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Characteristics and Antimicrobial Resistance Patterns of Staphylococcus aureus Isolated from Horse.
Seong-kyoon Choi and Giljae Cho*. College of Veterinary Medicine, Kyungpook National University - This
study carried out to investigate the antimicrobial resistance and biochemical characteristics of
Staphylococcus aureus (S. aureus) isolated from reproductive and respiratory tract in Thoroughbred
horse. The specimens were collected from equine vaginal mucosa and upper respiratory tract from
March to December 2006 using a culture swab in Korea. S. aureus suspected colonies on blood agar
plates were selected and identified as standard biochemical tests and PCR (Applied Biosystems, USA).
Antimicrobial resistance test of S. aureus isolates was performed with 30 antimicrobial agents (BBL,
USA) by using the agar disk diffusion method. S. aureus isolates were isolated 58 (39.2%) strains of
148 samples: wound 64.7% (11/17), genital discharge 37.0% (37/100) and nasal discharge 32.2%
(10/31). Almost isolates showed high resistance to spectinomycin, sulfonamides, erythromycin, tetra-
cyclin, ciprofloxacin and penicillin. These results may provide the basic information to establish strat-
egies for treatment and prevention of reproductive and respiratory disease in Thoroughbred horses

in Korea.
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Staphylococci 5 Y- strain® coagulase-enzyme & 21| 3}u]
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2 #§3rh Coagulase-enzymeg R4} Staphylococei %
TN AR S fdsle 7P 329 straine Staphylococcus
aureys (S. aureus) 24 L] A scrotal botryomycosis, dermati-
tis, cystitis, urethritis, metritis, pneumonia, endocarditis <
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S. aureus®] & 84 75% NaClo] A7l Tryptic
soy broth (TSB)ollA] 37°C, 16A]75 ¢t wio¥ksla wfokel-&
egg yolk emulsion?} sulfamethazine¢] 3 7}% Baird parker
agar (MERCK. Germany)ol] 35 3}e] 37°Cell A 16A]7H 5t
gtk AEHQ JgE =3} blood agard] &%
218t aL, 35°Coll A 16417t ¥ % & B-hemolysis dAto] Yo
ve 75 TSAY A= 3 o}-& 2 coagulase test, DNase
Adez 13 34 M2 "RE A5 53 77
(BIOLOG, USA)E o] &34 23 T4 & AAstgoH, HF
o2 PCRE o] &3t TR

A8t A A €84 A%, mannitol '2E A1, mal-
tose W& A]g, aesculin hydrolysis, alkaline phosphatase
test, urease test, M4 AAAE, DNase YA, FE3)
(glucosem sucrose 9] 20 o}F) A|8 F& AA3IS ) Lo
A BEYEE S. aureus?] A3EE 5L EAsIGTH15].

S. aureus® SHE 98t PCR
S. aureus2 5] DNA®] F&-2& boiling lysist] & o] 43}
of AAEgor, 259 DNAE 20°C YE10 R#sly

Agel A&t A

B g3 o] &g primer (F-AATCTTTGTCGGTACACG
ATATTCTTCACG, R-CGTAATGAGATTTCAGTAGATAAT
ACAACA)E Schuenck S[16]9) @7149< 7122 Az
(Applied Biosystems, USA)3}o] Al-8-81 ).

PCRE ¥3 A2 PCR reaction mixture (Thermo sci-
entific, USA)& 12.5 pl, template DNA 2 pl, primer 2 pl (10
pmole/pl), DW 85 plE 7z PCR tubedl] 2 0] total volume
o] 25 w7l H=E ZA3 F GeneAmp PCR system 2720
(Applied Biosystems, USA)°.2 ZFZ31¢t}. PCRE WA
95°Col| A 587t 7t ate] WA S frEsta, 92°ColA 3023t
denaturation, 55°Coj| 4] 30&7t annealing, 18] 31 72°Col|l A
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© 2 72°Co) A 527} final extension #}4-& A3 th PCR 4+
2.8 1.5% agarose gel (SeaKem® ME agarose, USA)AHol A
A7) 4E5% % 5 pug/100 ml F=¢ Ethidium Bromide
(Applied biosystems, USA)o 20127t Q41 5}e] Eagle Eye'”
IT (Strata gene, USA)Z #9139}
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Bal" 58%9] S. aureuse 302 FAAE YL Z na-
tional committee for laboratory standard (NCCLS)9] 7%
of we} gaa MR R FHA 4 AP S Al
4ot 283 Ald-L Muller-Hinton broth (MHB)el 3 Z3}
1 37°Coll A 2~8A|17t ZFA1Z] & McFarland No. 0.5 (1.5x
10°/ml)e) ¥ 52 ZH& t}& Muller-Hinton agar (MHA)
plated] T2t} 374 disc (BBL, USA)E HE3 ¥ 37°C
ol A 18~24A17F vt ohg disc F99 complete in-
hibition zones) 271 ZHsto] FAN hE 454 *
7g AR

2 a7 AM43 FAAE BBLALY AF S 2 Amikacin
(AN), Amoxicillin/clavuramic acid (Amc), Ampicillin (AM),
Aparamycin (APR), Ceftiofur (Cef), Cephalothin (CF),
Cefoxitin (FOX), Chloramphenicol (C), Ciprofloxacin (CIP),
Clindamycin (CC), Enorfloxacin (ENO), Erythromycin (E),
Gentamycin (GM), Kanamycin (K), Mecillinam (MEL),
Neomycin (N), Nitrofurantoin (F/M), Notfloxacin (NOR),
Ofloxacin (OFX), Florfenicol (FFC), Oxacillin (OX), Penicillin
(P), Streptomycin (S), Sulfonamides (S3), Spectinomycin



(SPT), Tetracyclin (Te), Tiamulin (Tia), Trimethoprim /
Sulfamethoxazole (SXT), Tylosin (Tyl), and Vancomycin
(Va) (BBL, USA) 5 3059 FAA o thal g4l 244 A
& AT

2

FUAX ARFQ] oA A A8 25 Stapylococcus
aureus (S. aureus)E -} - BT A Table 16]4 B
Hhe} o] 9143 64.7%(11/17), 444 7] 370%(37/100) 5%
7] 322%(10/31)9] o7 %L RIS YN A4
2288 392%(58/148) S Bt Ia]:aa 58220 T} 3t A3}
4 A4S Table 29} 304 K= npo} o). 4343ha QA4
AL A ) 5-E-o] EXL 7|2 WE A S. aureuso) A3he}
2 543 v&3 QAT urease testo A& vhokak wk-S-A
2 YEIT. w3 3429 substrated] T Ha] o]
g 2AL 23} fructose, maltose, a- hydroxy butyric acid,
thymidine-5-mono phosphate, uridine-5-mono phosphate
59 substrated] WM RE FF7} ]85S A1
AAA % ribose, sorbitol, xylose, xylitol 59 substrated) i
HHE ZE 57 714 o] 458S AT YA P Ao

Table 1. Isolation of S. aureus from Thoroughbred horse

No. of S. aureus

Sample si
ample sites isolates (%)

No. of samples

Nasal discharge 31 10 (322
Vaginal discharge 100 37 (37.0)
Wound lesion 17 11 (64.7)
Total 148 58 (100)

Table 3. Fermentative properties of 58 S. aureus isolates
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Table 2. Biochemical characteristics of 58 S. aureus isolates

No. of % of
Tests positive positive
strains strains
Catalase 58 100
Oxidase 0 0
OF (Oxidation/Fermentation) test 58 100
Coagulase test 57 98.3
DNase test 58 100
Haemolysis 58 100
Pigment production 58 100
Alkaline phosphatase 58 100
Urease 42 73
Aesculin hydrolysis 0 0
g gt 281 PCRY 93 S. aureus® TA3 A7)
< Fig. 19]A B nl9} 2o 108bp Z7]¢] bandE &¢15}

Ak

YAELELE A A9 A3 Table 49} Fig, 2914
BE nte} 2ok S aureusd) AL T AL A A A
£ 983%7F FANS S YEIAT A4 BF HuFrE
12004 71¢ =2 FAES Yehf o

U Fol A S aureusol N A WA HAF A
= Table 594 B+ vle} 2o} Beld 5839 S. aureus=
30% 9 &FA Fo)A spectinomycin, sulfonamides, eryth-
romycin, tetracyclin, ciprofloxacin, neomycin, enofloxacin,

penicillin 59} %Ald) % AL Yehfgich
L

AA WA o F B2 FA-oY FYPEoZA Y B8}

Fermentable substrate No. of positive strains (%)

Fermentable substrate No. of positive strains (%)

Dextrin

58 (100) Thymidine 57 (98.2)
N-acethyl-D glucosamine 54 (93.1) Uridine 58 (100)
Fructose 58 (100) Thymidine-5"-mono phosphate 58 (100)
Maltose 58 (100) Uridine-5-mono phosphate 58 (100)
Maltotriose 55 (94.8) Mannitol 58 (100)
Mannose 58 (100) Arabinose 22 (37.9)
Psicose 58 (100) Cellobiose 30 (51.7)
Sucrose 56 (96.5) Fucose 0 (0
Trehalose 56 (96.5) Galactose 0 (0
Turanose 56 (96.5) Gentibiose 9 (15.5)
a-hydroxy butyric acid 58 (100) Inositol 6 (10.3)
a-keto valeric acid 43 (74.1) Lactose 2 (34)
L-lactic acid 58 (100) Rhamnose 1(17)
Methy! pyruvate 50 (86.2) Ribose 0 (0)
Adenosine (94 8) Sorbitol 0 ©)
2-deoxy adenosine 5 (77.5) Xylose 0 (0
Inosine (10 ) Xylitol 0 (0




72 ‘BB UZRIXL 2008, Vol. 18. No. 1

1.5 kb
0.5 kb

0.2 kb

108 bp 0.1 kb

Fig 1. PCR amplification of 108bp fragment of S. aureus spe-
cies-specific gene. Lane M: molecular size marker (100
bp ladder, Bioneer, Korea); Lane 1: positive control
strain of S. aureus ATCC 433000; Lanes 2 to 9: clinical
isolates; Lane 10: negative control strain of S.
intermedius.

Table 4. Coagulase test of 58 S. aureus isolates

Reaction time
Plasma 4 hr 24 he
dilution No. of No. of No. of No. of
positive negative positive negative
strains strains strains strains
1:1 53 5 54 4
1:2 57 1 57 1
1:3 55 3 56 2
1:4 55 3 56 2
1:5 55 2 56 2
58
g 56 - « +
<
3 84
1 it e
50
11 12 13 1:4 15
Rabibit plasma. diluiion. ratio

Fig 2. Coagulase test with different incubation times and rab-
bit plasma dilution ratio.

A7h Do AHA gt HEel vlg] Do AF A7 o)
e 473 TR Aol AT AT Sof oA E
aet R srte] 488 A3 AR AR GA TN
U ¢ AL H SYdE B UL AL glow, @ 4
Y 243 et d@oz RAFGARE AR i
AFEZd olo] WFAAE FUY $5 FF& TS $4% &
Hog A5 £4 FRo ARz FA0

A SN AFSHT e T dEug 2y g
Mok T2 BFehr} oF 120009 %, AF0kg L3 pony

Table 5. Antimicrobial susceptibility of 58 S. aureus isolates to
30 antibiotics

Drugs Resistance (%) Intermidiate (%) Susceptible (%)

AN 1172 19 (327) 38 (65.5)
Amc 0 (0) 0 (0) 58 (100)
AM 23 (39.6) 11 (18.9) 24 (413)
APR 6 (10.3) 3 (5.17) 49 (34.4)
Cef 0 (0) 8 (13.7) 50 (86.3)
CF . 0() 0 (0) 58 (100)
FOX 2 (3.44) 15 (25.8) 41 (70.6)
C 4 (6.89) 6 (10.3) 48 (82.7)
CIP 48 (82.7) 9 (155) 1 (3.44)
cC 41 (70.6) 6 (103) 11 (18.9)
E 53 (91.3) 4 (6.88) 1(L72)
ENO 46 (793) 6 (10.3) 6 (10.3)
GM 2 (3.44) 44 (75.8) 12 (20.6)
K 6 (10.3) 15 (25.8) 37 (63.7)
MEL 33 (56.) 25 (43.1) 0 (0)
N 25 (43.1) 20 (344) 13 (224)
F/M 3 (5.17) 27 (46.5) 28 (48.2)
NOR 41 (706) 9 (15.5) 8 (13.7)
OFX 42 (724) 3 (5.17) 13 (224)
FFC 0 (0) 0 (0) 58 (100)
OX 0 (0) 0 (0) 58 (100)
P 48 (827) 3 (5.17) 7 (12.0)
S 56 (9%.5) 2 (3.44) 0 (0)
3 53 (91.3) 5 (86.2) 0 (0)
SPT 58 (100) 0 (0) 0 (0)
Te 58 (100) 0 (0) 0 (0)
Tia 8 (13.7) 40 (68.9) 10 (17.2)
SXT 12 (206) 11 (18.9) 35 (60.3)
Tyl 21 (36.2) 23 (39.6) 14 (24.1)
VA 0 (0) 0 (0) 58 (100)

AFol o 13,0000% 5 % 250004 F2 2352 k. 1
FA WS 2h0z A48 Qe deny Ague
200051 %, A5 EE 80 T2 o5 Abolol 4 Holutt o
M W 1300015 olo2 ALHAAN FAFAC Fol
& Aol TH1718]. FUllA WAL AFo Ry =
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27h8 AeIH T B Y $4E A8 A= 3ol
U8 o, 94 2224 PR 3o AFE
71 ALZE RY.
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259 2 RES EFH] 5000007 ol AR Yol
AL gk $7Hge $E AT 729 538 S04 of
9o 130 o) $ebgol Yovf Fh FukAFE FuiAL
S(KRA)] ZATe] oJ3hH 5ur 2N 5 Uo] 23] of
3 T e F5AY FE 950008 o) o]zt Ao
2 iDL Ytk ol@ @ Tl AHYAAA HiZo] B W T
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=9l vlg) A7} @) APHT YA FAW )
NNE HZol olz2e T e ATl g FA WA FA
of 3% A7/t A2 AP ok = FH[L 2 AFv)
o TF/AE fafEol BT A WA P B Bu
3%, & FEle T AT Ay feFe] Be o
A WY e By @ ok Yok ol AP wad
Staphylococci= 718} Aol vla) vlal® Eo oA WA %
A& Yehlle Aoz 4384 Utk ol& Suphylococciz} 7}
Ae T/ %4 WA 5 7|18 b Roz Budy,

AN E2R S aureus=H-E] MRSASH vancomy-
cin-resistant S. aureus (VRSA)= AZH R L3R 7)Z4|
FAHCE AEEHY g4 FAA A Y e Be FF7)
Wids 858 Aoz gt 53] spectinomycin, sul-
fonamides, erythromycin, tetracyclin, ciprofloxacin, neo-
mycin, enofloxacin, penicillin 5 2] A o & =& kA
A& Uehlglch S, aureuso) oFA WA PFS o S AlE
o BF & de Falrt d& Ao AlgEAwt & @
TE 53 W L WS JeElEe 38AE A7A
A ® AR F e Yo Bol =& A Yoz
Aol 4A WA S B53e AT Bed 5 = )
2AREA LAV 9E AoE Bddr)
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S. aureus®] F2 YA A2l coagulase enzyme?] 4
T AgdA e dEEY 37 YA A3 JeEhg A 8
wo] #5F coagulase AlHo)A &4 HH-S YEATH
AWbE 0 7 S, aureust coagulase A% o A c} A e
He Ao g4 siA% B d1dMe é‘?}% U
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TFoIE 7HeAE de Aoz dudd. gy & 35
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17 ol whd Aol 3 FHHoZ AU B
7} de AoE A}E%D}. w3 coagulase A A gzgq g

tlo
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2 o

ol A ALEEA DA AH G A S ZHE Stapylococcus
aurens® B2} - SR A7 392%(58/148)8) &S e
Wl

S. aureus®] AL GA AAS AP 98.3%7) %
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thymidine-5-mono phosphate, uridine-5-mono phosphate
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U A Tt ribose, sorbitol, xylose, xylitol 5 2] substratec} T}
s B #5771 713 ol &5 S /HAT A g AL
2 85} 22)a PCRo} 9§ S. aureusE A3 A3
108bp 2719 bandE &<}

U el M 23 5859 S. aureusol] th gt oA WA 4
4& ZAS A3 spectinomycin, sulfonamides, eryth-
romycin, tetracyclin, ciprofloxacin, neomycin, enofloxacin,

penicillin 59| }Aldl & AFAH L el

it rfo rfw rlo
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o

i L Hoox
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