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Molecular Epidemiology of Methicillin-resistant Staphylococcus aureus
Outbreak by Plasmid Restriction Analysis

Mi Ae Lee, M.D., Eun Sook Kang, M.D., Ki Sook Hong, M.D.
and Wha Soon Chung, M.D.

Department of Clinical Pathology, College of Medicine, Ewha Womans University Hospital,

Seoul, Korea

Background : Methicillin-resistant Staphylococcus aureus (MRSA) continues to be a major cause
of nosocomial infection and a molecular typing is necessary for proper epidemiologic investigations
of sources and modes of spread in an outbreak. An nosocomial outbreak of MRSA in a neonatal
intensive care unit at Ewha Womans Unversity Mokdong Hospital was suspected. To investigate the
clonality of isolates and control the spread of nosocomial outbreak, we performed plasmid
restriction analysis of MRSA isolates from patients and medical staffs.

Methods : We studied 7 MRSA strains (umbilicus 4, blood 1, urine 1 and pus 1) from patients in a
neonatal intensive care unit and the MRSA strains from nares and hands surveillance cultures of 26
medical staffs (4 medical doctors and 22 nurses). All MRSA strains were tested for antimicrobial
susceptibility and plasmid analysis after EcoRl restriction. We analyzed the plasmid patterns of
MRSA isolated from patients and compared with those from medical staffs.

Results : Ten MRSA strains (from 7 nares and 3 hands) were isolated from surveillance cultures of 26
medical staffs. Seven out of 10 MRSA strains from medical staffs revealed identical pattemn of antibiogram
which was the same pattern in all 7 MRSA strains from seven patients. Plasmid restriction patterns were
classified 6 groups from A to F showing 2-10 bands. Six out of 7 MRSA strains from the patients showed
group A(A1 5, A3 1) and 5 out of 10 MRSA strains from the medical staffs showed group A(A1 1, A2 1, A3
2, A4 1) and remainders showed different plasmid restriction analysis patterns.

Conclusions : These results suggest that plasmid restriction analysis is a rapid, inexpensive, and
good discriminating molecular typing of MRSA outbreak and is useful for the epidemiologic
investigation of MRSA outbreaks in the clinical laboratory. (Korean J Clin Microbiol 1999;2:125-130)

Key Words : Methicillin-resistant Staphylococcus aureus, Nosocomial outbreak, Epidemiologic
investigation, Plasmid restriction analysis, Antibiogram

EHE 19994 8¢ 9Y HE#HE | CM 9929

SHEHS 1 199949 84 26Y M 2

A IS PN R I )
(158-050) A& FAT 5F911-1 Bezld e FA4 % AdLAAe 3.5-10% S A 5
oliE5 Y 938 (1-3) 829 ALY5E AFsta Age] AL A

A3 : 02-650-5222, 5571  Fax : 02-654--7948 o = °
20 x sl Ao 3
E-mail : miae @mm.ewha.ac kr A7 95 A5 2Ydte A EE IFA U

B ERE 19974 olluR&253d guaTH Add ATl Bob N el of el it o1F HAHAAY
o Ad. A 84 ¥ = T (methicillin-resistant Staphylococcus

125




126

aureus, MRSA)Zd o] FUejel A 7h AIA] =3 3l
t}. 19913 ©) = National Nosocomial Infection
Surveillance(NNIS)[4]91 2]3} MRSA: FA X E=F7H#
o] 15-38% & A &3, FUlA MRSAY Hl=e
77-80%°13 & A& 53 FIALNA EelsHe &
AT =FFe oF 90%0°14°] MRSAE Hil Hoj(5)
a2 2AZ 5812 Y. =% MRSAE methicillin©]
9o = thekA]l WAL Hod vancomycin, teicoplaninl] B¢
A44E Holg #F7t Bol A7 A dgo] o
9 duste Aol Fasitt.

HA7Y JYA A FEL A tE] o
£ Aa3te o] FFo|th od HF HIA =
Aoz RRY AAHR FFARFAASE, X
¥, bacteriophage® , biotyping, immunoblotting 5-°] %1
oy 2dgo] golx gol| o]&5A R3n 3Ut(6-
7). 32 BEAYEYH 7] 2R FUEFE T
3g £ JE FAAY AAgel ®el MEHAEH
Zgzu=gd, 2Pd, A AJALFTEY,
pulsed-field gel electrophoresis(PFGE), arbitrary primed
PCR, nucleotide sequence Z°| €aA e o5 &
zuj=gd EAYo| PFGES} 2 54 v/l €8
glol N A asn gu BEYo] T2 HAER &
22 ol 43P A BFH oz ALE37] o Ha)d
th(6-13).

29 Z3olAolA 799 FofilA A FTFAZT
£k }E Holy MRSAZE £aEHe] FddAol
AE At old AAEL olE TF AN
A kg AAE] of7]A EeE MRSATFollA
Fgzu=3d HALE AlPse MRSAS AHEHUE
il ol & st HARAE dFstnA R

o M @Y o

ST

1. M2

1997\ 3Y 20U R ¥ 49 297}R] F8oliloA 7
o] Aol A 2a]¥ MRSA 7F (v F¥ 4F, Y 1F,
B 13, % 13)9 19973 49 14 5H 3d7A] F8o}
Ao 273e oAl 49 2 TEA 2299 o83
% 2692 3oz ulF ¢ £olA MRSA B73A A
2<% AAFE AAEA 714 E2]E MRSA
FFE Aoz sy},

2. ury

1) MRSAHNZ 3 S A 24 Al

Z8Ad T FRolde] dAAA 2 8 HF
7 &2 AP HujA] 9} Mannitol salt agarell ] F
3l MRSA T3 E £2l35}1 catalase @ coagulaseZd A}
£ A)3 & Vitek GPS card (bioMerieux Vitek, France) 2 &

olojof, Ze%, &71%, Hst

Y

A 3 A tl. Cephalothin, ciprofloxacin, clindamycin,
erythromycin, gentamycin, imipenem, oxacillin, penicillin-
G, vancomycin 2 teicoplanin®] ¥ 107}X] Al o
3 e A A AFE Vitek GPS-IT MIC Card(bioMerieux
Vitek, France)& ©]-£3}<] microbroth dilution®d & A3}
&lod NCCLS(National Committe Clinical Laboratory
Standards) M100-S9[14]9] 71Z| wa Z4A4 ARE
w33 o

2) Ecl=p0|=EYUEY

Wanger $(15)0] A}-&3%t alkaline lysis®] & ¥ ¥ 3t
Zgzu=g 28391 EcoRICE A Festd EHE
#Esld MRSA AR S ERAed D3] 8
okstd thS Zol. A @dAuiA o] wFd TS
223 u}d 10mM Tris-2mM EDTA(pH 8.0) 200pLel ¥
$3 F Zg=vul= DNARZE 93 lysostaphin
0.1lmg/mL in 10mM Tris, pH 8.0) 300pL¢} 0.2M NaOH-
1% SDS 400uLE A 2] 5t th. A4 A DNAE A A 371
918l 3M potassium-5SM acetate(pH 4.8) 300uLZ ] ] F
12,000g°l A 1083 A3t 334 & 4o
phenol-chloroform-isoamylalcohol(25:24:1) 2 78 Al 3} 3L
RNase (10mg/mL in DW)2 X 8 ¥ t}4A] chloroform-
isoamylalcohol(24:1)2 3 A &t t}. 2vf 100% ethanol 2
DNAE AAXNNFE 70% ethanolZ 13] A HF F
40uL 10mM Tris, ImM EDTA(pH 8.0)2.2 o] A&
& Aol AHE3t%th. 10U9] EcoRIS 2 AjA 2 &
¥ 0.5pg/mL ethidium bromide® E¥3 0.8% agarose
gelol Al 120V, 2A]3F 7] 53] UV transilluminator
oA FE3IHT.

ol Aol A FgoloA EAE FF 2 A
¥ ¥ MRSATFAAN FEARFALE £ =20
E BARYS vy, E3=v=¥e 22
BAE Bo|HA 1-37]9] ¥FHo] F/iHE & T2
2 Asign 7183 F4o] ¥E Ase HE T
o2 Fagens g TFAA £dol F7153E o]d
e dd M3z olF(d, A1018F), A204F
7, A3(271%F71) A4(371F7H )22 TR

2 o

1. s&oid

o|ZZIIM MRSA E2|&

Zgolae] o5z 26WF 93 (35%) 14 MRSA 10
F71 2T, £ £e2ldE g8 e 3¥es
11%, ¥ ZAxE 790] Eelso] 27%9 £&& Y
BT}, oAl 4835 1ML &l oE 19 ¥ F
ol Belslglon tEAF 293 28 EolA 6
H| ZoA EAEAed &3 v FA FAld £2d
DEAE 18]t (Table 1).



MRSA 8#i2i% Fehuae| E2xo|=gy 24

Table 1. Prevalence of methicillin-resistant Stapfovlococcis
gureus carriages among the medical staffs in a neonatal
inlensive care unil

: Mo (90 ) of positve [or MRS A

" . Mo ofistoffs — — ——

Medical staffs  qmined  Nares Himids Trial
Doctors 4 1 1 2(50)
Nurses 22 6 2 7*(32)
Total ~ * 26 27 3311 9+35)

* MRSA was isolated both from nares and hand of a nurse

2. MRSA &ZNZTM a4
ZolddA 8 77F ZF 1009 §FA 2

ciprofloxacin, clindamycin, erythromycin, teicoplanin,
vancomycin®| ¥t A3 Holg LANCICETV)S B
ot dgwldA E2E 950A £2€E 10FE 37}
28 AT ZFEE debded FHoMANA £
e AT} 2L GCETVEEE 73 FA4 verden
O 27F+ F8AY FF9 erythromycind] WA &
el Aol & 4A(CICTV, ciprofloxacin,
clindamycin, teicoplanin, vancomycin®| 3+ Z44)L HY
I, 1#FE clindamycine WA, gentamicin®] Z+AS
Hole Ao| F#old FF9 & CIEGTV 4 (cipro-
floxacin, erythromycin, gentamicin, teicoplanin, vancomycin

2H44) & YERARLTH(Table 2).
3. MRSAQ| EClADN|=SHH FA{QFA

Eezn2YE S £ oF 1kbollAl 23kbo] o] A
712 270 10702 g3t e A-F7HA] 671A] &
o2 BRHAY. FHold foloiA ReEE 7F:F 6
Folx AT (A1 55, A3 1F), 15F& B28 & Y&

M 123 456 7 8 9 1011

23.1kb
9.4kb
6.5kb
4.4kb
2.3kb
2.0kb
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Table 2. Comparisons of antibiogram and plasmid
restriction anaylsis patterns of methicillin-resistant
Staphylococcus aureus strains from the patients and
medical staffs

Strains No. Sources Antibiograms* Plasmid
Patterns
MRSA strains from patients n
P1 Pus(umbilicus) . CiCETV Al
P2 Pus(umbilicus) CiCETV Al
Ps Blood CiCETV Al
P6 Suprapubic Urine CiCETV Al
P7 Pus(celluritis) CiCETV Al
P3 Pus(umbilicus) CiCETV A3
P4 Pus(umbilicus) CiCETV B2
MRSA strains from medical staffs
CiCETV Al
CiCTV A2
CiCETV A3
CiCETV A3
GiCTV. A4
CiCETV Bl
CiCETV C
CIEGTV D
CiCETV E
CiCETV F

* Type of antibiogram: CiCTV (susceptible to ciprofloxacin,
clindamycin, teicoplanin, vancomycin), CiCETY (susceptible to
ciprofloxacin, clindamycin, erythromycin, teicoplanin,
vancomycin), CiEGTV (susceptible to cirprofloxacin,
erythromycin, gentamycin, teicoplanin, vancomycin)

34M5 6 7 8 910

Fig. 1. Plasmid restriction analysis patterns of MRSA strains from the patients(P1-P7) and medical staffs(M1-M9) in a neonatal
intensive care unit. <Left> Lane 1; M1 (A1), 2-7; P1-P2, P5-P7(A1l), 8-9; M2(A2), 10; P3(A3), 11; M3(A3) <Right> Lanes 1-3;
M4(A3), 4; M2.2(A4), 5; M5(B1), 6; P4(B2), 7-8; M8(E), 9; M6(C), 10; M7(D), Lanes M; DNA size marker (Hind III digest of

A phage DNA).
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Yt <8R eA Eal® MRSAS Zetzus 3dE
2 47804 BE 5F(A1%F 13, A3Y 2F, A28,
A4Y Z}Zt 1F) oA AT S UYERRA JAEASd IF
o zdFoz EFHNLH, YA e BL,CD,EF
o] ztz} 1Fo|Ut. FTALFA Fdol CIiCETV
3 1439 SP=us PP A1F 65, A3Y 3F,
B1%, B23, C¥, E¥, FYo| 21z} 1F& dF3An
GiCTV 3 23& Z#=z=v= a3 A2¥7 A48 2
YJeElWQ 1, CiEGTV ¥ 13 D¥ & Jehidc
(Table 2, Fig. 1).
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MRSAE #H97de 73 8% Aoy 53
wel Agztd Ao JAHE A ISy F
9, 74 2 Ad A= FAS HE ol & Addte
w&o] "4 Aot MRSAY o3 HLRY A2
MRSAd ZFHAAAY A= e FAZFH
= Fg3Eo] e dae vFezRE, =EA
E odd FAAH 2Ry A AR FAste 9
839 &£& i FAdddn 3A dgt(16-17].
SR ASE AEAEE Wiz FELNE A
w37 13 Gz AgHojol st B AT
AE MRSAT 3] AadAgo]l oJ4lslo] gze H
23 &olA MRSARTZAE golrry] A% AAuF
& AABG =Y ¥l FoAAN 27%, € 11%Z F 35%9]
BFEE HAEY ole vFdA FEAACNAN Hu
¥ H] 2] MRSA EF& 2%9(16) vlsi &= wi§ =
& gol} nlZY oM = MRSA Fed Aol slg w ¢
204 v g MRSAEFE 19%(18)2 vi$¢ ¥
Had o, ol MRSAEZ &0 1991d vl
NNIS[4)ol o3 M =779 15-38%¢l Hl&) =
Wl MRSAS ¥lE & 77-80%°| ol &3] FE=
Ao A BEIAHE FAIETF & 90%°] el
MRSAZ 232 @ A(5)S & o 29% AFgoladtn A
gt £ d3dge U A € w17)d] 9% F
gapale] o gAdA v Fe] MRSA BT & 6.5-12.5%
J HHME =3 &9 MRSA HT& 25.8-54.2% ol
v dtoy F8AY AA J8Ae REe
40% = ¥ AFlYn A F(19)0] Lo T8
ojalo]l ojgA oA ®Fe MRSA ETE& 26%(19-
30%) ¢} Hls=EQoh. o9 2L ARE £ o I
MRSAZE @2 thFo] AlFsicta Azttt

MRSA #F3F¢ H33 zAHoz F8E A AN
d §FAFFALYE, A Y, bacteriophaged,
biotyping % immunoblotting 5°] ot EEFo] y
olx ®o| A}&¥ A E3lm AtH(6-7, 20-21). °o|F &
AR5 SFE R biotypinge 7HF dsta 43
A% 7taslz W Fu sl gaglel e 9w A

olojoll, Z2%, &7I%, ke

Aol ¢4 AL F dE BEAY BEFe] ¥
ol Y FFE FI57] AT GG EA A3
£ o¥E1 @A 22 FAARFAFEE Hole TF
7t A7 FA4EAY BAlY g2 FF7 £2lE o
Heztd FHEPE JAstd e EAAYH A
g NP3 ol g AU okF =8 FAARSA
FFg Hole A%E TF FEd 8 Unn
ol A gItH(20-21). B QTN E FHotE A 3
ol gFAZFAF ] BLE TFI FAA A
ZF7F BEEo Hedd JDdE diddte @A
7b Aoy Aegoel AdAHAA 75 BF FEA
AFRFEE BRoy EF=v|=PHAME AT 6
Z9 B21F2 @33, o83 £el¥ MRSA 105
Z 157€ FFALGFASE] ggoy Ez2v=d
HolMe M2 OE FFe B 2E¥L ¥gloy
Ze @d=u=¥Q A$e FFARTIF el HE
A$7 SN FRAZFAGZE SAAA FEEA
o gAZ o] 4¥ FE Aoz AFE.

12 EAYESE 7Y 2R $4EFE T
& 4 e fAAY FAbde] gel MEHAEH ol
Z Sg=v=3d, By, 44 AJGESFEE
A}, pulsed-field gel electrophoresis (PFGE), arbitrary
primed PCR, nucleotide sequence F°] @& 3ltt(6-
13). °]% PFGEY& EE& #AFoA Atgol 7t&estn
2y, APA, MM fol4 T BE WA E
W 7bg 2 EEPHoE 49 A Jev ke &
HE P2 33 A F£Fo] Bel E€ @Al 3l
o] Hezyd Aol dAHAULT W LHPFA
A &3 AHEE7E o|th. old HlF Fg=zn=3
W 2% e PFGESH & 54 A7t waglel v
A Aesn 43 AGELAGE Qs ving #
Yol $& WPo= MRSAS Wz JeRAA
&3] o]4€ + Y& Pyolr(10-12, 18). MRSA &
Fo] Tzu=gd BHE 95%03e] FFAM &
gzu=g AYez 93t A7d At 4
A 9o (10-11, 22) Rhinehart S (11]°l o] 3H
MRSA FAet¢l 79 bacteriophage typing?l 73-% A
AA 56%914 EYAE B vl FH=v=F
R AS 3.4%NMT AR A ot AEAol
F31 41 W23 Solert ¥ Wgoldn I
=23 7 5(22)% EF2V=FIEHP 1755 44 F
Ze gAAM BE 15T 2le FEo] FIHHUL
U} PFGES} ¥l5:% A=z BEAN 3 AP 2
MRSA TF9] JAEAPA A ¢} 2 &L 7|HE
o ALgE7IdE BAVE vt AT B A7elA
T 175 EFdA Egzu|=rt EeEHo] d¥FAR2
AHEE 5 Ao EcoRI A @ EAAF EFeRv|=E
2A §3 ENA Fegel UAY BAbdA
28 73 F 55771 A13, 284do] F7Hd A3¥ol 1
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Fola U A 1F& B2 oAU, 9 a3dA £
" 10575 5571 AT(A1E 13, A28 13, A3% 23,
A4 1)l YA 8 FFEL 47 & &8
zol=8 & JeERffich. JadAo] 4AHAd At
A E2l¥ MRSAZ} ES2u|=dH AN &
AT (A1E 553, A39 13)S Holm gEAM AT
55 F A13% 135dA A= FLF FFol T
LAE IALy oz FHH FEolide] &MV A
oS, MRSAE & A} minocycline®} rifamping T3}
o (23] AE9E Adsg e JTA FAF 3 3
AlujjeFoll 4 MRSAZ 2815 A &gkt

ooz EFFHAVI=YHE £ & PFGEE AP+
e EWHHAMCAN HlmA AYEr] g4, gRa,
EEgo] L& £A9EE A WYL E AdEn.

2 o

B Z: vigddaiA 34 X5 T F (methicillin-
resistant Staphylococcus aureus, MRSA)S 3 974 9]
F8 97, 53] Hdxdd AN B¢ F
49 AL tEo] olE AHEy] 3 ExYEE
ZAPE Yol ol &E 3 gitt. B FfolidoA 79
fololl N FLE FTAHRTAE FEL Eol= MRSA
7t BElso] Jddo] JAHATE old Y AF
g F95n BYAdLE AAsL DA olE FF9 9
2719 ZAujgelA E2l8 MRSA #FA EFH=
vy HALE APt

2 B 19979 39 29¢ % 49 297HR] F oA
AX 7o FofolA EAE MRSA 7F(MEF 45,
Y 13, & 1F, F 1F)8 FPoAA I F3e=
oJAL 4 H ZAL 229 9] B F 26W S AL
2 HF % &£oJA MRSA E#A HES 94 ZAH)
FollA Eeld MRSAE 322 3t 10714 &
A 3 F5AHAE Vitek GPS-IT Card (bioMerieux
Vitek, France)& ©]| &3t APt FFold oA
22dE @59 g5z £ ¥ MRSATFHAN &
Zzu|=& £33 EcoRICE ATy Fg=ule
SR JAARFHYF S v EN AT

A I o8dA MRSAFE &L 268F 9% (10
F)o] Eolu} v oA EElHo 35%F AR SH T
gl 28 105F 7571 SoliAq Ed =
€ 5N BRYQ RARSFAGEN TEF 2
< 297 EE=vi=yy 24 43 2-10719 B4
o] &FHULH A-F7A 6714 o2 ERHAUCT.
gololA EEH MRSA 7FF 65A AF(A1E 5
3, A3 19), 98 A E2E 105F 5564 A
Z(A18 13, A38 23, A28, A% 217} 13) L KA
AP FF9 TR BFHHYLH a9e
Zt71 & #38< Jehdglc.
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d B Estav=Ed B2 Ha3dddy &
A ea ZAM F pulsed-field gel electrophoresis &
AB 8 gle it AL CA w3 AJEr] o,
@R, Bdgo] F2 Wi oE y4dn.
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