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atypical enteropathogenic Escherichia coli (aEPEC) strain were explored. An extended-spectrum f-lactamase (ESBL)-
producing atypical aEPEC strain, E2892A1, carrying the plasmid-mediated colistin resistance gene mcr-1 was isolated from
retail food. The biochemical characteristics were analyzed using the Analytical Profile Index 20E test. The minimal inhibitory
concentrations of antibiotics were determined using the microbroth dilution method. Further, the genetic characteristics
(antibiotic resistance genes, plasmid replicon types, and virulence genes) were analyzed using whole-genome sequencing
(WGS), and the genetic evolutionary relationship was constructed based on core genome single nucleotide polymorphism
cluster analysis. The results indicated that the aEPEC E2892A1 strain had a high prevalence of resistance to ceftazidine,
ceftriaxone, tetracycline, ampicillin, and other commonly used antibiotics and was an ESBL-producing strain. WGS results
showed that the strain was an aEPEC and carried 17 antibiotic-resistance genes, the virulence gene eae, and four plasmid
replicon subtypes. This is the first report of multiple resistance genes (especially C7X-123 and mcr-1) co-existing in the
same ESBL-producing aEPEC ST752 strain. Conjugation experiments confirmed that the mcr-1 gene could be transmitted
horizontally to E. coli C600. The presence of such a strain in food poses a potential health threat to humans. Thus, continuous
attention to its spread is essential. This study provides important basic data for monitoring the risk of highly virulent
multidrug-resistant bacteria in food, which can aid the rational use of antibiotics and the formulation of clinical protocols for
the treatment of food-borne diseases.
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Table 1 The primers used for detection of virulence gene and
antibiotic resistance genes

B #
AR

S

HEZ B2 F(bp)

SR (5~3")

cae eae-F GACCCGGCACAAGCATAAGC 384
eae-R CCACCTGCAGCAACAACAGG

merl mcr-1-F AGTCCGTTTGTTCTTGTGGC 320
mer-1-R AGATCCTTGGTCTCGGCTTG

CTX- CTX-M-123-F GAAAAGTGAAAGCGAACCGA 439
M-123 CTX-M-123-R CGACGTCGGTAAGCCG

133 @R A mE

W K FF 1 E2892A1 £ LB 1% 37 ‘C & 75
18 h, KIZHAN MH £5772%, 37 ‘CHIr 24 h, R
12 NEE, FAICEAEBERKFRE, HEE 05
FRMEE, 4kEERBEE 1.0¢10° CFU/mL. H4EEH
I A S5 56 % A #E fL 25 1 2% (Clinical and Laboratory
Standards Institute, CLSI, 2018) #r #E'", % H
TR R s B 52 10 B AR B K AT B
E2892A1 B A% ) fe /NI B WK B2 (Minimal Inhibitory
Concentration, MIC), &40 T47#:4E 3 k. FTHPL
AEORE: BRI (AMP). BISPGHK / 50 4E R
B (AMC). Skl i f2 (CRO). WiR Z A5 H & E
(COL). EJ5Hit (SXT). VUK (TE). ZEng
iR (NA). B E (CIP). FWEER (K.
B AR *E (FFC). LLE. coli ATCC25922 Jy i 4%
F Ak, HRHE CLSI (2018) Frvik it 24 i i 4 5E 1
PRI 24515 .

ESBL A4l 5« FIFH AL 15D E E2892A1
B R B- N BRI IS . DAk fafhnE (30 pgd. 3k
A IE / TR 4ERE (CAZ/CAL, 30 pg/10 pug) F13k
HIMEfG (30 ug). kM5 / whidEfg (CTX/CTL,
30 pug/10 pg) RNMERARF, B B AT MH 1),
JE A, B 37 CHFFMREFE 18~24 h, JEH]
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plus kit {77 & Ui B $53E 47 DNA F Bofb Rz &
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R, JF Hilid Qubit 3.0 Kl SCEWEE, &
¥4 @ T Tlumina NextSeq 550 U A 347 2L [
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(2) FE[RIZH L3 K5 51 L 43 dr

X T i NextSeqs50 Il 77 7 & 3k 18 19 — A%
W EdE, A cutadapt (v1.9.1) 2% B 2 3k 7 41
FARR =755, 43 3 5 2250 A 46 A i = AR 7
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SPAdes v3.6.2 B PFEAT A EE, FRAF AR P2 R A
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R 2 SEFEKKREREMER

Table 2 Information of reference strains retrieved from NCBI database

Btk RS FE A 5 STA A ZHFEA
GCF_004368015.1 South Korea / chicken 10 Incl2
GCF_001660565.1 Switzerland / poultry meat 7060 N/A
GCF_001679985.1 USA / swine cecum 7051 IncI2(Delta)
GCF_001682305.2 Malaysia Homo sapiens urine 744 N/A
GCF_001693635.1 Netherlands: Leiden Homo sapiens feces 359 IncX4
GCF_001735705.1 USA: Illinois swine cecum — Incl2
GCF_001886535.1 Germany Homo sapiens clinical 617 Incl2
GCF _001886555.1 USA Homo sapiens clinical 617 Incl2
GCF _001886575.1 USA Homo sapiens clinical 617 Incl2
GCF_001886755.1 USA Homo sapiens clinical 617 Incl2

GCF _001936315.1* China: Beijing Homo sapiens feces 189 IncHI2
GCF _001969285.4  China: Sichuan, Chengdu / Sewage 48 IncHI2
GCF_002142675.1 China: Jining Homo sapiens blood 405 Incl2
GCF_002142695.1 Taiwan: Tainan Homo sapiens urine 617 IncI2(Delta)
GCF_002142715.1 China: Hefei Homo sapiens blood 131 IncHI2
GCF_002165095.2 China: Sichuan Homo sapiens 156 N/A
GCF_002214205.1 USA: New York Homo sapiens urine 1485 IncHI2
GCF _002278115.2 Egypt missing raw milk cheese 69 IncHI2
GCF_002357875.1 Japan Bos taurus / 457 Incl2
GCF_002357895.1 Japan Bos taurus / 457 Incl2
GCF_002357915.1 Japan Sus scrofa / 117 Incl2
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GCF_002811555.3  China: Sichuan, Chengdu / Sewage 410 IncHI2
GCF_002846135.1 Qatar Homo sapiens  Respiratory secretions 95 IncHI2
GCF_002853655.1* China / clinical patient 301 Incl2
GCF_002853715.1 China / clinical patient 117 IncI2(Delta)
GCF_002853805.1 China / clinical patient 88 Incl2
GCF_002853965.1%* China / clinical patient — Incl2
GCF_002854065.1 China / clinical patient 2064 Incl2
GCF_002855325.1%* China / clinical patient 793 IncP1
GCF_002855415.1%* China / clinical patient 301 IncX4
GCF_002860105.1 China: Shenzhen Homo sapiens Rectal Swab 167 IncX4
GCF_002953435.1 China: Shenzhen Homo sapiens faecal sample 95 IncHI2
GCF_002996665.1 China: Shanghai / cow dung 278 IncX4
GCF_003030025.1 Denmark / poultry 7786 IncX4
GCF _003111785.1 China: Shandong Homo sapiens feces 8739 IncI2(Delta)
GCF_003204955.1 USA Homo sapiens Rectal swab 457  IncFIB(AP001918)
GCF_003231115.1 China: Shenzhen Homo sapiens fecal sample 3288 IncFIB(K)
GCF _003308955.1 USA unknown unknown 11 Incl2
GCF _003308975.1 USA unknown unknown 69 Incl2
GCF_003402955.1 China: Chongqing pig feces 88 IncI2
GCF_003443815.1 China / Broiler chicken farm - IncI2
GCF_003667385.1 China: Chengdu egret Bird (Egret) feces BE2 1684 IncP1
GCF_003667405.1 China: Chengdu / Jin River water W2 162 N/A
GCF_003667425.1 China: Chengdu / Jin River water W5 744 IncHI2
GCF_003691425.1 China: Sichuan / pig feces 206 IncFIA(HI)
GCF_003711005.1 China: JiangSu / goose anus swab 48 N/A
GCF_003856995.1 Saudi Arabia: Riyadh Homo sapiens urine 131 IncHI2
GCF _003966445.1 Japan Bos taurus / 16 Incl2
GCF_003966465.1 Japan Bos taurus / 21 IncI2
GCF_003991155.1  Viet Nam: Ho Chi Minhcity =~ Homo sapiens blood 457 IncI2
GCF_004006545.1 China: Zhejiang / feces 206 IncHI2
GCF_004006575.1 China: Zhejiang / chicken 2705 IncHI2
GCF _004114395.1 Bangladesh: Dhaka Homo sapiens rectal swab 648 IncHI2
GCF_004135775.1 Thailand: Chiang Mai Homosapiens urine 448 IncI2
GCF_004135815.1 Thailand: Chiang Mai Homosapiens stool 448 Incl2
GCF_004135855.1 South Korea / chicken meat 93 Incl2
GCF_004328685.1 China: Henan pig / 1114 pO111
GCF_004526255.1 Tanzania Homo sapiens / 46 IncX4
GCF_004924275.1 China: Jiangxi pig feces 515 IncX4
GCF_004924355.1 China: Guangxi pig feces 1196 IncHI2
GCF_005156265.1 Japan: Tokyo Homosapiens / 167 IncHI2
GCF_900174635.1 France Homo sapiens clinical isolate 1288 IncX4

E: ¥ R AE AR A AR M EOR K MATH aEPEC.
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Gubbins v3.2.1 X} 5 2 3t 47 55 &, JF F H Fasttree
v2.1.11 FERAS I S KA AT R K & 1t
B, MERGRKEM. 7RI, SH R RR T
X mer-1 SERIREEAEAE 15 FOEAT 40T

2 HR5ie
2.1 HARAE AT

1 MZGEEFENEE PCR &

Fig.1 Detection of drug resistance gene and

virulence gene by PCR
7Z: (a) M : Maker DL2000 ; Line 1~5: CTX-M-123.
mer-1. CTX-M-123+mcr-1. eae. T M 3+ B, (b) M:
Maker DL2000 ; Line 1~4 : E2892A1 (mer-1+). 4% & T
J2892A1 (mer-1+). FRMESTEE. PR FE,

3 47 i B KR A 18 2892A1 18 K AT B
R F R, Jeig. UgHEST. HE 1.5 mm
e WSRO TR AR R : ONPG AR (),
A RAUKIEE (5, BERMRE (©, LR
BB (1), B (O, MAERARE O, R
O, RNAMRMAR (-, BEE (o),
VP iR (-, ARG, KEER &N HEREE .
(AL, BRZSHE. EHE. W pE. BIRARE, Ak
R LI A5 A5 48 . API20E %58 A KT E (AR

ith 5144572), 8% 99.5%. £ /13K eae PCR %
TE S5 BAFSEE MR E2892A1 B KT i o ) JF
7 E0% KT aEPEC (& 1.

20 HEERR AT AN R

A R i 0% K g A B B2892A1 X 10 Fh
WA 251 Sl 3 FTzn. E2892A1 B bk
WNHEBRBPAER (PSR w4, 27
FEAR. ki fs ). ZHRIERE (ZHEEE).
REWRTRPAER (FER). AFRZLNE
7 (R E). WETEm R PR (. 3
R R IR RRPAR (JUKRR). BILEH
AR (EHEW ShiERBRIINE, BT
ZEMN 2 H . 1X 10 FPiA Z 5 E2892A1 K #x /)
FOER R IR AN ZRPEAR (>128 pg/mL).
Bl B AR / s 4EER A (> 128/64 pg/mL). Sk
A (>64 pg/mL). ZHEERE (4 pgmL). E 75
W (>16/304 pg/mL). PY3R 2 (64 ug/mL). %5
BERAER (>128 ug/mL). HHFVDE (8 pg/mL).
M E (128 pg/mL). MWK JE % (>128 ug/mL).
KUAC Fr AR 45 SRAESZ, E2892A1 & ESBL BHME
CE 2). i 245 5 [K PCR K& I 45 50 55 58 Ak 3 7
CTX-M Fl mer-1 FEK (] 1. @i #4550 3045 1
BREEA T, MICIIES RER, BETFHLZHER
E fif #j (MIC=8 pg/mL), Xf % % itk (16 pg/mL).
BT B 76 MK / 50 b 4E R A0 (2/1 pg/mL). Sk i i AL
(< 0.5 ug/mbL) EI7HE] (< 0.25/4.75 pg/mL).
ViR (<1 pg/mL). ZEHERHIR (4 pg/mL). A
WE (<05pgmbL). FIEHZR (4pg/mL) FHEEK
Je% (2 pg/mL) ZEHUK (3R 3),

RHERT U R 2Rk B B
R 24 1, 3K 5 [ P A A 2 i E — 50,
FEn i 24 1 T R 5 A AR K A P I e A A
Ko FEmRMEEEZFRH T HyiAdR, Bl
O R E AR FH Fiakbiasin, SR 1m0 I SCoRiRIE F
SUHE FORE TR S A R 24 R A AR A7 AR Y,
TRE A i 25 AT+ 43 TR

Z R B 2B E BN R TT 2 EL 2 AT R
YT B G R B S IR B, AR AR B A 2 R R R
FEBEBEREN I, 2R 2 25 3 AW
FHE, 2015 4E Liu ZPE S8 K FF 1 oF 1 ik
T FRAF 10 2 Kl R 255 mer-1, 5# T 4
BRI Z %0 . Mer R AT 5 805 Ak 2 R B 2 E it
2y, R SRS TR GE L BB X R
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) I — P BRI T uAE BRI, Ak
AL DA RS T B . B, 5% E#H
o T 2R R AR . 2017 4, FE L HEE
\EAEFRGE S 5 R o R AR AR IR, B e
R R 2=, HET BHET mer-1 EHRATIVR,
R 8 W AN 977 428 JBURL A 3 22 K TR 3R T 24 TR A% 4 L
b,
% 3 FEHA R KGR E2892A 1 E R BIAA M 4 R

Table 3 Antibiotic resistance of atypical enteropathogenic
E. coli E2892A1 (ng/mL)

a:\ﬁ—w_‘ N .
AT NE e

wAFMNE A F WHFE RAETRA HAL MIC
MIC
AF B =32 >128 16
ﬁgi Q i‘{fg ,;? =32/16  >128/64 2/1
Sk 3 A =4 >64 <0.5
SHBEL SHEAEFE =4 4 8
X AFHER =4/76  >16/304  <0.25/4.75
WK FE R w9RE =16 64 <1
S Ao BAER =32 >128 4
A E =4 8 <0.5
AEBEHE FAREE =64 128 4
AEEL AXRE =16 >128 2

B 2 ESBL WK ELEELER
Fig.2 ESBL identification results using double disks
7 : a: E2892A1 ESBL AR M (+), kFafbrs + £
YBR AR K TOENT + LIS HEBRAR N b 6T J2892A1ESBL
RAME (-), KFME + S AT B Ao K TR T + LA RR
SR

2.3 F B0 K IAT WE2892A1 28 B 4 3L AR ARAE

AR FLE R BN (F4RE3), AR
o KR AT B E2892A1 JE K ZH K/ 5 231 388 bp, GC
B 50.24%, BB FR R 5084 MR,
4 998 ML E HFH, 72 4 tRNA Al 13 /> rRNA
FP. MR ON : H40, MLST £ A7 555140 Ny
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ST752, AL 20 5 A: adk (10)fumC (11).gyrB (4).
icd (8). mdh (8). purA (8). recA (49), JFiFiTi
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