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mecA A AL A8t JE}A < BAHE 2SI, ssr A Q) MRSAE 422 Pulse Field Gel
Electrophoresis (PFGE)¢l] 2] 3t A8 & FHF22 M A A 3¢l ¥A4 A 54& BYstaa sige. 12
3} 228171 ¢] ol A 17358 A4 FA U S. aureusT e84 00 AE4 9 CEALI} 244 39%, 58%F
A Aoz el §44] 34 A 54 FHFE ZFMRSAGLH, o] 5 51%7} fsst YA 9l AL
2 Yeld T etg, et A A EF A Fke) mecA WA FA A MRSA 254 97%7} A3 22 Jelyde. ssst
3732l MRSA 8857 422 PFGER A3}, 107 9] 322 JHsler] 25 AY, HY 9 F¥ o] 42 58%,
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Staphylococcus aureus (34
ol FOBA QA FAY
BE, 4%5E, 8%, ¢4
HEEN 9 =4 43 oF7] A7l
aggd Fgolth o]5L w59 HAzkE-g WelEh 549
83 AR} H= YEA coagulase, exotoxing! hemolysin (
LY=L, 2FE g9e] i enterotoxin (FHEL), toxic
shock syndromeS YL7)% toxic shock sydrome toxin (fsst), W
75 T3 leukocidin B HFEPEEAR] exfoliative toxin
ASt B (eta, eth) 52 HAUAE UL Qe Ao UHA
ATHB).

AT TS Y 2 Ao E3)

Loz, Tl 98 71A] FA WAS A methicillin
WA A ST (Methicillin-resistant  Staphylococeus  aureus:
MRSA)] Eoju BA7} =l Qlk.

MRSAZ FE mecA A 23] AR HE #udd 4
& Y A (penicillin binding protein, PBP 22)2.& <18} penicillin,
cephalosporin, carbapenem 5 EE B-lactamAe] YL dosH,
macrolode, clindamycin, tetracycline, aminoglycoside & o2 A
49] AT WAS Kol thebAl AT 22 MRSAY ¢
T 29e AE7 o AA7REE ST Enies =
olz AHAY W ol ) Ut B33} @ Joll= 2AE) nj ¢
olg7] wlEo] MRSAY ojgk 7Ee 4l7s 98ty EAE of
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ofell E oAl 2007 AMAY T ALgERjol A He
S AEAFAIY S awresE IO A DAY 2
PCRE o] 83t sst, eta, eth, mecA AR AAE A5l HE
stHol EAL ZAISIEI, st 449 MRSAE thatezm
PFGEY] 98 HHARE BAgozA AN 221 984
54 getataa sttt
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Lot

20074 195E 1€70A] QAFGA NG WYl WA
AAIgEAe) i 2281748 43I Eelgh 60959 FAEE
e doz s,

=4 EIAH

velE FAZ el dE FEAERINELS SETRPLA
(reverse passive latex agglutination kif, Denka Seiken, JapanyE
ALg-3tT). BelEl T2 Tryptic soy broth (Difco, USA)Y HE
Bt 37°CollA] 18~20A17F Rhujke & wfjolS 810xg, 208
F AReel 45dE Hste A1) AMgREYh dEdE
25wl microplate 58O} WL, ZF Fo 73 laex A, B, C, D
R HE laex 25AE AH7EekAL J2olA] 1820412 AA]g
TSP E §etoz Bl 549 s
Mg AE

FEEE 7H B4EITATT 1T3FE W2 SE National
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Committee for Clinical Laboratory Standards (NCCLS)el] A3
23 F2HHS AAIBI T MICE S48t 2 Aol AR
o FAA diaIe 15508 5 BBLAMY Ampicillin (AM,
10pg), Cefepime (FEP, 30ug), Cefotetan (CTT, 30pgp),
Ciprofloxacin (CIP, 5 ug), Chloramphenicol (C, 30ug), Clindamycin
(CC, 2ug), Erythromycin (B, 15ug), Gentamycin (GM, 10ug),
Imipenem (IPM, 10ug), Oxacillin (OX, 1g), Penicillin (P, 10ug),
Rifamfin (RA, 5pg), Tetracycline (TE, 30 pg), Sulfamethoxazole/
trimethoprim (SXT, 125/23.75pg) % Vancomycin (VA, 30ug)s
AHgEl o, A5 FFE S aureus ATCC 25923 AFE-81Y
o t23 BAHOA oxacillind] WAAE RBole T A¢ o
A=) ENYE FAEH MICE 57835H53

PCR AA}

NCCLSY] FFU2= Ao g AH8g oxacillin WAF 173
Zo et B44 £3FFF S04 BINE =
28 eta, eth) R mecA WARAA F55 130T &
Ao AME-3 primers sss+F; AAGCCCTTTGITGCTTGCG
tsst-R; ATCGAACTTTGGCCCATACTTT, eta-F, CTAGIGCATT
TGTTATTCAAGACG, efa-R; TGCATTGACACCATAGTACTTA
TIC, etb-F; ACGGCTATATACATTCAATTCAATG, eth-R;
AAAGTTATTCATTTAATGCACTGICTC, mecA-F; CTCAGGT
ACTGCTATCCACC, mecA-R; CACTTGGTATATCTTCACCS}
21 PCR HR-EE E4RAAY 75 95°CoA 587 HA
BFAL, 95°C 30%, 55°C 30%, 72°C 30%% 283 whEg &
72°Cell A 77E ¥hg3 o, W3 Ake] A9 95°Cel| A 2%
7 HASET 95°CelA 12, 55°CHlA 13, 72°Cl A 124 283)
RS $ 7200l A SR wheEl T

PFGE

B A7 gssr B MRSAF 885FE thAFC 2 PFGE 4
H37171A] Aol AL Fg. 13} 2}, Al TFFE TSA HjA|
of HEs ] 37°ColM 1824213t Wi YF THS 2mig) cell
suspension TE buffer (10mM Tris, 1 mM EDTA, pH 7.509l
Biomerieux Vitek colorimeter® A3} 15~17% ©EE FA)

Kor, J. Microbiol

2 Agsigth. @29 200pio] lysostaphin (2 mg/ml) 1 p,
lysozyme (20 mg/ml) 1 plE ¥ & 37°ColA 1087 ¥kg-A)71
3 proteinase K (20 mg/ml) 5u1S F7Fsta, vy FHls) £
12% plug agarose (Seakem Gold agarose, FMC Bio Product,
USA) 20018t £3589 plug mold (BIO-RAD, USA)Y] ¥1
80 AZE3F pluge plug wash TE buffer (10mM Tris,
1mM EDTA, pH 7.5) L5mlol ¥& ¥ 409 Proteinase K
(0 mg/myS H7FIA 55°Co A 1A1ZE 308 B9 wHEAIA T,
whgo] F5HE plugs BTFHFE 13, plug wash TE buffer2
43) AEZ & goco] HASAT 7t pluge AA T ATas
$+5-8-A(NEB, England) 10l A3 &4 Smal (NEB, England),
2ul (40 unit), 100x BSA (NEB, England) 1ul, EB@d3F+
87 ulS B 25°CellA] 447t B9 WhSAIH T, marker® AHEEH
S. braendrup ATCC BAA-664%= AFHEA Xbal (NEB, England)
2l (40 unitys: Fo| At Agas vhgo] FUH CHEF
I Mapper PFGE system (BIO-RAD, USA)S ©] €3} gradient
6.0 Vicm, angle 120°, initial time 5.16=%, final time 40.17% &
A 14°CAA 17413 H71953F42 ™, EBr (0.5 pg/ml)E
3T} PFGE Z3= BioNumeric software (Applied Math)
£ o]&3te] #F71Y] FATAE vInEA ATk

RPLAO] oj8t ¥=4 78

FAIFTFEoZ B THE 60975 YR latex
agglutination kitS AHS3ld F=4 AHE EIG A3} ASS:
7} 68%F, CEA7F 1005, DEA 15, A-B BIEA 1F,A-C
SUEE 1T, A-DERFA 15 8 B- D 5S4 1971 £

s)9100] HlEaE 43659 2o vehdh

SNzt Eat

i 8 1735 A WS S E3 ampicillin,
oxacillin®] th3} 100% WS A A2 Jelston] penicillin,
cefepime, cefotetan, tetracycline®] )3+ WAEL 2zt 99.42%,
94.80%, 89.60%, 83.24%tHFig. 2). T4l WSS AHEd

L 609 strains of S. aureus isolated from 2,281 specimens J
| RPLA test

L 173 enterotoxin positive strains ‘
| Disk diffusion test

r 173 strains resistant to oxacillin l
| pCr

Iﬁ? strains (97%) positive for mecA gene, 88 strains (50%) positive for fsst gerﬁ}

|

r PFGE for 88 MRSA strains retained fsst gene J

Fig. 1. Scheme of PFGE procedure in this study
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Fig. 2. Antibiotic resistance patterns of the isolates. Susceptibility tests against antibiotics were performed by disc diffusion method. S, susceptible;

I, intermediate; R, resistant.

Abbreviations: AM, Ampicillin; FEP, Cefepime; CTT, Cefotetan; CIP, Ciprofloxacin; C, Chloramphenicol; CC, Clindamycin; E, Erythromycin;
GM, Gentamycin; IPM, Imipenem; OX, Oxacillin; P, Penicillin; RA, Rifamfin; TE, Tetracycline; SXT, Sulfamethoxazole/trimethoprim; VA,

Vancomycin.

HL M H1 1370 FAA WS BRAe™ Ampicillin,
Cefepime, Cefotetan, Ciprofloxacin, Clindamycin, Erythromycin,
Gentamycin, Imipenem, Oxacillin, Penicillin, Tetracycline®]] 43
< Hole HElo] 3641% (63572 +HF o2 vehtt) tiaz
AN 173F 25 oxacillind] e 4#F730] 10 mm ©]
Aon, MICE &4% 27 4ugml o/F2E YER MRSA
2 U

Methicillin LM G 8%t & SA[TX} ZAL

Disk diffusion testo] 4] oxacillin WAFFE HEE 17339
PCR ZAFAT mecA W3HAAE AA 359 96.53%%! 1675,
tsst EAFAAE 885 (50.86%)7F ¥AYU AT YepgoH,
eta, eth TR 25 SX0IA0E st A 88FE EF mecA
FAAE AU gl eH, 17 (AS)E AAS YA 8757}
CEAE Ad Ao Yepsitt,

PFGEO]| 2|2 DNA 24

tsst SAAAAE Ad MRSAS Ul S 2 PFGE AlE-S 44
3 A%} 93%9] FEAE 71F0E & 8857} 1071e) Heg B
FHENCH 24789 pulsotype o= A E5}HE A THTable 1). HA]
HIE sizew 30~700 kbl 2+ T2 fragment = 11~147]2
RIET}. PFGE subtypeS #4338+ A3l AZ (5150l Me 770
9] pulsotype A1-A72.2, BE(35)2 BI-B2, DE3F) DI-
D2, B84y E1-E2, F8(85F)2 FI-F2, GH(2F )& G1-G2, H
(OF)& HI-H2, [B(5F) 1138 B5d%eH caes)d
TH(1F) A F3¥ 20 LETH PEGE 82 Ago| 51
F(5795%)% 71 & WS Hgon HEo) 95(10.22%), F
Yol 85:(9.09%)2 2 &E YEY 8 §8 752 FAIHATH

Table 1. PFGE patterns using restriction enzyme Smal of tsst positive
S. aureus isolates

PFGE Subtype (No. of isolates) Total

patterns® isolates no. (%)
a0 MOASD. ) (5795
B B1(2), B2(1) 3(341%)
C C2) 2(2.27%)
D D1(2), D2(1) 3(341%)
E E1(3), EX(1) 4 (4.55%)
F F1(7), F2(1) 8 (9.09%)
G G1(1), G(1) 2(2.27%)
H HI1(2), H2(7) 9(10.23%)
I 11(3), 12(1), I3(1) 5 (5.68%)
I I 1(1.14%)

? A to J are PFGE profiles and Al to I3 are subtype profiles.

1 F subtype A2 (38F)%} H2 (75), F1 (7F)°] 7V & 2

F4E Yehlo] 3801 om Al-A7 pulsotype 93.7%
o}, FI-F2& 963% ©l4, HI-H2e 99% ©]4+2] similarity
coefficient® H.S{UHFig. 3).

o &
Methicillin WAJ T3 Jevons (13)0]] 913 4ol X8 Bt

9 ol B A7Vt olFoA g, 25, TP~ oo}
FANME 30% o116, 14, 1902 T2l2dME 43% FE
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3 [ 2 ] 2 & 2 §Sampling date  strain number

200808 1297 —
200806 g
200808 915
200818 1500
200810 1805
e 200801 167
200811 2066
200804 80
200810 1730
200807 1198
200806 912
200803 a7
200804 621
200894 16
200804 583
200804 22
200808 947
200808 013
200805 813
200805 873
200805 82
200802 247 A
200802 294
200802 87
! 200803 an
200804 [
200806 104
200806 1082
200807 1289
200808 1411
200808 1419
200808 1448
200808 1407
200808 1600
200808 1580
200810 1w
200910 1951
200812 2081
200811 088
200012 2278
200801 107
200800 1682
200806 1037
w0081 2050
200869 1584
200804 817
200805 290
200810 0
200386 1072
00812 718
oeos or
0812 =8 __l
D812 281
o 20808 BB
200803 x5 j
00804 £ B
00808 21
200804 @88 : c
DB na
200811 218 :|
200811 200 D
200808 4 —
200811 0%
| 200806 0. E
810 vz —
0804 73 —
P 1
20804 m4
D004 03 3
200805 885
. 200804 81
» 200802 00
00804 04 ——
2] 0808 .15
00604 00 —le
0802 22 ——
00604 74
200008 %3
200808 @7
200805 4 H
) 00802 238
200807 105
10807 105
moste BwE ——
200804 B
L 0004 700
n; 10804 %66
2 200810 193
2010 e ——
200601 08— J

Fig. 3. Unweighted pair group method with average dendrogram of
PFGE results based on the Dice matrix and schematic representation
of the type (Smal restriction enzyme) of zsst positive MRSA isolates.

7} methicillin WAFF2 ZEJAK19). #lFAAT 1970 5
Hhol| Ao AUREE dode F83 FFo] HAL

Kor. J. Microbiol

5, 20033 Y WollH EejEe AT EAATHE £ methicillin
W49l AL 59.5%0) 2eitkn Buslgrkil). SeusllMs
1960:dtholl= MRSAZ} A9] E2]= A ghgkont, 1970 el ¢
FAA A E2E FUEEATT F methicillin W SHEE
AFaE 10% vkl e, 19s0ddlele 43 sl
23~-48%% BIEYI, 19983 60~70%2 EEcH2, 4,
6). YAz B W Zge] H1 e FAE=ATT T
MRSA7} 50~70% A=} B= Atk Barsiar §ich23). &
AolA AR} 2,281 9 tidel A SFAFXERTT 60975
st 2669%9] HAEEE B3 A=AV e 1735 EF
MRSA H¥HE Ad Zo2 Uegth 12y & A7dAas
HIEA FAX AT gk A WAHAPL o) FoixA
2ol MRSAZ}F A E8|9 FAT i gFaela Axehs HE
& AFE F g A I

Methicillindl] T3+ WA Bt &3] 7H=A Zsla
A2} Blactamase®] HAYAYLK17), F= AR AR e =
mecA AR W (20, 21), PBPEY #H3}22)0 28 Aoz
S A At mecA FHAAE 78 kDagl penicillin 23 @9 F
(penicillin binding protein 2a; PBP2ayS I Q3= o]E wid
2 B-lactam YA ThEF e M-S AYx gleomg e
PBPE-S H|EAI31S A= 9] BT TolA A3y PAo] 7Fs3t
T2 gozn AFZ dtdd methicillind] g WS e}
WA ke AeE dEAa UTh9). £ dF7M 6adF= disk
diffusion methodo] &8} <Al 7F-A AARIA methicillin WA
o2 UERkOu, PCR HHAME mecA geneo] ASEA| %ot
PBP gene W0\ B-lactamase HPAAHEE Q1§ borderlined 2
2 Bt} mecA S-S Bo|HA methicillin WA3e FHIS
Hole A%t Fueldes B A9olA Rad vl e
1998 ol&)| A F(6) FTolAE MRSAY 422%0A mecA
4% BadlEA 1 d9o] 259 WE, A% BAAA
mecA AT AR 2AHAS Ao 2 F53G o 1992
Hiramatsu 5(12)2 mecA S4°I9A MICE 12.5pgmi¢]
MRSA #F5 R131dA PBP1°Y} PBP3S #HUHdd Ads
o] 725 A} PBPALE HIEIETE R 40) Hakaistel] o)
Ao waE]y] wEolgkar at¢irt.

Yol Eese FUETAPTL U AXe 549
HEA Q12 AAsl HYHe dogle Hle] Hx k.
A F e Fo] AAdsHE AE 4 (enterotoxiny 5 2559 ¢
e, FE, AdAle} 3 FANTAS dod|A "ot E A
oA 609579] EEATHS o E SET-RPLA A¥Z3 SEC
7} ZAA 9] 284%=E S-HFHIL T HAZ SEA7L 11.16% (68F)
E AR e Ao JElth B 503y FAR|GM A
AR A FAZCATFS Beleiet] A5} 37.5%% 7F
F wo| A&YYen 1 HZ BY 7t 42 4.7%% 3.1%S
AAPL B 0g v} ok, E4 2 AGd g2t B37} Ok
& Aoz AZE,

Todd (18> U4, I3, et B A7 g Uo7
v IR 5443 3E Rasiglon, AEdE 53
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Table 2, Comparison of antimicrobial resistance and PFGE patterns for #sst positive S. aureus isolates

No. of

anti-microbial agents Resistant patterns No. of isolates (%) PFGE bpatterns
13 AM, FEP, CTT, CIP, C, CC, E, GM, IPM, OX, P, RA, TE 1(1.14) Al

12 AM, FEP, CTT, CIP, C, CC,E, GM, IPM, OX, P, TE 3(34D) A1), B(1), (1)
AM, FEP, CTT, CIP, C, CC,GM, IPM, OX, P, RA, TE 1(1.14) A
AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, RA, TE 7(7.95) F(7)
AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, TE, SXT 1(1.14) A ¢Y]
1 AM, FEP, CTT, CIP, C, E, GM, IPM, OX, P, TE 1(1.14) Al

AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, TE 56 (63.64) A(8), B2), gﬁg’ 113(4(13)) F(, GO,
10 AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P 9(10.23) A(3), C(1), E(2), G(1), H(2)

AM, FEP, CTT, CIP, CC, E, GM, OX, P, TE 1(1.14) E(1)

AM, FEP, CTT, CIP, CC, E, IPM, OX, P, TE 334D A(D), E(1), H(D)
AM, FEP, CTT, CIP, E, GM, IPM, OX, P, TE 1(1.14) A
9 AM, FEP, CTT, CIP, CC, E, GM, OX, TE 1(1.14) A(l)
AM, FEP, CTT, CIP, CC, E, IPM, OX, P 2(2.27) A(2)
8 AM, FEP, CTT, CIP, IPM, OX, P, TE 1(1.14) A(l)

Total 88 (100)

Abbreviations: AM, Ampicillin; FEP, Cefepime; CTT, Cefotetan; CIP, Ciprofloxacin; C, Chloramphenicol; CC, Clindamycin; E, Erythromycin;
GM, Gentamycin; IPM, Imipenem; OX, Oxacillin; P, Penicillin; RA, Rifamfin; TE, Tetracycline; SXT, Sulfamethoxazole/trimethoprim; VA, Van-

comycin;

o4 2773 BEe] de Ao d#H old Hix
£ HAZF T (toxin shock sydrome)yS ol FAm ollel of
o], =RIAME E2JHal JUTh(15). st AT THE &
A Aol v Fa4 A tig WAo] 1 AL
2 RuFT JEds), B AP ne 3 OF 8859 &
A 35 8559 FAA P5AARE vwsiRekE W, 34l
AR GEA WS A T57} 1ssr ST A5 2AA Y
57.65% (495)7}F o] Weloll FSIHL, st FIFE BT 84
olgdel kAol wis] ulAS Byt g g A A 4
% Sulfamethoxazole/trimethoprimE A 93+ & obAle] o3
st A0 A7 A FFEY UAEC] HA 5.64%004
3 72.94% E3) test AT Ciprofloxacin, Clindamycin,
Imipeneme]] th3+ WAE©] 100%, 96.59%, 97.73%<1H Bl&], &
AZEe 42y 27.06%, 27.06%, 31.76%% WdEC] M AE
] A A]).

B Ao M= ssst A MRSAT 8855 0|83} PFGEE
XS T, UPGAMAY S ©] 8314 dendrograme AU 1
A 93% FERE 71Fo2 2T 107HATE) AR
247}A] subtype & AlESE 0w A¥o] & 5152 7HF 99
Z JeRdt). 885-F 15700] AEAAE JEoE ERENS
o, SAHHA A TEF 61.5%2] F17 ABAe] ULt

Olmos 5(16)2 9652 MRSAE PFGES 23 6 pattern
(AP 2.2 BEFalHom 82588%)7F A pattemol] 481
67% 1A FrAAS VERATEAL Barskdtt. Chiou (108 4%

= gl w7159 FUETATTFS PFGES AAISH]
22 typelE H-HIALE o] F(5) 1991~1998I7FA] 1045-<]
MRSAZ thto g @y #AHd, 244 PFGEES Hli,
Lullel) 2714 823 typeo] EZS} HL UE-S B3 vt 9l
o 7 (e oI 10658 U gAY F3E,
ZAAEE PRFGEYS vImdt v} Qle}. ey B A7elA 1de]
gh= Bl gAIZE Sobll AAAY W] widd g4
E9 g o s AgS A v, AXE vlue ks
st Relgd, 354 498 vzl fef4o] filth &
A4 93} PFGER S Blaldt 23 Ampicillin, Cefepime,
Cefotetan, Ciprofloxacin, Clindamyecin, Erythromycin, Gentamycin,
Imipenem, Oxacillin, Penicillin, Rifamfin, Tetracyclineo] WA-&
Holz #59] A BT Fio|glont #5F 47t AL(7F) T
2 433 dwade] o & 4= Uick(Table 2). ko.E A#}
T A7Izel) AR HolEHE At W= ¥ Fo] 2 AESS
EAo] W& PFGEF-S ¥uE HQU} glon, ojRe EY
2 ) Aukga} oggtel 712 ARE AT & AL AR
Atz

o2

D=8

A4, AFM, ZHAE. 2001 Pulsed-Field Gel
Electrophoresis®  ©]-83F Methicillin-Resistant Staphylococcus

aureus®] EAGEH B RGeS A 21, 122-
128.
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ABSTRACT : Molecular Characterization of Clinically Isolated Staphylococcus aureus
Bo-Young Oh, Jung-Hee Kim*, Young-Woo Gong, Jae-Mann Lee, Jong-Myoung Go, and
Yong-Hee Kim (Incheon Institute of Health and Environment, Incheon 400-102, Republic of

Korea)

Staphylococcus aureus is one of the most significant pathogens and a causative agents of nosocomial infections.
The emergence of methicillin resistant S. aureus (MRSA), in particular, has become a major clinical and epi-
demiological problems worldwide. In this study, we analyzed the toxin genes and investigated molecular epi-
demiological characteristics of S. aureus isolated from stools of diarrheal patients at the hospitals in Incheon. Of
the 609 strains from 2,281 specimens, 173 strains retained enterotoxin; 68 isolates (39.30%), 100 isolates
(57.80%) were classified to A and C type, respectively. In the antibiotic susceptibility, all of enterotoxin positive
isolates were resistant to oxacillin. Eighty eight strains (50.86%) of 173 MRSA isolate possessed zsst gene, but
eta and etb genes were not detected at all. In the detection of MRSA associated genes by PCR method, mecA
genes were detected in 167 strains (96.53%). From the result of PFGE analysis, we classified zsst-positive
MRSA to 10 types and 24 subtypes. Type A, H and F were the major strains comprised of 57.95% (51strains),

10.22% (9 strains) and 9.09% (8 strains) respectively.



