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Methicillin-resistant Staphylococcus aureus (MRSA) is one
of the most prevalent pathogens in hospitals. To investigate
cross contamination by this bacterium in both dental and
medical settings, the pathogens that cause acute pyogenic
infection and one of the major microbes responsible for noso-
comial infection were isolated from health care providers,
nurses and patients. We used VITEK II to measure drug
sensitivity, and we further performed biochemical testing,
coagulase serotype testing and pulse-field gel electro-
phoresis (PFGE) for isolated MRSA colonies. The isolation
rate of Staphylococcus aureus from nasal swabs was 75.0%
from dental health care providers and 18.8% from the
medical health care providers. A total of 10 MRSA strains
were isolated from 40 health care providers and 2 patients
and the prevalent coagulase serotype from patients and
health care providers was VII. The antimicrobial drug
resistance and partial PFGE types of the isolated MRSA
strains showed a similar pattern. These results suggest that
MRSA may be one of the principal causes of nosocomial
infection in dental and medical hospitals.
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Methicillin-resistant Staphylococcus aureus (MRSA)=
methicilline] A=A Eoll AHE=]7] A12E 2 d 3l 1961
d ool A H =l (Eriksen, 1961). MRSA+
197030} ke FRPH8] 3ol duizlE dedle
TA Alte] =9ar, 1980deli= ml=ellA] x]2dAks] MRSA
(community-associated MRSA, CA-MRSA) 7}3o] x| 1.
v ¥]¢lch(Saravolatz et al., 1982). S. aureus= 717}212] ¥]
7, Q12| Autolut 2ol A} Aoz EAsH, 7]
37HAE Beled =4 wl HARKS iske 2 o
oz sheA 2kl 80% olAbe ATk vzt
(hospital-associated infection)®] T8 I<2litolct. W &

A I el B2 alle] 8 FAelA= A
=l 93k ¥7] £qdo] AF AT 5 Sl H ¥

71293 A e T FeIES AAsh, W
7] 233 Wl Fdde viE s WA gt B
2=l th(Kundsin, 1980). |2} Zgol glojH= ¢
3} 3k} 7ke] o]t Bl A 87T 52
ol 23t Ane] 74 s A
Hc}, olef A S aureus®] HAW Frdo] FED
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S. aureusoll 23k HAA 73
AUk A A5 T dblshE AW,
Hubed, odzz] 744 Geoll o] o] oidlch(Etiene ef al.,

1986; Etiene et al., 1989; Frency et al., 1998). 3L,
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MRSA= Fofolvt 2t oo 3534, AEs, o
H, S4a3TIT, ATE 59 o7 7K e de

3L 3L(Hussain er al., 2001; Suggs et al., 1999; Han
et al., 2010), 9153 7= ¥ v =3 QckMiller er dl.,
2005). Elvet 3 A #HdolA EeElEle S aureus T
MRSAE 70% o]4o]w}(Chong et al., 2000; Kim et dl.,
2000), 1, 2 = HAolX= 40% oA g ¥ uEw it
(Kim er al., 2000). 3=lollA] F2]% MRSA7} 71733l
A1 22 MRSASH 54 A7} e Aol digk vae
Zzth S auwreus?] A8rERAFE 9l84= coagulase typing
I AR, Al A Aol o A 9lew, coag-
ulase typing™ FUA ztolol] oJaliA] 8 Fof A o] A
=3 ek (Tenover et al., 1994). # ol pulsed-field gel
electrophoresis (PFGE), ribotyping (Aarestrup et al., 1995;
Prevost et al., 1992), random amplified polymorphic DNA
(Saulnier ef al., 1993) 53} 7 Al 43 Aol <]
3 MRSA 719 oatzapr) o] g Qlet. 53], gk
45 o]gsle] FAAE wlasks PFGEx= MRSA 1
T 2k 2l g3k gy fAA S W 5 9
= 2o A ot & 7= A9 284, e
F9l& 22 MRSA &, coagulase @432 PFGE
of 23k AR wl Al e ot BaAt sigict

P
=
Fu
g
T
-
T
el

MRSA #59| 7

2009 1 1 GHE 7Y Afo] ER1e] A gAY HE
olgql 40 H= tako g vt Hoflx] Alg AFHE AXS}
3L, S aureuse] H215 $15lo] S vlix]<] Thioglycollate
broth (BBL, USAKIIA 37°C 8 A7t wiedslgiar, wliokel
AAE 7HHaL H2julx]e] blood agar plate (BAP) media
(Asan, Korea), MacConkey media (Asan, Korea)l 77t
E3le] 37°ColA 18 ARE wleksled o FRlollA] catalase,
coagulase tests AA|slod #F IDE VITEK 1I (bioMeriux
Vitek Inc., Hazelwood, MO, USA)Z 573}k Borlin er
al, 2003; Chapin & Musgnug, 2003; Holliday et al.,
1999; Han et al., 2010).

FA A5 AE

Al 4 Alg2 VITEK 11 A#81E ©]-8-3k minimal
inhibitory concentration (MIC)HS ©]-83}ick. MIC |
M2 0.45% saline 2.5 mis test tubeoll ¥5- ¥ HiH
e 7L BEAE AESle] i 555 0.5 McFarland
standard® =43 5 VITEK I %4 HellA 16-18 A7k
$ MIC ke gelslodet. Alglel] o] &3t A= 19 &,

benzylpenicillin, ciprofloxacin, clindamycin, erythromy-
cin, fusidic acid, gentamicin, habekacin, levofloxacin,
linezolid, moxifloxacin, nitrofurantoin, norfloxacin, oxacil-
lin, quinupristin/dalfopristin, rifampin, teicoplanin, tetracy-
cline, trimethoprim/sulfamethoxazole, vancomycins A&
s}, atAl disk diffusion (CLSI, 2009y CLSkY 2]
slo] AdPsl o, S aureus?] methicillin WA3-2 mannitol
salt oxacillin (MSO) ¥i=]of|4] A8} mannitols WHE
= A=E 30 ug cefoxitin}t 1 pg oxacillin disks 2=
v 3P 4% NaCl ooxacillin 6 pg/mLe] #7k=
oxacillin salt agar screening® (CLSI, 2009)2-2 A]&3s}3]
ot MIC®} disk diffusion®] 314> CLSI®] breakpointel]
okt

Coagulase 23 A g

MRSA 52| coagulase A= Hwang 5o W4
ol ufe} 8%<2] & (Denka Seiken Co, Tokyo, Japan).>-
2 AlYsldck(Hwang ef al., 1989). MRSA 5 I3
717} BHI broth 5mlLell AEsle] 37°Cel| sl vl
wfeflls £l =3 % 3,000 rpmel] 30 7 A4lsh
of 2 AZNE ARSIt Coagulase 7]A-Edo 2=
polyethylene gylcolaminocarpronic acid-fibrinogen (PAF)&-
AHE3Fi 2, U-microplate welloll I-VIII 333 (Denka
Seiken Co.) 7+ 0.1 ulA 2, wjekel 10 uLE 7+ 33
Ao Fol8l= wellel] ol 7PHA £3}18E ol o] A2
ol 5 -7k WSt o]oiA], PAF 71HENE 7t well
of 20 uL ¥-& F 37°C wiekrlollA] 2 A7k o] g 30
1+ 7Aoo 2 §Eo] coagulase2} A7 TPl
gt SAAMES of -5 A, FAGIE AH|5)

well®] A5 712l 25 A3 MRSA 59
coagulase AP 2 IASIAHKim er al., 2009).
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PFGEE o] &3 DNA® Agias F4 =4
GenePath (Bio-Rad Co., USA) group 1 kitg AFS-3}o]
olglje} o] AAJIIrt. Agarose embed DNA 4|2 1
% LB broth (Bio-Radpll 37°C, 250 rpm =2 X8
A7 1620 A17E slekekaL, 9] FEE 5 x 10°cell
mLE 243led 90 pLE ARE-3lct. 10,000-12,000 rpm <+
=2 At A B ohe, cell Y125 150 L
of] AH-FA1Zct. 6 uL lysozyme/Lysostaphin (25 mg/2 mg/
mL)yS 93 & 43 1.6% Clean-cut agarose (Bio-Rad
Co., USA) 150 uLell & HF5fo] &3k plug mold
(BioRad Co., USApI & A-$-aL Ao 1520 ++ 53t
ukxlglck, 500 ul lysis buffere] 20 ul lysozyme/Lyso-
staphin (25 mg/2 mg/mL)y& 3}k 183} agarose
moldE ¥tk 37°C 1 A7 AR}, Lysis buffers A
718k 1 mL washing buffer2 273 washing buffers
A ATk 20 uL proteinase KZ 50°Cell 16-20 A|7F A=A
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gcl. 1 mL washing bufferZ plugs A-2oll4] 30-60
39t Al-3kas o}A] washing bufferz A-2oll4] 30-60 -
53t AlA gt Restriction enzyme * 2]+ plug & 25 U
°] Smals Y 37°CollM 16-20 AIzE AATRaL #7195
2 Genepath (Bio-Rad Co., USA)Z 14°CE =154
20 A17F B9k 200 Voll&] 5-50 Z2] ramp timeSZ L T}
< 20 AI7F 59t 1-10 32 ramp timeS 2 221, o
AAE] 3, 2Rl slollA ARE A0k (Kim ef al., 1996).
Pattern®] 4> band®] EA| 79 wld 55 7R
Tenover?] - HhHel] w2} a4 3ict(Tenover ef al., 1995).

2 I

A 7o} 52 849l 8] 7oA MRSAS MSSA &

2009 W 1 93} 7 Y Apolol] 2 A T3] I <
E317 3RAA F 42 o] AAlol4] MSSA (Methicillin-
susceptibility Staphylococcus aureus) Ry5°] |3} 25
ol 75%E Bglom, HE 9E]lelAe 18.8%7}
Hgrk, MRSA Mir-§-& A7} ©89] 25.0%, H& &
lollA= 18.8%w “ERHSAEH(Table 1).

MRSA FF9] coagulase ¥ 9

e} B o8]l o 3xkEHE H2j¥l MRSA 1
of|4] coagulase @A S| = Table 29} 7}, %7} 9
Fololl4] H2]5] MRSAT coagulase @& o] VII o]
20%= 23iet WE olsclelde VI ¥ 40%E H3AL,
el 20% svo2 vepstct. =g, xRz 5e s
MRSAS] coagulase A& VII 3+ 20% Rt

PFGE9] A4
Ao} olgqleo R e Heldl MRSA 8 ol izt

2 345 6 78 M

M 1

Fig. 1. MRSA PFGE pattern of ward health care providers and
ward patients. No. 1, 2: ward patients, No. 3, 4, 5, 6, 7, 8: ward
health care providers, M: marker.

[ellNe)
2 Aslud, WS oEalzt 1 ke ¥4 A, 84 7 2
el 34 AHE ngler], o)zl FALL 46 Aol
4 Aol% el

$3A 44 AY

VITEK 11 A9]% o] 83jo] Haolalsme] Gaal 74
A Ak A3t AFtet W o 8]lelA E2lE MRSAE
benzylpenicillin, clindamycin, erythromycin, oxacilling- A/
9% 15 A Hhelo] S wglow, B
2|5 MRSAE benzylpenicillin, ciprofloxacin, erythro-
mycin, clindamycin, fusidic acid, gentamicin, levofloxacin,
moxifloxacin, nitrofurantoin, norfloxacin, oxacillin, rifampin
= AlLlgE 7 Al skl a4 Blok(Table 3).

Table 1. Isolation rates of MRSA and MSSA from nasal swab of health care providers and ward patients (N=42)

Subject No. of specimens cultured No.(%) of specimen MRSA No.(%) of specimen MSSA
Hospital worker
Dental health care providers 8 2(25.0) 6(75.0)
Ward health care providers 32 6(18.8) 0(0)
Ward patients 2 2(100.0) 0(0)
Total 42 10(23.8) 6(14.3)

Table 2. Distribution of coagulase serotype of MRSA strains isolated from dental, ward health care providers and ward patients

No.(%) of isolated with coagulase serotypes

Source (No. tested)

1 II 11 v \'% VI VII Vi
Dental health care providers (2) 0 0 0 0 0 0 2(20) 0
Ward health care providers (6) 0 2(20) 0 0 0 0 4(40) 0
Ward patients (2) 0 0 0 0 0 0 2(20) 0
Total (10) 0 2(20) 0 0 0 0 8(80) 0
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MRSA Al d4el 44 3 7 Fels wgit
BpCfCmEmFaGmLIMINANFOXRE ld&e] 2 #5-(20.0%),
BpCmEmOx WA&ge] 7 &5 (70.0%), BpOx A& o]
1 75 (10.0%)5 X2.3ch(Table 4). Erythromycinel] W43
ol 8 ¥ % 5 #5= clindamycinel] 744 Hol D-
zone test A5 AA]Sl] fr=A WAlS Ho] clindamycin
A 5 Aoz IASIT).

[

a

MRSAE 91l 71s] F05 21l ollel Hasl
s 7w ZrlEa E,lD]-(Hisata et al., 2005).
Centers for Disease Control (CDC)= =24 =& <
T 72 AZE o4 73t Sl BE H9lelA] MRSAZF
7%= 73$- w97k (hospital infection)e]zlar 450

m, ol 3} == glel 72 AJ7E ool MRSAZF A=
e 7395 AY9A8] 743 (community acquired infection)
© 2 Aolsgich(Garner ef al., 1988). 2 %= CDC #
oof we} A7 MRSA (hospital acquired MRSA,
HA-MRSA)Z. Fetsldeh(Kim et al., 2009) MRSA X

7-8o| Hisata 5-(Hisata et al., 2005y 2593} 2]
o] AZL Lole] u|FollA 4.3%, Hussain 5-(Hussain er
al., 2001y 2ol 2l3kalollA] 0.6%, Suggs 5(Suggs
et al., 1999y 2Jzl] Aok} 3hxjollA] 2.2%35 R3]
o}, gk, Fllel4] MRSAS] B-g¢] Kim 52 *H3AY
o] w]7}olA 2.1%, Seong &(Seong ef al., 2004y wHst
He oo wellA 12.5%Us Masigict £ ATe
et HE o8]l o AE VH‘L—i T 427510
 (23.8%)°ZHE] MRSAS &eakglon, A3l 98
ol ¥ 40 ¥ 5 A oJ8gle] 2 Ué (5%), W& ¢zl
6 ™ (15%)yF 2] SI=siet £ A A2 & o 9

Table 3. Antimicrobial susceptibility of MRSA isolated from dental, ward health care providers and ward patients by Vitek II test

No.(%) of MRSA isolates from

Antimicrobial agents Dental health care Ward health care Ward patients
providers (n=2) providers (n=6) (n=2)
Benzylpenicillin 2(100) 6(100) 2(100)
Ciprofloxacin 0(0) 0(0) 2(100)
Clindamycin 1(50.0) 6(100) 2(100)
Erythromycin 1(50.0) 6(100) 2(100)
Fusidic acid 0(0) 0(0) 2(100)
Gentamicin 0(0) 0(0) 2(100)
Habekacin 0(0) 0(0) 0(0)
Levofloxacin 0(0) 0(0) 2(100)
Linezolid 0(0) 0(0) 0(0)
Moxifloxacin 0(0) 0(0) 2(100)
Nitrofurantoin 0(0) 0(0) 2(100)
Norfloxacin 0(0) 0(0) 2(100)
Oxacillin 10(100) 6(100) 2(100)
Quinupristin/Dalfopristin 0(0) 0(0) 0(0)
Rifampin 0(0) 0(0) 1(50.0)
Teicoplanin 0(0) 0(0) 0(0)
Tetracycline 0(0) 0(0) 0(0)
Trimethoprim/Sulfamethoxazole 0(0) 0(0) 0(0)
Vancomycin 0(0) 0(0) 0(0)
Table 4. Antimicrobial agents resistance patterns of MRSA
Strains Multiplicity Resistance patterns No.(%) of strains
MRSA 12 "BpCfCmEmMFaGmLMNANFOXRf 2(20.0)
4 BpCmEmOx 7(70.0)
2 BpOx 1(10.0)
Total 3 10(100)

*Bp: benzylpenicillin, Cf: ciprofloxacin, Cm: clindamycin, Em: erythromycin, Fa: fusidic acid, Gm: gentamicin, Lf: levofloxacin, Mf:
moxifloxacin, Nft: nitrofurantoin, Nf: norfloxacin, Ox: oxacillin, Rf: rifampin.
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823} 3} 2l B Alel] Hul $§Ade] S5t MRSA
of gk Azkds WA SEiA FRedwtelAl S A8
sh= A3 B4l MRSAS] 7H39d, 7d7d 2o Aekgt 9t
ofo] Fg5l7] wiiell MRSAS] o] ARETHKIm er
al., 2009). YEo|4= MRSAQ| ofz] 7}x| iy 7k
tl coagulase FAH Algo] Ho] o]&=|a &, dE
2] Moriwaki (Moriwaki, 2003)= 2] E8FA A4 He2]=
MRSATT % E57} coagulase 118 ©|3l52 R sty
32, Fjoll4l+= Lee2} Chong (Lee & Chong, 1996)°] III
ol 7P Bk ¥asioich £ dgellxe ), #H
o] z2le] 80%ell4l VIIEe] El¥e], dist =l 4
Haels 1 w|go] Hgleh, &3l Tenover 5ol whEr
PFGE 4 27| % 2-3 7He] Ale|E e w 7PA
Ak #FE B, 46 e zpe]E A <d3te] 7}
¢ 72 Eroh PFGE o5 Alvinad #F 989l
AE A7 1A, 2 A A AR Bole ZleR Mo}
Ao Al AR FFE B, oseld) ARt
4-6 Atole] A AE vpEhdl Zlog wof oq3txor o
| 7Fsd 1R watd AEde 24 2 4 Al
o, FtAl A AR B-lactamA] 2 o] @]e] FhatAle|
o] ot 22 AFE ds 5 A ARl HE
2z 9lof]A #2]¥l MRSAE benzylpenicillin, clindamycin,
erythromycin, oxacilling A3k 15 Aol tiste] 7t
TAE Boled, st iE FelH Al oAAS
vERli= MRSAT benzylpenicillin, ciprofloxacin, erythro-
mycin, clindamycin, fusidic acid, gentamicin, levofloxacin,
moxifloxacin, nitrofurantoin, norfloxacin, oxacillin, rifampin
= AlLlgt 7 Al wste] e Bodnt v,
A 2 7 Al W Al A AldE A
B-lcatams#] % penicillin G, aminoglycoside”] % gentami-
cin, quinolone”] % levofloxacin, moxifloxacin, norfloxacin,
macrolideZ] % erythromycin, lincosamide”] % clindamy-
cin, steroidl % fusidic acid, rifamycin group %
rifampinoll A& YERHSIEE. E3E, MRSA°F MSSAE
v|7koll 4] A ASE7 1ol mupirocin A7} E3pH9l Ao w
deixd ek (Parras et al., 1995). ZL2{v}, mupirocin®| 1985
d5E AREE o] % AlSEliM mupirocin =W A=
HAdel 5] Ajde] o Aot ke ® sk rhsAdol
Arkar FA =M, 2EHQ] ZAlu okt Aupyx] o] AlE
Aok sZcHKIm et al., 2009). B ATolxlE X3}
HE osql W 3AE el =%l MRSA 752 9
o ZRAeke B9t fE]ld SRk wAlde] b
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