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Clinical Distribution, Antimicrobial Agent Resistance and mcr Genes
Analysis of Carbapenem-resistant Escherichia coli
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Abstract: Objective To analyze the clinical distribution, antimicrobial agent resistance rates of carbapenem resistance
Escherichia coli (CREC), and detect the carbapenemse synthesis gene and the carrier of plasmid mediated mobile colistin
resistance (MCR) gene, so as to provide reference for the prevention and control of multi-drug resistant bacteria. Methods Form
July 2020 to June 2021, Non-repetitive CREC strains isolated from various clinical specimens submitted by inpatients in the
Second Hospital of Anhui Medical University were collected. The antimicrobial susceptibility testing was detected by microbroth
dilution method. Carbapenemase encoding and mcr genes were analyzed by PCR amplification and sequencing. The polymyxin
B induction assays of mcr-9-positive-isolates were performed, and the homology of mecr-9-positive-isolates was analyzed by
pulsed-field gel electrophoresis (PFGE). Results A total of 33 CREC isolates were collected, which mainly isolated from urine
(30.3%), sputum (24.2%), pus/secretion (18.2%) and blood (15.2%), presenting multiple drug resistance phenotypes. 69.7%
of the isolates (n=23) harboured blayp,,, while 24.2% of them(n=8) harboured blay,.. Three CREC isolates (9.1%) carried both
blaypy and mer-9 genes, and PFGE analysis showed no homology among the three strains. After pretreatment with polymyxins
B [1/2 x minimum inhibitory concentration (MIC)], the MIC values of mecr-9-positive-strains to polymyxins B were increased.
Conclusion The clinical CREC isolates performed multiple drug resistance phenotype, mainly harboured blayyy, and blagyc
carbapenemase encoding genes. CREC isolates co-harboring blayp, and mer-9 were detected, and the polymyxin-induced drug
resistance phenotype were detected in all this strains. Laboratory monitoring should be strengthened to prevent and control its
spread.
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KM% ( Escherichia coli ) J i R UL
SMBURTE, TR B ISR B M At X RS PR
B UL B E R IA PR R ST . R Ll
TG AR L R A A Sl e 4 ORI T
BT B - P T T R S A TR 3R il G % i PR % 3k 9
KPR AM AR, MkE &ERbER R
R W A1 DT S T B L [ L | WA S S 11
K, BIRKI IS A RO i 5 B b A R AR A
BARAIm 24523, (H i THABIAIEEEOR, ik
FEMISHKmRAE W (carbapenem-resistance E. coli,
CREC) E G PR SR 5 2 0 B4, CREC # 2 8
ZEMMZGRA, (U ZFWEER . BN RS,
2015 4%, R 7 3 1 TE K 35 A T v i BBk
51 £ 5 Z 125 (mobile colistin resistance,
mer ) FEH P HE mer 2851 3 R LE I AR B ik b oA
Wrgl ke . HETAHLIX CREC H#RAY mer JEK #5
W OLIRIERE D, PRI ARG X A 3 X — P48 2
gra v =W ERIm RS> 251 CREC Ik K341 . Bk
BRI 25 569 ) mer FEP HEA TR, A G R 2 E it
PR IS %
1 #REAE
1.1 ARt g WL RIER R S5 s B B
2020 4F 7 H ~ 2021 4F 6 J BT R A B 28 2 2% 6
BRIGIRbRA S B EE S CREC WtkILTT 33 1%,
(7] Fsf S A IO R M L A B A B R =R A R
i RBEEL. CREC By bn Ay A S8 0 A K i
Aoy T LW Jie 15 P 5 R B R 2 (minimal inhibitory
concentration, MIC ) {H = 4w g/ml Fl / 55 J& {55 /4
B MIC = 2 g/ml”, 25 4038 56 7 45 B vk & PCR
I3 P X LR Ak 349 Ay DR 3 A T ATCC25922, ¥ 73
PCR FH:X5F I P e S A% S 365 T B30 1 B SE AR A 1)
e R TR -
12 B EXFA  Microflex-LT Bl Fii /3 HriX (4
BRUKER Al ) , VITEK-2 %) 41 1 24 S0k Il {X
(:E BioMeérieux 4 H] ) , CHEF Mapper XA #lJik
iz e e B kA ( 55 [# Bio-Rad A #] ) , Biometra
%1 PCR 1% ( 7% [¥] Analytikjena 2\ 7 ) , Tanonl600
RIBE G st R ( BigREeRH A RRAR])
Agarose D-5 BiJEHHEEN . Xba I NV ( Takara 2
A, AR (3E Oxoid AF] ) , £%HE B
2iybrmEsl (LR AR, ZFEE B e
W (MIC %) K CIRMNFEZRAF) , i PCR
1Y A TARA .
1.3 Fik
13,1 SRS . 24 ORI % flke 75 5 I T 25 28 o3
B o I B AAT FL B RA TR ] 0 (ma-

trix-assisted laser desorption ionization-time of flight

mass spectrometry, MALDI-TOF MS) 3 17 B ff %
FE 5 W H VITEK-2 25805t A R e 2 25 R F 17
LGN, 75 B8 CLSI 2020 RiubRifE 75 RT3
RN EE T Z R R B I, 4R
Z: I EUCAST 2020 fbrif 5 B4 557 FM KI5
(' modified carbapenem inactivation method, mCIM )
K EDTA 1 75 %5 K& ( EDTA- carbapenem inacti-
vation method, eCIM ) 543 H1 CREC B Ak ik 5 55
Il
1.3.2 T B M i 245 36 P J2 mer 2R 91) 35 LR U
2 IR 0 R DNA B0, 1 PCR i 46 155 0 7
PR B UL K 75 5% 45 B 3 K (blagpe, blaypy, blapg,
blayy, blagyass ) X mer ZFNFEH (mer-1 ~ mer-9 ) ,
SR HI L3 1 Ky k5% S0k P, PCR 7
VI NEWEBE S F UK S5 LS 4 AL, PR 3 7= %
A T JE B GenBank NCBI A4 28 [ %

Sy
&1 255 & PCR #ifll5]
FHRIEA s 1431 jf "
/) (bp)
blagp KPC-F  5’TGTCACTGTATCGCCGTC3’ ™
KPC-R  5’CAGTGCTCTACAGAAAACCY’
bay,  IMPF  5'GAAGGCGTTTATGTTCATACH «
IMP-R  ’GTACGTTTCAAGAGTGATGC3’
blagy, ~ VIM-F  5'GTTTGGTCGCATATCGCAACS o
VIM-R  5’AATGCGCAGCACCAGGATAG3’
i NV STGCAGETTGTCGRCATOCE6CS
NDM-R  5’GGTCGCGAAGCTGAGCACCGCAT3’
Blagys OXA-F  S'GCGTGCTTAAGGATGAACACS s

OXA-R  5’CATCAAGTTCAACCCAACCGY

| meelF SAGICCGITIGIICTIGIOGES -
T erl-R PAGATCCTTGGTCTCGGCTTGS )

, mr2F SCAAGTGIGTIGGICGCAGTTS s
T 2R STCTAGCCCGACAAGCATACCS’

, e SAMTAMARTIGITCCGCTIATES
B e3-R SAATGGAGATCCCCGTTTTTS’

| e STCACTTICATCACTGCCTTCY e
P 4R STTGGTCCATGACTACCAATGS

o merSF SATGCCCTIGICICCATTIATCY
T SR STCATTGTGGTTGTCCTTTICTGS

o mertE SAGCTATGICANTCCCGTGATY -
T er6-R PATTGGCTAGGTTGTCAATCS

L meeTH SGOCCTICTITICCTIGTS «
M TR SGGTTGGICTCITICTCGTY >

o b STCMCATICIACAAGEETES
MR e8-R PAATGCTGCGCGAATGAAGS’

mer=-9-F  5’TTCCCTTTGTTCTGGTTG3
mer-9 1011
mer-9-R - 5’GCAGGTAATAAGTCGGTC3’
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1.3.3  fiknpdzEE i H Yk ( pulsed-field gel electropho-
resis, PFGE ) Jr#fr: HBUVPT T H9812 I mer-9 B
CREC WR A V&M T LB Wi, 37CIRGH
P 6h Ji5 AR AR, RIS A B e i £ 0 3
JEH I B TR A M K B 50°CK% 18h, itz
WHEVEG, BT Xbal WYIEHAR 37°C/K¥ 4h. H
VKRS 25 3Rk [12] HRLTK R HR e 6 145 5 H Bio-
Numerics #4504, PFGE & 27 KT 7 &8 A
[ pulsotype &I [,
1.3.4  ZHEWERIFETHN S5 30k [14] BT,
5 mer-9 PHPE CREC B A% M-H A 7 il £ % [
WEEN 1.0 MEEEWR, llMAZ R E B (A
Z e BE ol 12 4% MIC . 37 CIR¥% R 3% 6h
Je AR, PG AR BRER KRR 3 WA G A=
TR KL B A7 FCHR Bl 0.5 IR, T TR A
R TR ARG I A I B X 2 BH TR R Y MIC {H. Lk
RIGEE =K,
1.4 %t 554 N Shapiro-Wilk 15747 1IE 2
PERGES, A& B4 A iR ok (ERF AR )
DIFIE « fRuEE (X xs) Fomo THETORIDLR
Fa 8 e 2R o FEAR G PR 9 A6k B 2 S50k 0 485 L S A
WHONETS.6 #AFi# 4758150 o
2 R
2.1 EARIEARS>A 33 Bk CREC 4355 H IR AR A
(10 8k, 30.3%) . HRHWIrA (8 bk, 242%) . Ji
W KA ibRAS (6 Bk, 18.2%) . IMLkRA (5 H%,
152%) . BEBRWIRA (2 8k, 6.1%) . IH{TFR
A (LR, 3.0%) . 38 Ruw (18R, 3.0%) .
CREC /B IR B EH LB M E (63.6%) , BH
AEW 25 ~ 87 (62.4+15.0) %, HFFLEIRKRLE
FHR RIS ], 15.2% ) TAE Wa b (4 461,
12.1%) | MEAE (461, 12.1%) . HHMEF (3 4,
9.1%) . 25 (34, 9.1%) 4.
22 MR R LR 2. CREC W K Xk

VE: M: 437 Marker (DL2000) ;

P: FHPEXTIR; No BAPEXTIR; 1~5: Sk,

PRI B - PN IE R B4 1 500 2 b Ak R i 24 %
Y10 100.0%, X6k 7 B R PU A R I 25 % K
93.9%~100.0%, X7 E P RT3 84.8%,
XBDKRE . BN R MZ W R B 1Y 2558555
K 24.1%, 3.4% I 0.0%.
23 BHEEHBARAAZALRAEN BE mCIM
H1 eCIM X 56 46 I 2 7%, 31 ¥k CREC (93.9% ) 7=
B, WRREEEIEIEE ( mCIM) K
B BHE R RR 8 Bk, EDTA- 85 Bk 25152 (eCIM )
TG B AR 23 Bk, PCR Az 7 45 S A6l i 7
mCIM [H £ CREC ¥ # 7 blagpe, 3 [ (8 £k,
24.2%) ; eCIM [HME CREC YT blayy,y, FEH (23
B, 69.7% ) , Hir blaypys FHME 12 8. blagpy,
P 10 Bk . blagpus FHME 1 #k. #5453 PCR F= 4 ik 45

RIULE 1A, B,
2 CREC BRI AERMEINGHLER
hER no TR (%) AR (%) BEE (%)
PR 33 242 0.0 75.8
PUSEPYAR / SR 33 100.0 0.0 0.0
LHWZ B 33 0.0 0.0 100.0
JEAb AR 3 100.0 0.0 0.0
HHDE 23 100.0 0.0 0.0
DRACTIAR / e t3n 33 100.0 0.0 0.0
BINAE 29 34 379 58.6
LA 33 100.0 0.0 0.0
kA 3 100.0 0.0 0.0
SRIOURM / S 33 100.0 0.0 0.0
KA 33 100.0 0.0 0.0
KAz 33 100.0 0.0 0.0
kAT 33 100.0 0.0 0.0
NAjeaas 33 93.9 0.0 6.1
KEHRDA 33 84.8 0.0 152

B 1 PCR =¥ KE (A blage EE; B. blayyy 2=HE; C.mer-9 EH )

24 mer AR A S EBE BEFSAFIE PCR
K 2R, A B mer-1 ~ mer-8 3L 44 9

P, A 34k (9.1%) CREC Hitk (i34 5. CR_
EC12, CR_EC16, CR EC26) # 45 mer-9 5t A,
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LK 1C; H 3 ¥k CREC BRI blagyy 5L,
3% 3, PFGE 45 /R = FH M EH LR KT 7 4,

R MR pulsotype Y, FERRE]TCEJENE, WL 2,

PFGE-Xbal
lﬁ |‘O_ 0 o Strain No.
| ~ “ ) | | CR_EC12

“ 3 . HE ‘ « CR_EC16

| ' ] 'N I CR_EC26

B 2 =#k mer-9 fAE CREC E#kH PFGE B o1 E

ZZFHE B (1245 MIC ¥ ) FWisbH 6h )5,
3 # mer-9 PP CREC X £ % 3 & B /9 MIC {H i1

EC16 5 # k5 1h MIC H M 1 wg/ml, %5 MIC
{f M 4~8 w g/ml; CR_EC26 5 & £k I & MIC {H Ky

PURRFEEE AT, CR_ECI2 S HAREA MICH  0.5pg/ml, S5 MIC (R 1~2p g/ml.
H 1pgml, iS5 MIC {5 16~32pw g/ml; CR_
3 SHEZBIESMHLER
itk A g o PR ()
pgfml) i 1 i 2 i 3

CR_ECI2 I blaNDM-1 1 16 kY] kY]
CR_EC16 i blaNDM-5 1 4 4 8
CR_EC26 iR hlaNDM-1 0.5 2 2 4

3 iFig FH R B MZ R ETElmR EEH . S8 B

I IS — R R /K I e 3 P 56 %0 8%
M B - MELNERE, MRYE Ambler 5343250 43
A, B, D =2%, ¥ H 4B (new delhi metallo
B -lactamase, NDM ) J& T B K 4&JE B - NI,
A R AR T B I 2y e M, — g4 [k
B FiA T st oR 2 W1, FRIE IR K7 2519 CREC
PR Pk 2 227 NDM B i 75 85 0 g 1. ABIESE
69.7% I CREC B blayyy 52, 5 kA B
A2, #H—BMFEER IR, blayyy FFEAILL
blaypys N T, FHIKHM blaypy, . TFFTE, NDM-5
5 NDM-1 AH FEAFTE A AR A ('Val88Leu %
Metl54Leu ) 255, AR HXTRE RHEIAR
HAHE R E‘J7kﬁ§=’ﬁ5)iﬁ [16]0 HFIRHE blayps %zm
IncX3 FURi#EH7, AR IR AR gk iy, 7edk
X PRI R sl W e U i ik i B S e il B HAF
TESZ REHL,  [RIHZ 2B BobE B 577 2 i 24 25
B, AT SRS 2 E i 2 3RA U AR,
CREC WX IR H H A R 25, F25
AR . RS MBARAS I R IR E SR
I I I AR 415 24 B 25 R O 45 5 SR e A B T e
o

ZRE R 2 R AT AR — A 2 ik
kyih&, HA, B, C, DME L, HEAZ

MR, (HJEAE B ATIG R 2 i 2y Ak
FTHEBTHWIURT, 2R ERAYC LT
YGARIT R —E R Bl Hik, MR S
LR E B 253 mer ¥R BG, STEISE T4
BRI 2 e, TRk, mer FEAYAE FAR (mer-
1 ~ mer-9) 7EH AL HBAWIHRIE, /i) 21
J& mer-1 il mer-9 JE K ¥ 5HE mer FEF A,
#5H mer-9 SEF MRk Z RIH Z R E E B Ui
TRANGTRAY, (BRI C R T2 R B2
YIREEH, mer-9 FEH B B ST, dEmre
HEES 2 F A YT RBFSE R 3 Bk mer-9 B
CREC HkRZ 1t 172 £ MIC ¥ 5 1 25 ) AL
HXZHWE B MICHEXERT LA, #E—%
WESET mer-9 PEE FERER 2 5500 R 15 I 2549 1E
Jy— 7, EARAHEGE Y 3 BE mer-9 FH M
CREC ¥ [A) i #54f blaypy, 1H PFGE 737 71 4 bk
6] TG (R, $2 7R AR WF S8 mer-9 AN 2 I
PR 7 R S B AL G . HHOCHF 9 W, mer-9 3
(R 3 22 IncHI2 AU R 5T, 1R ok 43 2 #5707
Kt it H B SR ERRRBILFE T, dE—5m
T mer-9 PR I PR B AR R A e B AR 4 U
B, ARBFFEH G 3 1 mer-9 BHPE B kUL 7] E 55X
FhSORL I AKSAERE R OG . BRT, Sk / g
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O BINER N B B R R I IR T i R

A R 25 AT R G R B HE, e T B2 L IR RE D

il NDM HUf5 75 R4, RHTEVR YT blaypy FHAEZH

PRTECECAE R, 2R R B AR RO I R 1

AR R P 2R mer-9 ERFEIG PR AR 12 1%

i, TR LRSS SUANRE M B 24

R, W25 RGBT 7l AR BRI o
i LRTIR, AWETE AT 1A X R O3 B

CREC T R T 247 S ik 5 B M B P RR AR, JF )

ARG T mer RN AT RO, (EAHEERE,

BIRFT AR ZHER BRI MICHE < 2png

ml, fEAT3RH 9.1% 1) CREC E MG mer-9 KL,

It H. mer-9 BHPERR IR I 0 2 38 R 1915 1 25

R, 3K —RFER Y T 25 2R AL T 2L PR AN A ) S 56

B EREMN, BT AR ANEREER D>, |

BRI, DR RIS S R A AE — 8 S BR

It S 2 22 B8 TIRIE S TR AR 4 B BRI, ] I X

mer-9 PR BRI T 2 BE N H I Y, IR ATE R 23

TR B4 mer-9 BURLAYZ>FRAE, AR K2 B

T 245 T B 4R S 5 Kl

SRk
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