4,

W 37 BREEBE AR 15 VIR TR 5 44 PR AH X 3RAG 2%
TR TR (1) it 24 35 PR e Y AT bl A, IX3R AR PR IR L
£ TEM,SHV ,CTX-M-9 % [X &I o pHPE#R 3 £ T 1
B AR A5 1 JER e TR MR . A T 24 3k PR BE MR RR Y L B I
CTX-M-9 741 X 3545 8 e B b i 407 %6 i T 8= B
FRAT IR G TR 57 R, 22 R AT Gt L (P<<0. 05)
HAl iy ESBLs #E 8, i CTX-M-1,SHV, TEM %
R 22 R TEg i B L (P>>0.05), WK 5,

F4 MAEESHEOWHEER

ESBLs 3 [A 1 RS G0 JT o E A (2
TEM 41 50. 62
SHV 79 97.53
CTX-M 51 62.96
CTX-M+TEM 28 34,57
CTX-M+SHV 49 60. 49
SHV+TEM 39 48.15
CTX-M+SHV+TEM 24 29. 63

x5 HESERRGEMXEEEEBRRE

i 2y B E B LL % ()
r— RBRE XA BB R
(n=8D (n=44) (n=37)
TEM 41 23 18
SHV 79 44 35
CTX-M-1 29 14 15
CTX-M-9 26 20 6
CTX-M-1 #l CTX-M-9 4 2 2
CTX 51 33 18

3 i+ i

Jifi 28 75 B A TA B N 1 IX 0 B B 4 A5 1 Rk e v
) R B B L 22 E I 2 ) 7 AR AL 1 25 I IR IR 9T
K TARK R MES, 3 H 7 ESBLs fili 4 58 5 1A 1 1]
Ph 2t b A5 S R e 5 55 O 20K Tt 24 R 4% 3 45 I fth 4
B, R 2 PG o A e ARBESE R 81 BRI &
e AEAT T 21 Fhb R 24 W Y 24 ORI, 45 2R &
MR R RGP O A E S IR AT IR v 50 5|
A PR SR T B- DAY I e It 00 o1 790 % T 0 k) TR AR T 24 ke
FTHRMEHN., MREHEMAWRIMKKREZBHAT
72. 8 VMY 25 % N Hh 25 W i AN VD A U R LR
7 i Jidg VP T s A 2 R BT R v BT 24 R, (ELAS K SR
B FEAS M X, 38 WA H B A 5 2 I T ) Al 2% e
AT LT UL, T R K M R W R E
Bl oK 5 2 L UR Pz 7 A/ Ath ke 0 3 R H R AS B VR 9T I S
oA R B R .

8 58 W &N R o A1 DX 3R A5 M TR e B B 78 X Bt TR 24
YT 2 5% b R T R B AR A5 1 JER g B bk, L A
IR B B Ak A5 M TR Y TR BR T I B BT R 24 W Ok R R

T B8 378 K T A X R A P R G B Ak L B R ) R AR K
ZEMMZGH . HIE AW 5T RO B L 4 X 3R A
Y AR B XoF AT S P AR/ T B 4E R L A RS L Sk T
IR VD R A e TP 3X 5 Fh BT B 24 ) I T 24 R
Fb = Bt 4K 15 14 J e B MR T 245 41K 9. 726 ~20. 3% 4b,
PR 0 AT 25 ) Tt 25 R 2 iz e, B A A
S 245 W) AN R 7 PG R Sk A6 R 2 A5 A DX AR A 1 S e TR AR
i 24 30 W = T s Be AR A9 R L B MR . LA kL At
DX AR AT 1 J e TR AR AR 1T B 2 A1 B B 2K 45 1 B UL 1A vk
FALRE 38 3, B LIRS g A A+t X345 PR s gL 1
MR AR BE SN AT o [R] S, 3K 26 B Bk 3K 15 0 8 i 25 35 A
P B 1 9 A 25 F = Be AR AT 1 8% % TR Rk, 0 3 A DX 3R
MR R S R EEES TR
B R A 1 S G TR bk

7= ESBLs fiffi 4 5 B A1 T 5 | R A ek g o 7 T AR 4%
W AT T 24 4 O A s 22
Qe A TR A TR B B 24 4 0 2 B 1 A TR] L ESBLs it
Fr28 RAEAS ) Y 8 FAS ) IX oA B A TR A
B R, 78 Ab 3E SV B X E R 4T TEM AY A
SHV #1176 4 B X, S0 9 s X RN e 56 M X 22 AT
CTX-M BIM= e 7 3 A AN [ 41X 47 38 14 1
#OESBLs 3 [H At R 58 4@ M R, ) 7R M X 32 22 D
CTX-M %1y 3,1 TEM %I 78 1 78 $b X 450 bt
MAHE 7T AEXT 81 #k 7= ESBLs B BR VEAT 8 LK ES-
BLs %E R i 25 B & B, o8 S 41 DX 4K A5 P J8 % v ok
S B B AR AT SR L TR Mk 5 DA T 5T 4R 3E A ) 1
SHV e A58 i By th & . 388 7 97.53%, K
KM T 2R A B 5T RS R R (13, 24 %)
] Bf 4 CTX-M+SHV JE R BB 5 60.49% . &
Z  ABE ESBLs 3 L CTX-M H1 SHV B: A K §

B 5 B0 TR 25 W 1 R Sl T, 77 ESBLs il R 50 E
PR TR R T 24 1 A b T I DR B AR AR PR IR T
r AT I 5 AR R B4 PRIME S I DR 26 0 25 N 53 NI fE B
AR AR e 20 TR RS R A A s A B 2 1 A
YA RGRTIE k- & L0 W ) | A N 2R Ok
WA b T AR IF G 11 A B 1 s Bt 11 K% it 24 1 4 il
TR, 9% 36 & B= Be 2% 4 B o X i IR Be Ui aF A7 855
YA ATRE 98 & PR ST R 259 . JF E BT W 259
P RN A B, B N DL AE HOR ERAE b, N 5 TG
PR X 486 2l 22 i 24 TR AR 9 B AR L N E
TH 35 AR 5, LA B 1k O 25 58 7 B2 9 B e A 1) 4% 46 Fn
AT . TEXTHUTE 245 Wy it 24 2 488 v v il A% v 7 A TR
ESBLs 3 PR #5478 0 5, B07E H R TAE L 78 W 41
R TR 24 P A ] st L 5 Ry sk ESBLs 3 PR A A I
4 & it

ZF TR L 7E A L X TG 8 A& 72 ESBLs fili & v
AF1 A TR R B T 25 28, 38 J& ESBLs T 24 5 A iy 484 2%,
FE DX RS PRI YL B 5 B B AR AT P SRR Y TR 1 R B

2% 3k
(1] ZHCCRF TSR 4. 8w MR IS 25 it 28 32 & 1A
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