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Abstract  Staphylococcus aureus, a major human pathogen, produces a wide array of toxins, which causes various types
of disease symptoms. Prevalence of S. aureus in various foods collected during 2006-2008 in Korea was investigated. S.
aureus was isolated from 275 of 5,186 (5.3%) food samples collected from hyper-markets in Korea. Seasonal temperature
affected the prevalence of S. auwreus in various foods with high isolation rate during the summer. Most of the
enterotoxigenic strains produced enterotoxin A only or enterotoxin A in combination with another toxin. A total of 54.5%
of the tested strains contained either one or more enterotoxin genes and 3.6% possessed a st gene. This study offers basic
information for securing the stability of food during storage and circulation, and provides an epidemiological tool to study
the cause, origin and temporal spread of S. aureus food poisoning.
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RPLA(Reversed Passive Latex Agglutination)& O|E¢&t &
Mz S4 ZA

A APo R g 45 tryptic soy broth(Difco, Detroite,
MI, USA)lA] 35°C, 24417F vlQF %, 3,000xgoll A 2087 €4
e & Aeds AN R 5] microplated] AlH &dE&
3]4y5le] SET-RPLA(Denka Seiken, Tokyo, Japan)2] 7+2} latex<}
= latex 25 uLE Z2F H7bkste] 1087 & wwkstal, 15-20°C
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PCREZ 0|28t SMEZ AT Ho| E4 ZAt

A AHeR T4 &1 #5E nutrient agar(Merck)E ©]
&3te] 37°CoN A 18-24A17F vk 5 genomic DNA extraction
kit(RBC, Taipei, Taiwan)E A3l 3 DNAE #2] AM-3I4
T}, PCROY| ARE-3F primers A X AT 255 8 B
A B2 A=A FHA sea, seb, sec, sed, seeSt seg, seh, sei,
sej :Lﬂ; JRra q_/a o}o:] 71— %_/,\_ .ﬁ_;q;q.g]. Eo];a oz 7:175L
3= primerE ARE-31E 2™ 16S rRNAT internal positive primer
2] A3l HH(Bioneer, Daejeon, Korea). Oligonucleotide primer

Table 1. Staphylococcal toxin-specific primer sequences used for
multiplex PCR of staphylococcal toxin genes (sea/see, seb-sed,
seg-sej, tst/16S rRNA)

Toxin Size Ref
Oligonucleotide sequence erenc
gene (bp) e
SA-U Universal forward primer B
TGTATGTATGGAGGTGTAAC
Reverse primer for sea
5¢d ATTAACCGAAGGITCTGT 27013
Reverse primer for see
5¢¢  GCCAAAGCTGTCTGAG 2513
TCGCATCAAACTGACAAACG
seb 477 14
GCAGGTACTCTATAAGTGCCTGC
CTCAAGAACTAGACATAAAAGCTAGG 71 14
sec
TCAAATCGGATTAACATTATCC
J CTAGITTGGTAATATCTCCTTTAAACG 318 14
se
TTAATACTATATCTTATAGGGTAAACATC
CGTCTCCACCTGTITGAAGG
seg 327 15
CCAAGTGATTGTCTATTGICG
CAACTGCTGATTTAGCTCAG
seh 360 15
GITCGAATGAGTAATCTCTAGG
CAACTCGAATTTTCAACAGGTAC
sei 465 15
CAGGCAGTCCATCTCCTG
CATCAGAACTGITGTTCCGCTAG
sej 142 15
CTGAATTTTACCATCAAAGGTAC
AAGCCCTTTGTTGCTTGCG
tst 445 15
ATCGAACTTTGGCCCATACTTT
168§ GTAGGTGGCAAGCGITATCC
228 14

RNA cGCACATCAGCGTCAG
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9] sequence= Table 13} 73TH(13,14,15). Multiplex PCR RFg-1&
1U Taq DNA polymerase, 250 uM dNTP, 10 mM Tris-HCIl(pH
9.0), 40mM KCI, 1.5mM MgCL(Bioneer)°ll 25-50 pmol primer,
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cycle®2 34 35 cycles WHE A|7]AL 72°ColA] 587 BEg-S A
A3k ukgo] B Folle 4Coir BASAT SEE DNA
+ 1.5% Seakem agarose(Takara, Kyoto, Japan) gell*] 100V
2587F 2719% 3 3 ethidium bromide (1 pg/mL)E 158 4
g T 208 YA ¥ UVE ER1stSith. DNA ladders= 100
bp(Bioneer)S AHE-3F Tt

Lo A
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= #A%elH, DI #ol 0°H BE EEFE0] 22 735 7t
Ae AR sjAdrt.

Typeability:= typing®] 7Fest 455 WA A 4542
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W2 v wsl7] 98] Hunter2} Gaston(16,17,18)2] 3242 3
Z3te] DI #t2 T8lith

DI=1-1/N(N-1)xZnj(nj-1)
(N: ZARE A3S 457, nj: j HA ol &3k 4559 §)
24 2 SAXZ
SPSS version 12.0(SPSS Inc, Chicago, IL, USA) ZZ1# &
o] &3] FAIIGE HAE&E ] Ui yAFLE FoF
E p<0.05 M= FroR FTAE FoAdL dldsgen
of& AAAAA BAE ol 8siA AT 0.05 FEolA FAE
AT A A 7k fedS sk
Ao g
T AE0Mel EMEZEAMTHe| 22|
200635 200871A] thE-g-Ew
2,159, Ayt 1,1974, Z-¥o] E3g I Ael= 6854, 7t
A 7F © A8 AF 7447, WHE 401749 F 5186719 AF
NEE AF%oM w—h‘iE*oH‘L% 22 24F 3 A3 2006
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H2]8S B tK(Table 3). ¥HL 7198 AFS A3 44 2
el vi2 &34 g7] vl BEgo] 2 A2 YH HHA=
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Table 2. Number and percentage of food samples contaminated
with Staphylococcus aureus from foods collected during 2006-
2008

Year  No. of samples No. of samples Detection rate
) p positive for S. aureus (%)

2006 1638 80 49

2007 2183 121 5.5

2008 1365 74 54

Total 5186 275 53

Table 3. Prevalence of Staphylococcus aureus in various foods
isolated from 2006 to 2008 in Korea

No. of samples Detection rate

Source No. of samples  positive for S. %)
aureus o
Sushi 2159 142 6.6
Kimbab 1197 50 42
Cream cake 685 35 5.1
Ice-noodle 401 35 8.7
Hot meat 744 13 1.7
Total 5186 275 53
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Table 4. Average cell population of Staphylococcus aureus from
various foods in Korea

population Source
(CFU/g) Kimbab (%) Sushi Ice-noodle
negative 132(97.8)  1277(97.3) 343 (93.7)
less than 100 1(0.7) 2922)  20(5.5)
100 over-less than 1,000 2(1.5) 5(0.4) 1(0.3)
1,000 over 0 (0) 1(0.1) 2(0.5)
Total 135 1312 366

100 CFU/g % 7128 |, A&9 kel £2= 200-5,500
CFU/g°1R 3, HHFH 22 600 CFU/ge] ZAx}t Wt} 24 2)Zo
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A& HAh ol SAAHFAFEC] FF DA AF HI WY
of wmeby =gl ek L= tEA vehdes 2
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Fig. 1. Monthly variations of Staphylococcus aureus in foods
collected during 2006-2008.
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Table 5. Distribution of enterotoxin phenotype for Staphylococcus aureus isolated from various food samples

No. of positive

Phenotype of enterotoxin

Source
samples SEA SEA+SEB SEA+SEC SEA+SED SED
Sushi 42 36 4
Kimbab 14 13 1
Cake 8 6 1 1
Ice-noodle 9 8 1
Hot meat 3 3
Total 76 66 6 1 1

Table 6. Distribution of enterotoxin genotype for Staphylococcus aureus isolated from various food samples

Genotype of enterotoxin (%)

Source
sea seb sec sed see seg seh sei sej tst
Sushi 31.0 1.4 42 12.7 5.6 254 10.6 254 49 2.8
Kimbab 28.0 0.0 12.0 2.0 8.0 42.0 12.0 40.0 0.0 8.0
Cake 17.1 0.0 5.7 0.0 29 28.6 8.6 28.6 0.0 2.9
Ice-noodle 25.7 2.9 0.0 0.0 29 22.9 11.4 20.0 2.9 0.0
Hot meat 30.8 0.0 0.0 7.7 7.7 15.4 7.7 154 0.0 7.7
Total 28.0 1.1 5.1 73 5.5 28.0 10.5 27.3 2.9 3.6

1073.6%)7F AE=Ach A& 2F2 AW 4708.0%)% 714
A& AF 1F(7.7%), 2 45702.8%)= At 784S AEe
AeE O AE Hs] aHRE AES ) sl W B
o] &2F3| A7) 4% AFo|BE INxETTF F2lo] HA I

g5 QAL o]& QIS AFEe] fEdS o yEd &3 3
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215F(42.0%)9} sei 207 (40%)% THE 2]Fo Hl|A =A st
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2 Ao} FAIAY. E3F seg seiv= human staphylococcal
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F7F 10%=2 FAFACE ol A2 AR HEH G2
BT O RARE BRelal e 2oE Alsdr) §
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FARAE 7L U= dF, sea, seg sei, tsto] 47FA] H4& A
A5 7T e dFE 7 55(1.8%)ATE Foj& HiA B
e T8 528 oS AT A sea FAE sec seh, se,
st 79173 (p<0.05)0] AUNCH seg AT sei, sg, 15t Fold
(P<0.05)°] AU 15t ZAE seq, seg seiz T3 (p<0.05)S B
Att. seb, see= p>0.05% Z27b0 FelAdo] gt olzie 4
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Table 7. Distribution of enterotoxin genotype for Staphylococcus aureus isolated from various food samples
S No. of positive Genotype of enterotoxin
ource
samples sea  seb sec sed  seatseb  seatsec  seatsed seatsebtsed seatsectsed
Sushi 55 31 1 10 1 4 6 1 1
Kimbab 16 9 1 1 5
Cake 7 5 1 1
Ice-noodle 10 9 1
Hot meat 4 3 1
Total 92 57 1 3 11 1 10 6 1 1
Aol digk A57F dast 718 AFEHAR] sea 54910 B e oF
of gk AF= HaPFojof v} g ?‘&*—71-33 AFoM F= &
e PAI Tt S tg FEe AFE B AT v 4 MY Foll 23 dle] HA e X
= A St 2AF AER 28 F 913}1 AR E T Zgtell el =, AN A5 AlE, ™ol E3E W, Alo]
= i, ‘@“49 T AF FRA BaHeE mid 53% &
EMEZCMTTO & *é(phenotype)-l—} %8 (genotype) Bl g&3 Blon 7k S AR AT = S EEdT
=42 A, B, C, D= SET-RPLA #1913 PCRYECE AEF = o] ¢ 31 AbgslA] 43 "ol ASE & ddrh T {5
kol BT HADE e A% 442 B4 FAAE B 34 0 wigel 4F 0@l b Tae Qo] Hue 3
F8 A7 07 wwle] EAY A T6RE FAAE 7H AL S48 #F Wldgel Base s 4% i)
Az Qe 7 F 83.5% At 545 YYITL dFse]l sk mE HAE SAG HA] A s B FES &
Zth(Table 5, 7). 53] SED S sed fFAAE HASL = Alstolof 3tk FAEg7ate] b= AE9AW 7154 100
20 7 FANE Sa7t AHEA AROU sed FAAE BE cfug ol AZE ARE el 15% WHe] 15%, 2
B Sl 9 o KL AHAE. Fo0E el f o] 0swelt B B 9] 768 cfg® 1 S
NHS AFR A3} 4Fh A, B, C5 RUAFE p<00sE F A 7o) o] o5 29F 4FS W #F YL AN B
A el felgel Aok, A% D p>005 oldeR F A W odwe] R4 FAHe] 4F5S 438 7hsAe] uls
A 7ol Felge] AT ol AHA DE sed HUAE BE  BOHE 27] oo vld BAF Bt el X
S glol= B Aol B B4 B thu FEoAY thE  =AFEE Suo] L wor AWEE g FHTE
E25E FAAE /MY e AT B2 3del 2 ¥t A% TR 0%0] ERou Ao Bt aTAAE A
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