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Antimicrobial resistance of Stx2e positive Escherichia coli before and
after ban on antibiotic growth promoters
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The emergence of antimicrobial resistant Esch-
erichia (E.) coli is a major problem in pig farms. To
tackle this issue, in July 2011, the Korean government
banned the use of antimicrobials for growth promo-
tion of animals in farms. Moreover, E. coli encoding
the Stx2e gene cause edema disease which results in
high mortality and morbidity in pig farms. Therefore,
the aim of this study was to investigate the prevalence
of antimicrobial resistance among E. coli encoding
the Stx2e gene isolated from weaned piglets with di-
arrhea before and after the ban on antibiotic growth
promoters (AGPs) in Korea from 2007 to 2016. In this
period, 479 E. coli isolates were obtained from weaned
piglets with diarrhea, and of them, 144 E. coli isolates
encoding the Stx2e gene were detected by polymerase
chain reaction. The susceptibility of the E. coli isolates
to antibiotics were tested using the standard Kirby-
Bauer disk diffusion method. The most frequently
observed resistances in isolates obtained from weaned
piglets in the last 10 years were to tetracycline (92.4%)
and chloramphenicol (88.9%). The prevalence of re-
sistance to colistin (3.1% to 16.5%) and tetracycline
(86.2% to 97.5%) was also observed to have increased
over this period. Additionally, multi-drug resistance
was also found to have increased (87.7% to 97.5%)
after the ban on AGPs. These findings provide useful
data for designing prevention and treatment strategies
for postweaning diarrhea and edema disease, and can
be used in future studies on antimicrobial resistance in
Korea.
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Introduction

Ol A= o] f F-oll BA|o)aq g e] Aat W AfeFEA
Ao We 5 w2 H3hHql eqlor ] AW FHok
Atk [1]. o] fFA=elA 53] & A&llE sl A
At 75 (colibacillosis) ©1™, 1 SolA % o] f-AF=
A} (postweaning diarrhea) 3 5% (edema disease) ©
-y A gtk ol fAbE AALS Y HE S AR, X
AW =2 HAMEE FE Tk 2 AAA FElE ]
F st Adwo|tt [2]. Wt [Escherichia (E.) colil <& ©
=9 Aol Mt nAERA 50 ke Hed
(adhesin, toxin gene %)l W&} enterotoxigenic E. coli
(ETEC), Shiga toxin producing E. coli (STEC) £} 22 o]
2 W (pathotype) &2 E-FE T} [3].

Verocytotoxin producing E. colit}t11 % E2]E STEC+
FEH o dlAR A glow, Al Pite)] A ‘?Jﬁ]
= 5491 Shiga toxin (Verocytotoxin) & A4 st} [
Shlga toxin< @Al A subunit® A1 B Subumt_o_

o] F0] X1 58~70 kDa w2+ #<] Hg ek goltt. B sub—

unit-> Al E $=8-A191 globotetraosylceramide 2} 23, Al
X549 FolA, ME o] A W A 43 Tl :401 st
™, A subunit= AlE WelA B & 2gsto] A gk
e Aslske Aoz A vt [5]. Shiga toxind =
A VT12 VT2 1502 Uy =dH, VT2+ VT2e, VT2c,
VT2d® 73 9tt o] FolA VI2edtilE &8 & Stx2eE
A 3 U9 Mze SHAor &4 2k Q7] wi
of FFr o] WAe] Fast s gtal v AoE &
A4 At [6].

24 A (antibiotics) & 1% <

3 oete O vl T AT dghen [7], 53] ol
e AAbSol U FgE o] A s W oo R AR 7
A S FEATG el A ol ARgSFltt, ey Abs FH7F 3
A e gL etal FEE e AR WA =9, 53] th
AWAEFY AN EE S L O 7A okE Ao x5 Y
ool AZbet wAE o7 ek [8]. S

AA S 82 A U gAY AF TS iﬁ'ﬁﬁ}o T

X

L
© % o 4
gizirlr__ngél‘w

AR A7 &

College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

Tel: +82-43-261-2960, E-mail: wklee@cbnu.ac.kr



Antimicrobial resistance of Escherichia coli before and after ban on antibiotics 85

wastHoRE Fd BAH R o§AX L 9t} [9].
g AW A7) H2H o] obd A AMES Y AT
1986 A9 dS A gor 20069 ¥ FA 5}
W, ulell A E 2011 7€ wiEAE ol A HobE
AFA A = A
A YA Wake AFREE AL TR, A,
A Sl wel gekatA velE 5= 917] watel g8
AEHA A e FAA A 2E
st Aol Fastrta & ¢ gk wpEbA divka [10], o
(111, AUt [12] 5 AR =7 2kdelA H
g Aol dist A UAde Z2AkskaL o A=
H sHFAAAENYE FH082 A& FA

I

of
A

o GAA WAl el A B AT QA W, WAL
GAA B FAE AFsel AN R, 53 BF
FF StxZe AR WA ool OlE A U4 A
e 5 Hob 4 gl AEelth weba o A
ol 4= 200734 B 2016W7H4) A& Ve o] 7
oA 2o 4T FAA SixZe AT 2 B
144 #75 Awstol AR W) FAA A7t FA A719
20119 A58 A UlY WSS v astgich

2, o T

Materials and Methods

Haz 2

2007dH-E 2016174 AAF S Hole o fAEL
EHE dZ7S 2T B B F UEES B
Aoz AMHEF F, FA WF7] Becton Dickinson, MD,
USA) 9 gl (Asan Co., Asan, Korea) Ao =23}
37CeolA aFF Tk vkt adet. Zh v A oA 23 A1 o)
] BoFg veRdl= S A9 & VITEK I system
(bioMéreiux, Marcy I' Etoile, France) < ©]-&3}o] =74
stolch A e AT 5 A E S A8k 50% glycerol
o] Yo 70Tl Eastn)

Stx2e RHXI HE

e oigtel oisl FEEAAMEEH (polymerase
chain reaction, PCR) & AF&-3to] Stx2e f+312He] EA] &
2 At FAAE HAE8H] 9138 primer YR 4
PCR 712 7]&2] Wil wet AA1skieh. wieke e
< 200 pLe S/l derst 5 100CAA 1023 714
sk % 8,000 X gollA A4 ste] 1 45 & F 3l PCR
9] template® AFE-3FA T PCR mixtured 12 2 X
EmeraldAmp Master Mix (Takara Bio, Otsu, Japan) £}
2 uMe] 7}7+e] primer, 7123 3 pLe] DNA templates
HA7rete] 2F &Fo] 20 uL7t H %5 sto] PCRe F-33 3}
At FEAEL ethidium bromide S 3713 2% agarose
gel el A A7) 5sto] Flsksitt [13].

FAA <A A= Kirby—Bauer?] ®w el upgl
223 g o R At [14]. F8 A= Clinical and
Laboratory Standards Institute (CLSI) guidance® %

a5k g9 167H4 5 Ao A3kl gentami—
cin (10 pg), streptomycin (10 pg), neomycin (30 pg),
cephalothin (30 pg), cefazolin (30 pg), cefepime (30
ug), cefoxitin (30 pg), nalidixic acid (30 pg), cipro—
floxacin (5 pg), norfloxacin (10 pug), ampicillin (10 pg),
amoxicillin / clavulanic acid (20 / 10 pg), trimethoprim
/ sulfamethoxazole (23.75 / 1.25 pg), chlorampheni—
col (30 pg), colistin (10 pg), tetracycline (30 pg). 7
YA tJA~F= Becton Dickinson AFBD) oA ol s}
i+ BBL—Sensi—DiskE T-§]38to] AFg-313lt}. Stx2e 4
A} ¥ S Mieller—Hinton broth medium (BD)
of 37CollA sty wjekst & A THTE ©] 83t
e 5 McFarland Standard No. 0.57} 5 =% 243 ¥
Miieller—Hinton agar (BD) ol =23} t}. 37 CeollA 184
ZEajokst g3 A YA F99 oA HAs 54
3te] Becton Dickinson AFS] w5 A o] wheh WA o] H-& 2
Akt thAl WA -S Magiorakos®l 7)ol wel 371 o]
742] CLSI subclassell W& vebd #55 oAl A
S & 7hgsksit [15].

SHHN 2N

EA B8 SPSS A 12.0 ZR13 (SPSS, Chicago,
Illinois, USA) S o] &35ttt Al= H7F A 24 A5
o] 72+ FAYA ol e WA ES E48H7] 819] chi square
testE AAISH I SAE FIFEL p<0.05Z 233

=

Results

Stx2e S 25 HEZO UM HAE

200795-E] 201617kA] AAFEo] Sl o] fFAb=elAl o
At 479 ;5 FE s oH, I FellA Stx2e genes 7F
A 3L Q= Wit 144 55 Akt A WA ES
=74 ¢t 43 Table 104} 2] Tetracycline (92.4%),
Chloramphenicol (88.9%), Ampicillin (86.1%), Strep—
tomycin (79.2%), Neomycin (69.4%), Nalidixic acid
(66.0%) 14 =2 &S vekliglet. g, Colistin
(10.4%), Cefoxitin (25.0%), Cefazolin (30.6%)2 <
s Yelglom, 53] Cefepime? A-$ A 10d3F
Ul’d el A& A& = skt

el A mig Ak o A Hob 549 2011495 A
3kl U gL HelE #4931 A3, Gentamicin (70.8%
— 43.0%), Cefazolin (43.1% — 20.3%), Cefoxitin
(40.0% — 12.7%), Ciprofloxacin (566.9% — 34.2%),
Norfloxacin (56.9% — 30.4%), “12] 1L Trimethoprim /
Sulfamethoxazole (70.8% — 45.6%) Al U/ &°] €A
SHAl Zraxshis A& #led = 9t} 18y Tetracycline
(86.2% — 97.5%) ¥} Colistin (3.1% — 16.5%) 2] 2%,
H AL S o] A H7F TR Fol] 388 A Eol st
= AE AT 5 9l

Stx2e QEII HQ HETO| OHl LHAE
Stx2e FAAE ZHa Q= 144 #F9 A A WA
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E5 ¥4 A3} (Table 2), 7H& B& vl 42 10719
subclassell W/d-& YeERd ' (21.5%) 1™, Fo]of 5~7
7€) subclassell WA & e = sido] B2 NIER &
3tk 1070 subclass WA A© ] A9 vigA s o A4
Al A7 24 o) Aolli= 33.8% 4 AE = AAIRE, FA] o] Ff
v 11.4%%2 dAg 4 FAE epd St

AAFeE 12 F579] subclass A 5 371<] subclass ©]
el U/de vebd ohA U EEES 20119 A
A ol ellE= 87.7%C1 AA R, A o] Fell= 97.56% % 1
H|go] S7bete dE v A @A 1271 €]
subclassel BF A4S YER 375 (0 subclass) & A
W 1097 & 475 Bolglor o= BT ujghAlE o &
A A 7F T A ol el e E AT,

Stx2e RNI 29 HEZ WA IHE

Stx2e genes 2, AAF TS Kol ol fAEdA &
25t gt o] A A SelE Table 3 3EASFSATH
HigtALE o) 384 A7t w4 A2 7Y &3] YEhe
g e 14572 A WS YdeEblE GM-S—
N-CF-CZ-FOX—NA-CIP-NOR—-AM-AMC—-SXT-
C-TE°l3em, Atxs 7t FAA =4 o]del= 654+

T 21 F7E ASHIAT 54 ol Foll= 79¢F T & 5
Frko] AE o] @A A4 ARE bk B3 AR
A7F A TA ol dell EAFE W HHES =4 o F
of AkebAl = A &S welow, 54 o) Foll= AaA =dE

g s so] o B Sl

Discussion

ATl E 200795 EH 2016 @74 HAMSS HolE
o] fA= ol A 479 52 Wi EEEen, 1
Stx2e FAAE ZEE 14470 50 dis] A e =
Abskar, wiEARE o FAAA 7 A4 A$-2 A WA
A5 vkt FufelA Ak 1091 #238k Stx2e
FAA ] S Tetracycline (92.4%), Chloram—
phenicol (88.9%), Ampicillin (86.1%) % Streptomycin
(79.2%) ol "all =& ATAS et o, ojs} &2
A= divka, Aucl, o] RYEE Ayl FARE
c}.

AF 1093k WA ES A E= vwst A9, 1%t
QW 7|7 W2 oF O F AFE-3)] 2 Tetracycline, Chloram—
phenicol, Ampicillin, Streptomycin 5°] T &2 A ]

N ofN

Table 1. Antimicrobial resistance of E. coli encoding Stx2e gene isolated from weaned piglets in Korea from 2007 to 2016

Antimicrobial subclass

Antimicrobial agents

No. of resistant isolates
(Antimicrobial resistance %)

Before" After Total
(n =65) m=79) (n=144)
Aminoglycosides Gentamicin™ 46 (70.8) 34 (43.0) 80 (55.6)
Streptomycin 47 (72.3)  67(84.8) 114(79.2)
Neomycin 51(78.5)  49(62.0) 100 (69.4)
Cephalosporin I Cephalothin 41 (63.1)  41(51.9) 82 (56.9)
Cefazolin™ 28 (43.1) 16(20.3) 44 (30.6)
Cephalosporin IV Cefepime -2 - -
Cephamycin Cefoxitin™ 26 (40.0) 10(12.7)  36(25.0)
Quinolones Nalidixic acid 48 (73.8)  47(59.5)  95(66.0)
Fluoroquinolone Ciprofloxacin™ 37(56.9) 27 (34.2) 64 (44.4)
Norfloxacin™ 37(56.9) 24(30.4) 61(42.4)
Aminopenicillin Ampicillin 53(81.5)  71(89.9) 124 (86.1)
p-Lactam / B-lactamase-inhibitor combination Amoxicillin / Clavulanic acid 34(52.3) 45(57.0) 79 (54.9)
Folate-pathway inhibitors Trimethoprim / Sulfamethoxazole™ 46 (70.8) 36 (45.6) 81 (56.3)
Phenicols Chloramphenicol 57 (87.7)  71(89.9) 128(88.9)
Polymyxins Colistin™ 2(3.1) 13(16.5) 15 (10.4)
Tetracyclines Tetracycline” 56 (86.2)  77(97.5) 133(92.4)

UThe use of antimicrobials for growth promotion in animal production has been banned since July 2011 in Korea.

2 Not detected.
*Significant difference between before and after (P<0.05).
 Significant difference between before and after (P<0.01).
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S UAES e ol 9} 2 A= 9] v
AT ARelA L B ENEY, & 5 [16]> 20059 =
Aol A w2 g o gatell thgh A8 A HW AAL A3 Tet—
racycline W3 E©°] 97.8% =2 A} A Fof 71 =3k
o Ampicillin WA EX 89.1% =2 HAAF dAA S F WA
2 52 A0E vehgth vl A FHZe] Bagk ol F [9]9
A+ A3}o| M tetracycline?} ampicillin, streptomycin
ol U Eel 2+ 76.1%, 64.6%, 12131 58.4%FE HAF &
A & 7HE w2 WA ES Vet E AelA & A7 4
dob frabet AaE AAE T 2uY WAEES o 59
AT+ Aol vlal] 2 A Aol A vS A SA A=
(tetracycline: 92.4%, ampicillin: 86.1%, streptomycin:
79.2%), ©1 A& T2 fEl o] Fol AJY Ao w A7}
ok sk H7b A VA BUEE A Aife] m=
W Ak o7 W YA Aot SAA UAdo] AAF TFEof A
sk Al o] 8 A WjAd ol Blsto] Eﬂ A SAHE= A
o] & Aer Busia vt [17]. & Aol e AAE
bRy EHZHEF &) 3“3*1] WaEs S48
e | R B =t R = R TRl R

¢

[e5

A [19] Soll Blste] A vebar Aok 28 Tet—
racycline® A%+ vl A& ok 71%7F A4S ERAS]
own JEE ok 85%F 7| FoHH 2 AT Ao} FAFSE A
& vepdli el wiwka [10], € (110, vt [12]19]

Ao hEl A Reld dFEe] A WY ED A2
W ARl A A0E FAT 5 A9vh

=9

Neabe o 944 7 A A A S-S v w

193-S ul, gentamicin, cefazolin, cefoxitin, ciprofloxa—

{1

[¢]

cin, norfloxacin, 712] 1 trimethoprim / sulfamethoxa—
zole = A el vlal] Z#] ol Fo) Ao = UdEo] T
S-S AT 5 AT bR H7F FAAA 52 HF9
=l FE& FAA dulFE A A3 aminoglycoside
Al FAAE 2008 73E A 2016 48F O E vl o]
oF 25% 743} ™| quinolones Al YA ] oL
S51E A 46F 2%, sulfonamidest 15=04] 9E o= 7t
a3tk [17]. 015 FA ] WY& it A B
O] Aol #do] 9lS A o7 A2ty =1 Dewulf 5 [20]
= Aol B e e A A B AFE T Afe)
o= dAFAdo] QS A o7 Wsty rt.
2 Ao A tetracycline?] WA E &S 43 A} u)
A o A H7F 54 42 86.2%¢] Bl
97.5%% WA EC] 2o Frtete 41 G0 + 3

Table 2. Multiple resistance of E. coli encoding Stx2e gene isolated from weaned piglets in Korea from 2007 to 2016"

No. of resistant isolates (Antimicrobial resistance %)

No. of Before? After Total
resistance”

(n = 65) m=179) (n = 144)
0 subclass” 4(6.2) -4 4(238)
1 subclass 1( 1.5 - 1(0.7)
2 subclasses 3(4.6) 2(25) 5(3.5)
3 subclasses 1( 1.5) 3(3.8) 4(2.8)
4 subclasses 4(6.2) 9(11.4) 13( 9.0)
5 subclasses 6(9.2) 16 (20.3) 22 (15.3)
6 subclasses 7(10.8) 13 (16.5) 20 (13.9)
7 subclasses 6(9.2) 12 (15.2) 18 (12.5)
8 subclasses 2(3.1) 8 (10.1) 10 ( 6.9)
9 subclasses 9(13.8) 4(5.1) 13( 9.0
10 subclasses™ 22 (33.8) 9(11.4) 31 (21.5)
11 subclasses - 3(3.9) 3(2.1)
Multi-resistant 57 (87.7) 77 (97.5) 134 (93.1)

(= 3 subclasses)

D' There was no isolate resistant to more than 11 antimicrobial subclasses.
» Antimicrobial subclasses defined by the Clinical and Laboratory Standards Institute (CLSI) are used.
» The use of antimicrobials for growth promotion in animal production has been banned since July 2011 in Korea.

4 Not detected.

* Significant difference between before and after (P<0.05).
Significant difference between before and after (P<0.01).
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Table 3. Antimicrobial resistance patterns of E. coli encoding Stx2e gene isolated from weaned piglets in Korea from 2007 to 2016

No.?P

Antimicrobial resistance patterns

Before?
(n = 65)

No. of isolates
After
(n=179)

Total
(n =144)

4

— |

GM

C-TE
N-NA
N-TE
S-TE

o= N =

N-AM-C
S-C-TE

N-AM-AMC-TE
N-AM-C-TE
S-AM-C-TE
S-C-CL-TE
S-N-NA-AMC

_— =

N = 1

—_— = W

GM-CF-AM-C-TE
GM-S-AM-C-TE
GM-S-N-NA-TE
NA-AM-AMC-C-TE
S-AM-AMC-C-TE
S-AM-SXT-C-TE
S-CF-AMC-C-TE
S-CF-AM-C-TE
S-NA-AM-C-TE
S-N-AM-C-TE
S-N-CF-AM-TE
S-N-CIP-AM-TE

—_

b

GM-AM-AMC-SXT-C-TE
GM-N-NA-AM-C-TE
GM-S-N-NA-AMC-TE
N-CIP-NOR-SXT-C-TE
S-AM-AMC-SXT-C-TE
S-NA-AM-SXT-C-TE
S-NA-CIP-AM-C-TE
S-N-AM-AMC-C-TE
S-N-AM-SXT-C-TE
S-N-CF-AM-C-TE

[ NG 3 [ U VU

—_— NN = = = =

CF-NA-AM-AMC-SXT-C-TE

CF-NA-CIP-AM-AMC-SXT-TE

GM-NA-AM-SXT-C-CL-TE
GM-N-NA-AM-AMC-C-TE
GM-S-N-AM-AMC-C-TE
GM-S-N-AM-SXT-C-TE
GM-S-N-CF-AM-C-TE
GM-S-N-NA-AM-AMC-C
GM-S-N-NA-AM-C-TE
N-CF-NA-AM-SXT-C-TE
N-NA-CIP-NOR-SXT-C-TE
S-NA-AM-AMC-SXT-C-TE
S-N-CF-AM-AMC-C-TE
S-N-CF-NA-AM-C-TE
S-N-NA-AM-AMC-C-TE
S-N-NA-AM-SXT-C-TE

— e = e =

Ll |

—_ = N =

— o N e e e 1 N e 1 = [N W) ke N e e e e e e e e e e = N = N = == = = N =D
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Table 3. Antimicrobial resistance patterns of E. coli encoding Stx2e gene isolated from weaned piglets in Korea from 2007 to 2016

No."

Antimicrobial resistance patterns

Before?

(n =65)

No. of isolates
After
(n=179)

Total
(n = 144)

GM-N-NA-CIP-NOR-SXT-C-TE
GM-S-N-AM-AMC-C-CL-TE
GM-S-N-CF-AM-AMC-C-TE
GM-S-N-CF-AM-SXT-C-TE
GM-S-N-CF-NA-AM-C-TE
GM-S-N-NA-AM-SXT-C-TE
S-CF-CZ-NA-AM-SXT-C-TE
S-CF-NA-AM-AMC-SXT-C-TE
S-N-CF-AM-AMC-C-CL-TE
S-N-CF-AM-SXT-C-CL-TE
S-N-CF-NA-AM-SXT-C-TE

1

1
1

1
1

1

GM-CF-NA-NOR-AM-SXT-C-CL-TE
GM-S-N-CF-NA-AM-AMC-C-TE
GM-S-N-CF-NA-AM-SXT-C-TE
S-CF-NA-AM-AMC-SXT-C-CL-TE
S-CF-NA-CIP-NOR-AM-AMC-C-TE
S-N-NA-CIP-NOR-AM-AMC-C-TE

GM-S-N-CF-CZ-AM-AMC-SXT-C-TE
GM-S-N-CF-NA-AM-AMC-C-CL-TE
GM-S-N-CF-NA-CIP-NOR-SXT-C-TE
GM-S-N-NA-CIP-NOR-AM-AMC-C-TE
GM-S-N-NA-CIP-NOR-AM-SXT-C-TE
S-CF-CZ-NA-CIP-NOR-AM-SXT-C-TE
S-CF-NA-CIP-NOR-AM-AMC-SXT-C-TE
S-N-CF-CZ-NA-CIP-AM-SXT-C-TE

N = =

—

11

GM-S-N-CF-NA-CIP-NOR-AM-AMC-C-TE
GM-S-N-CF-NA-CIP-NOR-AM-SXT-C-TE

12

GM-S-N-CF-NA-CIP-NOR-AM-AMC-C-CL-TE
GM-S-N-CF-NA-CIP-NOR-AM-AMC-SXT-C-TE
GM-S-N-CF-NA-CIP-NOR-AM-SXT-C-CL-TE
N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-TE

- N =N W

—

GM-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-TE
GM-S-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-TE
GM-S-CF-CZ-NA-CIP-NOR-AM-AMC-SXT-C-CL-TE
GM-S-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-C-TE
GM-S-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C
GM-S-N-CF-CZ-NA-CIP-NOR-AM-AMC-SXT-C-TE
S-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-CL-TE

p—

NN NN = =

—

14

GM-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-CL-TE
GM-S-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-TE

26

15

GM-S-N-CF-CZ-FOX-NA-CIP-NOR-AM-AMC-SXT-C-CL-TE

GM: gentamicin, S: streptomycin, N: neomycin, CF: cephalothin, CZ:

cefazolin, FEP: cefepime, FOX: cefoxitin,
NA: nalidixic acid, CIP: ciprofloxacin, NOR: norfloxacin, AM: ampicillin, AMC: amoxicillin / clavulanic acid, SXT:
trimethoprim / sulfamethoxazole, C: chloramphenicol, CL: colistin, TE: tetracycline
" No. of antimicrobials which is resistant to E. coli encoding Stx2e gene
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T}, o] 717F %<t tetracyclinedl &A= B S
ZAREE A3 2008—-2010 B Wik 347 Eol e
1 2012-2016d H A 253F 0% oF 94E 4
3k kA tetracycline WA E2 71 99L& 484
ARE Qo= ohE Q9lo] #ojets Ao R FHHH 9§
2 U 7FS WA e e gt Ui s A
St A3}, streptomycin, ampicillin 5 ®F2] A W
Aol tetracycline¥ 7] #&H = Ao Husta 9lon

[9,21,22], o1& 3 Ul/d SEl2 v =2] A A w 1
1% 9} [23]. T1B P& tetracycline2] WA HE A}
n]Fo] & uf, ohE FAAA AR O F sk FAA A F
Al Q1A 8t tetracycline WA F-AAE 7 258 715
ol A AorT AZAT [24].

WHOONA & Abeel A e8tal Fa e upel 849
#ArAdS FRshy] flske] FAYAE CIA (critically im—
portant antimicrobials), HIA (highly important antimi—
crobials), IA (important antimicrobials) 1§ % % ¥
skar Qltt [25]. ©] F CIAYE 44 % Fag w7t 2
Q3 dYA R EFH, fluoroquinoloneZl, Al 3, 44l
cephalosporinZl, macrolideZl &AA7} EgH} [25].
Fluoroquinolone Al &A1 ciprofloxacin (56.9% —
34.2%) 7} norfloxacin (56.9% — 30.4%)°l 3 WA &
2 Atg H7E A FA el wls) FA Fo wold S
< glgk 4 Qloh ey obA "Wwka (1%) [10], 9+
(2.9%) [11], MUt (0%) [12]9] BEUER Aol H]
3 =2 ZAoZ Y] witd A E el FoE 7
gojol & F Qo] Q)= Ao R Wl Ciprofloxacin
norfloxacin< 2008 o= 7~8E0] = gl oLt 2016
o= A3 el A] &2 Z1S Bot FAA ] AHg-o] A
sto] YA E et 223 oz AAE AN [20], oA Al
A= vHlaske] #2 WAES YeER AL g17] widel &4
Ao AFet AFE 5 AFEel dist B s SEll A B E
& d et vk Azt

U A4 A colistin®] WA ES =4 ¢
2 R3u¥ 3 9t [10,12,17,23,26]. oW A
colistin®] WA E2 H+t 10.4%24 4 ©]x9] 3.1
H&) F24 o] Fel= 16.5%2 WIER A S71eks
gholsk 4= 3t} Colistine aminoglycosidess] &4
S EDS] A RZAR FHE = oFEo]7] it [2],
FEH o ANZE X F5A Ao B2 o] BQdl
RiEai=

AR A7 A TA AFE 71H SR Stx2e WA Wl
o] FAgA e gt WAd-S vl st A}, colistinell o gk U]
2 3.1%°14 16.5% %, tetracycline®l thar A2 86.2%
X 97.5%% F7FtR S &l 4 AUSdTh Colistin#
tetracycline< #1A] & X ¥ ofve} o 715
o] Aw Azl % ARg-H AL ik, whebA] o] 9 2 F A A
U3 el St 71 AL A mad 7ha ko] o
o, FAbE B FARA S Sl A Ao R Abgel A A
G2 5 Qloks FeA gt A U S B
BnyustHow Faok LAt [9]. ol A Ay, A}
TS Kol o] A=A Elst Stx2e A dlt o]
cefepimeel] W3t U At 10AZE koA 2] 4]
a1 glom o]et 12 A= Meng 5% #NA oA 28t

o |

ﬁd
Mo

odh 2 dlo R 2 W
f o o e 2

al

§
o

3l A

it
2

(¢

UL
o
ol

P

o

oXx Ml

STEC”7} cefepime®l thal g AL YelA L=t
Byl AXEar ek [27]. B3 FHFAAGER ] A
Al U2 2AF AR, A o3k Ao A FE st gt A
- ceftiofurell tiall W/d-& A2 HERUA &= 202 Bl
a1 Q). weEbA cefepime ceftiofurs A WA E9]
Z7Feta Q= Ao 7 Kol colistin tetracycline o
A FAAA FRE FHE T Qo

2 ATAY oA U] BEE wlg A4 YERS T
v EAE, WEALE Ul A H FA4) o] el BRE
A A S Bole FF7F 6.2% SASFAA T (Table
2), oA o]F= e #5778 A 2719 antimicrobial
subclass®ll A &3z 31 02 Vet Al S o]/ T4
#| subclassell WA S Hol= vhA]l A9 vl &% 4 2
87.7%NA 4 - 23|89 97.5%%E T/t B &S et
Uigltt. o] 9} 22 A= AFE-st &A1 S S/ THEER
A WA &S A% vlwstr] & ol JA v vl =8 7hE &
gt el Al Bk s 2] o] vhAl WA E (51.7%) ol vl EiA =
=2 Ayoltt [15]. ol WEsHA] AN A &
AA AR FH7F FA o] F = A gt AT T A A
Hol g5l o9k 22 AW X580 = A AL
o] wol Z7}8t9l 7] WE o % F=Fu}, w3k o)A oA
= FAAA ARl TSk A 7T Azl =oll vl El] A sk Bst
71wl oA obd FAab B FAMAE 5 vl AL e
o138t G A AFgo] W Z% o7l b fele] & 4= 9)
oo AZE Y [9]. 2183y 1070 9] antimicrobial subclass
of Adst= A 'S YA H7E 57 o] el s =
A o] Fe A FolH oz FolEal Sl Aol AFAR Y
golgta AZtET o9} T A= HoA A3 gen—
tamicin, cefazolin, cefoxitin, ciprofloxacin, norfloxacin,
trimethoprim / sulfamethoxazole 52| @A Aol that )
ol & FAlel ampicillin, chloramphenicol, co—
listin, tetracycline -l et Aol F7tate= A A WA
o] Wstels A¥EE A7hec,

2 AT M = 2011 FAAY AMR H7F 2AE A3
o =ul AAb o] A=A FH e Stx2e YA Rt
Ak 1097 FAA A AEFE 48t 43 gentami—
cin, ciprofloxacin, norfloxacin, trimethoprim / sulfa—
methoxazole ¥} 2 A7 ALEE QA FAA Sl o st o
A2 ozl vk | colistin tetracyclined o g WA &2
Z7FstSla, kAl Ul2d 4t o] Bl & st Srbete A S e
uidet. olet 22 A Ao dFts 2 FEH A
g7 g3t 72 JRE AT Wik ol &5 I
A WA ATtek RS #Elell dist AR FHekE dedl F
Qs AnE F8E ¢ olS Aow A,

ot ofof
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