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Prevalence and Classification of Escherichia coli
Isolated from bibimbap in Korea

Da-Yeon Lee, Joo-Young Lee, Hae-Jin Wang, Dong-Bin Shin, and Yong-Sun Cho*

Food Analysis Center, Korea Food Research Institute

Abstract Pathogenic Escherichia coli is recognized as an important cause of diarrhea, hemorrhagic colitis and hemolytic-
uremic syndrome worldwide. This study was conducted to investigate the prevalence E. coli contamination in the Korean
traditional food bibimbap. E. coli were isolated from 84 of 1142 (7.3%) bibimbap investigated from 2005 to 2011.
Antibiotic resistance profiling demonstrated that 6 of the 84 isolates (7.2%) showed multiple drug resistance. Fifteen
virulence genes specific for pathogenic E. coli such as Shiga toxin-producing E. coli (STEC), enteropathogenic E. coli
(EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), and enteroaggregative E. coli (EAEC) were
examined by multiplex PCR for mixed bacterial cultures derived from bibimbap samples. The EPEC virulence gene (ent)
was detected in 5 strains (5.9%), while ETEC, EAEC, and EIEC were not detected. STEC serotypes O103 (1.2%), O91
(1.2%), and O128 (6.0%) were found, but other serogroups such as 026, 0157, 0145, O111 and O121 were not detecded.
Automated Repetitive-Sequence-Based PCR analysis showed different patterns.
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w5 ofg) B Wk 2442 7
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avEE g o GAlelA mAES
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o

=l odd & Avkar dHA Avk3). 53

2 HAdH ALE Ae FHAME 8] AAX
Atarel] #Aojyl= 202 dEA tkd). 2HE=E 9
921 AlF o] s Egk tFst TR/ AEE A
A1 2E0] Aesd =2HUL o A
otatr] ofel AF Fol shtelZl= sttt Sin F(5)el oshd
27 ARRE of, 7, 2] T AEE AR AEFS A
7ol o3 @AY o] HA == o] ATk AT

et (Escherichia coliy> Algolu &2 A U o]
A AdFoz2 AAANAE de] ExEo] Jlon tif
Fae Hdgo] gle AT dufx o die] &
frofollAl HAME doZ ¥ oz}l ARl
dodle Aew LA Sdrke). olHF o
olzt i W it 2F5S Al
75 QA tidde] S9E AES A
dojdet HAd g+ Juok Astey g
4t (non-pathogenic E. coli)?} H]5:8™ somatic (O)
, capsular (K)&H¢!, flagella (H) & 5 A7KA SF7<9 &<
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A7 O FLe 180F, K 92 10001F, H e 56952
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2 GEA A7), gl HAEe dFA 24, 54 A
59 EA4ol wet AAEA/d g+ (enterotoxigenic, ETEC), “&3%
149 v} %+ (enteropathogenic, EPEC), %% ¥ /dt]”d<F(entero-
hemorrhagic, EHEC), “&23] 913" (enteroinvasive, EIEC), &
T35 24 o) 4t (enteroaggregative, EAEC), 43424+ o 4(dif-
fusely adherent, DAEC) 522 ERFH} o]FolA 74 EA7}
He AAE3A WAF(EHEC)S Aol &84 A9 HO)FH
T4 AN 58 4o 84 85FTEHUS) 58
HEITHR-10). H2ole SYolA AiFol SHdE gt HE
nAE oJgk AFEo] WS Aol Slrk(1l). HIWRe] &
ket JAaFE ASE ZYsERE FH|S Asd g A4
 #AY7E TEIA B oleh e it ot 2
o] AT sksAol w8 F AUtk Aol o 19 s
i SRR EAI dAAll &St Aok 2y YA 9
o AMgo 2 AliEe] tddt AEE Bl A Heke
3|7} BolA A FHox YA W] EdolEe A<
e 7HASITH12). duUlAkSlE 904 Akle] w9 AH|e]
g2 sl 2)Fel oH7E WA Alde] Aaprt wEA x4
UE 7FsAol F7telal AFo R AFolA EEE Al I
A Aed 2 E LFDS 7] 9g AvF et
2 AFddMes = AFH EFAEFQA vl
7+ HAES Ao EEg tig+re] A 143 A
g Azt @P S wotstal 2 fARke o] A

ot N KT oz o

+

o o

ME

oL

ME % uhy

A M=
200597 20119704 =t He] SA -4 BlEL Q=
L1427 vjslgtol N idaS g4 B4t en, o714 £
H 3EE A FFE ARSI BE 4 Alse 4 A
F EZPEUE YFoR eF3t] 4A7F olue] APE ST

hEtel MM 24
zh BEE A8 25g0] 225mLe] Wit ClakeEgols

& stomacher (Seward, London, UK)Z 260 rpmel|A] 2% &<t
Azt 3 & A Aoz ARG AE YH-2 EC-mug
(Merck, Darmstadt, Germany) S BiA]] 1 mL% 3 tubedl] ¥-&
- 44.5°Coll A 48217 B F Fol 7h2el FFAS w= ek
S endo agar (Merck)®} chromocult agar (Merck)ol] =% 2 &
gate] AFA g Je ddste] AT B wet
Vitek 2 (BioMerieux, Marcy L'Etoile, France)S ©]-&-3}o] A3}t
AEE st

BEE OF

2 Ao AMEE HFE AFE F7PEEA A 29 ¥
American type culture collection (ATCC)ellA &< wolr] TSA
(Merck)oll Al 37°C 18A17F vljFate] 493} A|71 & ARE-3FATh

N Zis=d AA

E8E 3 F5E5 nutrient agar (Merck)oll Al 37°C 24A)7F
wj% % Vitek 2 (BioMerieux)S AME-3le] 717] A1E Wil u}
2t A A AAEE sksdek A4 AFRE Clinical and Lab-
oratory Standards Institute (CLSI 2011)°] w2} g3t & A

:

e AT B A 127

M
J

ol ARE-E AA|= ampicillin (AM), amoxicillin/clavulanic acid
(AMC), piperacillin/Tazobactam (TZP), cefazolin (CZ), cefoxitin
(FOX), cefotaxime (CTX), ceftazidime (CAZ), cefepime (FEP),
aztreonam (ATM), etapenem (ETP), imipenem (IPM), amikacin
(AN), gentamicin (GM), ciprofloxacin (CIP), tigecycline (TGC),
trimethoprim/sulfamethoxazole (SXT), ESBL confirm®]™ &3 7|
Ude st 55 FF2= Enterococcus faecalis (ATCC 29212)
9} Staphylococcus aureus (ATCC 292139)5 ARE-3}Th.
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CHERRe| Hald /EXt

Astel 59 o U2 nutrient agar (Merck)ll4] 37°C 18
AZr ek A3 A7l F PCRE stk AFE3F primere 1)
uidA, invE, escV, aggR, stxl, 2) eaed, elt, ipaH, stx2, estlb, ~L
213l 3) pic, EHEC-hly, ent, astA2 2 Z}7} U0]A multiplex
PCR HHEAIH O™, uid ASt 16S rRNAE internal positive primer
2 AME-39 o™ primer sequence= Table 13 73Tl Multiplex
PCR WFg-ole 1 U Taq polymerase, 250 uM Z} dNTPs, 2 mM
MgCL7} 2%4 reaction buffer (AccuPower multiplex PCR Pre-
mix, Bioneer, Dagjon, Korea)s AMS-3l%] 2-10 pmol¥] 7} primer
o =4 )8 T colonyS template 3t F Wkl 20 pLE
St PCRWFS Z7A2 pre-denaturation 98°C 30% %, 35
cycles®] 98°C 30%, 63°C 60%, 72°C 90% ®WHSA|Z oW HEZ
SO =2 extension 72°ColA 108 SEZAHTE SZH DNAE 2%
Seakem agarose gel (Takara, Kyoto, Japan)Z 100V 25% 7]
T T gAste] gRlsiint.

il

PCR 0|88t Cch&hme|l A& ZAl

igste] P AR f18 026, 0157, 0145, 0111, 0121,
0103, 091, 01282 ¥ 3P| a3l /b (o-specific polysaccha-
ride), wzx (o-unit flippase), whsD (aminotransferase)] 7% =}l
Eolx o2 Aste primers AME-3FATHTable 2). PCR ¥+
< 1U Taq polymerase, 250 uM 2+ dNTPs, 10mM Tris-HCl,
30mM KCIl, 1.5mM MgCL7} 3 reaction buffer (Accu-
Power PCR Premix)?ll 10 pmol®] primerel] 5= F2]€ @A col-
onyE template® % WS 20 uLZ 3Tl PCR WHE- A
pre-denaturation 94°C 5% ¥, 35cycle?] 94°C 30%, 55°C 75%,
68°C 7522 WHE-3I13 FF extension 68°C 73 WHSAIZATH
FZE DNAE 919 o] A7195 § dAste] Ikt

Automated Repetitive Sequence Based PCR (Rep PCR)
2 0|8%t EXt REY o=

E2l" #FE ultra clean TM microbial DNA isolation kit
(MO Bio Laboratories Inc, Carlsbad, CA, USA)E A}-&3}]
DNAZ %2310 2550 ngulLO2 $ES 2Ha)A A3l
FZ3 DNAE ©]83t rep-PCR2 DiversiLab E. coli kit (Bacte-
rial BarCodes Inc, Houston, TX, USA)E ©]|&3lA] master mix
H-g-olS vhEQi) vk AL repPCR MMI 18.01L, gene-
Amp 10X PCR buffer 2.5L, primer Mix 2.0 L, ampliTaq DNA
Polymerase 0.5LE Zt7Zt #7kste] AR 23.0LE ¥ §F tem-
plate DNAZS 2L 7}8F ¥ rep-PCR ¥F$-& AJATH ¥H3-& Tgra-
dient (Biometra, Goettingen, Germany) PCR 71715 ©]|-£3}%2H
kS 278 pre-denaturation®. 2 94°Coll A 287+ HESAIZ] F
94°C 30%7} denaturation, 45°Coll4] 3037} annealing, 70°CollA]
1% 3027t extensionsl= AE 1 cycleZ 3}e] 35 cycleS WS-
A7 70°CoA] 387F 2% extension WHSAIZATE
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Table 1. Oligonucleotide primer used for detection of the virulence genes

Pathogen group Target gene Primer bp

) cae-F: TCAATGCAGTTCCGTTATCAGTT .
eae eae-R: GTAAAGTCCGTTACCCCAACCTG

MP3-escV-F: ATTCTGGCTCTCTTCTTCTTTATGGCTG
STEC, EPEC escV MP3-escV-R: CGTCCCCTTTTACAAACTTCATCGC 44

; ent-F: TGGGCTAAAAGAAGACACACTG 629
en ent-R: CAAGCATCCTGATTATCTCACC

hlyEHEC-F: TTCTGGGAAACAGTGACGCACATA
hlyEHEC-R: TCACCGATCTTCTCATCCCAATG
MP4-stx1A-F: CGATGTTACGGITTGTTACTGTGACAGC

EHEC stx MP4-stx] A-R: AATGCCACGCTTCCCAGAATTG 244

2 MP3-stx2A-F:GTTTTGACCATCTTCGTCTGATTATTGAG 324
s MP3-stx2A- R: AGCGTAAGGCTTCTGCTGTGAC

EHEC-hly 688

ipaH-F: GAAAACCCTCCTGGICCATCAGG

HIEC ipaH ipaH-R: GCCGGTCAGCCACCCTCTGAGAGTAC 437
ok MP2-invE-F: CGATAGATGGCGAGAAATTATATCCCG 266
ny MP2-invE-R: CGATCAAGAATCCCTAACAGAAGAATCAC

» MP2-aggR-F: ACGCAGAGTTGCCTGATAAAG 200
ags: MP2-aggR-R: AATACAGAATCGTCAGCATCAGC

EAEC . MP2-pic-F: AGCCGTTTCCGCAGAAGCC i1
P MP2-pic-R: AAATGTCAGTGAACCGACGATTGG

» MP2-astA-F: TGCCATCAACACAGTATATCCG 102
as MP2-astA-R: ACGGCTTTGTAGTCCTTCCAT
ol MP2-LT-F: GAACAGGAGGTTTCTGCGTTAGGTG 655
— MP2-LT-R: CTTTCAATGGCTTTTTTTTGGGAGTC

estlb MP2-STI-F: TGTCTTTTTCACCTTTCGCTC 171
MP2-STI-R: CGGTACAAGCAGGATTACAACAC

. MP2-uidA-F: ATGCCAGTCCAGCGTITTTTGC
16S rRNA uid4 MP2-uidA-R: AAAGTGTGGGTCAATAATCAGGAAGTG 1487

Table 2. Oligonucleotide primer used for various E. coli serogroups

Pathogen Target gene (bp) Primer (5'-3") Reference
GCG CTGCAATTGCTT ATG TA

026 wzx (241) TTT CCC CGC AAT TTA TTC AG Zachary et al. (2012)
o157 £ 250 CGG ACA TCC ATG TGA TAT GG Anscla et al. (2011
7fbE (259) TTG CCT ATG TAC AGC TAA TCC gelaetal. (2011)
o145 s TGC TCG ACT TTA CCA TCA AC Anocla ctal. (2011
wzx (374) AAC CAA CAC CAT ACA CCT TGT CTT gela etal. (2011)
o1l 451 TAG AGA AAT TAT CAA GIT AGT TCC o L 01
7fb (451) ATA GTT ATG AAC ATC TTG TTT AGC achary etal. (2012)
ol . TCA TTA GCG GTA GCG AAA GG Jachary etal. (2012
wzx (587) TTC TGC ATC ACC AGT CCA GA achary etal. (2012)
0103 6 TTCATCACAAGTTTCACAAG o L 01
wzx (716) CGTAATCACCTTGATTTTCT achary etal. (2012)
o1 b (940 GATGAATCAACCTTATCGAG Juch L 012
whsD (940) CTGCTTATGTATAGGAATTGG achary etal. (2012)
o8 1353 TCT TGC TTA TAG CCA GAA TT N L 2006
wzx (1,353) AAT AAA CCG ACA CCG AAA ayue etal. (2006)
Agilent BioanalyzerE O|&8l DNA lab chipe| &1t &= AFA 24 Foll 2+ wellell 5uLe] markerES 23 rep-PCR A%
DNA lab chipdll ladder®} marker”} E%%¥ gel-dye mixE 9 ES 1uL FYT 3 12 59 vortexZ o]&3l] & 9 3 &

puL FJA3IL starting syringeS ©]-8-314 DNA lab chipol] 73 Agilent Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA)
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£ o]&3l A3E #EIIH PCR 2HES 1500041 5,000 bp
Atolef A sllA315dtE. A= DiversiLab Analysis Tool for Typing
Reports 245295 ©]-&-3to] #5313t
Zn g g
HI oML ChEE Hd 24
20059HE 20119714 1,142709) ¥9AA S Vitek 11 GN
cardZ o] &3lo] B3 At F 840(7.4%)2] AAZHE H
ol EYEHNeH AxE AEE&2 201190 7P =k F
A 5.1%7H H 14.6%7H] HAEEATKTable 3). + S(11)9]
Ao o5t HAYYAE FolA AFEe XE SAHA F
2.9%° AANZHE o] AEHNeH A& AlUIA 75
He AEH AFHAHL 2T AF AAdME T A
50| 38%% UEHETE Choi 5(13)0 ¢lshd 554l @1"‘
"

A5 5o AaFAAA ddde] HAE WET} 33-55%2 wil§-
2 Aoz HAFQC HWRE tkst AARIE YAIER AF%

o 7 Aol A Xﬂ%"ﬂ% FH o R AR kol
e 2T AEFRETRE e 2HE0] 52 Zog A7EH,
k] g+t 292 AMaF 5o dARERH 7I9E + 3
thal A7 53] 2 AFE Fote] By it L9 E
o] =E 201199 AFEoFEAA ] Y AFd AFE
Wl E W] oS E coli (277 cases) Salmonella (240
cases), Vibrio (185 cases)?] =02 BT FHojA thaho] <3k
AEE WA st 7P 5 ZeR By ESith 2ER
Hpgke ket A8 e ERAR &2 A ECIRE UA
o] YA HAArt WtEA] Fash Ao TR 7FES
I 913 WAES APEAIACE st B ZElEo] HtE 4
B 258 A3 x9S WAEoF AFES AR
e 4 vk AzHE gk AESAR] ARE B AEE
< WAE ool Ut

N 2
i

e 2 o o
ox of rlo o

CHaZe| & L o CHH| LM 24

HHI el A 2005 7-E 2011@77?%1 e gt 84 ol
gk A WS 2438 A3s Table 49+ 2t A 2=
4 AR Ade A ﬂ"l‘—’] 86.9%21 73 7= A et
WAS Holx ekgtth A WA oF = ampicillin (AM)
10.7%, amoxicillin/clavulanic acid (AMC) 4.8%, cefazolin (CZ)
cefoxitin (FOX) trimethoprim/sulfamethoxazole (SXT) 3.6% <=2
2 11 #FolA et

FAA oAl WAL 84 dF T 6 dT(72%)004 oAl WA
< BRI o, ole|gh AHE Tt gt Aol

Table 3. Prevalence of E. coli in bibimbap from 2006 to 2011

Contaminated samples with E. coli

Year  No. of samples

No. %
2005 86 7 8.1
2006 193 13 6.7
2007 194 14 72
2008 212 12 5.7
2009 195 10 5.1
2010 180 16 8.9
2011 82 12 14.6
Total 1142 84 74

ENgE

o)
:

d A+ 129

Table 4. Antimicrobial sensitivity/resistance pattern of E. coli
isolates from bibimbap

No. of isolates from bibimbap (n=84)

Antimicrobial agent —— - -
sensitive intermediate resistant

Ampicillin (AM) 75(89.3) 224 7(10.7)
Amoxicillin/Clavulanic acid

(AMC) 80(952) 1(1.2) 3(4.8)
Piperacillin/Tazobactam (TZP) 84 (100) 0 0
Cefazolin (CZ) 81 (96.4) 0 3(3.6)
Cefoxitin (FOX) 81(96.4) 0 3(3.6)
Cefotaxime (CTX) 84 (100) 0 0
Ceftazidime (CAZ) 84 (100) 0 0
Cefepime (FEP) 84 (100) 0 0
Aztreonam (ATM) 84 (100) 0 0
Eetapenem (ETP) 84 (100) 0 0
Imipenem (IPM) 84 (100) 0 0
Amikacin (AN) 84 (100) 0 0
Gentamicin (GM) 84 (100) 0 0
Ciprofloxacin (CIP) 82 (97.6) 0 2(24)
Tigecycline (TGC) 84 (100) 0 0
Trimethoprim/Sulfamethoxazole

(SXT) P 81 (96.4) 0 3(3.6)

Table 5. Multiple drug resistance of E. coli isolates bibimbap

No. of Resistant patterns No. of resistant Total
drugs p strains (%)
3 AMC? TZP FOX 3 4
AMC CIP SXT 1 (4.8)
5 AMC SXT 1 2
AMC TZP 1 2.4)
AMC 3
1 CIP 1 5(6.0)
SXT 1
0 73 73 (86.9)

*Abbreviations; Amoxicillin/Clavulanic (AMC), Piperacillin/Tazobactam
(TZP), Cefoxitin (FOX), Ciprofloxacin (CIP), Trimethoprim/
Sulfamethoxazole (SXT)

gk o] vl %Xl %%% & 5= ek Yoo (129 &
2 E 2FoA EE o
o] A Ao gk 03_% Aol oJshd tjF-Eo] ampicillin
3 amoxicillin/clavulanic acid®l]l thate] djF-E A4S YeERNS]
th S F2 &34 ATt 22 A A9
= AM 36%, AMC 32%=Z H|9igtolA 228 didwHc)
A WS BIk12). T ATl 25l f5HE 4
7] FY YA WAL el g E2lgo] 9.8%
o]3 FAYA WAES AM 35.5%, AMC 2.9% CZ 47.1%°] AT}
(14). A 2 A7 A3 A UdES F Axrge
worou YL yehlle A FF7E Ui 4 °<>1W
28 tigto]l A tiste] WAdol —3— 7Fsdel 2
e vRgbell A et ﬂW 2 25, oA, A9 3 % o
] A2 odd 9 wa Q9o = st 294 rHeAel =
7] wj&o| WM WAaEe] A5olx EEd tigtel s ¥
o 74 o=Z & Elq— H]Hhﬂ]—o] 7g = 9 %4 ﬁiﬂ q_o 3]
2 FAg H*M"l 27t Bask, iRy e o

-
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Table 6. Detection of pathogenic E. coli samples of bibimbap
according to primer

Pathogen No. (%) of
contaminated
Target No. of sample samples
STEC, EPEC eaeA 84 0
escv 84 0
ent 84 5(5.9%)
Typical EPEC bfpB 84 0
STEC EHEC-hly 84 0
stxl 84 0
stx2 84 0
EIEC ipaH 84 0
invE 84 0
EAEC aggR 84 0
pic 84 0
astA 84 0
ETEC elt 84 0
estla 84 0
estlb 84 0
E. coli uidA 84 70(83.3%)

o

-ﬁ—%ﬂx}iﬂ £ multiplex PCRS- ©]-83}] 1652 ] AR}
A} 5 dF(5.9%)°14 STEC/EPEC Fog 24
ent vﬂd%% BH3 o] Eg9lem, EIEC, EAEC, ETEC
He AZHA Fktl. WA wid A FAARE 70 T5(83.3%)°
Al 2= tH(Table 6). o128t Az H]H vt A EHXH‘#’J L
&0l f 5(12)2 & =H 2FA9 29% Hr} w$-
o 5 FFoA EHECY =49} A3 o] 9= enterotoxin -+
AR ent= Shigella ShET-29} wl-¢- FARSIEZE $J3] o] =t
(15). &gk 28 AF9 749E HE 2T 4 glo] Auxpt
vkg2 gH sk vRRte] 9= dAlETE vkt ftee 3
o] Bxalmg wxl Qo] g—x@ 7FsAo] =& H3 9k %
g AFolnZ A 2AES B3 Frt desitty A
ZheTh,

T8 5 #FE PCRS ©]&3l] STEC & %55 F%¢ 7Fs
Aol E2 8EF(16)2 HF gt A& & A emr A
M Bkl QoA FHFo] TEHE S filth 2
Ay BYAd FHAAE BERSta IAE A% 0103, 091 3
Y fHAE 7R ]; AE HFTS ZF 1 T5(1.2%), 0128 4
A2 BH3l e RS 5 FF6.0%)7F B0 28
U EHECY] &3l @A PolRA T E2]gk #FlA] verotoxin
e HE HA &AdTh

U2 579 d4FE /K tigate A8 fA4F ALt
HollA FF 2ATHoR FasAv 2 STECY HYUA o

it

ol Heke 847 @5 Fole A7t 54 AV 2]
U oo fAAE BASIE 9A Qrkn wasle] Qo] el

A B3 75 Fol EHECY| &3t d3d a5 54 &
AzE B2 ER] e 2 AlF] Aot A7), FYet

0 ¥ FFE B2 HAAE M e A% FA47 8

Diversilab 134
FC

w1ze Key Sample ID

1 13-68-EHEC |
2 13-229-EHEC | |
3 13-318-EHEC |
4 13-95-EHEC |
5 13-64-EHEC
6 13-212-EHEC
7 13-134-EHEC
8 13-50-EHEC 1 Il
9 13-313-EHEC |
10 13-226-EHEC
11 13-240-EHEC I
12 13-93-EHEC | | ]
13 13-344-EHEC |
14 13-228-EHEC

I } } } } |

50 &0 FO S0 a0 100

% Similarity

Fig. 1. Rep-PCR generated dendrogram for the E. coli isolates
from bibimbap. An SI cutoft 95% was used for interpretation of
relatedness as depicted by the vertical line.
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Automated Repetitive Sequence Based PCR (Rep PCR)

£ 0|8¢ EX fyd H=

f%“@%ﬂOﬂ WR@T 25l UAY EHFE ol ® (T
o) sl A automated Repetitive-Sequence-Based PCR  (rep-
PCR)—EE— o]g-sl] A ek FATE AEAe A3 Ay
Al w5 7k sl ulg- wobA R e it v
548 AL IS & F /\]E]’(Flg 1). ol A& °V§a
921 JM%M 3 e ohdet S #e "He
g g ek 71« Oﬂf‘i ze] ol dAlM Az &
5{ ogetol] oigk Mg oidwt 54 2 3AA Wi Bl 2
ARy dbsht ebd 2] AFelA Bl tiadstel o
ol AE Ade vEe Aotk H2ede 7154 W)
ol
pLack

(o r.L

@ o

Fet AR a4d o AlF 9 WF wAEe] FUF
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