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| Abstract

The aim of this study was to investigate the isolation frequency and antimicrobial resistance of
Escherichia coli (E. coli) and Enterococcus spp. from domestic beef and pork on sale in Seoul, Korea.
A total of 106 (10.4%) E. coli and 114 (11.2%) Enterococcus spp. from 635 domestic beef and 381
pork samples were isolated and examined for susceptibility to 15 and 11 antimicrobial agents,
respectively. The most frequent antimicrobial resistance observed in E. coli isolates was to ampicillin
(38.6%), followed by streptocmycin (34.9%) and tetracycline (32.0%). The most frequent antimicrobial
resistance in E. faecium isolates was to erythromycin (53.8%) and rifampin (46.1%), and in E. faecalis
isolates was to tetracycline (55.7%) and rifampin (55.0%). Among the isolates, multi-drug resistant
(MDR) E. coli and Enterococcus spp. strains showing resistances to more than two antimicrobial agents
tested were 10.4% and 11.2%, respectively. As a result, appropriate protocols for antimicrobial agents
and strategies to reduce antimicrobial resistance will be needed in future.
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5(2011)9] "ol whef ohEk o] AASHATE ¥
A E. coli®] B2E Y3 A& dEH 1 mlE Brilliant
green lactose bile broth (BGLB, Merck, Germany) 9 ml
off W& 3 42°Cof| 4] 484t Ff v ekgt th, o] Hi
OFol-S- Bosin Methylene Bule agar (EMB, Merck,
Germany)oll 7 Euksto] 37°ColA] 18~24A17 u]
et T S5 FH Y= 371 A=5to] MacCon-
key agar (MA, Merck, Germany)o] A3 E=s5}o]
37°Coll A 182447t viFaFATE MAC A &84 7]
2o AElste] 129, IMVIC (Indole+, MR+, VP-,
citrate-)A| &, AE3} v|]WE FAAH]|(Vitek 2 com-
pact, BioMérieux, France)E ©o]&3d}o] ZF FASIS
=
E. faeciumi} E. faecalis®] 2] & 3] A& AEY
1 mlE Brain Heart Infusion broth (BHI, Merck, Ger-
many) 9 mlo] @2 F 37°Cof|A| 24~48A17F oo
OF3 & o] ujoFol-& Enterococcus agar (EA, Merck,
Germany)ol] 17 E235lo] 37°Col|A] 24~48A|7F Hjf
Fek e SAEE e e 3-s7)E Aeelo]
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IHAMN G, catalase PR F 2 At HF
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Standard Institute (CLSI, 2009)of w2} tjA 3 SHAMH
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disc (BD, USA) A|&2l ampicillin (AM, 10 U), amox- A 1}

icillin-clavulanic acid (AMC, 20/10 ug), cephalothin
(CF, 30 pg), cefepime (FEP, 30 ug), ceftiofur (XNL, 30
ug), gentamicin (GM, 120 pg), neomycin (N, 30 ug),
streptomycin (S, 300 ug), tetracycline (TE, 30 ug), ci-
profloxacin (CIP, 5 ug), enrofloxacin (ENO, 5 ug), nali-
dixic acid (NA, 30 ug), trimethoprim-sulfamethoxazole
(SXT, 1.25/23.75 pg), chloramphenicol (C, 30 ug),
florfenicol (FFC, 30 ug), penicillin (P, 10 U), vanco-
mycin (VA, 30 ug), erythromyin (E, 15 pg), rifampin
(RA, 5 ug), linezolid (LNZ, 30 ug) 5 2050]%ic}t &
2] 9t5E Muller-Hinton broth (MH, Merck, Germany)
o ZZ3sto] 37°CelA] 2~4A17P vjoyste] =&
McFarland No. 0.52 ZA3dt & HF HES 0| &35}
o] MH 33l X](Merck, Germany)o] 127 Z=3XE3H
2 SHAIA |23 E dispenserZ FHE3H & 37°Co|
A 16~18AI1ZF ket & o JAIN S| =275 S5t
Fow FEAF+= E coli (ATCC 25922)2} E. faeca-
lis (ATCC 29212)& A&3}ith

2131712} SR 1710 A 8] E. coli®} Enterococcus spp.
o] Eej&at A WAEECl Het s 4T B
2a% o)A Qe 4AB §O4 WFS S
3}o] SPSS (Statistical Package for the Social Sciences)
R version 3.0.0 (2013.04.03)2 ©]-835}¢] chi-square test
2 Axshch

E. coli R Enterococcus spp. 2ol8

A2A ol & ¢ 4a7] 635 omfE E
coli®} Enterococcus spp.& 223t A1}, E. coli 595,
Enterococcus spp. 85F(E. faecalis 705, E. faecium 15
Fy7h weleol, HTRel welgol g weh
QFTH(P=0.027, Table 1). 2| 17] 381 AN E coli
4735, Enterococcus spp. 295(E. faecalis 185, E. fae-
= o, haate] Eefeo] At
=} TH(P=0.039, Table 1).
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Balg E coli 1063=0| 3t A 74A A3
A= Table 29} 23k} E coli 106322] 2FA] WA
E2 AM 38.6%, S 34.9%, TE 32.0%= elyton =

Table 1. Isolation rate of E. coli and Enterococcus spp. isolated
from beef and pork on sale

No. of No. of isolates (%)
Raw meat
samples E. coli E. faecalis E. faecium
Beef 635 59(9.2) 70 (1L0)*  15(2.3)*
Pork 381 47(123) 1847 11 2.8)
Total 1,016  106(104)  88(8.6) 26 (2.5)

*P—0.027. ' P=0.039.

Table 2. Antimicrobial resistance of E. coli strains isolated from beef and pork on sale

Concentration Diffusion zone break

Class and antimicrobial agents disk ()

No. of resistant strains (%)

point (mm)

Beef (n=59) Pork (n=47) Total (n=106)

Ampicillin (AM) 10 <13 4(6.7) 37 (78.7) 41 (38.6)
Amoxicillin-clavulanic acid (AMC) 20/10 <13 2(3.3) 1(2.1) 3(2.8)
Cephalothin (CF) 30 <14 3(5.0) 6(12.7) 984
Cefepime (FEP) 30 <14 0(0) 0(0) 0(0)
Ceftiofur (XNL) 30 <14 0(0) 1(2.1) 1(0.9)
Gentamicin (GM) 10 <12 0(0) 12 (25.5) 12 (11.3)
Neomycin (N) 30 <12 4(6.7) 22 (46.8) 26 (24.5)
Streptocmycin (S) 10 <11 16 (27.1) 21(44.6) 37(34.9)
Tetracycline (TE) 30 <11 9(15.2) 25(53.1) 34 (32.0)
Ciprofloxacin (CIP) 5 <15 0(0) 1(2.1) 1(0.9)
Enrofloxacin (ENO) 5 <15 1(1.6) 1(2.1) 2(1.8)
Nalidixic acid (NA) 30 <13 2(3.3) 17 (36.1) 19 (17.9)
Trimethoprim-Sulfamethoxazole(SXT) 1.25/23.75 <10 1(1.6) 24 (51.0) 25(23.5)
Chloramphenicol (C) 30 <12 3(5.0) 29 (61.7) 32(30.1)
Florfenicol (FFC) 30 <12 4(6.7) 24 (51.0) 28 (26.4)

Korean J Vet Serv, 2013, Vol. 36, No. 2



114 2% - daloh - YRS - M - x| - £TE - YRS - 2N - 015

rio

Table 3. Antimicrobial resistance patterns of E. coli

No. of resistance (%)

No. of resistance Resistance patterns
Beef (n=59) Pork (n=47) Total (n=106)
0 (n=39) 36 (61.0) 3(6.3) 39 (36.7)
1 (n=13) S 6(10.1) 12.1) 7 (6.6)
CF 1(1.6) - 1(0.9)
AM 1(1.6) 1(2.1) 2(1.8)
N - 2(42) 2(1.8)
NA 1(1.6) - 1(0.9)
2 (n=10) S, TE 7 (11.8)* - 7 (6.6)
CE,N 1(1.6)* - 1(0.9)
AM, S - 12.1)* 1(0.9)
AM, AMC 1 (1.6)* - 1(0.9)
3 (n=}) AM, S, TE 1 (1.6)* - 1(0.9)
AMC, CF, FFC 1(1.6)* - 1(0.9)
N, AM, TE - 1(2.1)* 1(0.9)
AM, SXT, C - 12.1)* 1(0.9)
AM, C, FFC - 1(2.1)* 1(0.9)
SXT, C, TE - 2 (4.2)* 2(1.8)
S, N, AM - 1 (2.1)* 1(0.9)
4 (n=10) S, TE, C, FFC 1(1.6)* 2 (4.2)* 3(2.8)
S, AM, C, FFC - 1(2.1)* 1(0.9)
S, GM, AM, TE - 12.1)* 1(0.9)
AM, SXT, C, FFC - 1(2.1)* 1(0.9)
N, AM, AMC, CF - 1 2.1)* 1(0.9)
GM, N, AM, TE - 1(2.1)* 1(0.9)
AM, C, FFC, TE - 2 (4.2)* 2(1.8)
5 (n=11) AM, N, S, C, FFC 1(1.6)* - 1(0.9)
GM, N, AM, TE, C - 1(2.1)* 1(0.9)
S, AM, N, SXT, TE - 3(6.3)* 3(2.8)
S, AM, C, FFC, SXT - 1 2.1)* 1(0.9)
S, GM, AM, TE, SXT - 1(2.1)* 1(0.9)
N, AM, TE, C, FFC - 1(2.1)* 1(0.9)
AM, CF, SXT, C, FFC - 1(2.1)* 1(0.9)
N, AM, SXT, C, FFC - 1(2.1)* 1(0.9)
S, SXT, C, FFC, TE - 1(2.1)* 1(0.9)
6 (n=8) N, ENO, NA, SXT, C, FFC 1 (1.6)* - 1(0.9)
AM, N, SXT, C, FFC, TE - 2(4.2)* 2(1.8)
GM, N, AM, SXT, C, TE - 1(2.1)* 1(0.9)
GM, N, AM, CF, SXT, C - 12.1)* 1(0.9)
AM, N, S, SXT, C, FFC - 1(2.1)* 1(0.9)
S, GM, AM, N, SXT, C - 1(2.1)* 1(0.9)
GM, AM, AMC, SXT, C, FFC - 1 2.1)* 1(0.9)
7 (n=5) S, GM, AM, SXT, C, FFC, TE - 1 (2.1)* 1(0.9)
AM, N, S, SXT, C, FFC, TE - 1(2.1)* 1(0.9)
S, GM, N, AM, SXT, C, TE - 12.1)* 1(0.9)
AM, N, S, CF, XNL, SXT, TE - 1(2.1)* 1(0.9)
S, AM, CF, SXT, C, FFC, TE - 12.1)* 1(0.9)
8 (n=1) S, GM, AM, N, SXT, C, FFC, TE - 1 2.1)* 1(0.9)
10 (n=1) AM, GM, N, TE, CIP, ENO, NA, SXT, C, FFC - 1 (2.1)* 1(0.9)
Total 46 patterns
*P=4.48x10”.
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Table 4. Antimicrobial resistance of Enterococcus spp. strains isolated from beef and pork on sale

No. of resistant strains (%)

Class and antimicrobial Concentration  Diffusion zone E. faecalis E. faecium
agents disk (g) break point (mm) Beef Pork Total Beef Pork Total
(n=70) (n=18) (n=88) (n=15) (n=11) (n=26)
Penicillin (P) 10 <14 5(7.1) 0(0) 5(5.7) 3(20.0) 0(0) 3(11.5)
Streptocmycin (S) 300 <6 11 (15.7) 5(27.8) 16(18.2) 2(13.3) 0(0) 2(7.7)
Gentamicin (GM) 120 =6 1(1.4) 2(11.1) 3(3.4) 2(13.3) 0(0) 2(7.7)
Vancomycin (VA) 30 <14 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Erythromycin (E) 15 =13 10 (14.3) 8(444) 18(204) 5(33.3) 9(81.8) 14 (53.8)
Tetracycline (TE) 30 <14 35(50.0) 14(77.8) 49(55.7) 4(26.7) 1(9.1) 5(19.2)
Ciprofloxacin (CIP) 5 <15 26 (37.1) 4(222) 30(34.1) 6 (40.0) 5(45.4) 11 (42.3)
Rifampin (RA) 5 <16 37(52.9) 7(38.9) 44(50.0) 7 (46.7) 5(45.4) 12 (46.1)
Chloramphenicol (C) 30 <12 13 (18.6) 7(39.9) 20(22.7) 0(0) 0(0) 0(0)
Florfenicol (FFC) 30 <12 6 (8.6) 4(222) 10(11.4) 0(0) 0(0) 0(0)
Linezolid (LNZ) 30 =20 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

ZHE H17] S8 E coli=S 27.1%, TE 15.2%°) A]
oAl Wde YeEtllen x|ar] 2l E coli=
AM 78.7%, C 61.7% 4 oAl WS Yetl slch

B2E E coli 106520 that SFAIUA FAS A}
St A3t Table 33} 29tk B8 & E coli 10657 =
ol A 677(63.2%)7F 24| ©]/4+e] Al WS 7H
oA WAEstem UEgen B ofAlo S
UEPH 9= 395:(36.7%)°] Atk tHAl WAl E
coli %ol 54 WAl 103%= 714 waron ok
O 2A|%} 44 W] 247 94% £OR e v
S B oA WA e & 4670 = thefst
Al yebgten 237] f E colity A7)
A E coliolA thAl WWAEO] &2 AR A
CHP=4.48x10", Table 3).

|

Enterococcus spp.2| M WHA I

BalE AL 1143(E. faecalis 885, E. faecium
260 gk YA A Al A= Table 42}
2k} E. faecalis<= TEO|| A 55.7%, RAO A 50.0%2]
WAES YEM AL, E faecium= Eoﬂ/\ﬂ 53.8%, RA

o A] 46.1%] WAL LEholth 58 WAES
A EH E. faecalis®] 75 £]117] {25 RAOA
52.9%, H|A|T7] SellZ TESA 77.8%9] UABS
et itk E faeciumE& A117] ST F7F RA A
46.7%, A7) 5= EollA 81.8%° WAE=S
UEb 912 Vancomycin WA AEdS AEEXA
ottt

B2 H E faecalis 8852}t E. faecium 2652 °FA|
A FAS ZARRE Aab= Table 59F 29ttt 229
At 11453 FollA 24] o]/4+e] oFAof] W& 7H2l
OHA| A 665:(57.9%) = L}E}];kguq HE 2
Ao TS HEIYE #5E 225(193%)2 W
Al vreR T E‘rZﬂ WAl At Soll A 274 WAt
o] 297(25.4%) &= 7 wten tgFow 14 WA
o] 265(22.8%) = =AFE IO TE 14 W/d 3ol
9.6%% 71 o] YElga 1 th2 o & CIP, RA9}
TE, RA 24 WA E o] 6.1%= o] Uehgt} Aub
o2 A AFE 8A|7HA] 242t o] 0.8~5.2%
o £E5 Yetlidlen 11450f tigt ofAl WAd <
&E T ATNE st vetden A4t 5%
o AAGlo] =gt A WA S HERH IS
(Table 5).
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(Levin, 1997).
ol oA 2011 RE 20128772 7%
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A WA FAS Aoty 9E) AR S5 =

2317] 63583 HA|a17] 381H o= RE HEgh
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Table 5. Antimicrobial resistance patterns of Enterococcus spp.
No. of resistance (%)
No. of resistance Resistance patterns E. faecalis E. faecium Total
Beef Pork Total Beef Pork Total (n=114)
(n=70) (n=18) (n=88) (n=15) (n=11) (n=26)
0 (n=22) 16(22.8)  2(11.1)  18(20.4) 32000 1(9.0)  4(153) 22(19.3)
1 (n=26) TE 6(8.5) 4(222) 10(11.3) 1(6.6) - 1(38) 11(9.6)
CIP - - - 1(6.6) - 1(3.8) 1(0.8)
S 1(1.4) - 1(1.1) - - - 1(0.8)
E - - - - 5(45.4) 5(19.2) 5(4.3)
C 2(2.8) - 2(2.3) - - . 2(1.7)
RA 5(7.1) - 5(5.6) 1(6.6) - 1(38)  6(52)
2 (n=29) P, TE 1(1.4) - 1(L.1) - - . 1(0.8)
TE, CIP 5(7.1) - 5(5.6) 1(6.6) - 1(38)  6(52)
CIP, RA 5(7.1) 1(5.5) 6(6.8) - 1 (9.0) 138)  7(6.1)
S, TE 1(1.4) - 1(L.1) - . . 1(0.8)
RA, FEC 1(1.4) . 1(1.D) y . . 1(0.8)
RA, C 1(1.4) - 1(L1) - - - 1(0.8)
P,RA - - - 1(6.6) - 1(3.8) 1(0.8)
S, CIP 1(1.4) - 1(1.1) - - - 1(0.8)
TE,RA 5(7.1) 1(5.5) 6 (6.8) - 1(9.0) 1(3.8) 7(6.1)
E,RA - - - 1(6.6) - 1(3.8) 1(0.8)
E, CIP . - - 1(6.6) - 1(38)  1(0.8)
E, TE - 1(5.5) 1(L.1) - - - 1(0.8)
3 (n=12) CIP, RA, FFC 1(1.4) - 1(L.1) - - - 1(0.8)
E, TE, C - 1(5.5) 1(L1) - - - 1(0.8)
TE, CIP, RA 1(1.4) - 1(L.1) - - - 1(0.8)
TE, RA, C - 1(5.5) 1(L1) - - - 1(0.8)
TE, RA, E 1(1.4) y 1(1.1) y . - 1(0.8)
TE, CIP, C 1(14) - 1(1.1) - - - 1(0.8)
S, TE, CIP - 1(5.5) 1(1.1) - - - 1(0.8)
E, CIP, RA - - - 3(20.0) 1(9.0) 4(153) 4@3.5)
P, E,RA - - - 1(6.6) - 1(3.8) 1(0.8)
4 (n=12) E, TE, CIP, RA 1(1.4) 1(5.5) 2(2.3) 1(6.6) - 1(3.8) 3(2.6)
S,E, TE, C 1(1.4) - 1(L.1) - - . 1(0.8)
S,E, TE, RA 2(2.8) - 2(2.3) - - - 2(1.7)
S, GM, CIP, RA - - - 1(6.6) - 1(38)  1(08)
P,CIP,RA, C 1(1.4) - 1(L1) - - - 1(0.8)
TE, CIP, RA, C 1(1.4) - 1(L1) - - - 1(0.8)
TE, RA, C, FFC 1(1.4) - 1(L1) - - - 1(0.8)
S, TE, CIP, RA 2(2.8) - 2(2.3) - - - 2(1.7)
5 (n=7) S,GM, E, TE, C - 1(5.5) 1(1.1) - - - 1(0.8)
E, TE, RA, C, FFC - 1(5.5) 1(1.1) - - - 1(0.8)
S, E, TE, C, FFC 1(5.5) 1(L.1) 1(0.8)
P, CIP, RA, C, FFC 1(1.4) - 1(L.1) - - - 1(0.8)
S, GM, TE, CIP, RA 1(1.4) - 1(1.1) - - - 1(0.8)
S, E, RA, C, FFC . 1(5.5) 1(L.1) - - . 1(0.8)
S, E, TE, CIP, RA 1(1.4) 1(L.1) 1(0.8)
P, CIP, RA, C, FFC 1(1.4) - 1(L.1) - - . 1(0.8)
S, GM, TE, CIP, RA 1(1.4) - 1(L1) - - - 1(0.8)
S,E, RA, C, FFC - 1(5.5) 1(L1) - - - 1(0.8)
6 (n=3) S, E, TE, CIP, RA, C 2(2.8) - 2(2.3) - - - 2(L.7)
P, E, CIP, RA, C, FFC 1(1.4) . 1(1.1) . . . 1(0.8)
7 (n=2) P, S, GM, E, TE, CIP, RA - - - 1(6.6) - 1(3.8) 1(0.8)
P, E, TE, CIP, RA, C, FFC 1(1.4) . 1(1.1) y . . 1(0.8)
8 (n=1) S, GM, E, TE, CIP, RA, C, FFC - 1(5.5) 1(L.1) - - - 1(0.8)
Total 47 patterns
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