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Abstract

In this study, antimicrobial resistance of E. coli isolated from domestic meat (beef, pork, chicken and duck) on sale in
Busan and Gyeongnam province was investigated from March 2009 to October 2010. A total of 455 beef samples were
collected for the monitoring of antimicrobial resistance, and 41 (9.0%) strains of E. coli were isolated. A total of 40 pork
samples were collected, and 5 (12.5%) strains of E. coli were isolated. A total of 20 chicken samples were collected, and 5
(25%) strains of E. coli were isolated. A total of 22 duck samples were collected, and 5 (22.7%) strains of E. coli were
isolated. Antimicrobial resistance test was carried out by agar disc diffusion method with 27 (Beef) or 29 antimicrobials. In
general, E. coli isolated from 4 kinds of meat showed the highest antimicrobial resistance to penicillin, doxycycline, tetracycline,
erythromycin, tylosin, cefazolin, lincomycin and carbenicillin. Among 27 (Beef) or 29 antimicrobials examined, penicillins,
tetracyclines, macrolides, cephalosporins and lincosamides were the most resistant. All isolates from 4 kinds of meat were
resistant to more than 3 antimicrobials. The resistance was seemed to be correlated to amounts of antimicrobial use. In the
result of this study, we suggest that there are need to regulate the abuse of antimicrobial on food-producing animals in Korea
because the concern on antimicrobial resistance is gradually increased worldwide.
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Table 1, Isolation rates of E coli from meat (beef, pork, chicken, duck) on sale
Isolates
Meat No. of samples
No. Rate
Beef 455 41 9.0%
Pork 40 5 12.5%
Chicken 20 5 25.0%
Duck 22 5 22.7%
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Table 2—1, Antimicrobial resistance of £ coli isolated from beef

No. of resistant isolates

Antimicrobials (Concentration/disc) Antimicrobial agent class

(%) (n=41)

Cefazolin (30 ug, C2) 38(92.7) Cephalosporins I
Doxycycline (30 xg, D) 34(82.9) Tetracyclines
Penicillin (10 g, P) 31(75.6) Penicillins
Erythromycin (15 g, E) 31(75.6) Macrolides
Tylosin (30 sg, TYLO) 31(75.6) Macrolides
Lincomycin (2 xg, L) 31(75.6) Lincosamides
Tetracycline (30 pg, TE) 30(73.2) Tetracyclines
Norfloxacin (10 pg, NOR) 28(68.3) Quinolone
Carbenicillin (100 g, CB) 27(65.9) Penicillins
Ciprofloxacin (5 pg, CIP) 25(61.0) Quinolone
Ampicillin (10 g, AM) 16(39.0) Penicillins
Cephalothin (30 g, CF) 13(31.7) Cephalosporins I
Amoxicillin/clavulanic acid 12(29.3) [‘)’—lha.ctam/ B lgctarpase

(20/10 pg, AmC) inhibitor combinations
Neomycin (30 pg, N) 11(26.8) Aminoglycosides
Gentamicin (10 xg, GM) 10(24.4) Aminoglycosides
Kanamycin (30 zg, K) 9(22.0) Aminoglycosides
Nalidixic acid (30 g, NA) 9(22.0) Quinolone
Trimetboprin/sufamethorazole 0220 Sulfonamides
Chloramphenicol (30 p¢g, C) 8(19.5) Chloramphenicols
Streptomycin (10 #g, S) 8(19.5) Aminoglycosides
Amikacin (30 xg, AN) 4 (9.8 Aminoglycosides
Enrofloxacin (5 g, ENR) 3 (7.3) Quinolone
Apramycin (15 x¢g, APR) 1 (2.4) Aminoglycosides
Colistin (10 xg, CL) 1 (2.4 Polypeptides
Florfenicol (30 upg, FFC) 1 (2.4) Chloramphenicols
Ceftiofur (30 g, EFT) 1 (2.4) Cephalosporins III
Cefepime (30 pg, FEP) 0 (0 Cephalosporins
HX|V |28 22| AT theh x| ds AmC-CF-CIPNANORY} C 217t 40%= H|wA F5=9] W/
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Table 2—2, Antimicrobial resistance of E coli isolated from pork

No. of resistant isolates

Antimicrobials (Concentration/disc) Antimicrobial agent class
(%) (n=5H)

Ampicillin (10 g, AM) 5(100) Penicillins
Penicillin (10 zg, P) 5(100) Penicillins
Doxycycline (30 xg, D) 5(100) Tetracyclines
Erythromycin (15 #g, E) 5(100) Macrolides
Tylosin (30 xg, TYLO) 5(100) Macrolides
Cefazolin (30 xg, CZ) 5(100) Cephalosporins I
Lincomycin (2 xg, L) 5(100) Lincosamides
Carbenicillin (100 g, CB) 4 (80) Penicillins
Tetracycline (30 pg, TE) 4 (80) Tetracyclines
Gentamicin (10 xg, GM) 4 (80) Aminoglycosides
Kanamycin (30 rg, K) 4 (80) Aminoglycosides
Neomycin (30 pg, N) 4 (80) Aminoglycosides
Streptomycin (10 zg, S) 4 (80) Aminoglycosides
Trimethoprim/sulfamethoxazole .

4 (80) Sulfonamides
(1.25/23.75 pg, SXT)
Tiamulin (30 pg, TIA) 3 (60) Diterpons
Amoxicillin/clavulanic acid 5 (40) B —lactam/ B lactamase
(20/10 pg, AmC) inhibitor combinations
Cephalothin (30 xg, CF) 2 (40) Cephalosporins 1
Ciprofloxacin (5 g, CIP) 2 (40) Quinolone
Nalidixic acid (30 xg, NA) 2 (40) Quinolone
Norfloxacin (10 gg, NOR) 2 (40) Quinolone
Chloramphenicol (30 p¢g, C) 2 (40) Chloramphenicols
Amikacin (30 xg, AN) 1 (20 Aminoglycosides
Colistin (10 xg, CL) 1 (20) Polypeptides
Enrofloxacin (5 xg, ENR) 1 (20) Quinolone
Ofloxacin (5 pg, OFX) 1 (20) Quinolone
Ceftiofur (30 pg, EFT) 1 (20) Cephalosporins I
Apramycin (15 pg, APR) 0 O Aminoglycosides
Cefepime (30 xg, FEP) 0 O Cephalosporins
Florfenicol (30 ug, FFC) 0 O Chloramphenicols
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Table 2—3, Antimicrobial resistance of £ coli isolated from chicken

No. of resistant isolates

Antimicrobials (Concentration/disc) Antimicrobial agent class
(%) (n=5H)
Carbenicillin (100 g, CB) 5(100) Penicillins
Penicillin (10 zg, P) 5(100) Penicillins
Ciprofloxacin (5 g, CIP) 5(100) Quinolone
Nalidixic acid (30 xg, NA) 5(100) Quinolone
Norfloxacin (10 zg, NOR) 5(100) Quinolone
Enrofloxacin (5 x¢g, ENR) 5(100) Quinolone
Ofloxacin (5 rg, OFX) 5(100) Quinolone
Erythromycin (15 #g, E) 5(100) Macrolides
Tylosin (30 g, TYLO) 5(100) Macrolides
Lincomycin (2 zg, L) 5(100) Lincosamides
Cefazolin (30 xg, C2) 5(100) Cephalosporins I
Tiamulin (30 pg, TIA) 5(100) Diterpons
Ampicillin (10 pg, AM) 4 (80) Penicillins
Tetracycline (30 pg, TE) 4 (80) Tetracyclines
Streptomycin (10 g, S) 4 (80) Aminoglycosides
Trimethoprim/sulfamethoxazole .
(1.95/23.75 ug, SXT) 4 (80) Sulfonamides
Amoxicillin/clavulanic acid 3 (60) B —lactam/ B lactamase
(20/10 pg, AmC) inhibitor combinations
Doxycycline (30 xg, D) 3 (60) Tetracyclines
Gentamicin (10 pg, GM) 3 (60) Aminoglycosides
Kanamycin (30 xg, K) 3 (60) Aminoglycosides
Neomycin (30 xg, N) 3 (60) Aminoglycosides
Chloramphenicol (30 p¢g, C) 2 (40) Chloramphenicols
Cephalothin (30 xg, CF) 1 (20) Cephalosporins 1
Ceftiofur (30 pg, EFT) 1 (20) Cephalosporins I
Amikacin (30 g, AN) 0(0 Aminoglycosides
Apramycin (15 pg, APR) 0(0 Aminoglycosides
Cefepime (30 xg, FEP) 0 (0 Cephalosporins
Colistin (10 xg, CL) 0Co Polypeptides
Florfenicol (30 ug, FFC) 0 (0 Chloramphenicols
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Table 2—4, Antimicrobial resistance of E coli isolated from duck

Antimicrobials (Concentration/disc)

No. of resistant isolates L .
Antimicrobial agent class

(%) (n=5H)
Penicillin (10 g, P) 5(100) Penicillins
Doxycycline (30 xg, D) 5(100) Tetracyclines
Tetracycline (30 pg, TE) 5(100) Tetracyclines
Erythromycin (15 pg, E) 5(100) Macrolides
Tylosin (30 #g, TYLO) 5(100) Macrolides
Cefazolin (30 g, CZ2) 5(100) Cephalosporins 1
Lincomycin (2 pg, L) 5(100) Lincosamides
Gentamicin (10 zg, GM) 5(100) Aminoglycosides
Tiamulin (30 xg, TIA) 5(100) Diterpons
Carbenicillin (100 g, CB) 4 (80) Penicillins
Ampicillin (10 pg, AM) 4 (80) Penicillins
Trimethoprim/sulfamethoxazole 4 (30) Sulfonamides
(1.25/23.75 pg, SXT)
Nalidixic acid (30 xg, NA) 4 (80) Quinolone
Ciprofloxacin (5 rg, CIP) 3 (60) Quinolone
Norfloxacin (10 g, NOR) 3 (60) Quinolone
Streptomycin (10 gg, S) 3 (60) Aminoglycosides
Neomycin (30 ¢g, N) 3 (60) Aminoglycosides
Chloramphenicol (30 gg, C) 3 (60) Chloramphenicols
Kanamycin (30 zg, K) 2 (40) Aminoglycosides
Enrofloxacin (5 xg, ENR) 2 (40) Quinolone
Ofloxacin (5 rg, OFX) 2 (40) Quinolone
Amoxicillin/clavulanic acid 1 0 B —lactam/ B lactamase
(20/10 pg, AmC) inhibitor combinations
Cephalothin (30 g, CF) 1 (20 Cephalosporins I
Amikacin (30 zg, AN) 0(CO Aminoglycosides
Apramycin (15 g, APR) 0O Aminoglycosides
Cefepime (30 xg, FEP) 0O Cephalosporins
Ceftiofur (30 xg, EFT) 0 (O Cephalosporins III
Colistin (10 xg, CL) 0Co Polypeptides
Florfenicol (30 xg, FFC) 0 (0 Chloramphenicols

270l 22E chEkoll CHet Al A 2| 2~

2 Ar|zRE EeE ot 41500 it
HE Bsdt ZA31= Table 3—11}
% 15719 /3
= 25 3A oo oAl

AFl G5
FAA WAL DA OB 5
2k A RS SACIARE 204744
o uepg FelE g 415

of e 7 oAl WAdwt e Yepytth H &elat

FAIEE ol ekAol disidE Aol §le A
vepgtth, oA WS B2l it
14.6%2 7P W2 HE&ES
AL0A(ZZ 9.8%), 6ATA(ZZE  7.3%),
4, 9%) 3%1]6Zﬂ~15Zﬂ-17%1]-1%1]-20%11(742L
% HlEE JERT

A T2 0%E
% 8AI9F 1A WAdatol
BT c} o2 124|(12.2%),
134144 (22
2.4%)9 =07 =2



FEHE A&(4a7], HA7), Ga), el et e A WA 24 A5 (2009~2010) 81

Table 3—1, Multiple drug resistance of 41 £ coli
isolates from beef

No. (%) of resistant

No. of drugs ‘solates
3 1(2.4)
5 1(2.4)
6 3(7.3
7 3(7.3)
8 6(14.6)
9 4(9.8)

10 4(9.8)
11 6(14.6)
12 5(12.2)
13 2(4.9)
14 2(4.9
15 1(2.4)
17 1(2.4)
19 1(2.4)
20 1(2.4)

Table 3—2, Multiple drug resistance of 5 E coli
isolates from pork

No. (%) of resistant

No. of drugs isolates
11 1(20)
14 2(40)
20 1(20)
o4 1(20)
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Table 3—3, Multiple drug resistance of &5 E coli
isolates from chicken

No. (%) of resistant

No. of drugs ;
isolates
16 2(40)
19 1(20)
20 1(20)
24 1(20)

Table 3—4, Multiple drug resistance of 5 E coli
isolates from duck

No. (%) of resistant

No. of drugs isolates
10 1(20)
16 1(20)
18 1(20)
19 1(20)
91 1(20)
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Table 4—1, Antimicrobial resistance patterns of 41 E coli isolates from beef

.N.O' Of. Resistance patterns No. (%) of isolates
antimicrobials
3 Cz, D, TE 1 (2.4)
5 CzZ, D, CF, AmC, S 1 (2.4)
Cz, D, Te, CB, CF, AmC 1 (2.4)
6 Cz, D, CB, CF, N, K 1 (2.4)
CZ, Te, NOR, CB, CF, AmC 1 (2.4)
CZ, D, Te, CF, S, AN, CL 1 (2.4)
7 D, E, L, P, TYLO, NOR, CIP 1 (2.4)
D, E, L, P, TYLO, TE, CIP 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR 2 (4.9
CZ, E, L, P, TYLO, TE, CB, CIP 1 (2.4)
8 Cz, E, L, P, TYLO, NOR, CB, CIP 1 (2.4)
Cz, D, TE, NOR, AM, CF, AmC, GM 1 (2.4)
Cz, D, TE, NOR, CB, AmC, GM, NA 1 (2.4)
Cz, D, E L, P, TYLO, TE, CIP, NA 1 (2.4)
9 Cz, D, E, L, P, TYLO, TE, CB, GM 1 (2.4)
Cz, D, E, L, P, TYLO, NOR, CB, CIP 1 (2.4)
Cz, E, L, P, TYLO, TE, NOR, CB, CIP 1 (2.4)
Cz, D, E L, P, TYLO, TE, NOR, CIP, AN 1 (2.4)
10 Cz, E, L, P, TYLO, NOR, CB, CIP, GM, AN 1 (2.4)
Cz, E, L, P, TYLO, NOR, CB, CIP, AM, N 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, NA 1 (2.4)
Cz, D, E L, P, TYLO, TE, CB, CIP, AM, SXT 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, SXT 1 (2.4)
11 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AN 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, GM, SXT, S 1 (2.4)
CZ, D, CB, AV, CF, AmC, N, GM, K, NA, C 1 (2.4)
E, L, P, TYLO, NOR, CIP, AM, N, K, SXT, S 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, SXT, C 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, CB, AM, N, K 1 (2.4)
12 CzZ, D, E L, P, TYLO, TE, NOR, CB, CIP, N, K 1 (2.4)
Cz, D, E, L, P, TYLO, TE, NOR, CIP, AM, CF, AmC 1 (2.4)
Cz, D, E, L, P, TYLO, TE, CIP, AM, CF, AmC, GM 1 (2.4)
13 Cz, D, E, L, P, TYLO, CB, AV, CF, AmC, K, NA, C 1 (2.4)
CzZ, D, TE, NOR, CB, AM, CF, AmC, N, GM, K, NA, C 1 (2.4)
14 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AM, GM, SXT, C 1 (2.4)
Cz, D, E, L, P, TYLO, NOR, CB, CIP, AM, CF, NA, ENR, EFT 1 (2.4)
15 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AM, CF, AmC, N, S 1 (2.4)
17 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AM, N, K, SXT, S, C, FFC 1 (2.4)
19 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AM, AmC, N, K, NA, SXT, 1 (2.4)
S, C, ENR )
20 Cz, D, E, L, P, TYLO, TE, NOR, CB, CIP, AM, N, GV, K, NA, SXT, 1 2.4)
S, C, ENR, APR ’

Total 40 patterns 41
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Table 4—2, Antimicrobial resistance patterns of 5 E coli isolates from pork

.N.O' Of. Resistance patterns No. (%) of isolates
antimicrobials
11 AM, D, CZ, E, L, P, TYLO, TIA, AmC, CF, CL 1 (20)
14 AM, D, CZ, E, L, P, TYLO, CB, GM, K, N, S, TE, SXT 2 (40)
20 AM, D, CZ, E, L, P, TYLO, CB, GM, K, N, S, TE, SXT, TIA, C, CIP, 1 (20)
NA, NOR, AN
o4 AM, D, CZ, E, L, P, TYLO, CB, GM, K, N, S, TE, SXT, TIA, AmC, 1 20
CF, C, CIP, NA, NOR, ENR, EFT, OFX
Total 4 patterns 5
Table 4—3, Antimicrobial resistance patterns of 5 F, coli isolates from chicken
.N.O' Of. Resistance patterns No. (%) of isolates
antimicrobials
CB, CZ, CIP, NA, NOR, ENR, E, L, P, TYLO, OFX, TIA, AM, S, GM, C 1 (20
16 CB, CZ, CIP, NA, NOR, ENR, E, L, P, TYLO, OFX, TIA, TE, SXT,
1 (20
AmC, D
19 CB, CZ, CIP, NA, NOR, ENR, E, L, P, TYLO, OFX, TIA, AM, S, TE, 1 ©0)
SXT, D, K, N
20 CB, CZ, CIP, NA, NOR, ENR, E, L, P, TYLO, OFX, TIA, AM, S, TE, 1 (0)
SXT, AmC, GM, K, N
o4 CB, CZ, CIP, NA, NOR, ENR, E, L, P, TYLO, OFX, TIA, AM, S, TE, 1 (0)
SXT, AmC, D, GM, K, N, C, CF, EFT
Total 5 patterns 5

CZ:CIPNANORENRELPTYLO-OFXTIA-AM-STE-SXT-AmCD-
HX|m7lol 22lE S A CHETel LHAAA GM-KN-C-CFEFTE] 247 WA Gol Helwth Avtzos
Aol 8 5 Hixar|28E EeE i 537l of 164|194, 204, 24A7HA] ZFzZe] {0l 20~40%L] 12
o FAA WA A3 F 2 JeRgTH(Table 4-2), 1% REE UERAIC
AMDCZELPTYLOCBGMKN-STESXTS] 144 WAlado]

40%= 7V wol vl AvrE e R 1A, 144, 204, 24 2|a7oM 22E S e thEe| LHAE:
A7 Z¥zke] {3o] 20~40%2] 12 FxE YeRfIct Azl §5 % e8ar|2RE EejE digat 550 o
o A WA 48 & 572 e TtHTable 4-4). 1%
S 7|0 E2E MUK LA CHERRO| LHAIQFAL CZ-D-GM-TE-ELPTYLOTIA-CB-AM-NA-SXT-CIP-NOR-S-N-C-K-

NEl $F U Bl B ggd 550l oie ENROFXe) 214 WY ol uehih, AskdoR 104, 16
A WA §9E % 5702 eRdThTable 4-3), 3% CB Al 187, 197, 2141714 2zke] §o] 20%e] 1 HEE
R,
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Table 4—4, Antimicrobial resistance patterns of 5 E coli isolates from duck

No. of

. . Resistance patterns No. (%) of isolates
antimicrobials
10 Cz, D, GM, TE, E, L, P, TYLO, TIA, N 1 (20)
16 Cz, D, GM, TE, E, L, P, TYLO, TIA, CB, AM, NA, SXT, S, N, K 1 (20)
18 Cz, D, GM, TE, E, L, P, TYLO, TIA, CB, AM, NA, SXT, CIP, NOR, 1 (20)
C, AmC, CF
19 Cz, D, GM, TE, E, L, P, TYLO, TIA, CB, AM, NA, SXT, CIP, NOR, 1 (20)
S, C, ENR, OFX
91 Cz, D, GM, TE, E, L, P, TYLO, TIA, CB, AM, NA, SXT, CIP, NOR, 1 (20)
S, N, C, K, ENR, OFX
Total 5 patterns 5
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