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Abstract: To investigate the distribution and characteristics of non-0157 diarrheagenic Escherichia coli (DEC) contamination in retail

Microbiolo

foods in south China, food samples from 12 cities in this region were collected randomly and examined using the GB/T 4789.36-2003 method,
and the molecular identification of DEC was conducted using multiplex polymerase chain reaction. In addition, multilocus sequence typing

(MLST) and the paper disk method-were used to-analyze the genetic characteristics and drug resistance of DEC strains. The results showed that

DEC was detected.in 164 samp. 1000 food samples, with a total contamination rate of 16.4%. Severe contaminations were found in meat

and aquatic products. Of the fi athotypes tested, enteropathogenic E. coli showed the highest detection rate (8.0%), followed by
enterotoxigeni Wh (6.2%), enteroinvasive E. coli (3.4%), and Shiga toxin-producing E. coli (0.4%). A total of 207 DEC isolates was
obtained; and the MLST results showed 58 different sequence types (STs), including 44 reported STs and 14 novel STs. Cluster analysis
indicated that eight clonal complexes (CCs) were obtained in these isolates, among which CC10 was the largest. The DEC isolates showed high
resistance ‘to tetracycline (72.5%), trimethoprim-sulfamethoxazole (66.2%), cephalothin (50.7%), ampicillin (56.5%), and chloramphenicol
(48.3%). The results of this study indicate that related agencies should strengthen the monitoring of non-O157 DEC to reduce the risk of
outbreaks of foodborne diseases.
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KA B B iR B PAFR R, AT 40 B
VERIAEEUR IS . BURERIGIT I, HRRS0E K
W> (Diagrrheagenic Escherichia coli, DEC), &7l
A FREME IS E R . fEFRE, DECHE#:
FINOAEA A P KB s 2 i MRS
T SURNLEE s ES A, DECH] 4 NEUmR M KT
W (EPEC). F=EtE KT (ETEC). RZEMH K
B (EIEC). I KimitE (EHEC) FERAENEK
kB (EAEC) Pk,

HAT, VF2 & el RAS 50 S8 = 47 3= B H F A
SIS R AN DECIHAT S8 . R IEEX
oy FERE e S R 5 T A HEAEA, (& B LA
715 % e DECAT RERANATEEN, AR RER R
% [ SCHRTRIE M35 85 55 7 DK -2 (A1 B 6] L
K ARPL R, VR T AR R ORI
Z HPCRTIEN A AR FIDECH T S8 . IXLELS1
TERA R REEEERE R, ypaMES B ATk
PIEEAE, FHH TSI & AR A PRI i 2 A%
E[4~7

bR T B TEETE, RS TR

2 N T SR TS YR A s AR T 7T, bk
Mz Yk (PFGE). 247 m 75158 (MLST)
A ERIC-PCR %y 13 B 101 PEGE ™ 3Z I\ 240
B B b, (RREIEE A, XHEE AN A
ARERE . MLST E—frqﬂuff?%&r?ﬁw\j it

B, MLST #AEfH 5, ,n% I‘J%ii?%iﬂ#ﬁ1~
G E R, Bk, MLST O8RS YR T
TATIREERE U — R BTk

DECH| RS K22 B BRIVEF e AT 231
AEFRIAIT AHRXT—LEAE (G TR NS
PUERIBIT IR T ZN . BRIUERKTZMA,
A B R U T £ R DECHY
AR, SRR ARPUE R FERAT

HER SR

FERRIE RE DA T E T DEC {544
B, (IR LE I 22 SRR TG PRASE A Bl B s e
Mei, BfH DEC 75 4ROLE TR s Ry L
Wz . R AR, B S Z BIS AR
Yisgs. Bk, RN TSN DEC B5%y
A AE L, AHIE U0 TH AN R 3 I & b AT 1A,
K % H PCR J525% 4 BRI 25 7156 RIEAT 1A,
guit T ANFZEAY DEC 5 3eE L, FigH MLST 47
Ty BN TRIbR M A% 2RV T 20, Ty Fnd |
BUE KIT s (1) B K IR 240 .

1 MR5RE

L1 dRE

20114F7H~20124F12 1, BEALRAEERHLX 124
Wl O TN L sk ERETL G, AR
BT, dbifg. BT WOM=T Ei AR IS0
100017 FF i » @Tﬁz%ﬁiﬁl"], 1864 7K /=i, 296
BB R4 BiSE . HIBGB/T 4789.6-20033 ik
AREEHEI, ﬁﬁﬁﬁnuﬁ‘cﬁﬂ Cykany 4 hy ke s
oL o

1.2 AR

EPEC 044:K74 Ceaed+bfpA+), \ETEC 025:K7
(It+st+), STEC O157: (eaed+stx]+
stx2+), EIEC.028:K73"(jpal+), A1 EAEC 042:K?
(pCVD432+aggR=IVENFHAMAIR, KIHATHE ATCC
25922 AITERTHR, “BA BRI AR AL ARG

TG Iax i on | RNVS i
1.37 5o H Faik

#L*@Hﬁ%ﬁﬁ%iﬁ%ﬁ\ PN R T AR S
FREEP . AEFERK. BRI B T E S B
I HRHRHCED BRI A T . APL 20E AEAL%E R

A BvEEAE Y AR AR, KIIRA IREIZ Wi
B B TR ZN A R A F], 2xPCR Mix b H
REAEYFHAA IR A, HAth PCR 7RI KA
W H TaKaRa 2 ®] . 5|40 4 K I KA Ao
Mueller-Hinton Eg g f1Z5 85484 W H 9 E Oxiod 2
CIP

14 FENHFEE
Biometra TProfessional PCR 1% (f#[E Biometra /A
F)); HVKA(EPS301. EPS501 1 EPS3501) (g 2z

WEW AT BRSITHG RS UVI (3E GE
Healthcare A ]).

1.5 Fik

Z 8 GB/T 4789.6-2003 (€ 5 PAERAEM2AA656
B Ky IKEka ) o7k, moish. TR
25 g FEAEN 225 mL B, YWHEFTHE 1 min. f
9 EISURE AL AL B TRR AR, L 107~107
NIV FE BRE AR ERR 1 mL 23 BiHEepp 3 3 & LR
hRTEE Y, AR 3 NER. 36 C+l CHFE
18~24 h J&, FeFUBE R IEBAPES o 1)1 B R S 4
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KA R R 775, 37 CHFR 1824 h.
1.5.1 @A EE

A TR EPRE 1~2 AN B AT SE TS, 7
BRI 4EML 5, F API-20E. MID-64 Fi1 MID-65
AL TE T B R T S
152 B#%EPCREE

K BRI B PRI ZE R 2H DNA, F£225 3k
5% DEC #4700 %€, PCR 5149/771.
SSAR R B 56 S = RN R 1o RNAR F A 25
ul, HrPfdE 2xPCR Mix 12.5 puL, 514 200~400
nmol/L, ddH,0 6.5 uL, DNA 4% 200 ng. ##x %
FEFEN: 94 CTIAM: 5 min; 94 CAFME 30s; 58 ‘Ci

SR 7 DEC NBHMENIR, E.coli ATCC 25922 FBAYE
XTHE, PCR P2 1.2%3 NE R & e vk st A TR, FH
R UG T R BB R

153 Z4586/55] 5 (MLST)

SR 20 B 5 R L PR BT R B B Bk DNA, 4%
E. coli MLST %4 (http://mlst.warwick. ac.uk/mlst
/dbs/Ecoli) $2ALI KA B MLST 7287, &7
MNEFIEN adk fumC. gyrB- icd~ mdh~ purA F recA
HAT PCR ¥4, PCR FIWF5 RV 2P 261
R /NZE 1. PCR =i, ikt KFER
BT . RH] SeqMan  [LAK RS AL K5 51
BATPHEREZIE, HHIE R IR AL E eoli MLST %1

K 1 min; 72 ‘CHE{# 1 min, FLHET 35 AMER; 5 PEEEP AT IO, #RYE 7 NE KRR A G FRAT A
72 ‘CHEAH 10 min, § 45T 4 CORAE. DIAIRIEL [ ST AL, HFIF eBURST V3 # 4 Zist AL BEAk B
=1 BHRAMPRIMFT » ]
Table 1 PCR primers for detecting virulenceigengs”™ ““&  /
Hmph FHAR F14071(5°-37) U K bp A Lk
F: CTGAACGGCGATTACGCGAA
eaeA 917 Mahmoud, 2012
EPEC R: CCAGACGATACGATCCAG
F: AATGGTGCTTGCGCTTGC'I(
bipA 326
R: GCCGCTTTATCCAACCTGGTA

; F: GGCGACAGATTATACCGTGC 450
t
R: CGGTCTCTATATTCCCTGTT

ETEC
F: ATTTTTCTTTCTGTATTRTCTT
st 5 190
R: CACCCGGTACARGC
F: GTTCCTTGACCGEC ATACCGTC
EIEC ipaH 600
R-GOCGGTCAGCCACCCTCTGAGAGTAC
F: ATANATCGCCATTCGTTGACTAC
stxl 180 Paton, Paton. 1998
_— R: AGAACGCCCACTGAGATCATC
F: GGCACTGTETGAAACTGCTCC
stx2 255
CGCCAGTTATCTGACATTCTG
\ CTGGCGAAAGACTGTATCAT Schmidt et al.,
CVD432 630
EA ‘ CAATGTATAGAAATCCGCTGTT 1995
z F:ACGCAGAGTTGCCTGATAAAG
| ageR R: AATACAGAATCGTCAGCATCAGC 254 Toma et al., 2003

1.54 FAEFIuHEn

BERE R (streptomycin, 10 ug), ##IPE (norfloxacin,

SR AR A B HOE (KB ), 2

S EHIm R SEI =AREA B2 (CLSD 2011 AR A AR
BEATEE RN, 15 Rl RAR B AR P
MM R, TS, 284U BRIk
(ampicillin, 10 pg), FIZLFGAR-FEHAERR (amoxicillin-
clavulanic acid, 30 pug), SkffhiE (ceftazidime, 30 pg),
SkHuER (cefotaxime, 30 ng), kHIPE T (cefoxitin,
30 pg), kfBENY) (cephalothin, 30 ng), KMEHZR
(kanamycin 30 ug), K KEZ& (gentamicin, 10 pg),
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10 ug), HHIE (ciprofloxacin, 5 pg), MR
(nalidixic acid, 30 pg), A% (chloramphenicol,
30 ug), EJHif (trimethoprim-sulfamethoxazole,
25 ug) FIPUIRE (tetracycline, 30 pg). PAKHZHFH
ATCC 25922 &3 tAR & BRI# ATCC25923 /EN)4%
AR, ARYE S B R /N E TR BIURK (sensitivity, S),

41 (intermediate, 1) Bii¥% (resistance, R)
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2.1 &% % DEC /544047 EN

@it API20E A1 MID AL %5, MR T 5 3]
KIGHFFEE 893 ¥k, Hidh 207 #R& £ & PCR L& NEUE
KT # DEC, 4% 88 ¥ EPEC, 77 £ ETEC, 38
¥k EIEC A1 4 £k STEC. MFESIZERE, 1000 17

BAFESH, A 164 ST DEC, BI5H%N 16.4%
(#n% 2). EPEC. ETEC. EIEC 1 STEC %%
BN 8.0%. 6.2%. 3.4%A1 0.4%. 14 BHPERE S rhis
T2 MBS RIGE, 1 et 1 3 A
SR E . MEMBESKE, K= B i
(21.5%), HUCHWZEE M, FHIEZE 20.4%.

R 2 FRIAEEERPBUS KRR THIER
Table 2 Distribution of diarrheagenic E. coli contamination in different food samples

REAA DEC fatestsm(fatdn) [

P S & FelPEAE Fo Ak 2 (PR /%)

EPEC ETEC EIEC STEC
nE M4l 29 60 (20.4) 31(10.5) 22(7.5) 11(3.9) 4(1.4)
K S 186 40 (21.5) 22(11.8) 13(7.0) 9(4.8) 0
Mk 296 34 (11.5) 13(4.4) 16(5. 8(2.7) 0
HE 224 30 (13.4) 14(6.3) 11(4.9) 6(2.7
Bt 1000 164(16.4) 80(8.0) 6262) 4(3.4) (0.4)

22 HHETF A HRL

BRI R SRS UNER 3 FTon. 88 #k EPEC
R, 81 #k (92.0%) #E4T eaed HEH, 7 Hk (8.0%)
[F] 485715 eaed F1 bfpA LK 1F 77 # ETEC 4 ¥k,

47 R (61.0%). 5y SEBEH, 7 bk (9.1%) 7 Ir K
A, 23 % (29.9%)[EmjdEs Ie Fl st K2Rl a1 38
WE-EIEC #1577 ipaH JER, 74b, 4 ¥k STEC +, 3

IHENT caed FN secl FER, 1 ¥RFEINEHT eaed . stx2
Il sl HEA]

% 3 BUSKIATES HERE D MLST £ E 45 o

Table 3 Distribution of virulence genes and MLST genotypes among diarrheagenic E. coli isolates

B Al A FNARREREKE MLST % B/ s
ST10 (14), ST5076* (1), ST117 (6), ST5047* (1), ST196 (5),
01 (6), ST746 (3), ST1147 (1), ST191 (3), ST155 (5), ST48
)), ST398 (3), ST 789 (3), ST5058* (1), ST5059* (1), ST2473
EPEC (88) eaed (81), eaeA+bfpA (

/(2), ST218 (4), ST716 (3), ST223 (5), ST711 (4), ST5065*
(1), ST1684 (2), ST5078* (1), ST1079 (1), ST216 (3), ST641
(1), ST602 (4), ST5066* (1)

4 ST10 (26), ST101 (9), ST48 (7), ST1246 (4), ST5073* (1), ST58
(2), ST278 (3), ST5075* (1), ST5072* (1), ST898 (1), STI155
(3), ST2309 (5), ST1972 (1), ST2251 (2), ST409 (3), ST5085*
(1), ST602 (2), ST448 (3), ST2705 (1), ST5043* (1)
ST10 (6), ST215 (2), ST224 (1), ST155 (4), ST101 (3), ST641
(1), ST196 (2), ST4417 (1), ST1426 (1), ST616 (2), ST345 (1),

it (7), (47), It+st (23)

EIEC.(38) ipaH (38)
ST2914(1), ST5083*( 1), ST2179( 1), ST5082*( 1), ST1308(2 ),ST197
(1), ST117 (1), ST226 (3), ST1246 (1), ST5073 (1), ST409 (1)
STEC (4) eaeA+stxl (3), eaed+stx2+sexl (1) ST10 (1), ST297 (2), ST93 (1)

G 90 HF ST A,
ST5072. ST5085. TS083F1ST5082) F=A:=ff, HA3

23 MLST & 4R

MLST 345 B8R, 207%kDEC/ B4 158
FIAFEIISTRY, AFE14NH ST, fEIX141M8iST
B, 1ANSTRR H7TME B & (ST5043.
ST5047. ST5058+ ST5059. ST5065. ST5066+ ST5073+

ANBTST AL H H AN A7 2 K7 518 7= AE 1) (purA
367, icd 502Ficd 501) (£3). eburstff K Hrek
RN, S8FFSTAY A1 /=2 1 84 7 [ & & 14 Clone
Complexs (CCs) F50H—f& (Singleton) (1),

8/ NCCsE k15 TR BEEI52.7%, HACCI0MHIAT
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FIaEE AR, X—wEEARPEE T 24STA, MR LR BRI 7O W PTHE I, Hord
SHIPNST10 (47/207; 22.7%)+ ST48 (13/207; 6.3%)+ LI R “AMP-C-TE-SXT”

ST215 (2/207; 1.0%)- ST218 (4/207; 1.9%) ST789 I

(3/207; 2.1%) FIST5072 (1/207; 0.5%), FHJIXLL e T we =

STRAERE ERIHHIX i 2 RAT 0. M Mo L ®

24 HEERHGR Vomea T w ™
BUAEZLERAIISS (74.9%) WEEHESTRIA S T o wm o T

MUl ESIER, 133 (64.3%) ML=MLL EHiER AT e

(Table 4, Table5). WHRXTIUME (72.5%) HIiHi '

] (66.2%). SLHIMELY (50.7%) ZRTEHE (56.5%)

MEAER (483%) SFHRAB G, K0 Ek B 1 BUSAMHTE S EARAMLST IR R

Xkttt . SkrmElE, Sk T Bk, A Fig.1 MLST genetic profile of DEC isolat

WENRKKERBIR. 7o, WBtEERE, Pk
R4 WEAMHEHESRER
Table 4 Antimicrobial resistance of 207 DEC isolates

P 1 HERKE (F5F) FEEEDEC B L R
DEC (207) EPEC (88) ETEC (77) EIEC (38) STEC (4)
f-lactams
AMP (10 pug) 117 (56.5) 55 (625 )&(5&4) 13 (342) 4 (100)
AMC (30 pg) 22 (10.6) 9 (102) (143) 2 (53) 0
KF (30 pg) 105 (50.7) 52°(59.1) 0 34 (442) 17 (44.7) 2 (50.0)
CAZ (30pg) 11 (53) 4 (4.5) 5(6.5) 0 2 (50.0)
CTX (30pug) 3(1.4) 1eL1) 1(1.3) 0 1(25.0)
FOX (30png) 3(14) 1 (1.1) 1(13) 1(26) 0
Quinolones and
fluoroquinolones /
NA (30 pug) 10 (4.8) 5(5.7) 4 (52) 1(2:6) 0
CIP (5pg) 8 (3.9) 5(5.7) 3 (39) 0 0
NOR (10 pg) & 235G11-1) 12 (13.6) 6 (7.8) 5(132) 0
Aminoglycosides
(10pg) l 11 (53) 4 (45) 5(6.5) 2 (53) 0
0pug) 31 (15.0) 14 (159) 12 (15.6) 3(79) 2 (50.0)
10 pug) 48 (23.2) 22 (25.0) 16 (20.8) 6 (158) 4 (100)
" Phenicols
C..(30pug) 100 (48.3) 41 (46.6) 43 (558) 15 (395) 1(25.0)
Sulfonamides and
synergistic agents
SXT (25ug) 137 (66.2) 55 (62.5) 55 (714) 23 (60.5) 4 (100)
Tetracyclines
TE (30 pug) 150 (72.5) 60 (68.2) 61 (79.10) 25 (65.8) 4 (100)

7Z: AMP: ampicillin; AMC: amoxicillin-clavulanic acid; CAZ: ceftazidime; CTX: cefotaxime; FOX: cefoxitin; KF: cephalothin;
K: kanamycin; CN: gentamicin; NOR: norfloxacin; CIP: ciprofloxacin; NA: nalidixic acid; C: chloramphenicol; SXT:

trimethoprim-sulfamethoxazole; S: streptomycin; TE: tetracycline.
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*5 BUSAMTERINZE

Table 5 Antibiotic resistance patterns of 207 diarrheagenic E. coli isolates from retail foods

HAEZHE  EAREE (%) Rw NAuE (BRSO
0 27 (13.0)
1 25 (12.1) KF (19)
2 22 (10.6) TE-SXT (8)
3 22 (10.6) C-TE-SXT (6)
4 30 (14.5) AMP- C-TE-SXT (15)
5 30 (14.5) AMP- KF-C-TE-SXT (13) y
6 18 (8.7) AMP- KF-C-TE-SXT-S (6)
7 12 (5.8) AMP- KF-C-TE-SXT-NOR-S (2)
8 13 (6.3) AMP-AMC-KF-C-TE-SXT-CIP-S (2/)
9 5(24) No common p: s H@
10 1(05) AMP-AMC-KF-C-K- CN-TE- -NA-N!
11 2 (1.0) No commc')n;%ns

3 Zig

3.0 BUE KRR KR SRR, T
AR KRS R AR R,
£ DEC X TSR S I R R A
HEEN. EIRE, RN AT e
S RS PR B TR, TIRBUE K
FFETERRAE 0157 Ss kb il ke o T4 5
AFHRINBIIL, HAE e E AR
AN, LA RIS 2 R G ML 4077
VBRI IS5, RS I VA 2 SRR, s
T BT B IE R, (B T AT i g 7
5%, R RIBUR I K SR P s A I A7 7R R
BHEILS, A, R UULE R AR % T VAT B
R ZRF L, AR £ &
PCR #f DEC HMkHHT /T %08, MIKRGRE 7%

7K
(LISION S5 Pl 7 24 5 £ i 2 4 W% 0 T B EE O
32 fEFZX DEC 1, EPEC J& 5 NiftfT i DEC 287,
& %15 %] 8.0%. EPEC 4 A7 EPEC (tEPEC) Al
JE# EPEC (aBPEC) '), tEPEC Btk RN eaed
A bfp WFDFELE, 1 aEPEC FEFk R eaed FA.

AHFFEH, tEPEC F1aEPEC #5514 8.0%4192.0%,
JE#7 EPEC 7E& P L tEPEC Bk, X—45 515
DA SCRRIRGE RSEA —FM . B NIRRT %
B, tEPEC 5IVEGH BT R %, 1M aEPEC 5]
PAEZHH Y, TR A E R SRR R E R,

aEPEC #5J@ T U 0w 26l 20, Shuk g bkt HA
5 STEC 5L Bupiks s . I E B aEPEC 52 &
PRI R R IO ER . R, XS8R RRAE Ak
WE I, UEAN, ARIAE A 4 4 RIZEER S
STEC. m%ﬁ;z‘f%% 4 Bk STEC #4249F 0157 A
(2 #k O111 H 026), XPAIER CE4ERTE
RN 23 V2 JrE . WRNANSE E (ks Bk, 4F 0157
STEC Sl &MYt 0157 B s>, 7
PEL OAHICERTTX STEC WaMlF=ZELL 0157 NE, 1M
XAl STEC BRI RS A, WAHT T
SERE, WAL E BRI R, TSR
STEC 75 G4 R /5 Bt — A ok
3.3 FEEMTFHEAR AR R R R Je,
MLST & #1401 L B 5 A58 %
MLST HARE T ER X 421 DEC BEikiE T T
TR NIRRT RS, RERAER ST
S KA MLST 15 2402 R D1 eI
Herg X Bt DEC BMAFER s 2. A
A RIS T 58 ANARE ST B, i 44 A ST AU
b b O RaE R, Horp— e E S 5 4 (ST10. ST155.
ST101. ST117. ST48. ST297. ST602 F1ST93), &
ZAER b3, B, BARNEATH EE 2 AN E K
PRRAT, R HE AT 2R, i Rk
IR, FRATTARIRVYFRAN RIS S (1) 35075 K iR
ST RUFEA T RAFI o AH IR I8 K & A& CC10,
CC155 #1 ST101 55w E &1k, X)L ST E&ikE
NRIEGLZAIAE IS (http:/mlst.uccie). KL, &
AEAEIXLE AR 9 B M R 1 VB E B o
34 YHRMIZ EN G — B SEROGENE A E. A
WA R B 60%I%) DEC HAT 2 &l 24tE (Ji=Ah
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PAEFTAEZD . EHTIRER . B Fiam. 2 5k
Ak fEmy 2 A m BB, X5 DA E A MRGE 11
PFEA 02200 GAETEAR, SkAtamEmy A1 T ik
A2 BT RO BRI AT B R B, B B AR
FEFF I AE K R . DEC RIGHX B HTA: R m Pk AT fg
ik A RAEIRARA B Aok PR . &
B E e — Flvr 2 [E R A5 L AE B Ol Al A
. LMERIRF AR, DEC 8RBT N A5 & i
U7, SR AHE U DEC W AE R R EhE
48.3%, RPAFBREPERAHIEHH. 5o R
B2 BAMT = ARSI, WEF AN T A R
JE BATHE S 25 2Dt p- 9 B RBER A: R B Ak
BERIL T 2Pl 7~9 FPUAER I, XFEILZ
FEH A NVER . T HiA ik T REiE I e
MR, SERGEAESEE, R, RIS E S AR BT
G AIE R Gk o AT A1 I S = (W R A RS A= N
ARIMER, BhIE 250k L%
3.5 LR LFRR, ERFHIX AR AAE R DEC j54
K, B A 2 Eiif ik, e ST AU
[y S Y NS~ &7 N S T A S i
3k 0157 BUw KA I+ %2, KRl e
Frdh GABRIER K D o UG A3 T LA
SR B S BCRIR A SRS, [HR
ﬂﬁﬁ%ﬁ?%ﬁ%ﬁéﬁﬁ%&i%ﬁﬁu
T
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