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Analysis of risk factors of carbapenem-resistant Enterobacterales infection and death in clinical patients

ZHI Di-yuan,CHEN Qian—qgian, KONG Hai-fang, LI Jing, TIAN Bin, HU Zhi-dong

(Department of Medical Laboratory, General Hospital , Tianjin Medical University, Tianjin 300052, China )

Abstract Objective: To explore the risk factors of carbapenem-resistant Enterobacterales (CRE ) infection in clinical patients and death
of infected patients,and to analyze the predictive value of CRE infection. Methods: A retrospective method was used to select the clinical
data of 112 cases with CRE from April to November 2021. And 112 cases with carbapenem—sensitive Enterobacterales(CSE) infection in
the same period were taken as the control group. The distribution and drug resistance of CRE strains was analyzed. And the risk factors of
CRE infection and death of infected patients were analyzed by univariate analysis. The independent risk factors of CRE infection and death
of infected patients were analyzed by binary Logistic regression analysis. The continuous variables among independent risk factors were
analyzed using the receiver operating characteristic(ROC) curve to evaluate the effectiveness of this factor in predicting CRE infection in

hospilalized patients. Results: CRE infection was common in intensive care unit(ICU),mainly in respiratory tract specimens,and Kleb—
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siella pneumoniae was the most common pathogen. A univariate analysis showed that, urinary system diseases (y*=4.074,P<0.05),solid

malignancy (3*=11.687, P<0.05) , endotracheal intubation and mechanical ventilation (y*=32.749, P<0.05 ) , tracheotomy (x*=30.701,

P<0.05) , indwelling venous catheter (y*=14.613, P<0.05 ), indwelling arterial catheter (y*=6.298, P<0.05 ), urinary catheter
(x*=4.464,P<0.05) , gastric tube(y*=15.076, P<0.05 ), exposure history of Carbapenem(y’=39.703,P<0.05 ), exposure history of B-lacta—
mase inhibitors (y*=58.810,P<0.05) ,non carbapenem combination therapy(y*=39.938 , P<0.05) , exposure history of third and fourth gener—
ation cephalosporins (}*=5.098 , P<0.05 ) , Acute Physiology and Chronic Health evaluation Scoring System Il (APACHE II ) at admis

sion (U=4 367.000,P<0.05),APACHE II =11(x*=4.210,P<0.05), neutrophil percentage (1=12.648,P<0.05),lymphocyte percent—

age (U=4205.000,P<0.05), granulocyte to lymphocyte ratio (U=3 241.000, P<0.05 ), prothrombintime (1=7.802, P<0.05 ) , activated par—
tial thromboplastin time (U=3 662.000, P<0.05),D~-dimer (U=2 616.000,<0.05) were related to CRE infection in hospitalized pa-
tients. Age (U=625.500,P<0.05),age =78 (x*=17.824,P<0.05), cardiovascular and cerebrovascular diseases (*=9.737, P<

0.05),in dwelling venous catheter(x*=5.379,P<0.05) ,urea( U=606.000, P<0.05 ) , creatinine( U=788.000, P<0.05 ), uricacid(U=714.500,

P<005) were related to the death of CRE—infected patients. Multivariate analysis showed that urinary system diseases (OR=14.222,

95%CI:1.474-137.270) ,indwelling venous catheter (OR=8.735,95%CI:1.620-47.083),exposure history of Carbapenem(()R:l 1.520,95%

CI:2.781-47.716) ,exposure history of B-lactamase inhibitors(OR=5.763,95%CI: 1.368-24.280 ) ,non carbapenem combination therapy

(OR=8.705,95%CI:2.114-35.841), neutrophil percentage( OR=1.083,95%CI:1.026-1.142), prothrombin time (OR=1.714,95%CI .

1.109-2.648 ) were independent risk factors for CRE infection in hospitalized patients. Age =78 (OR=26.831,95%CI:2.745-262.287 )

and cardiovascular and cerebrovascular diseases (OR=28.427,95%CI:2.379-339.668 ) were independent risk factors for death in CRE—

infected patients. The ROC curve analysis of the continuous variable neutrophil percentage and prothrombin time among the independent

risk factors of CRE infection showed that the area under the curve( AUC) of neutrophil percentage was 0.645 , higher than the AUC of pro-
thrombin time(0.598 ). The optimal cut—off value was 69.45,and the corresponding sensitivity and specificity were 75.5% and 52.2%,

respectively.Conclusion : Independent risk factors of CRE infection in hospitalized patients include urinary system disease,indwelling
venous catheter, carbapenem drug exposure history, exposure history of (3 —lactamase inhibitors,noncarbapenem combination therapy,

neutrophil percentage and prothrombin time. The independent risk factors for death of infected patients with CRE are age =78 and suffer—
ing from cardiovascular and cerebrovascular diseases. Neutrophil percentage has a certain predictive value for the infection of CRE in

hospitalized patients.
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AL S Bil(4.46% ) s MAPRIEFRAS 15 41(13.39%);
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iyl 47 420 0 0 65  58.0
Pk =¥ U 7 6.3 8 7.1 97 866

Y - CRE . it 75 R s JSMa kT
22 AERREH CRE BRELRE,>H HHEERDSH
iR MAPR RGN SO MR R A
EHLMH B A BV H BT A
Pk FE RE BE R RRKAYREL B
PN B A ) R0 R R sl L AR R MR R IR G
M2y = AR Sk 76 5 8 50 A BE B APACHE 1T 3
4% APACHE 11 $¥43 = 11 43 . Mk 40 i 7 40 %k
N S AT o G YA N A (WL 53 TR e
S ML TG A B]  D- — BRAREE 20 TH 4 5 1 B
BF YL CRE FHC, W5 4555 CRE BTN & B
PG, WL 2,



55 5 1) FURERE , A5 I R A2 0 35 R I ST 25 I T 1 I 440 RS S SR TG R IR 3B 539

Fz2 fERREE CRE BRBEEZNMn( %), x5, M(Pxs,Pss) ]
Tab 2 Univariate analysis of CRE infection in hospitalized patients[n( % ) ,xs, M( Py, Pys) ]

(S CSE 41(n=112) CRE 41(n=112) XHu P
P
L 78(69.64) 78(69.64) 0.083 0.773
ke 34(30.36) 21(18.75)
AR (%) 66.79+16.24 68.73+15.61 0.836 0.361
JEYLHTBERT ] (d) 20.00(11.00,48.00) 20.50(8.50,50.75) 6 007.500 0.585
2 16.973 0.000
BET 4(3.57) 26(23.21)
FEI 10(8.93) 86(76.79)
1= U 38(33.93) 36(32.14) 0.081 0.776
I IR 67(59.82) 64(57.14) 0.165 0.684
THAL RGP 14(12.50) 10(8.93) 0.747 0.388
WIR R G 4(3.57) 13(11.61) 4.074 0.044
I 2R 85505 8(7.14) 5(4.46) 0.735 0.391
SREHEIE 9(8.04) 28(25.00) 11.687 0.001
M RSB 14(12.50) 6(5.36) 3.514 0.061
(RZEEHAE
AEE UM B 16(14.29) 56(50.00) 32.749 0.000
SEUIT 0(0.00) 27(24.11) 30.701 0.000
Ik 24(21.43) 51(45.54) 14.613 0.000
HE Ik 20(17.86) 36(32.14) 6.298 0.012
O IRE 36(32.14) 51(45.54) 4.464 0.035
e 18(16.07) 44(39.29) 15.076 0.000
HET e 12(10.71) 8(7.14) 0.878 0.349
W) 55
HEREZY 28(25.00) 75(66.96) 39.703 0.000
(B A T A1 ot ) 34(30.36) 91(81.25) 58.810 0.000
JEORTT BRI A HIZY 20(17.86) 66(58.93) 39.938 0.000
=puftkqt 30(26.79) 46(41.07) 5.098 0.024
ABifEbR
APACHE I 43 12.50(9.00~15.00) 14.00(11.00~21.00) 4 367.000 0.000
APACHE [I3F4r=11 43 72(64.29) 86(76.79) 4.210 0.040
R A (% ) 68.27+17.14 76.40+16.93 12.648 0.000
RN (% ) 39.30(33.98,61.95) 11.50(6.20,19.90) 4 205.000 0.000
Rl 11.50(6.20,19.90) 6.86(3.61,13.70) 3 241.000 0.000
JI(IRANY 198.50(138.50,272.75) 181.50(134.50,269.50) 5 983.000 0.551
JRZ 6.40(4.60,8.30) 6.70(4.80,11.70) 4 788.000 0.126
LT 70.00(48.00,98.00) 70.50(48.50,103.75) 5 799.000 0.762
IR 331.00(230.00,431.00) 293.00(199.00,422.50) 4 694.000 0.125
U6 11 83 T ] 12.00£1.30 12.97+3.08 7.802 0.006
T ARS8 L35 P [ 29.30(27.60,30.300) 30.20(27.30,32.20) 3 662.000 0.043
D-T (R 1 658.84(601.00,2 380.00) 2 973.18(769.00,4 689.75) 2 616.000 0.047
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Tab 3 Multivariate Logistic regression of the CRE infection in . 2
o . ) — R 4 L
hospitalized patients 0.8 ) ¥ JﬂLﬁﬁf I ]

ES B SE Wad(*) P  OR 95%CI

IR FR BB 2.655 1.157 5.267 0.02214.222 1.474~137.270
Bk 2.167 0.860 6.358 0.012 8.735 1.620~47.083
CA K24 53 2,444 0.725 11.362  0.001 11.520 2.781~47.716
B NELHEHIHIFR 1.751 0734 5.697 0.017 5.763 1.368~24.280
JECAZLUWIAIZY 2.164 0722 8.981 0.003 8.705 2.114~35.841
PR AT 4351 0.079 0.027  8.476  0.004 1.083 1.026~1.142

5k 111 8 5 ) 0.5390.222 5.895 0.015 1.714 1.109~2.648
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Fig1 ROC curve of neutrophil percentage and prothrombin time
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Tab 4 ROC curve analysis of neutrophil percentage and pro-

thrombin time in predicting CRE infection in hospitalized

patients
_ SR
1547 AUC T U RS 95%CI
W&
PRI T 05 0.645 6945 755 522 0.565~0.724
T5E I 8 T i) 0.598 12.65 383 826 0.517~0.680

N Z AT &R Logistic WA, Hid P<0.05,
OR>1 IR Z AT Z N E Logistic 1Ay, L3R
6o LEMRIIR, ARy =78 % AT O IR A
CRE B B E LTIy fE e R &K .

Tab 5 Univariate analysis of death in patients with CRE infection[ 7( % ) ,x+s ,M( Pss,Ps) ]

H#E TG (n=86) HET-4H (n=26) XU P
PR 5 58(67.44) 20(76.92) 0.849 0.468
kS 28(32.56) 6(23.08)
AEIE (%) 70.00(58.75,75.00) 79.50(66.00,87.5) 625.500 0.023
=78 % 12(13.95) 14(53.85) 17.824 0.000
YR BERT T (d) 25.00(14.00,53.75) 21.00(11.00,89.00) 878.000 0.784
= A 24(27.91) 12(46.15) 3.048 0.081
I IIRESZ 47(54.65) 23(88.46) 9.737 0.002
Wk R G 7(8.14) 3(11.54) 0.284 0.594
R RGP 8(9.30) 5(19.23) 1.918 0.166
W R GEDER 3(3.49) 2(7.69) 0.827 0.363
SEREEIE 7(8.14) 2(7.69) 0.005 0.941
[N B 4(4.65) 2(7.69) 0.364 0.546
1R
BT DLW Bl =<, 42(48.84) 14(53.85) 0.200 0.654
EYVIT 22(25.58) 5(19.23) 0.440 0.507
Bk 34(39.53) 17(65.38) 5.379 0.020
Sk 26(30.23) 10(38.46) 0.563 0.453
B IR 37(43.02) 14(53.85) 0.853 0.356
eSS 36(41.86) 8(30.77) 1.030 0310
HELInE 6(6.98) 2(7.69) 0.015 0.901
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K% TG (n=86) BT (n=26) Xilu P
YRR

HRMEZY) 54(62.79) 21(80.77) 2917 0.088

B P Y it 41 1 1] 73(84.88) 18(69.23) 3211 0.073

EmT TR RIS 2y 51(59.30) 15(57.69) 0.021 0.884

= uAR kA 25(29.07) 5(19.23) 0.985 0.321
ABefabn

APACHE Il 43 14.00(10.50,19.50) 15.00(13.00,23.00) 871.500 0.103

Rk AL (% ) 74.41£15.92 76.35+20.27 0.000 0.985

WA (%) 11.75(6.76,20.15) 9.45(5.28,18.63) 1 010.500 0.459

Ak L 6.50(3.52,13.32) 8.06(3.93,16.67) 1 021.000 0.504
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Tab 6 Multivariate Logistic regression analysis of death in patients
with CRE infection

(SN B SE  Wadad(y*) P OR 95%CI

i =78 % 3290 1.163 7.998 0.005 26.8312.745~262.287
DRSS 3.347 1266 6.995 0.008 28.427 2.379~339.668
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