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Abstract

Enterobacterales bacteria, and provide a basis for clinical anti-infective treatment. Methods

Objective To understand the epidemiological characteristics of multicentric carbapenem-resistant
From January 2018 to
December 2020, 6,123 clinical isolates of CRE from 11 hospitals in different provinces across the country were collected.
Strain identification and in vitro drug susceptibility tests were carried out according to uniform protocols and standards. The
drug susceptibility results were interpreted according to the 2020 version of CLSI standards and used Statistical analysis
of WHONET 5.6 software. Results The detection rates of CRE in the three years were 6.4% (1,897/29,525), 6.8%
(2,186/32,239), and 7.3% (2,171/29,816). Among them, the detection rates of carbapenem-resistant Klebsiella pneumoniae
and Escherichia coli were 13.2% and 2.0%, respectively. CRE strains were mainly isolated from sputum specimens 43.8%
(2,681/6,123), followed by urine 16.0% (977/6,123), blood specimens 8.1% (496/6,123) and secretion 4.5% (278/6,123).
Different species of carbapenem-resistant Enterobacterales bacteria account for different specimen types. CR-KPN is mainly
sputum specimens, and CR-ECO is mainly urine specimens.. The detection rate of CRE is different in different departments,
with ICU having the highest detection rate. In vitro drug susceptibility results show that CRE is highly resistant to clinically
commonly used antibacterial drugs, and CRE of different bacterial species has different resistance rates to clinically commonly
used antibacterial drugs. Carbapenem-resistant Klebsiella pneumoniae and Escherichia coli are more resistant to most
antibacterial drugs than carbapenem-resistant Enterobacter cloacae, had high in vitro antibacterial activity against tigecycline
and polymyxin B. Conclusion The detection of CRE is on the rise, and all regions need to strengthen the monitoring of CRE

in the region, strengthen prevention and control measures for nosocomial infections, and effectively curb the outbreak of CRE.
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2.1 CREZIH th oA

ANEH X 1TFTE 201841 H —20204E12H
L FE6123KCRERE #k, CREA H R 435 £2018
6.4%(1897/29525). 20194F6.8%(2186/32239).
20204E7.3%(2171/29816). A ig#T 14 H 40 5 -H CR-
KPN. CR-ECOMIKEH #6453 71I°N13.2%(3777/28569)
2.0%(796/38943). [F20184FAH L, 20204ECR-KPNA:
H A 12.2%, CR-ECOMNN0.5% o i A5 UL B 75
AR B E GRS H AR DLV LR L.
22 K% WATA # CREA i & 2

2018—20204, CREE M = E B 0K
bR A 43.8%(2681/6123), H Ik IR W Ar A
16.0%(977/6123) MLIEFRAS.1%(496/6123)F1 43
IR A4.5%(278/6123) . A [A bR AR CREFI KL
AL S AE LA R IR O 38 AR IR tH Ze 4
B S AIN15.7%~30.3%8113.6%~21.6%; #K. Il
Wi MBI BT FRASCRE [ A H SRR EE G 0, 40 531
M9.1%. 5.3%- 2.3%. 2.9% ETFE10.1% 6.2%-
2.6%F14.2%; MRS AN G5 D AR A T CREAS H

FEEA NE, TENR2.

3[R, AN [E R i Bk T R A 2 AT TR H 4 B
I RARAS I 5 LA o fECR-KPNHY, S JRI
IR 53 WA AR A 1R o EE 4331 A 48.4%(1829/3777)
9.2%(348/3777)« 6.7%(253/3777)H13.0%(112/3777).
fECR-ECOH, JRW . R ML 73 Wb W A A
) 43 5 M 25.1%(200/796)« 16.8%(134/796) .
12.7%(101/796)F13.5%(28/796) »
23 [R5 BFCREMA I

AN F T NBFCRERT B AEEZ 5, 202040 %
T (>65%)HCRER H % 5 =1(7.7%, 843/10961),
HIRAHAFEN(15~652)41(6.1%, 859/14160). JL
#(29d~14%)41(5.5%, 56/1025). #rA)L41(0~284)
(2.0%, 8/408); 2018F120194 4 ) LLLAS Hi % b v,
I IN22.2%(91/410)H113.1%(67/511); L E4LAIH 4=
JLAH2018—20204F £ T F#Ea%s: 2018120194 LK A=
JUAS: H 2 35 i 20 R 22% 113, 1% 20204 LA A4
KRR, NT.7%(843/10961), LS.
2.4 A FEFZECRES M FI

=GR HE WIS 5 ST 3 B 40 Bk H 2
Tab. 1 The detection rate of carbapenem-resistant Enterobacterales bacteria from 2018 to 2020
B " 2‘018% " 2\019% " %020%
o H A M %% o 2 SHEC RHE% or A AHEC BRHE%
Jiti 98 e, 7 A T 1217 9719 12.5 1276 10139 12.6 1284 8711 14.7
SN 235 12742 1.8 269 13266 2.0 292 12935 2.3
V4 J AT 154 2020 7.6 178 2157 8.3 217 2006 10.8
e 7L 47 636 7.4 34 673 5.1 61 485 12.6
=2 IRRE WARAS H B 2 R ST i B 40 1 A HY
Tab. 2 The detection rate of carbapenem-resistant t Enterobacterales bacteria in common clinical specimens
for AL M mHE% o 2 SEEC mHE% 6 HH AL BRHE%
A 868 9572 9.1 915 9242 9.9 898 8853 10.1
SR 300 7911 3.8 303 8825 3.4 374 8457 4.4
i 158 2959 53 175 3130 5.6 163 2638 6.2
I3 97 1875 52 87 2150 4.0 94 1765 53
Hel) 40 462 8.7 44 561 7.8 38 455 8.4
it BRI 38 321 11.8 25 286 8.7 38 365 10.4
ik 28 1217 2.3 31 1212 2.6 28 1086 2.6
JIE AR 25 468 53 30 423 7.1 27 384 7.0
JH 24 831 2.9 34 1008 3.4 23 553 4.2
AT 22 634 35 38 807 4.7 35 806 43
v 17 199 8.5 28 373 7.5 26 461 5.6
AT 11 70 15.7 27 89 30.3 21 80 26.3
T 9 66 13.6 19 88 21.6 22 103 21.4
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Mt AR
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FEEE s AT B R I R LA KR A
R B V) g T B BT K R R 24 %09 60.1%~68.1%
23.7%~25%- 4.6%~9.1%, XSTEHEMA K. LHEHEB
RN TSR ST R ) 182 NN T T 2B <A s
3%~9.2%-+ 0~0.7%- 4%~13.2%, *tZ % ZBIi %
RN N0~1.8%. 0. 0~5.6%, TEWF5~T.
251 WHRFEFEM X LEME

i B 7 265 0 28 il 98 v B A B R I R R L Bt T
AEEmEMY, BT SENRE. L8 W EBM
RN T10%40, HARKZHUHEAY RN 2 245
60.1%~99.9%, X P K 1= B HRI 24 28 201 84F-1#160.1%
EF 20204 1967.4%, 2 FE A 2528 20184 (1)

95.4% - TFE20204E197.2%; B %, 2F WX
BORFF B0 U, Lt 25 2653 1183 %~9.2%
0~1.8%, TEMKS.
252 WHREERLEAGRAHE

i Bk 5 B I 28 K W 28 A B AT I DR i D0t B 24
VEEmWY, MEMKREKR., ZHERAREMN
POEETE, T2 RN T1%; Xk R 2%
H23.8%~25%, X HRKZHUE AV 252N
56.1%~99.6%. 34 A CR-ECOXT 5 i 10 1] 751 (1) i 24
H78.3%~98.2%. VM6,
253 WHRFEHLAHWMATE

i B 75 2% s S BH 7 )17 FF 1] (carbapenem-resistant
Enterobacter cloacae, CR-ECL)X} &N &. £%
B3 BOKREM 258K, JCH X BT K R 2 i
5% N3.8%~9.1%, 5CR-KPNAICR-ECOX ik
BN EAWEZR . CR-ECLY K KER. B
WE. KRR RIY B 220 0 N43.7%~47.7%
38.4%~42.1%- 32.6%~38.4%, Wl /NFCR-KPNAI
CR-ECO, ¥WLFE7.
3 it

MRT, Y ER  24 O RN AR 2 i AT ) B
RKBRER,  JC DA B 75 55 445 28 W A 11 H 40 B8 51 7 1 Jek

®3 A FEER AR % 75 550 W 1 1 H 4075 (CRE) F A 2R

Tab. 3 Isolation results of carbapenem-resistant t Enterobacterales bacteria in different age groups
) 20184 20194 20204F
A o H AR ML % o H SEREL RHE% o H B RHER%
e 667 9920 6.7 852 11881 5.6 843 10961 7.7
IDIN 714 14040 5.1 857 15402 72 859 14160 6.1
JLE 107 1299 8.2 104 1268 8.2 56 1025 5.5
HAEIL 91 410 22.2 67 511 13.1 8 408 2.0
FAENBHE BB 1 1
=4 AFEFIERE ST R B AR B H 2
Tab. 4 Isolation results of CRKP in different departments
- CRE CR-KPN CR-ECO CR-ECL
Mg BdkE Blhioe B B BlSRce  Bls BARE RERee R SRS BE
LGRS 1668 10732 15.5 1284 5708 225 121 3296 3.7 128 916 14.0
AR 582 11871 4.9 208 3547 8.4 99 6294 1.6 73 1049 7.0
Tl A A 327 5129 6.4 229 1827 125 48 2593 1.9 23 298 7.7
IR A 265 3547 7.5 185 2111 8.8 14 646 22 20 296 6.8
iy 302 2744 11.0 116 1256 9.2 17 587 2.9 13 201 6.5
g 186 2480 7.5 137 1076 12.7 15 864 1.7 7 167 4.2
AR 150 2601 5.8 104 859 12.1 17 587 2.9 9 170 5.3
JUE 127 2210 5.7 66 504 13.1 29 1185 24 14 176 8.0
SeE 117 3441 3.4 58 1140 5.1 21 1663 1.3 9 188 4.8
()2 151 4394 3.4 90 964 9.3 27 2707 1.0 11 173 6.4
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RS CR-KPNXHL B 2570 I 24 2% FUR (%)
Tab.5 Susceptibility of CR-KPN to antimicrobial agents(%)

36 CR-ECOXY T b 25 M) A TR 24 5 FgUs %
Tab. 6 Susceptibility of CR-ECO to antimicrobial agents

S 20184 20194 20204 P 20184F 20194F 20204F

R S R S R S R S R S R S
IR 7 76 R 97.8 07 984 0.5 989 1.1 EATITR N 994 06 958 14 965 1.4
kM bk 99.7 0 99.9 0 993 0.5 B ELLLIN 99.5 0 98 0 995 0.5
kimkar 993 05 995 05 991 09 Kk 99.4 0 96.7 14 996 04
A 96.8 24 979 13 975 1.7 kAt fhne 94 46 934 66 971 22
Sk A ith A 994 06 992 0.7 99 0.9 SN/ 963 37 961 35 993 07
Sk Atk 5 937 39 944 35 963 2 St hs 91.8 4.7 88.3 7.1 92.8 3.4
FZEPEMR/ e 972 1.6 976 1.1 974 1.1 FZEPEMR/ T fi e 889 3.4 914 33 91 1.8
SR TEMAT B 98.9 04 994 0.1 98 1 R TEAM/ET 97.9 1.1 937 34 982 09
W -$i7 75 bk /At s 2 2E 95 26 963 1.5 958 25 MR FE AR /A LA 78.3 14 825 6.1 85 5.9
SKAERR /g L 947 39 963 28 96 2.8 SKARNR B/ AT T4 78.7 178  88.1 84 906 62
N liile) 954 43 954 46 972 26 il 81.6 179 778 209 809  17.9
JeAth s e 987 13 992 08  99.1 08 Ju At e 93.6 6.4 97 3 98 1
MY v 95.1 37 951 35 951 44 K v 845 119 835 133 806 17
EX ) 957 33 964 24 968 22 EB 86.1 11.8 828 138 797 169
Bk 2 60.1 398 681 315 674 32 Bk 2 238 757 237 753 25 74
RRFER 771 215 785 201 731 26.1 RKFER 643 316  56.1 38 662 312
EZNN 90.1 81 871 11.6 90 8.3 RIS A 86.6 11.1 838 13.6 859 116
Vit 87.1 10.1 856 127 884 9.4 JEE I R 8.1 149 80.6 158 839 113
EZ k! 0 100 09 991 18  97.6 EZ 1 EN:] 0 100 0 100 0 100
[EVIEZN-N 3 902 31 879 92 752 EIEIN-N 0.7 948 0 978 05 971

BARAEAE A B BARAFEAE A B

YT 38 B NIRRT, g R TR B A R N Bk T R A S B
R 25 W (1T 2 2R 2 B AR DUE b 4 A1 i
245 WS X (CARSS) %5 i 7, 4[| CR-KPNAS H M
20145116.4%_ETHE20194E1910.9%, AT EE
AR 30%I6, CHINETH [ 40 B i 24 1 I 94 173 45 1
SERLE RS, PRI R 23 55 1f 498 v T A1 1 N B 7 B M
A0 25 W T 24 28 2005 4E [K)3% _E T+ 22 20194E (1)
25% o DAt EEREEH . FR . BlES
AMEEANE, CREVATIAFRAEAE], AT ER I 24
HUCREFITATHRE BONE SR 1A TR AR 4R

AT R, 2018—20204F 4 EAS R HLIX 1158
%% [ CREA H % 6.8%(6123/90127), LACR-KPN:
HoNE, BHRN13.2%, M20185FEM12.5% LT+ %
2020%F114.7%, ZEFEHMES; CR-ECOMIKH
KN, 1£1.8%~2.3%. 61238kCRE 2 4i Bl
3L /£CR-KPN. CR-ECOMICR-ECL, 520194F
CHINET — 2K = e 2 B i 24 e 1 15 — 25, AHFr i bt
1511 s A AN [ 181,

AT FE H CREFE PR 1 B0 B8 FUR AR A, IR
JE IR MBS A3 WAPIRR AR o AN TR BR AR HH i 5k

H BRI B 40 1 A AR, AR A LLCR-
KPNf:tH A, Ml JRIBEFRALLICR-ECOAE, 4
WIFRARLLCR-ECL A, 5 [ P34 = B i i i A
— 300, RFEEE . AFEFERH A BECRER H R A7
fEZR, B=EVICUKRH AE, HESTITIZHAL
B, 520199 CARSSP WS I 45 FAH — 30 AH
SRS NEE, 3MEMCRER R m KIAEFH, &
A& JLEH RO VAR H 2 5T B
B, BrA ) LAR T RS E, K2
N22.2%. 13.1%H12.0%, 52005—20174F 4 [ 411
My 245 W X (CHINET) JL 2 A\ B CREHRIE 87 4= ) LA
(RS H 2 M B 1 (8.8 % ) A — B, B2k JLCREAG Hi %
34 ] BRI B ME T B, AT RE-5 25 12 B in 5k e K B
R A B K.

RWF RS B oR, CREFEMN K2 I AR H
FAHUER 299 i FE T 24, AN [R)Ff 8 CREX I PR # F Bt
WM 25 A E . AR, BArE HmE
Xof TG Ath 85 B RO i 24 PR B R T B A 5 B B
B, RE R KR A A BV A, S E N R
H X R IE A —F>, FRHERFE, wTRe S I ik 5
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"7 CR-ECLXPUIR 254 T 24 % MEEURGR
Tab. 7 Susceptibility of CR-ECL to antimicrobial agents

— 20184F 20194F 20204
R%  S/% R% S% R%  S/%
kA fbng 93 63 927 62 9.7 28
St A 96.5 2.8 968 32 995 05
kA5 72.1 169 694  19.7 77 12

S TR R/ E7 EAE 846 11,5 805 17.1 839 119

WRPLPE AR 796 9.9 773 127 769 6.5
M 763 223 743 24 794 206
JeAth 35 v 96.8 32 941 59 955 45
P JE 5 758 203 746 215 772 19.1
EBHM 69.5 263 748 219 725 218
[P/ Sy =23 9.1 89 38 956 46 94
PRRH 453 477 417 45 437 482
AN 421 521 384 50 51 38.8
VoK U 342 566 32,6 522 384 477
EZ 0 E:] 0 100 0 100 56 944
=YIIEZS 4 92 6.5 87 132 783
HARAAAE TR A

I 25 B0 B 25 (VO 2 AL A SR04

CRE [ & ZE{fit 25 HL I 2 7= b 75 85 M g, ok
EESBLA/ELAmp CHl & FF 41 B FL 85 H 228 T 1 8k
Bk, —TURF LR, 77% T 5% T M 25 28 5
BAA 5 KPCHRLUK T B I, 75% i bk 5 25 I
RN 5 A B AN S 3% I Bk 7 85 445 25 FH 70 i T v 45 e
NDM YR B i, HoA RG0S, AR 7 AH G
i B8, CR-KPN. CR-ECO. CR-ECLX}&
HH R T 265 2 43 731 95.4%~97 2% 77.8%~81.6%F!1
74.3%~79.4%, R Z WP HER CR-ECOMCR-
ECLIif 253 8 L4 Jm BN = .

CREIE [a] 4= Bk A H T bk, I PR ol A= 4 = 22
INSRCREE S F1/s 4 S T A 6e /1, NI IR HEVR T
PRI, [R]0 EE ISR BE P RS i, 38 fCREM
UASE &
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