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Staphylococcus pseudintermedius is an important opportunistic pathogen of dog and cats. Since 2006
there has been a significant emergence of methicillin-resistant S. pseudintermedius (MRSP) mainly due
to clonal spread. The aim of this study was to investigated the prevalence of antibiotic resistance and
presence of mecA and femA gene in 91 S. pseudintermedius isolates isolated from dogs and cats asso-
ciated with various clinic infections. Methicillin resistance was confirmed by oxacillin disc diffusion
method. MRSP isolate was detected 19 isolates (20.9%). MRSP and methicillin-resistant S. pseudinter-
medius (MSSP) isolates were highly resistant to penicillin, kanamycin, tetracycline, erythromycin, trime-
thoprim-sulfamethoxazole, clindamycin, ciprofloxacin, enrofloxacin and choloramphenicol (100~47.3%
and 90.3 ~33.3%, respectively). About 90% of MRSP isolates were multi-drug resistance (resistance to
at least five or more antimicrobials), and MSSP isolates was ca 74%. Among the 91 isolates, mecA
gene was detected in 25 isolates (27.5%, 19 in MRSP isolates and 6 in MSSP isolates), but none carried
the femA gene. Our results indicated MRSA isolates show a strong resistance to antimicrobials com-
monly used in veterinary medicine. A continuous surveillance and monitoring should be called for to
prevent the contamination and spread of MRSP in dogs and cats.
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Staphylococcus (S) pseudintermedius+= 712} 119F0]
of wxe} gupe] FAAT FAlo] 7|SlAARO
2, 20050 S. intermedius| A A 55 =] ¢l tHDevriese
5> 2005). 53] 7oA F15 A2 80% o]l S.
pseudintermedius7} PAANZ LA Qlch(Pellerin 5,
1998).

oA S. pseudintermedius= A-&-F O] 52 SFAYA o
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Ao A th(Pellerin 5, 1998). 18U 1999 w]=-
T} 2005 S-Holl A methicillin-resistant S. pseudinter-
medius (MRSP)7} H %2 RIi1E o]% 2006+
MRSPO] &&-2 F7Fstal qlo] =9 oA 58
3t EA 2 &3l QTtHGortel 5, 1999; Loeffler 5,
2007; Weese2} van Duijkeren, 2010).

Methicillin W43 S. aureus?} vl7}R 2 S. pseu-
dintermedius©)| 4] methicillin WA penicillin- binding
protein (PBP)2] 4k T 3}st= mecd FAAM
olsl) At FdA = B-lactam FAYA = A+
2EE MEYH IXE B5517] Y3l S. pseudinterme-
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dius2] BPBoj AgFstc). Whd MRSPQ] ¥ PBP:=
B-lactam FHAYAe] w2 ZHIE 7HAER A2
TE= ols FYAZFE HOEHA] g=rh(Weeset
van Duijkeren, 2010). $FH mecd -+7ZA= Staphylococcal
cassette chromosome mec (SCCmec)o)2t= o34 &
Aol AA W AT Wielders %, 2001).

S. pseudintermedius= 5% 5 4 04, =, I
= 5E/T D A4 oy 239 gae F8
1A 2 (van Duijkeren 5, 2011), MRSPo]| &3t 7
= aFoloflA Kt 7oA &3] Yofidrh(Kadlee -5,
2010). MRSP+= B-lactam A|g FHAYA| #5t ofz} &
2 o2 AZY A= WS YERRAL glo] o
OFA YA o] Qltk(Perreten 5, 2010; Ruscher
= 2010, Dziva 5, 2015). o]& 213] MRSP 7L
A& oFA Aele] oz wjmol 429 dAdolAl Al
7} 2 4= Qth(Wettstein 5-, 2008). Z|[7FA] = of| A
MRSPo| thgt A= == tiste] FEH ol 9F
B sl7Eel] FehElolq olRoixw g AFolt)
(Yoo 5, 2010; Yoon -5, 2010; Kang -5, 2014).

ol8l Qie] BAE djAe et mefole] Q4
Wy Bolg B BaY S pseudintermedius 91550]
tiste] MRSPO] &d RIEE ARSI, MRSPe}
MRSS w350 theh A WA = sk
Zolt}. ®3F PCRE 0| 83}le] methicillin A &A
ARl mecA®} femA A HES A=A
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slof Alge] BAISHACHTable 1). HH A=
tryptic soy broth (Oxoid, UK)oj] 37°Coj|A] 18~24A| 7t
"3t o2 egg yolk-terullite emulsion (Oxoid, UK)9|
Z7}= Baired-Parker agar (Oxoid, UK) 8JA] A}o] &=
ek & 37°Coll A 18~24417F wleFstgitt. Al E=
Aol distol= 18 AM, 884, catalase % coag-
ulase A|ES AAISIAT} S, pseudintermedius E-0|
primerQ] nuclease (nuc) gene (Table 2)3} Vitek GPI
card (BioMerieux, France)E ©]-&35}o] 2% A3 T)

gud Z+d A

St A Clinical and Laboratory
Standards Institute®] 7]&(2008)°] whe} tjA3 RAE
Wom AAshech FAA HAaE OxoidAHUK))
amoxacillin/clavulanic acid (20/10 pg), chloramphenicol

AR

(30 pg), ciprofloxacin (5 pg), clindamycin (2 pg), enro-
floxacin (10 pg), erythromycin (15 pg), kanamycin (30
ng), linezolid (30 pg), nitrofurantoin (300 pg), oxacillin
(1 pg, OX), penicillin (10 Ul), quinuprestin- daltopristin
(15 pg), rifampin (5 pg), trimethoprim/sulfamethoxazole
(1.25/23.75 pg), teicoplanin (30 pg) 9 tetracycline (30
ng) 5 165a FASHATE FatAl A= Alde] &

Table 1, Distribution of 91 S. pseudintermedius isolates in this study

No. (%) of isolates

Sites
Dogs Cats Total
e 3 UY
Anus 2 - 2(22)
Ear 44 2 46 (50.5)
SAT= Nose 3 3(3.3)
Skin 27 - 27(29.7)
g 198 E] o o] =iy Udder - 1(L.1)
20139 195 20159 129714 t+A]¢ 54 Us s 3 8 (8.8)
_ rine .
oA At Ao R WA Q=d 7jet Vagina 1 ; 1(1.1)
J1ofo|o] 7HAE 4227ACN 38274, 11oFo] 404)o) A Wound infection 2 1 3(3.3)
S. pseudintermedius 915=(7)] 853, 119F0] 65)E & Total 8 6 91 (100)
Table 2. Primer Sequence for PCR analysis
Primer Sequence (‘5 to '3) Annealing (°C) PCR product bp Reference
mecA-F TGGCTATCGTGTCACAATCG 58 310 Dziva et al (2015)
mecA-R CTGGAACTTGTTGAGCAGAG
femA-F CTTACTTACTGGCTGTACCTG 53 686 Dziva et al (2015)
femA-R ATGTCGCTTGTTATGTGC
SInuc-F TAGGCAGTAGGATTCGTTAA 56 926 Dziva et al (2015)
SInuc-R CTTTTGTGCTTCCTTTTGG
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FHdFE= S, aureus ATCC 25923-& AH&slTE o]
o oAtol A oxacillino] HA(<10 mm)S UERA S,
pseudintermedius~= MRSPZ B4 54 th

DNA 22| 3 methicillin Lid

s

QMR mecA & femA)

Genomic DNA E2Z]&= 0.5 mg/mL lysostaphin
(Sigma, USA)S A}23to] Wizard® Genomic DNA
Putrification Kit (Promega, USA)S ©|-83}o] A|ZA}Q]
ol uleh 2E5Th mecdS) fomd GAAY| A
<2 Dziva 5(2015)9] o] wet AAsk¢itE PCR
W82 Maxime PCR PreMix (i-Star Tagq,
Biotech, Korea)o]] Z2+2F2] 10 pmol primer 1 pL2} tem-
plate DNA 2 uLE ¥ & 4% /55 d716t
o] z|Z wh3gFo| 20 uL7} E A 3}¢] TProfessional
Thermal Cycler (Biometra, Germany)S ©]-85}¢] <=3}
3ttt PCR 27L& 94°Col|A] 5EZF %7]| denatura-
tionA]Z] &, 94°Co|| 4] 30%7} denaturation, Z+2+9] &
I=(Table 2)°}|A] annealing, 72°Col|A] 90%7} extension
e F 253 HhEStY o, np|uto R 72°Coj A
587V final extension2 3}¢ith. PCR AMHES 1.2%
agarose gelol| Al A7) g5 AARE & SF4HES] 2
715 It

intron

2 1

2013 HE 2015 7kA] Al B Ao

olZE 7fel a10folo] F1AEREE S. pseudinterme-
dius 9157l 85, a1Fo] 675 Eelsto] Aol
AF8-5F 9 tH(Table 1).
T8 S. pseudintermedius 9159 t)3}¢] MRSPE
Ql3l7] Y3l yl2a3a FAH O R oxacillino]] gk
A 4 AES AAEE A3, oxacillino]] W/
2l MRSP= 7)9] 9] 785), AA6F), 27F) % /et
aofolo] e T A 27 W 15) 79 SolA
T 195:20.9%)7 =Sl oxacilline]l gh4=/d <l
MSSP+= 723(79.1%) 7} H2] = it

MRSP 1952} MSSP 725=0f thgt A 47
AE A= Table 370 7l MRSPE kanamycinit
penicillin  (Z+Z} 100%), tetracycline (89.4%), eryth-
romycin®} trimethoprim-sulfamethoxazole (Z+Z+ 78.9%),
clindamycin  (73.6%), enrofloxacin (63.2%), cipro-
floxacin (57.9%), chloramphenicol (47.3%) % amox-
icillin/clavulanic acid (5.3%)°] WX<& YEMJACH
Linezolid, nitrofurantoin, quinupristin-dalfopristin, ri-
fampin, teicoplanino]] tjdle] WAQl #3F= U
S o5 MRSP2| 89.5% (17/19)7} 54| o]/Fe] ofA|
of W& Hl thofAl Widate =, o5 84 Wi+t
o] 8F(42.1%) = 7P WAL, tha-& 94| WAdtol 3
Z+(15.8%)°] ¢l tHTable 4). MSSP+= penicillin (90.3%),

oot o

f

Table 3. Antimicrobial susceptibility of 72 methicillin-susceptible Staphylococcus pseudintermedius (MSSP) and 19 methicillin-resistant S.

pseudintermedius (MRSP) isolates

No. (%) of MSSP

No. (%) of MRSP

Antimicrobial agents

Resistant Intermediate Susceptible Resistant Intermediate Susceptible

Amoxicillin/clavulanic acid 1(1.4) 0(0.0) 71 (98.6) 1(5.3) 0(0.0) 18 (94.7)
Chloramphenicol 33 (45.8) 0(0.0) 39 (54.2) 9(47.3) 0(0.0) 10 (52.6)
Ciprofloxacin 24 (33.3) 1(1.4) 47 (65.3) 11 (57.9) 1(5.3) 7 (36.8)
Clindamycin 44 (61.1) 6(8.3) 22 (30.6) 14 (73.6) 1(5.3) 4(21.1)
Enrofloxacin 25(34.7) 0(0.0) 47 (65.3) 12 (63.2) 0(0.0) 7 (36.8)
Erythromycin 49 (68.1) 0(0.0) 23 (31.9) 15(78.9) 0(0.0) 4(21.1)
Kanamycin 55(76.4) 2(2.8) 25(20.8) 19 (100) 0(0.0) 0(0.0)

Linezolid 3(4.2) 0(0.0) 69 (95.8) 0(0.0) 0(0.0) 19 (100)
Nitrofurantoin 1(1.4) 0(0.0) 71 (98.6) 0(0.0) 0(0.0) 19 (100)
Penicillin 65 (90.3) 1(1.4) 6(8.3) 19 (100) 0(0.0) 0(0.0)

Quinupristin-dalfopristin 1(1.4) 1(1.4) 70 (97.2) 0(0.0) 0(0.0) 19 (100)
Rifampin 1(1.4) 0(0.0) 71 (98.6) 0(0.0) 0(0.0) 19 (100)
Teicoplanin 2(2.8) 8 (11.1) 62 (86.1) 0(0.0) 2(10.5) 15(88.2)
Tetracycline 61 (84.7) 0(0.0) 11 (15.3) 17 (89.4) 1(5.3) 1(5.3)

Trimethoprim-sulfamethoxazole 35 (48.6) 4(5.6) 33 (45.8) 15 (78.9) 0(0.0) 4(21.1)
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tetracycline (84.7%), kanamycin (76.4%), erythromycin
(68.1%), clindamycin (561.1%), trimethoprim-sulfame-
thoxazole (48.6%), chloramphenicol (45.8%), enro-
floxacin  (34.7%),

(4.2%), teicoplanin (2.81%), amoxicillin/clavulanic acid,

ciprofloxacin  (33.3%), linezolid
nitrofurantoin, Quinupristin-dalfopristin % rifampin (Z}
24 14%)0l) A4S UERgSich MSSPE| A% 73.6%
(53/72)7} 5A) ©]/2] oFAlol WS el thefAl W
Aeto®, o]F 64 Widatol 10(194%) = 7Hd W
ok, TS 7H| 133:(18.1%), 84| 105:(13.9%) 2 5
A 1032(12.5%) <=0] 2l tHTable 5).

FA|Bt S. pseudintermedius HNFE YA S 2 methi-
cillin Wt o] Sli= mecA®} femd 74k 4
25 AAISH A= Table 63 AT} mecd A=
917 5 255(27.5%)° 4 AZE= ATt ©]F MRSPY
A 1922(100%), oxacilline] ZH4=A4191 MSSPojA 63
(83%)7F A==k W femd A= FARE B2
Foll A HEE A QT AT mecd FHAAE WG}
HA oxacillin®]] ZH4AlS H 2l MSSP 6F= 25 74|

ol/gel oFAlell W/dE HrER -

Z Jfe} aoFolo Al MRSPQ| BHYLS A} F7}
St FAIR, o5 TEolA MRSP 492 AW A=

Table 4, Phenotypes of antimicrobial resistance in 19 MRSP
isolates

s No. of
Multiplicity . .
. Resistance patterns* isolates
of resistance
(%)
3 KM, PC, TE 1(5.3)
KM, PC, SXT 1(5.3)
5 CIP, ENR, KM, PC, TE 2(10.5)
CM, DA, EM, KM, PC, TE 1(5.3)
DA, EM, KM, PC, SXT, TE 1(5.3)
7 CM, DA, EM, KM, PC, SXT, TE 2(10.5)
8 CIP, DA, EM, ENR, KM, PC, SXT, TE 5(26.2)

AMC, CM, DA, EM, KM, PC, SXT, TE 1(5.3)

CM, CIP, EM, ENR, KM, PC, SXT, TE 1(5.3)

CM, CIP, DA, EM, ENR, KM, PC, SXT 1(5.3)
9 CM, CIP, DA, EM, ENR, KM, PC, SXT, TE 3 (15.7)

*AMC, amoxacillin/clavulanic acid; CM, chloramphenicol; CIP,
ciprofloxacin, DA, clindamycin; ENR, enrofloxacin, EM, erythro-
mycin; KM, kanamycin; PC, penicillin; SXT, trimethoprim/sulfa-
methoxazole; TE, tetracycline.
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Table 5, Phenotypes of antimicrobial resistance in 72 MSSP
isolates

Multiplicity . . No. of
of resistance Resistance patterns isolates
(%)

0 2(2.8)
1 PC 2(2.8)
TE 1(1.4)

2 PC, TE 6(8.3)
LZD, TE 1(1.4)

EM, TE 1(1.4)

3 KM, PC, TE 2(2.8)
AMC, PC, TE 1(1.4)

PC, TE, SXT 1(1.4)

CIP, PC, TE 1(1.4)

CIP, ENR, PC 1(1.4)

5 DA, EM, KM, PC, TE 2(2.8)
CIP, ENR, KM, PC, TE 1(1.4)

EM, KM, LZD, PC, TE 1(1.4)

CM, EM, KM, PC, TE 2(2.8)

CM, DA, KM, PC, TE 1(1.4)

CM, DA, EM, KM, PC 2(2.8)

6 CM, CIP, ENR, KM, PC, SXT 1(1.4)
CM, DA, EM, KM, PC, TE 7(9.7)

CM, DA, EM, KM, PC, SXT 2(2.8)

DA, EM, KM, PC, SXT, TE 2(2.8)

DA, EM, KM, NF, PC, TE 1(1.4)

CIP, ENR, KM, PC, SXT, TE 1(1.4)

7 CIP, DA, ENR, EM, KM, SXT, TE** 2(2.8)
CIP, ENR, EM, KM, PC, SXT, TE 1(1.4)

DA, ENR, EM, KM, PC, RD, TE 1(1.4)

CM, CIP, ENR, EM, KM, PC, SXT** 12.1)

CM, DA, EM, KM, PC, SXT, TE 7(9.7)

CM, DA, EM, KM, PC, TEC, TE 1(1.4)

8 CM, DA, ENR, EM, KM, PC, SXT, TE 1(1.4)

CIP, DA, ENR, EM, KM, PC, SXT, TE** 6(8.3)
CM, CIP, ENR, EM, KMPC, TE, SXT,TE 1 (1.4)
CM, DA, EM, KM, LZD, PC, SXT, TE 1(1.4)
CM, CIP, DA, ENR, KM, PC, SXT, TE 1 (1.4)
9 CM, CIP, DA, ENR, EM, KM, PC, SXT, TE** 5 (6.9)
CIP, DA, ENR, EM, KM, PC, QD, SXT, TE 1 (1.4)
CIP, DA, ENR, EM, KM, PC, SXT, TEC, TE** 1 (1.4)

*AMC, amoxacillin/clavulanic acid; CM, chloramphenicol; CIP,
ciprofloxacin, DA, clindamycin; ENR, enrofloxacin; EM, erythro-
mycin; KM, kanamycin; LZD, linezolid; NF, nitrofurantoin; PC,
penicillin; RD, rifampin; QD, quinupristin-dalfopristin; SXT, sulfa-
methoxazole/trimethoprim; TEC, teicoplanin; TE, tetracycline.

**6 MSSP isolates contained mecA gene.
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Table 6. Detection of methicillin-resistance gene in 72 MSSP and
19 MRSP isolates

Resistance gene Total No of MSSP (%) No of MRSP (%)

mecA 25(27.5)
femA 0(0.0)

6(8.3)
0(0.0)

19 (100)
0(0.0)

MRSP= 1955(20.9%)°l| A &2 = Atk MRSP+= 7l
A 94.7% (18/19). 1LoFo|of| Al 5.3% (1/19)7} E& &}
on, FHHERE vFolA 85(42.1%), FIA 65
(BL6%)= Wo] ZH Ut ol= MRSPY| &L 7|
Hu}p J1¢folof A Bl =35, 79t 1l §= MRSP]
714 B8 ZFRsletn Bag ol ATAEY] B
12} A5} th(Ruscher, 2009; Kadlec 5, 2010; van
Duijkeren &, 2011).

MRSPE| 3o et A4t= F=2 v g 9
ol=HE TS EY AolA o]FojA AL itk o
Aol At Fuleb AUt FollA 0%~4.5%
2011), =29 AolA 7.4%
(Nienhoff &, 2011), 5=2] 7jolA 12.7% (Wang 5,
2012), L&) 7o} aoFojoA 13.8% (Bardiau 5,
2013) @ ZHoll A Zlof A 17.6% (Yoon 5, 2010) A
A Wy 2okt ey dEo) JiollA] 30% (Sasaki
5, 2007), =W 7Rl A 33.8%2} 36% (Yoo 5, 2010;
Kang 5, 2014), F=72] 7§ollA 47% (Feng -5, 2012)
Hrphs @0t o]t 2> MRSP =& RlE9| Zpol=
A 9H i, A 5 ARRH 9 2 A
W 59 Aolof 7]Qldh Aem AHZAEKWang &,
2012).

MRSP+= kanamycin, penicillin, tetracycline, eryth-

(van Duijkeren -5,

romycin, clindamycin, trimethoprim-sulfamethoxazole,

ciprofloxacin, enrofloxacin %! chloramphenicolof tj&}
o] 100~473%9] e 8L Lehigiek. oleitt
Aiks AgE o9 b tha Aol YA
o)f AFAE Akt vl A WHBE Tha )
H(Yoon -5, 2010; Haenni %, 2014). MSSP9] 7%
MRSPS} ]t 4| Uy FAE SASHAA o) of
Aol izt WEES 903~333%%2 Ttha WSttt
(Haenni 5, 2014). 3tH amoxicillin/ clavulanic acid,
linezolid, nitrofurantoin, rifampin, teicoplanin % quinu-
pristin-dalfopristin®]] tf}o]:= MRSP Y MSSP 9]
ghrio] Z44e kol ol AFASe) AT
o} GAFSFS tH(Haenni 5, 2014; Priyantha 5, 2016).
o]t Aol A MRSP= dHHA o= MSSP Kt} 4ty
Ao g =2 YAS e S, penicillin Z+2 B-lac-

tam A G| YA B T ofyz}, th=2] non-B-lac-
tam A GO FgA ] hstole WS 7= AL
2 4 4 Q¢ tH(Perreten %, 2010; Ruscher 5, 2010;
Moodley -5, 2014).

MRSP2] 89.5%, MRSS®] 73.6%7} MDR& A H o]
A Z WAk ofu e} Abgto 29] Mut 7hgA] ool 7i
o} scFolof Al MDRE| 31> w5 HAY falE =
sk 4= It Wettstein 5, 2008; Weese®2} van Duijkeren,
2010). A WEED mRt7HA = MDRE| &3
MRSSH Tt} MRSPoA ¢ =¢fth HFH Detwiler 5
(2013)> MDR9] &% MRSPE T} MRSSO|A B =
gtk Bl 3FQich Perreten 5(2010)2 MDRO] =

2 F& sequence type (ST) 719 &It clone
e} o] glom, MRSPO] 74%7} ST71¢| 43}

o] ZALO| A sequence type> AA|SFA| QFQFTE
Fo F71AQ] A7t aEoj Ao & Aoz AY7tE
=

Zubeir 5(2007)& S. aureus©o| 4] PCRO]| 2|3t mecA
QAe] A2 O3 el ofak methicillin U]
AR Akl ok stk el o Aol
A mecAd FAA= 7FA AL QO oxacilline]] 74
e YEMH S. pseudintermedius= 657} Sl it
Berger-Bachi 5-(2002)2 ©|& o5& pre-MRSPZE &
F31) pre-MRSP w5+ mecd HH-S 7451A 9
AA 71, A Adeitstol A PBPE AJAFSEAL me-
thicillino]] WS g5st= 2oz daA Slrh

ol AL A} S. pseudintermedius+= T)FEL] AL
B8 FAA ] =2 WAEAES HEUgler, 520l

==
MDR3} MRSPO] & ZH& 0] QJAMHoolA]
RopAle) HAlRk: Aad BAE 24T 4 Atk
MDR3} MRSPO| o3& $15) aHA1 0] 415a AL§
B HEo] A&l PEI} By Badt RO
2 AzbE
g B

Ne} kol 2 XE] BE|H S. pseudintermedius 915
of et GAAl W/d, MRSPE| && Rl%= 9 mecd B
fomd SRR WES 2R An et Pt
FAE S, pseudintermedius’= T 5, J, kx, I, FE
ZoA BTt & 9159 S. pseudintermedius 5=
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MRSP= 1975(20.9%), MSSP= 722(79.1%)7} H-2] =
itk MRSPL} MSSP #5352 PC, KM, TC, EM,
SXT, DA, CIP, ENR 2 CMo| =& JAE et
thZ+ZF 100~47.3%2} 90.3~33.3%). MRSP +#+52]
89.5% (17/19)9} MSSP #%2] 73.6% (53/72)7} MDR
oAtk mecd QA= MRSP 320 A 1925(100%)
7h AEE AL, MSSPoAE 65(8.3%)7F H=ES!
ot v femd FAAE= HEEA EUTE S, pseu-
dintermedius©)| A MRSP2} MDRQ] =2 Z£328 4:9]
AollAl AW Az odeS & 5 Utk waEkA
FAAA S 4lFT gk ARgo] |t
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