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Application of Infrequent-Restriction-Site Polymerase
Reaction (IRS-PCR) to the Molecular Epidemiologic
Analysis of Methicillin Resistant Staphylococcus au-
reus (MRSA)

Background: We investigated the usefulness of infrequent-restriction-site
polymerase chain reaction (IRS-PCR) compared with pulsed-field gel elec-
trophoresis (PFGE) and multilocus sequence typing (MLST) on the molecular
epidemiologic analysis of methicillin-resistant Staphylococcus aureus (MRSA).
Materials and Methods: We used fifty clinical isolates of MRSA collected from
10 university hospitals located in Seoul. We performed three procedures on these
isolates: PFGE using Smal, IRS-PCR using Xbal-Hha | or Eagl-Hha |, and MLST
using seven house-keeping genes. We determined the clusters of molecular types
by dendrogram using the unweighted pair group method with arithmetic mean
(UPGMA) and Dice coefficients

Results: MLST analysis showed that isolates exhibited ST1, ST5, ST72, ST89, and
S§T239. In PFGE, the isolates clustered into 5 major groups with 80% similarity,
which subsequently became classified into 18 subgroups with 95% similarity. In
IRS-PCR using Eagl-Hhal restriction enzymes, there was little resolution among the
patterns of isolates. However, Xba |-Hha | IRS-PCR showed 5 groups with a 90%
similarity. These groups were then classified into 9 subgroups with a 95% similarity.
There were no significant differences among the isolates from different hospitals.
Conclusions: The Xbal-Hhal IRS-PCR method could be a useful tool in the mole-
cular epidemiology of MRSA. Its resolution power was good enough to analyze
isolates, because the patterns of IRS-PCR were closely correlated with those of
MLST and showed diverse groups.
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AR HdFH 22 A S5AEES Yo% gk B3] A Al
AR o2 FAZE HaL e WEAY WA 2 =8t (methicillin
resistant S, aureus, MRSA)-& B 7F99] 0 Aoy, HL &
oA AW oje} A HALS] B wig AW g xS
(community-associated MRSA, CA-MRSA)o] | 2 & A4 2 )+
3L H1-6].

ol D AFAX =, ) 33F ol A RE| %= S, aureus F
MRSAE= 70% o)/dol™(7, 8], 1, 22+ Aol A %= 40% o F o 2 B 115
3L ITHOL MRSACY o] AWz WAIah7] $18iA MRSAS] 7+
A, A= 0] Agghgt ghoto] F g3}y] ol F(typing)o] AHE-F
CH10].

AA MRSAS] #2199 eH4 T BFHO 2 AMGH = 72
pulsed field gel electrophoresis (PFGE)©|t}H11]. ©]-= genomic DNA
E AFE AR 23 $-PFGE 1] & o8-, duk#Ql 17195 %
W (electrophoresis system) 2. 2 #-2]2 4= ¢li= 7t}gk 2.7]2] DNA
RS BEeke] I S vl BA5k= 7otk o] o] 831
MRSA w52 bl of] tgk 2413 SshA] e I8 fd A &
AE 9 = o= S-S Adok Zey 2o )z d e sl
A7} S 5ad wWrhA] @& ARto] s A3tg B I|71A] Al
o] Szl Al A7-A 3] AAAS grst=t] ofzf o] k.

T3 multiple house-keeping genes[12]-& ©]-8-3F multilocus
sequence typing (MLST)+= 312 T3-S #-413l=PCRHO =
A & AR FFU GA AFE ot F7IMGRAel v]E-
o] o] EaL Aldo] Atk

olel] X} AJHakaL 21431 Algste] PEGEY MLSTe| EA4lal=
AIE 45 F U oY gikEe] EEIT o] % infrequent
restriction site PCR (IRS-PCR)©] A|A]=|$I=H|[13], o]+ infrequent
9} frequentrestriction site S Q12J3H= F F572] AS A4S 2185}
o] Z} & Aol oaf ez Aol Agksl= adaptorE primere} &
A AH-&ate] Eagh 7Rk delz| o 2 FEsfo] IRlsh= ot
IRS-PCRE 31712 g7 28 §1.07 DNAE 55t L8317
ol A2 o 2T AYo] 7F5310] PEGEF MLSTHLT} ThA|7To|
gt glom, AFY Fro % et H o R HrF ik gk 614
RFIRS-PCRE AAIZHA] 15 St oll vt ARE-5]0] L B2 5ol
G517 ggol F7HR] Aol ot} o] & A%l o] 7ol
AT EAE 9Ish Tk pto] E QA A F-5 EjIs R ¢

QI MRSAE o & g 12} 8¢l o A
[RS-PCR®] 4871535 B7}el] At & AF-E AlFstSich
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1. AEEE Y M ZA

A&, 77150 $1AI8k= 9382 tishg el A 2008 5E5-H 2009
A 397 MRSA9] 74 T2 2bate] u)Adal ek (nasal swab) 3}
w85 (bacteremia) FANoA E2]E MRSA w2} 7FE={th s}
i ejrpetd e 7heduafet 1 pAle] RTE MRSA #HE tako =
Ahg3tsir

7} Hol| M Z2he] HFEGP 7=} AST-P601 =5 o83
Vitek IT automated system (bioMérieux, Hazelwood, MO, USA)
S AH§8EAY PBC28 71=% ©]-8-8F MicroScan Pos Combo Panel
Type 6 automated system (Baxter Diagnostics, West Sacramento,
CA, USA)E AH&-ate] tAl 278 HALE sho] MRSAE 7HEe3]
o} ol E = oA APl HF Q10w Ff g uf
#(BAP; Komed, Korea)oll 3e] 37Col 4 18412} 45wk stol
TS Aele] Arlo 2 FA] FejE S 9 ¥ v 3]
28 A3} & mannitol salt agar (MI; Difco Lab., Livonia, USA)l|
Fke] 37°ColM 48A13E F1L v Fate] WSl F3l screening[14,
15] S A A8to] BaE Tk

EAAYESHE AT1E 918 Mlal 2 brain heart infusion (BHI;
becton dickonson {BD}, Franklin Lakes, NJ, USA)$} luria bertani
(LB; BD, Franklin Lakes, NJ, USA) brothol| 4] o]Fo] %]

0

¢

I~

2. Ex} oist W

= o

AT

1) PFGE

PFGEZ 913+ DNA ¥-2]= Schwartz[16] HH-< 95 =4 ko] 214
skaAct.

MRSA 55 3 mL9] LB brothe] &3] 37Cel|A4] 13,000 rpm
© 2 16713t F<t vttt 34 = A (SPECTRONIC 20D+,
Thermo Electron Scientific Instruments Corporation, Madison,
W1, USA) 610 nmell 4 OD 0.3 (1x10° CFU/mL)°] 5 =2 %43}l 3
Aeto] HF 55 ZHtube © ~2.69%10° CFU/mLE 313tk

ZIA}al lysis I buffer (30 mM Tris-hydrochloride; pH8.0, IM NaCl,
100 mM EDTA-NaOH, 0.5% Brij-58, 0.2% Sodium deoxychlolate,
0.5% Sodium laurylsarcosine) 50 uLZ 37} t}-5, 37°C, 308 A=
B3t 3 296 CleanCut agarose (CHEF Genomic DNA Plug Kit, Bio-
Rad Laboratories, Hercules, CA, USA) 50 #L.2} 100units Lysostapin
(Sigma Chemical Corp., St. Louis, MO) 2 yL= &3}alo] 4TCol|A] =
3] 1% plugE THEITH11]. Plug® lysis 1T buffer (50 mM Tris-HCl
pH 74, 100units Lysostapin, Lysozyme 1 mg/mL) 300 1ol 37°C9l|
A AR ERS- 3 Lysis ITbuffer 250 pLol] 37ColA IARFE 71 uk-3-
AZt} A proteinase K buffer (0.5M EDTA-NaOH, 25 units/mL
proteinase K) 300 ¢Loll o 50CollA sl2/t k3-8t oo d &5
<=9} washing buffer® 33] o]/ Wka- 4|2 & TE ¢Z-ol] Yol 4T
o] a3tk
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A s A2)E 2009 Smald AHEsEe] 25TolA 4A17F Whg-
AlZATH171. CHEP DR I (Bio-Rad Laboratories Inc.)o|A4] block
I (Switching time 5-152, 200V, 6V/cm, 10413} 147C) €} block 11
(Switching time 15-60%, 200V, 6V/cm, 13417} 14C)9] =102 A
71985 atick

S, aureus Fv+) NCTC 83255 normalization 3}+=4] A}-8-3}
s,

PFGE TF(cluster) #2432 fingerprinting IT informatix software
(Bio-Rad Laboratories, Hercules, CA, USA)©. & H|o]E] Ho]A
3} 3131t} unweighted pair group method with arithmetic mean
(UPGMA)2} dice coefficients 'S %3} dendrogram=- A1t
(band position tolerance-1.25 or 1, optimization-0.5%). pulse-
ulsed-field type (PFT) clusters:= Tenover 5-°] #| A3k 7]50] whe}
5 3133t (similarity coefficient of 80%)[18].

2) MLST

+5=9] allelic profile-2 Mark Enright[12] BH-& A5 =4 8}o] 4=
SEEC

PCR §F-g-o1-2- MRSAY] 94 #2]52] Genomic DNA 50 ng#}, 0.25
U Taq polymerase (Boehringer Mannheim, Indianapolis, Ind.), 1
XPCR buffer (20 mM TrisHydro-chloride; pH8.0, 100 mM KCl, 0.1
mM EDTA, 1 mM dithiothreitol), 200 xM dNTP mixture (2.5 mM
each), 22}] 0.2 uM primer, DW (final volume 50 xL)-& &%t3}o] 5
1]3k 5 My cycler (Bio-Rad Laboratories) S AF-8-3F0] 538 2 ¢12
W35 Al st

PCR 27 %7] WA (denaturation) A= 95CollA] 34, WA
94°Col|A 30, primer A3} (annealing) A= 55T 4] 303, DNA
4 (extension)DAI= 72°CollA 120 % 303] Al F- wiA]2F DNA
FADAE 727CAA SEO. 2 BT

MRSA DNAZ 77}F4]¢] 532 PCR & § 1 AHES A7|AME &£
Aaiqink. 2t 5o ZHAbd At S,
aureus MLST server (http://saureus.mlst.net/)[1915 E3}o] Ea]g]

o] 2= Ak

£ sequence type (STs)<

3) IRS-PCR

(1) Adaptor and primers

Adaptor A& Handley SA [20] 7} A|AIg Wi 3} =243 W
FAloll =alake] Bl sk

Hhal (AH1 & AH2 == AH1 & AH2-new), Xbal (AX1 2} AX2 TE+=
AX18} AX2-new), Eagl (AE1 & AE2 == AE1 & AE2-new) adap-
tore= Z} oligonucleotide 32 753+ (20 pmol/uL each) 2.2
E5Fa10] 2412 391 950SIA] 40 WIAA THE T 2000 ME
skAck

o[t A7l A = adaptor®] FE =o| 3L PCRIAS] Aded &
=0]7] #Ist oligonucleotidess= GC% 7+ 50-60% ©]/32 = 3}

fijo

melting temperature (Tm) k0] 33 =
2 AA8}$3L Fast PCR (Running PCR)<- ©]8-3}9] PCR efficiency
(quality)Z =Stk

In silico server (http:/insilico.ehu.es/digest/)& E3}o] 7] 4
71 EA o] &8 ¥ S, aureus genomic DNAY|A] Xbal, Eagl, Hhal
9] restriction fragment length polymorphism (RFLP) 3J&1-&- t]2]
d|=3}AtE AFR-H S aureus TFL] B2 S aureus RF122, Mu50,
COL, ED98, JH1, JH9, MRSA252, MSSA476, MW2, Mu3, N315, NCTC
8325, USA300_FPR3757, USA300_TCH15160]21t} 2k 207Hel 4 307}
W= w&o] of|=H primers (Xbal primers; PX-CG & PX-GC, Eagl
primers; PE-C & PE-T) 152 A Ello], IRS-PCR2] A el =} 21 7]¢]
T A s S Ak ok

2}32}+2] adaptor®} primers+=Table 13} 2T},

A oligonucleotidesE Af

(2) Digestion & ligation

1983\ Dyer DW[21] H'H< 3--83}o] QIAamp DNA Mini kit
(QIAGEN, Hilden, Germany)Z o]&3}|4] genomic DNAZ £-2]3}17
33tk

oA} Bgl4te] chromosomal DNAs+ 1 g, 1X NEB buffer 4
(pH 7.9: 50 mM potassium acetate, 20mM Tris-acetate, 10 mM
magnesium acetate, 1 mM dithiothreitol), DW (final volume, 40 xL),
1x BSA®|| 10 U Hhal®} 10 U Xbal 5= 10 U Hhal®} 10 U EaglE 4
o] 37°CollA] 3AIE FRt REEAIZ] = 65CollA] 2087t 2843} Al
tH13].

Z+ DNA 10 L, T4 DNA ligase (400 U), ATP (12.6 pmol), 1
X ligase buffer (pH 7.5; 1 mM ATP, 50 mM Tris-acetate, 10 mM
magnesium acetate, 10 mM dithiothreitol), F/hal adaptor (AH B+
AH-new 20 pmol), Xbal adaptor (AX B== AX-new 20 pmol) ==

Table 1. Adaptors and Primers Used in Infrequent Restriction Site Polymerase
Chain Reactions

Oligonucleotide Sequence References

Hhal adaptor
AH1 5'-AGA ACT GAC CTC GAC TCG CAC G-3" Handley SA et al.,2002
AH2 3-TGAGCGT-5'  Handley SAetal.,2002

AH2-new 3'-TGA CTG GAG CTG AGC GT-5' In this study

Xbal adaptor
AX1 5'-P04-CTA GTA CTG GCA GAC TCT-3'  Handley SA et al.,2002
AX2 3" AT GAC CG-5" Handley SA et al., 2002
AX2-new 3'- AT GAC CGT CTG -5* In this study
Xbal primers, PX-CG 5'-AGA GTC TGC CAG TAC TAG ACG-3' In this study
Xbal primers, PX-GC  5'-AGA GTC TGC CAG TAC TAG AGC-3' In this study

FEag adaptor

AET 5'-P04-GGC CTA CTG GCA GAC TCT-3'  Handley SA et al., 2002
AE2 3'- AT GAC CG-5" Handley SA et al., 2002
AX2-new 3'- AT GAC CGT CTG -5 In this study
£agl primers, PE-C 5'-AGA GTC TGC CAG TAG GCC GC-3' In this study
£agl primers, PE-T 5'-AGA GTC TGC CAG TAG GCC GT-3' In this study

*AH1 serves as part of the adaptors and primers as the Hhal primer.
*¢ Fagl and Xbal use the same sequence for this portion of the adaptor.
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Eagl adaptor (AE B== AE-new 20 pmol), DW (final volume, 20 L)
E3ato] 16°Coll 14)7F 53k BE3-A1A ligation 3 65°Col| 4] 2083t &
223t AZTHFig. D221,

4) PCR

IRS-PCR2 Mazurek GHI13]9} Yoo JH[24]9] W& 5783} =
131,

E3H= template DNA 50 ng (1/50th of the ligation-redigestion
product), 0.25 U Taq polymerase, 1x PCR buffer, 200 uM dNTP
mixture (2.5 mM each), 20pmol AH1 primer, PX-CG primer %=+
PE-C 20 pmol, DW (final volume, 50 #L) &3} & My cycler& A&
ato] FRE A A% ¥H8-S 5F AFHATHR3L.

PCRZZ1-& Xbal-Hhal'= 95 Col| A 1581t 27] |AAI §
A= 94T A 122, primer AFHAIE 61CHA 13, DNA FA T
727 A 280 2 253] Alg $- wEA|2F DNA A= 727000 A
O 2 393, Eagl-Hhali= 95CollA 1583 7] w1 7] 3 WA
A= 94°Coll A 182, primer A= 67704 14, DNA $HIEHA|
= 72O 280 2 253 A3 F- v DNA S SAIE 72°CollA
10%-0 = 3}TH13).

23
s W

3

5) Pattern 24]

IRS-PCR producti= PAGE (Polyacrylamide gel Electrophoresis)
analysis= 1X TBE buffer (pH 8.0, 89 mM Tris base, 89 mM Boric
acid, 2mM EDTA), 6.5% Polyacrylamide gel 2 180 voltoll 4] 1417} 10
B 2ol 8 Fx0] Wil A7) % 3191 tE DNA marker® 25bpladder
(Bioneen) & AHE-3ISITE EBr 205 A8l S/H= 1087 A2
% GelDocell4] UVillumination © 2 o]n| A& AGITH23, 241,

IRS-PCR 7] £4&
Hlo]E] wl|o] A3} dle] dice coefficients -2 %3 dendrogram-<

AA}H(band position tolerance-1.5, optimization-0.5%).

Fingerprinting IT Informatix software .=

21}

1. Adaptor A7

Fast PCRE ©]-8-3)) <18 A7} 71E9] =5l 4] AH&-§Fadaptor
% Tmgko] AH29] 79233, AX2 (AE2)] -9 18.8TE 4=
o} Tmgko] Wil PCRAME ] At 2 S5 7) ekom A3 o) Aj3/d
o] g1 =] %] ekokrh(Fig. 2A).

71284 adaptor®] QFEAS =017] Y3te] Tm Zke] 242t 56.6T

Digestion
Hhal Xbal Hhal Hhal
5.GCG C..T CTAGA.GCG C..GCG C.3
3.C GCG..AGATC T.C GCG..C GCG.S
Hhal Xbal Hhal Hhal
Ligation
Xbal Hhal
5'- . AGA GTC TGC CAG TA ax2) CTAGA ...GCG  (AH2) C GTGCGAGTCGAGGTCAGTTCT..-3'
3'-.TCT CAG ACG GTC AT GATC (ax1) T ...C (AH1) G C G CACGCTCAGCTCCAGTCAAGA..-5'
Xbal Hhal

Denaturation

5. AGA GTC TGC CAG TA (AX2) CTAGA ...GCG (AH2) C GTGCGAGTCGAGGTCAGTTCT..-3'
3'-.TCT CAG ACG GTC AT GATC (AX1) T..C (AH1) G C G CACGCTCAGCTCCAGTCAAGA..-5'

Initial primer annealing
5'-..AGA GTC TGC CAG TA CTAG ACG (PX-GC primer)

3'-.TCT CAG ACG GTC AT GATC (AX1) T..C

Initial extension
5'-.AGA GTC TGC CAG TA CTAG ACG (PX-GC primer)

3'-.TCT CAG ACG GTC AT GATC (AX1) T..C

(AH1) G C G CACGCTCAGCTCCAGTCAAGA..-5'

AH1

(AH1) G C G CACGCTCAGCTCCAGTCAAGA..-5'

Figure 1. Schematic presentation of IRS-PCR.
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IRS-PCR electrophoretic patterns of MRSA produced by amplification of restricted-ligated Xbal-Hhal fragments. (A) Lane 1
and 10 contained 25-bp ladders; lane 2 through 9 contained clinically isolated strains using adaptor (AH1&AH2, AX1 & AX2, AE1 &
AE2) and primer PX-C. (B) Lane 1, 8, and 15 contained 25-bp ladders; lane 2 through 7 and 9 through 14 contained clinically-isolated
strains using new adaptor (AH1 & AH2-new, AX1 & AX2-new, AE1 & AE2-new) and primer PX-C. (C) Lane 1 and 10 contained 25-bp
ladders; lane 2 through 9 contained clinically-isolated strains using new adaptor (AH1 & AH2-new, AX1 & AX2-new, AE1 & AE2-new)

and primer PX-CG.

12 3 456 7 8 910 11 12 13 14 15 16171819 20

Representative products of PFGE. Lane 1, 7, 13, and 20 contained DNA
marker (NCTC8325 S. aureus); lane 2 through 6, 8 through 12, and 14 through
19 contained clinically-isolated strains.

9} 38.8CE A EE A2 AAISE AH2-new, AX2-new & AE2-
newgh= adaptorg 3QFaSATh olFA Tmghe: &) A2 AT
adaptors 2 IRS-PCRZ A3t A3} PCR S AlZo] oP& o 2 =
Z = 3rHFig. 2C).

HHIHZ2 X

= =
HHHEX S

2. In silico BHHE E6t S, aureusOllM2] IRS—PCR

In silico serverS £3}0] S, aureus genomesol| 4] RFLP Z&12- 1]
2] d|Z3} A} Xbal 04 A 343-52271, Hhal ©]-& A] 30007 o)/,
Eagl o]-& A] 25-297)1¢] Site & |58 = YAk B3 XbalE: o]-&-35F
IRS-PCROI| A PX-CG primerE A8} ZFZ3t 749- 17-2371, PX-GC
primer®] 7J-$- 26-2972] WiE wjgl o g o=t} Z Xbal-Hhal

adaptorE ©]-8-3F IRS-PCR ZA¥}+= PX-C primer (PX-N)Z- A}-&-38t
73 PCR FFATE0] U ghol 71de] o H g9k (Fig. 2B), PX-CG
primer (PX-NN)2] 73-9-PCRATE-o] A 33}A| FF-5]o] IRS-PCR 271
of] #2514 e} (Fig. 2C).

Eagl-Hhal adaptorZ ©]-&3}F IRS-PCRE F=85}o] 43 A=
e 7l A PEA e glo], M E S 3] ofe it

3. PFGE, MLST, IRS—PCR £ X}SHitH H|m

PFGE<}RS-PCRE 53 -2 t32<]
9} Fig. 491 | AlSFSATE

IRS-PCR A}, H]5:3h wfjgde] =7} A QA MLST FRH(Se-
quence type)& 7150 2 HH ZPzho) th 2 Bl PAdste] pidE s
ZrolE = gl ATk

% 50%2] MRSA DNAZ Smal A|gta A= A2]slo] PFGES 4
q3 A FHEA G AL dendrogramS ¥, pulsotype
80% similarty G=Fol| A £ ol & S7FR|(A-E) 9] #H o 2 EFHATH
(Fig. 5).

MRSA DNAE- 774]¢] house-keeping gene®] 7|44
3ted MLST 39 (Sequence type)& AN AT} & 505 5 957} STS
.01, 357} ST1, 457} ST89, 1657} ST239, 1857} ST72tHTable
2).

PFGE similarty 90% S=ollA] & = STS fFulollA] A-1, A-2,
A-32.2 37FA] 4, ST1 FFuUjol| A B-1, B-2& 2714 73, ST89 o
Fuloll A CE 1784 74, ST239 wFujol| Al D& 17F4] 5], ST72 7
FUo| A E-1, E-2, E-3% 37}4] 2 & YERG L PFGE similarty
95% ol A & wlolli= STS Uil Al A-1, A-2, A-3, A-4= 47}
A T4, ST1 5ol A B-1, B-2, B-3= 37}4] 4, ST89 wFujjo|
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Figure 4. IRS-PCR electrophoretic patterns of MRSA produced by amplification of restricted-ligated Xbal-Hhal
DNA using primer PX-CG in MRSA. The lane 1 in each gel contained 25-bp ladders; (A) ST239 isolates. (B)
lane 2 to 5 contained ST89 isolates; lanes 6 to 9 contained ST72 isolates. (C) ST1 isolates. (D) ST5 isolates.
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Figure 5. Dendrogram of MRSA in PFGE.
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Figure 6. Dendrogram of MRSA in IRS-PCR.

Table 2. Comparison of Genotypes between MLST, IRS-PCR and PFGE

Strain ()¢ MLST IRS-PCR PFGE Strain MLST  IRS-PCR  PFGE
Cm621 (Kk  ST5 a A3 Cm626(Sb) ST239 d D
Cm609 (Kn)  ST5 a A3 Cm517(Sh) ST239 d D
Cm515(Sh)  ST5 a A3 Cm813(Kk ST239 d D
CmB42 (K  ST5 a A3 Cme80(SH ST239 d D
Cm514(Sh)  ST5 a A3 Cme95(Sh) ST239 d D
om705(Cs)  ST5 a A3 Cm702(Cs) ST239 d D
om730(Sh)  ST5 a A1 Cm720(Cy) ST239 d D
cm721(Cs)  ST5 a A3 Cm509(Cs) ST72 6 E-1
Cm745(s)  ST5 a A2 Cm513(SH ST72 e E-1
CmB20 (KK ST b B2 Cm633(Cs ST72 6 £
Wsi9(Ws)  STH b B-1 Cm634(Cs ST72 6 E-1
Jag (Ja) ST b B-1 Cm531(Cs) ST72 e E-1
Wsio(Ws)  ST89 c C Cm636(Cs ST72 e E-1
Ws29 (Ws)  ST89 ¢ C  Cm643(Sh) ST72 e E-1
Sc24 (So) ST89 c C  Cm646 (KK ST72 e E-1
Ws2 (W) ST89 c C  Cm820(Ks) ST72 6 E-1
Cm598 (Sb)  ST239 D Cm765(Cy ST72 6 EA
Cm511(Cy  ST239  d D Cm8il4(Kk ST72 6 E3
Cm512(Sh)  ST239  d D Cm824(Kk ST72 e E-2
Cm572(Sh)  ST239  d D Cm772(Cy ST72 e E-3
CmBOO(SH)  ST239  d D Cm773(Kk ST72 e E-1
CmB56 (S ST239  d D Cm648(Sh) ST72 e E-1
Cme57 (Sb)  ST239 D Cme62(Cs) ST72 8 Ei
Cm678(Sb)  ST239 D Cme64(Kn) ST72 e E-1
Cm677(Sb)  ST239 D Cm708(Cy ST72 e E-l

*Abbreviation of hospital name.

Al C-1, C-22 27FA] 74, ST239 7ol 4] D-1, D22 27H4] 4,
ST72 gF el A E-1, E-2, E-3, E-4, E-5, E-6, E-72 77HA] 402
ERsTH(Fig. 5).

UhH Xpal-Hhal A|$HE A2 %8s IRS-PCRE 28) 27} =

HEAJ5}e] A2 dendrogram= B, 90% similarty =520l A & 57}
A(a-e) TR o2 H7 HATHFig. 6).

IRS-PCR similarty 95% =E | 4] & ofolli= ST5 ol A a= 1
7IA] F4, ST1 FFEWoll A b 1714 74, ST89 FFUol| A c& 17}
2 77, ST239 #Fel A d-1, d-2, d-3, d-4= 4712] 73, ST72 1
Zoll ] e-1, e-2% 2714 FATE0] 715 s}tk 183 ST1 ¢l b
T5(Ws19, Cm620, Ja9)-2 ZH2: f-AFE 100%0] ATk

-8 MLST ST59} ST72E 7150 & W 9kS o IRS-PCRS
o Wi FElL ¥ Q) 01U} PRGES] 7l 37}4|¢] vt sjjele
217 STIE 7|50 2 B3k Yol = IRS-PCRE B 22 Wl

9] 01} PEGES] 799l 27}4)¢] Wi SfEl-S 2 2= 9] 9t} uhHo|
ST89 ST239= PFGE, IRS-PCR 2. w0l 4] -2 wie wjel & 2 4=
AATHTable 2).
= [RS-PCR¥} PFGES] 27}4] &ol A= 722901} 371+] ol A
A= E}f—}}c 2 geld 4= 9)¢1a7, MLST9} IRS-PCRO] & 2.2 o]
28k5Ack
TEZHRS-PCR

Ml

o k

Rk olu2F MLST, PFGE B W 1| th %] g3 9kth
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S, aureusS 7bol 7173 = F8 A (normal bacterial
flora)e] shtolm 3, QIF <& 5, 94, 354, Asde] T 25l
A BAR AT F8 M)A HH]F (anterior nares)2] HE A
EZ(squamous epithelium)o|t}H25]. 773 &5 A = A AT
o] AdFE FAJEARE EAQR1 Tl o S dodl= 71374
T (opportunistic infection)e]t}. S, aureus®] W7 =& (nasal
T FoAPL L0 FE BER BN
SATH26]. 53] A AA A O 5 #4117} 5] 3L Q= MRSAE 4o v %
A T R, HEE v, 5 IAFT T A5 5o o
T AL Ao F Y F83 HYA AlFoldt duitael Fa
341 Fol AN FEoll = A G ARG E S7kE 2 oHR7). A
o2 (Centers for Disease Control, CDC)+= &34} B2 9]
T 72A1E o) 73 1)gl SRt BE F-Q]of| Al MRSAV}F &5 &
= W9 7+ (Hospital infection) ]2} ] 81317, 1 #ofl MRSAZ}
H= 492 X913 7+ (community-associated infection) o]
o] &}9rH28]. CA-MRSAY] ©]&F 7H % HA-MRSAS} 2] Z7}
STk, Telrz 2 Aol MRSAS ol 2 ejehe el
T -5 Botste As 9 HE R oto] Hop e BAAE

]

AAIA wdE B AEAE Holl A v F 5 R L8]
A7) WSS BAE] 913 54 0 2 PFGES AH8-ShAIRt a7}
of ok vz Baskn S4aa tb) e ARk wEe] Wag
WHol 1 A5 47744 a3l AlRbe] Al vl Stk

== 7719] house-keeping genes®] 71M¥ES £431e] 3
(ST)& ZAAst = MLST= 412+ 3714 3 WE-& vhedstal AL
2924 ol 7} gho) RAAA 512 120] &4 )01k 1L
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NI

ﬂl{

N

e O

2Ry

HHH IRS-PCR M-8 adaptorZ primer9} $HA| AF-8-51o] L Q3 5
SRE A 0 2 o A)RE ol FEsto] gRlsl= WO g A2 ¢
S 2% AYo] 7 arvke] gH)7t Ha §lom DNATE | = o

s1ow 5} Thol 278 AL & glo] PFGE B} 48 A7k} A& 1
Fejo] Washgl)
ol ol =, BAIA AP 34 s} wmald 2o} 55

&l EHO]'?J_ Zlolgh= 7|t fel] B AFE 3 sk Zrefvt 319 v
S tgo 2 s HA] E 7R A S S E g Uik g
hgatl()ﬂ A A= S]AeCHigation W25 7 g} BF ARE-Sl B
Skt Ao A BE-3-5)+= ligation kitE AF8-8}43-S o ¥H-8-S 517 oF
o} HFA o 7 M FAJo] FoJR|A] ghokr. ofel] 16Tl A W3- & <
U ligation kitE AH&-SFATEIH ¥H-§-S stof Ml=g/do] H ]t 1
v HFA 02 F /1R Hele] ierks F4ste] widHo] Sl &
T AL Kit 2] 2A|wke] ofUIH Z o 2 AT T4 ThA
adaptor®} primer2] A4 %S zho} B 1At
A8 AHEIE adaptor= Tmgko] Solx] £ 495 A 2319

o} ePAd-& =o17] S5t Tmake = Aj = AAI$k adaptors = IRS-

PCRE A8t A7} PCR ZZ AL Eo| QP4 A o i%‘%ﬂ‘}i‘:}

12} PX-N primerE A8 73-9- PCR & ZAME-0] L3 Wol ¢
o] ofzig)t}. TeA] PCR 4HEo] 231 % &+ A PX-NN
primer& AF&3Fo] IRS-PCR &7 HASIAIZ 4= 10 vidE =
BN 5 AT o] 9]0 7 dAE = o] AR 24 S 3 2 A3} 9]
o] wpol A A HAe AT AL 4 9t} 18] Mazurek

GHI[13]0)| A+ ligation ©A] 3-of] digestiong 7HA] &<t 3HH o] WH-3-
AZ1 FIRS-PCRE 3I51 =t o] ©AIE A7 Aot AX|A] g2 27}
= Zpo)7} glo] AR 1k 315 fal o] WA= AT

TESHS, aureus genomesOl| A Smal& ©]-& A RFLP 3§12 25-377}]
9] Site& A& = lo) 7HE T2 AT E A A 4 9ot dd
9 blunt endsZ AAdd}+= A gHa 2o]7] wji-ol| ligationA] H]E-0]%]
Aot olol] ;) PCR FZA] AJdAo] - ol = 9l= wh3do]
2101[20] o AFA Aol A= Smal- 0]-8-3F IRS-PCR HP-& vl A&}
Ack

HEFHO 2 Hd719-5s AHE dHoly wo|Asgtste] FAdH
dendrogram< 23] Reke w wh= wel e 2-2-d| %= laddere] 33
0 2 A2 OE 70 2 YN HE EAR S wekdh

199918 A 719% A| polyacrylamide gelo] 9] 8-S 47| =
Zlolg} Az}ste] £+3-M(Buffer)& 3t ¥l BHEo] 17195 Alvct @

N
of 2131 o] T 5-& UG ol Hoh 17]9%-& UAleo] 2

2270 2 gho] A S %Ha S ATk
o] Aol 5052] MRSA Y #5+2 'Er‘@: 3 A3} MLST A3
Al 57FA|(ST1, ST5, ST72, ST89 ST239) & ¥¥]9) 17, PFGE

E) o= BHF
=2, 95% similarty
<25 IRS-PCR

pulsotype2-80% similarty ==l A= % 57 }X] (A-
E|A3L 90% similarty EA A= & 107H4] 5 2
FEAE B 1) e b 20

< A&t A} Eagl-Hhal A-gAldlE S818F sidE S 2hs 5= 319)
A%k, Xbal-Hhal AH&Alell = MESF7E Bl EF— 45& TEES e 5
2101 90% similarty $FoNA= & 571 (ae) THOE BFEFYD

95% similarty S+l A= F 7K FHO = —rE]Q L=
MLST &< 7152 2 3}o] IRS-PCR¥} PFGES] A2 Bl ws) B3k
< uj [RS-PCRE] ¥lYd T E1-2 PFGES} A <] L x]gich
AL 228 A7 B B HiA 0 2 PEGEE 4%0] 405
MLSTE 390] 22 2 3= ¥H IPS-PCRE 0] & o] -3 = 9l

?E}‘J

H=
A1-gste] P ﬁ‘%@% =Y 5 At S EHo A= HY|7Ee] SAITh
1 7+ (outbreak)2 #-41817] 9841+ IRS-PCR W' Wr}l+= PFGE

o 2 AlgSh= Zlo] £& Flo g Eof whHo||, IRS-PCR HHol
MLST U} A)ZHr, e8], 0]8-5 T A A7 4 ol 2 g gigto] &
=tk A3y

MRSA E4}998¢1 ol A IRS-PCR ¥ o] ]2 7]& PFGES}
MLST®] AI7HA, A4 8]-8-& A7 Al &= & Ao = 7 &=
SHRS-PCRO] MRSA £-A}J 8t~ 9 Zletol| ] TehdAdtoll = 78



404 NY Shin, etal. = IRS-PCR on MRSA

www.icjournal.org

TR
L
e
o
A
Rid
)
12
2
e
I
i)
[r‘LéE
2
N
9
]
>
%o,
ftlo
Y
o
i
N
=}
rin
o

2 AT=2009d AR ]2 8L o] AR (5-
2010-A0082-00013)l] 2J3] =38 5.

TEFF 2008 39 18Yel 7HEE gl o) F e}t A ol gtA-8-E]
(IRB)ol| A %1 (HCMCO8OT007) Bk

References

1. Williams REO, Jevons MP, Shoote RA, Thom BT, Noble WC,
Lidwell OM, White RG, Taylor GW. Isolation for the control of
staphylococcal infection in surgical wards. Br Med ] 1962;
2:275-82.

2. Saravolatz LD, Markowitz N, Arking L, Pohlod D, Fisher E.
Methicillin resistant Staphylococcus aureus. Epidemiologic
observation during a community-acquired outbreak. Ann
Intern Med 1982;96:11-6.

3. Klein E, Smith DL, Laxminarayan R. Hospitalizations and
deaths caused by methicillin-resistant Staphylococcus au-
reus, United States, 1999-2005. Emerg Infect Dis 2007;13:1840-
6.

4. Hussain FM, Boyle-Vavra S, Daum RS. Community-acquired
methicillin-resistant Staphylococcus aureus colonization in
healthy children attending an outpatient pediatric clinic.
Pediatr Infect Dis ] 2001;20:763-7.

5. Suggs AH, Maranan MC, Boyle-Vavra S, Daum RS. Methi-
cillin-resistant and borderline methicillin-resistant asymp-
tomatic Staphylococcus aureus colonization in children
without identifiable risk factors. Pediatr Infect Dis ] 1999;18:
410-4.

6. Miller LG, Perdreau-Remington F, Rieg G, Mehdi S, Perlroth]J,
Bayer AS, Tang AW, Phung TO, Spellberg B. Necrotizing
fasciitis caused by community-associated methicillin-resis-
tant Staphylococcus aureus in Los Angeles. N Engl ] Med
2005;352:1445-53.

7. Chong, Lee K. Present situation of antimicrobial resistance
in Korea. ] Infect Chemother 2000;6:189-95.

8. Kim JM, Park ES, Jeong JS, Kim KM, Kim JM, Oh HS, Yoon SW,
Chang HS, Chang KH, Lee SI, Lee MS, Song JH, Kang MW,
Park SC, Choe KW, Pai CH. Multicenter surveillance study for
nosocomial infections in major hospitals in Korea. Noso-
comial Infection Surveillance Committee of the Korean Society
for Nosocomial Infection Control. Am J Infect Control 2000;
28:454-8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kim HB, Sa CM, Yoo ], Kim BS, Yun O], Yoon HR, Lee YS.
Antibiotic resistance patterns of Staphylococcus aureus iso-
lated from the patients admitted to non-teriary hospitals.
Korean J Infect Dis 2000;32:259-63.

Kim SM, Lee DC, Park SD, Kim BS, Kim JK, Choi MR, Park SY,
Hwang SM, Shin NY, Shim ES, Kwon PS, Kwon DY, Hur SH,
Kim HJ, Lim HB, Chong Y. Genotype, coagulase type and
antimicrobial susceptibility of methicillin-resistant Staphy-
lococcus aureus isolated from dermatology patients and
healthy individuals in Korea. ] Bacteriol Virol 2009;39:307-16.
McDougal LK, Steward CD, Killgore GE, Chaitram JM, Mc-
Allister SK, Tenover FC. Pulsed-field gel electrophoresis
typing of oxacillin-resistant Staphylococcus aureus isolates
from the United States: establishing a national database. J
Clin Microbiol 2003;41:5113-20.

Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG.
Multilocus sequence typing for characterization of methi-
cillin-resistant and methicillin-susceptible clones of Staphy-
lococcus aureus.J Clin Microbiol 2000;38:1008-15.

Mazurek GH, Reddy V, Maston BJ, Haas WH, Crawford JT.
DNA fingerprinting by infrequent-restriction-site amplifi-
cation. J Clin Microbiol 1996;34:2386-90.

Lally RT, Ederer MN, Woolfrey BE. Evaluation of mannitol salt
agar with oxacillin as a screening medium for methicillin-
resistant Staphylococcus aureus. ] Clin Microbiol 1985;22:501-
4.

Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing nineteenth
informational supplement. CLSI document M100-S19. Wayne
PA: Clinical and Laboratory Standards Institute; 2009

Schwartz DC, Cantor CR. Separation of yeast chromosome-
sized DNAs by pulsed field gradient gel electrophoresis. Cell
1984;37:67-75.

Murchan S, Kaufmann ME, Deplano A, de Ryck R, Struelens
M, Zinn CE, Fussing V, Salmenlinna S, Vuopio-Varkila J, El
Solh N, Cuny C, Witte W, Tassios PT, Legakis N, van Leeuwen
W, vanBelkum A, Vindel A, Laconchal, Garaizar], Haeggman
S, Olsson-Liljequist B, Ransjo U, Coombes G, Cookson B. Har-
monization of pulsed-field gel electrophoresis protocols for
epidemiological typing of strains of methicillin-resistant Sta-
phylococcus aureus: a single approach developed by con-
sensus in 10 European laboratories and its application for
tracing the spread of related strains. J Clin Microbiol 2003;41:
1574-85.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE,
Persing DH, Swaminathan B. Interpreting chromosomal
DNA restriction patterns produced by pulsed-field gel elec-
trophoresis: criteria for bacterial strain typing. J Clin Micro-
biol 1995;33:2233-9.

Cha HY, Moon DC, Choi CH, Oh]JY, Jeong YS, Lee YC, Seol SY,
Cho DT, Chang HH, Kim SW, Lee JC. Prevalence of the ST239



www.icjournal.org

http://dx.doi.org/10.3947/ic.2011.43.5.396 * Infect Chemother 2011;43(5):396-405

405

20.

21.

22.

23.

24.

clone of methicillin-resistant Staphylococcus aureus and
differences in antimicrobial susceptibilities of ST239 and ST5
clones identified in a Korean hospital. ] Clin Microbiol 2005;
43:3610-4.

Handley SA, Regnery RL. Differentiation of pathogenic Bar-
tonella species by infrequent-restriction-site PCR. J Clin
Microbiol 2000;38:3010-5.

Dyer DW, Iandolo JJ. Rapid isolation of DNA from Staphylo-
coccus aureus. Appl Environ Microbiol 1983;46:283-95.
Riffard S, Lo Presti F, Vandenesch F, Forey F, Reyrolle M,
Etienne J. Comparative analysis of infrequent-restriction-site
PCR and pulsed-field gel electrophoresis for epidemiological
typing of Legionella pneumophila serogroup 1 strains. J Clin
Microbiol 1998;36:161-7.

Kim SI, Yoo JH, Cho YK, Lee DG, Wie SH, Choi JH, Kim YR,
Shin WS, Kang MW. Comparison of Pulsed-field Gel Electro-
phoresis, Amplified Fragment Length Polymorphism, and
Infrequent Restriction Site-Polymerase Chain Reaction for
Molecular Typing of Escherichia coli and Staphylococcus
aureusStrains. Korean J Infect Dis 1999;31:474-80.

Yoo JH, Choi JH, Shin WS, Huh DH, Cho YK, Kim KM, Kim
MY, Kang MW. Application of infrequent-restriction-site PCR

25.

26.

27.

28.

29.

to clinical isolates of Acinetobacter baumannii and Serratia
marcescens. ] Clin Microbiol 1999;37:3108-12.

Peacock §J, de Silva I, Lowy FD. What determines nasal
carriage of Staphylococcus aureus? Trends Microbiol 2001;9:
605-10.

Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti
K, Jernigan JA, Harriman K, Harrison LH, Lynfield R, Farley
MM; Active Bacterial Core Surveillance Program of the Emerg-
ing Infections Program Network. Methicillin-resistant Sta-
phylococcus aureus disease in three communities. N Engl J
Med 2005;352:1436-44.

Hisata K, Kuwahara-Arai K, Yamanoto M, Ito T, Nakatomi Y,
Cui L, Baba T, Terasawa M, Sotozono C, Kinoshita S, Yama-
shiro Y, Hiramatsu K. Dissemination of methicillin-resistant
staphylococci among healthy Japanese children. J Clin
Microbiol 2005;43:3364-72.

Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC
definitions for nosocomial infections, 1988. Am J Infect Con-
trol 1988;16:128-40.

Lee WG. Resistance mechanism and epidermiology of van-
comycin resistant enterococci. Korean J Clin Microbiol 2008;
11:71-7.



