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Antibiotic Resistance and Bacterial Biofilm Formation by Staphylococcus aureus Strains Isolated from Various
Foods. Lee, Joo-young, Hae-Jin Wang, Dong-Bin Shin, and Yong-Sun Cho*. Food Analysis Center, Korea Food Research

Institute, Gyeonggi-do 463-746, Korea

Staphylococcus aureus is a major human pathogen that produces a wide array of toxins, leading to a number of adverse symp-
toms. We examined 275 strains of Staphylococcus aureus isolated from various foods between 2006 and 2008 for antimicro-
bial susceptibility. At least 259 (94.2%) of the tested strains showed antibiotic resistant properties, and 106 (40.7%) of them
showed multiple antibiotic resistance. Eleven of the tested strains were resistant to oxacillin and mec A-positive. Moreover,
oxacillin-resistant strains were significantly more likely to be multi-drug resistant (p < 0.01). Of the 275 isolates tested, 24.4%
were noted as being positive for slime production and 30.5% were positive for biofilm assay. Antibiotic resistance was not asso-
ciated with a significantly higher prevalence of biofilm formation. Twenty strains were classified using the DiversiLab system.
Most of the strains could be classified into 2 clusters and 4 unique types. All 10 mec A-positive strains (cluster 1) were grouped
together into the same sub-cluster. Cluster Il (6 strains) was not found to be resistant to oxacillin in this study. Although the
prevalence of methicillin-resistant S. aureus in food is currently low, the risk of its transmission through the food chain cannot be

disregarded.
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aureus) W02 WA 745t glo] AZHA el AR A
74 Qi Agoltt. H2ol HUR opet x| x15o] 4

g}

3
o
=

filo

*Corresponding author
Tel: +82-31-780-9242, Fax: +82-31-780-9280
E-mail: yscho@kfri.re.kr

http://dx.doi.org/10.4014/kjmb.1208.08012

MRSA7Z} FH 9J5HA k&= 13 A&7 BHE MRSA
of gt Ldo] wj=toluf YEHE FollA BirEof glth[22].

WA Aol FAA e izt WA Fa% 9L she
A Zol @9 (biofilm)o] ot Fot2 Aldto] A FHe| F
et OF B GHAR S/ Y= FHolth. #9
o] &H3] FAEHW 1A FH| kA F2ZE 9lof A
AZF AL, AA HolM= T8 45 9ol "t E3t
HRHCRHE A(&EH 02 n|ES HESH]| P2l 73
0] A& 8] A4 (reservoir)@F Z2 HES jirt. v}‘lf% 5
& A& (planktonic life) & wjof ©
A, @‘*1]:&«1 54 Fol da A3 AFgEE 7M7) Q&
of i, &%, A&7} o o Ph(18]. FYA W8S Z=
Alato] ‘F_Ft-’]'% PG ol AL Fatel g5t
5 Bo|7|= Ao o]u] 55T = FAA WAL ©
&3t g FAA Y S5 FRIA7)7] dEe] 7o 3
Aég] %_‘f'_}:_ zg_s}— 'Gl—llgx-“ LH/H 71-% 7]Zﬂ o=z 2(_]— ?:S?_
At #ES AT FNEEATA L A FFRY FHA
of i3l AE Aol A wjFH Al (planktonic bacteria)E
o} 10~1,0008] o4 2 WAS T3] 1B E F9
o] FAH Aol sl A& Ar E ZY Aol LAE

-1> oﬁi ) bol'



S FAA Z FFA Y G40l X 7] g AdS A
A7 7F W - o] P 3L o] 2 QI YAH BEAE of7] &
5 9tk E3 wubo] YA H ol ) AFFo] T A
S FAA O oJgt 227} ok B Fholu A8 7=
A et XA F ] FAA WA oY Futof it
AT sty 4 JH AFolu 7tEzE AFA £
2 et FHU T AFTHF] Fubof 3t A7 FESE Aot

FZole FetEoko A FAA WS Ad LY A+

o] FATAE BAUste] YU ATA FH FAHE F
I 9tk FATAE ] A ohFst ol A
U Ag wlo] oY At g4 ofle THo] Stk 1
2} rep-PCRY & ©]8-3 DiversiLab & 23& 4+
ol AQ == A7ko] 4A7E o] Y2 wj$- Fow A5t A
o] B oz MY &7t A1 glolEE A% £4
317]7F golsty w2 AAAE 7FN I ITH1].

2 A= 214 glo] HIE et A FolA Eegt
Pz ATHe] FAA WS A5t 1 2AE EY
2 MRSA 94 #F3o tigt Fele staeH, oAl WA +
Fof figt B2} fE ARTA Boste] FME AL
o] E4E otstuzt stttk B3 HE|H FMEEAALH
o] wut AT YA WA AAAAE Lotr %} 5}
%},

~

e R Y

A8 M=

2006 HE 2008W7HA] HEF-F iAol A B =
Z5, AR, 2 9o] x3hd Woly AolZ, 7E 4K AlE,
Yol & 5186742 ARoA B3 N ZEALF 275
ZE2 g #FE 3¢ tH(Table 1). Ea#2 VITEK 2
Compact(Biomeriux, Marcy I' Etoile, France) 2] 5%

a =)
w8 PAEERTF 50| HolA Nutrient agar

Table 1. Distribution of Staphylococcus aureus isolated
from various foods.

No. of samples positive for S. aureus

Source
2006 2007 2008
Sushi 35 71 36
Kim bab 23 15 12
Cream cake 9 13 13
Ice-noodle 9 15 1
Hot meat 4 7 2
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(Merck, Dermstadt, Germany)ol|A] 37°C 24A]7F v &
0.45% sodium chloride inhalation &% 3 mlo]| 0.6 Mac-
Faland®2 =5 W& & AIE o 280 WE M2 SH[E
0.45% sodium chloride inhalation -2 3 mloj] &3t5}o] 2]
g5 2dsigth =5 wE AY 292 AST-P601
card(biomeriux, France)o]| & & VITEK 2(biomeriux,
France)E AHE-sto] YA A HARE sttt A 23}
+= Clinical and Laboratory Standards Institute(CLSI 2011)
of whet BAYstGTh 2 A ¥ 55+ benzyl penicillin(P)
0.125, 0.25, 1(ug/ml), cefoxitin screen(OXSF) 6(ug/ml),
ciprofloxacin(CIP) 1, 2, 4(ug/ml), clindamycin(CM) 0.5, 1,
2(ug/ml), erythromycin(E) 0.25, 0.5, 2(ug/ml), fusidic Acid
FA) 0.5, 1, 4(ug/ml), gentamicin(GM) 8, 16, 64(ug/ml),
habekacin(HAB) 8, 32, 64(ug/ml), inducible clindamycin
resistance(ICR), CM 0.5, CM/E 0.25/0.5(ug/ml), linezolid
(LNZ) 0.5, 1, 2(ug/ml), mupirocinMUP) 2, 4(ug/ml),
nitrofurantoin(FT) 16, 32, 64(ug/ml), oxacillin(OX) 0.5, 1,
2(ug/ml), quinupristin/dalfopristin(QDA) 0.25, 0.5, 2(ug/ml),
rifampicin(RA) 0.25, 0.5, 2(ug/ml), teicoplanin(TEC) 1, 4, 8,
16(ug/ml), telithromycin(TEL) 0.125, 0.5, 2(ug/ml), tetracycline
(TE) 0.5, 1, 2(ug/ml), trimethoprim/sulfamethoxazole(SXT)
2/38, 8/152, 16/304(ug/ml), trigecycline(TGC) 0.25, 0.5,
1(ug/ml), vancomycin(VA) 1, 2, 4, 8, 16(ug/ml)e] ™ A A
HAES st £F #FE= Enterococcus faecalis ATCC
29212, Staphylococcus aureus ATCC 29213 AH&3}5ith
[15].

Methicillin—Resistant Staphylococcus aureus(MRSA)
o REX BE

Oxacillin®] WAS Ay MICMinimum Inhibition
Concentration)”7} 4 ug/ml ©]AH(CLSI 2011)21 117]¢] £
ZFo| )3l genomic DNA extraction kit(RBC, Taipei,
Taiwan)E A5t =3 DNAE &2 AHESHITE ARE-St
primer= mec A FAAE st} A ZSHHTH17).
Oligonucleotide sequence= mec Al GTAGAAATGACT-
GAACGTCCGATAASLL mec A2 CCAATTCCACATTG-
TTTCGGTCTAATCTAAo|t} Z3ta4a A4 w22 9J3t ut
SN2 1U Taq DNA polymerase, 250 uMe] Z+z}2]
dNTP, 10 mM Tris-HCI(pH 9.0), 40 mM KCl, 1.5 mM
MgCl, (Bioneer, Daejeon, Korea)o]l 20 pmol primer, 5%
DNA 3 2 #7}5te] & uh8ol 20 ul2 3191, DNA &
2 T gradient(Biometra, Geottingen, Germany) PCRZ ©]
£3l9th PCR HHg 27-& 94°C 587F 27]4H-3, 94°Cof| A
30% denaturation, 64°Co]| 4] 30%7} annealing, 72°Co]| 4]
4527} extentiondl= A& 1cycleZ 314 10 cycles HHS- A]7]
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3, 27-& H}Y 94°Cof| A 45% denaturation, 50°Co|A] 45
27} annealing, 72°Co|A] 187} extention® 1 cycleZ
25 cycles HHE-51o] & PCRS 35 cycles ¥H-&A| T} mfx|q}
o 72°Co)A 108 dAsla PCRE £2381%th $Z€ DNA
9] 8912 2.0% Seakem agarose(Dakara, Kyoto, Japan) gel
ol A 100 V 2587t 7] %953t T ethidium bromide (1 pg/
m)E AT T UVE 310 bpE &2t mec A FHARE
gelstgtt

Automated Repetitive Sequence Based PCR(Rep
PCR)2 0|3%t 241 REE U=

Repetitive Sequence Based PCR(Rep—PCR) HiZ:
23 H #FE ultra clean TM microbial DNA isolation
kit(MO Bio Laboratories Inc, USAYE AME35lo] DNAE
Z0to] 25~50 nglugl 2 FEE 2 HNA AT &
3 DNAE o] &3t rep-PCRE DiversiLab staphylococcus
kit(Bacterial Barcord, USA)E ©]-& 3] 4] master mix 5%
HE wrEQTh HhgH RAL pep-PCR MMI1 18.0pl,
geneAmp 10X PCR buffer 25ul, primer Mix 2.0 pl,
ampliTaqg DNA Polymerase 0.5 W& A 23.0 Uz = &
template DNAZ 2 ul 7}3t & rep-PCR 8H8-2 A AT} ¥

2 A7l & 94°C 30%7F denaturation, 45°CoA 30%
annealing, 70°Coll Al 18 3027} extentiondl= & 1 cycle
2 3o 35 cycles& WHg Al7] 3 70°Col| A 387t HHE-A]
At

Agilent Bioanalyzers 0|28t DNA lab chipQ| Zu} &=

DNA lab chip®] ladder®} marker’} £3% gel-dye mix
£ 9ul Y3t starting syringeES ©]-&3] A DNA lab
chipo] A& A ZFh 14 Zof 7} wello] 5ul®] marker
£ 91 rep-PCRE AFEE 1ul YT & 18 5<F vortex
£ o] g3le] & EF3 T agilent bioanalyzer(Agilent,
USA)E o|&3to 235 #=53th PCR AHE2 150~
5,000 bp AfoloflA] afj 43 gitt.

2t s
Z 3+ Diversilab Analysis Tool for Typing Reports
24529F o]&3to] T=sFATH25].

= (Biofilm) &d Al

Congo Red agar(CRA) MethodZ 0|28} Slime assay:
A Zo| A B3t 27573 FE tryptic soy agar(Difco, Detroite,
MI, USA)9] sucrose(Daejung, Gyronggi-do, Korea) 50 g/

http://dx.doi.org/10.4014/kjmb.1208.08012

L, congo red(Sigma, USA) 0.8 g/LE Y1 121°C 15&
23 5 AF8eHEon CRA WA A 37°C 24412 wjef
of AeoH 48N WA T ARE Mo Yl LS
How WAL RN Y 2402 BYaY
[4, 6].

PlateE 0|25t TOk(Biofilm) assay: A Zof A &35t
2757435 tryptic soy broth(Difco, USA)ol| 37°Co| A 244]
7t vj kst #35 0.25% glucose(Daejung, Korea)7} E3HE
tryptic soy broth® 1/400.2 3]X3}o] o] & 96 well flat-
bottom polystyrene microculture plateso] 200 uld il
37°Co| A 242)7F HjokstATh. Mok Fof 200 ul PBSE 33]
AZ o Ao AZXAZ] & 1% crystal violet(Sigma-
Aldrich, St Low's, MO, USA)2.2 1587t A5t GA
Sof| FR2 33 AT F 200 We) PBSE A2 F 570 nm
o Al multi detection microplate reader(BioTek, Vermont,
USAE o] &3t FFEE 45t 2m blank] 3 A
9] =27} 0.15 o] Y of w4 FASE HYdrh 4o o
& 33 WhE AYE oA Bk AEEtich23].

L o8 o nE

=4 & SAXz]

SPSS version 12.0(SPSS inc, USA) L2 1L 0]-835}
AT vdEH o A - ATLE FYSE
p<0.05 A& {L7ro 2 FA Y oS f4stgon
p<0.1BANA B YT Aol & AAEA
23 g A%

SMZEATRO| SHIR LY T

20061 28| 2008 Afolo] Balgt FAEEATRY F
Aol tHRt N4 E (resistant)S Table 20 Leb )Tt 4]
FolA Y3t FAZE AT 2759 F FolA 25947}
Stut o]+ A da WS EEer ol HA 43
Z 94.9%2 Rhee[19]9] 90.9% R T =2 2= %t} 2006
W EEl+F 80wl gt HAE-2 benzyl penicillin(P)] o
3t WAE©] 90.0%= 7} =% fusidic Acid(FA) 17.5%,
tetracycline(TE) 13.8%, gentamicin(GM) 7.5%, trimethoprim/
sulfamethoxazole(SXT) 6.3%, erythromycin(E) 3.8%, clinda-
mycin(CM) 2.5%, ciprofloxacin(CIP) 1.3% %3 mupirocin
(MUP)& intermediate® 5.0%2] WAES ). 200749
2 121759 gt YAE-2 benzyl penicillin(P)2] W
AL 90.9%, fusidic acid(FA) 12.4%, gentamicin(GM) 8.3%,
oxacillin(OX) 7.4%, erythromycin(E) 5.8%, tetracycline(TE)
L7%2 FAA WS Bt 200849 HalF 74730 o
3t WA E-L benzyl penicillin(P)2] WAL 95.9%, fusidic
acid(FA) 13.5%, gentamicin(GM) 8.1%, clindamycin(CM)



Table 2. Antibiotic resistance of Staphylococcus aureus
isolated from various foods from 2006 to 2008.
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Table 3. Antibiotic resistance (%) of Staphylococcus
aureus isolated various foods from 2006 during 2008.

Antimicrobial Antibiotic resistance(%)

agents® 2006 (N=80) 2007 (N=121) 2008 (N=74)
P 72 (90.0) 110 (90.9) 71 (95.9)
CIP 1(1.3) - (0.0) - (0.0)
CM 2(2.5) - (0.0) 5 (6.8)
E 3(3.8) 7 (5.8) 4 (5.4)
FA 14 (17.5) 15 (12.4) 10 (13.5)
GM 6 (7.5) 10 (8.3) 6 (8.1)
HAB - (0.0) - (0.0) - (0.0)
LNz - (0.0 - (0.0) - (0.0)
MUP - (0.0 - (0.0) - (0.0)
FT - (0.0) - (0.0) - (0.0)
OX - (0.0) 9 (7.4) 227
QDA - (0.0) - (0.0) - (0.0)
RA - (0.0 - (0.0) - (0.0)
TEC - (0.0 - (0.0) - (0.0)
TEL - (0.0) - (0.0) - (0.0)
TE 11 (13.8) 2(1.7) 4 (5.4)
SXT 5(6.3) - (0.0) - (0.0)
TGC - (0.0 - (0.0) - (0.0)
VA - (0.0) - (0.0) - (0.0)

@Abbreviations; Benzyl penicillin (P), Ciprofloxacin (CIP), Clin-
damycin (CM), Erythromycin (E), Fusidic Acid (FA), Gentamicin
(GM), Habekacin (HAB), Linezolid (LNZ), Mupirocin (MUP),
Nitrofurantoin (FT), Oxacillin (OX), Quinupristin/Dalfopristin (QDA),
Rifampicin (RA), Teicoplanin (TEC), Telithromycin (TEL), Tetra-
cycline (TE), Trimethoprim/Sulfamethoxazole (SXT), Trigecy-
cline (TGC), Vancomycin (VA)

6.8%, erythromycin(E) 5.4%, tetracycline(TE) 5.4%, oxacillin
(0X) 2.7%%5 Yett.

20060 € 2008 71X <] MA| EejdF2 FAYA WA
2 A= Table 33 Zth. Benzyl penicillin(P)o] 92.0%2
7 e WAES BPon fusidic acid(FA) 14.2%,
gentamicin(GM) 8.0%, tetracycline(TE) 6.2%, erythromycin
(E) 5.1%, oxacillin(OX) 4.0%, clindamycin(CM) 2.5%, tri-
methoprim/sulfamethoxazole(SXT) 1.8%, ciprofloxacin(CIP)
0.4%°] 8 S 7FH A (intermediate)2 fusidic acid(FA) 13.8%,
erythromycin(E) 3.6%, clindamycin(CM) 1.5%, mupirocin
(MUP) 1.5%, gentamicin(GM) 1.1%S UEFHTH Adof A}
48 el 2] G o] haAE 100% 7H44 (susceptible)
2 byt S S5 A Bol A BeE FHREAT R
20 YA WA A7) WA benayl penicillin(P)el
gk WA Eol 100.0%, gentamicin(GM)©] 0.0%Z & A ¥

Susceptibility (2006-2008)

Antimicrobial - - -
agents® Susceptible  Intermediate  Resistant
(%) (%) (%)
P 8.0 0.0 92.0
CIp 99.6 0.0 0.4
CM 96.0 1.5 25
E 91.3 3.6 5.1
FA 72.0 13.8 14.2
GM 90.9 1.1 8.0
HAB 100 0.0 0.0
LNZ 100 0.0 0.0
MUP 98.5 1.5 0.0
FT 100 0.0 0.0
OX 96.0 0.0 4.0
QDA 100 0.0 0.0
RA 100 0.0 0.0
TEC 100 0.0 0.0
TEL 100 0.0 0.0
TE 93.8 0.0 6.2
SXT 98.2 0.0 1.8
TGC 100 0.0 0.0
VA 100 0.0 0.0

aAbbreviations as in Table 2

2 benzyl penicillin(P)2] WA o] A4 88.8% gentamicin
(GM) 8.0%= gentamicino]| A 2F7F =& A WA Y
Bttt SAAF A E2 % 29 3 E AXA g
AFE s, Az oA Atgol ol S Z =Tl
o g 7hsAdol w1 o2 Qs A AR 7HA] FAA W
d+to] g 2 %27k A9l

2006'd01 4 20089 <] A WA & HH 2006
Joll& ciprofloxacin(CIP)¥} trimethoprim/sulfamethoxa-
zole(SXT)ll A A Wol A +F7F 22l = o] 20074
~2008d = oh2 FAA WA FFE EAh(Table 2).
Benzyl penicillin(P)9] XA WAHEL 90% o=z
Hwang 5[5]9 #& SAHEA EE3 AL =AFH49]
HYAY WAE 80%ETh 52 222 7H 228 A&
oA RejE FHZ=ALAA Y HYAH FAAA Aol
AZvet &0 Z AZET. E3] 200699 mupirocin
MUP)9] intermediateq]l ¢ HZ(5.0%)% 200797
20089 9] oxacillinOX)o] that WAL 712 F9| A2
MRSA(Mechicillin Resistant Staphylococcus aureus) W4
#5723 EHUH(Table 2).
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AEEE pold PUTEATRE A WAL 19714
Alget A & 292 P, OX, GM, CM, TE, FA, MUP,
SXTof| Aol Agen A2 P, OX, GM, CIP, E, TE,
FA, SXTS| 8714 £5¢ FAANA BAS deric
MRSA9] YA+ #H 9+ oxacillin®| L mupirocin®]] WA
of Yt FFE 2, AW, WHdH AEHAY. 59
MRSA 397 420 293 e £2 YA £8 B
o] AR AFoln, Wei 5[24]°l otH FHEZE=A A+
NFEEL 22 2exe] o5 WAL et 14Dz
FHZEATTO| o5 A Eol 2PHA FES FAA7}
MAAY S AATHA st AF5S oAgsto]of st A
A WA S LT BA o et A& A+LE
So PAA B TAAL 5 A5 PAS mAT YR
Kol ek,

SMIEAATHO| CHY| LY /&

Al Foll A gt S AT A WA 32 Al
Aol AHEE 1971A] A o Haf WA Bl #+F Fol
67 (2.3%) 0 A 571X FAA A WA= BA L™ 4717
FAA O WS B o2 3dF(1.2%), 37HA A W
A B w2 273 5(10.4%), 27FA] A o S =2
Q1 - T0FF(26.9%) 01 HA #F F 370 o]+ FA
Aol WS HeQl 42 3673(13.8%)H 27}A] o]} YA
of oAl WAL 2ol #2 10673(40.7%)Z e
oxacillin®|t} mupirocin®] W& 7H #F+= oA WS
B3t} Park S[16]°] 93t methicillin WA #+F9 2%
= U2 AN WAEECl A S718te AEFE Bl
I ST

Benzyl penicillin®} fusidic acido]] WAAS 7H o2 437
F(16.5%)% 7MY £ HEES U TH(Table 4). A&
oA HEE FAZEATT0| olv] oA YAS ES5FL
o oA WAl 98 A S=o] HA S de g
A 7ol ofggo] dit "t E3 A oy B W 2
2 Ao dQlH o g Aol & 7heAdo] ok 1Y ER &
A F o B HE Y 0 Hof o3t A7 SHHA Rt
Fasty AZoA Eeld FAA WA FH L= FT
A QAL ol A EeE FA o] YA WA
of tigt v, £4 AFE Tl LH HEY ot d
Y A Aol Fasirta AZhETh

Oxacillin L =0 st mec A SHX} &0l
Oxacillin(OX)]| tJ3t YA 712 & & MRSAZ §&5
£ 1173 WA PCRE o|-&3l mec A FARE &<l 3
A3 1175 A 327 AEH AT Kim F[4]0] &8t
oxacillin(OX) YA &350 mec A FAX7}F & JAo =2

http://dx.doi.org/10.4014/kjmb.1208.08012

Table 4. Patterns of multidrug-resistance to of Staphylo-
coccus aureus isolated from food samples from 2006 to
2008.

antir;lnci’égbial Resistant patterns No. of - Total
i 0
agents isolates (%)
P OX GM E FA 1
6
5 P GM E TE FA 1 23)
P TE FA MUP SXT 4
P OX E FA 1 3
4
P OX GM E 2 (1.2)
P OX E 4
P GM FA 15
3 P GM E 1 27
(10.4)
P E FA 6
ClPp E TE 1
P OX 3
P GM 4
P TE 1
70
2 P SXT 1 269)
P FA 43
P E 7
GM FA 1
1 P 149 154
FA 5 (592

A2E Ay Y 2H4E A o] & #FE cefoxitin
screend A} BF A& UEH o™ penicilline]] WA o] gL
O seg FAAE 2% 7R Q1% th(data not shown). &
8] 27k o] A ol oAl WA o] STt Oxacillin W
A3 oA WA Tz p<0.01 o|3t2 FJA4o] wl-¢- =8kt

Lim S[14]°] 23t MRSA¢] 98t © JL& Apgto|ut 2t
Y #9, FHET SLEE FAFEI Kwon F[12]90 93t
H 2 g3 Yukol £of A MRSAS B E0] 18.1%F L
FAA ] Wo| =&H ] JSFE 2 £YES Ui
I BT} B3 Lee 5 [13]0] J3tH Sh=3t U E oA
T2 HASE S5 S S0 OFE FHgA F
2 gty sttt 28 B E A, 29 59 34 4
A Zo A MRSA| 93t =& W7l w00 2 EH &S
o8 7Hx] F22 g4 F 271 ok ©Y MRSA9] &)
Ao HASHE S Y= A8 Y oY 74 A4S of
718 27k ok, 2B R FEgs 2. 9Y 8L FaA
G Z Aol Gt A F9 L F-E Aol BHA S of &)
o FAE A0 FAA WAl gt HZHdE AAsE
L olof thgt kS WA shefof it



Automated Repetitive—Sequence—Based PCR(Diversi—
Lab)oil oI5t CrA| Liedztol| ChEt f&H e Hlw

47} A o) A A A ThA] WA o] AU oxacilline]] U
Aol = 20| 34 automated Repetitive-Sequence-
Based PCR(DiversiLab)& o] &3t #5329 434 g8
H| W3} th(Table 5). B|I @3+ 20063 673, 2007 9
T3, 2008¥ 57#FS AE-3519th. DiversiLabol 93t &3
st AH5AS v st 23} DiversiLab analysis tool for
typing reports 24529¢f 23 90% ©JAre] AEAHO=E 6
Cluster2 F+E5Eth(Fig. 1). Cluster I kfri 15, kfri 17,
kfri 14, kfri 8, kfri 10, kfri 19, kfri 20, kfri 11, kfri 12,
kfri 9(10¢)2 99% oY FA4 A4S 7HI e
o Cluster II= kfri 1, kfri 2, kfri 3, kfri 4, kfri 5, kfri
6622 99% o] F Y AR AeAS 7HAL e
Unique type I~Unique type IV(kfri 7, kfri 13, kfri 16, kfri
18)& 7} shte] #2 B8 =it £3] Cluster I oxacillin
WAl i BEAY mec A $HAZ ERST Y 27
0]l Cluster II+ oxacillin WAJo] §l= F50]™ 2006 9
Eold 54 E3| Cluster [0 £ Q= kfri 172
FAA A AE oxacillinol] o] YL mec A 3
A5 B85 19Tt Unique type I2 FEE= kfri 7+
& oxacillin W& 7HA3L 1oy Cluster [¥+= THE 3
92 73 gl T ARAY SAEE 90% o] L0
2 A 2 @AH B8 #7229 Unique type
M2 &%= kfri 132 £ 89 ¥ $olA 7P =2 ¢
A Wee AU gl #5:%. Unique type 119} Unique
type IV 22 ZAAUA e ARoY THE AlzoA
LRl A

71& AFolA FATH FeA dte AFsEol T A
A3t 2AE 8 G #F AA R £2E #Fo A
3 GHEAQ A 502 AMESEA U MRSASL Zo] £74
FAA A WAl A= #FEol et A+E AU, B
NA FAEE = 3o et A= U] AP Qo
a9 B2 thazt NS 75 ¢ AFolA £ 2=
Aol dE 54 FAR, FEA WA Sl
A A &7 diet A= vl ARolth 2ol A
2 DiversiLabge ©]-§3F 32 A4 #4 profileo] T
g A7k ol Hir 9len, DiversiLabg o837t 42
PFGE(pulsed field gel electrophoresis)®] H|3] intra-,
interlaboratory 79 A &@A o] wj& =220, 21, 25] A A
o] itk Tyt 17k B4 B o 2 QA B2 profile
s Bestm 9x gk wHel Ut metd %
DiversiLabs &3 A1ZolA £88 FHZ=FFo] o
g AR AEAd ol g B2 profiled F-EAA 2 F
o] A} Red 9 54 9 YA WA 59 Aetst

=2 O S
2 gt
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Table 5. Characterization by DiversiLab of Staphylococ-
cus aureus.

SI?;L Resistant patterns Source  Year
kfi1 P TE FA MUP SXT Sushi 2006
kfi2 P TE FA MUP SXT Sushi 2006
kfi3 P TE FA MUP SXT Sushi 2006
kfida P TE FA MUP SXT Sushi 2006
kfi5 P GM ICR?*E Kim bab 2006
kfrié P GM E TE FA Ice-noodle 2006
kfri7 OXSFPP  OX Sushi 2007
kfi8 OXSF P OX E Sushi 2007
kfi9 OXSF P OX E Sushi 2007
kfri 10 OXSF P  OX E Sushi 2007
kfri 11 OXSF P OX Kim bab 2007
kfri 12 OXSF P OX Ice-noodle 2007
kfri 13 OXSF P OX GM ICR E FA Ice-noodle 2007
kfri 14 OXSF P OX GM ICR E Kim bab 2007
kfri 15 OXSF P  OX E Sushi 2007
kfri 16 P ICRE FA Sushi 2008
kfri 17 P ICRE FA Sushi 2008
kfri 18 P ICRE FA Cream cake 2008
kfi 19 OXSF P OX ICR E FA Sushi 2008
kfri20 OXSF P OX GM ICR E Sushi 2008

&Abbreviations; Inducible Clindamycin Resistance (ICR)
PAbbreviations; Cefoxitin Screen (OXSF).

2 =4t AEAe] e ATE B AFES 70
t A7 gasichn 4zEc,

Sz A 25t 7t (Biofilm) &

AZ 2 congo red agare] 2|3t slime production assay
2 o FA izt Y A I AT 27T T
67 T2 24.4%%2H o] ZFHE Wolf Ao A &
Bg FFOH IUE A Be T 34 278 A2
Tt Biofilm assay® w9t A2l #FE= 30.5%0]™ =¥t
oA Bejgt #F7} 34.5%= 71 wol FA =3It (Table
6) A WAL 7ot FAETY FLBAE EAE EH
slime ¥4 #F+= fusidic acid(FA), mupirocin®MUP)2] ¢
A FAA Y WAL FAA YuiE < T 5 Y%
(p<0.05) tetracycline(TE)ol| A 323t 2}o](p<0.1)7} 2A
HQltt. Biofilm assayol] 23t #% F AL mupirocin
(MUP)#} oxacillin(OX)ollA] F2J3k Zko](p<0.1)7} A=
of. Iy, o E 9 A WA oAl WY ol A
ojA A AT HA7E Ylth(Table 7). Kwon 5[11]
< oA WA FAAY a7 B2 E 29 S Sk
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Diversilab v 3.4
PC

=230

Key Sample ID
1 Kfri_15 | | |
[ > Kfri_17 |l | |
| 3 Kfri_14 |1 | |
a Kfri_8 |l | I
s Kfri_10 | | |
6 Kfri_19 |l | |
7 Kfri_20 I | |
_ s Kfri_11 I | I
s Kfri_12 I | ]
10 kfvi_9 I | I
11 kei_7 I I | I
| 12 Kfri_1 |
13 Kfri_2 |
1a Kfri_3 |
— 1s Kfri_4 |
1s Kfri_S |
17 Kfri_6 |
18w TN
19 Kfri_16 | | | |
20 kfri_13 I I
I + + + i
S0 =S 0 a5 100
=5 Similarit
Diversilab v3.4 0_?0 smﬂ
:‘530 % Similarity
1 kfri_15
2 kfri_17
3 Kkmi_14
4 kfri_8
5 kfri_10
6 kmi_19
7 Kkmi_20
8 kfri_11
9 kfri_12
10 Kkfi9
1M kfri_7
12 kfri_1

13 Kfi_2

14 Kfi_3
15 kfri_d
16 kfi_5
17 Kkfri_6
18 Kfri_13

Kfri_16

20 Kkfri_18

Fig. 1. Rep-PCR generated dendrogram for the 20 Staphylococcus aureus isolates form 2006-2008.
An Sl cutoff 95% was used for interpretation of relatedness as depicted by the vertical line.

e YT 7ok O E 2HE e o€ Kwon 5 HlRSIGY QA I AF #F Bk YA WAEECl &
112 44 FFolA 307k FAA o Hidt oAl W ES 7] W2l ofek 22 237t ugte |zt Az th(Table 8).

—
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Table 6. Biofilm formation of Staphylococcus aureus from
various foods.
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Table 8. Frequency of biofilm formation according to the
number of antimicrobial agents.

Sals Slime production Biofim assay ~ No. of Slime production Biofilm

assay (%) (%) antimicrobial agents assay (%) assay (%)

Sushi 39 (27.5) 49 (34.5) 0 3 (20.0%) 6 (40.0%)
Kim bob 11 (22.0) 10 (20.0) 1 26 (17.0%) 3 (28.1%)
Cream cake 12 (34.3) 12 (34.3) 2 23 (37.1%) 8 (29.0%)
Ice-noodle 4 (11.4) 9 (25.7) 3 10 (37.0%) 1 (40.7%)
cooked meat 1(7.7) 4 (30.8) >4 5 (27.8%) 6 (33.3%)
Total 67 (24.4%) 84 (30.5%) Total 67 (24.4%) 84 (30.5%)

Table 7. Correlation between antimicrobial agents and
slime production.

Slime production

Antik;nilc,—o_ assay (%) Biofilm assay (%)
agtlaants Resistant 99N pegitant  Signifi-
cance cance
P 63/253 (24.9) NS 76/253 (30.0) NS
CIP 0M1(0)  NS3 01(0) NS
cM 3111 (27.3) NS 411 (364) NS
E 6/24 (25.0) NS 5/24 (20.8) NS
FA 33/77 (42.9) p<0.05 28/77 (36.4) NS
GM 7/25 (280) NS 10/25 (40.0) NS
HAB 000 NS 00(0) NS
LNZ 00(0) NS 00(0) NS
MUP 414 (100) p<0.05 4/4 (100) p<0.1
FT 00(© NS 00(©) NS
oX 11191) NS 0M11(0)  p<0.1
QDA 00(0) NS 00(0) NS
RA 0/0 (0) NS 0/0 (0) NS
TEC 00(© NS 00(©) NS
TEL 000 NS 00(0) NS
TE 7M7 412) p<01 817 (471) NS
SXT 4/5 (80.0) NS 4/5 (80.0) NS
TGC 000 NS 00(0) NS
VA 000 NS 00(0) NS

BNS: not significant

T2 A AZY 2 @0 #2HE Alato] ¢8| A
ARA EFUE BF FEEL Foo] FAHHE d2 AENA
Hol7h dojutAl "t o] FA Hol7t dojutd FAAY &
A Aol Ad #F7F BEn. ehs 3T 47t
AFolu A &7 Soll A = FatAlel wadol A
AM AF9] HEA] Dol A Ho HFH o2 AF
BHA EAE oI5t "2, 6, 10]. E3F FYA W=

AW #3272 FAst] AL GOy X2t of
4 9lth. I9jBE 4F 87 © 4B B8 7

He 2
Fof gist Fot FAT AT BAof tigt A+ E Futo]
FAE FFo tigt &34 Ao W gigt A+ L 4]
E2 FAF%tE @A AN FHETATH] 2 A4S o
A7l A8 dor A4 Aoy =4, WrtF 59 A+
7} asitty AyZEo
Q OF

20069 L E 2008\ 7HA| thokal Al Eoj| A Halsh %HH&

AL 2757430 A sHu 0]“«] FAA ) WS Y
e St 259—,—(94 2%)0]‘11 benzyl penicillin(P)©] 92.0%§

7 =2 YAHES BT} 106(40.7%) F327F 2714 o)A
o] grAA o st WS et e 37kA] o) A
o YAS Hl #%= 365(13.8%)% Tt Vancomycin®] o 3
A WS B 5= ¢

AFHEE 20T AdA AEE 437 85 FY A
Aol -zt WAS et e MRSA #53+= 11FHA 275
F)7F 4% HEF Ao Oxacillin WA oA WA 453
t}. Automated repetitive sequences based PCR microbial
typing system(DiversiLab)2 2 oxacillin A o] QAL ot
A WA 20500 He F3S 4% 23 DiversiLab
Analysis Tool for Typing Reports 245299] 2]3}] 90% ©]AF
9] AFAL 2719] Cluster®} 47]9] unique typel 2 &5
At

Congo red agar®] €3l slime production assay= 9t
?‘iﬂ/ﬂ oﬂ tHz‘s]— OhH 733!,} -“r]-q]- 341\% 01:1\—],9_ 275;{-2,4_ Z 674
F2 24.4%, biofilm assay® 9 %42l #FE= 30.5%°]H
2ipolA Bela 257 34.5%2 7Y wol 4 Hele

A A3 2o B e ABBAE BE v
slime ¥4 #F+= fusidic acid(FA), mupirocinMUP)9] ¢
o FAA Y WAL FAA gulE AT 5 AATHE <
0.05). ThHA] WAt ¢F wut B4 A4 TA 7 ¢lsich
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