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This study was carried out to investigate the antimicrobial resistance pattern and distribution of resist-
ance gene in 44 Enterobacteriaceae and 21 Pseudomonas (P) aeruginosa isolated from hospitalized
dogs and cats in animal hospital from 2010 to 2011 in Daegu. Among Enterobacteriaceae, Escherichia
(E) coli was highly resistant to ampicillin (56.7%), followed by tetracycline (53.3%), cephalothin, strep-
tomycine, sulfamethoxazole/trimethoprim, gentamicin and norfloxacin (40.0 ~43.3%). The remaining
isolates of Enterobacteriaceae had high resistance to ampicillin (64.3%) and streptomycin (42.9%).
Whereas, P. aeruginosa was low resistant to all antimicrobials tested (less than 15%). int I I gene was
detected in 20 (57.1%) of 35 antimicrobial resistant Enterobacteriaceae and 2 (9.5%) of 21 P.
aeruginosa., but int I 2 gene was not detected in all isolates. The eight resistance genes were found
either alone or combination with other gene (s): blatem, aadA, strA-strB, clmA, tetA, tetB, sul I and sul
1I. About 78% of integron-positive isolates were resistance to more than four antimicrobial agents. The
findings suggest that class I integrons are widely distributed in E. coli among Enterobacteriaceae from
dogs and cats and multi-drug resistance related to the presence of class I integrons. The prudent use
of antimicrobials and continuous monitoring for companion animals are required.
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< &%t integron®] = AT= YA FAAY] Hute) ok
AWd+tel Edol 583t A oh, 53] ol WA
SR = F==2 Enterobacteriaceae®}; Pseudomonas (P) ae-
ruginosa®| Al &3] H1E| 1 QtiHallz} Collis, 1998;
Goldstein 5, 2001).

et argfol= AHRE Ik vl Wigc #
o glo] 015 FEoIN PAA YATe| 2UL B2
T ARE Aol WAE B WA SR B )
53} §hch(Guardabassi 5, 2004). X27k2] 7jet 1
oFolof| A H2|E Enterobacteriaceael| Al YA WA
SRR AL Wt Bal= F2 Escherichia (E) coli
o ATE o]F X1 9JS E(Sidjabat 5, 2006; Cocchi
S, 2007; Kadlec®} Schwarz, 2008; Shaheen 5, 2010),
ThE2 429 Enterobacteriaceae®} P. aeruginosa®l| A ©]
= WA AR T3 B 1= =ETtHRubin 5, 2008).

weba] ol Atoli= tEAY FEH el ¢
Y X7 22 e} a1oko|o A BESt Enterobacteria-
ceae®} P. aeruginosaS A0 2 ZFE Ao st
Wy Ee BAST, @ 74 o4kl eblel] 1A
& wel ol el A By SR Be
f%8 2437 A8 Adelsic

il

M= 3 AE

20099 8YHE 20119 129717 A FEH
o 272 E ddeE oY - AEFS Hn=349)%}
aL%Fol(n=14)9] F(n=263), ¥ F(n=57), k=(n=20), 44|
71(0=11), &=(n=6), HZ(n=2), EH0=2) ¥ FF(1n=2)
oA DFZAHAE &l - T8t & AP 2
=21 E. coli 3055, P. aeruginosa 215, Klebsiella (K)
pneumoniae 53¢, Enterobacter (E) cloacae, Citrobacter
(C) koseri X Proteus (P) mirabilis Z+Z} 25+, Morga-
nella (M) morganii, Acinetobacter (A) baumannii 2
Serratia (S) marcescenns 2+Z; 15 5 & 6535 A3
of AH8-5h%thTable 1).

+ 29 ¥ 5AH2 AFHE A|EE Blood agar
plate (o}AFA|2F, Korea)?} MacConkey agar (Oxoid,
UK)ell ] &3te] 37°Coll A 24Xt ek 5, o4l =
= A=l disfiA= &4 =2 & VITECK 2 com-
pac (BioMerieux, France)& ©]-83}o] A 3}%ct
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Table 1. Isolated bacteria by the sampling sites

Isolates Ear Skin Urine Vagina Eye Others*
Escherichia. coli 20 4 1 4 1
Pseudomonas aeruginosa 19 2
Klebsiella pneumoniae 5
Enterobacter cloacae 1

Citrobacter koseri

1
1
Proteus mirabilis 1
1

Morganella morganii

Acinetobacter baumannii 1

Serratia marcescenns 1

Total 49 7 3 5 1

*Blood, nasal cavity, udder.

FYH 2+ AE

A A A EL Bauer 5(1996)2] tiA= 3
APHE o]-&sto] AAISHATE ARERE Al "=

(Oxoid, UK)+= ampicillin (AM), ticarcillin (TIC), ticar-
cillin/clavulanic acid (TIM), cephalothin (CF), cefepime
(FEP), ceftazidime (CAZ), cefotaxime (CTX), imipenem
(IPM), aztreonam (ATM), gentamicin (GM), amikacin
(AN), tetracycline (TC), ciprofloxacin (CIP), norfloxacin
(NOR), streptomycin (SM), sulfamethoxazole/trimethop-
rim (SXT) 2 chloramphenicol (CM) & 1750]%ith
F A4S Mueller-hinton broth (Oxoid, UK)of 7d%3}
o] 37°Col| A 2~4A7F vjofsle] & =% Z McFarland
No. 052 ZA3 & WHHHES 0]83}o] Mueller-
Hinton agar (Oxoid, UK) H#u[jX|of| 11274 Z=3x3}H
o2 3HRA| T A3 E dispenser (Oxoid, UK)= 235}
At} 3522°CoN A 16~18A17F Wjo} & 2 Al =2
71& =73} Clinical and Laboratory Standards Insti-
tute (CLSL 2012)ef] T27A3}e] U4 o8 Bgsieick
FAA A A A% #EAFE E. coli ATCC
259225 ARSI

DNA

i
M

FAlgtol] that genomic DNA $%-2 Mazel 5(2000)
o] whiol wet boilingt 0= AHAISIITE = tryptic
soy broth (Oxoid, UK)®] A&3}0] 37°Col| 4] 18~244]
b X% wjekste] A2 o FF 1.0 mLE 13,000
pmof| Al 257F ARt & A S AAT o
At SF 0.5 mLE A FRsiolch o B

2 13,000 rpmof| A 10
( AAlEERt & ASHS FH5to] template DNA
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2 ARSI

OlMILiY 23 RA/IIO AE

TEM, SHV, CTX, OXA, int I, int 12, aadA, strA-strB,
clmA, tetd, tetB, sul I R sul I = FAWA == &4
219l AES 93t primer+= Table 29} 7t} PCR HH&-
2 2X TOPsimple DyeMix (aliquot)-HOT (Enzynomics,
Korea)ol Z}2+2] 10 pmol primer 1 uL&} template DNA
UL e & d@E 2R4E A7 33w
SF0] 20 uL =|A) o] Tprofessional Thermal Cycler
(Biometra, Germany)E ©|-8&35}o] 435}t PCR Hb
& 22 o] AFAE(Table 2)9] WHo] wgho
W, %7] denaturation %, denaturation, annealing, ex-
tension ¥}+A-S HWHE-3}11 X2 extensionS A A|EFATH
ZEZ% AMEL 1.2% agarose gelofA] 100 VE2 3087
A719%5S AAgH & UV transilluminator (Biometra,
Germany) & o] 3te] 215},

Table 2. Primers used for PCR amplification in this study

2 1

g0 Z+d

Enterobacteriaceae 4452} P. aeruginosa 21570] st
FEA A4 AE A= Table 33t At} Enterob-
acteriaceae % E. coli (305)+= AM} TCO| Z+2} 56.7%
2} 533%E =2 YAES YEM AL, CF, SXT, SM,
GM, NOR, CIP, CIP ¥ CTXoj|= 30.0~43.3%2] YA
£ Yehjgith 181 AN, IPM, CM, TIM, CAZ %
FEPO| = 6.7~20.0%9] "2 22 W& Hh

E. coliS A8t U™ R] Enterobacteriaceae 1452)
7% AMo|| tfslof= 64.3%2] =2 WIES UEHY
i, SM, CF, STX, TIM, IPM, TC, CM, ATM 1
CTXoll= 7.1~-385%9 @& WAES HEHATH
U TIC, FEP, CAZ, AN, CIP ¥ NORoj| WAlel +#
L 5F 3= QiQlch WHH P aeruginosa©l| A= IPM,
NOR, GM, TIC, TIM, FEP, AN, CIP] 4.8~14.3%29]
WieES UEhSAL, CAZIF ATMol= A o7t

Primer name Sequence (‘5 to'3) Amplicon size (bp) Reference
TEM-F ATTCTTGAAGACGAAAGGGC 1,150 Belaaouaj et al (1994)
TEM-R ACGCTCAGTGGAACGAAAAC

SHV-F CACTCAAGGATGTATTGTG 885 Pitout et al (1998)
SHV-R TTAGCGTTGCCAGTGCTCG

CTX-M-9-F GTGACAAAGAGAGTGCAACGG 857 Coque et al (2002)
CTX-M-9-R ATGATTCTCGCCGCTGAAGCC

CTX-M-10-F CCGCGCTACACTTTGTGGC 944 Coqueet al (2002)
CTX-M-10-R TTACAAACCGTTGGTGACG

OXA-F TTCAAGCCAAAGGCACGATAG 813 Steward et al (2001)
OXA-R TCCGAGTTGACTGCCGGGTTG

intI 1-F GGGTCAAGGATCTGGATTTCG 483 Mazel et al (2000)

intI I-R ACATGCGTGTAAATCATCGTCG

int12-F CACGGATATGCGACAAAAAGGT 788 Mazel et al (2000)
int12-R GTAGCAAACGAGTGACGAAATG

str4-strB-F TATCTGCGATTGGACCCTCTG 538 Sunde and Norstrom (2005)
strA-strB-B CATTGCTCATCATTTGATCGGCT

aadA-F GAGAACATAGCGTTGCCTTGG 198 Sunde and Norstrom (2005)
aadA-R TCGGCGCGATTTTGCCGGTTAC

tetA-F GTAATTCTGAGCACTGTCGC 937 Guardabassi et al (2000)
tetA-R CTGCCTGGACAACATTGCTT

tetB-F CTCAGTATTCCAAGCCTTTG 416 Guardabassi et al (2000)
tetB-R CTAAGCACTTGTCTCCTGTT

sul I-F TTCGGCATTCTGAATCTCAC 822 Maynard et al (2003)
sul 'R ATGATCTAACCCTCGGTCTC

sul II-F CGGCATCGTCAACATAACC 722 Maynard et al (2003)
sul II'R GTGTGCGGATGAAGTCAG

cmlA-F TGTCATTTACGGCATACTCG 455 Séenz et al (2004)
cmlA-R ATCAGGCATCCCATTCCCAT
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Table 3. Antimicrobial resistance of 44 Enterobacteriaceae and 21 P. aeruginosa isolates

Resistant breakpoint (mm)

No. (%) of resistant strains

Antimicrobial

agents Enterobac- Acinetobac-ter P Enterobacteriaceae P, aeruginosa
teriaceae spp. aeruginosa E. coli (n=30) Others* (n=14) (n=21)
Ampicillin <13 <13 17 (56.7) 9(64.3) -
Ticarcillin - <14 <15 - 0(0.0) 1(4.8)
Ticarcillin/ <14 <14 <15 3(10.0) 3(21.4) 1(4.8)
clavulanic acid
Cephalothin <14 - - 13 (43.3) 4(30.7) -
Cefepime <14 <14 <14 2(6.7) 0(0.0) 1(4.8)
Ceftazidime <17 <14 <14 3 (10.0) 0(0.0) 0(0.0)
Cefotaxime <22 <14 - 9 (30.0) 1(7.1) -
Imipenem <19 <13 <15 6(20.0) 3(21.4) 3(14.3)
Aztreonam <17 - <15 4(13.0) 2(14.3) 0(0.0)
Gentamicin <12 <12 <12 12 (40.0) 1(7.1) 2(9.5)
Amikacin <14 <14 <14 8(26.7) 0(0.0) 1(4.8)
Tetracycline <11 <11 - 16 (53.3) 3(214) -
Ciprofloxacin <15 <15 <15 10 (33.3) 0(0.0) 1(4.8)
Norfloxacin <12 <12 12 (40.0) 0(0.0) 3(14.3)
Streptomycin <11 - - 12 (40.0) 5(38.5) -
Sulfamethoxazole/ <10 =10 - 13 (43.3) 4(28.6) -
trimethoprim
Chloramphenicol <12 - - 5(16.7) 3(21.4) -

*Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter koseri, Proteus mirabilis, Morganella morganii, Acinetobacter baumannii, Serratia

marcescenns.

et S5 ol Aol WS Yehd Enterobac-
teriaceae 365F U P. aeruginosa 215 RTE iAo
2 ofA A B fAxe] dES AARE ik
Table 49F ZrC}. int [ 1-9-AR= TA|F 575 % 222
(38.6%)0llA HE=eH, o] T E coliol|A= 18F
oA ZelEo] HEECl M =L, U P. aerugi-
nosa+= 259\ X, E. cloacae?} K. pneumoniae~= 2+7} 1
FolA HEEAT int [ 2 GAAE BE F3R0|A]
AEEA Gk it 11 FAA7E HEH 2257 5 17
F(77.3%)= 4% o1 Al WAe 7H oA
dto] et

Enterobacteriaceae 445 & AMO|| U2l 265+&
oz B-lactamase AL HES A= At
TEM #3%k= 1155(42.3%)°1 A AE5 12, OXA,
SHV 3 CTX 444 o Zol M= A2s7 oo
O E5] TEM SR E colio] A 94 22
Ho] HE&EE0o| 7V =9k, E. cloacae®} M. morganii
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= 247 1304 "AEEHSAH SMell Al 175 &
aadA A= E. coliof ARk 3504 AEE %o,
strA-strB - AR = E. colio| A= 10559\ A, E. cloacae
¢} K. pneumoniae= Z+Z; 15504 HEE T} TCO
WAE HQl 195 = fetd SFAR= 353+(15.8%), tetB
FAAE 1353(68.4%)0 4 HEESCH, ol F4
A HIE= E coliol A HEEH QI 3 tetd FAAE
g 7l 3¢ F 2= taB FAAE FAO] 7R L
A3k CMo) A9l 8F = cmid AR = E. coli
o Rt 1504 HEE ek SXTol| WAl 175 5
sul 1 732 = 553(29.4%)0 A A==, o|F E
colio)| A+= 350\ A, E. cloacae?} M. morganii~= Z+Z+
1520l A BEE AL, sul IT AR = M. morganii®| |
g 1504 FEE ok

St P. aeruginosa®] 73-9- AM, CM, SM, SXT %
TCol ool CLSI (012) 4 71420] BAIEof 2]
A gob A 4 AR AAFA oh sy,
wEba] FARE 21 BEE YACR TEM, OXA,
SHV, strd-strB, aadA, tetA L tetB GAA}Lo] A& A
Alet A3} strd-strB AR = 4532(19.0%), sul 1 -5}
L 2229.5%), cmld9} aadd GARR= ZF7F 125(4.8%)
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Table 4. Phenotypes of antimicrobial resistance and resistance genes detected in antimicrobial resistant Enterobacteriaceae and P. aeruginosa

isolates

Isolates

Origin Antimicrobial resistance pattern

Resistance genes detected

A. baumannii

Dog ATM, IPM

intI 1, blargy, tetB
intI 1, blargy, tetB, strA-strB
intI 1, tetB, strA-strB

int I 1, blarey, aadA

intl 1, tetB

int1 1, aadA, tetB, strA-strB
intI 1, blargy, tetB, strA-strB
int1 1, tetB, strA-strB

intl 1, tetB

intl 1, blareyv

int1 1, tetB, strA-strB
intl 1, tetB

intI 1, clmA, strA-strB
int1 1, tetA, strA-strB
inl[], blarey

intI1, blargy, sul I, strA-strB

int I, strA-strB

C. koseri 1 Dog AM, ATM

C. koseri 2 Dog AM, IPM

E. coli 1 Dog AM, AN, CAZ, CF, CIP, CM, CTX, GM, NOR, SM, SXT, TC intI I, blargy, tetA, tetB, sul I, strA-strB
E. coli2 Dog AM, AN, CF, CIP, CM, CTX, GM, NOR, SM, SXT, TC int 1 1, blarzy, tetA, tetB, sul, strA-strB
E. coli 3 Dog AM, CIP, CM, NOR, SXT, TC

E. coli 5 Dog AM, GM, SM, TC

E. coli 6 Dog AM, CF, CIP, CTX, NOR, SM, TC

E. coli 8 Dog AM, AN, CAZ, CF, CTX, GM, IPM, SM, SXT, TC, TIM
E. coli 9 Dog AM, AN, SM

E. coli 10 Dog AN

E. coli 11 Dog AN, GM

E. coli 13 Dog CF

E. coli 14 Dog ATM, ATM, TIM

E. coli 15 Dog AM, ATM, CF, CTX, GM, TC

E. coli 16 Dog AN, ATM, IPM

E. coli 18 Dog AM, IPM, SM, SXT, TC

E. coli 19 Dog AM, ATM, CTX, GM, NOR, SM, SXT, TC

E. coli 20 Dog CF, FEP, SM, TC

E. coli 21 Dog AM, CF, CTX, SXT

E. coli 22 Dog IPM, TC

E. coli 23 Dog AM, CAZ, CF, CM, CTX, FEP, GM, IPM, NOR, SXT, TC -
E. coli 24 Dog CIP, NOR, SXT, TC

E. coli 26 Dog AM, CF, CIP, GM, NOR, SM, SXT, TC

E. coli27 Dog AM, CF, CIP, GM, NOR, SM, SXT, TC

E. coli 28 Dog AM, AN, CF, CIP, CM, CTX, IPM, GM, NOR, SXT

E. coli 29 Dog AM, CIP, GM, NOR, SM, SXT, TC

E. coli 30 Dog AM, CF, CIP, NOR, TIM

E. cloacae 1 Dog AM, CF, CM, CTX, SXT, TC

E. cloacae 2 Dog AM, CF, GM, IPM, SM, SXT, TC, TIM

K. pneumoniae 1 Dog AM

K. pneumoniae 2 Dog AM, CF, SM, TIM

K. pneumoniae 3 Dog AM, TIM

M. morganii Dog AM, CF, CM, SM, SXT

P. mirabilis 1
P. mirabilis 2

Dog SM
Dog AM, CM, SM, SXT, TC

blarey, sul I, sul IT

int I 1, blargy, tetB, sul I, aadA, strA-strB

oA HEEHROU, TEM, OXA, SHY, CTX W sul I gt 2> WAL ojul Iy o] AFAE<] <
RE FFoA HESEA] Qo H7b §3 9rHKim 5, 2004; Park S, 2004; Kim
&, 2011). o] Aol A= Kk %011*% Thas z}o]

TR =

, 53] Nt aFolofl A A W] &4

2
o
oiN
e
L

7 AN §ARE Aoe kst o5 of
ool EE By EH E coli= CIP, CM,
enrofloxacin, cefazolin (CZ),
e LR AR W #AE 7F 0 penicillin 9 lincomycine &3 22 Ao djsto]
k. T =28 YAHE] HiEIA lof(Choi 5, 2010; Kim
< A5 ARE ofHA & But ofy 2} Al A 5, 2004), =W 7} areFolof| A YAl A EA
Al shA o2 FQ35rH(van den AN =2

a = ofof 7Het

M

l

of Eeelaes o 4 9otk o

3

Al

erythromycin, oxacillin,

1

Nil

Bogaard and Stobberingh, 2000). 7j&} 119Fo|ZEE Lol TIM, AN, IPM, ATM, FEP 9 CAZ3} CTX %

E2H E coliof 4] AM, CF, GM, NOR, SXT ¥ TCo]

o gAY

79 30% ol3kel WAES e ik
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Table 4. Continued

Isolates Origin Antimicrobial resistance pattern® Resistance genes detected
P, aeruginosa 1 Dog - -
P, aeruginosa 2 Dog - str4-strB
P, aeruginosa 3 Dog AN, IPM -
P, aeruginosa 4 Dog - -
P, aeruginosa 5 Dog CIP, GM, NOR int1 1, cimA, strA-strB
P, aeruginosa 6 Dog TIM -
P, aeruginosa 7 Dog -
P, aeruginosa 8 Cat IPM str4-strB
P, aeruginosa 9 Cat -
P, aeruginosa 10 Dog NOR -
P, aeruginosa 11 Dog -
P, aeruginosa 12 Dog IPM -
P, aeruginosa 13 Dog NOR -
P, aeruginosa 14 Dog -
P, aeruginosa 15 Dog str4-strB
P, aeruginosa 16 Dog TIM sul 1
P, aeruginosa 17 Dog int 11, sul I, aadA
P, aeruginosa 18 Dog -
P, aeruginosa 19 Dog TIM -
P, aeruginosa 20 Dog FEP, GM -
P, aeruginosa 21 Dog -

*ATM: aztreonam, IPM: imipenem, AM: ampicillin, AN: amikacin, CAZ: ceftazidime, CIP: ciprofloxacin, CM: chloramphenicol, CTX:
cefotaxime, GM: gentamicin, NOR: norfloxacin, SM: streptomycin, SXT: sulfamethoxazole/trimethoprim, TC: tetracycline, CF: cephalothin,

TIM: ticarcillin/clavulanic acid, FEP: cefepime.

olefat Am ol ATAE AT fAlLALO
H(Choi 5, 2010; Yoo 5, 2002), o}&|7}%] o5 4
Ale At A5 AzA=A a3} Qe 2es
Y=} 8- E colis A )3F U X| Enterobacter-
iaceae (K. pneumoniae, A. baumannii, E. cloacae, C.
koseri, M. morganii X P. mirabilis)®] 7% FAld5
7 Mol T ATAEY AT vmEE ofelS-
U AMY} SMef tisto] & WS YeERlSIH o
o] o[ Agdzlo= AAISHA FUAIT K. pneumo-
niae® 79 AM, CF, SM @ TIM< A 2|3t U %]
FAA] st WS Hel = /I8l o=
= 7Het arefololA ZelE K pneumoniae= A&
2o ofAlel thste] 2 WS UERH Sl
7 e e A7Ase] Ak Aol gt
(Kim 5, 2011; Park &, 2004).

7AW eF arfololA ZeE A bau-
mannii, E. cloacae, C. koseri "} M. morganiiol| x| 3y
Al WA Bt Bu= AFslth E3F K preumoniae
9} P. mirabilis®] 73%- o8 A-HEGE ofe}t o E ¢
TFolXE ol At ‘Ee+tF 7F AaL, AR
FAAY] F77F ol Ao A AREE Ax AA|5H
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A go} Wt YABS ML ojeiglon] F
Hh e 0] FEE o] g3 /b At Wa
F Aoz A

AFRE 23 o Aol A WAl ARE CAZ,
piperacillin 2 TIC Sojl= vwd 73t FH4HE A
JTH(Chamberland 5, 1992). Yoo 5(2002)2 7jjof A
B % P. aeruginosa= AM, CZ % SXTo|| tjj3}o] =
< WS Hash3lal, Rubin 5(2008)-> AHE-E o7
2o FAA ] w2 WA sk ey ofH
A-tol| A P. aeruginosa= AH&-E H= oFA|of T3 A
23 WAES HEtWo] thar Zolrh USieh HHA
Hirsh®} Jang(1994) 2 Pedersen 5(2007)2 7fjojA &
2= P. aeruginosa= AN, GM ¥ TICo|| =2 74
< waso] ol Ao Aukel AL

o] Lo A class 1 integronS FA|2] 38.6%9]
A AEE A olHe At oA AAREo] et
Tkolof| A Hudt AT 9xlEtg o) AREE
 Abgol|l A Harghk A H k= WStH(Van Duijkeren
5, 2005; Kang 5, 2005b; Cocchi -5, 2007; Shaheen
2, 2010), o= 2% 7F FAA Ao te Aez

T =T
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Q}H(selection pressure)@] z}olof| 7]21sk Ao &2 AYzF
FthRosser?} Young, 1999; Cocchi %, 2007). o] <
Lol A class 2 integrond HE Fo|A HEEHA]
ANk, JHel a1gFo] e thAFtoll Al class 2 integron
o] A= o]d AFAS s Bt 57 et
(Goldstein 5, 2001; Yu 5, 2003; Shaheen -5, 2010).
o[ Aol A class 1 intgrono] HEE FAI-E2]
Fatol 4% oo oFAol THAIWAS Hof class 1
integron®] EA= ttAW LS 3 Tl U=
2915+ tH(Goldstein 5, 2001; Shaheen %, 2010).

AMof Y-S ALsl= TEME B-lactamasew= E.
colio| A 71} &3] HEE 0] ol dAF4A=Y At
o} B A}5F tH(Saenz 5, 2004; Carattoli 5, 2005).
%l TEM3 B-lactamase= E. cloacae®} M. morganiio|
Ax Z¥ZF 134 AEE U}y 4. baumannii2} P.
aeruginosa®] 739 TEME [-lactamaseS =EA AJA
sh= Aoz deA Slth(Weldhagen, 2003). o ¢
T = ol5 F H#FoA TEME B-lactamase= 7]
SE A okt 2k 9=ro) A9 feF ko] f-
E. colio] Al SHV, OXA 2 CTX3d [-lactamase®] A=
o] I3t 3(Teshager 5, 2000; Carattoli 5, 2005;
Costa 5, 2008)= Lo}, o|¥l A-tofA o] f-lac-
tamase= S Ald HFo|A HEEHA et

BETC WA 3L ed SANE IR ol

Wt Qi AOR oreld 9loUk(Sengelov 5,
2003), ol ATNAL terB SAXTL A Wol A
2o} tha Ajolt ek 2 oleig 4AL
Jhe} eFolo) A BelE E colio) A tetB A7} 7}
4 wol HEF U= Lanz 5 (2003)9] Aapeh= o
2]5}gleh. 3 Costa 5(2008)2 TCo| WAL Lhet
W E. colit= 7N A<= tetd, T1Folol A= terB A2k
7} Hol AEESlokal skl 53] o|¥l Ao
A tetd FANE BE3T E coli 255 tetB FAANE
Ao ZFA T 9o terd A THE S7Aje} B
FHoR UEEE o 4 glgich ol8l o)A TC
WA AR = E coli®f K. pneumoniae®]| A TF 70|
Eo] o]& = wFo] TCo| tigt WA FAAE «A
I5TE o & sl

SM1} spectinomycin®]] WS ALdl= sird-strBL}
aadA AR = E. coli -2 1% SAdtolA] &3] W
AE 3 QJthLanz 5, 2003; Kang 5, 2005a; Kang 5,
2005b). oJH AFME o]lE GHAE= E coli E.
cloacae 1 K. pneumoniae®| X AEE o] o]l AR}
= 19 S AlelollA SM U Adel F83k o

g e AE & 4 AUH(Sunde®} Norstrom,
2005). 7)9} 119Fo] S-2 P. aeruginosa®l| A strA-strB
9} aadA F-Ae] HEof WIHE 1= EEX|YH(Rubin
5, 2008), olH A-tolM= strd-strB {4,
aadA -8 Ab= 1504 HE5 3ok

Sulfonamides®]] WAL AFsl= sul [ GHA= E.
coli, E. cloacae, P. aeruginosa X M. morganiiol A 73
SE 0] sul I AR T3 I S/t AtelolA] dE
B S & 5 AUSlH 53] M. morganii 152
= sul 19} sul II FRAAE Ao EH38kaL It
$HH Sdenz 5(2004)2 7l G2 E. coliof| A sul 19} sul
I 8= Al ST Haskgict ofl A+t
oA 27 ZAdtolA sul I AR = sul 1T A
R} o] HEE QAL o= old dAFA=9] dxket
o] 2|5t thLanz S, 2003; Maynard S, 2003). L7}
A Enterobacteriaceaeo| A FE-E 2] oFA| WA T
A= E coliol] =] Qlof B tFollA o5 2
= Blash7)= oyt 3% o] ek @ X
AL7E o] Fol X of & Ao g A7t

CMoj| tigt WAd-2 cmid, cat 2 flo §--2}2] E7)
oF w9~ WA Tedo] Uy CM9 efflux pumpE 9F
33} cdmd A= &, HA E oA EeH
E. colio)A 2 R 117} =11 QJthBischoff 5, 2002;
Saenz %, 2004; Shaheen 5, 2010). ©]¥H <I-ofA]
cmld FRAR= E. coli®} P. aeruginosa©| A Z+Z} St
Fo|A HAEENoH, olE F 5= strdlsuB 74
A2 FAlo] Egal Qo M WA HAAE e
FAALE FETS & 5 AUUTHSaenz -5, 2004). TH
o T A S ol £ coliolAl clmd §A
WeE 1= QleitkKang 5, 2005b), 7HeflA &E2gt
P. aeruginosa®| A cmid AR B3R = o|H X
Ap7E # 2ol

FHe o)¥l AolA BE A WA 7 A
FAAE Hpahe AL ofd Ao e, ol
odl AolA ALEE A $A4 o BE 5
Wy fAA R 2 5 Yo, Bd e
FAAA WA 71l gt A WA 7hsAdol qlo
(Bryan, 1984), 3% F=7}4Ql dA+47F 2o Zow
ke,

i

flo 1

ot A+t A} Ffe} argFolo A we|% Enterobac-
teriaceae % E. colio|A oAl W2 =& S
ohekel A WA AR EdL FEH A
FAAY] FHLIeE AFEIE B o] it o= Aol
A AR Jage] At 9 AbgoR WA Hubrt
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olRojd 4 glong Aot mefolold FHAL 4
F% Abgo] aTHTh okge e 3ol F wiel
B8 U oS3 WA AT AT o G4
A WAl e #7h4e) Aot Bag Aow Abw
e,

2009L4 8UHE 20119 129717 xS B
Holl A - A=mFe e} aFol=iy £t E
terobacteriaceae 4452} P. aeruginosa 21550] W3t
A WA 98 9 A oAxe] Rodse A
S AT Thea 2Tk YA B Y An

Enterobacteriaceaer= J- XS] 79.5%, P. aeruginosa~

SR 47.6%7F ARE-E qF 7FA] o] A+e] ofAlo] W
A8 e Q). Enterobacteriaceae %= E. coli (305F)
L AM (56.7%), TC (53.3%), CF, SM 2 SXT (ZHz}
433%), GM 2 NOR (ZFZ} 40.0%)0] =2 A< 1o
a1, Y R] Enterobacteriaceae (1455)0 A= AM (64.3%)
3 SM (@29 & WS ey aw P
aeruginosa®| 7= AREE EE OFAl 15%m]FHe]
& WEES UEHSIHE 3t 57 o2 oAl W
S YERH Enterobacteriaceae 3652} P. aeruginosa
21 5 & 575 e R oA WA e /A
AES AARE 23 FAIFS 38.6% (2259)7} int 11
SRS 7HA AL Uk TEM, strd-strB, sul I, sul II,
aadA, tetd, tetB X cmid 5 89| oFA A TH &
AR RS e ke fHRek FA0) AEHsL
L}, int 12, SHV, CTX 2 OXA SHA}= mE G130
A HESEHA gk =5 7HeE arokolo A A
AEet AR A &A1 HUE go] T

E
n-

L

-

B

O
re

Bauer AW, Kirby WM, Sherris JC, Turck M. 1966. Antibiotic
susceptibility testing by a standardized single disk me-
thod. Am J Clin Pathol 45: 493-496.

Belaaouaj A, Lapoumerouliec C, Caniga MM, Vedel G, Névot P,
Krishnamoorthy R, Paul G. 1994. Nucleotide sequences
of the genes coding for the TEM-like beta-lactamases
IRT-1 and IRT-2 (formerly called TRI-1 and TRI-2).
FEMS Microbiol Lett 120: 75-80.

Bischoff KM, White DG, McDermott PF, Zhao S, Gaines S,
Maurer JJ, Nisbet DJ. 2002. Characterization of chlor-

Korean J Vet Serv, 2013, Vol. 36, No. 3

amphenicol resistance in beta-hemolytic Escherichia coli
associated with diarrhea in neonatal swine. J Clin Micro-
biol 40: 389-394.

Bryan LE. 1984. Aminoglycoside resistance. pp. 241-277. In:
Bryan LE(ed.). Antimicrobial Drug Resistance. Acade-
mic Press, Orlando.

Carattoli A, Lovari S, Franco A, Cordaro G, Di Matteo P, Battisti
A. 2005. Extended-spectrum beta-lactamases in Escheri-
chia coli isolated from dogs and cats in Rome, Italy,
from 2001 to 2003. Antimicrob Agents Chemother 49:
833-835.

Chamberland S, L'Ecuyer J, Lessard C, Bernier M, Provencher P,
Bergeron MG. 1992. Antibiotic susceptibility profiles of
941 gram-negative bacteria isolated from septicemic pa-
tients throughout Canada. The Canadian Study Group.
Clin Infect Dis 15: 615-628.

Choi DY, Choi DS, Jang HK, Song HJ, Cho JG. 2010. Antimi-
crobial susceptibility of bacterial isolates from domestic
gogs with urinary tract infection. J Vet Clin 27: 6-10.

CLSI. Clinical and Laboratory Standards Institute. 2012. Perfor-
mance standards for antimicrobial susceptibility testing;
Twenty-second informational supplement. M100-S22.
Wayne, Pa, USA.

Cocchi S, Grasselli E, Gutacker M, Benagli C, Convert M,
Piffaretti JC. 2007. Distribution and characterization of
integrons in Escherichia. coli strains of animal and hu-
man origin. FEMS Immunol Med Microbiol 50: 126-
132.

Coque TM, Oliver A, Pérez-Diaz JC, Baquero F, Canton R. 2002.
Genes encoding TEM-4, SHV-2, and CTX-M-10 ex-
tended-spectrum beta-lactamases are carried by multiple
Klebsiella pneumoniae clones in a single hospital (Mad-
rid, 1989 to 2000). Antimicrob Agents Chemother 46:
500-510.

Costa D, Poeta P, Saenz Y, Coelho AC, Matos M, Vinué L,
Rodrigues J, Torres C. 2008. Prevalence of antimicrobial
resistance and resistance genes in faecal Escherichia.
coli isolates recovered from healthy pets. Vet Microbiol
127: 97-105.

Goldstein C, Lee MD, Sanchez S, Hudson C, Phillips B, Register
B, Grady M, Liebert C, Summers AO, White DG, Maurer
JJ. 2001. Incidence of class 1 and 2 integrases in clinical
and commensal bacteria from livestock, companion ani-
mals, and exotics. Antimicrob Agents Chemother 45:
723-726.

Guardabassi L, Dijkshoorn L, Collard JM. Olsen JE, Dalsgaard
A. 2000. Distribution and in-vitro transfer of tetracycline
resistance determinants in clinical and aquatic Acineto-
bacter strains. J Med Microbiol 49: 929-936.

Guardabassi L, Schwarz S, Lloyd DH. 2004. Pet animals as reser-
voirs of antimicrobial-resistant bacteria. J Antimicrob
Chemother 54: 321-332.

Hall RM, Collis CM. 1998. Antibiotic resistance in gram-negative
bacteria: the role of gene cassettes and integrons. Drug
Resist Updates 1: 109-119.



JHet T2ko|oliM] 22|El Enterobacteriaceaet Pseudomonas aeruginosa®| Shmtd| LHA 2 LM RFXIe| 2% 179

Hirsh DC, Jang S. 1994. Antimicrobial susceptibility of selected
infectious bacterial agents obtained from dogs. J] Am Ani
Hosp Assoc 30: 487-494.

Kadlec K, Schwarz S. 2008. Analysis and distribution of class 1
and class 2 integrons and associated gene cassettes
among Escherichia. coli isolates from swine, horses, cats
and dogs collected in the BfT-GermVet monitoring
study. J Antimicrob Chemother 62: 469-473.

Kang HY, Jeong YS, Oh JY, Tae SH, Choi CH, Moon DC, Lee
WK, Lee YC, Seol SY, Cho DT, Lee JC. 2005a.
Characterization of antimicrobial resistance and class 1
integrons found in Escherichia. coli isolates from hu-
mans and animals in Korea. J Antimicrob Chemother 55:
639-644.

Kang SG, Lee DY, Shin SJ, Ahn JM, Yoo HS. 2005b. Changes
in patterns of antimicrobial susceptibility and class 1 in-
tegron carriage among Escherichia. coli isolates. J Vet
Sci 6: 201-205.

Kim DK, Shin DH, Kim HY, Byun JW, Lee KH, Lee OS and
Jung BY. 2011. Antimicrobial sus-ceptibility of gram-
negative bacteria from dogs and cats. J Vet Clin 28:
348-351.

Kim MS, Jeong JT, Kang SY, Yun YM, Lee JM, Lee DS, Son
WG. 2004. Antibiotic resistance of bacterial isolates
from nasal discharges of dogs with respiratory diseases.
J Vet Clin 21: 133-139.

Lanz R, Kuhnert P, Boerlin P. 2003. Antimicrobial resistance and
resistance gene determinants in clinical Escherichia. coli
from different animal species in Switzerland. Vet Micro-
biol 91: 73-84.

Maynard C, Fairbrother JM, Bekal S, Sanschagrin F, Levesque
RC, Brousseau R, Masson L, Lariviére S, Harel J. 2003.
Antimicrobial resistance genes in enterotoxigenic Esche-
richia coli 0149:K91 isolates obtained over a 23-year
period from pigs. Antimicrob Agents Chemother 47:
3214-3221.

Mazel D, Dychinco B, Webb VA, Davies J. 2000. Antibiotic re-
sistance in the ECOR collection: integrons and identi-
fication of a novel aad gene. Antimicrob Agents Chemo-
ther 44: 1568-1574.

Normand EH, Gibson NR, Taylor DJ, Carmichael S. Reid SW
2000. Trends of antimicrobial resistance in bacterial iso-
lates from a small animal referral hospital. Vet Rec 146:
151-155.

Park SW, Seo KW, Hwang CY, Youn HW, Han HY. 2004.
Isolation of bacteria from clinial specimens in veterinary
medical teaching hospital and trend of antimicrobial
susceptibility. J Vet Clin 21: 7-14.

Pedersen K, Pedersen K, Jensen H, Finster K, Jensen VF, Heuer
OE. 2007. Occurrence of antimicrobial resistance in bac-
teria from diagnostic samples from dogs. J Antimicrob
Chemother 60: 775-781.

Pitout JD. Thomson KS, Hanson ND, Ehrhardt AF, Moland ES,
Sanders CC. 1998. beta-lactamases responsible for resist-
ance to expanded-spectrum cephalosporins in Klebsiella

pneumoniae, Escherichia. coli, and Proteus mirabilis
isolates recovered in South Africa. Antimicrob Agents
Chemother 42: 1350-1354.

Rosser SJ, Young HK. 1999. Identification and characterization
of class 1 integrons in bacteria from an aquatic envi-
ronment. J Antimicrob Chemother 44: 11-18.

Rubin J, Walker RD, Blickenstaff K, Bodeis-Jones S, Zhao S.
2008. Antimicrobial resistance and genetic characteriza-
tion of fluoroquinolone resistance of Pseudomonas aeru-
ginosa isolated from canine infections. Vet Microbiol
131: 164-172.

Séenz Y, Briflas L, Dominguez E, Ruiz J, Zarazaga M, Vila J,
Torres C. 2004. Mechanisms of resistance in multi-
ple-antibiotic-resistant Escherichia. coli strains of human,
animal, and food origins. Antimicrob Agents Chemothe
48: 3996-4001.

Sengelov G, Halling-Serensen B, Aarestrup FM. 2003. Suscepti-
bility of Escherichia. coli and Enterococcus faecium iso-
lated from pigs and broiler chickens to tetracycline deg-
radation products and distribution of tetracycline resist-
ance determinants in E. coli from food animals. Vet
Microbiol 95: 91-101.

Shaheen BW, Oyarzabal OA, Boothe DM. 2010. The role of class
1 and 2 integrons in mediating antimicrobial resistance
among canine and feline clinical E. coli isolates from the
US. Vet Microbiol 144: 363-370.

Sidjabat HE, Townsend KM, Lorentzen M, Gobius KS, Fegan N,
Chin JJ, Bettelheim KA, Hanson ND, Bensink JC, Trott
DJ. 2006. Emergence and spread of two distinct clonal
groups of multidrug-resistant Escherichia. coli in a vet-
erinary teaching hospital in Australia. J] Med Microbiol
55: 1125-1134.

Sunde M, Norstrém M. 2005. The genetic background for strepto-
mycin resistance in Escherichia. coli influences the dis-
tribution of MICs. J Antimicrob Chemother 56: 87-90.

Steward CD, Rasheed JK, Hubert SK, Biddle JW, Raney PM,
Anderson GJ, Williams PP, Brittain KL, Oliver A, Mc-
Gowan JE Jr, Tenover FC. 2001. Characterization of clin-
ical isolates of Klebsiella pneumoniae from 19 laboratories
using the National Committee for Clinical Laboratory
Standards extended-spectrum beta-lactamase detection
methods. J Clin Microbiol 39: 2864-2872.

Teshager T, Dominguez L, Moreno MA, Saénz Y, Torres C,
Cardefiosa S. 2000. Isolation of an SHV-12 beta-lacta-
mase-producing Escherichia. coli strain from a dog with
recurrent urinary tract infections. Antimicrob Agents
Chemother 44: 3483-3484.

Van Duijkeren EV, Box AT, Schellen P, Houwers DJ, Fluit AC.
2005. Class 1 integrons in Enterobacteriaceae isolated
from clinical infections of horses and dogs in the Ne-
therlands. Microb Drug Resist 11: 383-386.

van den Bogaard AE, Stobberingh EE. 2000. Epidemiology of re-
sistance to antibiotics. Links between animals and
humans. Int J Antimicrob Agents 14: 327-335.

Weldhagen GF, Poirel L, Nordmann P. 2003. Ambler class A ex-

Korean J Vet Serv, 2013, Vol. 36, No. 3



180 A2 - 2zls

=

il

0] - el 21

tended-spectrum beta-lactamases in Pseudomonas aeru- Yu HS, Lee JC, Kang HY, Ro DW, Chung JY, Jeong YS, Tae

ginosa: novel developments and clinical impact. Antimi- SH, Choi CH, Lee EY, Seol SY, Lee YC, Cho DT.

crob Agents Chemother 47: 2385-2392. 2003. Changes in gene cassettes of class 1 integrons
Yoo H, Park, Se-Won; Hwang, Cheol-Yong; Youn, Hwa-Young; among FEscherichia. coli isolates from urine specimens

Han, Hong-Ryu. 2002. Aecrobic antimicrobial suscepti- collected in Korea during the last two decades. J Clin

bility patterns of bacteria isolated from dog. J Vet Clin Microbiol 41: 5429-5433.

19: 303-311.

Korean J Vet Serv, 2013, Vol. 36, No. 3



