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Background: One of the major causes of pathogenic E. coli is the feces of infected livestock, and the Accepted August 16, 2024

management of the livestock environment is necessary to prevent pathogenic E. coli.

Objectives: The prevalence of pathogenic E. coli was identified from livestock environments, and the
molecular characteristics and antibiotic resistance profiles of the isolated pathogenic E. coli strains were

Highlights:

analyzed. . . .
- Hybrid pathogenic and single pathotype

Methods: In 2022 and 2023, nine points of livestock houses at sites in Chungcheongnam-do Province were . . .
E. coli were isolated from livestock

selected, and 100 cow feces or soil samples around the livestock houses were collected once per month. . .
environments in Chungnam Korea.

Pathogenic E. coli was isolated by selective culture and identified using multiplex PCR. Antibiotic resistance . . Lo .
- Major resistance antibiotics for isolatese

was tested on the isolated strains by using VITEK-2, and candidate strains were selected to perform 16s rRNA . .
were Cefalotin, Tetracyclin, and

Ampicilin.

- To prevent occurrence of pathogenic

sequencing and phylogenetic analysis.

Results: A total of 100 samples were tested, and 60 pathogenic E. coli strains were isolated. Of these, 45 and
15 isolates were determined to be single and hybrid pathogenic E. coli, respectively. Among the 15 hybrid E. coli, monitoring of livestock
pathogenic E. coli strains, eight, five, and two strains were respectively identified as EHEC/ETEC, EHEC/
EPEC, and EHEC/ETEC/EPEC hybrids. All 45 isolates showed resistance to at least one antibiotic, and they

were susceptible to cefotaxime, amikacin, nalidixic acid, and ciprofloxacin. The highest resistance was against

environments must be continuously
conducted.

cefalotin, tetracyclin, and ampicillin (20.0%~58.3%). The 16s rRNA sequences of candidate isolates revealed *Corresponding author:

nucleotide sequence identities of 99.1% to 100%. Chungcheongnam-do Institute of

Conclusions: In order to manage pathogenic E. coli from the One Health animal environment perspective, Health and Environment Research, 8,
the characteristics of the occurrence of pathogenic E. coli from the livestock environment and molecular Hongyegongwon-ro, Hongbuk-eup,
biology and antibiotic resistance to isolated strains were analyzed. In order to prevent and manage the Hongseong-gun, Hongseong 32254,
occurrence of pathogenic E. coli, these monitoring studies must be continuously conducted. Republic of Korea
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% tg‘?E]_/‘éEH75;1"&(Enteropathogenic Escherichia coli, EPEC), &
l"T—’:q'/‘é‘:H78‘%(En‘[eroaggregative Escherichia coli, EAEC)O. 2
B0 EHECE 284 8553 (Hemolytic uremic
syndrome)= Y27|= U HAF L ZA] verotoxing B4
SHal, ETEC &7l dos4a @ Wiz =4 (Heat-labile
toxin, LT)2} & A4 =4 (Heat-stable toxin, ST)S 2AI5Ho]
259 ik 48 Lo Y BIECE WY Sepaus

= 0 =

2 77 9lo] % AN o] YEsh, S4o] o5 AAE U
©o7It}, EPECE S4 AAHEA ghoi} uA§ue wjs)ol
F42 westo] 52984 AXte] Uelo® -8RI FAECE
A&A4Ql AAE QoA A3k 53 £AT G4 SrEH,
74

e

A FUEE e

WHOOIAE AHAES "3R4 G442 919 cle] oo
A M 2% 9 gelsts T2 I, 32, AT 5 AA%
TS AW O Folstnl, TAH GO AES,
AHBELDY wel, PUA WA B 5 AN Urk
Heldeigael 28 B4 9olo Rt Ald E B
% 3pgolAlel o9 Fol glom, ol dpysl] SAskel Al
12 9 S4S of92t flaa A elo] 42 Wako)
Tk S 5 BeIAe Hu g odE 24 2
3} oS &S50 dugl] B A2HE 2o gls
9L, 20.4%7+ AN 2 A0 S|k H YAy
g T RO TEAQ e 99 SR 5 B
2 vj9- FRshe] WoHolet & 5 irk
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Fig. 1. Sampling sites for detection of pathogenic E. coli in
Chungnam Korea in 2022~2023. The underlines were indicated
administrative districts (detection no./specimen no.).
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1. A 2 Hx2

AA AFE ol S A 57 9 AP 22, B 2%,
oAb 1, Y 1X, B 13 34 13 3% 132 A5k
1, A7 A2 Fig. 1014 UERSich 2022937} 20234
6ERE 109714 &4 28482 € 13(F53) 58 9 &4
of| A Aol whet 2~3712] HAIE AHFshth 20229 597,
20234 41749 AAE +Hst9AL, BHE 7|HE °]&5to
4 Byt = EQFE 50 mL87]of 10 g2 FsH & AF 5
& 72 -20°Co] Bttt AAQ] AAE= HA 1 g &
% 0.1 M2] PBS (phosphate buffered saline, Sigma, USA) 10
mLE Z 412 F 3,000 RPMOJA] 1027t A28 oh& 4
SHEZ Foto] AR = AHESHITH

2. G E 22 Y

BAH S HEs A5 sto] AT A5 1
mLE I AHF A& AFEEE 3M™ Petrifilm™ Coliform
Count (3M, Korea) HIAE AHE-5F1AL, A|2AFS] v 7dof ot
2t g3t &, 37°Co|A] 24 AIZE Wi Foto] 7kAE P30k F
4 2 BEEE JAE LWl 2T
Tebsigint. ¥4 HAE PBSOl FRA1A ©1F 300 uLE F
Sll TSB (Tryptic Soy Broth, MB cell, Korea) 3 mLO] &3},
37°CollA 24417t & WS SHAE Bt SHRTE o8
sto] 10°2 34519}l EMB (Eosin Methylene Blue, Oxoid,
UsA) Bt vijzjo]l 3|4 100 wLE ELskL 37°CollA] 1841
g F S5 A &Y Jehs ThA EMB B RO &
AL 3 37°Co)| A 24417 B2t w5t ich

Table 1. Target genes and PCR product size

path((:)lgaesrjfcsg.fco Ii Genes Amplicon size (bp)
EHEC VT1 (stx1) 637
VT2 (stx2) 297
ETEC LT 530
STp 167
STh 85
EPEC bfpA 400
eaeA 231
EAEC aggR 355
EIEC ipaH 141
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3. Hel ™o &t &0l S
T S TSB 3 mLoll FFskaL 37°Coll A 24417 &<t
HjoF 3 oA wjgH 1 mLE 35te] 8,000 RPMOJA] 13

o

7F QARSI JSHS AASHL PBS 1 mLE ¥ &
obstqint o] S 33] ¥HE ¥ 300 pLo] Bt SRS
F7Fsto] 100°ColA] 1587 7HEstitt. 1 < 8,000 RPM
ol A 30%7F YRS, SN DNA FFOE multi-
plex PCR o|-&sto] Zt Alito] Eol&Ql fHAE FES
o] 8915}tk PowerChek™ Diarrheal + 9-plex Detection Kit
(Kogenebiotech, Korea)o| &% genomic DNA 5 uLg &7}
5} Proflex-PCR system (Thermo Fisher Scientific, USA)OJ|A|
PCRE AAISIGItE S8 §4729] ¥iE 7]+ Table 1] L
Eiglon, HEH0 & A RAA AAIRE whEH o] whet
BN Fol FHAE glstiict

o

4. UM LY HAL

2EH B EFY FEA WA A¥2 VITEK 2
AST-N169 test kit (bioMérieux, France)S AF85}o] A XA}
o] WRiol Fsto] HAlskth 22’ #FF TSA (Tryptic
soy agar, Synergy innovation, Korea)o]| EAET & 37°Co]
Al 24X B7F gtk @Y H=E 0.45% Saline 3 mL
o] 84171 F 0.5 McFarland B 2 9 polystyrene A8
& A St A VITEK 2 AHlo] 92 T A 0
A AAHE AAIsHTE A= CLSI (Clinical and Laboratory
Standards Institute) 7|50l wat 1752 A (Ampicilin

[AM], Amoxicilin/Clavulanic acid [AMC], Ampicilin/
Sulbactam [SAM], Cefalotin [CF], Cefazolin [CZ], Cefotetan
[CTT], Cefoxitin [FOX], Cefotaxime [CTX], Ceftriaxone
[CRO], Imipenem [IPM], Amikacin [AN], Gentamicin [GM],
Nalidixic acid [NA], Ciprofloxacin [CIP], Tetracyclin [TE],
Chloramphenicol [C], Trimethoprim/Sulfamethoxazole [SXT])
£ tide = A A 9 Ui o 55 skt

B. 16s rRNA €7|MY 2 HEEM

B8 259 165 RNA 714G £418 9ito] 2714e)
PCRS AAISISIT BN E BANAE 9o 229 5
2 DNA 5 uLE Access RT-PCR system (Promega, USA)°| 5=
7V}l 27F (5-AGAGTTTGATCCTGGCTCAG-3)%} 1492R
(5'-GGTTACCTTGTTACGACTT-3') Ze}to|HE H7}s}of
Proflex-PCR systemOJ|A] PCRS AA|5Ftt 94°Coll A 587+
Z7] 4 &, 94°CollAl 1, 54°ColA 40%, 72°CollA] 1+
5QF 30 At E WHE & 72°CoflA] 77T S-S AATsHR
Tk PCR 5&AHE2 171955101 1,465 bp 719 HEE &
oIt & Bioneer (Korea)ol| 2]&5}0] 16S rRNA F7|AES &
A5ttt 49 @714 82 Megalign (DNASTAR, USA)Z+
SeqMan (DNASTAR, USA)& ©]&5to] d7|AFo] FHZ Al
395t T] MEGA 11 software (Biodesign Institute, USA) T2 1
WO AFEAL Atk

Table 2. Number of detections of pathogenic E. coli per month from livestock farms in Chungnam

Jun Jul Aug Sep Oct
Sample no. 21 20 20 19 20
Detection no. 20 6 17 14 3
Detection rate (%) 95.2 30.0 85.0 73.7 15.0

EHEC/ETEC/EPEC
10.0%

. EHEC/EPEC
Hybrid Pathotype 1.7%
EHEC/ETEC

133%

= EHEC/ETEC ®EHEC/EPEC

Single Pathotype 55.0%
75.1%

EPEC
6.7%

= EHEC/ETEC/EPEC EHEC ®ETEC ®EPEC

Fig. 2. Distribution of pathogenic E. coli isolated from livestock farms in Chungnam in 2022~2023
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.2 =
1. S H#E
AF7KE T A" 10049 AAE g2 e % mul

tiplex PCR AAME AAISH A3}, Hadgdwtol 607 22 =
At ¥ BEde 69 207, 7€ 674, 89 174, 9¥ 14
7, 109 3710131 0™ (Table 2), &Y AH L& 71 Wol HE
H 32 AT A 24 sFOE 1584 F BAFEE
86.7%), St BT A B 1434 F 9ARIEE 64.3%)
9] =0 2 HEEU(Fig. 1). HIAEE= 45847 9Y 1
YA (single pathotype), YA 15AA7F 53 HUdN G
(Hybrid Pathogenic E. coli, HyPEC)C. 2 =3It o+ 1
YA F EHEC7} 33702 55%F ApA|sto] 71 w2 H|&
£ H%¥ 3, ETEC7} 8742 & 13.3%, EPEC7} 47422 6.7%

£ Aotk 5 YW« (HyPEC) 2 2 g E A
= 15702 25%5 A o] F 131(15%)°04 + &
5 A 53 MYt (two pathotypes)©]1oH, A%
Z| 0 & EHEC/ETECE 87 13.3%, EHEC/EPECE 571 8.3%
£ ARSI 271(3.3%)°1A41 Al S5 HYA St Hedd
At (three pathotypes) 22 ZFRIF|Q) 1L, 4|4 0 2= EHEC/
ETEC/EPECZE &Hl%|QIth(Fig. 2). EHECE VT2 34}
ETECE STp 4347} & HEHAL, A5H 4449 S+

= Table 3°]4] YERA AT

2. Be|dFo| N Lid At
FAAGFA AAE AYsE 25 75% (45/60) AAI7E 1
27 o|A+9] Ao WS Hth Cefotaxime, Amikacin,

Nalidixic acid, Ciprofloxacin®] 3% ZE #FE0°] @<

Table 3. Distribution of pathogenic E. coli isolated from livestock farms in Chungnam in 2022~2023

Pathogenic types Genes detected n (%)
Single pathotype EHEC (n=33) VT1 1(1.7)
VT2 32(53.3)
ETEC (n=8) STp 7 (11.7)
STp+STh 1(1.7)
EPEC (n=4) eaeA 4(6.7)
Hybrid pathotype EHEC/ETEC (n=8) VT2+STp 8(13.3)
EHEC/EPEC (n=1) VT1+VT2+eaeA 1(1.7)
EHEC/ETEC/EPEC (n=6) VT1+VT2+STp+eaeA 6 (10.0)
Total 60 (100)

Trimethoprim/Sulfamethoxazole
Chloramphenicol

Tetracyclin

Ciprofloxacin

Nalidixic acid

Gentamicin

Amikacin

Imipenem

Ceftriaxone

Cefotaxime

Cefoxitin

Ceefotetan |

Cefazolin | ——

Cefalotin | I
Ampicilin/Sulbactam I I
Amexicilin/Clavulanic acid I I
Ampicilin  INEG—— I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Resistant Intermediate M Susceptible

Fig. 3. Antibiotic resistance patterns of pathogenic E. coli isolates (n=60) using the Vitek-2 automated system in Chungnam Korea in 2022~2023
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Table 4. Multiple drug resistant patterns of pathogenic E. coli isolates (n=60)
No. of isolates with pathotypes
Iﬂgi Otf Patterns ( Tg:)al% EHEC/  EHEC/ EHEC/
IO SR EHEC ETEC EPEC ETEC EPEC  ETEC/EPEC
None All sensitive 15 (25.0) 2 4 8 0 1
1 AM 1(1.7) 1
CF 8 (13.3) 1 2 1 4
TE 5(8.3) 4 1
C 1(1.7) 1
2 AM-CF 1(1.7) 1
AM-TE 1(1.7) 1
AMC-CF 1(17) 1
CF-TE 16 (26.7) 16
3 AM-SAM-CF 2(3.3) 2
AM-CE-SXT 1(17) 1
AM-GM-TE 1(1.7) 1
4 AM-AMC-SAM-CF 1(17) 1
AM-SAM-CF-TE 2(3.3) 1 1
5 AM-AMC-SAM-CEF-CZ 1(1.7) 1
AM-AMC-SAM-CF-TE 1(17) 1
AM-GM-TE-C-SXT 1(17) 1
7 AM-AMC-SAM-CF-CZ-CTT-FOX 1(1.7) 1
Total 60(100)  33(55.0) 8(13.3)  6(6.7) 8 (13.3) 1(1.7) 6 (10.0)

A& UEdslen, A W/ HE& Cefalotin (58.3%),
Tetracyclin (45%), Ampicilin (20%) Al &577F 7 &2 WA
= UEtltHFig. 3). A oAl A9 B S A
gk A3k F 17719 sfiglo] 3aESlem™ 25% (15/60) +5+7t
@ WS eI 31.7% (19/60) 57t 5+ S5 A
of thet WS Eaiek T/ B9 At 7714 FF(AM-
AMC-SAM-CF-CZ-CTT-FOX) TAAof Higt WS Hel
T TEE| I TH(Table 4).

3. 16s rRNA ¥7|ME &M

2 HA8NH+=Y d7IAE A
flote] MGG AFEAS AAISHA
A 30972 AH5k0] 16s rRNA F714E-S ZA 51,
5709] Fx55 ZFFoto] 1,375 bpoll tioto] th5 g8t AlE
A AR A3, e HA8d T FERF 9714
4 AE4L 99.1%~100% YebdthFig. 4). o= HAGHE
9] FFL TAQ0] =2 FAMI= UEhd S onlgitt

[¢)

X}

V.21 #

=l 715t 7hEekE o] weh YRS f3ol

https://doi.org/10.5668/JEHS.2024.50.4.274

B2 2712 Zolgt dAE) 35R WA Tge
Qlo] w9 thefst AN+ e A7 A 58 &
7ol BT ZA5H7] wjzo] YAA Afdel Ho] Wasie}”
HAANGFS S5 Bl 9l 2} 3 370 0gorA
g 4 9lon, ogd 49 HEH o9d S8 4l &
28-S HFTo 2N AgolA ZEET? B o=
LA A HANG T TS Y3 SN B
LANG T B 2ARELAL olo] Higt EAS EA51

AR 5 57 SEOA A 100719 HA F 607491
A Aol HAEE o] A B3 ole BAdNE T+
o] EoHA =0l = AR SRIEIth A HACCP Al
282 Hg3k T oA HANGHE AEE 29.4%
of Hlgf| &2 X0l o]= UHtEAL F7ete] Al =
Fo|A 2= 2po|d Aol A Aed AAE HUY4
A 541 6ol 7HF wol AEE=, o159 ¥ A9F
Eo] A=A ettt thit o 5ol A YAt to] A
£ 0 g WARGE AL I a7t Alde A4 gL &)
L 7o wgst 4 Qlrk

= BN 60T F 4570 AAT Y HYA R
SRI=AA, YA 15709 AA7F of=] 7Y HA4FHAE =
gohe B3 YA NG (HyPEC) O & ZRIE9Ich T e
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Isolate no.

Isolate no. 8 (EHEC/ETEC)
Isolate no. 9 (EHEC/ETEC)
Isolate no. 7 (EHEC/ETEC)
Isolate no. 6 (EHEC/ETEC)
Isolate no. 4 (EHEC/ETEC)
Isolate no. 29 (ETEC)

10 (EHEC/ETEC)

[EAEC (MF919603)]

[EPEC (MF919608)]

[solate no. 5 (EHEC/ETEC)

Isolate no. 21 (EHEC/ETEC/EPEC)
Isolate no. 24 (EPEC)
Isolate no. 31 (ETEC)

Isolate no. 11 (EHEC/ETEC)
EIEC (ME919607)

[ETEC (MF919609)]

Isolate no. 18 (EHEC)
Isolate no. 1 (ETEC)

— Isolate no. 30 (ETEC)
Isolate no. 12 (EHEC)

Isolate no. 26 (ETEC)

Isolate no. 13 (EHEC/ETEC)
[solate no. 15 (EHEC/ETEC)

Isolate no. 17 (EHEC)
Isolate no. 27 (EHEC/ETEC/EPEC)

Isolate no. 28 (ETEC)
Isolate no. 16 (EHEC)
Isolate no. 2 (EPEC)

Isolate no. 14 (EHEC)

Isolate no. 3 (EPEC)
Isolate no. 19 (EHEC/ETEC/EPEC)
Isolate no. 20 (EHEC/ETEC/EPEC)

—
0.0010

Isolate no. 22 (EHEC/ETEC/EPEC)
Isolate no. 23 (EHEC/EPEC)
[EHEC (MF919606)]

Fig. 4. Phylogenetic analysis of reference strains and pathogenic E. coli isolates in this study. The reference strains used in phylogenetic tree are

boxed.

Al % EHEC7} 3371 0. & 55%F AHA|sto] 7 B2 HleZ &
FAL, olF 32700 VT2 Z4FARE 2SI Uk VT
FAZ2}; TAE verocytotoxind T} A1%0] I Wju]AlE
8 S B3 RUSE A0 LA ol VT R4
2 MBS 42 AS BUYE e 4 Sl 15

o] &t} FpA|uk TFEA TN A eae®t saa FAATL HLAA &

gl Sa3t AT-S pehal BAlEo] VT FAAS] fHto =
BEAE BHAIE ol Zoltk ! J-elE v AL
W5 EHECO] 7|34 Al YAFEZAro 2 WEE 42 Qlom
2 207} 93 EH, 27191 84 A AA " Qs < Q)

5 ) ool B4 A4S YT BY HANNIF

(HyPEC)2 A AAZC R 533 & 35 B EAIZ diFE

I Yok o= AR T IF 7t 8E &
o] lo] HAE g B o] WA FHo] A FHA}
EgAanEof QA]oto] JEE o 2 HUdHAHo R
A7) giiolc}® Bat A4 (HyPEC)Q] H & B
= EAEC/EHECO|H, SUolA AYSE ti+i AAF ZER}o]| A
FIE]9) 3, 11 o] F u|=} QIioflA EPEC/ETEC,>*” Ba}
Aol A EPEC/EHEC 5o] RRERIch? oM Hald B
o YA (HYPEC)S O & SAFAA o] tigh A+
7} A3 Fo|A|qk 2 9] 5 S0 A Bt HAAE
F(HyPEO)2] A& ¥ E|7F B Bf gich
= AN A T FBATFA AFAA 75%
(45/60) A7 1557 o144 FBA WS EH
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Cefalotin (58.3%), Tetracyclin (45%), Ampicilin (20%) Al &5
7t 7M=& WS YEUIH -5 23704 EEE W
DAY FAYA| WA ZO A Tetracycline, Ampicillin,
Trimethoprim/Sulfamethoxazole, Chloramphenicol2] &-3§4]|o]|
A WAL Holal 9=y > Tetracycline, Ampicillin®j|A]+=
AR A0S HYATE 2 Aol A Cefalotin EA] 4ol
7+ 22 A2 EAJolt}, Cefalotin FAYA| = cephalosporins
Ao 1A FAAZH StalgA] AE= A HAdH G+
AT E F8 WAF F shtolch?

Hog yHARNAA = 30 439 16s rRNA @7 4SS
A1, A SRl Tt 5719 JE2FE 2T
o] 548 A4S ”/\] Sheltt. dekd o &2 Al &
A3 A8 52 165 rRNA G287 G714 LGS o]-g3h=t,
16s IRNAR-ARF A714E-2 2F 1,550 bpQ] Zol& 7 B
ALY} FHS Hole AE FRE FAE A7IAEE
ol &gt Aol Bl f&attta FejAl ok dgole
U]Ag% 7]—g 0:]7]/#@0] ﬂg =I5k 74 o BHX ]—OX-]‘S‘P?Q HFEH
U= A E F& 55 ofz e, 28) 2 A5t9] Aifof A
= 99.1%~100% &< F7IAE 5oz <Igt Bt

T SR AERlel 152 345, BeAW g Wl 2
5 91 165 rRNA F7|4 2] A2 Aol AS B
ofETh

g2 5 58 1 849 29 Hjle=A
gde] #HA 1AL, ol it 4 *’5& el AL g Stofe
Aol dasEes 2dE 7P = o 10 meEt
2 A AL AollA BeAdug Tt BElE Al SARE

Ao 2HE HAAWAT] g, 2ol ek 2R

=t 3 A el diet 5482 24sk i et s
W gt HAE ostal weEfsy] 3 |4, & 5
538 5742 gristol, et AAE FEskaL, AR9E, A
718 AEF2 AEH 2z RUETSor &Aoot & A
€3 U A TS SR B BeUdTEE =

ApslaL, 1 EAS BA5ItH=T] 2]2)7) Qi
VVE E

B ATE 2022945 20234 F S 3
A 1004 At 2 HAGHAFS & 6}1, g L%
o3 542 E*—i shoiot. e aAET 60712 8
o] EHYEUIL o]F 4571 HATF & ‘ﬂ*JZil(smgle pathot-
ype)] *é“ﬂﬂ-*n‘o 2 HAEA A4 F 0 2 EHECT} 33
Z(55%), ETEC7} 871(13.3%), EPEC7} 47(6.7%) A5}
STt Hybrid Pathogenic E. coliZ HHH AAI= 1571(25%)
O &, o] & EHEC/ETECE= 871(13.3%), EHEC/EPECE 57
(8.3%), EHEC/ETEC/EPEC 27(3.3%)2. & ERI= T}, £

https://doi.org/10.5668/JEHS.2024.50.4.274

9] 75% (45/60)14 1&5 o1/2] Al W=
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