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ABSTRACT: Objective To analyze the virulence genotyping and drug resistance of diarrheagenic Escherichia coli
(DEC) from foodborne ultraspectrum f-lactamase (ESBLs). Methods The 285 strains of diarrheic Escherichia coli
from foodborne disease surveillance in Suzhou were tested by polymerase chain reaction (PCR) virulence gene
detection and typing, and 29 antimicrobial drugs were tested by microbroth method [minimal inhibitory concentration
(MIC) method]. Among them, cefotaxime/clavulanate (CTX/C) and ceftazidime/clavulanate (CAZ/C) were used to
detect whether they produced ESBLs. The other 27 antibiotics were identified as sensitive (S), intermediate (I) and
resistant (R) according to their minimum inhibitory concentration (MIC). The difference of drug resistance between
ESBLS-producing DEC and non-ESBLS-producing DEC was compared by y* test or Fisher exact probability method.
Results Among the 285 DECs detected in Suzhou, 47 DECs produced ESBLs, accounting for 16.49% (47/285), and
the predominant virulence genotype was enteroaggregative Escherichia coli (EAEC) (38.30%, 18/47). The total drug
resistance rate was 97.87% (46/47), with resistance to 23 kinds of antibiotics. The drug resistance rate to ampicillin
(AMP), cefazolin (CFZ), cefuroxime (CXM), cefotaxime (CTX), ceftiofur (CEF), tetracycline (TET), nalidixic acid
(NAL), trimethoprim/sulfamethoxazole (SXT) was high. CZA, carbapenems (IPM, MEM, ETP) and tigacycline (TIG)
are not resistant; Compared with non-ESBLS-producing DEC, there were statistically significant differences in the
resistance rates to 13 antimicrobials, including AMP, ampicillin/sulbactam (AMS) and cefazoline (CFZ) (P<0.05). The
multiple drug resistance rate of ESBLS-producing DEC was 89.36% (42/47), which was much higher than that of
non-ESBLS-producing DEC (48.74%) (116/238). Decs producing ESBLs were resistant to up to 6 antibiotics (MDR6),
and the most common multi-drug resistance spectrum was AMP-CFZ-CXM-CTX-CEF-NAL. Conclusion DEC drug
resistance and multiple drug resistance of foodborne ESBLs are serious, which should be paid attention to by public
health surveillance.

KEY WORDS: ultraspectrum f-lactamase; diarrheal Escherichia coli; virulence gene; drug resistance; multiple drug
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YERE R 285 BRETTRVER IR 9 DEC UE177 ESBLs MR 1k,
LA AR RS | KnE | R Rk, AR F b Howg g LR B 5 A STt 2515450, 7 ESBLs ) DEC
ﬁ:% % H(J ﬁ jj Jj:_t Z_\‘ lﬁ] E‘l‘ 6} ﬂ‘j F'r:% ﬁ %t:‘ jt% jﬁ?ﬁ(‘ J@%Egﬁﬁﬁﬁjﬁﬁﬂg%imuﬁ{%m}ﬁo

(enterotoxigenic Escherichia coli, ETEC)., il Bt X 1 HMRE5EE

1575 1 (enteropathogenic Escherichia coli, EPEC) . & R %

0 3| =

R SO BB 5 B BR R FIE T 1 3
Rz, B 256 45 26 MUR R R NS 00, 25 A ERA K
TEEA SR SRR, YR R E R A
It fe B 1) OV BT P K W 32 A B (diarrheagenic
Escherichia coli, DEC)J2 & J& i [§ GG PE R TS 1 295
JEEM O E A KR A [C T, DEC LA )

P KM 3% %5 T (enteroaggregative Escherichia coli, EAEC),
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1.2 {UF5EF

VITEK®2 Compact 4= H sl ¥ % e XK S 5E F Fr
(1 M BB 4EH); SLAN-96s £ H zh & & B 4% =0 &
(polymerase chain reaction, PCRY{Y (|72 1 EEy7 Bl A KR
D), H IR R GE B I W i 25 Bohk S ARIS HiQ
4 H AT 25 (35 1E Thermo Fisher Scientific 23 H));
F MEUER AR F B = B Tolk Pl A B AR A IR A
ml); AHEH DNA $IOR S 5 FEUE KIGHT RA% ER o ]
EGINAERHFAED A B A].
13 75 %
131 2&L5%E

ST (G TEEEER SOM TAEFIE) + DEC
KOG HEAERR T, XYL PEIE TS 3 B 28 sl T AR A
2 FEHLEUIE M (macconey agar plate, MAC)HEAT 43 X K1l £
S¥ES, 36 °Cx1 °Cil Bd 5% 18~24 ho % 5 ML RIGIRA
PR B4 T B8 B VR 40 S D = MRk B IR 1% 3% 2 (triple sugar lron
agar medium, TSI) S B FEBifE, ASLid %357, X TSI AHA
JRERIAN TR HRZ 7 BRI A H2S Wi kk, SRR
YR E .
132 #ALHESA

57 R RS AR AR R A T AR R, X AR A M SR Y
EHRBUE LRI A AT PCR, MR HAE 0 # J7 5
AR [E3E4 7438 : ipaHA+H) % N EIEC; LT . stp(stla) . sth(stIb)
FE/p—+HE K ETEC; bfp+, escV+, stxl ., stx2 ¥«
&K EPEC; bfp-, escV+, stxl | stx2 W 1 AN 2 D+ HE
5 EHEC; aggR . pic. astd &0 1 DBHHE# K EAEC,
133 HHuKE

HRAE 3 A 5 TR PR s W T AR 00 ) Hh ik
O T A BOR I AR AR Y, MR R B IE X 29
FC e 25 04T 20 000, b Sk e i / o hr 4 i (CTX/C)
53k A BE/ S f 4ERR (CAZ/C) ] T I J& #4577 ESBLs, H:
f 27 P Az 22 M 4% I A 1K B ¥k B2 (minimal inhibitory
concentration, MIC)HEBUE(S), FNDEHER), XF 3
Fh R UL b A F i 25 E o 2 FE it 245 (multidrug resistance,
MDR). PIKIRAH ATCC 25922 1R Gt MMk (L4
PR T BT A P AR )

1.4 HIREALIE

il SPSS 19.0 B i, K Kele sl Fisher 45 HiHE
RPN A LR AT S AT 2= 08T, P<0.05 ZRH S
?E:;‘\SLO

2 HERS5SH

2.1 DEC WIEHEREESH
TE 285 ¥k DEC H Bl %3¢ 7™ ESBLs [ DEC 47 #£.

77 ESBLs [} DEC LA EAEC 19 /7 Lt fe 51 (38.30%, 18/47), H
X H ETEC (34.04%, 16/47) % EPEC (25.53%, 12/47); TidE
7 ESBLs 4 DEC L. ETEC /& % (37.39%, 89/238),
EPEC (30.25%)5 EAEC (30.67%)5da 3T, W2 1,

&1 DECENEEESTH
Table 1 Distribution of virulence genotypes of DEC

7* ESBLs-DEC i/ ESBLs-DEC
5 (47 i) (238 1) At
WMEL Bl TERRER HB%
ETEC 16 34.04 89 37.39 105
EPEC 12 25.53 72 30.25 84
EAEC 18 38.30 73 30.67 91
EHEC 1 2.13 3 1.26 4
EIEC 0 0.00 1 0.42 1
Bt 47 100 238 100 285

2.2 DEC MIfHZh1HR

T 5 Sk R i /5 P 4EBR (CTX/C) A5 3k 70 i/ 5 7 4
PR (CAZ/C)KIN H 1) 47 k7™ ESBLs (BTG M K IR 7 1 o,
46 B A TG, 2530 97.87% (46/47), X 23
Ao sE R R 24, X %K PR (ampicillin, AMP)., 3k
ik (cefazolin, CFZ), kAUMk=F(cefuroxime, CXM). k
i85 (cefotaxime, CTX) ., kHIBENL (ceftiofur, CEF), PUIR
K (tetracycline, TET) ., Z5WEMR (nalidixic acid, NAL), H4&F
2 B W /i e H EE 8 (trimethoprim/sulfamethoxazole, SXT)F
i 25 kgt s, %o Sk Al /BT 4 (U 3H(CZA) . BT B 252y
YI(IPM, MEM ., ETP) & BN & (tigacycline, TIG) AN 25;
4k ESBLs 11 DEC Tit253% Jy 76.05% (181/238), %3k
i RECAHUK . 7EXHE = ESBLs [WFh DEC 418t
BEM, Z&X AMP . Z %79 A/ & B 3 (ampicillin/
sulbactam, AMS). CFZ. CXM. CTX. kH#flilE(CAZ).
S0l Jl5 (CPM) . CEF. NAL. ®FNP A (CIP), HHE =X
(CHL). RZJEZ(FFC), SXT iX 13 P42y i 24 8 4%
TG 2422 57 (P<0.05), L3 2.
23 DEC WIZEMZAM S

AWFFRIL LI MDR BTERE 158 Bk, SUAZ 2y
RN 55.44% (158/285), ILHBL 121 R 253%, A e
. HH 7™ ESBLs i DEC £ H i 25K (89.36%, 42/47)i
& THE/” ESBLs iy DEC (48.74%, 116/238), 7 ESBLs
i) DEC fiz 22 UL i) J& %) 6 i 2E Z it 25 (MDR6), f5 % WA
ZHIMH253EN AMP-CFZ-CXM-CTX-CEF-NAL (3 ), 3k
7% ESBLs ) DEC £ WX 5 Fiyik Kl 24 (MDRS),
w2 E i 253 ) AMP-AMC-CFX-CFZ-AZM (9
foil), W2 3.
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Table 2 Drug resistance and statistical analysis of two types of diarrheal Escherichia coli
77 ESBLs-DEC (47 f4i) 4E7* ESBLs-DEC (238 1)
iz 7 P
ifif 245 4% M 25 3/% Tiif 25 ik M 25 %/%

AMP 43 91.49 121 50.84 26.545 0.000
AMS 12 25.53 26 10.92 7.248 0.007
] B DY /7 17 4E R (AMC) 8 17.02 34 14.28 0.234 0.629
Sk 60 At i /AT 4 B 4H (CZ A ) * 0 0.00 1 0.42 - 1.000
LALPE T (CFX) 4 8.51 34 14.29 1.133 0.287
CFZ 38 80.85 50 21.01 65.856 0.000
CXM 35 74.47 11 4.62 141.465 0.000
CTX 34 72.34 6 2.52 158.579 0.000
LA fiihE(CAZ) 6 12.76 5 2.10 12.031 0.001
LA (CPM)* 3 6.38 2 0.84 - 0.033
L BE Ik (CEF) 30 63.82 4 1.68 144.290 0.000

PR 5 2 (IPM) 0 0.00 0 0.00 - -
2% KR (MEM)* 0 0.00 1 0.42 - 1.000
JEAb RS (BETP)* 0 0.00 1 0.42 - 1.000
KA ZE(GEN) 10 21.28 22 9.24 5.702 0.170
{73 R (STR) 17 36.17 59 24.79 2.599 0.107
Bk S (AMID)* 1 2.13 0 0.00 - 0.165
Z KW #E E (CT)* 1 2.13 2 0.84 - 0.419
ZHRHWE B (PB)* 1 2.13 1 0.42 - 0.303
Pl 23 55 25 (AZM) 10 21.28 52 21.85 0.008 0.931
PUFRZE(TET) 24 51.06 111 46.64 0.308 0.579
TIG* 0 0.00 2 0.84 - 1.000
NAL 25 53.19 80 33.61 6.465 0.011
WNTSRL(CIP) 10 21.28 9 3.78 16.598 0.000
B # (CHL) 12 25.53 25 10.50 7.846 0.005
K JE % (FFC) 13 27.66 20 8.40 14.215 0.000
SXT 25 53.19 64 26.89 12.642 0.000

TE: *li 7] Fisher W21, R T IL I
®3 ZEMHERSLH

Table 3 Number and proportion of multiple drug resistance

/" ESBLs-DEC 47 ESBLs-DEC
i) (47 fi) (238 i)
BHREL LEA81/% TSR L A1l/%

MDR3 2 476 20 17.24
MDR4 1 2.38 19 16.38
MDRS5 7 16.67 29 25.00
MDR6 9 21.43 22 18.97
MDR?7 2 476 7 6.03
MDRS 3 7.14 4 3.45
MDRY 3 7.14 4 3.45
MDR10+ 15 3572 11 9.48

A1t 42 100 116 100

3 W54

FRINT A 2022 4E 1 A F 2024 4£ 9 F A& T
75 % 1Y DEC R K 2.67% (388/11036), 52018—2019
AEVLHNE UM DEC (LR (2.48%)k1iE! ", (A% T A
TG b3 T ZE 5 M X (18.99%) 1 | 22878 (13.96%)1, 3F:
HBMEF4E 2009—2018 M4 MR DEC HYERYLE
(6.68%, 6119/91651) 1°1, ZAfiff 53 # 7™ ESBLs Y Fk i tt A
16.49% (47/285), Ik b5 X gL 18 V5 b ™ ESBLs 1)
DEC Bk 5 Ho(22.82%)! 1A K 4% M 1 X 7 ESBLs /) DEC
i EE(37. 1% b 8 1) 51 n K S A T L S S e p
Hh7= ESBLs KM FFBIAG % 64.5%"%, [ il & 7
ESBLs KFIRA BN bt ol 54.49%!"1% H™ ESBLs
BRI O E XA R, HR R AT RE &R O 7 ESBLs K iR
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25 b X 2 B FH 2 A TR A 5PN, EL AR IR 5 B 2 A T
PR EYE KL 5 T A RIS

5T 87 ESBLs [ DEC % AMP.SXT.TET.NAL
I T 24 258 H Wik B 25 2 (IPM . MEM., ETP) X TIG
B TG i 2 X — 2 A 2 R 5 b b XY Jk e M R S
ESBLs $0V5 1A 8 4 11 A0 2 4t SR v i — 3, (]t
ESBLs K DEC %flk 403k CFX 4b, HArA Lt
A= R T 25 635 B % % FAE ™ ESBLs i DEC, Hhy™
ESBLs (1) DEC %} —fU3k#td CFZ, —fUskdll cxm, =40k
6l CEF HYTH 25 R 1140 60%, H i =3k 44 Sy /™ i ke
KIHFFH R —2- 1245122, 7 ESBLs 4 DEC | iZ {64544 245
FAHCIATFH R IR, ESBLs & H BURA S 374, @it
IK A B- PR R 280 AR 2R T Sk 2B AE 2 1Y B- N IERE P DA
A 2RI IE PR A R 2120, A AR 2 g A i 24
FE DRV T B I FL AT 38 3 o b A% 1Y, e i e ek
JERLARAS ESBLs A i 3 DS (1 [vl Hsf th, 25 e il JH At i 25 35
U ARAS . H AT AT Z 50058 & B HLF IR ESBLs
A, 7= ESBLs MY TR K2 | ST 2E | ol i 2% |
PURRZE | ARk AL | w4 i 350 A 5 e B i 2 2312527,
AWHRYE FRMRAEE—E 25, HERAREH TA
[ 5 ST 2 B PR A A S Ti) e i B 17, b T R S AN [) [ R 114
Pk F PR HIBOR 122 5 DA I S 30 24 B B A T 25 5. 7E TG
Bl LEZEME G AN ESBLs FH: % K £ & iif
2R T AP, HIER TR TILERE RS
REARZEE, IKNHEBEARE, BPaIT B, Mg
IS FEARAT M 2 BE I, SO i 24 D kA 4 R DL A ik B
BRI WE ST & B0 ESBLs 14 TR RR 5 28 Xk 75 25 I 25 AU 4%
oA 5 A 2 R 20, (] AR A T 4 RO R A0 41
i 25 9t 51 Je AE T8 25 v & B B Y KM 3% 7 TR G s ity
25 K = AR Sk ARV RE A 2 5 i 2 3R 100, PR e Lo ik
BEISFN DUAR K 76 5 T 25 56 mT Rl FHizE Rz (T
T AR

AT ZE H I 24 1% A A B B R, TR R AT g K
Jigr 35 7 TR R 2 LT 22 Tk DA B T 2 35 R 454 07 =00 2 Rk
i S P K R A& W b 9 ESBLs R/
CTX-M-type . OXA-10-like, OXA24. SFO-1. SHV ., TEM
FER R PR PN A AR RS 7 ESBLs
CTX-M-type FIH ik AP, 220013 45 4ff 9 45 5 2 1
CTX-M-type 3£ I % kM K W W % B
GEN-TET-CIP-SXT X —ifif 245 2512038 Afse b4 %
P 3 {4|;= ESBLs () DEC % GEN-TET-CIP-SXT iif24, 5
6.38% (3/47). AN[EHY ESBLs JL[R %3k i 5| & ifit 25 X AT

TERRZE S, Sl 53 F A P H AR S5 38 ESBLs A OCHEA,
RE A% S 4T g 7™ ESBLs ¥ DEC 5 25 22 ] JCHK

Zi bR, it X JEE™ ESBLs 9 DEC 5 /15
BUOMAG L T2 % Z2 TR 253 0 A, AT AT ) T R g g
DR, e P 2507 S AT sk A i 2 R 647 A, O i PR TS
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