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[ Abstract ] Objective To explore the risk factors for carbapenem-resistant
Enterobacterales (CRE) infection and death. Methods A case-control analysis of 482 inpatients in
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18 secondary or tertiary hospitals in Beijing in 2018 was conducted. Patients infected by CRE were
selected as the case group (n=247), and infected by carbapenem susceptible Enterobacterales (CSE)
as the control group (n=235). The risk factors and clinical prognosis of CRE infection were analyzed
by single factor analysis and multivariate logistic regression analysis. Results CRE were resistant
to most antimicrobials, but were highly sensitive to colistin and tigecycline, with sensitivity of 94.0%
and 99.5%, respectively. Multivariate analysis showed that prior 30-day tracheal intubation (OR=
2.607, 95%CI: 1.655-4.108, P<0.001), empirical treatment using third or fourth generation
cephalosporins (OR=2.339, 95%CI: 1.438-3.803, P=0.001), carbapenems (OR=2.468, 95%CI:
1.610-3.782, P<0.001) and quinolones (OR=2.042, 95%CIl: 1.268-3.289, P=0.003) were
independent risk factors for CRE infection. Mechanical ventilation (OR=3.390, 95%CI: 1.454-7.904,
P=0.005), heart failure (OR=4.679, 95%CI: 1.975-11.083, P<0.001), moderate or severe liver disease
(OR=3.057, 95%CI: 1.061-8.806, P=0.038), prior 30-day quinolones exposure (OR=2.882, 95%ClI:
1.241-6.691, P=0.014) and septic shock (OR=7.772, 95%CI: 3.505-17.233, P<0.001) were
independent risk factors for death after CRE infection. Conclusions Reducing the use of
antimicrobials and invasive procedures such as prior 30-day tracheal intubation may reduce the
probability of CRE infection. Grading the severity of the underlying disease in patients with CRE
infection, as well as predicting and preventing the occurrence of septic shock will help reduce the
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risk of death.
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BN E 17(6.9) 5(2.1) 3.400(1.234~9.370) 0.015

1 CRE 2 M5 B 25 25 RO Bk T 1 408 20 5 CSE 210 Rk B M S ABUR Y B AT 1 ) 400 o 441

RS AR H 4R 5> 2 B E CRE BRI

logistic £ [ & ¥
A ORAH(95%CI) P{E
R 2.607(1.655~4.108) <0.001
VTSN 2.339(1.438~3.803) 0.001
R e S 2.468(1.610~3.782) <0.001
WS 2K 2.042(1.268~3.289) 0.003

T CRE Bk T #2452 M 25 A I AT 1 240 TR

(e H R B2 TR T NI ) L KB
PR B B ICU |75 ZEHLAGE <2 BB 5 B CRE
JEAET- B EAER R . e R B T P R g |
I3 G R P R i A 7 P SRR R
CRE Y 5 0 S st A 2 (R 7).

B Z AT P<O1 AR RO A 2
logistic [A] I3 4L %1 | 3 #F CRE 8% 44 5€ 1= B9 16 16 [
F(£8) ., KUFTFEMNMMA .Sy hiE
JEE T R T 30 d PN R s g A 2 25 ) D
K B MR AR v 2 e CRE J5 36 T A9 10 57 16 6
HE.

i

CRE AJ DA% | e iy i) ™ sk Gy, CRE J&R YL 5 | i
FIBETZ A 26%~T1% "% 1 T HETA 6 )7 2
Yl = Fife et FE BN 0T 2 164  CRE EUR
R AR AN DA S R —

ARBFFEXF AL G X 18 M = i Lr & e
Bt (1) 482 Bk B AT 1 98 1 X BEA: AT, o be i s 1)
PRI S il 9% v T A BRT L K B 3% A TR AN B I B AT

W o Hob, ¥4 KPC 0 il %2 58 T5 A0 0 o T A
CRE 1 59.9% (148/247) , K I 3% v & 78 #5 +
NDM [ 1) iz A1 8 15 63.3% , 5 0 [ 4t 5 25 9 it
24P W R 4% T S ) 45 SR AL . CRE Xk £
BBy Em 2, e 5 CRE &) T4
B 7 B T 2 M T A1 100 LAt Tief 245 5 DXL RS 245 4L 1)
AHOC, G Y — LB 5N R ik T R M 2R 2 1Y
it 49 5 T A B 2 S &t 2 Em 25 ) an HE A
blay., 1) B Ak 8] B 485 77 fosA | fosA3 TX fosAS A fig
L5 B A 25 R 5, G % A LB AT 3-N-& Tk
KRS A 16S rRNA MR H LR Il g 5 &
FOWE A2 25 A C P AN HE SR T R R B
i e S BT W 25 T Y2 A7 7E 19 ESBLs
M AmpC B = A 45 G LE AR TR SR Z
B B-PN T e S A Sk A R IR W 2
CSE #1 CRE Xf T2 8 2= & 36 3= L Sk 10 fth e -]
A 3 B OB E AR L Y A 90% , H 2 4 2
Y A% B 5%, oM AR AR, LT AE XS BT A A B
H 20 5] kS iy ™ R A A . EARRSE
XoF Sk A At wE B 4 LI AR U AR D R 2
G 4 Jm G, X T RE R TR 4k R TR
He IR SE ot S 1) 22 G R WA R, X B 2K 4 g
TR,

FECRE R I R JE 2 05 i, A Bl
FERNBRNE AR N AR R R 30 d N2 IR AME
BEVE PTI98 93697 5 CRE R YL 25 DA 56, H
A T ISP 2 = AR R
0T B M S RIS T I 2 24 1) 7% % 2 CRE JZ% e 1y 1t



- 1578 - rhABEE Ak 2021 4E6 J1 8 HAE 101 445 21 1 Natl Med J China, June 8, 2021, Vol. 101, No. 21
F6 JHAT R B AN o 2 B IR R SR B B R R A L (%) ]
A CRE41(n=247) CSE41(n=235) OR{E(95%CI) P1H
YL
it 9 B W I S SR g 162(65.6) 130(55.3) 1.539(1.066~2.223) 0.021
i P S 30(12.1) 33(14.0) 0.846(0.498~1.438) 0.537
WAPR FR Ik e 45(18.2) 29(12.3) 1.582(0.955~2.623) 0.074
JIIRVEES 47(19.0) 36(15.3) 1.299(0.807~2.092) 0.281
TR 2 R G 6(2.4) 4(1.7) 1.438(0.401~5.161) 0.752
HoAth 34(13.8) 29(12.3) 1.134(0.667~1.929) 0.643
JRYL PR T 61(24.7) 37(15.7) 1.755(1.114~2.766) 0.015
S KA
WBC(x10%/L)
<4.0 30/237(12.7) 22/211(10.4) 1.245(0.694~2.234) 0.462
>10.0 89/237(37.6) 78/211(37.0) 1.025(0.699~1.505) 0.898
PCT
0.5~2.0 pg/L. 31/152(20.4) 15/107(14.0) 1.571(0.801~3.081) 0.186
>2.0 pg/L 37/152(24.3) 28/107(26.2) 0.908(0.514~1.603) 0.739
CRP
>10 mg/L 125/161(77.6) 97/150(64.7) 1.897(1.151~3.126) 0.011
R
FRYT 28(11.3) 22(9.4) 1.238(0.687~2.232) 0.477
B FAl B B 7(2.8) 2(0.9) 3.398(0.699~16.526) 0.177
I 12 hiv; 90(36.4) 104(44.3) 0.722(0.501~1.040) 0.080
A T W gl el P 0T 9P it 3(1.2) 7(3.0) 0.400(0.102~1.567) 0.212
fEBESET 49/247(19.8) 22/235(9.4) 2.396(1.398~4.107) 0.001
Jits e HAth I W S JR 40/162(24.7) 17/130(13.1) 2.179(1.169~4.061) 0.013
JiEL I P S 9/30(30.0) 3/33(9.1) 4.286(1.035~17.742) 0.035
WAPR FR Ik e 11/45(24.4) 1/29(3.5) 2.041(1.151~3.620) 0.016
JIIRVEES 15/47(31.9) 4/36(11.1) 3.750(1.122~12.536) 0.027
X B8 R G 1/6(16.7) 1/4(25.0) 0.600(0.027~13.582) 0.001
HoAth 5(14.7) 2/29(6.9) 2.328(0.416~13.019) 0.003
T : CRE 41375 30 St 25 B B AT 1 H AT A 5 CSE 41 X ik 75 85 4 S SO Y W AT T E AR 20 5 WBC o 11 1L ; PCT S 5 2R 5L s CRP
o - AR 1
SEfER R, 5T — 80 Ais e RN R E TR IR R 58 = 1A X

WAL, I R B YL RRUAN 4y 5 1Y SE %, CRE 440
W E ST CSE4L, CRE {9 15 B A48 BT = I R TR
WRW O EZ, HHUAGE S O s | AT
95 JERYL R 30 d PR A A A 2 24 0 R A R
RFEJE CRE YL JG SET- B ST FE B IR 2 3 /s
Bl 114) 7 B R B 25 X B e CRE Y IIfs PR 45 R
PRGN , LB 1k B B MR T 1 & A R
KA o R AR

AT AT TE— L PR 55— 1% A X CRE #F
A5 H A 25 L AT, AN TR) A4 TiRS 24 AL ) T i 52
BITE 50 = A LR A i 25 & B F 25
18] Xk f e CRE FIBE T XU 19 52 0, I R A
HR B DA Sk S B[] AR TR 245 0 G 7 B A 2 Sk A

R IEAT S SR 7 E R B ) 43 2 AT L SR
FERIG T BE 25 R I R 25 )5 o (RAS I 5%
AW T A E X 18 R g Je =2 W X BE ) CRE
RS I () CSE , BRI T 6 50 s XX 38 A g T o8
H 20 T 8 A7 2 2 L ml LA A H X CRE B
R AR

FUZERZE AT 1R 975 R 277 25 phoe

i ILATEERE | ERBSRL K MR AL S AP B AL SR
BE I AL 50K BE B L oA SR K S L st B EE e o
U B B A B Rk o I B B R B o [
Fb B A W 5T R B B L st B P R B v [ R AL 2
BEERE B K B S BB A5 BT K BB LSRR B AL st
TR BE b 50 AR B KX TR B B A AR B S48 T
T VAR R £
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RT W EGIST G B AAT B H A 4L R A ST i R R A [ (%)

A i HA7(n=198) BT (n=49) ORA{E.(95%CI) P
PNEEL 2
P (B ) 129(66.2) 30(61.2) 1.238(0.648~2.363) 0.517
0~4% 4(2.0) 0(0.0) 0.798(0.749~0.850) 0.587
5~17% 4(2.0) 0(0.0) 0.798(0.749~0.850) 0.587
18~49 % 30(15.3) 7(14.3) 0.933(0.383~2.272) 0.879
50~64 % 43(21.9) 8(16.3) 0.703(0.307~1.612) 0.404
65~79 % 60(30.6) 11(22.4) 0.666(0.319~1.390) 0.277
>80 % 55(28.1) 23(46.9) 2.300(1.211~4.368) 0.010
FELERERE 44(22.2) 13(26.5) 1.264(0.617~2.589) 0.522
MICAB P Beds A 36(18.2) 10(20.4) 1.154(0.527~2.525) 0.720
FLRIE L
it &5 5 9 118(59.6) 38(77.5) 2.342(1.130~4.853) 0.020
Jibgei 59(29.8) 16(32.7) 1.142(0.584~2.233) 0.697
JHF I3 95 51(25.8) 22(44.9) 2.349(1.230~4.484) 0.009
LR 77(38.9) 31(63.3) 2.706(1.417~5.170) 0.002
WL R GBI 70(35.4) 27(55.1) 2.244(1.191~4.230) 0.100
B 59 49(24.7) 25(51.0) 3.168(1.659~6.046) <0.001
BE IR 55(27.8) 17(34.7) 1.381(0.710~2.687) 0.340
fR I 101(51.0) 24(49.0) 0.992(0.493~1.723) 0.799
eiLd 46(23.2) 8(16.3) 0.645(0.282~1.473) 0.295
WA 2 65(32.8) 10(20.4) 0.525(0.246~1.117) 0.090
ERE e R OF = 9(4.5) 1(2.0) 0.438(0.054~3.538) 0.692
WMRMH L 24(12.1) 6(12.2) 1.012(0.389~2.628) 0.981
G 0 i 59 of P 24(12.1) 4(8.2) 0.644(0.213~1.952) 0.596
H B AL 12(6.1) 2(4.1) 0.660(0.143~3.048) 0.848
SRR BB 6(3.0) 2(4.1) 1.362(0.266~6.962) 1.000
HIMEE =, 72(36.4) 35(71.4) 4.375(2.207~8.671) <0.001
N IE=i 12(6.1) 7(14.3) 2.583(0.959~6.956) 0.053
L LEESE 14(7.1) 8(16.3) 2.564(1.010~6.514) 0.042
0TI 23(11.6) 23(46.9) 6.731(3.310~13.687) <0.001
JE LI A5 e 25(12.6) 8(16.3) 1.350(0.568~3.210) 0.495
i 1t A7 51(25.8) 22(44.9) 2.349(1.230~4.484) 0.009
P 14(7.1) 5(10.2) 1.494(0.511~4.366) 0.662
o il B 27(13.6) 19(38.8) 4.011(1.985~8.106) <0.001
o e B A 17(8.6) 12(24.5) 3.453(1.522~7.834) 0.002
VAR DA AR e 75 o
VAR ST (R e s 93(47.0) 29(59.2) 1.637(0.868~3.087) 0.126
HAERNFARL 44(22.2) 10(20.4) 0.897(0.415~1.941) 0.783
90 d N fERE S 113(57.1) 33(67.3) 1.551(0.802~3.002) 0.190
iR S 122(61.6) 41(83.7) 3.193(1.420~7.176) 0.004
AfEICU 66(33.3) 25(51.0) 2.083(1.106~3.924) 0.022
30 d WIR AT
it Js 2 3 15(7.6) 6(12.2) 1.702(0.624~64.643) 0.294
VA 2 23(11.6) 2(4.1) 0.324(0.074~1.423) 0.193
Bk 32(16.2) 7(14.3) 0.865(0.357~2.095) 0.747
Pl KA A 80(40.4) 30(61.2) 2.329(1.227~4.421) 0.009
A 71(35.9) 21(42.9) 1.342(0.710~2.534) 0.364
SEVIH 43(21.7) 9(18.4) 0.811(0.365~1.802) 0.607

hRAE 97(49.0) 34(69.4) 2.360(1.210~4.605) 0.010




1580 - FpAEEE SRSk 2021 E6 H 8 HAS 101 %45 21 8 Natl Med J China, June 8, 2021, Vol. 101, No. 21

gR7
A H: 47 (n=198) BT (n=49) ORAA(95%CI) PE
B 93(47.0) 32(65.3) 2.125(1.108~4.075) 0.022
30 d NPT R AL
HER 9(4.5) 3(6.1) 1.370(0.357~5.261) 0.929
—/ AR 15(7.6) 5(10.2) 1.386(0.478~4.019) 0.755
EVUTAS NS 56(28.3) 18(36.7) 1.472(0.762~2.843) 0.248
KEEERAE 13(6.6) 1(2.0) 0.296(0.038~2.323) 0.314
B~ PN It fre 215/ B- PAY Tk i g 41 1 551 86(43.4) 23(46.9) 1.152(0.615~2.158) 0.658
TR 87(43.9) 31(63.3) 2.197(1.153~4.188) 0.015
Ar 1(0.5) 1(2.0) 4.104(0.252~66.800) 0.358
WS 56(28.3) 22(44.9) 2.066(1.087~3.927) 0.025
R S S 15(7.6) 8(16.3) 2.380(0.946~5.988) 0.059
BHImHER 10(58.8) 7(14.3) 3.133(1.127~8.708) 0.022
IR
blagy, 127(64.1) 28(57.1) 0.745(0.395~1.408) 0.364
blayyy, 25(12.6) 5(10.2) 0.786(0.285~2.171) 0.809
blay, 3(1.5) 0(0.0) 0.799(0.750~0.851) 1.000
I 43(21.7) 16(32.7) 1.748(0.880~3.471) 0.108
bEpi
BINRTT 134(67.7) 29(59.2) 0.693(0.364~1.317) 0.261
Wi H25iRyT 33(16.7) 13(26.5) 1.806(0.865~3.770) 0.112
[T SE 28 12 1.969(0.917~4.227) 0.078
NI R + A R 2 17 11 3.082(1.337~7.105) 0.006
HALPIFA 825 11 1 0.354(0.045~2.811) 0.469
e ISE 5 1 0.804(0.092~7.044) 1.000
JRYLFN IR 2]
<2d 131(66.2) 42(85.7) 3.069(1.308~7.198) 0.007
3~5d 11(5.6) 3(6.1) 1.109(0.297~4.137) 1.000
>54d 21(10.6) 1(2.0) 0.176(0.023~1.339) 0.088
SR
it 4 B W S JRR 122(61.6) 40(81.6) 2.769(1.272~6.026) 0.008
JiEL P S e 21(10.6) 9(18.4) 1.896(0.808~4.450) 0.136
AT Y3 34(17.2) 11(22.4) 1.396(0.649~3.004) 0.392
[IRFIVEEC 32(16.2) 15(30.6) 2.289(1.119~4.682) 0.021
X I 28 R T 5(2.5) 1(2.0) 0.804(0.092~7.044) 1.000
B I H I 33(16.7) 21(42.9) 3.750(1.903~7.388) 0.000
TG PEIR B 29(14.6) 32(65.3) 10.970(5.404~22.267) 0.000
Hoft /g 29(14.6) 5(10.2) 0.662(0.242~1.810) 0.564

1 2 FAPERIR #5417 KPC \NDM IMP , VIM , OX A-48-like Tk 75 5 05 it 3ok [F] 5 HA A 20024 40 2 48 X B AR EA TR o1 24 W duse v i 56 8 Sk i
RN — AR ZHH R BN RIA LT — R 325

=8 CREABE KAEIT Y logistic Z R ZE I

& % x
A ORTE(95%CI) PAA
PG = 3.390(1.454~7.904) 0.005 [1] Bush K. Past and present perspectives on B-lactamases|[J].
o> 7 v 4.679(1.975~11.083) <0.001 Antimicrob Agents Chemother, 2018, 62(10):e01076-18.
T 3.057(1.061~8.806) 0.038 DOI: 10.1128/AAC.01076-18.
W RS2 W o 2.882(1.241~6.691) 0.014 [2] Bush K, Bradford PA. B-Lactams and [-lactamase
Rk 7.772(3.505~17.233) <0.001 inhibitors: an overview[]]. Cold Spring Harb Perspect

Med, 2016, 6(8): a025247. DOI: 10.1101/cshperspect.
a025247.

T - CRE B35 8 MM 25 B W AT o H 2 e
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W5 B SE T 25 AT 1 B 4078 (CRE ) % B 25 H1L ) 7T
VL7 B 53 2Ry 7 i T R O Bk (CPE) FHAS 7™ ke T 5 94 Wi Ak
(NCPCRE) . W5t & R REA R B B IS R
TN CRE B HIGI H .

TG HTIN B 7 e T B A T 1) B A 1T D 4 T A )
251201047 1 A £120154 5 A it B A CRE EAH ARG
HBFE VAT T % IRBTSE , L NCPCRE H8 245 s 120 (n=
387), LA CPE B 1E R X B2 (n=456) . 313 F B[ 4t
TR 25 ) SR SR L Etest, 38 B KE R 4K A A (1) Rapidec
Carba NP1 PCR & i 3= 2 (19 ik 7 5 M5 B 36 IH (blagpe
blagps blayy blayye,blayyy blayy blay,  blagy, 4 i blagyy o)
KWW BN AEE S . %P IEaNA T 843 7l B ik
KM CREJERYL Y (4, 387 1] (45.9% ) NCPCRE B 4t 3%,
456 1 (54.1%) CPE J& 4 /B 3% . W 75 85 M 2 1 24 3 1A LA
blay,y (42.8%) J F , F IR R blayy,, (38.4%) Fl blagy, s

(12.1%) . FEXFIRZH R ATHE ST Gt s R BoR
NCPCRE Jf L H 2 UL 1T 30 d I BT E 25 W) 2L 52 1Y
MER HE CPE JE L B 50 3 5 [ 2L R A 3 e (aOR ) =3.48,
95%CI:2.39~5.09, P<0.001] . AR #5151 B 4 B B A (i
RITTEAE KA IRA ) TR TT T EESEE P (blayyy blag)
BT GE T 25 50 o R A B i 0 25 L A 2 ) 2
#% FI NCPCRE Bt B #H G . CPERYL B # 5 5 #:
(aOR=1.45,95%CI:1.07~1.97,P=0.02) A¥:7EF AL W40 5
(aOR=1.84,95%CI : 1.24~2.74, P=0.003 ) FUZ Y Fif 1 45 N AT
B 5 (aOR=1.42,95%CI: 1.01~2.02, P=0.05) #{ 5& , £ 3% I
o, S CPERR B EMHIL , MARSTEREZTLY
NCPCRE & 4e o HA M Sk R TEPAE R BEE AT,
NCPCRE 5 CPE AT GeAFAEAN IR (7 AR L] o

(HiF Rk LT RFARERERA)



