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Genetic characteristics and antibiotic resistance of Enterohemorrhagic
Escherichia coli strains isolated in Gyeongbuk

J. E. Baek, G. R. Hwang, Y. W. Jeon, K. R. Lee, M. Jegal, J. J. Cho and J. H. Lee

Waterbome disease Division

Abstract

Enterohemorrhagic Escherichia coli (EHEC) is a major foodborne pathogen causing diarrhea, hemorrhagic
colitis (HC), and hemolytic uremic syndrome (HUS). It is transmitted through contaminated food, water, and
person-to-person contact, with a low infectious dose (1100 CFU). EHEC pathogenicity is mainly driven
by Shiga toxin (stx!, stx2) and the formation of attaching and effacing (A/E) lesions via the eae and tir
genes.

This study analyzed key virulence genes (saa, ehxA, eae, tir, espA, espB, espD, espP) in 54 EHEC isolates
from diarrheal patients and environmental sources in the Gyeongbuk region (2019-2023). PCR results showed
that stx/ and stx2 were detected in 22 and 25 strains, respectively, while 7 strains carried both. Patient-derived
strains had a higher prevalence of A/E-associated genes, and 46.3% exhibited se/C site disruption, indicating
LEE island insertion. Whole-genome sequencing (WGS) revealed genetic diversity and antibiotic resistance,

highlighting the need for continuous surveillance and preventive strategies against EHEC infections.

Key words: Enterohemorrhagic Escherichia coli (EHEC), Shiga toxin, virulence genes, whole-genome

sequencing (WGS), antibiotic resistance
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Z} 734+ Tryptic soy broth (TSB)ell &3}
37°C ol A 244I3F vl 3k 5 A En) 2] Q1 MacConkey
agaroll =ete] A2 el =t A

T Flstdh AguRlel A AR H=
el3ke] Tryptic soy agar (TSA)ell =2s}ar 371C
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F 3l VITEK2 compact(Biomerieux, France)=
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(Polymerase Chain Reaction) £41¢] BlZglo g
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toxin-ptoducing £ coli autogaalutinating adhesin),
eae (E. coli attaching and effacing), efxd
tir (translocated intimin
receptor), espA - espB - espD (T3SS effector

(enterohemolysin),

proteins), espP  (plasmid-encoded  serine
protease), Disrupted se/C 2 Intact selC S th’
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2.4. PCR Primer & =
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Table 1. PCR primers for the amplification of specific fragments from various pathogenic genes in EHEC

Target gene Primer Sequences Size of product(bp)
saa SAADF CGTGATGAACAGGCTATTGC 119
SAADR ATGGACATGCCTGTGGCAAC
eae eacAF GACCCGGCACAAGCATAAGC 384
eacAR CCACCTGCAGCAACAAGAGG
ehxA hlyAF GCATCATCAAGCGTACGTTCC 534
hlyAR AATGAGCCAAGCTGGTTAAGCT
tir TirF CATTACCTTCACAAACCGAC 1,550
TirR CCCCGTTAATCCTCCCAT
espA ESPAa CACGTCTTGAGGAAGTTTGG 229
ESPAb CCGTTGTTAATGTGAGTGCG
espB ESPB-F GCCGTTTTTGAGAGCCAGAAT 633
ESPB-R ATCATCCTGCGCTCTGCGAAC
espD ESPD-F CGCTGGATTTACAACTGGTTA 939
ESPD-R CCAGCTCAACCTTCGCACTCT
espP ESPPa AAACAGCAGGCACTTGAACG 301
ESPPb AGACAGTTCCAGCGACAACC
Disrupted selC K260 GAGCGAATATTCCGATATACTGGTT 418
K255 GGTTGAGTCGATTGATCTCTGG
Intact selC K260 GAGCGAATATTCCGATATACTGGTT 527
K261 CCTGCAAATAAACACGGCGCAT
SEC §7470) LEE A28 Selsl7) 8k EHECO] @Al W4 AAE VITEK 2
] McDaniel 5”2 "o E}E} PCR-& A3+ compact(Biomerieux, France)ollA] AST-N415
t}. Primer: K260-8 forward® AR&-&bar, ZF cards AH&ste] 8T ey R 54

ol w2} K2559F K261 reverse primer & AH&-
3l tKTable 1). PCR Z71-& 94TC/5% 1 cycle,
92°C /2%, 50C 2+, 72°C/3%-2] cycle 303, v}A]
2o 2 72C/Hw REAIA F54 AHES A d

7199 %= (QIAxcel, Germany)ell Al &2l Tt
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A2 Ampicillin (AMP), Gentamicin (GM),
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ST
Trimethoprim/Sulfamethoxazole (TMP/SXT) %
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2.6. &M &M (Whole genome

sequencing, WGS)

Tryptic soy agar (TSA)oll 4 37C, 18~24AI%t

HH k&b ol A cell pellets SRt gDNA
=2 Qiagen DNeasy Blood & Tissue kit
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v0.12.1(Babraham Bioinformatics, UK)'”¢] FastQC
:Read Quality Reports =15 o] &3] <=3}
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Table 2. Detection of stx/ and stx2 genes in EHEC isolates by sample type and year

Year Sample tvpe stxl stx2 stx] and stx2 Total
ca pie typ (n=22) (n=25) (n=7) (n=54)
Diarrheic Patients 2 1 0 3
2019
Environmental(Beef) 1 2 0 3
Diarrheic Patients 8 2 1 11
2020
Environmental(Beef) None*
Diarrheic Patients 1 2 2 5
2021
Environmental(Beef) 0 3 1 4
Diarrheic Patients 5 2 3 10
2022
Environmental(Beef) 0 3 0 3
Diarrheic Patients 5 7 0 12
2023
Environmental(Beef) 0 3 0 3

* None indicates that no sample was available

3.2. BHd wEXI AE  Shiga

toxin RIS A2Hd

g kel SAAA(D)oNA  EelE
EHEC w9 WA f+d*Hsaa eae, ehxA,
tir, espA, espB, espD, espP 71& A3E vlnl
Sl THTable 3). g AL A A Eg
H dFolA, ead85.4%), tirt82.9%), espB85.4%),
esplX80.5%), espR18%) A HAEE°] =2
o, FAAA(DANANE saa2t elxd A}
7V Z¥zF 157.7%), espP A A= 35(23.1%)
AA HEHAS ¥ o2 BHdAd fdAE=
As A=A It

olZ gt A= AAMES A A EE

| #F7F JdHew Aol Zsi, Shiga

47|
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M3 ;o] 9lee mojzEn sE ATolA
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o] AdAxe]  FAste]  attaching  and
effacing (A/E) ¥¥l-& A3t HALS 43}
& 7PsAo] Brka Bud up Yok

E3] 712 ATl w29 espd, espB espD
A= T3SS (Type 1T Secretion System) #& <1
Z}2 4] EHEC 9 EPECS] B4 ddd Fa3
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Al AF FHAEY 52 AEEC] ERlEATh
ol# gk A= AAA AA A Zel¥ EHEC
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Table 3. Detection of Virulence Genes in EHEC Isolates by Sample Type

Target genes

Sample type

saa eae ehxA tir espA espB espD espP
Diarrheic Patients ) 35 31 34 15 35 33 32
(n=41)
Environmental(Beef) 1 0 0 0 0 0 3
(n=13)
Total
(n=54) 3 35 32 34 15 35 33 35

Shiga toxin %A} 8ol we} A 3z}
2 A A ()l A 2| EHEC #79 &
HYA A BXE B39 tHTable 4).

stxl &= B ol A A S A=
eac90.5%), ehxA(76.2%), tirf85.7%) &< XA
AEE0] B%ow, epd, espB, espD FRAAE
85% o’ HEE Uk RHA, SAHA ()N A=
BEA AT ASHA skt

Stx2 H= B ol A A A=
ead71.4%), ehxA(71.4%), tir64.3%) A HE
So] BA Yeltom, espd, espB espD A
64~71%°] AE&S JeEIATE S8 A(L)el
A BEE gdFoME aae elxd, espP AR}

AZE Ao, 242 9.1%, 9.1%, 27.3%2] e A

StxI stx2 EAN BoAr doll A AAPE S g
AN 5 eae ehxA, tir, espB espD RS
Bfshs A0 2 SRIFHAOH, apd, espP 31

A 2o #FolA = |
Ak 238y sl stxZs BF RAS 47
AN A 23 dFolAe Ze W r
7Y HEHA FUT

$ A= MY A= Shiga toxin A}

o] fralah A<l
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AN @A IA, SFAA (L) AA O w2k

=
95 WG FE} sl BE B #ERc He
1
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Table 4. Association Between Shiga Toxin (stx) Genes and Virulence Factors in EHEC Isolates

Shiga toxin Target genes
Sample type 5
genes saa eae  ehxA tir espA espB espD  espP
Diarrheic Patients 219 16 18 2 19 18 17
(n=21)
stxl )
Erylronmental(Beef) 0 0 0 0 0 0 0 0
(n=1)
DlilI'I'hClC Patients 0 10 9 10 ] 10 9 10
(n=14)
stx2 )
Erylronmental(Beef) 1 0 1 0 0 0 0 3
(n=11)
Diarrheic Patients
0 6 6 6 5 6 6 5
stxl (n=6)
+stx2 i
SIX Ergflronmental(Beef) 0 0 0 0 0 0 0 0
(n=1)
3.3 selC £%/9| disruption} LEE  7Fh= B3 Baitk 53] GA S A o

QA Ale) of%

_E—_

EHEC ¢ selC —.—f]/l disruption o F-& &
Aste] LEE 34 A etk 71 AT+
of W= LEE ¥4 = selC F91oll A4
5489 o)= EHEC 2w BoA ke
I FHZE B0 éﬂﬂlﬁ AT

545=2] EHEC o5& W2 =& disrupted selC
2 intact selCe] BEE 813t A3}, 255446.3%)
o] HFFol| A disrupted selCt 1= G+
ol Al LEE 34} Aol WAt ieS & o U
ok ¥h, 29553.7%) 2] ol A= intact se/lG
gRlsted, LEE F-22; Aryjo] MAYslA] g2 Ao
2 A tTable 5).

AT se/C disruption WIS AR, 2021
d o]% disrupted selC 2] Hl-&°] 50% ©1’d 5

HH
HH

A

rlo

A1 disrupted se/C7} S7Veh= 7o) yERTE

SAAA(LD)NAME A Z intact selC HIE-<]
=om, AA #5139 F 38.5%6F)NA
disrupted se/GE ER1IstAth A (L)olA =
=3 B AR HEEE Wols] A &
2]¥ EHEC ¥57} LEE 345 B/ 714
o] wrof, AriH o= WMol ¥ 7Y 7
o] &k

EHEC #3¢] Shiga toxin 4=} f3 o &
selC disruption A¥}+= fig. 19 YeER AT stxd
I stx2 A BAr d50F) 5 85.7%67) 0l A
disrupted selC’t SRS oM, stxf2 ©@= B
TF(25F) A= 60%(155)9] disrupted selCE
SRISHATE six G5 B #5220l A=
disrupted selC7} 18%UFH)E 71 Ee Bl &S

THE RS AT = AdH
&R mo| 0| HZY . FRE-O[XE 27
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Table 5. Distribution of disrupted and intact se/C in

EHEC isolates by year
disrupted Intact
Year Sample type selC selC
Diarrheic Patients
- 1 2
(n=3)
2019 .
Environmental(Beef)
- 1 2
(n=3)
Diarrheic Patients
- 5 6
(n=11)
2020 Envi I
vironmental(Beef) None*
Diarrheic Patients
ol 4 1
(n=5)
2021
Environmental(Beef)
- 2 2
(n=4)
Diarrheic Patients
_ 3 7
(n=10)
2022 ]
Environmental(Beef)
_ 0 3
(n=3)
Diarrheic Patients
_ 7 5
(n=12)
2023 )
Environmental(Beef)
- 2 1
(n=3)

*None indicates that no sample was available

(n)
30

20

15

10
15 i

‘v 6

stx1(n=22)

stx2(n=25)
disrupted selC 7% intact selC

stx1+stx2(n=7)

Fig. 1 Correlation between LEE insertion (disrupted
selC) and Shiga toxin (stx/, stx2) genotypes in
EHEC isolates

3.4 HEE dN Hd=E Hluw

019G RE] 2023747 MAEF apzAl s
FAAA(D)ANA B2l F52] A WPBES
VITEK A&7} NGS 714} ResFinderE ©]-8-35}
A5 tiEFg. 2).

625 NGS

/50.0 50.0

40

2019 2020 2021 2022 2023

Fig. 2 Temporal Trends in Antibiotic Resistance

A=z BM Ay 201999 5 U 25 o
A7 WAo] BRIEA) aigkoL, 2020 o] % Al
A WA 71 #E7) SRIE 2000860
2019d tin] VITEK Aol A] 22.2%, NGS 240
A 44.4%2 U3 B0 A 27 Ao el
o, o]& 2021l AF 7FASEE o 20221
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FE oA STk 2023l HaL
ot ol A= A WAE e
Azl Aol met STkt e I
ATk

FAA WA EAH mE v VITEK
TAollA A WAool HAEHA ‘P%% =
NGSZ #4315 o 3AA o] HEH+ 5
T e Ui B4 A ZRelE UERSE
t}.(Table 6)

VITEKS o] 83 EAollAe A4 Hdo] &
Q=R &= w71 277469.2%), NGS 4]l A=
217453.8%) = 1=tk L3 A1S(Patient 6)

< VITEK o 2 B3} 79~ Ampicillin A% A&
oy NGSZ  EAdA=  Ampidillin,
Sulfamethoxazole, Chloramphenicol 37}A] W43
o] ZRlFo] TAUAdmulti-drug resistance,
MDR)EAS Btk

:‘_1‘

NGSResFinder) EXdAE AN
(MDR)e] EHTh &2 HIEE SRIFATE ot

A= NGS &4 o] A AdTHe] 27184l
£ F U5e & 5 Yok

VITEKZ} NGS+= #47 e]ol| ule} Axjol] 2}o]
£ Byom, 7t WhHo] 7 & IS 1S
a7} 9tk VITEKS mAEe] AEshd 548
71Hko 2 UAd-& shdsh= WHolH, NGSe
A A WA fFaAte] EA4) RS FRIgih
wehA EAg U8 fAAF EXlsitets dd
o] HA| gAY PFH o= ourt gle A A
Al Wg Il oRet Ajolrp B = ok

A} VITEKS} NGSE ZHzhe] 23} A1
< 7RG AW He] AEol A= NGS &4
o] & O Y7kt RUERo] 7Fsd Zlo 2 dAtkd
.
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Table 6. Antibiotic Resistance Patterns of Diarrheic Patients and Beef : VITEK and NGS (ResFinder)

Year Sample VITEK NGS(ResFinder)
2019 Beef 1 No resistance No resistance
2019 Patient 1 No resistance No resistance
2019 Patient 2 No resistance No resistance
2019 Patient 3 No resistance No resistance
2019 Beef 2 No resistance No resistance
2020 Patient 4 No resistance No resistance
2020 Patient 5 No resistance Tetracycline

2020 Patient 6 Ampicillin

2020 Patient 7 No resistance
2020 Patient 8 No resistance
2020 Patient 9 No resistance

2020 Patient 10 No resistance

JE

YR TR - olw

rlo

Ampicillin, Sulfamethoxazole, Chloramphenicol
Tetracycline

No resistance

No resistance

No resistance

2. HZel. =1 = o|XH 29
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Year Sample VITEK NGS(ResFinder)

2020 Patient 11 No resistance No resistance

2020 Patient 12 Trimethoprim/Sulfamethoxazole Eﬁlrg :;Irflgféﬁli/csolilfamethoxazole, Dlemeyeline,

2021 Patient 13 No resistance No resistance

2021 Patient 14 No resistance No resistance

2021 Patient 15 No resistance Sulfamethoxazole, Tetracycline

2021 Patient 16 No resistance No resistance

2021 Beef 3 Ampicillin ‘ée’?faizciigiimme’A;“elfri;g;ﬁxav‘ﬂa“ic acid,

2021 Beef 4 No resistance No resistance

2021 Beef 5 No resistance No resistance

2022 Patient 17 Trimethoprim/Sulfamethoxazole g%ﬁi?g;g:ﬁ;%lf o Mt Lt Myl

2022 Patient 18 Trimethoprim/Sulfamethoxazole (S:lflllt;r:;t;l}?::izc%lle’ Trimethoprim, Tetracycline,

2022 Patient 19 ?r?nlictillggr’im/Sulfamethoxazole ?é?rl::cc}iflclliil;eSulfamethoxamle’ frimethoprin.

2022 Patient 20 No resistance No resistance

2022 Patient 21 Ar.npicillin,' Ampicillip, Sulfamethoxazc?le, Tri'methoprin.‘l,
Trimethoprim/Sulfamethoxazole Tetracycline, Chloramphenicol, Ciprofloxacin

2022 Beef 6 No resistance Sulfamethoxazole

2022 Beef 7 No resistance No resistance

2022 Beef 8 No resistance No resistance

2023 Patient 22 ?(I:tl)rr);nﬂ}lllcnl’n CEnEmizin Ampicillin, Gentamicin, Tobramycin

2023 Patient 23 é:fl‘gzcii(llliimme,Agil;;Zg;m Azithromycin

2023 Patient 24 No resistance No resistance

2023 Patient 25 Ampicillin Ampicillin, Azithromycin

2023 Patient 26 No resistance No resistance

2023 Patient 27 Ampicillin Ampicillin, Sulfamethoxazole, Tetracycline

2023 Patient 28 Trimethoprim/Sulfamethoxazole Sulfamethoxazole, Trimethoprim, Tetracycline

2023 Beef 9 No resistance Sulfamethoxazole, Tetracycline

2023 Beef 10 No resistance Sulfamethoxazole, Tetracycline

2023 Beef 11 No resistance No resistance
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