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ABSTRACT

Groundwater plays a crucial role in agricultural water supply in rural areas, but it is susceptible to contamination due to
intensive agricultural activities and inadequate management. This study investigates the contamination status of
Escherichia coli in groundwater from an agricultural region and characterizes the phylogroups and virulence factors of the
isolated E. coli strains. A total of 140 E. coli strains were isolated from groundwater in the study area. Phylogenetically,
Group A was the most abundant (47.9%), followed by Group B1 (25.0%), Group D (22.1%), and Group B2 (5.0%).
Among the isolated E. coli strains, the detection frequency of major virulence genes was highest for s#x, (35.0%), followed
by ibeA (29.3%) and stx; (12.9%). Pathotype analysis revealed that Shiga toxin-producing E. coli (STEC) accounted for
45.7%., and Neonatal Meningitis E. coli / Avian Pathogenic E. coli (NMEC/APEC) was also identified in 20.0%. These
results suggest that groundwater in agricultural areas can be contaminated by various pathogenic E. coli strains,
particularly STEC, which poses significant implications for groundwater hygiene management and public health.
Therefore, continuous monitoring and the establishment of effective management systems for contamination sources are
necessary for the safe and sustainable use of groundwater in agricultural areas.
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ATAIHE] A vks AR B AP SAE 3
e BHgE©] 95.1%0) o]ETHKOSIS, 2025). 3FA|RE,
FEHAG] A, T4 -THEALETY] S Al
oJE3aL Qlo] AJgkre] o]8-Eo] =0} ol Bk AR}l
&) A7t B4A otk (Yoon et al., 2020). £3], Y
AGelM= 2T RESSiol] EAlehs 25 Aekr&
T2 AMShkE ZoR dHA o] A T U AETE
e Ak FXH A Ask 2. 9s
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FAAG9] Rl 2GS A AAKR] FAE TS
Rom, 25 W Ao R AekE o] s
AlgksiaL et 53] A ‘Q"T A A= 2
Agho] AL QITEY] ATHEA| B o} FY A5
s 2 + ]E]-(Bartzas et al.,, 2015).

g

ek 28 2 W E5-29 AMea BEd 255y
2L I AR A& o= wAElal Qlok. tisEA]]
7 AHIE 20061 Pl=r A EUololA FHETE
AlFE 49 AlFRE AdFHsaL tiEE e =84
At ZFA(E. coli O157:HT)(Gelting et al., 2011), 2]

FFo) AJANALE WZNE S 2S5 (Viazis et al., 2025;
Yang et al., 2025), AX ErlE #& ofg] Fo AX 2AYs

719 (Pagadala et al., 2015), 3 A= 53 F=ollA
WS TSR 7+3(Gobin et al., 2018) ARl S°] Atk
Az FRAAE st AE 5 98 BE chiy
MR O 719e] ko2 WS ShickPark
et al, 2018).

B AR RO €3 S 0@ Al
09 2 Ve fi3l WHelire] &) 7FsA3E AR
olgk Alekre] Wi LU 7S B, Aske] H4
Ak A, Axgeke] AZ Fol| o3l gt (Masters
et al, 2011). Yukdos AT 7k T3 o8
=Y AolA s TR AAA, e
) it v SO AR, N T A
A Bl Aaht 884 tidadt 22 4 s
AL Aol =k, ey HEE, 8848 o=
T 2 A ES I 5 ATH(Kaper et al.,
2004; Masters et al., 2011). TS ABEFIZ o=
A, Bl, B2, D 15-S X33t E}%kfz} ATToR 5‘«%%
I Qlom, 7} TR &she I AR T
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e %‘E‘“‘ T °lL EH%I_OH HAsE A 2
o)

5 AL ZA] ;‘]ﬂ‘)‘c‘], =
HYdgo =z BFEH(Geurtsen et al., 2022; Kaper et al.,
2004, vlEe) HARE Aol Wy Aol ) =
Al YA OST (InPEC, Intestinal Pathogenic E. coliy}
o] WA v (EXPEC, Extraintestinal Pathogenic
E. coli)®] T 2Eo 8 FEE A HAA TS i)
Aol A S84 RS il BAT 3 743
gy 48R A7 54 A AT (STEC, shiga toxin
producing E. coli), i) STEC] 3 Fdo=z S3A uddy
|34 2= S5 (hemolytic-uremic syndrome, UHS)S
fasl= &84 AT (EHEC, enterohaemorrhagic
E. coli), iii) A2} HALE el A=l it
(ETEC, enterotoxigenic E. coli), iv) S=3 Ao} Tl
HAAE gulels Bk w A F By PAS Exom
= AU dFRT(EPEC, enteropathogenic E. coli), V)
o]d-g flsl= AGA AR (EIEC, enteroinvasive E.
coli), vi) IZHNA A&A1 HAALE fridshe 4834
ST (EAEC, enteroaggregative E. coliy®} vii) 4010l A
AANE fdehe iR O (DAEC, diffusely
adherent E. coli)2.Z AlEE 4 JtH(Denamur et al.,
2021; Kaper et al., 2004; Mageiros et al., 2021; Masters
et al., 2011; Rojas-Lopez et al., 2018). Z<] 7184 i
T2 8 2HAA 7T (UPEC, uropathogenic E. coli),
Ao} 4=uk] T (MNEC, meningitis neonatal E. coli),
JH%’? & O (SEPEC, sepsis-associated E. coli)¥}
F HUA ST (APEC, avian pathogenic E. coli)-&
FHHDenamur et al., 2021; Geurtsen et al., 2022;
Sarowska et al., 2019).

EH%‘"E‘_OE QI 2F w7l e e S A AA
AR QA=A )17
Zag: 'OLE -ﬂro]'o]ﬂ—’— A5 F UAES thgts w2
FIHolH AesiA| HESh= Slo] vk F-251H( Alhadlag
et al., 2024; Majowicz et al,, 2014). HLA 3= te] A&
2 TS S8l A wljd, AR AL Y, 3EE
71, BAEER U, A7Isek Wy ookt

Aol AHESIo] STk, A PR Sl 2 7))
W PHOS SR ARE Ea)] HAA T 014
S ANE S AR5 gel me) A4 ek v)g
EEHQ A HAE 7o) s 7 FoltH(Abbas et
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al., 2023; Govindarajan et al., 2024; Xue and Zhang, 2025).

Agkr AEETF £ FAAGNA Aslre] Lde
S| A AR QIFH wY A5 &t opet
Asjg o)k Fule] AgelE ARHe) 1go] @ 4
SIct. Sl ] A% SUA Asire] Falul

S e Bel7} SIET Aol & Al
$UEF L ABESE AGHE =Y R A5G

vol@ el ASERAN 2 WAH HA4 2
Fol) T A7E FAFORM, A o s

AAE A99S Bkt
2. ME W oY

2.1. 4TIX|ed U A|2 FHZ
ATAGRI = FAe AFAR] wEAGeR T
U= A9 =S AU o] 27.7 km, £ WAS

202.5 km®l =S Ao FHFo| Tis] olF

AR At} ARG A 7 e 22t
12.2°C<} 13492 mme|il, H 10 Ldﬁ LJlf’J M
F% Fo AFHF 29,59 THm?
3 JTHKim et al., 2022). E‘] %ﬁ%fi«l o]-g-0]
‘3%}%*1*94' ALY ARl Hls) 2.4 ooz
i) el EdeEdl A= o]y s sHE<]
HlFo] Azt S7kekar IthEE= Aekr SEEA]
25l 2025). o] 37 AGolA JAFHOZ o]FoA =
AerE o] &g FHAm e FEFoE FrtEn, et
Azl o]0 3l Azet A9l S st
3 AT Agl & A FAIE AT S
(Cho et al., 2012; Kwon et al., 2020).

B Ao ARE-E x5l A8 20183 9ol A
el HA1sk 31712 7IQ] e 38 Askr TgolA
A sHAcHFig. 1). sﬂt‘r 49| A== 20 - 1,000 m=
gekstont, thiEE 30 m ofe] R Bgollar B
T3 o EHe

Fe 2 A ool A9t

Fig. 1. Sampling locations of groundwater wells in the study area (Noseong stream watershed).
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7|AEE, pH, 8 2k, A3k e FiE 2
28] (Multi 3620 IDS, WTW, Germany)S ©]-8-3}]
15 A5 A Sg319oH, Alse & o] Hgd
W7kA] ASE purging 3 F AFHEATE Aok T T8
S5 ol (Ca?’, Mg*, Na*, K, Si0O, (aq))} &=
L0 &(CI, S04, NO5y, HCOy) #418 9)8te] &Aol|A
0.45 pm membrane filter (Advantec, Japan)S ©|-8-3}]
F-HEAS AAS & 27} 30 mLE EEolgdl §7]0)
AHBIATE. 8 ol AlEe= 87] Bd F2 s
WA57] 98l @l FAHHNO)S H7kste] pHE
2 oJ&l= A8tk DOC (Dissolved Organic Carbon)
AlgE 20 mL 24 218710 AF8Ie™ HS0.5
ARgste] At it wElE sl AE 1 LE
et Aol AFHste] W el (4eC)E frAleh A3
A= REEHoH, 12431 oujdl] it #EE S
Hi RS ettt

AN

>

==
e AR FQ §= ooy} 2o k= 717}

N

fr

E RS

Inductively coupled plasma-optical emission spectrometry
(ICP-OES; Optima 7300 DV; Perkin Elmer, USA)®} Ion-
exchange chromatography with conductivity detection (IC;
ICS-1500; Dionex, USAYE ©]&3}o] =43} TE HCO;
(total alkalinity) T== % 4= =74 AISKTNT 870
kit; Hach, USAYS H7Fste] Yeh= aNke-s 3
B = A(DR-1500, Hach, USA)E o]&-3le] =439t}
DOCE Total organic carbon analyzer (TOC-VCPH; Shimadzu,
Japan)= 3l S5l o™ =4 A= 0.002 mg/Lo]t).
Ca?", Mg?", Na', K, SiO, (aq), CI, SO,*, NO;~ &2
SAsHA= 242+ 0.02, 0.1, 0.1, 0.01, 0.06, 0.01, 0.05,
0.04 mg/Lo|t}.

2.3. & 22|

TS Ak AEEHE 2 o7 V)es o]8slto
2] SFATHUSEPA, 2014). A5 1 LE 47 mm Z7]9]
0.45 pm WEHQ | (Advantec, Japan)S AFE3l] o1}
311, EIE m-TEC 324 ¥R (Difco, USA) 1ol ¢
E31 35°ColA 2A1ZE vl 5 44.5°ColA 16A17F Bl
shatt. AA e ARAS Uehie ek A2 m-

Table 1. Primer sequences used for identification, phylogenetic group, and virulent profile analyses of E. coli isolates

Type Function Target gene Primer sequences (5°-3”) Reference
. , CGGAAGCAACGCGTAAACTC
Mentiia B-D-glucuronidase uidA GAGCGTCGCAGAACATTACATT (Ohad et al., 2015)
entification
- Y GCAAACCACCTTTGGTCG
Cell shape and mecillinam sensitivity rodA CTGTGGGTGTGGATTGACAT (Chern et al., 2011)

GACGAACCA ACGGTCAGGAT

Heme transport chud TGCCGCCAGTACC AAAGACA (Clermont et al., 2000)
Phylogenetic ;- .  TGAAGTGTCAGGAGACGCTG
group Y ATGGAGAATGCGTTCCTCAAC
GAGTAATGTCGGGGCATTCA
Anonymous DNA fragments TSPE4.C2 CGCGCCAACAAAGTATTACG
. . ATAAATCGCCATTCGTTGACTAC
Shiga toxin type 1 Stx; AGAACGCCCACTGAGATCATC (Paton and Paton, 1998)
Shisa toxin 5 o,  GGCACTGTCTGAAACTGCTCC
ga toxin type 2 TCGCCAGTTATCTGACATTCTG
Outer membrane protein intimin eaeA GACCCGGCACAAGCATAAGC
uier metnbrane profe a CCACCTGCAGCAACAAGAGG
Virdlence oo iy GCATCATCAAGCGTACGTTCC
factor CTONCMmOLys Y AATGAGCCAAGCTGGTTAAGCT
‘ , . CGGACATCCATGTGATATGG
E. coli: O1ST:HT rfb region PE  TGCCTATGTACAGCTAATCC
‘ . TAGAGAAATTATCAAGTTAGTTCC
E. coli: OT11 rfb region ORF 34 ATAGTTATGAACATCTTGTTTAGC
. . ‘ TATTAGCATGATGTTGCTTG
Invasion protein A ibeA TGCCAACAACCAACACGATC (Germon et al., 2005)
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TEC LA wi=]ol]l ThA] mfeFsle] & fzto= Eajs)
Aok AR et 2 Tre oRE o Tolu
TS TR o] gkl ek 3438k ChromAgar
ECC (Chromagar Microbiology, France)oll ¥IFAIAH Tt
AS ARSI Dombek et al., 2000; Jang et al., 2011;
Unno et al., 2009). +8]¥ 3t d5+= the 23l
A2 ] 714 LB (Luria-Bertani) 8% B A](Green and
Sambrook, 2012)& 7 -70°Cell E#3IAT}

2.4. DNA £& % PCR IS
HelE gt #759] gDNA F55 98t 7 i
55 LB 8] 1 mLZ 291%] deep well platecl| 4] 37°C

ol 12417+ vllSE F Genomic DNA extraction kit (Bioneer
Co., Korea)s AFE3l] F23130t. =% gDNAS T3

AT EF5+ heme 50l 23 chud AR}
71s0] LA A L yjad FAL, A 2ol B
oA TSPE4.C2Z A|HE DNA TS digo = ts
PCR "PHE ARE3ted =33 tH(Clermont et al., 2000;
Escobar-Paramo et al., 2006; Jang et al., 2014). T3
Pt 155 T A7F A A tWRT(STEC)H Shigella
dysenterige TN S = A3 Ml S42A A7
=>(Shiga toxin) A4 T A (st stx,) (Paton and
Paton, 2002; Shimizu et al., 2009), H<1A41(EPEC) 2 A=
G4 did=t(EHEC)ll el s F-ahad Wd
L4201 Mt 2491 intimin B 84K (eaed) (Agin
and Wolf, 1997), &=8/d tiidollx 3= 3=
=212} enterohemolysin & -4} (hiy4) (Kaper et al.,
2004), 215 W) =St tisE 9P R

o= iyt oF g1, AFTERS B 2 Hds di, 55, 884 85 S3TTHUS)Y #Ho| =

2 EA AR5 AES= PCR WS 242 333} serogroup O111%} 0157& WO =& k= 2K 1bE 157417,

GtHTable 1). ¥2d AFE2 AT AFE ERIsh] ORF 3.4) (Bastin and Reeves, 1995; Bilge et al., 1996),
2~z

Hste TS| el dEE B9 wrslE
7rERdlele @481 f-glucuronidases T Y= widd
A} A 2} mecillinam W17350) GRS vX=
EE4 oES I rodd FRAAE T 5014
vl FARE 47981 PCRS 333 TtHChemn et al.,
2011; Martins et al., 1993; Ohad et al., 2015). Tl7g=t<]

Vo) 419 i tENMEC) 2 25 W gt
(APECPIIA WY QAE == 302 Kibed) (Germon
et al., 2005; Paton and Paton, 1998; Wang et al., 2011)2]
E4) oJng Hlsign.

PCR ¥+&-2 EmeraldlAMP® PCR Master Mix (Takara
Co., Ltd., Japan)S AF&-3199.2™, PCR HHg-H-2 25 pul9]

Table 2. Summary statistics of measured parameters of groundwater samples

Mean  SD* SEP CV¢  Min Q1Y Median Q3° Max Range IQR' Skewness Kurtosis
Temp. (°C) 17.6 43 08 245 142 156 162 179 378 236 2.3 3.7 16.4
pH 6.5 0.6 0.1 8.5 5.7 6.1 6.3 7.0 8.4 2.7 0.9 1.3 2.9
EC (uS/cm) 2479 1277 229 515 657 150.8 225.0 290.0 733.0 6673 667.3 1.9 6.0
DO (mg/L) 5.0 2.7 05 534 0.2 2.8 54 7.6 9.2 9.0 4.8 -0.1 -1.4
ORP (mV) 1922 1204 21.6 626 -1247 1529 197.6 2589 5652 689.9 106.0 0.0 3.6
Ca** (mg/L) 234 144 26 617 29 141 213 297 737 708 156 1.4 3.8
Mg?* (mg/L) 4.7 34 0.6 728 0.0 3.0 4.0 69 172 172 3.9 1.7 4.6
Na“ (mg/L) 19.3 15.2 2.7 78.7 7.6 11.3 14.0 19.4 77.6 70.0 8.1 2.7 7.7
K" (mg/L) 23 2.4 04 106.5 0.5 1.2 1.9 26 141 136 1.4 4.1 19.0
HCO;™ (mg/L) 737 275 49 373 21.1 549 715 849 1523 1312 300 0.6 1.1
CI" (mg/L) 204 189 34 929 4.4 76 165 241 932 888 165 2.7 8.2
NO;™ (mg/L) 275  26.1 47 947 0.0 86 194 413 1165 1165 327 1.7 3.9
SO+ (mg/L) 92 102 1.8 1113 0.6 1.7 57 131 370 364 114 1.6 1.8
F~ (mg/L) 0.7 2.2 04 3326 0.0 0.1 0.1 0.3 12.2 12.2 0.2 53 29.2
SiOy(aq) (mg/L) 149 45 0.8 300 1.7 124 142 174 270 253 5.0 -0.1 2.6
TDS (mg/L) 159.8 79.0 142 494 419 1069 1499 186.1 4563 4144 792 1.9 5.6
DOC (mg/L) 2.1 0.8 0.1 390 0.9 1.5 1.8 2.6 42 33 1.1 0.8 0.0
E. coli isolates 45 5.7 1.0 126.7 0.0 0.0 2.0 80 20.0 20.0 8.0 1.3 0.7

Notes: Number of samples n = 31, *SD: standard deviation, °SE: standard error, ‘CV: coefficient of variation, 4Q1: first Quartile, °Q3: third
Quartile, IQR: inter Quartile Range.
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Master Mixoll 1 pl®] 3 DNA, Zt 1 ul (10 pmole)2]
primer, YHA= B S/HTE Hrlste] HF Ho7t
50 7k FA 3kt =& PCR WH3-2 Thermal Cycler
Dice Real Time System Lite (TP700; Takara co., Ltd.,
Japan)s AME3lom wkg 2L V|E FHS Fars)
St Germon et al., 2005; Paton and Paton, 1998). PCRZ
SHE AES AFs BAMIT 1719 Al2=HIQ] Fragment
Analyzer (5200; Agilent, USA)E ©]-83} 213134}

3.4 & nE

3.1. X5t 2 54
7REARI Aslr B4 AL S8l Askrd] 8 2
S5 (Table 2). A7AY A3l 4~ 142-37.8°C
W2 B 17.6°CE UEREIL, pHE 5.7-849] M=
A2 DFsHAl vERkom Bt 652 ] 5SS
Btk A7NHEE(ECKE 65.7— 733 pS/em B &
Ht 2479 pSemE BATH 8 A9 Aksigkdd
Aol A9 247t 02-9.2 mg/Le}l -124.7-565.2 mVe)
FHLE HYS Bt ol ATAYL AP F=
AQoE ZAE TAEC] R 30 m o] FHFH3
o7 32 Y8 ALLo = AEFHIL 9lo] Ask
ARETFo] ol o] B} Fr|eke] HEe ot I
o2 FHETKKim et al., 2022). ¥Hd, W1 #HY 3L
AR Ao w L34 &8-S Jdl NS o dx
THEOZ ALESIAL Qlo] =& 473} pH 3, B 85
Ao} Akslekl 9] 7k Bdrk AA|Z9] Jol Fe
Ca**>Na">Mg* > K" <22 Yeldal, 80122 HCO;
>NO; > ClI > S0, 0.8 g}l ER)3H= ALl

zro.

fr

R

i

o

Lolge -

[e] S
TETHKim et al., 2022). S°]<]
NO; ¢} CI” o] o] zAAXE) o] x|al =2 33l

Helsel, 1996).

TDS (Total Dissolved Solids)®] 74-¢- 855 o]_2
OS2 41.9-456 mg/Le] FHLT HAE zton ¥
159.8 mg/LE X3t} A7X99] DOCE it 2.1 m
0.9 - 4.2 mg/Le] HHE z=t}. DOCE F& EY
52 ARl A0 23] AAHAR A 3
9] 4] ARl B 7122] 1991 Fi3lo] HH
dele] =% gt} o]efgt DOCE A8l W mA3E2]
HE 9 24 A BhE Aol Yonz 44
] 2ofA] FAlo] 2 FEth(Bagordo et al., 2024; Li
et al, 2012).

gt A9 8T it 4.5 TF7F BEE Ao
ol ARl Asre] il 2 PeAS ARSI
T QIRlete] Aol frelids KolA] @il dAEE
wele opgate] Wel0- 20y Hol 5 dale] eln
Aol ik A77F o Bad Ao = AdETH(Jang et al,
2017; Odonkor and Mahami, 2020).

o of
=i

R

of
ofN o

—

3.2. X552 chEE 22|
=R 49 3170 X3 B AE2RE Ty M
RS olgsle] F 142709) A g #EE Bl

Fig. 2. Spatial variation of isolated E. coli numbers from groundwater samples.
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Table 3. The number of E. coli isolates from groundwater samples

Well Type

Private well

Public well

Well purpose (n) Agricultural (8)

Household (12)

Agricultural (4) Household (7)

No. of positive wells (%)
No. of isolates (%) (M = 140)

5 (62.5)
30 (21.4)

71 (50.7)

7 (58.3) 3 (75.0)

29 (20.7)

3 (42.9)
10 (7.1)

stk o5 T T 5ol widASt rodA A
sto] HFE 140709 TFE
B e HA 0014
Ao 20 72 HFPHE OgstA EXESIATHFig. 2).
A 30 B T 58.1%e sligshs 1871 el i
o] EeE ATH(Table 3). ] 3ol we} /A&
B89 60% T8 TFY 54.5%MA tito] HeE]
Atk T Eo wepre FHE0F ARgslE T
66.7%9} 428 B4 52.6%1A tigeto] E2l=E At
AR o2 NG I T B8O A8 TN
7P B ot (50.7%)°] EElEAT. ot
&S velE 7P A AEE I, guido g
Ab s F=9] v ERTE o} skrollAE o R
WS, webd 8 AgolN thEEe AEe B
Edo] EAslaL fralgt ds I 4 e Mol
A8 71sA4S YERATHGwimbi et al., 2019; Mutileni
et al., 2023). 53], F2A| YoM A3k 718 BAL]
735 HE7E & o] FoAIA] edar AR} 1E o™
Ag-go=w AREs] 98l 71t Well Bl flAls=
7397 ot mAA 290 S FHoR Rlo® et
TS F4E ARS8l ol 8Ee FHEGlA titol
AZHE A4 s2E g BN E BAS o {ls
oz}, 7ol Azt TElE o718 = Atk (Holvoet
et al., 2014; Jay et al., 2007; Tousi et al., 2021).

33. 22| tHEEe] AISEREH sS4

gtS 2 A, Bl, B2 % D9 U] 714 8 A%
BERek OF-o = RS 4 9™ (Clermont et al., 2000),
H ot del digk FHAS o A MY
E}o] g (Multi locus sequence typing, MLST) ¥ A
tlolEE B3l 78 AT EFH 1EE HlwE =54
WAS= C, E, F 2 Escherichia clade 1#} Z& AME22
AT 250 ek A% 735l JTHClermont
et al, 2013). Z} ABEFEH 250l &3k 5= A=
OE 1383 9 73138 548 7R 2lem o5 vl 71A

TIE2 AR A MAA] =3 dEval HAlE )tk (Jang et

N A B BB D
100

80

60

40 4

Percentage of phylogenetic groups (%)

Household
e —

Public well

Agricultural Household
—

Private well

Agricultural

Fig. 3. Distribution of phylogenetic groups of E. coli isolated
from groundwater samples.

al., 2014; Stoppe et al., 2017).

ATFAS Aal A525E FEE TS AlsET
stxo g FE3E A} A, Bl, B2, D 18°] 22} 479,
25.0, 5.0, 22.1%= ST ACHFig. 3). A LFo] A i
o] dRES AAE e, Bl D 1E°] frARHA
AL, Bt 71 Al SRttt dekd e s 8
oA A & Bl 18°] B2} D IEKT} t] 25 2

t EAS Helt(Jang et al., 2014). ¥ £33l wje}
Mg BN E A TEO] 495%E 7P & HE=E

ZA1E19.0™ Bl T120] 18.8%, B2 129] 69%, D 1&9]
24.8%F EAISIAL AUt F§ I = A, Bl, B2,
D o] 712} 436, 41.0, 0.0, 15.4%= EF3}aL U
HE, By f¥dEz R2ed ddde 71 geAw
A 1Fo] vt ATEREE 15 S A
shaL 9lglor 3-8 WP A T1E Bl S1EC] AR
HIEE E¥shes 3o Yepdtt T3 3-8 B =
B2 T150] EASHA] & Ao=E YRt ool AlE
T2 QAU &5 A FHIAE Holr] wjiel
AT BE9} 29¢xe] A vk 913 29 7
At FUHEeE F8iE Havt o

Y o wetes 79 98 Bl A 259)
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ok

HE

46.7%= 7V =& HIEE YEREAL Bl, B2, D 15|
Z¥z}+ 20.0, 10.0, 23.3% HI&Z EA)3tar AT QU
A FAHNXE 50.7%7F ALEOE FEREZOH
D 1E0°] 254%, B1¥} B27} 18.3%9} 5.6%= JERITH
TE 598 BPNME A, Bl, B2, D 189 72} 27.6,
51.7, 0.0, 20.7%E A8t Ao, BHLE #HFLS
A 53 Bl 25°] 22 90.0%9} 10.0%= B22F D I
2 EAHA e AoE JeRth. o] ATk
e A 418, F] BT 2 3 7] 15,
S5t Y A 59 Aol R8sl 1zt Aol
s e R A 2E) &3 FEo)A
BE)et #5E UiRE Bl 189 &3ia g8x ot
(Stoppe et al,, 2017). £3] 71918 2] 749 B2 15|
6.9%= ZHAIsHE AoZ YElst=t, B2 152 tE
g0l vis) e 7aS Fidshe Wy Aol 9
=& Aoz ¢HA At (Nowrouzian et al., 2009; Unno
et al., 2009).

AAH o Z 7R1E IHAA S5 BAIGle] thdst

of

- o|AE& -

744 (hemorrhagic colitis)® 2 & 4ES
WAL 21480} 4791 (neonatal meningitis), B-H7A
e S (hemolytic
uremic syndrome, HUS), 82 % & F9 71497} 22
o] s e ¢ Jde B A 233k BAas
T T (Masters et al., 2011). WEpA B dAqtofxd= A7
29 Aol Hel| AA gt 140 FFE i
o WY §14) =4 g Sls.

AA 140 TF T 93 (66.4%) TFolA Hol= s}
olde] Wely fAE 2k Qe Ao veton),
Urx] 47 (33.6%) TFE B9A A2 2% o
202 UeRSTHTable 4). 7118 #42] 739 24 10171
2] It 5 64 (634%) TollA s o)ike] HeA
AL AEHReH, 33 A= HA 39 g

£

(nosocomial septicemia), -8/ Q=

T 5 29 (744%) T=olA B 3247 AS=A0h

Asl 8ol web= 7 B - w8 AEE

9 - A
& H B!
ASERIAA 25 thdite] Feulom, 3 BY  Ew —I
BT sHEIM B T gl AU webA, 2 %
WP ol iR SRR 08 e Y B 2
RIS 2 AEstE Sl gig S d ARE Agd F
>
& it
g
T;; 20 4
34. 22| iETo| Y REA BX e
AT diFloz A 5 3 ARE ofuol] RIZE g
frote] iAol A $7Q Rk = A Bk 5 ol
= ( L]
AP s A5 ololg Freke ved 34 ) ot *
No. of virulence genes
Kine 7l ; N :
= A U]—(Geurts-en et al., 2022; Kaper et al., 2004; Fig. 4. Comparative distribution of the number of virulence
Masters et al., 2011). 3FAT, 54 T2 749 AR genes carried by individual E. coli isolates.
Table 4. Prevalence of virulence genes in E. coli isolates
Virulence genes No. of E. coli isolates
Phylogenetic group
SIx) St eacA hlyA 1fbE ORF 3.4 ibeA
(O157) (O111) BI B2 D
- - - - - - - 21 11 1 14
+ - - - - - - 4 4 1 3
- + - - - - - 24 2 5 9
- - - - - - + 12 12 4
+ - - - - - + 1 3
- + - - - - + 3 3 1
+ + - - - - + 1
+ + + - - - + 1
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Table 5. Occurrence of virulence genes and pathotypes in E. coli isolates

No. of E. coli isolates within phylo group (%)

Total number

with trait

Gene and pathotype A Bl B2 b o
(n = 67) (n = 35) (n="1 (n = 31) (%o of total 140)
sixl 7 (10.4) 7 (20.0) 1 (14.3) 3097 18 (12.9)
stx2 29 (43.3) 5 (14.3) 5 (71.4) 10 (32.3) 49 (35.0)
] eaeA 1 (1.5 - - - 1 (0.7)
Virulence hiyA _ ) ) ) )
gene
bE - - - - :
ORF 3.4 - - - - -
ibeA 18 (26.9) 18 (51.4) - 5 (16.1) 41 (29.3)
EHEC? 1 (1.5) - - - 1 (0.7)
Pathotype STEC® 33 (49.3) 12 (34.3) 6 (85.7) 13 (41.9) 64 (45.7)
NMEC/APEC* 12 (17.9) 12 (34.3) - 4 (12.9) 28 (20.0)

*EHEC (entrohemorrhagic E. coli): stx1 or/and stx2, eaed present, °STEC (shiga toxin producing E. coli): stx1 or/and stx2 present, NMEC/
APEC (potentially neonatal meningitis E. coli / avian pathogenic E. coli): ibeA present

T B 7539 60% oVdol A ARt AEE
RoH, FF WPME F S5 EFoA £ 759
70% ool B RS Zte A= Yehdth
B F34) shE EEslke dae AA e i
Z 57.1% (n=280)1 3NZ3FA0H, A 150 28.6% (n= 40),
Bl 712 12.9% (n=18), B2 & 4.3% (n=6), D 1% 11.4%
(n=16)22 FE=|0] AATH(Fig. 4, Table 4). A3 73
A= stxy> ibed > stx) 2.2 ASEHI oW, AE OE
B A2 7 WE E3ete e HAIY 7.9% (n=11),
Al 7N ol Tdshs I 1.4% (n=2)th. T4
HAA F2x) Al AESE A, s ibed= 4 T,
stx,%F ibedT 7 TFONA FAl AEEHAG HHA
FHRF 3N (stxy, st ibed)2F 47N (stxy, stx, eaed, ibeAYS
BAO B3 #FE 242 1 75 26T A
FOo8 BERE 7F F 68.7%2 T57F YA A4S
Zk1 Qe ASFE Yekorw, B1¥ D ISAME 22t
68.6%%} 54.8% oA WA FHAE AEEH AT
B2 IE& & 7 45 F 6 #5504 HIA E2pt
AZHo] 85.7%2] HEES B AAHoE A IF
(32.9%)°1A 7P B B FxE HEHNeH Bl
(17.1%), D (12.1%), B2 (4.3%)2] <oA= E-xskar Aot
ATEFEA B2 159 A9 v 25l Bisl] Bl
F2 Z0=Z dHA o] WA FAe] AF vIEo]
=S F0F PYESI. AR, A A 2 AR
ATE T8 okt oA gy B9 s5-HUdT
dzAgo] go] FRIEAL, B el ARE F3IA}
Qo] v9- Tthefsl WA FRApt EAlEEE gF ol

A2k EA4 55 U2 259 vlushs A9 4
I 23tk (Hogins et al., 2023; Nowrouzian et al., 2009).

B AR e P AR (Table 5), A7}
54x(Shiga toxin) /37 FHE s, BT so, TS
B3 #3522 AA 12.9%9)F 35.0%2 UERT)
ste, TR 749 BE 2F) aEA EAsla dort
stx; RS A 15 B2 2FlA dudes =
MR EASKAT AVE SaE AL B4 A B
(STECK 93] A4HE Fh8 A She Auw
A4 75 884 o5 SIS T TH(Kaper
et al,, 2004; Zaragoza et al.,, 2016). YHHOZ spr, F-FIAJol]
ofsf| A== AZF =4 28 (Stx2)e seviell ol A==
A7F B2 18(Stx]) B} =& 548 Hol= Aow
&HA Ith(Melton-Celsa, 2014; Zhang et al., 2025).

9 AT 5 29.3%= Aol 0 5 ot
(NMEC) 3 27 e tt(APECKIIA YA A=
AHR ibed FRAAE HF3lAL e Ao YERTh
= W] s A A (IbeA)S ZHRE ibed A=
Aol EtdS frdshe tiNE (NMEC) £2]59lA]
Z7 Y4 W (APEC)S] 11
A AT 26%7} ibed Y30 E HIFHATKCieza et
al., 2015; Germon et al., 2005).

, AZFNAl AP R IHFEE= STEC w52
A= 2 Aol B2 9 A WS /588 5 gl
olmj g3 M|z} 71dgh F2o Qg ofuf vzl
Qe (intimin)yS R eaed A} M2 48
o = O

e ALEAE FLIE hiyd AR} e Tkt

)

o

il
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29lo] STEC?] FAdol| 7]o{3tH(Makhado et al., 2022;
Paton and Paton, 1998; Paton and Paton, 2002). 174
oA EeE thgTd T eaed FAARE 1 #F0NA
WAL, hiyds Eehs o AR B

94 el Qe U 5 ol AEEA URT
(EHEC)= A7} =4 A3 tiidte] ofd o g w3zl
dAHYPoF 0157:H7, 026, 0121, 0103, O111, 01457}
<A AtH(Denamur et al., 2021; Makhado et al., 2022).
£3] 0157:H7 0111 ¥ A 20 &<t JAAA
o2 7o AFE vy S F23tHGobin et al., 2018;
Gonzalez-Escalona and Kase, 2019; Schlosserova et al.,
2024; Sharapov et al., 2016; Watahiki et al., 2014). ©]2]gF
T 15 THEE = = mhEY ORF34 A= 289
tidtol] HEEA 3t

AxH =2 A7 Ha4 A T FHAR]D s s,
AE W & B8 FAR} ibed7t 71 Bo] BAE oM,
olF B QIAl 7 Al ARE SRS I g o EE

A A1 A Fol}h 27

3.5 22| tiEFel HHE 78
W A AAFCE 7 Bel 78 mAER
A3A, 33 A% we g W 5 QR A4

3
&2l
)

=

nxe o Q& wig- kst Hddoew i
(Geurtsen et al., 2022; Sarowska et al., 2019). H<4
ot A QA Y 4l ot =24 A
HAAd B (InPEC) <] At (ExPEC)E
E542 4 JoH(Denamur et al,, 2021; Geurtsen et al., 2022;
Kaper et al., 2004). H FHLS 734 £4S 530
oeket i 3ol zhe s x| At HRE
Rl o5 &8st Al&3lal At & Wgo] A
|31 JtH(Rathore et al., 2024). WEFA, LuEE2l ZHARe}H
tao] BAMESR o2 A WEA fxke] 23
wE} o] HUES wEA EFgeER a3]l
X757} 7¥Fs ) sAlel g t-g] nlEs S5 RS
Alge 4= Ack(Rathore et al., 2024).

3 Y AekrellA EEE didelA AEE

o

¢

w, ZA 2] didt d59] 45.7% (n= 647} stx @} sex
TR 42w Sl ASEMS W SR AP
=4 A4 T (STEC, shiga toxin producing E. coli)Z
WO, ibed FAAF EAE o) EF5= ExPEC
(extraintestinal pathogenic E. coli)’} 20.0% (n=28)%

EHFEAH(Table 5). =3F, sox @ st} 42 BB 29|

o,
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ZANSHH AN eaed AR} o] AFE ) EREE
=394 YA (EHEC, enterohemorrhagic E. coli)ye
0.7% (n=1)= e}

AZF S A4 URH(STEC)KS: 17k 91743 Agke]
T8 Ao Z o5 o3t 7 T4 wig- et
E3], 284 %< (hemorrhagic colitis), -84 25 3
Z(hemolytic-uremic syndrome, UHS) 2 F4 A1 7]
Aol Z ololA= WS AYshe A vMEEESE
(thrombotic microangiopathy)y2 Z2j& <= 1THPaton and
Paton, 1998). °I5 T dF= A WU = Q&) A=
A thZRF(EHEC, enterohemorrhagic E. coli)- 2 -4
=], STECY A3 AR A7F F4(Stx)d BlEo
FlE Az B2 ¢ UES s 2wl
intimin A4 A [FHAR] eqess EFSHCE. o]HSH
F2-2 EHEC 7 I 713olA SAGAZ A5
AAFE PR EHECO 93 e A AlAHo R
HIHSHA Sk flom, el iE FHT fX]ellA
EHEC O157:H7l &J3F = = WAsh= & A&
21 ¥ Al7F Bar=]r 1tk (Heo et al., 2023; Sharapov
et al., 2016; Watahiki et al., 2014).

o] HAA AT (EXPEC)S AW WU AT
(InPEC)e} tlEo] QIZIelAl 718 &3t WA tidto =,
oy F PRI 2lAe} H4Ekd Tt (NMEC, neonatal
meningitis E. coliy>- Q% 71ES Bl 485 A8l
2ol arede] =8 fRlo] 7%= S (Geurtsen et al.,
2022; Kaper et al., 2004; Poolman and Wacker, 2016).
ErkE o] WA tidre] ofdl 2R WA i
(APEC, avian pathogenic E. coliy> &, 23] 5= X3t
7ha oA oheFst =4 2 A AEs i AdE
79149, AdYE, HEF 5 ot S4s s
(Mageiros et al., 2021; Sarowska et al., 2019). 3k
NMEC®} APEC EF &5 A IF3h7] Ak 3&
Tl TbeE Aol BASE ibed TAAE WAISHL
Rom, HZ AFE B3l T o] AR O = -
Akl Edst MR RS FFalr] el Ikt
oAl A7 AFS =HET sl Aok BastAth
(Sarowska et al., 2019).

AAH R = 9 AskrollA EelE didte]
45.7%7F AI7F Fa A iAo 2 FREERIAL 20.0%=
NMEC$} APECE ¥33H= ExPECE EFH Ut oyt
NMEC®} APECE 7-2s17] feiie Hed T2 9Igh
Sol4e) WY FHA PF AT7F F742 Fsolo}
g Ao g Al ¥y EHECE 7% 15w A4%t 724
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,d
tilo
o,

Ao 7= 0157°|H 0111 Eo]F2 F-A7}
= JEoh
= 9y B RS At s &g

oA AWS sk ol A W
AA e 3 Hi=A] BHeddolgke
AL ot (Masters et al., 2011). SFA|TF
F A WA E olsAd BHYAd Ak wmE
S 7Hsd T EA5H] Wi wEAY
1] 3% Bs Boshr] Hal digatel disk By

ﬂ O:
A
N
=)
S|
=2
i)
gl
i)
ot
oflt
e
S,
i

A b8
o fr

)
by
:
E {
o o
>{\I
Kl

o

o

XN o W o
e o
kv
i)
=

of

B9 25l Bag Aoe Bkt
1.4 B

He
4
_[Q_L'

(N

tidte] EelEI. AlS
A 5% Bl D I50 = 7AHC slglen el
=& B2 5E dHAeR AA SAEAH. £ed
78T & 66.4%C14 st ol de} e Ak EA
dh= ZloE Yehon, 93%9] wrelkle 5 7 ol
B AP Sl AEFI. B 4 T A
=4 A B AR s st 7EE Bol AEEAL
thero® A &3t B ibed FHAE Bol A
Atk AEE B TS viEeE BUYeR 1R
stle o, o A7F =4 A4 tiERT(STEC) 3
Aol kel dlAT(NMEC)H 27 BU4 vt
(APEC)= Xgsh= 9] A WA+ (ExPEC)2=2
TEEAT WIS NMECSH APEC7} B8] T5A=
BA 5 F 2 QR e Thsdo] EAsiE R
FOIE 71 dert ok

ARG A3l Algel tidto] FelsiAl EAfsta
sher 7let B TSR g HEHE 50 Hol,
g gl dA] e ARPE vIES Ao ddEn

(Kim et al,, 2022). &F A|¥e] B¢ F4F &= AR
7HQ1 slere] BAAERE A2 SR IR A3k 20
S7Fhs FAlolt. e9dd Askre FHE FHE da
2 FA AslE dodd ¢ 3loy, o 29
AslrE S8 AF 52 AlF AR 739 3
7Fs/30] @A) S7HE 4= itk mEh, AR B

o} AelrE 285 AEESE ARSSARE BE7t
u] &3 oA kA3 ek ARS8 F714<

27t dasit
AL A

£ Ave B R gL ] AU SR s}
AL 7PEAI(GP2025-011)0] E2-0 2 S35 LT
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