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Isolation of Staphylococcus aureus
and detection of enterotoxin from pigs
and cattle carcass by PCR
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At the present study, it was aimed to explore the states of antimicrobial resistant Staphylococcus aureus
isolates from 320 pigs and cattle carcass (160 pigs and 160 cattle) slaughtered in Busan province from
March 2008 to November 2009. Among 320 samples, 26 of Staphylococcus aureus were isolated from pigs
(10.6%) and cattle (5.6%). In antimicrobial susceptibility test, all of the isolates were demonstrated
susceptibility to oxacillin, cefoxitin, cephalothin, vancomycin, rifampin and linezolid. But the isolates were
showed resistance other antibiotics in order of penicillin (92.3%), gentamicin (76.9%), tetracycline (69.2%),
erythromycin (65.4%), and clindamycin (61.5%). In case of enterotoxin production, 7.7% of 2 strains
produced enterotoxin A.
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Staphylococcus aureus= 1% FA FH4 22 234 8 YJFoz, yegol et ARGl EoF A
of Ul Bxslm glom, Al SE2o) mio Ayl BT BB /M, 5% B 5o oREAS,
S Mol At g zzle] Fojw of  BUHY, T AFYIAY, ATS, Y, MBS
2 7hx AHe dorle 7|8 ggdos FaaaE YW HPTY 5o #ATe] €EA Ty, 1989
; . _ Timoney %, 1988). £3] o] w-Fof 2lgfi APAits=
Far 182,55, 251.5803, B ol yho157 Gnongrc ol FEAL AN FE A Y Fd 5 Qo
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FH ASE AAA Y] shtd 8 ohet B4 234

g doA XJApol o]24 & 4 ot BRIy

) tH(John-son 5, 1992; Marrack ¥} Kappler, 1983).

AERd 24T ASEE S aureuso] 2J3)

e 24R 099 24E9 HFH2 oste] v

ste otk AF7A] dEA S, aureus] FE4
o1} A

2
0

o 8F 02, o] F CYL o5}t A JAbo| uhe} C,, G,
Gy 5 3714 o)}e] ofg o2 v ojZtkMunson 5,
1998; Su®} Wong, 1995). ©|& % Staphylococcal
enterotoxin A (SEA)= I TEAHA AlEEZo 713
NG Rlo g Zhgste] FEEAH o2 nj¢ &
84 =3 3T Anderson %, 1996; Teryama®} Igara-
shi, 1981). o] &g tigt Gr|NEEES A5
el & AE4E 7ML ol &4 EAgE HEs)
A st B2 o8& 31 lthHovde 5,
1990; Marrack ¥} Kappler, 1983). o|& =4 A&2. 8
A T A e 34 s 5 ok
25 W) A FES ¥ Y anti-toxin
antibody 2] @4 W WS-} 22 o] EA 3},
7VEY FAEA I GA 549 AE3) sty
HHEE 81 Fof sk 5 o] ATk H o)
g &H& SEE 4= 9l multiplex PCR (mPCR) 7]
o] MELE QL S. aurens] A=A} EA £IA
T 40 THY FHAAE Eojxoz HEd 4
ATHYoon 3, 1997).

AFE ol L9E S. aureusZEE BAlElE o] &
o g AT el ool mIs) e %
o] B 7 5(1990)0f 2jste] HEfolM A~DF
off thste] AR oz A Fo] 91, 7 5(2002)
ol F44E f5olA BYH DHE A& Hugt vl 9l
o, & 5(1998)0] A2 S. aureus 193 Z X
7] 53 150004 CH& A& B vt glont 2y
ANAE olofl tigt A77F gl Yok mhekA B d7=
22 7iEE PCR 7[H-& o]83to] 2008y 3

¥o oN rE
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2009 11¥71A] 29 HfA] =X mHo 2 RE B

S. aureuso] Y5t} HA4A, AB4 W Bo 434
257 Shol gaE 459 AE2LS 2A SR,

Al o ARt o EeA R 2008 39REH 2009
W 119742 BAR Y =& &31" 49 ==Y
SAHBHA A 32072 ABE AHF 8] AH AR
At A BEL 8o AHT T 4X)7F o]l
B2 AFAR euksto] o Eejo ARSI

S.aureus9| 22| X SN

S. aureus® HE|5L7] QQste] YT =4 FHY
ImlE 10% NaCl& 713} tryptic soy broth (TSB,
Merck) 9mlo]| 7Fstod 37°CoAl A 18AIZE S+t vl %3}
At vkl 50ulE Baird Parker medium (Merck)ol|
A% 3 37ColA 204121 wherstsack. 217 10~ 15mm,
black, shiny, convex A2 F=2}o]] 2F 2~ 5mm2} opaque
region©] A== APHN =L HAHEHA blood
agaro]] FF 3 37°C, 24 A7k |51 A, B-hemolysis
FHAbol dojit= #-L brain heart infusion (BHI,
Merck)ol] E3stof 37°C, 18417t vj g} FAlol
coagulase testE A A3t FJUE FAsHH) I
R/ o 2 o4E ekl tiste] Vitek O 2 HAL
Ikt

gAY MY

A 7444132 National Committee for Clini-
cal Laboratory Standard (NCCLS, 1988)2] wl i} wla}
sensi disc (BBL)E o] &3} tjA= AW o g A3}
%t} 3ml BHI broth (Merck)oll F%&3te] 37°CollA 18
A|7F #RoFE Al FH-E MacFarland No. 0.5 BaSO,
EFHANT 22 322 23T 3 d@d W5 °
£3}o] Muller-Hinton agar (Merck)o] =THE% &
37°Coll A 24417 w3t o™, 435+ Natio-
nal Committee for Clinical Laboratory Standards
(NCCLS, 1988)¢] 7]&of wheh #Astgch A&t o
230 280 R penicillin (P, 10U), oxacillin
(OX, 1ug), cefoxitin (FOX, 30ug), cephalothin (CF, 30ug),
vancomycin (VA, 30ug), gentamicin (GM, 10ug), ery-
thromycin (E, 15pg), tetracycline (TE, 30ug), ciproflo-
xacin (CIP, 5ug), clindamycin (CC, 2pg), sulfametho-
xazole/trimethoprim (SXT, 23.75/1.25ug), chloram-
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phenicol (C, 30ug), rifampin (RA, 5ug), quinupristin/
dalfopristin (SYN, 15pg), linezolid (LNZ, 30ug)
telithromycin (TEL, 15ug) 5 1632 AF&-3519ith

Polymerase chain reaction(PCR)

DNA F& : A% #5252 E genomic DNA &
2 ©] 5(2009)2] WHof wlz} Wizard genomic DNA
purification kit (Promega, USA)E AF2-5}9ic}.

Oligonucleotide primer2| 8tM : PCRo|| AF2-H oli-
gonucleotide primer?] Q7|4 Yg, ZZAME9 37] W
2= Table 1942} 2ol clfA 5 7% Bioneer
(Koreayoll 24 2}2]akod ALgaHsict,

PCRoOf| oot SR AL SICIAY : clfA HEE Y
2+ PCR-> Mason 5(2001) 9] ®H-& k7t =7 B3}
o] 10 x PCR buffer 2.5ul, 10mM dNTP 2.5ul, template
DNA 1ul, 20pM primer Z} 1ul, Tag polymerase
(Enzynomics, Korea) 0.2ul5 233l &F3Fo] 25ui
7t A dFgtk PCR-E 94°Cof|A] 557} denaturation
A7l &, 94°Col| A 20, 55°Col|A] 40X, 72°CoflA] 18
2702 F 35 cycled =37t o 72°CofA] 1087
extensionA] Z t}.

A=Y ELLIM B2
sea, sab, sec, sed, see Y tst SAA AZE 93t PCRE
Becker 5(1998)¢] H& <7k 44 BEYsto] 10x
PCR buffer 2.5ul, 10mM dNTP 2.5ul, template DNA
1ul, 20pM primer Z+ 1ul, Taq polymerase (En-
zynomics, Korea) 0.2ul1E E3sla ZEgFo] 25ul7}
= A 3T PCR-E- 94°CofjA] 5E-7) denaturationA) 71
T, 04°Co| A 15, 55°CollA] 1, 72°Col|A] 28 A0
2 & 35 cycled 4815 o} 72°Col| A} 1087} exten-

Table 1. Synthetic oligonucleotides used as primers for PCR

sionA] AT},

SELMSO| 2ol : PCRO| 984 F5FE AHE2 ol &
(2009a)2] ®}Hof &3}of loading buffer (30% gly-
cerol, 50mM EDTA, 0.025% bromophenol blue in 50mM
Tris - HCI, pH 8.5)8} 2:12 233l 2.0% agarose
(Sigma, USA) gelA}o]| loadingd} TBE buffer (40mM
Tris, 20mM boric acid, ImM EDTA; Invitrogen) 5}o]
A] 120~ 140 volt=2 oF 1A17F 5<t A7 Q952 AAISH
Arth Agarose (Sigma, USA) gel2 0.5ug/mle] ethi-
dium bromide (Gibco, USA) 2H o7 FAMAZ] 2 UV
transilluminator (Hoefer, USA)S A[2-3}o] DNA AME
L2 301519t MarkerZ+& 100bp DNA Ladder (Pro-
mega, USA)E ARE-SHA T

2 &

S. aureus9] E712

29} Hjo] =AFHOZRE EES S. aureus?]
282 Table 2049} Zro] & 32070 5 8.1%(265)
o|gitt. 25 Belee HAelA] 10.6%(175/1607)
AE 5.6% (95/16070) ©] 3l

b F N 2 - R

BEH S. aureus 2650 gt AAHAE A=
Table 33} Z+o] oxacillin, cefoxitin, cephalothin, vanco-
mycin, rifampin, linezolid®l|] th3}4] 100% <] &7 7
$A& e 3, ciprofloxacind} quinupristin/dalfo-
pristin®]] et Afef FF9 B 2F A4S

H2AoW A 157 Wde vetied, yi4g

Target gene Sequence (5'- 3) Size (bp) Tm (°C) Reference
cifA GCA AAA TCC AGC ACA ACA GGA AAC GA 638 55 Mason et al
CTT GAT CTC CAG CCA TAA TTG GTG G (2001)

” CCT TTG GAA ACG GTT AAA ACG 127 55 Becker et al
se TCT GAA CCT TCC CAT CAA AAA C (1998)
seb TCG CAT CAA ACT GAC AAA CG 7 s Becker et al

GCA GGT ACT CTA TAA GTG CCT GC (1998)
sec CTC AAG AAC TAG ACA TAA AAG CTA GG 271 55 Becker et al
TCA AAA TCG GAT TAA CAT TAT CC (1998)
sed CTA GTT TGG TAA TAT CTC CTT TAA ACG 319 55 Becker et al
TTA ATG CTA TAT CTT ATA GGG TAA ACA TC (1998)
CAG TAC CTA TAG ATA AAG TTA AAA CAA GC 178 S5 Becker et al
see TAA CTT ACC GTG GAC CCT TC (1998)
st AAG CCC TTT GTT GCTTGC G 445 5 Becker et al

ATC GAAATTTGG CCCATACTTT

(1998)
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£-& penicillin (92.3%), gentamicin (76.9%), tetracycline
(69.2%), erythromycin (65.4%), cindamycin (61.5%) <
o]tk

HAFH 272 FtAl WAdE-2 penicillin (94.1%),
gentamicin (76.5%), tetracycline (70.6%), erythromycin
9 clindamycin (64.7%) & ©IUch 242 F59] P+
A WAL penicillin (88.9%), gentamicin (77.8%),
erythromycin ¥ tetracycline (66.7%), clindamycin
(55.6%) Sl

PCRO| 5014

EelE S. aureus 267-F25-E] genomic DNAE 3
S thE S. aureus A& B3] H3tA clfAE ol
st} PCRE =3¢t A} £e]H HE F3olA] 638bp
| cifA FAAL Bol ARl FEAHEo| YElTtHFg. D).

AEd 9 5 234 37 40 #AH 4
20 A& A3+ sea, sab, sec, sed, see D tstE 0]
&3l PCRE 343t A3} Fig. 20049} Zro] 49} o
Ao A B2l S. aureus Z¥ZF 13| ATk 1270p2] 5
ZAHEQ AEA A(T%) AR HEEUL, o E
EHFNAE 5L A BAE oue F=

Table 2. Isolation rates of S. aureus isolates from pigs and cattle

carcass
No. of samples
Animal
Tested Isolated (%)
Pig 160 17 (10.6)
Cattle 160 9(5.6)
Total 320 26 (8.1)

ST e 9k,

M1 2 3456 78910111213 14

Fig. 1. PCR products amplified from S. aureus isolates using clfA
primers. M; 100bp DNA Ladder (Promega). lane 1~13; S.
aureus, lane 14; E. coli.

Bp
127

Fig. 2. Detection of enterotoxin gene from S. aureus isolates. M;
100bp DNA Ladder (Promega). lane 1; SEA producer (S.
aureus isolate from cattle carcass), 2; SEA producer (S.
aureus isolate from pigs carcass), lane 3 ~6; Non-toxin
producer.

Table 3. Antimicrobial resistance of 26 S. aureus isolates from pigs and cattle carcass

No. (%) of isolates with indicated antimicrobial resistance

Antimicrobial agent

Pig (n=17) Cattle (n=9) Total (n=26)
Penicillin 16 (94.1) 8 (88.9) 24 (92.3)
Oxacillin 0 0 0
Cefoxitin 0 0 0
Cephalothin 0 0 0
Vancomycin 0 0 0
Gentamicin 13 (76.5) 7(77.8) 20 (76.9)
Erythromycin 11 (64.7) 6 (66.7) 17 (65.4)
Tetracycline 12 (70.6) 6 (66.7) 18 (69.2)
Ciprofloxacin 1 0 1(61.5)
Clindamycin 11 (64.7) 5(55.6) 16 (61.5)
Sulfamethoxazole/Trimetboprim 8(47.1) 3(33.3) 11 (42.3)
Chloramphenicol 3 (17.6) 2(22.2) 5(19.2)
Rifampin 0 0 0
Quinupristin/Dalfopristin 1 0 1
Linezolid 0 0 0
Telithromycin 6(35.3) 3(33.3) 9(34.6)
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420t HA o =AgHogRE BEaEFt S aureus)
Ea&2 g1 oA 10.6%(173/1607), A% 5.6%(9F
116071) o]t} FollA oJe] AFAE| 23tH .
aureusol| 3t AF= F2 4 GHEA] dl5le] o=
oFtE A 51970y AA +Hd YJAA = S. aureus
7} 13.6%2} 3+QT, uF (1977)& 16.5%2} 1 5},
EFE &7k F(1978) E 4 5(1981)2 24zt 26.0%%}
18.3%2tal B IsHGITE o]4de] RIEL2 B Alg oA
dojd AEci= EEgo] A4l w0, &2
T A e g oldE FAREE S
aureuss -8 H115197] W02 AzHch

A= 4F At a5 Xz 83 A
&2 Bk o} 7tEofjA e ES BHog AR
of M7t 2N FAYA @ - gl o3t YA
o] deHog Zrlste] Al HESe X8 E 9
ol B2 ZAEE dov|a ok FAYA I HS o
AA FHAe Holo gt A= AT F2 R
plasmidof 7]QIgtrha &Fe{A Qlrh R plasmidis &4
of et AS HAA7| = HAsks FAREA F
WAl ol gt e FRo 2834 oA &
< HER ZYE3 9o, ojs oA HES 5
gto] FF Eu olF Alztel Mg WAdY &
7holl 583t JE-E FhrH(o] 5, 2009b).

2|t gt F+tA WAAZAIHE 29 penicillin
(92.3%), gentamicin (76.9%), tetracycline (69.2%),
erythromycin (65.4%), cindamycin (61.5%) <0]%) 2.,
SFTHE AREY S #59 FA WEEL
penicillin (94.1%), gentamicin (76.5%), tetracycline (70.6%),
erythromycin ¥ clindamycin (64.7%) S| %t} A8
+32 A YAEL penicillin (88.9%), gentami-
cin (77.8%), erythromycin 2 tetracycline (66.7%),
clindamycin (55.6%) $-0]%ith 721 5(000)& A& S
= o Shs R gt -2 HE S aureusS B
2] Bzt viof| W, golli E2E S. aureus] &
oA WAEL tetracycline (72.0%), penicillin (58.0%),
gentamicin (22.0%) 50|l 3} a1, $h--ofl 4 EE
S. aureus 2] A UA-&-L penicillin (100%), tetracy-
cline (76.0%) Folztal KW spqr}. o)} e A=
B Ayl ojrl Aol u|is) B, tetracycline

A8 u|3}93, penicillin®} gentamicind W&

Ztol & Yt oje} Zo] ZFdE= A UA
& 2ol a2y ARS Zpol|et HFHE A AME
He gAY 577 ool wet A WASE
Zpol7t & AL 2 Azt
FH S aureusZHEY FEA W =4 H3H FS
40 AEE 9381 sea, sab, sec, sed, see W ist
o]-83to] PCRS 343t A3 40 Hix|of|A £
2+Zy 1ol ARt 127bp 8] FE/AMER A=
A (SEA) F7427F A=, e EEFoi+=
St AHE out FEAEE UEREA] gt
Z| 27| thFgt AERH Y 8. aureusol o3 A4

B oot
o
=

o

C

o 3o N

At 5423 AE Bttt Hepd o Ayulo &
(1994)& AAF A JAEZHE Eel3t S. aureus
1095 F 95 (8.3%)%to] AEiE SO, o
3 Fole HIstgct E3t
Z}o]d ] Mathieu S(1991)-2 S. aureus 535 = 135
(25.0%)7} F= 22 Akl gLo0), SEATL 713 SAl%
LYY Bustqlct
S ol 4] enterotoxin 52 AHEH I 5
(1990)0] Aers-z B B3t S aureus 1335 % SEC
E PAsH= FF71 48.9%, SED 15%, SEA 5.3%2)al
Hslgr) ¢(2000)8 A4 §H S 8. aureus ]
enterotoxin As FALo| A SEA 17.5%, SEC 0.6%T}
o Hustg o, 7] 5(2002)2 Aa FHERERYH
23t S. aureus 165 = 56.3%7} SEDE A4S} A1,
% 25L& SEBE FA]of A4kt shict. 3t
S5(1998)2 A&7 S. aureusEHE AYibEl=
so] EAYS AR AT 19F F HAT &
F (5.3%)%ko] SECE HE High vl qirh ¢
S vas) B 2ol At A7) o o
45 PAHE & 5 Ul
Ao it 7129 AFA et AT Aol &
AAFt} o]yl Aoji= FHHAR, A7), AY E =
A% BAHe] zjolo ot Aor FHHET 919
Ao At o] ol B3t S. aureus?] 54
o 72 SECZA, B ATASe] FUelA was

[e]

1o i

o2 o & oo AL K
N

== o

b
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© FHZELAE AFENA A 80] FH HEol
otyd, A543 4559 WAYo] SEARTH= SECO|
7148 7hsAdol e sk

SR H27hA] tha=e] Baiol o S. aureusol| 2
3t AFEoA] SEAS] 93 AFEo] 7H B3 Ao
2 A Atk A% B HUy 32 5294 A
w2 i7fA HEE & 5 o, £3 S. aureusS} 7
o] &H|E7] Hofl Ao A st BT YA
= = WA YoM v Fast AE ¢
A Atk HZ AN EAA Hle AS5E 97
= S. aureus7} A= A=Al 2031 gl 3e
SR QA o] ghrt weka] B Ao Aile=
S. aureus LT w7} tha A7|E SN =AW
oA SEA7} AEHo 2N FF FHAME 48F
S. aureus©)| 2T AFHo] WY 7HsAo] UL &
7 Ak

2 B

20 A eARHOZHE B3t S. aureus?)
B8 204 10.6%(172/1607), 2% 5.6%(9%
/1607) o] gich

A 79 FA A& penicillin (94.1%),
gentamicin (76.5%), tetracycline (70.6%), erythromycin
9 clindamycin (64.7%) 50|tk &8 F=9 3+
A e benici]]jn (88.9%), gentamicin (77.8%), ery-
thromycin ¥ tetracycline (66.7%), clindamycin (55.6%)
Solioh

E2H S aureus 2672 RE S. aureusS 3
5171 $letol cifAS olgsko] PCRS a4t A3t
28 mE @2olA 638bp2] clfA §HA} So]Hal
EAEol U, AE4 9 B4 234 F37 =
20 HEL A3} seq, sab, sec, sed, see L tstS 0] L
3to] PCRE 3% A} 49k Hx|o4] Heald .
aureus Z¥Z} 15| A 127bpo] ZZEAEQ A=A
AGI%)7t AZEUL, G2 BeRAE FEre
FAA AR o FEAEE Uehba gt
maba] 2 AFoA L] TR EHANA EalF S aureus
w25 7 ta A7) SR SEA §AA) A
SHOZN FF FUME AL S aureusol] 2
T A5 =0 I 7HsAol S ¥ 5 ATk

o fr o
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