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Abstract: Objective To investigate the drug resistance of Enterobacter cloacae isolated from blood samples in 75
member units of the Bacterial Drug Resistance Monitoring Network in Hebei, 2016~ 2021, so as to provide a basis for rational
drug use in clinic. Methods WHONET 5.6 software was used to retrospectively analyze drug susceptibility of Enterobacter
cloacae isolated from 32 secondary hospitals and 43 tertiary hospitals. SPSS19.0 software was used for statistical analysis.
Results  After removing the duplicate strains, 1 225 strains of E. cloacae were isolated from blood samples of 75 hospitals
during 6 years, including 157 strains from secondary hospitals and 1 068 strains from tertiary hospitals. In this study, the
resistance of Enterobacter cloacae to 16 kinds of antibiotics was analyzed. The drug resistance rates to cefuroxime (52.4% —
67.8%), piperacillin (27.4% —31.2%), ceftazidime (27.8% —35.5%), ceftriaxone (29.5% —45.0%), aztreonam (22.2% —32.3%),
cotrimoxazole (21.6% —28.7%) were higher; the resistance rates to amikacin and tobramycin were lower than 15.0%. The
resistance rates to imipenem and meropenem were 3.6% — 12.3% and 5.1% - 11.4%, respectively. The resistance rate to
ciprofloxacin in tertiary hospitals was 22.4%, and the resistance rate to cotrimoxazole was 23.9%. Except for these two
antimicrobials, the resistance rates to other antimicrobial drugs in tertiary hospitals were higher than that in secondary
hospitals. A total of 121 carbapenem-resistant Enterobacter cloacae strains were detected in the past 6 years, with an increasing
detection rate (,\/Z“w=6.305, P=0.012). Conclusions Enterobacter cloacae has great differences in antimicrobial resistance to
different antibiotics, and is sensitive to carbapenems. The drug resistance in tertiary hospitals is generally higher than that in
secondary hospitals. Drug resistance monitoring and drug resistance mechanism research should be strengthened to better guide
clinical drug use and curb the rise of drug resistance.

Keywords: Enterobacter cloacae; blood samples; drug resistance analysis; Hebei

ESTR .« [ 5RHE ILAEE IEI A L 35 (No.2019FY 101200, No.2019FY 101204 ) ; FUR %7 Bl R B2 22 15 75 A A 15323591 H (No.361004) ;
WA B LR A B BEs B A FARHET 30 H (No.20200018 )
YEZ R : IME (1985—) , Lo Wi, EEH I, BFFE )7 17 < e RSBl A= A Ik g S5t 25 AL o
“BISIEE %S, E-mail: zhaojh2002@hebmu.edu.cn



. 200 . FPEHGF RS 202343 HE523 4553 China Tropical Medicine, March 2023, Vol.23, No.3

BA 8 1% ¥1 5 (Enterobacter cloacae) 3 N 18 1Y
IEHWRREZ — A2 AR Az AR, ] R BOR A Y
HA GBI (AR R G WP R GBI RS,
Jee % g SR Y RO T 2021 4F v R 4 7R 1T 24
We i M (China Antimicrobial Surveillance Network,
CHINET) I 5t 75, B A A v o Js B A 1 ) 4 s
AR 3T AR TR 5 A BRI 46 5 7 A T
BIVA I T i i 25 38 LTS, U B i R M e 2y
Py 245 3B AE T, ARk W N AN AT A
o T | R o 9 R ) 4, L S ) afi i R A A
T3R8 2439, AT R 25 YR 7 % Tk
LG 2 OCH B (HJ2 24 B 50 i /5 I (R A, 767
PN ZGHERCEHT MR HEE R AT . BE
BFA) A AT TR it 25 PR R 55 0, 2256 FH 24 © AN R 2 A AL
IGY7 BT B, ELAS W) DX BP0 J AT T T 24515 0 AN S AH
] o T b 2 28 e i A X i %5 5% 3 55 178 1
PR TR 24535 8, Xof B 1) J A 1 5 | ) L e % 14032
I7 BCEPUSA B S TR N I 3R )
8 P8 P T PR A T 215 0, 30X Tl A 4 A4 1 i 24 4 )
W 4278 75 K B Be 6 4 0] I % 57 50 25 91 1) Jo A T ) T
G AR AR IE I
1 BRE5HEE
11 A RR IRAE20164F 1 —20214F 12 AL
A 240 AT RS 24 M D00 1) 75 K B B3 A7 (AL 478 32 K — G IR
B , 43 K =GB e ) I 5 7 73 25 0 B VA Ji A A TR AR KR
o IBRIA) — 8 A E A TR R, BT B L O 1Rk
BT T
1.2 HHEXBSREHEE WKRGEILER M A 3
WALER I S AR Y BOE A GE A T o $ BRALER AT
AU BT B sh k{72 (VITEK 2—compact AR5
Phoenix100 & %; .1 /K DL-96 R 5 4 K BELE Rk ), ##%
WRE AR TT G 1Y B R EAT AR 7 9 O (Oxoid Bl M
TAUT S5 o 2B A5 R 56 [k PR A 52 50
ZEFREAL P2 (Clinical and Laboratory Standards Insti-
tute, CLSI)M100-S31 #4737, MR CLSI Y 2K,
e FH KW #5245 1 ATCC (American Type Culture Collec-
tion ) 25922 1 4y J 4 T Mk, Jo 42 Tk SR T A i A o
DG KIIMEIE
1.3 R F 44 RH WHONETS.6 #1417 24
GG ST SPSS19.0 U AT Hide 4y
B, Bt BORER HIA 23 e R, 2l ) LU R R O7 ke
B0, 25N T AR A0 2 A I SR A B2 8 1 R 7 A 3 S
Fisher's B UIME A5 , A [A) 4 3 i 24 3228 1k #or
BRI R LA, P<0.05 N2 S A Gi2EE L.

2 &% R
2.1 RREA 75 KEERE 6 M I IR B

FIYA A AT TR 1 225 Bk, o 32 58 90 IR B 43 25 4 157
PR, 43 K =GB/ 25 1 068 Pk .
22 WAMARNEZRALHAGFEHL X
G =R B S ART 2545 50 5347, BRI I T 0T Sk Ak
¥ (52.4%~67.8%) VR VEK(27.4%~31.2%) 3k fiifih
WE (27.8%~35.5%) AT A (29.5%~45.0%) 2 I
(22.2%~32.3%) 5 J7 #i i B (21.6%~28.7% ) i 25 K
Bt e S 0L IR S T 24 FEAE X T 155 (252.4% ) 5 X IE
i RErg e KRS PR R AL A0 R R S P 25 it
2RI, $41<15.0% , Forboud WV i 15 v A1 56 20 B e 1Y)
i} 25 28 8 3.6%~12.3%., 2016—2021 4F , A [] 4F {4y Ko
H 8 BP9V B AT T8 X Sk FRLIER S IV i 55 i 14 T 24 288 2
HGit#mE X (P<0.05). W1,
23 REHFH B ZBERFHEL M HER
Tiif 245175 0 53 Mt & B0, BR Y8 B AT B 6T Sk 70K 3 (43.6%0~
85.7% ) i} 25 Fe 45 = , X e 5 B (0~6.2% ) .55 & 5 e
(0~13.3%) Pk B (0~4.5% ) %40 1 245 W it 2 Z
i =GB i 2515 B, BH VA B FF 18 X IR 7 75 Ak
(28.4%~32.9%) Kk ABIEKY: (56.0%~70.3%) kAR A
(33.0%~46.4% ) S5 W 245 W) Tef 24 R 58 v, % I B 35w
(4.0%~14.0%) . £ % 1 5 (4.8%~12.9%) . P K K A
(1.0%~3.1%) SFH0TE 25 Wi 25 2R . & AR PU i
Y 25 R e R, = G e X 22 BB B 2 T 2
R T R BE R, Horb 2021 45T 25 R 22 3 E 41t
22 L (P<0.05) ML 25 W £, A Sk f IR /&7 2
I WRFE VG AR A B 3E Sk AR i R Sk AR AA A L DL
2.
24 —HBERL=ZRERSFRE ERENSHT
) E BP0 BRI TP R R B B A, =4
2% B XL B 24 90 A i 24 1 30 e T R e s Heh g
= B 5 = G = BE A H 114 B YA R AT B X DR 7 P A | Sk
WR F /4T 030 R 7 P4 bR/t e (0 38 Sk Ak =7 Sk fo i
WE SRS e B R 56 R R AR 24 W A i 24
SYHAGIEE X (P<0.05), LS.
25 BRHFEM R LG 0 1A AT R
6 ARG Hh 1 104 #Rfk 75 8 M JSBUSR B 121 bR T 55
W 5 25 (0 I B AT TR o ik 7T 2 I S OB B VB A
B X Sk AR T 25 R 488 15, N 55.5% , Ko oAl Sk A 28
2RI, <35.0%, X UR AL PG AR g RV R
i 25 3R 53550 K 24.7% . 25.5% . 17.3% , % He A Pi i 259
it 245541, 34 <15.0% BT A5 ATt 245 BH VA R A B )
GIENET LU 25 25 R 5%, 8 7.7%~41.4% , %
S A6 K 2 R T 2 3R A, >77.5% . R R M 2R
ifit 225 BH V8 B FF TR 16 Fe TR 24 ) T 245 1 350 v T i
B ORI R, H 22 5 A St B L (P<0.05) o
W33,



ThERGF B 20234E3 5523 5553 China Tropical Medicine, March 2023, Vol 23, No.3 . 223 .
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Table 1 Resistance of Enterobacter cloacae to commonly used antibiotics in secondary and tertiary hospitals, 2016-2021 n(%)
B2 55K Name of antibiotic 2016 4F 2017 4F 2018 4F 20194F 2020 4F 2021 4F y b
Year Year Year Year Year Year
WRF PG K Piperacillin 107(29.6) 125(28.8) 119(27.4) 95(28.4) 137(28.5)  160(31.2) 0.600 0.988
SLFUIRER/ET 2 4H Cefoperazone/sulbactam 81(12.5) 93(10.8) 82(11.0) 68(13.2)  137(12.4) 159(20.1)  6.840 0.233
WRL PG AR /A B 35 Piperacillin/Tazobactam — 146(15.6) 172(20.9) 162(18.1)  151(19.9) 254(20.9)  318(25.2) 6.788 0.237
ALK Cefuroxime 99(61.0)  118(67.8)  103(63.4) 80(66.2)  147(52.4) 188(532) 11.761 0.038
LAl BE Ceftazidime 146(29.3) 169(27.8) 160(31.6)  151(35.8)  252(32.1)  314(34.7) 3.882 0.567
At A2 Ceftriaxone 101(39.2)  148(36.5)  134(40.9)  111(45.0)  207(29.5) 242(434)  3.789 0.58
SKFEMENT Cefepime 147(16.2) 171(17.0) 160(17.7) 153(14.4) 248(12.9)  305(21.6) 8.474 0.132
%M1 ¥ Ammonia trioxamine 98(22.2)  114(28.1)  126(32.3)  121(31.4)  207(29.5) 259(31.3)  3.669 0.598
P} 15 7 Imipenem 147(6.1) 172(4.7) 170(3.6) 157(5.1) 247(8.1)  308(12.3)  18.178 0.003
221% 45 ¥ Meroppenan 141(5.6) 167(6.0) 160(5.1) 142(6.3) 244(6.6)  280(11.4)  9.589 0.088
BTk A2 Amikacin 147(2.7) 171(1.8) 163(2.5) 152(2.0) 256(0.8)  312(1.6) 2.767 0.736
PR EEZ Gentamicin 145(19.2)  171(13.5)  168(15.1)  142(12.7)  237(11.8) 270(15.2)  4.651 0.460
A8 & Tobramycin 60(14.8) 99(14.1) 93(12.1)  103(10.7) 178(7.3) 216(13.4) 5.216 0.390
PP AL Ciprofloxacin 141(23.2) 168(18.5) 167(22.4)  143(23.8)  242(19.0) 287(26.5) 6.070 0.300
ZEEE TR & Levofloxacin 143(18.8)  157(14.6) 160(15.2)  149(17.4)  241(14.5) 300(22.3)  7.924 0.160
5 J5 i Cotrimoxazole 129(24.6)  143(28.7) 155(21.6)  134(28.4)  236(22.0) 284(25.0)  3.897 0.564
£2 20162021 F K ZREBXTIEAY LW R LB n(%)
Table 2 Comparison of total antimicrobial resistance rates between secondary and tertiary hospitals in 20162021 n(%)

P S 2916$:ear S A2017AﬁiYear.

Name of antibiotic TR EEBE Second- =P B Ter- ¢ BBt Second-  —ZBE B Tertiary ¢ »

ary hospital tiary hospital ary hospital hospital

WE L P Ak Piperacillin 5(60.0) 102(28.4) 1.010 0315 12(16.7) 113(30.1) 0.411 0522
SKTR R R /4T [ 3H Cefopera- 9(22.2) 72(11.1) 0.175  0.676 11(9.1) 82(11.0) 0 1
zone/sulbactam

WRHT PG AR/ Ath sk ELIH Piperacil - 16(31.2) 130(13.8) 2072  0.150 22(18.2) 150(21.3) 0.003  0.953
lin/Tazobactam

LFLEF Cefuroxime 14(85.7) 85(57.6) 4004  0.045 17(52.9) 101(70.3) 2.008 0.157
LAABIE Ceftazidime 16(62.5) 130(25.4) 7.744  0.005 20(25.0) 149(28.2) 0.089  0.765
A FA Ceftriaxone 13(84.6) 88(33.0) 12.638  <0.001 18(33.3) 130(36.9) 0.088  0.767
ANk Cefepime 16(31.2) 131(14.5) 1.830  0.176 20(20.0) 151(16.6) 0.005  0.945
4 ¥ Ammonia trioxamine 6(83.3) 92(18.5) 10.138  0.001 7(28.6) 107(28.0) 0 1
e 1 B Imipenem 16(6.2) 131(6.1) - 1 21(0) 151(5.3) - 0.598
2415 15 M Meroppenan 15(13.3) 126(4.8) - 0.203 20(5.0) 147(6.1) 0 1
B>k & Amikacin 16(0) 131(3.1) - 1 20(0) 151(2.0) - 1
PRK B Z Gentamicin 14(35.7) 131(17.6) 1.638  0.201 20(5.0) 151(14.6) 0.689  0.407
4785 2 Tobramycin 5(40.0) 55(12.7) - 0.158 10(10.0) 89(14.6) 0 1
R b £ Ciprofloxacin 15(46.7) 126(20.6) 3719 0.054 20(10.0) 148(19.6) 0.535  0.465
ZEHEA P A Levofloxacin 14(14.3) 129(19.4) 0.011 0918 18(5.6) 139(15.8) 0.649  0.421
B H#E M Cotrimoxazole 15(60.0) 114(20.2) 7.992  0.005 17(41.2) 126(27.0) 0.863  0.353
P E— 291 8 E Iear _ ?01 9% Year.

Nemme of antibiotic T Z BBt Second- =L BE P Ter- ¢ P TR PEBE Second- 2L % g Tertiary »

ary hospital tiary hospital ary hospital hospital

WRF PG K Piperacillin 11(18.2) 108(28.7) 0.151  0.697 3(0) 92(29.3) / 0.556
Sk AR R /4T EL3H Cefopera- 9(0) 73(12.3) - 0.587 - 68(13.2) - -
zone/sulbactam

WRF PG AR/ Ath sk L 3H Piperacil - 19(15.8) 143(18.9) 0 0.991 7(14.3) 144(20.1) 0 1

lin/Tazobactam
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Name of antibiotic TR ERE Second- =Bt Ter- ° P TR ERE Second- =R E Bt Tertiary ¢ P

ary hospital tiary hospital ary hospital hospital

AL Cefuroxime 15(60.0) 88(62.5) 0223 0.636 7(57.1) 73(67.1) 0.013  0.908
LAUMLIE Ceftazidime 19(26.3) 141(32.6) 0307  0.580 7(14.3) 144(36.8) 0.656  0.418
SALHIAA Ceftriaxone 16(37.5) 118(41.5) 0.094  0.759 7(42.9) 104(45.2) 0 1
LA fi5 Cefepime 17(17.6) 143(17.5) 0 1 7(0) 146(15.1) 0.312  0.576
%1% Ammonia trioxamine 13(15.4) 113(34.5) 1170 0.279 - 114(30.7) 0.064  0.800
WV f 5 e Imipenem 19(0) 151(4.0) - 1 7(0) 150(5.3) - 1
1% 15 B Meroppenan 19(0) 141(5.7) - 0.597 7(0) 135(6.7) - 1
B[k 2 Amikacin 17(0) 146(2.7) - 1 7(0) 145(2.1) - 1
PRAEE# Gentamicin 19(10.5) 149(15.4) 0.050  0.823 7(0) 135(13.3) - 0.596
Z A %5 % Tobramycin 11(0) 82(13.4) 0.634  0.426 7(0) 96(11.5) - 1
NV & Ciprofloxacin 19(26.3) 148(22.3) 0.011 0918 7(14.3) 136(24.3) 0.022  0.881
ZEHER I A Levofloxacin 19(26.3) 141(13.5) 1275  0.259 7(14.3) 142(17.6) 0 1
M Cotrimoxazole 19(31.6) 136(19.9) 0.758  0.384 7(28.6) 127(28.3) 0 1
P —— ~ . iozo o jear - . #2021 ﬂi Year.

Name of antibiotic TR PERE Second- =Pt Ter- ° P TR ERE Second- =R E Bt Tertiary ¢ P

ary hospital tiary hospital ary hospital hospital

MR P4 K Piperacillin 19(15.8) 118(30.5) 1741 0.187 17(17.6) 143(32.9) 1.638  0.201
S AGUR/EF 30 Cefopera- 26(0) 111(15.3) 3246 0.072 20(0) 139(23.0) 4421 0.035
zone/sulbactam

WR 7 P AR/ B 41 Piperacil- 49(18.4) 205(21.5) 0.230  0.632 44(9.1) 274(27.7) 7.001  0.008
lin/Tazobactam

ALK Cefuroxime 38(44.7) 109(56.0) 1426 0.232 39(43.6) 149(56.4) 2.033  0.154
S ALAIE Ceftazidime 49(22.4) 203(34.5) 2.621  0.105 44(13.6) 270(38.5) 10.292  0.001
AT Ceftriaxone 35(20.0) 172(41.3) 5.608  0.018 35(28.6) 207(46.4) 3.856  0.050
S AT Cefepime 45(11.1) 203(13.3) 0.157  0.692 39(5.1) 266(24.1) 7.189  0.007
% B Ammonia trioxamine 36(13.9) 171(32.7) 5.080  0.024 31(16.1) 228(33.8) 3.926  0.048
W 85 7 Imipenem 45(2.2) 202(9.4) 1.678  0.195 36(0) 272(14.0) 4.518 0.034
%1% 15 F Meroppenan 46(2.2) 198(7.6) 1.778  0.182 39(5.1) 241(12.9) 1.259 0.262
B[k 2 Amikacin 48(0) 208(1.0) - 1 44(4.5) 268(1.5) - 0.202
DK% & Gentamicin 48(14.6) 189(11.1) 0.443  0.506 38(10.5) 232(16.4) 0.852  0.356
%A1 %5 2 Tobramycin 25(4.0) 153(7.8) 0.073  0.787 25(4.0) 191(14.7) 1.341  0.247
F NV & Ciprofloxacin 46(23.9) 196(17.9) 0.888  0.34 37(18.9) 250(27.6) 1.248  0.264
ZEHER I A Levofloxacin 48(18.8) 193(13.5) 0.863  0.353 44(15.9) 256(23.4) 1.227 0.268
52 )7 §i# W Cotrimoxazole 47(14.9) 189(23.8) 1742 0.187 44(29.5) 240(24.2) 0.574 0.449

TE P B RREC RN AR S —. JCAE N N AP0 B 259 B 8% JC Kl . Note: The strains in the table is number of strains tested; — indicates that

the bacteria have no corresponding antimicrobial data or no data.

£3 “HEBRS=REBR N Rk E BREEUR ST W BT E X A AR ARER (%)
Table 3 Resistance of Enterobacter cloacae to commonly used antibiotics detected in secondary and

tertiary hospitals, and of carbapenem—susceptible and resistant (%)

TR BT R ETZ

SIINEEIL Y2 S THRERBE Sec- =R IEBE Ter-
X P Carbapenem—sus- Carbapenem— re- X P
Name of antibiotic ondary hospital  tiary hospital
ceptible sistant

WRHL PG AR Piperacillin 65(16.9) 656(30.2) 5.051 0.025 673(24.7) 54(83.3) 83.523  <0.001
S FIRE/ETF [3H Cefoper- 71(2.8) 523(15.9) 8.686 0.003 530(5.7) 71(83.1) 297.618  <0.001
azone/sulbactam

WRFT PG AR/ Ak EL 3H Piper- 149(15.4) 1017(21.7) 121.977 <0.001 1065(14.2) 115(85.2) 314.611  <0.001

acillin/Tazobactam
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4ER3
B2 £ R CESee SRR Ter PRTTIRIRIHU B F RIS
Name of antibiotic ondary hospital  tiary hospital X P Carbapenem=sus- - Carbapenem re- X P

ceptible sistant

AU Cefuroxime 123(49.6) 586(61.1) 45.756 <0.001 645(55.5) 78(96.2) 47.866  <0.001
LIAABIE Ceftazidime 147(22.4) 1008(33.9) 9.782 0.002 1053(26.3) 117(91.5) 202.693  <0.001
LAHRAR Ceftriaxone 117(32.5) 796(41.7) 3.605 0.058 826(34.5) 100(94.0) 130.601  <0.001
LIEMEH Cefepime 136(11.8) 1011(17.7) 2.998 0.083 1047(10.5) 115(78.3) 333.829  <0.001
S M ¥ Ammonia triox- 97(19.6) 806(31.1) 5.514 0.019 832(25.5) 80(77.5) 93.965  <0.001
amine
P 15 R Imipenem 136(2.2) 1028(8.5) 6.592 0.010 1062(0) 116(78.4) 902.867  <0.001
32 1% 55 ¥ Meroppenan 138(2.9) 959(8.0) 4.644 0.031 1008(0) 105(78.1) 849.810  <0.001
BT K< & Amikacin 144(0.7) 1020(1.9) 1.020 0.313 1061(1.2) 117(7.7) 22.951  <0.001
PEK#EZ Gentamicin 139(12.2) 958(14.6) 0.562 0.453 1009(11.7) 99(41.4) 64.786  <0.001
A% % Tobramycin 80(5.0) 653(12.3) 3.693 0.055 669(9.0) 74(33.8) 40.498  <0.001
IR E Ciprofloxacin 136(22.8) 976(22.4) 0.009 0.926 1020(17.3) 104(70.2) 153.362  <0.001
ZENEE SR A Levofloxacin - 143(16.8) 972(17.8) 0.088 0.766 1020(12.9) 110(60.9) 157.460  <0.001
5 J5 14 Cotrimoxazole 141(27.7) 909(23.9) 0.950 0.330 957(21.4) 105(53.3) 51.984  <0.001

TE AR TR AR BRI B RRZL. Note: The number of strains in the table is the number of tested strains.

26 WHEEEHEMAMAAAREFIL 2016—
2021 4F 75 K& BeALAs i e i 2 A2 VA I AT I 121
BRI TR BE 1Mk, S REEBE 1100k, 64F[H] 2%
B Bt VA I T BB 7 B M 2R T 25 5650 0~21.1% (X =
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