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Abstract

In this study, to facilitate the management of dogs’ dental hygiene and treat canine
oral bacterial infections, we investigated dog owners’ methods of caring for their dogs’
teeth and the characteristics of the microbial communities inhabiting the canine dental
surface.

The survey included 161 households whose dogs received physical examination at
the “Seoul Transport Physical Examination Center”. We found that dog owners’ home
oral care is insufficient to ensure their dogs’ proper dental health. Bacteria were isolated
from the dental surfaces of 119 dogs and identified using MALDI-TOF MS systems.
Among the 119 samples, 216 strains and 27 bacterial genera were identified. The
isolated bacterial genera in the order of abundance were Pasteurella spp.(23.6%),
Neisseria spp.(19.9%), Staphylococcus spp.(15.3%), and Streptococcus spp.(11.6%). In
addition, using the Columbia CNA agar culture method, bacteria were isolated from the
dental surfaces of 45 dogs. Among the 45 samples, 50 strains and 7 bacterial genera
were identified. The isolated bacterial genera in order of abundance were Streptococcus
spp.(40%), Staphylococcus spp.(36%), Enterococcus spp.(10%), and Rothia spp.(8%).
These results are consistent with those associated with wounds resulting from dog bites.
From a total of 161 samples, 23 Staphylococcus pseudintermedius(SP) strains were
identified. To determine whether these strains included multi-drug resistant(MDR) and
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methicillin-resistant SP(MRSP), 23 SP strains were used in antimicrobial resistance tests
(MIC, Vitek 2 comact system). Methicillin resistance was confirmed using the oxacillin
antimicrobial test(MIC) and MRSP were tested the presence of mecA gene. Out of the
23 SP strains, MRSP was detected in 6 isolates(26.1%). It was also found that of these
6 isolates, all 6(100%) were mecA-positive. The mecA gene was not detected among the
MSSP isolates. MRSP and Methicillin-susceptible SP isolates were highly resistant to
benzylpenicillin, erythromycin, trimethoprim-sulfamexazole, chloramphenicol, and clindamycin
(95.7~43.5%). Among the 23 strains, 14(60.9%) isolates were considered MDR(5
MRSP isolates(83.3%) and 9 as MSSP isolates(52.9%)). In this study, mecA-positive and
MRSP indicated a strong resistance to antimicrobial agents. None of the SP isolates
were resistant to amoxicillin/clauvulanic acid, amikacin, nitrofurantoin, or florfenicol. On
the basis of our findings, the continuous surveillance and monitoring of canine oral
bacteria is necessary to prevent infection following dog bites and the spread of

multi-drug resistance bacteria in dogs and humans.

Key words : Canine, Dental care, Oral microbiome, S. pseudintermedius, Antimicrobial
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Table 1. Sampling site and period

1D Sampling site Date sfrzbl?ig sontes PG et ep
TPE 1 Worldcup park 2018-07-05 39 64 1(2.6) SP1
1 TPE2 Boramae park 2018-07-12 30 57 7(23.3) SP2~8
TPE3  Children grand park 2018-07-19 20 33 1(5.0) SP9
TPE 4 Worldcup park 2018-09-06 30 30 0(0.0) -
Subtotal 119 184 9(7.6) SP1~9
TPE 5 Boramae park 2018-09-13 30 23 8(26.7) SP10~17
’ TPE6  Children grand park 2018-09-20 15 22 6(40.0) SP18~23
Subtotal 45 45 14(31.1) SP10~23
Total 164 229 23(10.0) SP1~23

1: Blood agar(Aerobic, Anaerobic), MacConkey agar(Aerobic)
2 Coulmbia CNA agar with 5% sheep blood agar(Aerobic, Anaerobic)
1) Staphylococcus pseudintermedius, 2) No. of SP isolates/No. of sampling
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(Streptococcus  spp.)¥ EL=U(Staphylo-

coccus spp.)el HAEES Eo|7] fl& Ef =%
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UK)ell 7] - 37] 2= 247} 37°CellA 18~244]
b ST 1), ZH2he] Aol A Apet e
JeteolA 2~3715 Addste] AdudadS
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Table 2. Breed information of 164 dogs

TPE 1~4 TPE 5~6
Breed No. of dogs(%) Breed No. of dogs(%)
Poodle 23(19.5) Poodle 15(33.3)
Maltese 21(17.8) Pomeranian 8(17.8)
Mix 14(11.8) Mix 7(15.6)
Pomeranian 9(7.6) Maltese 3(6.7)
Golden Retriever 5(4.2) Yorkshire Terrier 3(6.7)
Dachshund 5(4.2) Labrador Retriever 2(4.4)
Labrador Retriever 5(4.2) Pekingese 2(4.4)
Chihuahua 5(4.2) Dachshund 1(2.2)
ShihTzu 4(3.4) Bichon Frise 1(2.2)
Yorkshire Terrier 4(3.4) Spitz 1(2.2)
Siberian husky 3(2.5) Pembroke Welsh Corgi 1(2.2)
White Terrier 3(2.5) Chihuahua 1(2.2)
Bichon Frise 2(1.7) Total 45(100)
Spitz 2(1.7)
Italian Greyhound 2(1.7)
French bulldog 2(1.7)
Miniature Pinscher 1(0.9)
Bernese Mountain 1(0.9)
Border Collie 1(0.9)
Boston Terrier 1(0.9)
Boxer 1(0.9)
Shiba Inu 1(0.9)
Silky Terrier 1(0.9)
Old English Sheepdog 1(0.9)
Cocker Spaniel 1(0.9)
No information 1(0.9)
Total 119(100)
Table 3. Dental Hygiene Questionnaire of dog
A. Has been dental scaling performed on your dogs in the last year?
1. Yes 2. No 3. Unknown
B. How often did you brush your dogs teeth in the last week?
1. Every day 2. Once every twodays 3. Sometimes 4. Never
C. What do you think about the oral health condition of your dog?
1. Very good 2. Good 3. Normal 4. Bad 5. Very bad
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3~4H AX % = FYskdth Y de
Glycerol stock %+ Bead H{#|(Microbank,
Pro-lab diagnostics, Canada)el ®o} -70TCel
Hyksto] ARg-aST

MALDI-TOF MS(Matrix-
assisted laser desorption/ionization-time of
flight mass spectrometry) S o|-&3to] F43k3
. A AWM= MALDI Biotyper System
(Bruker, Germany)2.2 2% H&S target
plated] $FAl ¥ #lE TS Matrix HCCA
(Bruker, #25534)° Standard solvent(50%
acetonitrile, 47.5% water, 2.5% trifluoroacetic
acid) 250 uL& 9ol AZx$ Matrix solutions
9ol 1pl "WomY oA Az
MALDI-TOF MS ]  =SJsk=  Direct
transfer WHES ARESIATH24). 8% Al
AEZ S MBT autoX method®
BAeg e, =4 7ke MALDI  Biotyper
version 3.19 library®} ®] EAFo] score
valueZ &4 TA7} Z@HAH(RFIH 1).
Score value©ll w&} 37}41(2.0 o]/ Species”}
A &4, 1.7 o1 2.0 ¥5k: Genus HAZA &
4, 1.7 mRb: 54 E7HE Uy Adg EFst
AL 7 S mhElol A e F e £ Mol &
e U Aee sk wFnk 2EE Je=
A 2] 3 TH22~26) .
MALDI-TOF MSE

pseudintermedius®  EA19

¢

%3 Staphylococcus
752 Vitek2
Compact system(Biomerieux, France)°l* GP
card(Biomerieux, France)& AF&3sto] 35S
wxb AFesi

PR A RS AAlsnh A 2

Age Vitek2 compact system(Biomerieux,
France) & AM&3t9lom 493 g0z Alxd

- 63

AST-GP81 cardE ©]-8-3to] 2% (Minimum
Inhibitory Concentration: MIC)S 2Helaich
(35,39). MICE =A3 &4 $F+ DBenzyl-
penicillin,  Amoxicillin/Clavulanic  acid,
Oxacillin, Cefalotin, Cefpodoxime, Amikacin,
Marbofloxacin,

Gentamicin, Enrofloxacin,

Pradofloxacin, FErythromycin, Clindamycin,

Doxycycline, Minocycline, Nitrofurantoin,
Chloramphenicol, Florfenicol, Trimethoprim/

Sulfamethoxazole & 18%Fo]t},

5) DNA 22| ¥ methicillin WA XX &

22 w¢E S pseduintermediusolA  SIG
(Staphylococcus intermermedius group : S.
pseudintermedius, S. intermedius, S. delphini)
o] & 5o] Zgto]# el SIG nuclease(SInuc)
Ak gol 2 methicillin WA FAA mecAZ
HE=3H7] 98te]l  Genomic DNAE  FE3ho]
Multiplex-PCR #HAME $~3&}3tH(28~29, 34,
36, 40~44).

DNA %2 G-spin Genomic DNA Extraction
for bacteria 7]E (Intron Biotech, Korea)& A}
g3to] AlzAke] Wl wel FZ3HTt. Slnuc
o} mecA +77ke] HE2 El Zubeire 5(36)<]
ol wal A A8, oligonucleotid primer
+ BIONEERAHKorea)dll <]=]3to] #2343
Multiplex-PCR ¥F$-2 AccuPower PCR premix
(BIONEER, KOREA)ol zF2+] 10 pmol primer
109} template DNA 1 (& 92 5 24 &
FTE #7bste #HE whgEFe] 20 w7t =HA St
o] (C-1000 Touch Thermal Cycler(Bio-Rad,
USA)E o]&ste] F33k3itt. Multiplex-PCR
- 274 9 AFEH primer MES & 49} 2t}
PCR AHE-& 1.2% agarose geldlAd A7195S
AN $ FE AR A7]|E g415k%
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Zdat o nE
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% 160l Acl AR A b

T 16178 (1644 % 39 A w9gon =

E24E DI AE S ST, AEEY  TEEAAS) 2013 A 5e Aokl ol
2l :

o Ashe & 59 e

AE2Ab A3 bzt J2 a3 2Ad" e o FAES ATIA Sk SHAE it o)y
WA G7H(80.1%), MY AERS A g (1407, 87.0%)e1en 15 A8 FAES &t
AB7.0%) o2 =yttt 2A9Y] AE ZAds A Sethal 93 Abgol 331(20.5%) 0104, &
A A7 3007}?011 gt E7IE(2)e] A 8] A2 1497 2ALEE A4 2 AFE T

Table 4. Oligonucleotide sequences and PCR conditions used in the present study

Expected

Target gene Primers Sequence (5 — 3) amplicon size(bp) Reference
Slnuc SInucl  CAA TGG AGA TGG CCC TTT TA 125 Baron et al.(43)
SInuc2 AGC GTA CAC GTT CAT CTT G
mecA mecAl  AAA ATC GAT GGT AAA GGT TGG C 532 Strommenger et al.(40)

mecA2 AGT TCT GCA GTA CCG GAT TTG C

PCR program : one cycle at 95C for 240 sec, 30 cycles at 95C for 60 sec, 58°C for 60 sec, and 72C for 60
sec; one cycle at 72C for 420 sec

Table 5. Response table about Canine dental care of 161 dog owners

A. Dental scaling in the last year(n=161)

1. Yes(32, 19.9%) 2. No(129, 80.1%)
B. No. (%) of Brushing/week B. No. (%) of Brushing/week
Everyday = Three  <Three  Never Total Everyday  Three < Three  Never Total
6 6 15 5 32 15 31 55 28 129

(18.8) (18.8) (46.9) (15.6) (100.0) (11.6) (24.0) (42.6) (21.7) (100.0)

C. Oral health conditon(n = 161)
1~3. Very good, Good, Normal(131, 81.4%)

A. Dental scaling in the last year B. No.(%) of Brushing/week
1. Yes 2. No Everyday Three < Three Never
27 104 18 33 57 23
(20.6) (79.4) (13.7) (25.2) (43.5) (17.6)
7777777777777777777777777777777777777777 4~5. Bad, Very bad(30, 18.64)
A. Dental scaling in the last year B. No.(%) of Brushing/week
1. Yes 2. No Everyday Three < Three Never
5 25 3 4 13 10
(16.7) (83.3) (10) (13.3) (43.3) (33.3)
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FAAS W3 o F= v&(21.7%)] ~AYH
S e AFE T YAEE A A & g
(15.6%)°l Hlg] =2 Zoz & o HIAES]
Aopte] FAlwel weh PAi wkede] e
Tl zZpol7t Y= AL FAT 3l

sk A A% AEHlE BEAe] B o3t
Futol glof Ao} AElE Fr1Ho 2 31t 3
b Aol F83] Wil (2) By Aa
Mol 7 deel disl o 9A AZs=A el sl
ME AERALE AAEEET. A A F
1619 5 1319(81.4%)°] B o] Aeigta
Azbsta ddar, 30WH18.6%)°] T e}
=7 etk sdsta QT FALEE B
opdolgta AZel= SHA Jua) vt A
Zbahe SEA Agk O 271983 A& A g
AnEg vluws] ®Hoks w, FAEE v
Aztete FJaox e8le] ~AdYY AELS
hA g Hlge] o =Tk SN dgelA o
ARG AAE FAARE AAEEE W, A
T A%S z2tu A g fe w$ =EQY

olgfst Ans THd B uf, AFEY /M U
A 7 A TE s vEe oA vH(14)
e AFES sede e Eva
Hoalal Qe AR welt AAYYS Ars)
A = olfroll dis =AM SU1Ej(2) ] Al
Mo 2AdE deAde B 2/ AY(34%) 2 &
241 (31%) AN&ES A ¥ A57F ke A
o B ouf 7] o} giAATe] tid T84S A
FEANA AzsoF 2 "eAo] vt AR
(2, 14,19, 38). 71 dubl 25 d3he] A5
W2 ~A LYol x vt gkl ofEe uwitol
AEAS WY T Aol Alit T2 o] 2

sl &&Aole oy dytsel ueEk gl
(14, 19, 38). wepA =) vk i A2
T E AR ] AR BAE wele ATt
A5 FPEvhd BaAselA - W v T
dae] TR A7l =wo] 2 Zlojgtal ddd
tH9, 11,19, 38, 45).

2. | X|of M| D|ME S

TPE 158 TPE 47}A & 1197] 29FE A5
A Blood agar®} MacConkey agars AH&3}o]
2 ek e W, HE 290709 g et
91 MALDI-TOF MS= X% A3} Biotyper
scoreZF 1.7 MRl 7 $-(not reliable identi-
fication)7} 74 isolates(25.5%), 1.7 ©]% 2.0
njgkel 7 $-(probable genus identification)”}
32 isolates(11.0%), 2.0 ©]AF¢l 7%-(species
identification) 7} 184 isolates®.Z F(species)

71EE BAE 63.4%E  YERATH22~24).
CCNA agarE o]g3F 457) 29 Alg EgA

T F 8859 ZAye 1.7 wwel A$-(not
reliable identification)”} 38 isolates(43.2%),
1.7 1% 2.0 vkl 7$-(probable genus identi-
fication)7} 5 isolates(5.7%). 2.0 o]’ A%
(species identification)”} 45 isolates®Z &
(species) 7|5 EAEC] 51.1%%5 VFERAATHGEE 6).

T 71E BAEC] B of= Al e
A Mol 77 Wl pH, @ el g4 AT
S AL Aol FAo] AR v gt of7] &
F7F Qb AlrEol Wol EAlsh, AER Ul o
2] AldEe] Ao = wElujgo] o€
wj-ol2kar AJZHE (8, 11, 16, 18).

TPE 1~47}4 &8 w52 MALDI-TOF MS

Table 6. MALDI-TOF MS scores of bacterial isolates from oral swabs

ID TPE 1~4 TPE 5~6
(No. of isolates) (290) (88)
e . Not reliable . Not reliable
Identification Species Genus or No peaks Species Genus or No peaks
Score =2.0 >1.7&<2.0 <1.7 =2.0 >1.7&<2.0 <1.7
. 184 32 74 45 5 38
0,
No. of isolates(%) (55 ) (11.0) (25.5) (51.1) (5.7) (43.1)
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Table 7. Species distribution of TPE 1~4 isolates

Score = 2.0 Organism isoll\llotéso(f%) Score = 2.0 Organism isoll\;()téso(f%)
Aerobe organisms Aerobe organisms

Pasteurella dagmatis 25(13.6) Bacillus weihenstephanensis 2(1.1)
Pasteurella canis 17(9.2) Bacillus cereus 1(0.5)
Pasteurella stomatis 6(3.3) Bacillus simplex 1(0.5)
Pasteurella multocida 3(1.6) Bergeyella zoohelcum 2(1.1)
Streptococcus minor 13(7.1) E.coli 2(1.1)
Streptococcus canis 3(1.6) Enterococcus faecium 2(1.1)
Streptococcus oralis 3(1.6) Proteus mirabilis 2(1.1)
Streptococcus agalactiae 1(0.5) Pseudomonas aeruginosa 2(1.1)
Streptococcus anginosus 1(0.5) Aerococcus viridans 1(0.5)
Streptococcus dysgalactiae 1(0.5) Aeromonas caviae 1(0.5)
Neisseria weaveri 11(6.0) Aeromonas hydrophila 1(0.5)
Neisseria zoodegmatis 11(6.0) Cardiobacterium sp 1(0.5)
Neisseria flavescens 2(1.1) Corynebacterium glutamicum 1(0.5)
Neisseria canis 1(0.5) Kerstersia gyiorum 1(0.5)
Staphylococcus hominis 9(4.9) Klebsiella oxytoca 1(0.5)
Staphylococcus  pseudintermedius 9(4.9) Moraxella sg Moraxella canis 1(0.5)
Staphylococcus epidermidis 5(2.7) Raoultella ornithinolytica 1(0.5)
Staphylococcus capitis 2(1.1) Rothia nasimurium 1(0.5)
Staphylococcus warneri 2(1.1) Serratia liquefaciens 1(0.5)
Haemophilus haemoglobinophilus 7(3.8)

Micrococcus luteus 6(3.3) Anaerobic organisms

Enterobacter aerogenes 5(2.7) Actinomyces canis 4(2.2)
Enterobacter cloacae 2(1.1) Actinomyces weissii 1(0.5)
Enterobacter asburiae 1(0.5) Fusobacterium canifelinum 4(2.2)
Acinetobacter pittii 2(1.1)

Total 184(100)
A= B 7, a9 13 2 tococcus spp.(257F, 11.6%) &< A= ©ol

% (Genus) DAZMAE AA 270 & 2169t EEHNeH 74 At Actinomyces spp.
FERJAEJAHTZE 1), B2 o7 T S)AR (65, 2.8%) > Fusobacterium spp.(4F, 1.9%)
S ZF 2570 % 2067FE Pasteurella spp.(51  wo& ZF 2/ % 10579 #F7F i EEAct
T, 23.6%) > Neisseria spp.(435, 19.9%) > T AR B we F 470 0F 1847 I
Staphylococcus spp.(335F, 15.3%) > Strep- 7} 54 HYew  Pasteurella £& P,

N

_66_



Serratia spp. "l
Rothia spp.
Raoultella spp.
Moraxella spp.
Klebsiella spp.
Kerstersia spp.
Escherichia spp.
Cardiobacterium spp.

Pseudomonas spp.
Proteus spp.

PR R R R R

Enterococcus spp.
E.coli
Corynebacterium spp.
Bergeyella spp.
Aeromonas spp.
Acinetobacter spp.

NN NNSNNN

!
No. of Aerobicisolates
: 25 genus 206 isolates

No. of Anerobic isolates
: 2 genus 10 isolates

Aeroacoccus spp. 3
Fusobacterium spp. 4
Bacillus spp. 4
Micrococcus spp. 3
Actinomyces spp. 6
Enterobacter spp. &
Haemophilus spp. o
Streptococcus spp.
Staphylococcus spp. | EE)
Neisseria spp. Pas
Pasteurella spp. B 5}
Fig. 1. Genus distribution of TPE 1~4 isolates.
dagmatis(25F), P.canis(17F)7} 7V ©dkx SHA|NE B ot A3} Streptococcus spp.2l wE
Neisseria &< N. weaveri(115), N.zood-  &°] 11.1%% A& ¥ v, A& AFE np3
gematis(1157), Staphylococcus %2 S. hominis T2 AFRE e 7 Al tdETE AS
(9%), S. pseudintermedius(95°), Streptococcus — &1 = AUAJTHB). o|2 & At FA Y Aol
22 Streptococccus minor(135)7} B4 El0 el #(pH 8.5~8.65)°] AlH(pH 6.5~7.5) 5.
canis(47), J Ay E Aol

L T A R R [
Fusobacterium canifelinum(4), Actinomyces
weissii(157)7F = ATHEE 7).

BHI agarg AR&ste] 7| A8 2ofzg
wjFst A M.Patel 5(17)2] e} W At
At AdellA, Staphylococcus spp.(29.62%),
Bacillus  spp.(22.22%), Escherichia coli
(14.81%), Moraxella spp.(11.11%), Neisseria
spp.(11.11%), Streptococcus spp.(11.1%),
Pseudomonas spp.(3.73%), Corynebacterium
spp.(3.73%) o & Ayfo] E2l¥ iy Hud
vl 9t} o] A A= FFolU A, Aol A}
S5 wiA, 4 el weh Axe] o]zt gl
Ak AAH R Z AGe} Ao A LA = Al
ol A& fAkgk AdE e ) A8 E
= oA M-S wjoks] 16S rRNA sequencing
Sl TS A o) A A1, 18)
OﬂfﬂE, HEH 3714 o779 £ vss5ks

Abekel A efof| A EelE= AlitS tiF-5 Strep-

7

tococcus spp.(28%)¢1 Aoz vr&A] rh(8)
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7

A
-

HE rov

77
WS AE 8 270l ] gge)

ol ATES FAl =Y A Al Ee
He AdES OFE AAHE 9% =9 74
AltEA fregivks Zlo] Fetd oz S H Sl
7] Wol & Al Eed N A Al S
=3 ) =9 AN AEE A FRES A
Z W RYT(6~T). N FA M= vk
g Al 71743 @7

Hh QlTH(20).

Talan 5(20)¢] 7 =9 A Wl Al &8 A5
Aol A Pasteurella spp.(50%)> Streptococcus
spp. (ZVZF 46%) >
Neisseria spp.(32%) > Corynebacterium spp.

spp., Staphylococcus

_67_



(12%) > Moraxella spp., Enterococcus spp.
(Z¥zy 10%) > Bacillus spp.(8%) +X4Z %
714 AMitol, Fusobacterium spp.(32%) >
Porphyromonas spp., Prevotella spp.(Z‘Z}
28%) > Propionibacterium spp. (20%) >
Bacteriodes spp. (18%) > Peptosterptococcus
spp.(16%) A= F717 Aol H=3rt, =3
Pasteurella 2 P. canis(27%) > P. multocida,
P. septica(Z7} 13%), Streptococcus & S.
mitis(22%) > S. mutans, S. pyogenes(Z¥Z; 12%),
Staphylococcus%<  S. aureus(20%) > 8.
epidermidis(18%) > S. wanrneri(6%),

Neisseria%>  N. weaveri(14%) > N. zoode-
gmatis (10%), N. animaloris(6%) A% &2
= ATH6).

B AoA vty B2ld Alit & Pasteurella

2~ 2~
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tococcus & A= Ao A E¥ 7 AbA o
A 7 wel ReElEe ST & R o
A SFFAIRE (5~T7, 9, 20) Z4ZFe] & W

ol EAlsttt. flok 22 A% £ 7‘401% 7

=)
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Abal BEOA FQ3F AR 22 o v
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HA o] Felge Ad Adaeol dla(12),
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N AR BUEE JFeds #8¥ S
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(10, 12, 30, 37). &2 ¢ MALDI-TOF MS
A= 7 87 19 29} 7

%(genus) GAZMA 49 A= F TN &

_68_



Corynebacterium spp.

Arthrobacter spp.

Actinomyces spp.

Rothia spp.

Enterococcus spp.

Staphylococcus spp.

Streptococcus spp.

Mlno. of isolates

o 2 4 6 =3

Fig 2. Genus distribution of TPE 5~6 isolates.

(genus) H0WF= Streptococcus spp. (205",
40%), Staphylococcus spp. (185, 36%), Enter-
ococcus spp. (55, 10%), Rothia spp.(45, 8%)
o2 FAHNL
Actinobacter spp., Corynebacterium spp.”}
7 17 2%)4 43 S AT 2). & D
2 3E w3 10 #F 4570 o7 S8 EA
o S pseudintermedius(145, 31.1%), Strep-
tococcus minor(135+, 28.9%), Enterococcus
faecalis(4F, 8.9%), Streptococcus canis(47,
8.9%) o wAE EEAT(E 8). ¢ A=
TPE 194 TPE 471A] A&e] 4 Azl zpo|7}
AMTE A5 AF F div] 2 gidew A
Staphylococcus spp.$} Streptococcus spp. <)
T 22 & (35T F/45229E) L T1.8%%
S.pseudintermedius?} %ol AEH A= ol
T7o] S.pseudintermediusE w27l 7}
& AR fFEH Beldke 71 ATEe A
o} A5 TH(12, 29~30). S.A.Iverson(12)9]
T2 W S. pseudintermedius 25 (41%)°l H]
3 & A9 FElEo] v WAYH31.1%), ©l
At 53 343 Baired Parker wjA] AFE o
o wE Apoleta AZHT) S pseudinter-
medius(SP)+ Coagulase-positive Staphylococci

Actinomyces spp.,

. 5],

% P& Staphylococcus intermedius Group
(SIG : S.intermedius, S. pseudintermedius,
S. delphini)ol| 43t} SP= AZgE 712l 90%9l

10 12 14 16 18 20

A e EE I Ak A AEE T skl
A w9, fojd o FH UJAR dAAE
AN 7Hg Bol FEHE 73 dTel7E stttk
(12, 28~29, 31, 33~34, 41~42). 9| U3t
Hog= A9 SPi penicillinase-stable 3

-lactam antibioticsol® Aol YA
200611  ©]FXRE]E=  methicillin-resistant S.
pseuditermedius(MRSP)7} &7Fst7]  Al2kshd

A BAA WA ZAZE AT AT MRSP o

Table 8. Species distribution of TPE 5~6 isolates

Score = 2.0 No. of
Organism isolates(%)

Staphylococcus pseudintermedius 14(31.1)
Staphylococcus sciuri 2(4.4)
Staphylococcus epidermidis 1(2.2)
Streptococcus minor 13(28.9)
Streptococcus canis 4(8.9)
Streptococcus sanguinis 1(2.2)
Enterococcus faecalis 4(8.9)
Enterococcus faecium 1(2.2)
Rothia nasimurium 3(6.7)
Actinomyces weissii 1(2.2)
Corynebacterium striatum 1(2.2)
Total 45(100)
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52 Aol Ae]  MRSA(methicillin-resistant
Staphylococcus — aureus)$t vEHAZ 3
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SP&= #FEA SR ool HWrirt 20051 %0
o|Ze Mok S. intermediusete] FAA £ A}
o|Z AEFEHATH2T, 29, 33). dd AT A
7I9o] WaE A oS o= 22 Coagulase-
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TEEE= A7 doen nuc genes %3
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o] olalH (27, 29, 36, 40~42).

MRSP®] methicilln W/d-> MRSAS} npzk71A]
% modified penicillin-biniding protein(PBP)
o] A a5 ssE mecA A od] AA
HrH(28, 40~42). mecA A= Staphylococcal

cassette chromosome mec(SCCmec)olgt= ©]
A AR AAA (mobile genetic elemnet)
W EA18H | El Zubeir 5(36)2] A+ellA SInuc
9} mecA FAAE A HAES= multiplex-
PCR o] 27le vh Arh27~29, 36, 40~43).

El zubeir 5(36)2] A& A% Slnuc
A2t mecA A9l PCR AE 71HE 2 A+
oAl el 23709 SP AlZEe] H&als
2371¢] SP B Slnuc fdA7F 19l on
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26.1%)°1A SRAIHATHE 1, 19 3). mecA=
olgA A HAMA el EAsy]  witel
Staphylococci &:7boll A7t 7bs3dtch. g Lo
Aboll A dAedow FQ3d MRSA9 MRSP
o] FAA AR AAbEC] AR Hold F
nom Ao 2o AfoRE A Aol 3
ST T S5 olgd F JJonz Fo|E
71 &0k dh(28, 31~34, 36, 41). #H mecA-
Positive SPE©] vl 2t Avksan aA] 24
T4 A AT A FAA WS YERA &Y
g i 2EYAE Fa A WA AR
288 = Qo o HuEo] o gAY
A A A A A WA frrE
Arst A W B TheAE HAs)stk]
oF dtrh(41~42).
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SN ZM AI-
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o7 F337]el %A GP cardE ©]&, MALDI-
TOF MSZ ©H¥ SP #+5S 23 #lsg
o} wxl AE Ay 237 oF BT Vitek2E &
M= SPE FA¥EACH wEEld S pseudin-
termedius 2359l thate] MRSP<} A4 WA
HES glst] flske] oxacliin 5 18%F<] &4
A A AE(MIC, Vitek2 compact system)
S et 23719 SP #5E F oxacillind
Aol e MRSPE  65(6/23, 26.1%),

oxacillindl 7ZHrFAo] A& MSSPE 175(17/23,
73.9%)% AU mecA AR A=H
SP #FES E5% MRSP(6/6)2 83zl
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MSSP % mecA 47 A&9 = il MRSP 659 MSSP 1750l ojg & 7=
(29 3). A A A3 F 9~10% 2ok MRSP= ben-

Marker SP1  SP2 SP3  SP4 SP5 SP6  SP7 SP8 SP9  SP1C  SP11 SP12

Marker SP13  SP14  SP15  SP16 SP19  SP20

Fig 3. Results of the multiplex PCR assay.

Table 9. Antibiogram(MIC) results for the 23 oral SP isolates
Number of SP isolates(%)

Antimicrobial agent

Resistant Intermediate Susceptible

Benzylpenicillin(P) 22(95.7) 0(0.0) 1(4.3)
Amoxicilllin/Clavulanic Acid(AMC) 0(0.0) 0(0.0) 23(100)
Oxacillin(0X) 6(30.4) 0(0.0) 17(73.9)
Cefalotin(CF) 1(4.3) 0(0.0) 22(95.6)
Cefpodoxime (CPD) 1(4.3) 2(8.7) 20(87.0)
Amikacin(AN) 0(0.0) 0(0.0) 23(100)
Gentamicin(GM) 2(8.7) 1(4.3) 20(817.0)
Enrofloxacin(ENR) 4(17.4) 0(0.0) 19(82.6)
Marbofloxacin(MRB) 4(17.4) 0(0.0) 19(82.6)
Pradofloxacin(PRA) 4(17.4) 0(0.0) 19(82.6)
Erythromycin(E) 14(60.9) 0(0.0) 9(39.1)
Clindamycin(CM) 10(43.5) 0(0.0) 13(56.5)
Doxycycline(DO) 1(4.3) 14(60.9) 8(34.8)
Minocycline(MNO) 0(0.0) 6(26.1) 17(73.9)
Nitrofurantoin(FT) 0(0.0) 0(0.0) 23(100)
Chloramphenicol(C) 11(47.8) 0(0.0) 12(52.2)
Florfenicol (FFC) 0(0.0) 0(0.0) 23(100)
Trimethoprim/Sulfamethoxazole (SXT) 13(56.5) 0(0.0) 10(43.5)
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Table 10. Antimicrobial resistance of the mecA-positive or - negative oral SP isolates from dogs

Antimicrobial agent

Number of antibiotic-resistant SP isolates(%)

mecA PCR-negative(n=17)

mecA PCR-positive(n=6)

Oxacillin-Resistant(n=6)

Benzylpenicillin 16(94.1) 6(100)
Amoxicilllin/Clavulanic Acid 0€0.0) 0€0.0)
Oxacillin 000.0) 6(100)

Cefalotin 0(0.0) 1(16.7)
Cefpodoxime 0(0.0) 1(16.7)
Amikacin 0€0.0) 0(0.0)
Gentamicin 0(0.0) 2(33.3)
Enrofloxacin 2(11.8) 2(33.3)
Marbofloxacin 2(11.8) 2(33.3)
Pradofloxacin 3(17.6) 1(16.7)
Erythromycin 10(58.8) 4(66.7)
Clindamycin 7(30.4) 3(50.0)
Doxycycline 0(0.0) 1(16.7)
Minocycline 0(0.0) 0(0.0)
Nitrofurantoin 0€0.0) 0€0.0)
Chloramphenicol 8(47.1) 3(50.0)
Florfenicol 0(0.0) 0(0.0)
Trimethoprim/Sulfamethoxazole 8(47.1) 5(83.3)

zylpenicillin(100%), trimethoprim - sulf -
amethoxazole(83.3%), erythromycin(66.7%),
chloramphenicol® clindamycin(ZZF 50.0%),
gentamycin® enrofloxacin, marbofloxacin(Z}t
7} 33.3%), cefalotin, cefpodoxime, pradofloxacin,
doxycycline(ZtZh 16.7%)9] WAS ERyL
Amoxicillin/clavulanic acid, amikacin, mino-
cycline, nitrofurantoin, florfenicololl tha}e]
ulAgdel e H/\}\}\q— MRSP 65 % 371 ©]’3¢]
b2 AA| w5 (antibiotic class)oll 43 (49)
veEllE AW (MDR = Multi-drug  resistant)

T 512—(83 3%)& 55 B 5A| o]Ate] oA
o W& (% 11).

MSSP+= benzylpenicillin(94, 1%), erythromycin

(58.8%), chloramphenicol®} trimethoprim-
sulfamethoxazole(Z}Z} 47.1%), clindamycin
(41.2%), pradofloxacin(17.6%), enrofloxacin,
marbofloxaicn(Ztz} 11.8%)° A& YehAATE

Amoxicillin/clavulanic acid, cefalotin, cefpo-
doxime, amikacin, gentamicin, doxycycline,
minocycline, nitrofurantoin, florfenicolel tjs}
of WAl w5+ AATHGE 10). MSSP 17+ 5
MDRE HSl #F& 97(52.9%) = MRSPel H|
& MDRol A7 vtebsttt. MSSPAlA MDRE b}
il 7 F 5A o] kAl s WS
ol I 67U

MRSPe} MSSP EFE &8l & o, 7) +
7 SP #5E2 benzylpenicillin, erythromyein,
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Table 11. Antimicrobial resistance patterns of the oral SP isolates

Number of isolates Resistance patterns Noér(l)tfigieostiiitsant isoll\il()téso(f%)

SP1 P-ENR-MRB-PRA-E-CM-C-SXT 8 1(4.3)

SP2,3,22 P-E-CM-C-SXT 5 3(13.0)

SP5 P-E-CM 3 1(4.3)

SP17 P-E-C 3 1(4.3)

M SP8 P-GM-E-C-SXT 5 1(4.3)
: SP9 P-E-CM-C 4 1(4.3)
p SP11, 12, 13, 15, 16 P 1 5(21.7)
SP14 P-SXT 2 1(4.3)

SP17 P-E-CM-SXT 4 1(4.3)

SP18 P-ENR-MRB-PRA-E-C-SXT 7 1(4.3)

SP19 - 0 1(4.3)

SP4 P-OX-ENR-MRB-PRA-SXT 6 1(4.3)

SP6 P-OX-E-CM-C-SXT 6 1(4.3)

l\é[ SP10 P-OX-E-C-SXT 5 1(4.3)
E SP20 P-0X 2 1(4.3)
SP21 P-OX-CF-CPD-GM-E-CM-DO-C-SXT 10 1(4.3)

SP23 P-OX-ENR-MRB-PRA-E-CM-SXT 7 1(4.3)

MSSP=Methicillin-Susceptible Staphylococcus pseudintermedius,

pseudintermedius

MRSP=Methicillin-Resistant Staphylococcus

Benzylpenicillin=P, Amoxicillin/Clavulanic Acid=AMC, Oxacillin=0X, Cefalotin=CF, Cefpdoxime=CPD,

Amikacin=AN, Gentamicin=GM, Enrofloxacin=ENR, Marbofloxacin=MRB, Pradofloxacin=PRA,

Erythromycin=E, Clindaymycin=CM, Doxycylcline=DO, Minocycline=MNO, Nitrofurantoin=FT,
Chlormaphenicol=C, Florfenicol=FFC, Trimethoprim/Sulfamethoxazole=SXT

trimethoprim-sulfamexazole,
clindamycindl 73k WA (95.7~43.5%)& HA
o1 amoxicillin/clavulanic acid, amikacin, acid, nitrofurantoino] thsfe] RE

HE 7= 8 e L]_E}LHoi

nitrofurantoin, ﬂorfenicoloﬂL B A S

EOﬂE}(J 9). 2371 5

t=2x9k 7 SP
979 ol AT

rr b

E 115} 2t ME A1 ~42)

#oh 449 7A el o olel@ MRSP %
@59 PUA Y A3 o /7 A AR,
SRR EES
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X Z Table. 1. TPE19| A TPE47}A] AEH 7 Al #F(1845)9] thek 54 score
Skl HAEd ¥ Score | AW A9 ¥ Score
1 Pasteurella stomatis 2.347 31 Enterobacter aerogenes 2.399
2 Neisseria zoodegmatis 2.005 32 Neisseria zoodegamatis 2.02
3 Pasteurella dagmatis 2.454 33 Micrococcus luteus 2.326
4 Staphylococcus hominis 2.349 34 Bacillus weihenstephanensis 2.025
5 Neisseria zoodegmatis 2.032 35  Staphylococcus hominis 2.13
6 Pasteurella canis 2.427 36  Neisseria weaveri 2.067
7 Staphylococcus epidermidis 2.165 37  Neisseria zoodegamatis 2.013
8 Micrococcus luteus 2.259 38  Pasteurella dagmatis 2.255
9 Pasteurella dagmatis 2432 | 39  Pasteurella dagmatis 2.518
10 Enterococcus faecium 2.488 40 Neisseria flavescens 2.199
11 Micrococcus luteus 2.184 41 Neisseria zoodegmatis 2.039
12 Neisseria weaveri 2.033 42 Pasteurella stomatis 2.436
13 Neisseria zoodegmatis 2.033 43 Bacillus cereus 2.296
14 Bacillus simplex 2.296 44 Staphylococcus hominis 2.214
15 Streptococcus oralis 2.22 45 Staphylococcus pseudintermedius 2.025
16 Pasteurella dagmatis 2.521 46 Staphylococcus hominis 2.316
17 Staphylococcus epidermidis 2.021 47 Neisseria weaveri 2.244
18  Staphylococcus warneri 2.053 48 Pasteurella canis 2.019
19 Pasteurella dagmatis 2.463 49 Enterobacter cloacae 2.413
20 Streptococcus minor 2.279 50  Streptococcus canis 2.077
21 Pasteurella dagmatis 2.375 51 Streptococcus canis 2.036
22 Staphylococcus pseudintermedius 2.002 | 52  Corynebacterium glutamicum 2.484
23 Pasteurella canis 2.488 53 Pasteurella stomatis 2.492
24 Neisseria weaveri 2.155 54 Staphylococcus hominis 2.356
25 Pasteurella canis 2.372 | 55  Rothia nasimurium 2.105
26  Pasteurella canis 2.37 56 Staphylococcus pseudintermedius 2.072
27 Neisseria weaveri 2.159 57 Streptococcus canis 2.074
28  Pasteurella stomatis 2.432 58  Haemophilus haemoglobinophilus 2.122
29 Neisseria canis 2.119 59 Staphylococcus hominis 2.032
30  Enterobacter aerogenes 2.295 60  Acinetobacter pittii 2.376
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X Z Table. 1. (Continued)

Skl HAEd ¥ Score | ¥ A9 ¥ Score
61  Streptococcus minor 2.252 | 92  Pasteurella dagmatis 2.443
62  Pasteurella dagmatis 2.378 | 93  Neisseria weaveri 2.186
63  Pasteurella dagmatis 2.503 | 94  Streptococcus minor 2.029
64  Actinomyces welssii 2.275 | 95  Pasteurella dagmatis 2.34
65  Streptococcus minor 2.102 | 96  Neisseria zoodegmatis 2.071
66  Micrococcus Iuteus 2409 | 97  Streptococcus minor 2.091
67  Staphylococcus pseudintermedius 2.001 | 98  Neisseria zoodegmatis 2.101
68  Neisseria zoodegmatis 2.021 | 99  Neisseria weaveri 2.283
69  Neisseria weaveri 2.224 | 100  Pasteurella dagmatis 2.464
70 Pasteurella stoamatis 2.174 | 101  Pasteurella dagmatis 2.501
71 Pasteurella dagmatis 2.147 | 102  Haemophilus haemoglobinophilus 2.278
72 Pasteurella canis 2.077 | 103  Actinomyces canis 2.137
73 Pasteurella canis 2.119 | 104  Pasteurella canis 2.409
74 Staphylococcus pseudintermedius 2.122 | 105  Bergeyella zoohelcum 2.013
75 Streptococcus minor 2.013 | 106  Pasteurella canis 2.223
76 Neisseria flavescens 2.183 | 107  Haemophilus haemoglobinophilus 2.328
77 Pasteurella dagmatis 2.501 | 108  Fusobacterium canifelinum 2.124
78  Pasteurella dagmatis 2.501 | 109  Fusobacterium canifelinum 2.518
79 Staphylococcus capitis 2.095 | 110  Micrococcus luteus 2.263
80  Streptococcus minor 2.001 | 111  Haemophilus haemoglobinophilus 2.203
81  Streptococcus minor 2.174 | 112 Bergeyella zoohelcum 2.134
82  Cardiobacterium sp 2.156 | 113  Pasteurella dagmatis 2.459
83  Pasteurella multocida 2.434 | 114  Pasteurella dagmatis 2.454
84  Moraxella sg Moraxella canis 2.003 | 115  Pasteurella dagmatis 2.408
85 Pasteurella canis 2.538 | 116  Pasteurella dagmatis 2.454
86  Streptococcus minor 2.093 | 117  Enterobacter aerogenes 2.403
87  Pasteurella dagmatis 2.491 | 118  Staphylococcus epidermidis 2.099
88  Proteus mirabilis 2.516 | 119  Pasteurella canis 2.446
89  Proteus mirabilis 2.477 | 120 Haemophilus haemoglobinophilus 2.071
90  Pasteurella canis 2,423 | 121  Pasteurella dagmatis 2.38
91  Pasteurella dagmatis 2.408 | 122 Staphylococcus hominis 2.277
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X Z Table. 1. (Continued)

Skl HAEd ¥ Score | ¥ A9 ¥ Score
123 Staphylococcus warneri 2.003 154 Streptococcus dysgalactiae 2.023
124 Pasteurella canis 2.425 155 Staphylococcus hominis 2.305
125 Pasteurella canis 2.456 156 E. coli 2.497
126 Staphylococcus hominis 2.09 157 Staphylococcus pseudintermedius 2.156
127 Pasteurella multocida 2.569 | 158  Staphylococcus capitis 2.045
128 Enterobacter aerogenes 2427 | 159  Neisseria zoodegmatis 2.14
129 Neisseria zoodegamatis 2.179 160 Streptococcus minor 2.049
130 Enterococcus faecium 2.428 161  Acinetobacter pittii 2.265
131 Bacillus weihenstephanensis 2.053 162 Staphylococcus epidermidis 2.226
132 Raoultella ornithinolytica 2.494 163 Enterobacter asburiae 2.317
133 Staphylococcus epidermidis 2.011 164 Staphylococcus pseudintermedius 2.122
134 Haemophilus haemoglobinophilus 2.002 165  Pasteurella canis 2.284
135 Actinomyces canis 2.118 166  Pasteurella canis 2.455
136 Neisseria weaveri 2.264 167  Pasteurella dagmatis 2.515
137 Pseudomonas aeruginosa 2.344 168  Pseudomonas aeruginosa 2.414
138 Fusobacterium canifelinum 2.154 | 169  Aerococcus viridans 2.124
139 Haemophilus haemoglobinophilus 2.027 | 170  Staphylococcus schleiferi 2.015
140 Enterobacter aerogenes 2.214 | 171  Streptococcus anginosus 2.128
141 Staphylococcus haemolyticus 2.075 172 E. coli 24
142 Klebsiella oxytoca 2.234 173 Staphylococcus pseudintermedius 2.18
143 Enterobacter cloacae 2.364 174 Kerstersia gyiorum 2.452
144 Serratia liquefaciens 2.376 175 Pasteurella multocida 2.372
145 Streptococcus oralis 2.001 176 Neisseria weaveri 2.057
146 Aeromonas caviae 2.184 177 Fusobacterium canifelinum 2.408
147 Pasteurella dagmatis 2.422 178  Streptococcus agalactiae 2.392
148 Aeromonas hydrophila 2.398 179 Pasteurella canis 2.41
149 Streptococcus minor 2.127 180  Actinomyces canis 2.359
150 Micrococcus Iuteus 2.39 181  Pasteurella stomatis 2.471
151 Staphylococcus pseudintermedius 2.077 | 182  Streptococcus minor 2.08
152 Streptococcus oralis 2.126 183 Streptococcus minor 2.007
153 Neisseria weaveri 2.083 184  Actinomyces canis 2.243
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HZ Table. 2. TPESO A TPE67HA AZEd 374 Ao dZ@55)9 thdk A4 score
Skl A€ ¥ Score | 94 HAEd ¥ Score
1 Staphylococcus pseudintermedius 2.009 24 Streptococcus minor 2.205
2 Enterococcus faecalis 2.363 25 Staphylococcus epidermidis 2.068
3 Enterococcus faecalis 2.223 26 Staphylococcus pseudintermedius 2.182
4 Staphylococcus pseudintermedius 2.093 27  Streptococcus minor 2.162
5  Staphylococcus pseudintermedius 2.107 28  Staphylococcus pseudintermedius 2.092
6 Rothia nasimurium 2.318 29  Streptococcus minor 2.189
T Enterococcus faecalis 2.339 30  Streptococcus minor 2.209
8  Enterococcus faecalis 2.429 31 Actinomyces weissii 2.133
9  Staphylococcus pseudintermedius 2.091 32 Staphylococcus sciuri 2.17
10  Streptococcus canis 2.048 33 Streptococcus canis 2.123
11 Streptococcus minor 2.096 34 Streptococcus minor 2.2
12 Staphylococcus pseudintermedius 2.157 35 Staphylococcus sciuri 2.158
13 Streptococcus minor 2.02 36 Streptococcus canis 2.044
14 Staphylococcus pseudintermedius 2.036 37  Streptococcus minor 2.21
15 Staphylococcus pseudintermedius 2.165 38 Corynebacterium striatum 2.311
16 Rothia nasimurium 2.414 39 Staphylococcus pseudintermedius 2.202
17 Streptococcus minor 2.159 40  Streptococcus minor 2.062
18 Streptococcus minor 2.146 41  Staphylococcus pseudintermedius 2.097
19 Rothia nasimurium 2.29 42 Streptococcus canis 2.186
20  Enterococcus faecium 2.31 43 Staphylococcus pseudintermedius 2.118
21 Staphylococcus pseudintermedius 2.108 44 Staphylococcus pseudintermedius 2.151
22 Streptococcus minor 2.121 45 Streptococcus sanguinis 2.207
23 Streptococcus minor 2.094
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