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A monitoring survey on antimicrobial resistance of bacterial
isolates from companion dogs in Incheon
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This study was performed to investigate antimicrobial resistance in bacterial isolates obtained from com-
panion dogs in veterinary hospitals and an animal shelter in Incheon. Drug resistance was examined
respectively with the isolates of Escherichia coli, Enterococcus faecalis, and Staphylococcus pseu-
dintermedius. The prevalence of drug resistance was calculated for each bacterial species towards 163
E. coli isolates, 156 E. faecalis isolates, and 86 S. pseudintermedius isolates by using selected anti-
microbials. E. coli isolates were highly resistant to ampicillin, ciprofloxacin and tetracycline (47.9%,
28.2% and 28.2%, respectively). E. faecalis isolates were highly resistant to quinupristin-dalfopristin, tet-
racycline, kanamycin, rifampicin (69.8%, 66.0%, 53.8% and 51.9%, respectively). Higher levels of re-
sistance were detected for ampicillin, penicillin, tetracycline, erythromycin, trimethoprim/sulfamethox-
azole, telithromycin in S. pseudintermedius isolates (83.7% ~52.6%, respectively). Occurrence of methi-
cillin-resistant S. pseudintermedius (MRSP) was confirmed by oxacillin disc diffusion method, resulted
in 23.3% occurrence among the S. pseudintermedius isolates (20/86 strains). The occurrence ratio of
multidrug-resistance in the isolates of E. coli, E. faecalis, and S. pseudintermedius was 34.5%, 56.9%,
and 67.9%, respectively. In this study, higher levels of antimicrobial drug resistance were observed in
bacterial isolates obtained from dogs in Incheon. A regular monitoring and surveillance program should
be implemented to prevent the emergence and spread of the drug-resistant bacteria carried in companion
dogs.

Key words : Antimicrobial drug resistance, Companion dogs, E. coli, E. faecalis, S. pseudintermedius

N E Tl go] FAZLTY W% 474 F 17hE W
YRS 712 Ao el ol 20159 21.8%

=Uie] 191 7 7k AEat - aget o @b ofl Hgf 6.3% SIS EE HolE:
2t RiEE EA7 vee mid Skl i s 2 S =4 s o
=3 AT fHuRke RbEEE Ea 7 AR A gFELe] Aol wet g e A AR A=
o’ 2t =2 e FHoM Skl WElsEs Y Aulao AEst ¥ S5l *% § F=HdolAY
4 Atk FESAEGER] 20179 FEES o SmrEE: FLEUrHKang et al, 2009). T2fif v
o FRloA A HiAd] wmay WHsE Bt SHeEo] AREste A WAl High B 1

o|sk A& o ol W &1} WAF PN Red ooy
*Corresponding author: Sung-Mo Lee, Tel. +82-32-440-5642, ] ‘l— =° ]D:]’ ] ]’Eﬂ g‘l—]— 0}71] o= O}J—
Fax. +82-32-440-5490, E-mail. vet97@korea.kr A= AFS A7t EAIZE € 4 QeSS AAVSTE

Copyright © 2019, The Korean Society of Veterinary Service. All Rights Reserved. 53



54 22| - Zol

(Pitout et al, 2008). A H = 2008 HE A8 &
A ARgSHE FAATE 3SR HAlE
7¥stal 4 A Bl A3 24 5= 9
& AN EA FAAA FEIARS 2
AN o3 glglont BelERe EakEol
orck a8y R AEAE 2016 8 AEH

O EACHE flHom FRASE A WA
Re FNAZE wsels] 98 <27 Y
T (2016 ~2020)"L WFEET} o
2} 2018 FE W 5E2] A WAl o
o] oEzaad =o] AFEHUKEH
ZH2016).

HesEolA A WA
Ao Samad dadt =
Aol gt ol =N AMES =
Uzl AAA e 7] 4= 9lti(Cosgrove, 2006).
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So et al, 2011).

E. faecalis 3t E. coli®} nR7IA 2 THEE A
of HAAFOIA A WAl oy 7h]
(nosocomial infection)®] WHFE|3L QJTHMurry, 1998).
wak AR AR o] del A PR A SRt T
Aglel AlE Wl WAL sl a ol 24
(Intrinsic resistance)d}1l Qlal YA @ - H-&of 9
St -4 W Al(acquired resistance)= 7}s3hof| whek
A WA A7 o3k skal 9lrkSava et al, 2010).

S. pseudintermedius= 71|12 LUArA| 7oA 7}AF HIH
SHA el E= HUAZA Y] Al w95, o]
T, AA A 59 8 dRlFe s dEA gt
(Bannoehr, 2012). E3F A7 559 HZ, 7, ¢
T solA=E Eelgel wet Aol &9 Al Al 719]
79S 4o 7|71 = scKKloos, 1980; Talan et al, 1989).

QAR FAAE AUHoR AgSHA =

o] 55§ staphylococci®] AR Aol et W/d
W=7 F7hskal
2010). 2005 F-Holl A methicillin- resistant S. pseu-
dintermedius (MRSP)7} 2|22 HI1E o]F A AlA

Al

ATt Weese and van Duijkeren,
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oA AAEAE ol AT ofet AAEAS
Holx| ¢r2 ZHol A= MRSPE| #2]7} F7b=aL Q)
t}al R 1 Eth(Devriese et al, 2005; Loeffler et al,
2007; van Duijkern et al, 2011; Bannoehr, 2012).

oo & oA AHFO| W EE A WA
o) e 2 Aol A A SE ]
At MABECNT AHA 7 EERS 20| BE
29| S7|HNA B2 E. coli, E. faecalis, S. pseu-
dintermedius©l| T3 YA WA FdS 2AkSH &
A e B AR a9 9 37 55 f1% 7
A2 2 A3k sk

ERETE

=

20179 39EE 11Y9717] 1A 2o =28 10
azol gt ‘ﬂﬁi =) 16579 f7le= 2S
2 e Be 2 f714 46704 A3t 21
2067, 9Jo|m AL 211A, 7 A% 1AA E. coli
16355, E. faecalis 1565F, S. pseudintermedius 8655
Z]ste] AE o FAISFTKTable 1). E. coli®] &7
2 Vitek GNI card (BioMerieux, France)= 3} il E
Jaecalis©) EAE ]3| A= PowerChek'™ Enterococcus
Duplex Real time PCR Kit (Kogenebiotech, Korea)E
A8t oF2E S pseudintermedius~ nus gene
(Table 2) AZS 93+ PCRZT} Vitek GPI card (Bio-
Merieux, France)E ©|-&35}o] F435}%th

SHABA] 74 A2 Clinical and Laboratory Stand-
ards Institute (CLSI, 2017)9] 7|&o] whg} tjA3 &4k
oz AMAstith. YA H2=(0xoid, UK)= E.

Table 1. Distribution of 405 bacterial isolates in this study

No. of isolates

Sites
E. coli E. faecalis . pseudintermedisu Total
Anus 13 156 - 319
Ears - - 85 85
Mouth - - 1 1
Total 163 156 86 405

*_ = not determined.
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Table 2, Primers used in the current study

Primers Sequence (5 — 3) Annealing (°C) Product size Reference
mecA F TGGCTATCGTGTCACAATCG 58 310 DZiva et al (2015)

R CTGGAACTTGTTGAGCAGAG
SfemA F CTTACTTACTGGCTGTACCCTG 53 686 DZiva et al (2015)

R ATGTCGCTTGTTATGTGC
nuc F TAGGCAGTAGGATTCGTTAA 56 926 DZiva et al (2015)

R CTTTTGTGCTTCCTTTTGG

Table 3, Antibiotics used in the study

Species Antibiotics(xg, UI)

N. of antibiotics

E. coli Gentamicin (10), Neomycin (30), Streptomycin (10), Ampicillin (10),
Amoxicillin/clavulanic acid (20/10), Ceftiofur (30), Ciprofloxacin (5),

Nalidixic acid (30), Cephalothin (30), Enrofloxacin (5), Ceftazidime (30),

18

Trimethoprim/sulfamethoxazole (1.25/23.75), Chloramphenicol (30), Florfenicol (30),
Tetracycline (30), Kanamycin (30), Amikacin (30), Cefepime (30)

E. faecalis

Gentamicin (120), Streptomycin (300), Ampicillin (10), Ciprofloxacin (5), 13

Chloramphenicol (30), Tetracycline (30), Quinupristin-Dalfopristin (15), Linezolid (30),
Kanamycin (30), Erythromycin (15), Penicillin (10), Vancomycin (30), Rifampicin (5)

S. pseudintermedius

Gentamicin (10), Ampicillin (10), Ciprofloxacin (5), Cephalothin (30), Clindamycin (2), 19

Cefoxitin (30), Chloramphenicol (30), Tetracycline (30), Oxacillin (1),
Quinupristin-Dalfopristin (15), Linezolid (30), Erythromycin (15), Penicillin (10),
Vancomycin (30), Rifampicin (5), Telithromycin (15), Novobiocin (30),
Trimethoprim/sulfamethoxazole (1.25/23.75), Amoxicillin/clavulanic acid (20/10)

coli 18, E. faecalis 13%, S. pseudintermedius 19°&
(Table 3)& FA|SIETE FA] 55 tryptic soy agar
(Oxoid, UK) B x|o] ksl & 37°Co|| 4] 18~244|7F
wjoFalgich vjokE F2o] EgE Heke AeAldd

o) defsto] A|dd N 5=E 0.5 McFarland 3%

FE o W oS P HE 92 Muller-hinton agar

(OXOId UK) #jzjof] 27| =323t & 84 t2a

£ dispenser (Oxoid, UK)Z HE35Ich HE3E wjx
Ll

L 359CH2°Co| Al 16~18A]7F vfjoFst & + AA <9
715 45t WA oFE wetstdleh o, vanco-
mycin} S. pseudintermedius || A methicillin A} A]o]|
= 24A17F viFet & o RIS 2718 S5
o} A T AE e 9T EE E coli ATCC
25922, S. aureus ATTC 259232 AME-3SIT) S pseu-
dintermedius 2] methicillin WAJ-& oxacillin®] WA o
—‘:,"E FobstaT) kA WA (multidrug-resistant, MDR)
S 2|4 37 o] FAAALG WS vEhd o
A5} tH(Magiorakos et al, 2012).

rE FI

M QXX mecA L femA)

| 752 DNAES F&317] fIsto] 37°CollA 15~
2047 Bt HFTE F R0] WS B SRl
29510l WS WSk AL 100°CS] Ho
1087 7FE38kaL 12,000 rpmol| A 587 YAE 3
< M —20°Ce]| HuslAl PCRo|| AHE-SHSL
T} mecAQ} femd F-AAS] HEL DZiva 5(2015)9]
HHof| whe} AA)EF% T PCR B2 Multi HS Prime
Taq PreMix (GeNet Bio, korea)o]] Z}2F2] 10 pmol pri-
mer 1 pL} template DNA 2 pLEs Y2 & Hw =
F4E A7lstel 13 wkgaol 20 uLot w2 ol
Tprofessional Thermal Cycler (Biometra, Germany)&
olgato] 228 s}gith. PCR 7L 94°Co]A] 557}
%7 denaturation, Z}Z+2] 2 5=(Table 2)°|| A annealing,
72°Col| 4] 90%7} extension}A S & 253] HIESIS
oo, up|ao g 72°Co| A 5857t final extension2:
3T PCR AHE2 1.5% agarose gelof| 4] A7 9F

2 UAT T FEAEY 2718 Blsr
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S=CHH 71
71749 £H, 9ojx 9
) coli 16355, E. faecalis 1565, S.
pseudintermedius 86575 A3 o] AF2-3}9ItH(Table 1).

FAISE E. coli 1635, E. faecalis 1565, S. pseu-
dintermedius 865 et YA A Al A=
(Table 4)2} Zth E. coli= 50%014F9] A& LERY
= A= ey AArt 2 A WA
UEFATH1.2%~47.8%). 1 = ampicillin (47.9%), ci-
profloxacin (28.2%), tetracycline (28.2%), nalidixic acid
(27.6%), streptomycin (23.3%), cephalothin (20.9%)°]

=A YEelth E faecalisoll A 50% ©]AFe] WAES
LERA 3H8 A= quinupristin—dalfopristin (69.8%), tet-
racycline (66.0%), kanamycin (53.8%), rifampicin (51.9%)
o] @it} +H ampicillin, penicillin, vancomycinof| A
AL el = #5355 Atk S pseudintermedius©l|
A= 50% o9 WAES Uet= A= 652
2 Yerygth 1 3 ampicillin (83.7%)°] 714 =9k
penicillin  (82.6%), tetracycline (65.1%), erythromycin
(58.1%), trimethoprim/sulfamethoxazole (55.8%), teli-
thromycin (52.6%) <=2 2 YEFSTE Quinupristin-dal-
fopristin, rifampicin, vancomycin, linezolid (1.2%)%]A]

£ A Ul s sAY 9 dekde,

Cofdl e 2421

SAIEE

o\

HR o] ol Alvd e A

Table 4, Percentages of antimicrobial resistance 405 bacterial isolates from companion animal

N. of resistant isolates (%)

Antibiotics
E. coli (n=163) E. faecalis (n=156) S. pseudintermedius (n=86)

Gentamicin 6(3.7) 15(9.6) 8(10.3), n=78
Neomycin 10 (6.1) - -
Streptomycin 38(23.3) 38(29.2), n=130 -
Ampicillin 78 (47.9) 0(0.0) 72 (83.7)
Amoxicillin/clavulanic acid 26 (16.0) - 5(5.8)
Ceftiofur 27 (16.6) - -
Ciprofloxacin 40 (28.2), n=142 7(4.5) 31(36.0)
Nalidixic acid 45 (27.6) - -
Cephalothin 34 (20.9) - 3(3.5)
Cefoxitin - - 2 (2.6),n=78
Trimethoprim/sulfamethoxazole 30(18.4) - 48 (55.8)
Chloramphenicol 11 (6.7) 29 (18.6) 22 (25.6)
Florfenicol 13(9.2), n=142 - -
Tetracycline 46 (28.2) 103 (66.0) 56 (65.1)
Quinupristin-Dalfopristin - 104 (69.8), n=149 0(0.0)
Linezolid - 2(1.3) 1(1.2)
Kanamycin 14 (8.6) 84 (53.8) -
Erythromycin - 69 (44.2) 50 (58.1)
Penicillin - 0(0.0) 71 (82.6)
Vancomycin - 0(0.0) 0(0.0)
Amikacin 2(1.2) - -
Cefepime 16 (9.8) - -
Ceftazidime 13 (8.0) - -
Enrofloxacin 25(15.3) - -
Rifampicin - 81 (51.9) 0(0.0)
Telithromycin - - 41 (52.6), n=78
Novobiocin - - 0(0.0)
Clindamycin - - 31 (36.0)
Oxacillin - - 20(23.3)

*_ = not determined.
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Table 5, Percentage of multidrug-resistance in 350 bacterial isolates
from companion animal

Table 6. Distribution of methicillin-resistance gene among S.
pseudintermedius isolates

No. of multidrug-

. % 0,
Species (n) resistance (MDR)T Prevalence (%)
E. coli (n=142) 49 345
E. faecalis (n=130) 74 56.9
S. pseudintermedius (n=78) 53 67.9

*n: number of bacterial isolates which are tested by all antibiotics (E.
coli: 18, E. faecalis: 13, S. pseudintermedius: 19) provided in this
study.

"MDR: defined in the current study as resistance to a minimum of 3
antibiotic categories.

(Table 3)o] tste] YA A4 AR AT 3
Al a3 3505H(E. coli 14235, E. faecalis 13055, S.
pseudintermedius 1875 A OS2 AA|SH theFA U
4 EA4 AT =(Table 5)°F Lt} FA| AHFE= thef
A WAAEL S pseudintermedius7} 67.9% (53/78)% 7}
A=A YEelAL E. faecaliss= 56.9% (74/130), E. coli
= 34.5% (49/142) 22 YERyT]

Methicillin LHY QFX ZAZnt

A8t S. pseudintermedius 865°] t)3}4] methicilin
W Aol U= FAA mecA®} femd HEE A
AT}=(Table 6)7} LT}t FAlF 865 5 mecd
2= 3522(40.7%) 0] A BHolE] 9T}, Oxacilline]] U
WOl MRSP 205 moll 4 Selgo] we} 3
ZE 100%E 2t} $HH oxacillino]] A4S 2ol
= MSSP 665 F 155(22.7%)0l| A &= &<l = ich. vt
wofl fomd RAAE RE BAZFOA B o
Attt

i oflo 2 o ox ol

Noox do > &

LA

201549 59U AAR|IHWHOE AR HES

A A WY BAC gt 2

AL st 4 B

20161 59 GF AR} WA A

waAe] Ew A A

20500l A MAHOR HFOR Qlstel A
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ol
)
ol
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_?L
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¢

AL =7F AZF 1,0009Hg o] o]F Ao R oS3t
FAAE AR ofY el 5 - & - AL AE B
5 ThERE Eofoll AREE AL QAL AR, SAE, $

No. of resistance gene-positive isolates (%)

Species™
mecA femA
MSSP (n=66) 15(22.7) 0(0.0)
MRSP (n=20) 20 (100.0) 0(0.0)
Total (n=86) 35 (40.7) 0(0.0)

*MSSP, methicillin-susceptible S. pseudintermedius; MRSP, methicillin-
resistant S. pseudintermedius.
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o 2 47158 us
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, S. pseudintermedius 8655 E-T|5lo] FAYA|
g EAskch
ol AT E. coli®t E. faecalis>- YA
HgaAe] o% Sol el 1A Al g Ul
S 25 @ 5 glo] FAA UAe xR A48
QI tH(Caprioli et al, 2000).
E. coli= Ao AFESE 3FAUA] 18%F == ampicillin
(47.9%), ciprofloxacin (28.2%), tetracycline (28.2%), na-
lidixic acid (27.6%), streptomycin (23.3%), cephalothin
(20.9%) o= Widol A Yesth o] % ampi-
cillin®} ciprofloxacini= 7335 OFA| &2 ARFoA = =
a3 g EIR Qg whet feloloket 85
HANA FosHA thFo] Aol Qlar ofof gt A+
T ZHks] Z8) Zo]th(Joanne et al, 2010). Tuerena &
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E. coli®) t}ekA YWAHAES 34.5%§ oA A YE
Wk ol 7l E Rea {7149 AL &2
7] wmol2kaL 4 Z}%T’/P Nam 5(2010)2 &=
Hol Wlgt Aol A= 48%, f-71Acl = 32%9]
tefA]l WdEe]l vebktha Husklet o=
7%t sEEh W WHsIAY ofE FEOIA =
< oA WES Hlo sty sl e
el 23k E. coli®] thefA] WAHES
2A}3k Oh 5(2017)4 AT ATHB0.5%)= o2 Ik
sz,

Quinupristin-dalfopristin, tetracycline®| E. faecalis®l|
A 2k 69.8%, 66.0%2] WAE HolWA A UE
H=g o] Kwon 5(2012)0] X 113} tetracyclin U] A
E 93.5%2 Hrke W2 $23o|t}

Ampicillini} penicillin E. faecalis 778 X =20l &
8 AME-Sh= A olth 53] B-lactams®} ami-
noglycoside®] Z¢h2 Abitof & I& o]th(Yazgi et al,
2002). & ¢I7Lo)l A= ampicillind} penicillino]] T3+
A ASEHA et Kwon 5(2012)9] ¢1to]
29 ampicillino| A 11.4%2] WAESL EYo] ujet
A|&A 02 ampicillin®] st A7} 2 Q3)ch

Vancomycin®]] WA]-S 2= VRE (vancomycin-resistant
Enterococcus)2 AFgolA Q514 Rl Qi A&
Hog Be|gla 9JtiLee et al, 2007; Yoon et al,
2009) 2 Ao A= vancomycinof] WS YEtl=

A= itk o= Kwon 5(2012)9] -4 7
9} Aot Hl, W-E=olA glycopeptides Al F 2]
WAE & ARESHA] 97 wfZolekal AT gth(Weese,
2008).

E. faecalis®] T}oFA] WA ELS 56.9%% LEFG=],
ol ol dAjAZel Azpmct: ke Aoltt
(Kwon et al, 2012; Oh et al, 2017).

S. pseudintermedius 2] FAYA| A2 ampicillin (83.7%)
o] 7} =953 penicillin (82.6%), tetracycline (65.1%),
erythromycin  (58.1%),  trimethoprim/sulfamethoxazole
(55.8%), telithromycin (52.6%) <22 EFGTE Quinu-
pristin-dalfopristin, rifampicin, vancomycin, linezolid
(1.2%)° = WS Uetlle 3= AY 2
et o}&8 methicillin WAL T3t SHAYA]
ol oxacillin®]] YAS Hol= MRSPE 205(23.3%) %2
WEH=Hl ©]= Yoon 5(2010)°f 2J7t =i} 7l of| A
17.6%X = =ttt 124 Yoo 5(2010) ¥ Kang
S(2014)9] 33.8%, 36% Hrh= Lol

S. pseudintermedius®] THFA] YAHAEL 67.9%= E.
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coli 34.5% L E. faecalis 56.9% Rt} =A YETH
ol Hhe g0l del7] 4% A¥ F il ¢ole
ol A=mA= FAYAE A AREsHL 7] wfZol
eha AzrEch

Methicillin Y|4 AR femAdL} mecdol| gt
PCR HAAMEI} mecd AT FAGF S pseu-
dintermedius 865 = 3550l A =t} o= ox-
acillin®]] Zr-AS YEM = S, pseudintermedius 155
£ EZ33It) o]= Cho 5(2016)] 04—7”:‘3}9}3 +r

AFSFU Zubeir 7(2007)——1 S. aureusoﬂ/\ﬂ mecA & 41]—

A}
]H,j -—TL 73‘4 E. coli, E. faecalis, S. pseudinterme-
29 Al WS UERH AL AR A
= E T‘}ZﬂEJJ— U= FAA 141“301 = e
W ob2el RO chopal AR HHE oA
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Al gt AL A WA 7“1 z21

HheE= ol Al
=, S. pseudmtermedius 865=0] Hist 3FAA
methicillin WA &
dite o Zoh

AA, E. coli 752 AA 18F A WA
(47.9%~1.2%)S YEeRltt. E faecalis=
tin-dalfopristin, tetracycline, kanamycin, rifampicin <2
2 Y4(69.8%~51.9%)2 =4 YeEdth S pseu-
dintermedius+= ampicillin, penicillin, tetracycline, eryth-

B % E coli 1635, E. faecalis 156
A A 9
- Hmecd, femd) HEE ZARRE

quinupris-

romycin, trimethoprim/sulfamethoxazole, telithromycin®f]
A Hd(83.7%~52.6%)0] =7 LERETE thefA] W
HNEL S pseudintermedius (67.9%), E. faecalis
(56.9%), E. coli (34.5%) =S & Elytth

=4, S. pseudintermedius 865 % mecA AR} =
3550 A ZIE A of7]oll= oxacillino] /3=
Uetlle SAlRtT 15571 2= ek femd 34
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