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Abstract: Objective To analyze the clinical and microbiological characteristics of patients with carbapenem-resistant Enterobacteriaceae
(CRE)-positive midstream urine specimens, identify risk factors for CRE-associated urinary tract infection (UTID), and provide evidence
for rational antimicrobial use. Methods A retrospective study was conducted on 113 non-duplicate CRE isolates from midstream urine
specimens. Species identification and antimicrobial susceptibility testing were performed and analyzed. Clinical data were collected from
medical records. Univariate and multivariate logistic regression analyses were performed to identify the risk factors for clinically diagnosed
UTTI. and antimicrobial agents utilization was evaluated. Results The predominant CRE species were Klebsiella pneumoniae (63.72% ) and
Escherichia coli (23.89%). The overall resistance rate of these isolates to imipenem was 99.12% » and that to meropenem was 87.61%.
K. pneumoniae exhibited lower resistance to ceftazidime/avibactam (38.89% ) compared with E. co/i (81.48%) , but higher resistance to
aminoglycosides. Among the 113 patients, 53 (46.90%) were clinically diagnosed with UTI. Univariate analysis identified bloodstream
infection, number of antimicrobial agent classes used prior to testing, and invasive procedures as potential risk factors. In the subgroup of
32 patients with both clinical symptoms and abnormal laboratory findings, multivariate analysis confirmed that the number of
antimicrobial agent classes used before testing and prior exposure to third-generation cephalosporins were independent risk factors for
CRE-associated UTI. Only 23 (20.35%) patients received targeted antimicrobial therapy against CRE. Conclusion Differentiation

between colonization and true infection is critical in patients with CRE-positive midstream urine specimens. Prior use of multiple
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antimicrobial agents and exposure to third-generation cephalosporins are independent risk factors for CRE-associated UTI.For confirmed

cases, a multifactorial stratified approach should guide precision antimicrobial therapy. Enhanced active surveillance is recommended for

high-risk populations, including those with bloodstream infection or indwelling urinary catheters.
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Tab. 1 Classification of CRE strains isolated from 113 patients

K 35 A W (23. 89 %6 ) , FLAR TR B i1 B4R />« of 57 M Ay
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X ZHH BRI SRS TR ST T 25 W it
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81.48%) , i ifi #¢ v 75 A1 1 XJ 2 ith g (90. 2876 ws.
55.56%) Al B F (66. 67% vs. 37.04%) Bk 2
(68.06% vs. 40.74%0) KIHEIEK(77.78% vs. 29.63%)
(AT 25 8 g B s TR A i . WLk 2.

BH Kt CRE %5 51 %5/ ]
) i RFEEME KIBBEAR BT ERAE a2 PWhirwEar i im s Bt
2022 4 14 5 0 0 2 1 22
2023 4F 31 9 1 0 0 3 44
2024 4F 27 13 0 1 1 5 47
Bt/ 72 27 1 1 3 9 113
/% 63.72 23.89 0.89 0.89 2.65 7.96 113
%2 1134 CRE Bk MM 2515 R
Tab. 2 Drug resistance profiles of CRE strains from 113 cases
B2 iy 252 /6 (%)

- T CREWMHE (n=113)  WRFEETHAW (n=72) KHBEAHHE(1=27) HoAth CRE Btk (n=14)
R VMR TR R 99(87.61) 68(94.44) 23(85.19) 8(57.14)
WR 77 PG b /b s 2L 31 103(91.15) 68(94.44) 26(96. 30) 9(64.29)
Sk 76 At B / B 24 L 10 57(50. 44) 28(38.89) 22(81.48) 7(50.00)
Sk F R i /7 T E 94(83.19) 63(87.50) 21(77.78) 10(71.43)
3 1t fib g 112(99.12) 71(98.61) 27(100. 00) 14(100. 00)
3k 6t B 107(94.69) 69(95.83) 25(92.59) 13(85.71)
A 91(80.53) 65(90. 28) 15(55.56) 11(78.57)
B 99(87.61) 68(94.44) 23(85.19) 8(57.14)
R 8 112(99.12) 72(100.00) 26(96.30) 14(100. 00)
TATRR 61(53.98) 48(66.67) 10(37.04) 3(21.43)
Fp ok 2 64(56.64) 49(68.06) 11(40.74) 4(28.57)
R 80(70. 80) 60(83.33) 17(62.96) 3(21.43)
Fe AR 2 104(92.04) 67(93.06) 25(92.59) 12(85.71)
R R 101(89. 38) 67(93.06) 23(85.19) 11(78.57)
5207 B 85(75.22) 57(79.17) 22(81.48) 6(42.86)
TR 2(1.77) 1(1.39) 1(3.70) 0
K R 70(61.95) 56(77.78) 8(29.63) 6(42.86)
EY)IE7 - 1(0.88) 0 0 1(7.14)
R AR 12(10.62) 7(9.72) 5(18.52) 0
SRV /P 13(11.50) 8(11.11) 5(18.52) 0
S 6 1 ok 24(21.24) 12(16.67) 7(25.93) 5(35.71)
AL /N 13(11.50) 8(11.11) 3(11.11) 2(14.29)
kAo 0 15(13.27) 8(11.11) 4(14.81) 3(21.43)
KK ER 15(13.27) 10(13.89) 3(11.11) 2(14.29)
PEEAS 13(11.50) 8(11.11) 2(7.41) 3(21.43)
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Tab. 3 Basic characteristics of CRE-positive patients

(55.8%) , B 50 51 (44. 2% ) . & Ye AH K48 by,
CRP 5% 774 (68.1%) .PCT 5% 714 (62.8%) .
IL-6 55 44 1 (38. 9 %0 ) 5 p R kL 240 T Lo 451 55 52 15l
(46.0%), F 40T 40 = % 4561 (39.8%) . T i
{91 4% T Pl 43 2 GEd T, AL 46 Il 9 5 TR A B R 3R A T
KA CRE B #R, 3T 11361, W3 3.

EiTkD R e AT /B KIG%RA /6 HAb CRE BkE/ ) ST/ Bl X P

7 51 113 3.19 0.07
B 42 13 11 66
p g 30 14 3 47

K 113 2.55 0.10
el 36 9 48
G 36 18 11 65

W IR FR IR Y T 113 1.49 0.22
H 38 17 8 63
T 34 10 50

CRP 113 14. 87 <0.01
SEH 49 18 10 77
1EH 23 9 4 36

PCT 113 7.44 <<0.01
S 47 16 71
EH 25 11 42

1L-6 113 5.53 0.01
S 27 10 44
EH 45 17 69

r PR 40 i L 451 113 0.71 0.39
S 36 8 52
EH 36 19 61

1 40 M5 113 4.68 0.03
S 30 7 8 45
EH 42 20 68
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I 38 J28% % G U I AT A 2 ) {68 D A o e R P b
i MR R/ AEICU, =Rk RFE D RANE
PRVE R OMER R . AR R B RA S
B B G 21 7 B IE 245 4 A8 Ak | i 3 R e R I R B B 2
YA I S R R AR ERAE R AT TR 2 R A G
THEE L (P<0.05), L3R4, #F— A /R 5T
A G2 B LA s g A £ ] K Logistic 7115 4y
BT & B, I 3 SR g G W 3T 47 TR 245 4 A6 D O e B
12 APESRAE J& CRE A 235 11 PRI W7 il PR 3R IR L (1
M7 G R 2 (P<<0.05), W5,

AR A PR R G IR R, B 2 CRT .PCT 5%
1L -6 4T — RAE A5 2 W1 KT Fh 55 o 19 e 32401, o L
32BN YL 4l Ho Ay 21 B AR L. At — A
TR 20 B 0 PR , 45 6 BR A SCHR 38 19 CRE
YA F AT SR o, 17 (53, 1960 1
A TCUCH A ifi 58 e FR A8 12 4 R 354 i 3491 H:
fib CRE BA#E 261D , 47 0l IR o2 FR 3 124610 (37. 5%, F
P i R s R 6 i (18.8%) , 43 A M 2 E 29 ]
(90.6%) . BEAEHLEE 259 8 7, A =Rkl &
#1200 (37.5%) , i ik 75 B M 2 B0 T 2 ) R o
13451 (40. 6 %6 ) 5 fft F 2o W e T 38/ f 928 4 4l 54 6 461
(18.8%0). iAol paFh 4325 4e it , AAE i & ve 75 1A
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Tab. 4 Univariate analysis of factors related to CRE-associated urinary tract infection in clinically diagnosed patients (z =+ s)

S I R 2 Wi 4 (n=53) Telfi K2 Wi 4l (n=60) b P

WS/ % 61.47+18.39 63.23+15.41 0.55 0.58
W U 25 4 A Ak /450 ( 05) 24(45.28) 29(54.72) 5.13 0.02
IS /B ) 17(32.08) 36(67.92) 5.84 0.02
o 0 AT L 1A 24 4 40 P 1 5 Rl g/ R 3.724+3.03 1.3541.23 —5.55 <<0.01
A e /81 (%) 12(22.64) 41(77.36) 0.01 0.91
TR /B (%) 18(33.96) 35(66.04) 6.53 0.04
AMEICU/I (%) 25(47.17) 28(52.83) 0.05 0.83
AR L/ (%) 29(54.72) 24(45.28) 4.07 0.13
FRAMESRAE /11 (%) 35(66.04) 18(33.96) 6.88 0.01
Wl R TR F 245 5 /4610 (%) 12(22.64) 35(66.04) 1.10 0. 30
RIS F(05) 31(58.49) 22(41.51) 30. 31 <<0.01

£S5 WARCEH CREMRFRLBEEXERHNSERSH

Tab. 5 Multivariate analysis of the factors associated with CRE-associated urinary tract infection in clinically diagnosed patients

% B SE Wald OR(95%CI) P
B I 25 4 7 Ak 0.87 0.55 2.51 2.38(0.81~6.95) 0.11
i J G 1.76 0.67 6.98 5.80(1.57~21.39) <0.01
G I T BT BT 24 40 fe Y it ol g 0.88 0.20 20. 33 2.41(1.64~3.53) <<0.01
R —3.12 0.77 16. 35 0.04(0.01~0. 20) <0.01
R 0.63 0.43 2.17 1.88(0. 81~4. 34) 0.14
%6 CREMHMEEHARBELNIERFESHXESE
Tab. 6 Clinical characteristics and associated factors of urinary tract infection in CRE-positive patients
FFAE fli R/ KpRARE/6 HAb CREE®/ B Bil/6] 2 P
AEICU 32 0.12 0.72
i 12 3 2 17
w5 11 3 1 15
W R L 32 2.00 0.16
f 9 1 2 12
v 14 5 1 20
2 P e 9 2 32 12.50 <<0.01
H 6 0 0 6
V 17 6 3 26
12 AR 32 21.12  <<0.01
H 22 5 2 29
o 1 1 1 3
SRR AR 32 18.00  <<0.01
H 21 5 2 28
o 2 1 1 4
Tk S DS BT P 25 ) 22 32 1.12 0.29
A 9 2 13
G 14 4 1 19
W B BTICER /G g2 A0 70) 55 2 s 32 12.50 <0.01
H 6 0 0 6
G 17 6 3 26
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3.6 CRE AR B F G B & o 54

o B e 20 (32 ) 5 AR g A (21 ) F8 5 I AR
WA ot gt R g A N T T A 24 ) 1 B o A A
Jif g BE PR AR ICU = ARk R & & =2 ATE#
1 WER B R 25 5 JF T R R i, 45 R B
7N, I 3 SRR e ARG N R AT B 24 ) 1 T ) o b L = AR
#®7 CRESIERBBABHREZNERENH (x£s)

L RFEL RAEBRIEN2ZERE S %E (P
0.05), K7, #—LWKPHNRITPARITEE
SRR A £ 2 Logistic 1710743 1 & BL, & iy
PR 245 W0 18 FH A & R B R = AR Sk Al 22 5% S 2 CRE FH
P B8 A DR %R e 1 ok 57 A R R (P<<0..05)
L3 8,

Tab. 7 Univariate analysis of risk factors for urinary tract infection caused by CRE (x =+ 5)

= B (n=32) G (n=21) 2/t P
RIS/ % 61.7+18.2 65.19420. 86 1.13 0.26
MGG /B ) 15(46. 88) 17(53.12) 6.49 <<0.01
G N TR 47T B8 245 40 {6t T % o el A/ e 3.7243.03 5.24+3.35 3.21 <0.01
G R /() 6(18.75) 26(81.25) 0.25 0.62
WE DR /1 (%) 12(37.50) 20(62.50) 0 1.00
AMETICU/HI( %) 17(53.12) 15(46. 88) 0.62 0.43
ARk AR/ (06) 31(96. 88) 1(3.12) 24.92 <<0.01
fR APEBRAE /(06 29(90. 62) 3(9.38) 24.68 <20.01
Wi B ik R 2 5 /61 (%) 6(18.75) 26(81.25) 0. 009 0.92
*8 CRESIERBBRACKREZNSEERSN

Tab. 8 Multivariate analysis of risk factors for urinary tract infection caused by CRE

SES B SE Wald x* OR(95%CI) P
1. 7 % 3.43 1.82 3.50 30. 88(0. 36~38.23) 0.13
o 0 R T T 24 4 41 P 1Y ot e 0.51 0.76 0.45 1.66(0.39~2.12) 0.02
EX I Si0ErS 21l 2.33 0.49 22.68 10. 28(3. 89~26.15) 0.01
R APEHRAE 1.53 0.15 104. 03 4.60(3.05~5.01) 0.10

3.7 32413k k R R H CRE & & 408 4 25 69 4% A
o

ik X 32 451 CRE B4y /55 3 B & 3, il 48 e 7
RTR (68. 75%0) 2y B Jsi A, Horp 71, 8800 1y /B %
FERE T 72 Wl BT 25, b - B IS Can
WIR 7 PG APl s £ 3E ) T 90 s s T 2 Cn A2 SRV B
x99 RGIMREBRLCREEENFAYNERASAZEER

i e 2, nTBE IR CRE Y 368 i 77 5 8 5 18 Y
PR YL 25 iR 2 A0 1311 (40. 63 %) T+ N Bk 75 55
I 2 CIN & 2 15 g ) 8B 78 25 9 (An Sk 6 b W BT 4 12
AN, 10461 (31. 25 %) AEFF B RE PR YT, 4 IR I 25
B i CRE J& 3¢ J5 A &1 4 1k 25 936 97 19 H i R
71.88% . M A2 K 25 G B LR 9.

Tab. 9 Application and adjustment of antibacterial agents in 32 patients with CRE-associated urinary tract infection

Z B CRE Bk Kt CRE B 72 h 3t 8 245 9 1) 4 i it CRE J& 1 470 18 25 ) i 8 5

Casel ili ¢ . 25 11 B ok R S 7R il &7 L 40

Case2 it % 5. 76 AE T WR 37 75 A TR 2% s i

Case3 Jifi ¢ e B AF P W 7 VG ARl e (4 31 WIR 7 75 o il s (24 31

Cased fili % e TR A B JoH 2 JEE RIS R

Caseb fiti ¢ 52 T A TR JoH 2 KR 7

Case6 it % 5 T 1A T TR % ERE]

Case7 Jifi ¢ 5 B AF B Sk A6 A G, AR ST e e R S 60 1B 0, WR L PG bRl s L L R ST R

Case8 it 58 5 T AR T A WRER 7 L ER R T R, PR R A Sk i i e
WR 37 78 A il e B4 4 T ok

Case9 Jifi ¢ . B AF B LA, TR XD, T ER VMR ER

Casel0 Wi FLE A S 76 R i 44 £F L4 $H 4 2T BT, Sk A b B 2 [ SH A ) 4% e i
BN NN
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Tab. 9(Continued) Application and adjustment of antibacterial agents in 32 patients with CRE-associated urinary tract infection

eS| YL CREB M #il CRERGT 72 h i 259 1o fifi it CRE Ji 1840 5 25 90 114 3 4%
Casell  Jifi% 5e 1A T BINAER AT, B R, WERE 3R, 3k i 4th 0z BT 4k [ 37 44
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