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[Abstract] Objective To detect carbapenemase types in strains isolated from patients with carbapenem-resistant
Enterobacterales (CRE) infection, analyze bacterial resistance, clinical characteristics of infected patients, and
related factors affecting patients’ prognosis. Methods Non-repetitive CRE strains isolated from adult inpatients in
a secondary first-class general hospital from 2023 to 2024 were collected prospectively. Carbapenemase types were
detected, patients’ clinical data were investigated, and factors affecting the clinical treatment outcome of patients
with carbapenemase-procucing Enterobacterales (CPE) infection were analyzed with univariate and multivariate
regression models. Results Clinical data of 151 CRE infected patients were collected, the detection of carbapenem-
resistant Klebsiella pneumoniae (CRKP) took the highest proportion (n = 134, 88. 7%). All of the 151 CRE
strains contained carbapenemase, including 111 strains(73. 5% ) containing only class A serine carbapenemase (all
KPC type), 32 strains (21.2%)containing only class B metallo--lactamase (MBL) ., and 8 strains (5. 3% ) contai-
ning both KPC and MBL (double-carbapenemase-producing, DCP). KPC represented the main form in CRKP
(82.1%).

(CRECL) produced MBL. The resistance rates of 151 CPE strains to ampicillin/sulbactam, piperacillin/tazobac-

Both carbapenem-resistant Escherichia coli (CREC) and carbapenem-resistant Enterobacter cloacae

tam., cefoperazone/sulbactam, and ticarcillin/clavulanic acid were all over 90%. The resistance rates to ceftazidime/
avibactam in only-MBL-producing strains and DCP strains were higher than those in only-KPC-producing strains
(both P<C0. 05). The resistance rates of only-KPC-producing and DCP strains to aminoglycosides, doxycycline,
and compound sulfamethoxazole were higher than those of only-MBL-producing strains (all P<Z0.05). All three
types of CPE strains had good sensitivity to polymyxin B, with a resistance rate of 0 — 4. 2%. The resistance rates
of KPC- and MBL-producing strains to tigecycline were low (0 —4.2%), while the resistance rate of DCP strains to
tigecycline was 100%. 27.2% (n = 41) of patients died within 30 days after infection. Multivariate regression
analysis showed that healthcare-associated infection (HAID (OR =12.88, 95% CI : 4.15—39.96), indwelling gastric
tube (OR =10.51, 95% CI: 2.19 - 50.45), and high abdominal blood glucose level during infection (OR = 1. 24,
95% CI: 1.08 — 1. 41) were all independent risk factors for death within 30 days after infection in patients with
CPE infection, while high serum albumin level during infection (OR = 0. 80, 95% CI: 0.70 = 0.90) was an inde-
pendent protective factor. Conclusion The prevalence of CPE in secondary general hospitals is high. and antimicro-
bial resistance is severe, especially in the cases of KPC-producing and DCP strains showing wider spectrum of anti-
microbial resistance. Attention should be paid to CRE screening and enzyme type monitoring to prevent HAIL
High-risk populations should also be paid attention to improve clinical prognosis.
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Figure 1  Distribution of types of carbapenemases produced
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Table 1 Comparison in resistance rates of different CPE to commonly used antimicrobial agents (%)
HLR 25 KPC MBL DCP P EINEESEY] KPC MBL DCP P

R TE AR/ A 99.0 100 100 0.866 || BIK-R A 64.8 9.3" 75. 0 <0. 001
WR L 78 R /At e B4 3 99. 1 96. 6 100 0.424 || RATH 88.2 31.27 75. 0 <0. 001
RO/ T b 4E R 98.9 100 100 1.000 | WK E 90. 0 33.3" 100 <0. 001
Sk 0 e bk 100 100 100 = PNTEIF 92.5 41.4° 100 <<0. 001
Sk 100 100 100 - BN 4.2 0 100" 0. 005
£ 100 93.7" 87.5" 0.008 || ZMER 77.1 28.1° 75. 0 <<0. 001
S 70 Al e 97.2 100 100 1.000 || S A 98. 1 90. 3 100 ). 054
Sk 7 Al W / BT 2 4 30 0.0 93.7" 75.0° <<0.001 || RV E 98. 2 93.7 100 0. 357
Sk 7t 42 99.0 100 100 1,000 || wkmgzH 90. 0 50.0 - 0.152
Sk 1 i 5 100 100 100 — 55 75 Tl iz FEY R e 75.9 43.7" 100 <0. 001
S TR R / £ 131 98. 1 96. 8 100 0.585 || ZFWEDB 4.2 0 0 ). 676
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Table 2 Univariate analysis of clinical characteristics and risk factors for 30-day mortality in CPE-infected patients

It R 45 A 4 (n =151) TG B4 (n = 1100 30 d HAET-ZH (n = 41) %)z P

UNIEE 30

BrLECH] 93(61.6) 68(61.8) 25(61.0) 0. 009 0.925

FHTMIQR) . % ] 72.0(67.0~80.0) 70. 0(66. 0~80. 0) 74.5(69.5~80.5) 1. 681 0.093
ABEfE BB %) ]

H 212 A B 75(49.7) 52(47.3) 23(56. 1) 0. 930 0.335

—AENEL AR 89(58.9) 69(62.7) 20(48. 8) 2. 401 0.121

AfE ICU 78(51.7) 47(42.7) 31(75. 6) 12.932 <0. 001
& I LA L] (6D ]

o L 87(57.6) 61(55.5) 26(63. 4) 0.775 0.379

O ML A I 55(36. 4) 38(34.5) 17(41.5) 0.617 0. 432

PR 50(33. 1) 34(30.9) 16(39. 0) 0. 888 0.346
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%% 2 (Table 2, Continued)

ABEfE BB )]
I 1.7 5 55 77(51.0) 59(53.6) 18(43.9) 1.132 0.287
-3 51(33.8) 37(33.6) 14(34. 1) 0. 003 0.953
JHFIE 5 95 16(10. 6) 12(10.9) 4(9.8) 0. 042 0.838
W T 26(17.2) 18(16.4) 8(19.5) 0. 208 0. 649
18 PV I 2R G 9 13(8.6) 9(8.2) 4(9.8) 0. 094 0.759
135 BT 9(6. 0) §(7.3) 1(2.4) 1.245 0.265

BAESRAELHI (6]
mE g 99(65. 6) 61(55.5) 38(92.7) 18.334 <0. 001
o A Ik 22(14.6) 10€9. 1) 12(29.3) 9. 769 0. 002
HE SR 91(60.3) 60(54.5) 31(75.6) 5.534 0.019
M L 80(53. 0) 51(46.4) 29(70.7) 7.119 0. 008
A BIHLIE < 64(42.4) 34(30.9) 30(73.2) 21. 845 <0. 001
SAREFA 45(29. 8) 29(26. 4) 16(39.0) 2,289 0.130

T 7T B M i 43 B[ 49 (000 ] 0.127 0.938
KPC 111(73.5) 80(72.7) 31(75.6)
MBL 32(21.2) 24(21.8) 8(19.5)
DCP 8(5.3) 6(5.5) 2(4.9)

e i i 3 v B A KM (IQR) ,g/L] 30.9(27. 0~37.1) 31.8(29.3~34.9) 27.8(25.1~30.8) 4.253 <<0. 001

JHe 3 it i e 7 AR S [ (V6D ] 59(39. 1) 31(28.2) 28(68.3) 20. 185 <0. 001

BB A IMUQR) .d] 18.0(11.0~28.0) 16. 0(10. 3~27.0) 23,0016, 0~34.0) 3.127 0.011

WHE YA HRIMIQR) ., 7t ] 3 713.0 3 405. 1 8 215.2 5. 473 0. 005
(1232.0~11786.6)  (999.0~8 920.9) (2 315.8~19 885.6)

2.4 H"m CPE BREEZFI0dRTHSZHAEIH  2.19~50. 45) B YL if 25 I 1l B 7K - 48 75 (OR =
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e PR 2%, 45 A R, R B S (OR = 12..88,95 % CI F7K 588 (OR = 0. 80,95 % CI ;0. 70~0. 90) | Ky
4.15~39.96) . & B4 (OR = 10.51,95% CI : M RPER R, L& 3,
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Table 3 Multivariate analysis of risk factors for 30-day mortality in CPE-infected patients

R B S.E Wald X* P OR (95%CI)
[ B % e 2.56 0.58 19.58 <0. 001 12. 88(4. 15~39. 96)
HEEE 2.35 0. 80 8.63 0.003 10.51(2. 19~50. 45)
1M % 7K 0. 21 0.07 9.86 0. 002 1.24(1.08~1.41)
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