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Virulence factors and antimicrobial resistance patterns of
pathogenic Escherichia coli isolated from fecal samples of

piglets
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Pathogenic Escherichia coli is the cause of a wide range of diseases in pigs, including diarrhea, edema

disease, and septicemia. Diarrhea caused E. coli may result in significant economic losses, making

pathogenic E. coli an important pathogen for the swine industry. This study investigated the preva-

lence of virulence factor genes, antimicrobial resistance phenotypes, and resistance genes in E. coli

isolated from feces of piglets in Korea between 2017 and 2020. As a result, 119 pathogenic E. coli

isolates were obtained from 601 fecal samples. The F4 adhesin gene and the STb enterotoxin gene

were commonly present in E. coli isolated from diarrhea samples. The dominant virulotypes of iso-
lates from diarrhea samples were STb, Stx2e, and F4:LT:STb. More than 80% of the screened isolates
were resistant to ampicillin, sulfisoxazole, chloramphenicol, or tetracycline. To confirm the resistance

mechanisms for B-lactam or quinolone, we investigated the genotypic factors of resistance. Each of

the ceftiofur-resistant E. coli produced an extended-spectrum B-lactamase encoded by blacry 14

blacry vy and blacry 55 And all ciprofloxacin-resistant E. coli harbored mutations in quinolone-
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resistance-determining-regions. In addition, some of the ciprofloxacin-resistant E. coli contained the
plasmid-mediated-quinolone-resistance genes such as gepA, gnrBI, or gnrD. This study has con-
firmed that the F4 fimbria and the STb enterotoxin are the most predominant in pathogenic E. coli

isolated from piglets with diarrhea in Korea and there is a great need for responsible and prudent use
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of antimicrobials to treat colibacillosis.

Piglet, Diarrhea, E. coli, Virulotype, AST
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PEC)C.& F-ERtt} ETEC7}H AM¥oh= 542+ heat-labile
enterotoxin (LT), heat-stable enterotoxin (ST), enteroag-
gregative heat-stable enterotoxin 1 (EAST1) 5°] &&A
Ao o5 FEa HA A EH]A HARE Fioto] Azt

gt A 2ol ol=A Ak B EASS Hole

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
oamrm by-nc/4.0). which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



204l EDEC7} 87 of=tll, EDEC7} AH33l= shiga
toxin 2e (Stx2e)E =TAR F5Ho] BAEHY &4& ¢
oA B2 Sustti(Dubreuil 5, 2016; Zimmerman 5
2019; Misumi &, 2021).

ETEC® EDECE gyt oz HAQIZE o]gslo] &350
27 AHA R BAG & =45 AYSH] giZe] S04

21RO gt 8719 EAVE S Aok AoE B
ATk A0 F A= F4 (K88), F5 (K99), F6 (987P),
F18, F41 50l & & A U=t HANA F49] 87 &
= dHolA L= F5, F6, F419] 87 &4 TRH
do] Fat farsh= W F189] 487]= olf F7E &
o} w2hA F5, F6, F4l i+t 2 ZRAk=olA HAE
Hoba F18 tiat2 ol fAR=olA, F4 tiatE HE 499
=R oA HARE FEE 5 e A 2E BEH(Dubreuil 5,
2016; Zimmerman 5, 2019).

ARE o g3t WA tig+t] F22 Wafsh= FAE #
Totug A ool uie {83 AeEE IHA ATHDu-
, 2019). w2hA ARG 9
Wol7] et Akow ¥ digte] FAQIA ] gt A
7F I o S5 AFtollA= ool F57F frasitit,
20009H] RHEE F47F Aol F9loH, ol F18%
A F4= G35k 208 gRlFth FARIAIe} tEo] 54
TR FRBP = A A= FAol= EASTL, STb, LT
7t AR oY, Ftofl= STb, EAST1, Stx2e8] A&E°] =
SHByun 5, 2013 Do &, 2020). 312] AolA+= LE A
= FARIARE F47F FARSAAL, ml=olA= FARIAE F471,

EAZ2E STh, LT7F $3933 ity 2 1H v Qltk(Katsuda 5
2006: Zhang &, 2007). 181 fHolA& F49F EAST1 &
= STb7F $-AlstAHLuppi 5, 2016; Brand 5, 2017; Vidal
5. 2020).

S tF29] FERoIAE WS ET ofd e} of2] A
o] &5 #fste] Tt FAE ARSI Ut L 7]
7ro] JAYA| AHET 278l oJgt 141"3 9 Ed2 AR
ofisl 35EA SHoME me ST EAE 7HH2H o
2HA A AlA =7He& WHOS %*:‘. oz A WAdel di-3-st
7] 91t 22 FP5A LS st FAskL o 2uzt

ol A= HEA 20 "7t A Ui T & st
0] Zofoll A A W& FAFSE] FHSEAL T o] £
Aol M2H I A F2 HEFY 70% ool ampicillin,
chloramphenicol, sulfisoxazole, streptomycin, tetracy-
clineo] WAool AATHAFO|FENTH7H 5, 2021). F4
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AlEAY HaoAqe A AAlfA HHAZEE E2E Hd+
9] 70% ©J]AFe] aminopenicillin, sulfonamide, tetracycline
Al FAA] WAL &I 4= St} 2]l ofAfofoflA] 34
] cephalosporin, flouroquinolone| @Al digt %+
79 WAEel §d T o diEel st Erha Basigith
(Nielsen &, 2021).

ojgfet Y& HiFoE & AFoA = =8 A= EHol
A PAHS Beste] S45= AR 2 ETEC A=A §4#}
9o BxYE ARSI ok EEol et A Y
A3 A} THetat g&Eo] 3MH cephalosporin® flouroquino-

lone WARHAAE E45t9ict.

201795¥ 20209 797kA] =W 25719 F=3(E7 2, A
T 13, A& 6, A 1, AF 2, 3 DollA 363]0l 24 Z{2k
E(0=180)7 o] FAHE(n=421) 221 E F 601749 EHAE
< AT 22 AT G AHE 2uste] #&
g Q=2 AREotch E¥-2 Bristol stool chart (Heaton¥t
Lewis, 1997)°l Wz} AAHn=440)2} v AHn=161)= &5}
At

A sE B2 MacConkey agar plate (BD, France)©]
F&sto] 37CoA 24417 vigsHAH. o]F M S
Fosin Methylene Blue agar (Oxoid, England)& A5}
o 37T, 2441t Wiget & S54 FH] giges Ads
1 Vitek-MS (BioMerieux, Germany)Z W44 5359
ot 5% A2 blood agar plate (Synergy Innovation,
Korea)oll 945 Fsto] &S 2l

EE ol diste] A §42; 5%(F4, F5, Fo, F18,
F41)3 =4 34AF 4%(LT, STa, STb, Stx2e)& Zhang &
(2007)9] HHE 3-83tc] PCR WHOoZ HEsIch AARSH
A g =4 7“17\]'7} R ol HEHAY £E8E A=

- HYd Yo R ERollth
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A A8 B flsto] TSR E=MIO)E 37
stgoH, A-835E MIC panel (Thermo Fisher Scientific,
USA)E AH&sto] AlRAre] Ao wet A3S 435kt
AHEE FAAI= amoxicillin-clavulanic acid, ceftazidime,
ceftiofur, cefepime, cefoxitin, meropenem, ampicillin,
gentamicin, streptomycin, sulfisoxazole, trimethoprim-
sulphamethoxazole, colistin, chloramphenicol, nalidixic
acid, ciprofloxacin ¥ tetracycline® & & 16&°]t}.
A A 71¥2 Clinical Laboratory Standard Institute
(2018), European Committee on Antimicrobial Suscepti-
bility Testing (2018), = National Antimicrobial Resis-
tance Monitoring System (2014)9] 7]&o] w}sjc}.

FRA 24 AAIA ceftiofuro] WAAS EQl i+
422 extended spectrum B-lactamase (ESBL) family
% CTX-M FA8AHblacry\) 2l ¥olE &5t th(Pagani &
2003; Branger &, 2005). 3} ciprofloxacin®] HAS X
Ql A+S HACE quinolone resistance determining
region (QRDR)Y] gyrA, gyrB, parC, parE FAA A9 @471
A HolE F9lolHtt. ol&d plasmid mediated quino-
lone resistance (PMQR) B3R qnrA, qnrB1, qnrB4,
SR =
, 2011).

qnrD, qnrS, acc(6)Ib-cr, gepA, ogxA, ogxB2] &=
AARIA T Cattoir 5, 2008; Kim 5, 2009; Kim &

XAV ATE 0] BAHL P HYS ot Aottt P-
value”t 0.05 "FF (P<0.05) ¥ wf F-2]u]st Z}o]7} Q= Ao

= B
3 AR 6017 F 11671(19.3%)°14 11959] 44 of

Zto] Eel=tk(Table 1). AAF Al& 4407 % 907(20.5%)
oA, B]AA} AR 16174 & 2673(16.1%)°14 HLA o]
Eagglon, a8 5235t Alo]7} ¢ATHP=0.236).

FAAS] HE S Table 20] W
g F 46.7%, BlAA AR EEF F
TR AEEA FUATE AAF Al

Y S5t 02939 o

o) Aw @ E4
BT GAF Al
40.7% NN = A Am

CE D eSS ES

T3 v AR BEE %Oﬂﬂi—t— F189] H&WI=7} 714
EXon Hab Alg Eej5et v ndd b §o)gt 2ol & Hict
(P:O 006). gH B Ao A& F6, F41-2 HAEH A Eokr).
FAZ HE A, A AlECA= SThE 71t
o] 7}% oo (56.5%), STa2t LT7F 2+ 28.3%, 20.7%ClA]
HAE= At 3hE HlEAL Aol A= SThe Stx2e F/do] 2+
33.3%, 25.9%%t}. AAF E BlAAL Al BEOA] SThE 71
o] 7MY Worou, HEWEE HlAAL AlRETE HAL A
oA FolatA EUTHP=0.034). T 54 A AEH
A] o= tiTo] AAL AR EEF FolAE 12.0%, HIGA A
72 EEF FolAE 37.0%S XA 5t
AAL Al gol A EEE it HYEE AE TS ARt
559 AW A7 AEEA] G SThit HEH dig+ol 7}
 E%oH (n=17, 18.5%), "RRIVIAIZ AR7F AEEA] &2

o oY

Isolation of pathogenic E. coli from diarrhea (n=440) and non-diarrhea (n=161) of piglets

. No. of

Sample type Breeding stage e
Diarrhea Suckling 154
Weaning 286
sub total 440
Non-diarrhea Suckling 26
Weaning 135
sub total 161
Total 601

www.kojvs.org

No. (%) of samples with No. of

pathogenic E. coli isolates isolates vl
14 (9.1) 14 0236
76 (26.6) 78
90 (20.5) 92
0 0
26 (19.3) 27
26 (16.1) 27
116 (19.3) 119
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Prevalence of virulence factors of pathogenic E. coli isolated from fecal samples of piglets

No. (%) of isolates with indicated fimbria or toxin genes

Sample Fimbria Toxin
type (n)
-k F4 F5 F6 F18 F41 - LT STa STb Stx2e
Diarrhea (92) 43 (46.7) 27 (29.3) 7(7.6) 0 17 (18.5) 0 11 (12.0) 19(20.7) 26(28.3) 52 (56.5) 18(19.6)
Non-diarrhea (27) 11 (40.7) 2(7.4) 2(7.4) 0 12 (44.4) 0 10(37.0) 3(11.1) 3(11.1) 9(333) 7(25.9)
P-value 0.582 0.020 0.972 na.’ 0.006 n.a. 0.003 0.261 0.068 0.034 0.476
*Not detected, "Not applicable.
Prevalence of toxin and fimbrial genes carried by pathogenic E. coli isolated from diarrheic piglets
Distribution of the toxin genes
Fimbria
-k LT STa STb Stx2e  LT:STb STa:STb ~ STa:Stx2e  STb:Stx2e STa:STb:Stx2e Total
- 2f 3 2 17 12 1 4 0 1 1 43
F4 2 0 0 4 0 11 6 0 0 0 23
F5 1 0 4 1 0 0 0 0 0 0 6
F18 6 0 3 0 1 3 0 3 0 0 16
F4:F5 0 1 0 0 0 0 0 0 0 0 1
F4:F18 0 0 2 0 0 0 1 0 0 0 3
Total 11 4 11 22 13 15 11 3 1 1 92

*Not detected, "Number of hemolytic E. coli without fimbria and toxin genes.

Stx2e (n=12, 13.0%), F4:LT:STb (n=11, 12.0%) <o =2 Ex&
SHATHTable 3).

AAF A5 2R (n=40)52 T2 FIS (91.3%), CHL (87.0%),
AMP (84.8%), TET (82.6%), STR (71.7%)°l WS WerHd
1, CAZ, FEP, MEMOl& 5 /ol qitt. vlAdAr 25
(n=23)5% AMP (100%), CHL¥} TET (95.7%), FIS (91.3%),
STR} SXT (65.2%)°l W/d°191l, AMC, CAZ, FEP, FOX,
MEMoll= 25 ZF4=/d 0| tH(Table 4).

At *lf: e Fet uldAN AR BEF 7 ZF YA oigt
WS = §93t Zol7t FATHP>0.05). T2y AJHT 5k
He] HellA *é*} A& B2]F9] CAZ, XNL, FEP, FOX, GEN,
COL, CIPol| Hi&t MICy, 5227} v A A} £-2] 50 thole] 2~16
] A UEbdtH(Table 4).

39 oA WA HEE A6k Y A 7l E
2 e FolA 7P WiRstA vehd WA 28-S ZARSFI
(Table 5). 4&2] YA 2olA= HAK33/46, 71.7%). ¥
AK19/23, 82.6%) & L35l CHL-FIS-TET-AMP WA 1+
Elli= f30] 78 B3tth

AT Cephalosporinfﬂ FAAIJA XNLol AR HE4
gt & 77929, AEE blacrx #1182 blacryy-is
blacrg-yi-27, b]ZCTX_M_si}J\q-. Ol 5 &Y AL CAZA
= 5ol o™ aminopenicillinAl AMPO] WAdo]itt.
B-Lactamoll &34 gz FAAZRE FB2 22 STROY WA
o]AtHTable 6).

CIPo W/dQl tht2] E442 Table 70 et It o] o
F H= NALY] digt MICT7F A4 ®A7159] 44 o] o
2 2 WS HEslth o] di8tE9 gyrA, parC, parE
Axpo| A theFet el 7F ERIE QI 135 BT F-5242
2 gyrAAAS] 83 F=of WHo|(Ser83Lew)E 7HAAL AR
o, gyrBolli= Wl fIlEh. 75+= gyrAol o5 Hol(Ser-
83Leu, Asp87Asn)2} parCel ®o](Ser80lle E+= Ser80Arg)
£ 72 Ath PMQRS &S 23 13 F 75904
qepA, qnrB1, 1= gqnrD7} ERIE At QRDRE0] thEHo]
£ 7H tigt2 QRDRO o2t PMQRE &A1Y 7HA]
£ 2ol Hlste] CIPof| thgt MIC7H %9k

https://doi.org/10.7853/kjvs.2023.46.1.35



KJVS

Ts9 S1 8C1 8C1 € aN
850 L'IL €¢ 8C1 8C1 S a qLs
8¢ 8 91 I ! aN
860 €8¢ €1 9 I 0 a NAaD SOpISOdA[Sourtuy
00T €C ¥9 ¥9 0 aN
SO0 88 6¢ 9 9 0 a dNV urproruadourure
Sul[[rorusg
0 0 €§T0 STO 0 0 0 fC aN
L 0 0 §TO0 <STO 0 0 0 9F a WHIN swouodeqreo
SwAUdJ
0 0 8 14 [4 aN
870 TT 1 91 12 L a XO0d uroAuwreydod
0 0 STO0 STO 0 aN
eu 0 0 I sTo 0 a dd4d AT uttodsoreydao
4 1 S0 S0 0 aN
9C0  0¢l 9 8 0] € a TINX
0 0 I ! 0 aN
geu 0 0 [4 ! [4 a VA 4S) 111 utiodsojeydad
swoayda)
0 0 91 8 0 S 91 ¢ 0 aN
8¥'0 TT 1 91 8 I 6 I 01 S a DNV JuoSe uoneurquiod wepe-g
(%) ow o TIS 9T 871 ¥9 T« 91 8 ¥ T I S0 STO TI0 odf «S[BIq
d DIN “DIN UOTJBOIJISSB[D)
Q0UB)SISY ,30 (Tw/3M) sanfea DIIN YIM SIIR[OST JO “ON o[dureg  -ororumuUy

s30181d Jo (¢z=u ‘QN) BoyLIBIp-UOU Pue (9f=U ‘(]) BOYLIEIP WO} SOIB[OSI []0 "7 druoFoyjed Jo 0ouL)SISAI [BIGOIIWNUY § 3](E |

39

www.kojvs.org


http://www.kojvs.org

Bl

KJVS

"a[qeat[dde JoN “aFuer paise) A} JO SUONEIUSIUOD UL} JOMO[/IYSIY 10 0} [enba sanjea
DI YA SOIE[OST JO JOQUINN|, ‘BOIe S)YM U} UIYIIA PIUTBIUOD JSOL) dJe JUSTE [BIGOIDINUE [OBD J0J PAJSO) SOTUB UOHN[IP SY, "SIUI| [EQIIOA A PIJedIpul e sputodseary,

-auIoAoen) ‘AL ‘uroexopyoxdd gD proe oIxXipifeu “TyN ooruaydwero[yd “THD unsijod “10) ‘ojozexoyoweydns-wdoyjowny ‘I XS djozexosyns ‘S1q ‘uroAwoydons
LS ‘urorweiued ‘NgO ‘urpoidwe gAY Swouadorow ‘NN (UNIX0Jed ‘X ‘owrdojed {qqq (Injonjod “INX ‘QWIPIZEJoed ‘ZyD (PIoe OIUB[NABR[O-UI[[IOIXOWE ‘DIAV

https://doi.org/10.7853/kjvs.2023.46.1.35

L'S6 [44 8¢l ¥9 0 0 aN
€10 98 8¢ 8¢l ¥9 0 I a 1dL sourpoAoena],
¥'LT 4 ¥ STO0 0 C aN
L90 LT 01 8 STO € € a dIo souojournbormoyy
¢9s €l 8¢I [43 14 0 aN
6€0 LSy IC 8¢l 8 4 [4 a TVN souojournb
sauojoung)
L'S6 [44 ¥9 ¥9 I 0 aN
970 0.8 (V1% ¥9 ¥9 14 I a THO S[ootuayd
4 ! [4 C 0 0 aN
90  0¢l 9 8 4 € I a 10D surxtwAjod
sopndododry
TS9 Sl 14 14 aN
€L0 609 8¢ 14 14 a IXS
0°L8 0¢ Cls 45 0 aN
LSO €16 [44 48 [41rY44 0 a NE s1oyqryur Keamyped o1e[o 4
(%) ou o ¢Is 9sc 8¢l v9 e 91 8 4 @ I S0 STO0 TI'0  odsy +S[e1q
d DOIN “DIN UONBOIJISSB[D)
Q0UB)SISY L0 (Tuy3r) sanfea DI YA SIJR[OSI JO "ON ajdweg  -onmunUy

ponunuo) 'y 2qe |

40



AT
re

H2IA OIX} 2

=

S L

Multiple antimicrobial resistance patterns of pathogenic E. coli isolated from fecal samples of piglets

No. of Isolates from diarrhea samples (n=46)
resistant No. (%)

antimicrobials of isolates Most frequent patterns
4 33(71.7)  CHL-FIS-TET-AMP
5 26 (56.5)  CHL-FIS-TET-AMP-STR
6 16 (34.8)  CHL-FIS-TET-AMP-STR-SXT
7 9(19.6)  CHL-FIS-TET-AMP-STR-NAL-CIP
8 3(6.5) CHL-FIS-TET-AMP-STR-SXT-COL-GEN

CHL-FIS-TET-AMP-STR-NAL-CIP-GEN

*Abbreviations are shown in Table 4.

Isolates from non-diarrhea samples (n=23)

OI:ios'o(th)is Most frequent patterns

19 (82.6) CHL-FIS-TET-AMP

15 (65.2) CHL-FIS-TET-AMP-SXT
9(39.1) CHL-FIS-TET-AMP-SXT-NAL
7(30.4) CHL-FIS-TET-AMP-SXT-NAL-GEN
2(8.7) CHL-FIS-TET-AMP-SXT-NAL-CIP-STR

Characteristics of ceftiofur resistant E. coli isolated from fecal samples of piglets

Isolate Sample MIC (ug/mL) B ey Other antimicrobial resistance .
Farm N f ) Virulotype
ID type XNL CAZ AMP type except for B-lactams
031 A ND >8 1 >64 14 STR, FIS, SXT, TET, CHL Stx2e
055 B D >8 8 >64 55 STR, FIS, SXT, TET, CHL Stx2e
056 B D >8 8 >64 55 STR, FIS, SXT, TET, CHL Stx2e
057 C D >8 <1 >64 27 STR, FIS, SXT, TET, CHL, COL F18:STb:LT
058 C D >8 8 >64 27 STR F5:STa
059-1 C D >8 2 >64 27 STR, FIS, SXT, TET, CHL, COL F5:STa
059-2 C D >8 2 >64 27 STR F18:STb:LT
*D, diarrhea; ND, non-diarrhea, "Abbreviations are shown in Table 4.
Characteristics of ciprofloxacin resistant E. coli isolated from feces of piglets
ke Sample MIC (pg/mL) Mutations in QRDRs PMQR ]
Farm " Virulotype
ID type CIP' NAL gyrA gyrB parC parE SEDES
001 A D 8 >128 S83L wT' WT WT gepA F4:LT:STb
002 A D 4 >128 S83L WT WT WT gepA F4:LT:STb
003 A D 4 >128 S83L WT WT WT qepA F4:LT:STb
007 A ND 4 >128 S83L WT WT WT gepA F4:LT:STb
017 B D 16 >128 S83L, DS7N WT S80I WT - F5:STa
018 B ND 16 >128 S83L, D87N WT S801 WT - F5:STa
022 C D >16 >128 S83L, D87N WT S801 S458A - STb
053 D ND 4 >128 S83L WT WT WT qnrB1 F4:LT:STb
062 E D >16 >128 S83L, D87N WT S801 WT - F18:STa
063 F D >16 >128 S83L, D87N WT S80R WT - F18:STb:LT
064 F ND 16 >128 S83L, DS7N WT S80R WT - F18:STb:LT
067 F D 8 >128 S83L WT WT WT qnrD STa:STb
068 G D 8 >128 S83L, D8N WT S801 WT qnrD F18
*D, diarrhea; ND, non-diarrhea, Abbreviations are shown in Table 4.
o AL Aok A Aol B T Beee §9)
gk 2o]7t =tl(Table 1), HAAA tig+to] #2€ €
201795} 20204 Aole] 315l £ o o =S Bl Qlomi o] A4 AdEe Yxols] Eoe gz,
oA et EEste] BRI 9 E4 fFAAE AAI HE HAA il tiet A2 HA1S] g Eelu |
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Ao JFS T2 4= ol Fol A HAHTE A
7t FREEA] & 7ol At FHH R A HARS S ¢
Qlofl= Fol, olf-AI71H Ad 5 44 813 Clostridium
spp., Salmonella, PEDV, PRRSV, rotavirus & t= 49
= 245K (Dubreuil 5, 2016; Zimmerman 5, 2019).
Atk wAelA ey el RS oI Aot
Rglot, A4k AlRe] Bejrols A4S Sushs Aoe o
’D'VL 4=4(LT, STa, STb)2] 27} fAlst o, HIth 2 H]

=R gaTwHLﬁi%@AMﬂzmgqﬂAiqs
A

%

Hf oA} &=9ktK(Table 2). WAl MAL A|20) HAIES {33
2> 9l ¥ QA tjRtoto] AFthZ 0 & Ho] BHiglojgl Hog
FEL 5 A

Aol A e By diddols FARIAEE P4, 54
FAAREE STb A& Hl&o] % 1(Table 2), HUFF ==
STb, Stx2e, F4:LT:STb@ o] Wokth(Table 3). o]d A+-ZA3}t

W LA = A EeE o] FARIR = F4 (31.9%), &
A% BAST1 (41.4%), LT (31.0%), STb (31.0%)7F S-AI3 L,
P02 F4LT:STh:EAST1 (17.2%)°] A HSS &
% A% (Byun 5, 2013). 222 2007°14 20184 Ato]
WS 49 A=ollA 2 il A FARIAtE
F18 (26.6%), F4 (17.9%)7F ¢-AIRL, A=4= STb (41.8%),
Stx2e (25.7%), STa (25.1%) &0.2 @oton, Wedgor
STb (7.6%), FA:LT:STb (7.0%), F18:Stx2e (5.2%) <=2 = Al

AUHDo 5, 2020). TehA Aol A= F4LT:SThE 7H1 o
Zgato] A& 07 H2] HAAREo] ello] B Ao g AYZhEt

AR 7HAYA HExlo|u} waf BF2o] e A o7 kg A
I tH(Dubreuil 5, 2016). 1822 Tkwap 5(2016)< -7t}

o&L

¢

oA P47} 7H Fstgicta Hasky ok&g ETEC 74 o
WS §Jste] F47|REe] WiAle 9-AF o ARgglof girhal 7|
<ottt 18ar 202040 HxE F=o] AtolA ARsA

o= FARIARE F410] 7MY f-3stal lrkal Harsl=t, o]
IO = F4 #AE WAl o0& AT avteta 7]&St v Atk
(Li 5, 2020). 2822 2 ok==o] ETECY] 93t AAlZ o
HS 913t Yo R F4, F18E o]&3l= o] avdd A
07 AZrEr) 9ol Etetal 23 F 547(45.4%)9]
227t FAEA] o2 vH(Table 2), o]of thet 27129l A+
7} S8 =]ojof & Zio|tt.

M AA B 5 21.0%2] HLd tidtol Al Stx2e7t A
Z%|9tTable 2). Stx2ex STEC7} AH¥5H=
A%, 718 85 65 YEIL w2 HARES Btk o
£ BIANE g+t A=olA EeE RS Stx2e A&

N

e - 2435 - AN - 4SS - U4 - HEY

E0| =2 Ao] 39lx= v Do =
ETECY] o3} HE0] &2
OJsfjof & o g FZtE
=0 EHoA EElE e i+ £25 5 80% ol
o] AMP, CHL, FIS, TETol W/dolA2™ 60% ol‘d2 STR,
SXToll W/dolitk(Table 4). Do 5(2020)9] &AM Ao A
= 2 A9 Anet fARE AdE YE . T3 =7 A
A AR 9 ZYEY AR2AZ 2007 o] FHE HX]9] Hi
oA E2jd g 60% ol/del AMP, CHL, FIS, STR, TET
o Hi5te] Y4ol QU tHOne Health A WA 24 55
-3-AF). Aminopenicillin, phenicol, sulfonamide, tetra-
cyclineZ] A= 2012E 2 2016974 FE=RE 2
g 39l 470 Aol &5t @A Eol AHEE = Aot
(FHSAFH LS, 2020). webA ol A0l gt 714
Q1 leZo] A9 e £Ql 408 f5drh
Aminopenicillin, sulfonamide, tetracycline©] thgt =
A tdate] W AAACNA HeHA o2 =4 Uehdtt
(Nielsen &, 2021). & 17 5 &€ B W+ £
=< AMP, CHL, FIS, TET Z¥ztoll thgt W&ol =<2 £ oty
2}, 75%7F vl 7HA A0l SAlol W/de WER tH(Table
0). ol FBAEZ AATEEA7IHWOAH)NA AA T 9]
oA 2HH R FaF FYA(VCIAs)Ol &3ttt VCIAse= A
|5 299 "7 Wil 4 Aol diste] LA ol "41
Al oFEo] 5T o A== FAAJE(WOAH, 2021), ©
] 2 u]go] A4 tio] VCIAsol tigt WAool A= A
o2 3QlH Aot ESF AMPS} TETE A+ HARS A&
of o]xH o7 **ﬁﬂ% FAA) 7= Jh| 1AH 02 ARG
= SXT(sEFAH G2 2020)9} SAlol WAl g o
o] 53.6%°1 Eotoict. HUS tid+tel A WA E
A=E At A *P%%*g S7kA1711, XNL, COL & 2%
Aoz ’ﬂE—HQ‘ﬂ of & A AHE= SRttt 2 2AME
oAM= EelE MUY thdato]l 8 AmFEA N W 2=
Zlo] ZRlH E]'E]'""E} A W/ ghito] ofglo] -2 F )
B-Lactam FYAI= Alet] Alzd & Adst= &
AR At AW 250 ZHA o] &t LA FHLRE
B-lactam A 2H&-5H= p-lactam 7hEal EA(ESBL)
£ 7M1 tid+te] Edo] & 8 Aol HaL Qith 554 &
QAIFIL Q= ESBL 482 CTX-M3olt}. CTX-M< 34
| cephalosporingl GAYAI] cefotaxime (CTX)Oll W3t 7k
FRso] o, et MolFE0] A, 7Hs, 24 H &

4 M=ol A AlAA R ZdAo s HuEY JtHCanton

, 2020; Misumi &, 2021),
HEZ 95 Qe STECE #
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5, 2012; Bevan 5, 2017; Kim 5, 2021). 9]gt3} 42050
A 8% blacryy type blacry-142t blacry 5%, 442
59] HolE9] ARl CTX-M-9, CTX-M-1o] A AAA
o7 QA5 Ao 7 A UHCantén 5, 2012; Bevan 5,
2017).

E Ao A= XNLo WA 79 blacy.y types RAFSFS
tt. HEH blaciyy types blacrxary (CTX-M-9), blacy.
w27 (CTX-M-9), blacryss (CTX-M-14)0] A eH(Table 6).
o|A 9] AL Ae} ok wU FEFANAE CTX-M-1+-2}
CTX-M-97+°] 7FF f-3sh= 2o =& &2lE Aoltk(Shim &,
2019; Song &, 2020; Kim 5, 2021). ESBLY] &4 &-419]
Yl F sfh= ESBLE Zt+= ¥4 Alo] aminoglycosides,
quinolones & THAIW/EE 7H4 3549 9 gH4to] {2517

Eb(Cantén 5, 2012; Bevan 5, 2017) £2]F XNLY
WA #FEE TE5H2E STRO W0l 258 AlLstal
4~570 AL FBANE Al WS UEhd AU tol
Ut wEhA ESBL A/dwt5-9] ghito] tiste] A|&2 08 4l
= 7100k & Z 0 & AZHE )

St EyetE 23St ofAJotof| A flouroquinolone#] &
YAl et A e Y] WAEC] e Sl Hst
of &2 7108 HuHI ri(Nielsen &, 2021; Hayer 5,
2022). 994+ =2 enrofloxacin (ENR)oO] AFR-E| &1,
ENRE] AFg-o] QIAIA F83F 2 =234AQ1 CIPol ik WAd
T A & Q= AC = g5 F o mebA flouroquino-
loneA A= 7159 F2% A ARA HFoE HH
SIES AYEIL om(EESAPE 9=, 2020; Grabowski
5, 2022; Hayer &, 2022), =Wl & 7Fa7o] AR&-ol 5415
AHHARA s, 2021).

webA] CIPoll W/l ¥ thd+2l quinolone WA/
A=S AAFeFAEHTable 7). Quinolone W2 QRDRE] ®
o] = PMQRY] &A1& Yehdth. QRDRS! gyr# par -4Ak
£ quinoloneA| FAYAQ] EAEAQI gyrase?} topoisomer-
ase & Yoot gk ofu| At 7} g5 A
gt ido] 3A yeiue 2o ® A IthGrabowski 5,
2022; Hayer 5, 2022). @&kA] gyro]l o]Zo|} paro] Ho]
£ Al 7L Qe REFE0] gyr ©ERo] #FE T CIP
of thsto] =2 /= Uehd A o= Yztect.

PMQR-= QRDRE] ®o|Ht} 3w a a7} WA|gk EdtAn| =
of EAst7] ol B Hgo] 755kl QRDR ®olof| Blsto]
H2 A WS G 5 Qo] AAI7E B asitt 2 RAMA
+ Hu 5(2017)3 Sung(2018)9] ZAMNAE= HEEA AoH

www.kojvs.org

PMQRSQ! qnrB1, qnrDe| AE= At o|2X U F=7l
ol Bl Bt} tpFst PMQRo] A 5l= Zlo] Ejld Aol
t£0] quinolone WA FA%AE0] 5 EE A2 o e
< Uetl= 5 =W =% i+l flouroquinolone©]
Sk ohFet WARIAE EH4bElo] Qi Zlo] ERIE Gt 13
2 B AT W AlolE At &) 28 A= A
ZYH T,

)70 WYX S A} B0} ghAIA| YA

= F4, 542 STb7 7P f8shke 2o= 2ql=glon
Stx2eE 7Hd o= o] EEsh= AR SRIF . $2
gt £2]FE°] CHL-FIS-TET-AMPe] Aol W/d< vet
WAL, g AARSOl F2 20]= SXT-AMP-TETO] &4
ol HaQl wt9] vlek Eirh E3 FerolA ost 9 =05}
oA 2oz Fa% XNL, CIP WAte] B=gon o

= Zlo] AR} g HAS S 9
AL 47142 A4S Foto] Y RYFL Hersta ol
we A 4e WAL A8SH welo] WaT Ao A
So] SBTES AASHA shf oY YA £

A2 A A B4R AR A G- Zo] A A
9] At oYolE 1ol 7l olo st HA L
vt Slo] g gl 4ulske f5olt. 35RA A
A% WA FFE 9stol FEAY FHUY 234 Folr}
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