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Microbiological Characteristics of Methicillin-resistant
Staphylococcus aureus
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Methicillin-resistant Staphylococcus aureus (MRSA) is
a typical pathogen of nosocomial infection, and has
recently emerged as an important community-ac-
quired pathogen. MRSA is notorious as a multidrug-
resistant organism. Its resistance to all S-lactams is
mediated by PBP2a which is encoded by mecA, and
it is also resistant to many antimicrobials of other
classes due to frequently co-carrying resistance
genes, which accounts for becoming a clinical and
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laboratory issue. This article reviews the microbiolo-
gical characteristics, surveillance methods, and mo-
lecular epidemiology of MRSA. (Korean J Clin
Microbiol 2010;13:1-6)
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A F2 FAPE EAek. ey oodd] e 714 Agte] gl
T AGA3) 9] 7174lell A MRSA ZHdFo] Agk whAshe o
7F el A, 2 Zelle AlAIZ o2 MRSATZF A A3 ol 4]
HEAgl ZHedgel Sk Ajle R A gk B Sl
£ F93 9 FA90 MRSA tisll g EAont X &
S I g v e 543 Ak HEE S5

O oX, N

X

Lid 71

MRSA FFE A2 B mecd FRAAES 23 901, mecd
FAzLe] AHEZA] PBP2a ThilS AJAkeke). PCR 5-29] HAHY
284 W& 5310 mecd A} A= MRSARAL g
3 4= Qlek 28U mecd SRR HESA] dHlElE =%
Al mecA FAAZ}F 97U PBP2a thHilE AYAkslA] ghomiA
o2 e weldzl Uil 7 A F 7wl
oxacillin MIC7} 4 ¢ g/mL ©]/do]"1 MRSAZ}L 4 &] gt} oA
W5 mecd FAATE ZHAESA] 3 oxacillin MIC7} 2 2g/
mL ofsfo]m w|El ARl 74 (MSSA) &2 ghekdie}.
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Fig. 1. Yearly oxacillin resistance of S. aureus isolated from 12
hospitals in Korea during the period from 2002 to 2006.

7rede] FQ YUAFO A, Lee 5319 Hatoll oJshd ¢|zist
Aol 4] MRSA HIE& 46%2 kot 443kl -5 69%,
TIAA ]IIgHAke] Aol = 86%2 MRSA HlEo] 9k

HEI&Z! LY ZHAME

el A E YA A= oxacillin® & 7 A8k Oxacilline 4]
Al HAE]R] oA @ BEt Haid 4= glow, u]F A (hetero-
resistant) WA 755 Zobd 4= 917] wiFolck. Oxacillin®] 7
A A= cloxacillin, dicloxacillin, flucloxacillin, methicillin®}
nafcillin 3} 22 YA 228l & 4-9F4 (penicillinase-stable)
AJAZA Al 88 4 9lrt.

FE9] MRSA 75+ 74 A (homogeneous resistance)
o7 Ao BE A7} wielebgtol] WA& veRich et
UF- MRSA 5+ A= A7bsbAL vk 255 434 gke
W &0 G AlZoflARE Aol W=, o] & v|TE
WA (heterogeneous resistance)o|2} gheH4]. BT A WA 5
A Yohl7] flste] gdulA| 3] Ao} Hxlulz] 3] A o
2 oxacillin ZAHE AAE wf] #A]ol] 2% NaCls d7}sllof &+
o} tazE8A el 73 9oll= Mueller-Hinton agarel] NaCl-&
A7slAl ke

FZolle weds WS AAE wlf cefoxiting FABIAL
Ak AR s A o2 ZA3E cefoxitin MIC7} 8 12 g/mL ©]
Aol MRSAZ}AL eka}ar, cefoxitin MIC7} 4 ¢ g/mL ©|&}o]
™ MSSAE Zekaleh1]. Cefoxitin®- & Al 72 gely)
F2 R o2 oxacillineZ HAHE A3} ¥]lasle] MRSA
Aol e RS} Sol ok A2 Eelehet. T sz a
] 7% cefoxitin (30 2 g) T]2TE ALsto] AR ZAo] 21
mm ©o]3}e] MRSAZ ks, oxacillin (1 ¢ g) Tl&=9] 7
S dAI 7ol 10 mm oJslo|d MRSAE et} ulz}

A] cefoxitin T]2A~=F7} oxacillin H|A~F X e} JAI7} HolA 3
317 qlvhke Aol Qlrk 3 cefoxitin FAAPH ] A
mecd FAZE] ek v & dx|siche]. vil¢- EEA ohE 7
O F mecAd FAATF GIAUF oxacillin A2 Hol+ MRSA
T2 7ol cefoxitin 74 Az Ao Z o]

SFA LMol 54

MRSAT B AYARA, 7HatsA|, AlsiA 2l wlelztgt
FaA A A} wlelete Al £3Alel tisle] dFH 0T WS
bk wehA] 3t A FAbellA Al olol =
Ao X5 AslE 7F 27] ulitel o] AT BT A
o7 Hasfol gkt o] 3k adTroll st ol 3t a4
T4 $lo] MRSAol| vt shtAl 774 734 Z 3} weletghA|
ol afl Ao E Yot A$E 1.7~7.5% Hslgdon, o
Z A75A2 imipenemo] 7.5%% 74 E=dTH7]. 2B v
= 72 237} imipenem ZFALE gtk stieke
MRSA©|H B<13] imipenem W32 Fkafiof gt

MRSAT HERFEA] gFAlol] gt WA etk ozl o-&
A2l Al tslol e A okt Hole 553 chAlH
A& Yehith Kim $5{8]¢] HEatol sl MRSA FFollA
gentamicin¥} tobramycin WA &2 7+ 95.0%%} 97.9%%1.0™,
erythromycin, clindamycin, ofloxacin®} tetracycline WA &2
77} 97.7%, 84.3%, 93.8%%} 89.5%3Ack. whebAl chAluAl&
Ho]A] 9k= MRSA TF+ oxacillin WA AR thA] AAJst
o] MSSAIAIE &Rl dart k. zefu} 2T chAldiA o
obd MRSA (non-MDR MRSA)7} A1GAS]ERE of2l ]
Aol A = Eel=]5L ¢l o™, non-MDR MRSAS] HIE7} %}
Z7¥ekaL Qe FAlo|th

AebAe] dgle] =le FE e WA e A4
& Ho]7] uljFoll pulsed-field gel electrophoresis (PFGE)E- 4!
Alsl7] Aell 2]k MRSA #5-52] WA okl oste] 34
Ao FEY 7FeAs F4E o iek9l. 2001 el A
3% % 3,756 MRSA 5 5 1850.5%)7} vancomycin
MIC 4 ¢ g/mLZA] vancomycin-intermediate S. aureus©| 3.2,
T2 T ellA] EElEgcH10]. At
AAE 20081 VRSA A4 TEZEA] Aol ofshid A 52
N FEELS ez 3 MRSA F 103905 F 13F
wko] vancomycin MIC7} 4 ¢ g/mLQ] VISAe|itH11]. $-21}
Zhol| A= oFA7HA] vancomycin WA T 2= A 9%k

MRSA HTXA} ZA}

MRSAE F2 H]7F WollA] AAlsln® v]7+ =2 (nasal
swab)y AF skl MRSAE AAGC w7 22hg 24 sbd
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iAol A Este] mieksle AU vl 2 Ak A
Aol A St & sl ol] HEsl= SoHel Aok A3
|4 = mannitol salt agar®} 2> AR & A-Es AL
Eolgt A& ERE= chromogenic agars AH83to] 17 =
e AR SR ol FHEght o|ul] oxacilling WAl 7t
slo] MRSARF S48 3l W= gick Aeizhdei) & A
S31A gkar gut Wb & A-gsld of] F5rel T4
23 sl flsle] B2 a3 Ads wlof 3tk FTellA
= 7.5% NaClo] 7}5l HAR]E AF-8s}o] staphylococciS
AeFo g =78 th2 oxacillin 2 # g/mLe] 8715 mannitol
salt agar®} 2> A2 & Ag3heh Sl A5 AR
o} AAAZe] 57 B £2QE AN A% oRIEE oF 7 ol
AE £Y F Urk Kim F{12[2 STHE ol-&3to] A A3
AQle] Au]FollA MRSA EF&S 2AsIGEd & 6894
% 57(0.7%)°] Ak Earsgict. Oh 513]< MRSA®] ©J&t
FEA Al BAE sk WaddEolAA AIA] b
7 W el 10.8%%.0w, AxF Aol A gelEl W)
% 26.5%%ro| AFEFA kA Harsgich

MRSA®] K2 ole] 39| ghatol|A MRSAC <3 Al
Hedse] T3tk A3 UdAelck. Davis 5{14]< 4t 9 &
2k 75878 ol A] Bz ZAARE 3t A3k 9 Al MRSAE Hde)
3 W A= o]F MRSA #Hdo] HAE $lgde] MSSA
Kz} vl Aol wlsl ZH2b 136K, 9.50] Eokehar Hoars)
oAtk Desai G152 ZHolA] thd &4} 15795 vl o2 o4
Aol MRSA #4E 31950, MRSA E3# A= 354 0|$)aL o]
SollA ©]A = MRSA 7ol AT 3(31%)o] tHzT
(9%)Hel F3A v =$hvka B a3sirk I Garrouste-
Orgeas 9 QAT(16]o1A= S8 &kt 1,044700A] F3h
A G4 A9 2 o] % MRSA AE AAEET, A
ZFA| MRSA R A= 547(5.1%), U4 o] 3 MRSAE K3}
Al # 3= 52%(4.9%)0191 3L, MRSA B Aei7t SHIEE
U A ARSIl ST

Harbarth S{17] &$142] & tEgh HollA] 20049 K€ 2
W7 10,8447 2] £]3HA| 3RSt e & <) Al PCR AR
= 5sto] 1% 5157 (5.1%)2] MRSA Ef 7ol thslo]
7l Belsk @A 597F vt el mupirocin A3 WRESL
chlorhexidine § o2 4915 Al ovk(2423}h), PCR
ol o3 BFate] 414 2 (rapid screen) 3 B3t o] &
+ 7 Helut AARE 7ol vlsl o]%-2] MRSA 2|5 3l 9
zted WAy v)go] FAISH o7 [oJelA| FhazsA] gkok
3 Hasleiek o] AdFollAe EF Al el AAE
MRSA E A 27} vher] Hell dgt WA $aE Z=
e ZX)(A AR Az, preemptive isolation)= 2314 29k
% thE ol 4] Harbarth S{18]2 -+ S3HAH (HaHA| 2 £]
Aol A B} G4 Al B 3 gt AAF o g Aes)

3L, PCRE MRSA EFAHE Al st habA] 3k
oA, AAIH AelE shA] koA MRSA B $13le] =
& 3ol A5H w2 MRSAE AN ufEct
MRSA #5dZo] frolsiAl zHazsisict. Rtz 2|abA] F3hat
A9l 755, MRSA E2] 3198 sk ooz A A
AelE ofaL i o g A uliel MRSA 7] S
o] ¥ Xo|7} 9iitl. ZEU} Robicsek G191 AA1H Azl
27 glo] PCR AAH S “g3lo] MRSA B2} ZARE AAJRE
A Al tiste] IRAE X8 9 HHFARE AR
73t MRSAoI| oJ3t izt o] whAde] F 70% FH4shickar
B ysigie webd 2E 49 Shatel]l tistod MRSA H4el
S AL MRSA E7AHE 24 =3)ele “search and de-
stroy” A ZF87L o] YA ok, A Al 2% B4
of i, 2 9, B A A4 A, 35 T2 | Ae
Aol et =%, 24 I7hd 987132 MRSA HIE(R =
3} 9t#, colonization pressure) 5ol vl &7} EEbA[20],
Zk 713l A o] AAE qdelr] Aol 453 AE7L Has)

o},
MRSAQ| 4 FAX}

FAL TS ol vt WS el 54 4
A5 thekstAl 2 QJeKTable 1D[21]. #e]A@ WA F3oll
Tk EolalA] ZAlshs S4 G glck. e MSSACIA]
Hr} MRSAC 1 o] LEsle 54§32 F4slr] 1
A7t A= a gk 20021 i 1370 HYellA Helet
MRSA #5+5 o2 45 FA43 AT} secot st 42
2 ZAoll 7HA I Qe FF7} 77.3%E 71 who] HelElgdek
2 1519} sec FRAAE FAlOl 7HA AL Qe MSSAE WA
A &rH22]. Kim §[23] sec®} tst FHAAE FAoll 71A]

Table 1. Staphylococcus aureus exotoxins and genetic loci

Exotoxins Gene

Membrane-active agents

Alpha-toxin hla
Beta-toxin hib
Delta-toxin hld
Gamma-toxin hlg

Panton-Valentine Leukocidin luk-PV
Pyrogenic toxin superantigens

Enterotoxins A-E sea, seb, sec, sed, see

TSS toxin-1 tst

SE-like toxins G-R, U seg, seh, sei, sej, sek, sel, sem,

sen, seo, sep, seq, ser, seu

Exfoliative toxins

ETA eta

ETB eth
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SA #5ol sl PFGE 24 A3 77} o] 7
& AR $AES Bols MRSA 22024 T of)
[e]

N Rl
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X|ALE 72 MRSA
(community-acquired MRSA, CA-MRSA)

CA-MRSAT 8% o g grlslo] o|gr|o g e
312 ¢kt s=rsiA] A Aol A ukAgE MRSA e 3k2k
ollA] E2]gk MRSA©|t}. Table 20 CA-MRSAS} HA (health-
care-associated)-MRSAE H]iZslo] Azlslgdch

Kim 52419 Kol oJsl f-2|v}eloll A CA-MRSA HI%
1,9007 2] MRSA 32} Z 112%(5.9%) 2.2 9183t} o]
A= FE 97T e A ZF(soft tissue) FHA50]
o, 64%7} HAIHA & LEFHEE o] CA-MRSA #5594 &
Apskx] B4 Z3} staphylococcal chromosomal cassette mec
(SCCmec) type IVaZl 7} &8 SCCmec type©| 92, se-
quence typet ST727} 7ba ®okeh o|=rollA Zeld CA-
MRSA 759} A th& AL oA £el% CA-MRSA T
Z£2] 73-%- Panton-Valentine leukocidin (PVL) 427} W75
A ¢k& AHolr}. Kim 512512 437 33 MRSA 30552}
MSSA 268572 5€] PVL 44} kARl ¥ 242 1579} 4
ek Baslgek. webA] SelvetellA] Eel== MRSA 7
FollA = =9 A%<} ok2A PVL 4471 A9 leS &
T drk

CA-MRSA7} X-& Harsl Aoz 79 BE F57} PVL
Aol ng S CA-MRSAS] el PVL A& ¢
)% slqdeh. e 2T HelEls MRSAOA] PVL &4
% CA-MRSAY & #iAIE =+ Sl 73-97F solvha dich
wghA] PVL 44 EA] -7 CA-MRSAE hebsl= dl
Z o3 247} S|4 o=t} Wang §{26]2 CA-MRSAS] ¥4]
7} Hle AEE WA 24gA Alxsd] siete] =91 phe-

nol-soluble modulins WA sIG k. B st

=
T

of

Table 2. Characteristics of CA-MRSA versus HA-MRSA

20031 7F5E] CA-MRSA FdZo 2 FAE|+= staph-
ylococcal scalded skin syndrome®] 7334 E A R Jof] A
sle oflo]lE e ® Axkdoz bAgslglct. Held
MRSA 875 EF 5Yg PFGE F34& Ko, sequence
type ST890]¢t}. H4= §-42F PCR 743} exfoliative tox-
in BRFo] 9kAJo]9) 2 enterotoxin, toxic shock syndrome tox-
inZt PVL A= 74w 2] ket wheba] 53t BTl
ogt AAAS] AebAelS & ¢ AUdeh 1 A AEA] &
A Aol A ZA3E Al Ao}l A staphylococcal scalded
skin syndromeo] FcH4 o2 whAY3k ul Qlgl ont, sl v ol
A Ao 7] &% 1l 98l a5 A3 s
2|55 F3to] MRSA Zd5S <43t vt Qick. 3+ 42
Yarofol| A 383t staphylococcal scalded skin syndrome 3F2}
=9 MRSA ¥F%= -Felvzlel FU3t sequence typeo] ek
[27]. el &Yg CA-MRSA 7} $-eluve} JEAat o

B A Al EAdieka 4 5 ok

MRSAQ| EXJisty B8

MRSA 7tedgo] Fehd o g whsll s 25 dde 713
sl7] flste] EAASHA SAS e H e
MRSAE #AtdeHH o2 L53l7] 913k 542 PFGE A8
Ho]tH28]. PFGE Al =2 3t o0& JAafo] oJ4lx]o],
UAsE A Wl 4] v F g2 717 Hell 3%k MRSA ¥
FEo WEoE AlRdelct opA] Wb o 87| e A4t
3loflA HebAE 4ol FFEo] 43 FHbE St
sl vl PFGE Al§Wo] =xo] ¥t}

et FHA AG o2 HE A e 23 7
Zholl 74 4313 MRSA TF5o] Z3lslw] wdtel= A&
FAs7] Yotole G7)AE4S E3F multilocus sequence
typing (MLST)e] <t}. B8k MLST+ genomic island®] o3 3k&
WER] okow, whzkA] MRSA #RF ohy2l MSSA9ES] HlaLE 7}t
58FH29]. Huh {302 1996133} 2004\del] &+ thehys] =

Er'
N

CA-MRSA

HA-MRSA

Risk factor
users, men who have sex with men

Type of infection
Rare (usually B-lactam resistance alone)

Mainly IV
Frequent (rare in Korea)

Multidrug resistance
SCCmec type
PVL production

Children, athletes, prisoners, soldiers, intravenous drug

Skin and soft tissue infections, necrotizing pneumonia

Residence in long-term care facility, diabetes, dialysis,
prolonged hospitalization, intensive care unit admission,
indwelling medical devices

Pneumonia, urinary tract infections, bacteremia, surgical
site infections

Common

Mainly 1, II, and III

Rare

Abbreviations: CA, community-acquired; HA, healthcare-associated; MRSA, methicillin-resistant Staphylococcus aureus; PVL, Panton-Valentine

Leukocidin; SCC, staphylococcal cassette chromosome.
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A ShAtoll A Heldk MRSAS] MLST A5 243 Az}
199610l ST57F A6k o, 20040l = ST2397) 74
=3 Yo vl A Haslgitt Cha S{31]2 ST239 ¥
9] sulfamethoxazole/trimethoprimel] tgk WA-Eo] 96%ZA]
ST5 T2 WAE 2%k}t Al Ztol7h Slg& Bl
MLST&ol| we} gt WA ool thE 4= rkar Harsls
th. MLST AlgH-E Edule] ] AEE AT Fileg
Ao g4 AT A FEEE 2" 7 Uek £ 7
N A2 5 5 o9 A7IeA7E ELEHH s clonal
complex (CC)oll E3FA| It} o5 59 CC8S ST8o] U¥ o]
w Wol9} SCCmecd S5 E3lo] ST8-MRSA-I, ST8-
MRSA-IV, ST239-MRSA-III, ST250-MRSA-IZ} ST247-MRSA-
I 5 5709 3 S22 Z3ks3irH32]. MLST iAto]lE
(http://www.mlst.net)ol| A 4071 o]4+e] ialol|A] A 1l =%
2XE] $A8 MRSAS MLSTel| 33t dlo|el S Algsta 9l
t}. MRSAS] 28 Aolslr] sto] SCCmecoll thEF PCR %k
A% MLST Ao} &7 nlzsle] EA3sk}  International
Union of Microbiological Societiesol|4] I1A|% 22 MRSA
29 "yHes FYslch odlE W, dTelA felsle
MRSA ZE-2 SCCmec type IVE Z+= MLST ST22 MRSA®]
22 ST22-MRSA-IVE HHsich A AAIG ez f3islar 9l
= 592 MRSA E2 2= ST239-MRSA-III, ST247-MRSA-I,
ST36-MRSA-II, ST22-MRSA-IV, ST5-MRSA-II2} ST5-MRSA-
VIE £ 7 9t} 94 MRSA 28§ Ao 9le 354
EA MLST/SCCmec 7S el Agskar gick et
MLST W2 3F 77 73] 2] PCR¥} 143]¢] d7|=AE4 &
AAsfol sleE nlgo] Hol] Erhe whde] girh
MRSA E&& 7] E7317] f1}ke] staphylococcus protein A
(spa) TR A7|=AEAH ol &M= eH33]. Spaserver
(http://www.ridom.de/spaserver/) & E3lo] dHlo|E]E EAJ3la
3k o vk Cookson G341 spa A7IAEAIH] o

PFGE A< Al 7 & Zo& Hslelch

ik

L

A
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