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Antimicrobial Resistance and Genetic Characterization
of Pathogenic Escherichia coli Isolated from Distribution Beef in Gwangju
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ABSTRACT - This study aims at investigating occurrence of pathogenic Escherichia coli (E. coli) associated
with high rate of food poisoning in beef samples collected from markets in Gwangju, and the antimicrobial resistance
and genetic characterization of the isolated strains. Pathogenic E. coli was detected in 82 (24.4%) of 335 beef samples,
and 102 strains were isolated. Of 102 strains, 66 were identified as enterohemorrhagic E. coli (EHEC) and 11 strains
harbored both pathogenic genes of EHEC and EPEC. In antimicrobial susceptibility test, 30 strains were resistant to
more than 1 antimicrobial. The most frequent antimicrobial resistance observed in the isolated E. coli was to tetracy-
cline, followed by ampicillin, trimethoprim/sulfamethoxazole, and chloramphenicol. Serotyping of isolated E. coli
identified serogroups as 026, 091, 0103, 0104, O111, O113, O121, O128 and O145. Therefore, we suggest that
hygienic management of cooking utensils and sufficient cooking are needed so as not to cause cross-contamination

when cooking beef.
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ETEC), 1A th -+ (Enteropathogenic Escherichia coli,
EPEC), % 42 ) &+ (Enteroinvasive Escherichia coli,
EIEC) 5°] AtH. FEZdNd<t-2 verotoxin, intimin (eae
gene), enterohemolysin (e/ix4 gene), autoagglutinating, adhesin
(saa gene) T2 WYAF AAE THEL
el Hel 25 APEAA 284 44
(Stx1), VT2 (Stx2)7} QiThe.

WA LR 5 Aol oI o)
BAE ol gstel AR AW, T 7159
Wy AR B8 3718 A8 IYAE
o AT A Feow A olm FYA
e oAl WAel YelAl Ho) Abe
A%l AFE F32 AT,
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Materials and Methods

INI=E

2018 12958 20208 2¥€71A] & 3038]9] AA 5
FrolM f5-diE e A7) 335US UERiE,
AAE F 2S AERAA AT AARNY AL
7l BT FUAteE uiE HATY F e AAES A
ot Fol &, 2L 12 B S, i & S
Al WS R SRbkste] 4AI7E olule Al st

2

-

W S W 2

HAQUA TS e AARAF A "3 21534
o wg} AlF3I ). A& 25 goll SwHlA] tryptone soy broth
(OXOID, Basingstoke, UK) 225 mLE- 7}3}% stomacher (ES/
Masticator, IUL S.A, Barcelona, Spain)S ©|-&3}o] 23}
3haL, 36°Co A 18-24A17F v F3lsict. vk & EZ1 Virus
Mini kit v2.0 (QIAGEN, Helden, Germany)3} EZ1 Advanced
(EZ-1 Advanved XL. QIAGEN, Hilden, Germany)& ©]-&
sle] §1AE FZ313, PowerChek™ 20 Pathogen
Multiplex PCR kit (Kogenebiotech, Seoul, Korea)S A&
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& 4] Real-time PCR (7500 fast real time PCR system,
AB, Marsiling, Singapore)S 33Tt PCR ¥ =71
L 50°ColA 28 &, 95°C 108 HFS-A]7|3, 95°C 15%,
60°C 1&2 1 cycleZ 40 cycle ¥HSAIZATH A8 A3 ¥
AN GH FARTE GRlE Al52] vl S Brilliance
E. Coli/Coliform Medium (OXOID, Basingstoke, UK)®ll
HE3ke] 36°CAlA 18-24417F v & AP AL HeEe
A 3}ko] tryptone soy agar (OXOID, Basingstoke, UK)
Al = 36°Col A 18-24A17F v sttt M e #+-&
VITEK 2 (VITEK 2 compact, Biomerieux, NC, USA)E
o]-g-3te] Astst AHS AT

HHEWEE 8N B 2

FTHT 1mLel B9+ 2 FE + TS
FHAIA 100°CoA 103 A28 5 14,000 rpmol|A] 33
b AAEEE L FFAS A AT E. coli
detection kit (GeNet Bio, Seoul, Korea)& Alg-3ll4] PCR
(Veriti, AB, Marsiling, Singapore)s 433}t PCR HF
& 21U B4 kite] AZzAF AERe we 50°celA 3
£ 5 95°C 10% HF3A]7]A, 95°C 30%, 68°C 45%% 1
cycle® 3tod 35 cycle RE3AIZITH #F extension 72°C
NA 5HE HHEAIZ) AL, SEE FHAE= QlAxcel (QIAxcel
advanced, QIAGEN, Hilden, Germany)& A}&-3to] 27|19
Fote] WAt dF FHAAE gIsk

g g 58 Tt

FeE Weadd A4S VITEK 2, AST-N169 card
(Biomerieux, NC, USA)E A&t A Ud 54
AR FEd #5E 47719 wiwdel wet
tryptone soy agarollA] 36°C, 18-24A17F wFst & 0.45%
saline 3 mLel| ¥-fA]# MacFarland 0.62.2 XA s}, =
ek o 145 uLE 0.45% saline 3 mLel FY3taL 2 s}
st} AFslT. Teln ANA HRE g R B
A7} FE=EZ coating®l sensititre (Thermo scientific, East
Grinstead, UK) plate 35(KRCDC2F, GN2F, CMV1AMAF)
= AHEStd A WS wab HAFeknh eld
FE AzAL] vlwde] wet tryptone soy agarol| A 36°C,
18-24A1 7 v %k3st & 0.45% saline 3mLol] F-A]#A
MacFarland 0.52 2332, 243 9 10 uLE Mueller-
Hinton Broth (Thermo scientific, Denver, CO, USA)
11 mLoll Y3t #235}8te] sensititre] 50 pL? 53}
Atk FHIEEOF sealing F 34-36°ColA] 18-24A]7F Hl)
¥ % dAAE MIC (minimum inhibitory concentration)
= gk 2ARE A= 1750192 ampicillin
(AM), amoxicillin/clavulanic acid (AMC), ampicillin/
sulbactam (SAM), cefalotin (CF), cefazolin (CZ), cefotefan
(CTT), cefoxitin (FOX), cefotaxime (CTX), ceftriaxone
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(CRO), imipenem (IPM), amikacin (AN), gentamicin
(GM), nalidixic acid (NA), ciprofloxacin (CIP), tetracycline
(TC), chloramphenicol (C), trimethoprim/sulfamethoxazole
(SXT)el%lth. A ¥ A3+ clinical and laboratory standards
institute (CLSI M100-ED29)°1® w2} #4511

Tk 310]
=200 L
EHF2 0% S5} PCRYESE Zlsisinh o

A FEH 115(026, 045, 091, 0103, 0104, O111,
0113, 0128, 0121, 0145, 0157)9] thate] BHF<L &2l
At 0P S8 T #+& 0.85% A
ol A3k £ 100°ColA 1417 EAl2ske] 12,000 rpm
oAl 3 A ST A2 HEAL 94 At
AL 0.5 mLE Y3 AFFAIZ F slide glassll &
&% (Joongkyom, Goyang, Korea) 133 2|55 20 uL
E "oy SRS ERIEkAT 1 ool S3nk
So] Yehb= HAAT om A=

PCRYE & 026, 091, O111, 0113, 0121, 0128, 0145,
01579] A&l thsll rfb (o-specific polysaccharide), wzx
(o-unit flippase), whsD (aminotransferase)2] -3 A}e] E-o]
X o2 AFsl= primerE ARSI TH(Table 1). PCR W&
AHS 11U Tag polymerase, 250 uM 2z} dNTPs, 10 mM
Tris-HCI, 30 mM KCl, 1.5mM MgCL7} 323+ reaction
buffer (AccuPower PCR Premix, Bioneer, Deajeon, Korea)
ol 10 pmol®] primere} =5 £2]E @Y colonyE 100°C
oA 158 FxE)stal 13,000 rppmoll A 38 YAE S A
NS template® 3t FHF WHEAZ 20 uL=E kAT
PCR Hhg Z71& 94°ColA 58 F, 94°C 30%, 55°C 75
£ 1 cycleZ 3} 35 cycle ¥H3-3151 3L,

B

Z|% extension

Table 1. Oligonucleotide primers used for various E. coli serogroups

2 68°C 7% Wt .
sted 2719%E JkciSe =

=718 LA 2k #HE FF 105 (NCCP15739,
NCCP14020, NCCP15956, NCCP13581, NCCPI12551,
NCCP15954, NCCP15957, NCCP13997, NCCP15955,
NCCP12555)% Algitol Ay 2 Fd3 dA5ol AR
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Result and Discussion

Helduiga 22 Wy 9 Q¥ EX
PR AN FE-IET Y= 2377 3357 = 82

7 (24.4%)00 A BAd N GFo] HEHAAL, F2E #5=
10275 o] 3¢l Cho 52 E#&2 6.8%°l
HlE] o E21&S YeRIth EHECE 5871(17.3%)9]
AZAA 6671 o] 7P =2 HlTS AAISHA
o} Kim 529 A4 EHEC #32]& 5.4%%} Pandal
5200] ALl A EE]&o] 4.0%2 Ad vHa = B
S By

Oh 52| 21842 GAE vAlE QY4 digh o
MNE 250 Ay F AP edde] A

L9 7Fsde] okl ekdth. HEg
Aot o] P =S 2]
sttt 2E8]3L Cho %9 &4 ¥
st A2 HACCP 4§ A< v 4§ A
g 7F7|FE0] AH SR Aol 9l
AR 54 #7300 met Qo] wAE 4 A,

=
F WAV Bold4E nAE 09 WA 7hsAe] Eoldl

o
H
i
23]
)
=,

Pathogen ]serr%:t Primer (5'-3") Ap li(c;);l) size Reference
o e CGGACATCCATGIGATAIGG 259 Valadez et
0% GCGCTOCAATIGCTTATGTA s Valader et
091 whsD g? gg?&%ﬁi%ﬁééf/&%é% 940 Valadez et al.'”
S - TCTTGCTTATAGCCAGAATT 135 Lecetal?
onp ROSMINOMTIGIC e
0121 wzx TCATTAGCGGTAGCGAAAGG 587 Paddock et al.*”

TTCTGCATCACCAGTCCAGA




Table 2. Genetic characterization of pathogenic E. coli isolated
from beef

Classes of No. of Virulence No. of
pathogenic E. coli  strains gene strains
VT1 9
EHEC 66 VT2 39
VT1,VT2 18
ETEC 13 Stp 13
EPEC 12 eacA 12
VTl,eacA 1
EHEC,EPEC 5 VT2.caeA 4
EHEC,ETEC 4 VT2,Stp 4
EPEC,ETEC 2 eaeA,Stp 2
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3} real-time PCR kitE 2
gelstar g tol &2
Aol HFste] MHS o 3
T EEste] BYAd FHAE AARSE
H zto] Foll wEt HEEo] A7t e A

FeE #F9 525445 A8 A3} Table 29} 72
k. 53] EHEC®] 6677 5 VT2 -F3A7} 3970l A
gRl=]o] 71 &2 BlFS AAERATE EHEC 9]oll ETEC
137, EPEC 12+ 8|3l 7 7HA7F SAlo g€
T4F2ZE EHEC® EPEC 5¢5, EHECS} ETEC 4¢F,
EPEC®} ETEC 2#53th =2 &2 7#HE3d VT #4
kel #AHE verocytotoxine F, Aol 3 YIHEE
EGANA BSE fFEshs o2 gEA U0 VT
A7 =2 HE2 H4E3E A2 ddolA B8-S ver
3 5 e AEA8S 7K Ao & 5 2t AR
Jenkins 57" F74o] gl HAAdUATd BEE FX
o] AANA Stx (VT) F8A= HEHIAR eae?t saa
TR ASEHA %3, WA eae®t saa TR W
A4 Fde Fasgt dge & shede] =rha s
TS Paton 570% B LHARE RIT F U=
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P U =

10275=2] A 175 digk A g AlE A=
Table 3%} Table 4 YERHUTE. VITEK 25 ©]-&3)
e A3}, 3097(29.4%)= 1752 FABA F & 7N ol
o FgAA el WAES 7M. e ¥, UmA] 72+F
2E A s JErSITE A WA S
o138t A3}, tetracycline®] W3S Yel= 457 274
F(26.5%)Z 7 ko). ampicillin, trimethoprim/sulfame-
thoxazole, chloramphenicol®ll Z+Z} 7d5(6.9%), 74 F
(6.9%), 57(4.9%)7F W8S BT o] 9|9 nalidixic
acid, ampicillin/sulbactam, ciprofloxacin 59 WAdo] A=
455 AT 1273F(11.8%)7F 24 o]4+e] A
ANM WS 7H ohAll dAd<tol ATt SensititreE ©]-&-3F
o] A1g3 A}, tetracyclinedl] 2745 (26.5%)7F WAS B
2™, ampicillin, nalidixic acid, trimethoprim/sulfame-
thoxazoleoll Ztz}t 9F(8.8%), 9TF(8.8%), 7a5(6.9%)
7F WS 2o o] 2l chloramphenicol, cefoxitin,
ciprofloxacin 5o Wil = #5= FA=HAT. 164
Z(15.6%)7} THAl W72 Yebgtth A WAL 7}
2 #F F g 7 AR WS TR #57F 7HE
WAL, 241 WA, 34| W/do] o ® wekorw, 74 W
A= 195 BIE ek VITEK 29} sensititreS ©] &3
AW 7he] Al WA Al Ade AR 2019
9 S7HAA AR B WA BUEE ARl mEw X
ARRE 23710 Z23 i 5 742%7F 1659 3
Aol 2% S UEho] ol 2ALeE Blszsl AL,

dob e o2 > flr

Table 3. Antimicrobial resistance of E. coli strains isolated from
beef

No. of resistant strains (%)

Antimicrobials

Vitek 2 Sensitititre
Ampicillin (AM) 7 (6.9) 9 (8.8)
Amoxicillin/Clavulanic acid (AMC) 0(0.0) 0(0.0)
Ampicillin/Sulbactam (SAM) 329 0(0.0)
Cefalotin (CF) 1(1.0) 0(0.0)
Cefazolin (CZ) 1(1.0) 1(1.0)
Cefotetan (CTT) 0(0.0) 0(0.0)
Cepoxitin (FOX) 1(1.0) 4 (3.9)
Cefotaxime (CTX) 1(1.0) 1(1.0)
Ceftriaxone (CRO) 1(1.0) 0(0.0)
Imipenem (IPM) 0(0.0) 0(0.0)
Amikacin (AN) 0(0.0) 0(0.0)
Gentamicin (GM) 0(0.0) 0(0.0)
Nalidixic acid (NA) 3(2.9) 9(8.8)
Ciprofloxacin (CIP) 2(2.0) 329

Tetracycline (TC) 27 (26.5) 27 (26.5)
Chloramphenicol (C) 5(4.9) 4 (3.9
Trimethoprim/sulfamethoxazole (STX) 7 (6.9) 7 (6.9)




184 Min Gyou Lee et al.

Table 4. Antimicrobial resistance patterns of pathogenic E. coli isolates from beef

No. of antimicorobials Resistance patterns

No. of strains (%)

VITEK 2 Sensititre
0 72 (70.5) 71 (69.6)
TC 16 (15.7) 13 (12.6)
1 NA 1(1.0) 1(1.0)
AM 1(1.0) 1(1.0)
TC-C 2(1.9) 2(1.9)
TC-CZ 1(1.0) 1(1.0)
5 TC-SXT 1(1.0) N.D
TC-NA N.D 1(1.0)
TC-AM N.D 1(1.0)
NA-CIP N.D 1(1.0)
TC-SXT-AM 2(1.9) 3(2.9)
TC-AM-SAM 1(1.0) N.D
; NA-C-CIP 1(1.0) N.D
TC-NA-AM N.D 1(1.0)
TC-NA-FOX N.D 1(1.0)
NA-FOX-CIP N.D 1(1.0)
4 TC-AM-SXT-SAM 1(1.0) N.D
TC-AM-C-SXT 1(1.0) 1(1.0)
5 TC-SXT-NA-FOX-CTX N.D 1(1.0)
TC-SXT-NA-AM-FOX N.D 1(1.0)
6 TC-SXT-CF-CTX-CRO-FOX 1(1.0) N.D
TC-SXT-NA-AM-C-CIP N.D 1(1.0)
7 TC-SXT-NA-AM-C-CIP-SAM 1(1.0) N.D

N.D: Not Detected.

tetracycline, chloramphenicol, ampicillin, nalidixic acid,
trimethoprim/sulfamethoxazole®] 22 =2 WAES U
Rl A% FAATH?. AT Kim 57702 A
A A 5 A5 A= B ALY WAEES Ao
7F AR 53] tetracycline W& Kim 53299 #-%
He &a7loA wElg thdste] A Aol tigk A
oA 22} 85.3%, 70.7%C103L, Chea 577¢] &0 W
2 EA oA FEE e 54 dAFeAME 66.0%2]
WAES BT ol= AFEAHZES A AR 542011
) 3 AR A 201397 B0 E Y] A 2AF At
2 WA E Aol7t B 2oz Xtk Ampicillin,
chloramphenicol®l] s+ WA &S] =fo] Fgk ALEH7HE-
FAA AHEFA oF YA AR ek B Qe Ao
2 AteEth ol 20109 o] FFE #HE FAA e
Eo| st dtke FEFAAEFTO A AR
AFgE A 3toltHo,

Aminoglycosides Al 8<] A amikacin, gentamicin}

B-lactams AE<] imipenem, B-lactams/B-lactamse inhibitors

o
>

Lo
=

1 4
Jo ox |

-

Al 2] amoxicillin/clavulanic acid, cephalosporins 7] 2]
2M| T A A cefotetan, 3AITH FAYA] cefotaximeS EE
ool ZAdel UL, cephalosporins Al 2] 1M &

A A cefalotin, cefazolin®} 34t 3 A cefotaxime,
ceftriaxoneS 1ol A9t WS Yep At
2017]= SA A7), Farzlel Hls) A

2, ol A ARE W ARSSHo] 2] o
oty &e UE 715 vE2A AW Ids JEF R

star dwo] wAgh oA A&} 2 WS 5
A Fojshs v, S Y 32 JaHor dWs A
AL, AbEY Bl AAIE ol AWsted X' o
she WS ARESH] witolth BEgk A0 ARG YU ETH

}
= A7) ool A AMERIE B o
EL @& Aoz AFZHUS, WHO (World health
organization)?l| A= Abge] AW X5 A& Fel XEE
QAgk Al FAA ] f7ol webd FA A A9
E et Aok 2 F 7P 94 delstedof ske &
A A (critically important antimicrobials) &9l = ceftriaxone,
ciprofloxacin 5°] Eg=o] Ut} o|H AFoA=
cefiriaxone, ciprofloxacin Al WAL 7H 457 7t
z+ 14, 24 FAEAY. A7 E "X, gar|hoh
AR v A WAHES UYEAT, 2HAE
o T8 IAA e AYE I8 AEAA FAA WA



Table 5. O serotyping of pathogenic E. coli isolated from beef
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0 serogroup Antisera method PCR method
No. of detected Pathogroup (No.) No. of detected Pathogroup (No.)

026 2 EHEC (1), EPE C(1) 2 EHEC (1), EPEC (1)
091 1 EHEC (1) 3 EHEC (3)
o111 1 EHEC (1) N.D
O113 4 EHEC (3), EPEC (1) 4 EHEC (4)
0121 1 ETEC (1) 1 ETEC (1)
0128 3 EHEC (2), ETEC (1) 2 EHEC (1), ETEC (1)
0145 1 ETEC (1) N.D
0157 N.D N.D
0103 1 EHEC (1) Not test
0104 1 EHEC (1) Not test
045 N.D - Not test

N.D: Not Detected.

TEE =
0 SHu-g-3} PCRYECE g2t 3L Table 5
of JeRNth BN 1027352 HE 115(026,

045, 091, 0103, 0104, O111, O113, 0128, 0121, 0145,
0157y &1t A3 18752 Aol &2l =AU,
R4vt= Yol IRIFA] Tt ERlE dHFLS 0113
545, 0128 3¢5, 091 3&F, 026 27, 0103, 0104,
0111, O121, O1457} ztzt 1434 gt 2 9]
0157, 045% ER1=A] Ut PCRES ©]-&-3te] 8F(026,
091, Ol11, 0113, 0121, 0128, 0145, 0157)2] FH IS
glgt A3 oY S-HEolA ERIHA k2 37F7F
091Q2e5), O113(17F)Z FAFUL, o] 9] FHFPL&
oFgd ¥T-go=z glst Axtel AV dite ¥l

CREDES

I4E 115(026, 045, 091, 0103,
0104, O111, 0113, 0128, 0121, 0145, 0157y gelst
A 187F(17.6%)°14 952 APl A UL,
= 2 &5 Ay EA A A5 ostH WA
g+ A5 Aol @2 01570 7 B
o} 2000 ©]FHEE= 01579 23 AFE LA Eo] H
31 A EH L A= ¥HE, non-01572 53] 71351
2013 o]Fole 93] 0157 X} YA Eo] =4 e
UL QAT ol ZAMM = AAEEE 7P Bol
S7)= dAYR 01572 SRIEA ke m™, 01132
oA FRlEe 71 &2 v&S YER T o]

o ne

Pradel 5°9¢] Ao % O1130] & H]&=E gold
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