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Abstract

Parasitizing in large numbers in living organisms or in the environment with a wide distribution
range, Enterobacteriaceae bacteria are groups of Gram-Negative non-bacillus that are closely re-
lated to human beings. As the most common clinical opportunistic pathogens, severe diseases such
as respiratory infections, cholecystitis, peritonitis, and pneumonia are caused. The carbapenems
in B-lactam drugs have always been the most effective treatment for these infections. However,
with the wide use of carbapenem antibiotics around the world, resistance to carbepenems among
Enterobacteriaceae bacteria is gradually acquired as well as corresponding reports about the re-
sistance, which are increasingly being identified as a cause of human health-related infections.
Carbapenase, as a representative determinant of drug resistance with high transmistivity, leads to
the failure of carbapenem and most other types of antibiotics. The risk of death for people infected
with Carbapenem-resistance Enterobacteriaceae (CRE) is greatly increased. Therefore, it is of
great practical significance to explore the molecular mechanism of CRE. In this paper, the viru-
lence factors, drug resistance and transmission mechanism of CRE in recent years are reviewed,
aiming to provide a more in-depth basis for clinical prevention, control and treatment.
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1. 5|8

2B X P A= Z i 245 P (antimicrobial resistance, AMR)F H EUE I PrAE 2 IR IRSE A M, TR BN
AFL DA FoA il 28 sl B AR T« KR A B VA I A A H s g, 3RA5 T 2 Pt AE =P 1],
B AR AR RS LT R IR T, s T IR B AR A L AR T A T B T B M S AT T R B
(carbapenem-resistant Enterobacteriaceae, CRE) )75 7 it A B , I IR A M 8807 B A0 T2 N BT, “E
WAE” A “JE PRI FHIARY W CRE i 24 in) @i ™ E (2], [FIRF, CRE A4 =5 /)
K7 M2 ML S BRI [3], MRS M IR 25 45 644, InRIIGIRERIE IHMERE . CRE |
HILANEE 5 A4, FESE = IR VEA B P R R “ Mo 2410 7 s X B, R ITIX ] e 5138 25 i
PRI BOE KR[4], PR AR ZEFFE TR M T = S P VEA i 5 R A Z A B R . BT,
A CRE i 24 3 R 5 B D5 1 (R AH S S HAR R BLI R IT 2558, NI R IGTT S Tl e i i Gs R ik 4e 3
B, DMERBUAERNEHEIEA.

2. TZ5HLH

Il PR b 51 JEC i 24 1A ) 40 1 3 3l A 22 EE T 24 14 (Multi-drug resistance, MDR)# 2= [GRAPE B, J0 I 2 X1

T B T AE DR R SRBE[S] . KR A5 T A2 38 s B P R e i L R0 J 1R (6], CRE FY4x 3k & 4 s S AR
EITIRMERSG, TN —IE R AIE TAREL. BFFERH[7] (8], CRE MZittS 2 MG L, Hi,

KT R MER A B- IR, W1 AmpC kB BRI 1 B- N It LB (Extended spectrumpB-lactmases,

ESBLs), 4i&aMEE ALK BN 74 BT 800 25 B A H5H 8 B 4 8 -B- N LK EF(New Delhi
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metallo-B-lactamse, NDM). fifi ¢ 7 55 11 B ik 75 5 4 ¥ (K lebsiella pneumoniae carbapenemase, KPC). /L H
IR B (Inositol Monophosphatase, IMP)5s,  Ee A1 & IL% 1 KPC B & il 98 5 B BE[9]

2.1. FEEHE FKRER

CRE 7 A 25D/ e 32 2 B- N R RS TEAI B 22 [ 10], T CRE M E R & kM R Bk T
IR B-WELREZR 2P 1], SRR 2% . W SR EEA S AL B. D —2KE§[7),
A B2 FREER KPC. E T 3 (Guiana extended spectrum enzyme, GES)%5, 0] LA/K AR £ £ B-IN
B RiER. B REEMFEEATE NDM. IMP FI4E% g3 4 1 ik & 4B B¥(Verona integronencoded
metallo-B-lactamase, VIM)&, ARl T-7E A B Hh il 715 . SR UL bla KPC-2 i ik & 4 2 H], bla
NDM-1 &R FAE )L ORI F ZEh T R Ml R, |2 AEAE T R i 4 B Ak [12], WL CRE f&
FNBHEEZ ). D LUK AR (oxacillinase, OXA)H 1] OXA-48-like N EEHAL, [k B HK N4 R
4b, Av D KR T LEH BRI N K RN, =S L2 R -B- N I I i B4 - B- P T i 5 7 1) O
gERE), RO T AR B BB TS BRI UL 13], 8 TR R I 58 il v ) Ak B FH B 8 IR A 2 IROBE, 7K
filp 22 TRV s AE 2 2T M 14], AN B- P B RS S A: 2R B 3

2.2. EREREE

AP I (Biochemical Failure, BF)xd4H B id BI85 1 i) — MRy e X, bR AR T FHAE 259
FIE N T DR A B S 21 55 [ 15]. CRE HOAEMIIR BV 22 A0 B R I AE DL s B R R T 1, FF5R
£ BRGRAEAN [FI A B 3, DB 290 LUE B BF Azl v R Y[Rl , BT BF MIRAAETRIRAS, CRE
X470 S ) BB B K ORI B [ 16]. WFFERIA[17], BF A Bh Tl %8 v 85 A0 B8 E00 3 in, 77 W, CRE i}
HLHIMRIES BE BEFB AR 0B R. Bk, BF EHEZGYIM 251074 Frekigeh #i5)4k
WEENEM.

23, SMRERREH K

Y P AL B2 — AP T AT s R AN BB A, 7o oK R R e e oy T id ok
W7, VPR RGN A . MRS A 2 5 B E R B, VR IT AR iR
P PR, 5 B0 B A S N BBURK R B AT T 245 18] OmpK35 F1 OmpK36 A& %ifid CRE fili ¢
T H B B ARILE AR, TEPUAERIBIE I NI DL SO B B 4 25 25 1) S SRR R T &S K
B/E R, M OmpK35 5k OmpK36 2K Al i 530 CRE 25 /) FUSGLPE I 58E[10], R P2 AE BUik s 206
W (TR 25 AL [20]. BRFERIR[21], V697 CRE BULIH 25— 3% 55 Fd (vaborbactam), X OmpK36 RAF
A CRE WPRIE MG, 25 b, didsMs e R IR L ThRE R R PR A B0 E B IEH, A
A HR B R K i R CRE [T 245 B o

2.4. SMERIERERE

W EBNIMER G, W] H ERARNE AP B0 TR B 250 HE A AR A th AR AR 1,
g KR ZARF )z, AR 2 E 25 EZHLH] . H Acr AB-TolC R4ifE CRE Mif i 72 i 2
FREZMIEM[22], HASM5 A BRI B 294G, R G B A SRS B B A i
HARIPFEER T, WA SR fLIE SEIAME . Zhou S [23 HERE TEH A I 5 BRANHE A BT B 1 Tl 2 DA i B3
KIS B R 2R DU 25/ CRE BFk, #E ESBLs 22K 8 AmpC B )7 42 5 SN AR I 1 5
MG R A BT A BT L. R, W 2GHL ] AR A EORHE, AR K RE R — € 10
e/
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3. BHEF
3.1. FEFELHE

CRE JR B S50 11 KW 15 A5 B 0 40 S5 22 R e A A5 077 18 AL 2oy, A3 FE e DA S g2 R 8 1R [24],
T HEHTHLAA SEREA B I i . BB AR D0 R B BERAE A o CRE Ry AR FCRE 7(79.2%) TE BT A ) L i
RN 35 B R I AR B ENIE[25], RILFTA 7 BRI B NN R 4i i 6e 7y, Hdiid 70%
#5417 kpsIl, K1, neuC, iucC F sit L[ . &4 A HL[26], CRE fiti % 7 T A B LA K1 K2 N FE LA,
Forh ey K1 BY ()i 28 o B A0 R R 8 A ERBE HrR B i KPC IR, (515 55 ) S B R A H 28 H W
LTt BONRITETD SNSRI R . BTN [27 Rt R B P I R R JSURY. ] B 5 S 2 W
J1%:H, S CRE WA Esm M MIEHPIRE /). B2 M WARRIU @ R, AR RS R e 2
R PR JSORL BB I SRR B (55 7. BHULER B, BA m ARV BURE I 1) CRE RARR Y Z R I H RIRHIFE )
R, HAEZ P RENLHI S0 N RIE =

3.2. BE

2% K2 ¥ CRE KGR A HE S P B B papG FEH[6], HAHER 11 & papG FEA. 111 # papG
B, D ERERA papC 2R, 1 HAEH NDM-1 Bk E#5 57 NDM-5 wakH 11 2 papG FHEZ & o [,
CRE Jili % 50 T A B b 5 00 M e iy 3 3 TR AR B 6, | R B B AE W PRI rh Rk (EARTE g B rh ik,
{8 1 B 7 W PRI R PR [28], BIEEIRIE R « Yu [29]R¥ CRE /3 T R EMFER fimH & H K 5IE 92.0%;
A FEEH mrk A F4RiY, FTEEAEDETER, 5 R N 2 0 R 2 IAH DG . T L B
TIERIRIUN & MG R, & CRE BURH R Z —

3.3. S8 IE

S B (1 20 B AR AR BRI B — 8 TR 3K, B 2 i) B0, O T e F AR K,
CRE 520 FH Bk 34k 45 0 T E 5508 B A 3R 13 & B 85 1 [30]. W AT B % (enterobactin) . AT B %
(aerobactia). 7|1 % (salmolchelin) FIHB /K #x & 2 (yersiniabactia) & CRE 5% 1 RIELEAIKR[30]; <
FFB R BH AT 20 E0E 90%~100%, 226 K 2 B AT R B AR =%, SPSEML, H2kE
HAE iutA FER IS, pLVPK 8 )ik EAF RGP T T 2 AT R R LR [31], (A B iR 457
rmpA K, ATHIEAR S CRE 1R2&8GLEE V), b P smH7 1k . Krapp 55 A\ [32] & BN Bk 75 55 4 1t oo B4
AR IR G (Yersinia Al kTuABC), H AR EAN MK EMT SRS FRRAB VML, &Y
JENE G i SR VBRI G I mT L [F] 3G 0% CRE 57,

34. EZE

JI& Z ¥E(Lipopolysaccharide, LPS), K% 042 KA =4, HE T RIBRIZE RS MEE 1, N
ICIE P RR A 2 IR N B R [33]. IEZHEZ CRE WEGIHPIAE R e AR, AIT4
B0 A T N A BT A MA R BT IR 2 R BT B [34]. REZHEH O-Fe mEdila . %0 2 WEHIIE
A =R, Hrp R E B MEER O JURE ARAINERSY, W2 LPS K¥EER JRBIMThRedhfr. W7k
WI[35], A4k O PUREL “OuEmEZHE” WE MM R AN RSN REE A IRHIER, (HREkIE
W SEEEIN O BRI B 2 MR RS 2R 1, RV AE SE 25 5 Z BAMA AN S0, BHIGIERH LPS &5
T e REVE XS 85 ) R AR AR D Be KA R EVE . AR, 24 LPS #2122 1 MsbA # Iy, CRE FMER
TG IR [36], TRFFA 1% 5 o
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4. EBIF
4.1. BRI SHIKEIEE

JFRRLAE ST G i fi . nl R i O XUBE DNA 231, RE05 75 AT iR & 10 AS 7 J&8 AR 2 8] 38 46
BAEYI, Yu [2910F AR, IER R TETE AR, AR 2 R AR K A 1R (Rl UE SR A
FIKAERRRIBLE o A {8 20 B P A DR I AN BT AR A0 PR PR 58 2% 1 1) B A, ORI A SR AT = K
SPERT M, FHOCSCERR B[37], HAR AN BifE S8 B-M BEiEE KPC 1l NDM =2&i& i CRE i 25 1) = 2 5
FMalE, Ak, 5 bla NDM F bla KPC JE 5] [¥14% e 1 BUE & T 550 s o i O g i BEOR <R, oK
SPEE RS A A B 5 B M 5 R FE o A B R4 1 R AR 4%, s CRE AXBRYE BN 98, G R T P2 IR 14 & A
LA, [F, IncF BUHT ColRNAL Fiki A =it 1, H5 CRE B AR 7B 2 CTX-M 2
JUE B- PN AR DA K AT R R R A E g e TR R R RO A R DDA DG [38 ] B A ik i 8 I T 2k IR ) ol
B Z e, DRSS BORLL A T3 F 2 AP R PSRN AR s B R o e s, BURET Iz 2
JFT B RE A B ) T 238

4.2. SEREH 1R

CRE FI ) H 3 LA AT Tndd0 /T bla KPC F=2E 7 F1I 28 (ST)258 Jiti 9 7 B 1H B T Ak 1) o e A%
FENbR&E[39]. CRE ML FhHTE B L AE A X . B2 R EE 2 50 RVu B AR B N HEATIAT 7 b, fEEE
SEVG AR RS2 [E L R SE e B Y I A K IR R RS (45 45 [40], IR BEJRAT I 25 20 A B SRRz X 3
bla KPC &8, b O K WIAFAER CRE iz R b ix fhod B A 18, 2 P oe b 2 2 [ b 4%
FEII PRI L AE X — A R Gt CRE KRR R AU RAELE—ANHUR, AT W5 AL #2122k
MZ R FEALIX CRE W1 73 Ar b, A DT 7048 AT 0 25 TR 2 SR AP 90 Bk 75 8 M s 247 1k RO LR, (R
ST 2 5w BEAL 3R 4 1], BN IREIR AT 1 DL R B A 5E 2 AN ST WA RS, 240 CRE FR Ak 2
FZ TR .

5. RE

i Tk 7 2 5 S AT BRI R A B DA /KT  25 K5 P . 2RI 2 0 R A L, TR PR IS R\
RSN R e, Bl T A R 3G KK CRE BEAT A 22 7 1k, BUE BT 28 T3 PRI A (X3
A SR[42], ANTITNRIT T 29D I FEAE S, WO SRR R % . YR A SBT3 . MRAEIEXT CRE
Mt 245 1 K P A R (43 ], AT BRTRHE T v (i 8 e AT, AAE 2009 % 2018 FE R JLAEI (] Y, 2
X TT BT 253 2N 3.6% LT 5 24.6%. ZFMRATHHI LS RY], CRE QBN — A HANE, 154
FeELfE M N A A S DA A, EANIE ], A A ERAL T A A . T H AT CRE TR
90U BT AT IR A BT S R AP Y CRE TR 245402 /5 7 3, 58 38 A0 55 T 1)
W T VF T AR IR L8 ] CRE 1) 2 A% 4% o [FII, 9F 70 A AR (1 £ 52 H AT T CRE S AT i 25 T4
LY BE PSR OBl A A T BB A, B T RN B J & ) J57%, TP CRE HERAE &
S AN X IR AT -

ZE&UWH
2020 LA PR 25 TAERHETHRIT H (2020RC084) -
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