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Patterns of Antimicrobial Resistance and Detection of mecA Gene
from Methicillin Resistant Staphylococcus aureus Isolated from
Healthcare Facilities and U.S. Military Hospital in Korea
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A total of 108 strains of MRSA (Methicillin-resistant Staphylococcus aureus) clinical isolates was collected from
121* general hospital (U.S. military hospital), Korean healthcare facility from January to March in 2005 and Wonju
Christian hospital in 1999. Antimicrobial susceptibility test by Vitek System and MIC test using oxacillin and cephalothin
stripes by E-test were executed. PCR based detection of mecA gene was performed on the all of MRSA clinical isolates,
too. MRSA clinical isolates were characterized with antimicrobial resistance patterns, PCR based detection of mecA
gene and validation of the multiplex PCR strategy of SCCmec among clinical isolates.
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Methicillin-resistant Staphylococcus aureus (MRSA)T 1961
d Agor g ByR oy @A A A de
TEeIL om, Auiztele] Febd et ofue} Ao
A A E 0 Yoz FEHE wwr) F7)sh
EAZF H3 ek A ol BElHe 3 L5t
90% ©}2 penicillind] WA 5™ methicillin WA &5
o] vl&-L o] Z718kaL ¢t} (Kim et al,, 1997, Hanssen et
al,, 2004, Ko et al, 2005). 7]=52] 3% H Yol Eels=
AA B L= (Staphylococeus aureus) )4 methi-
cillin W 57} 2R 8k 8182 19753 B4 24%0] &
el ot 199934l 50% o) do® F43] et
(Sakoulas et al., 2001; Matsumura et al,. 2002; Coombs et al.,
2004; Shukla et al, 2004). = U] AP w27k oA 19701
el 5% A=E xFX)5hd MRSA HEo] 80 dth el F43]
T7RBIRAL 1996 A= HABHE ARITlA el A
FEH s 34 IEFHF 2 methicillin WA 757} 28
H| &2 83.7% WERST} (Lee et al., 1996; Chong et al., 1997;
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Woo et al,, 2000; Lee et al., 2001; Ko et al., 2005). &N A
AALE] o)A B2 EE MRSA WA HIE&E AAF Sokeka 9l

= A o)t} (Coombs et al., 2004; Shukla et al., 2004; Lu et al.,
2005).

MRSA 57} Z7HbA 49% w3 428 BA o)
S5 olrk B3] W AedelA BA7H A ml5e)

5o 25 MRSAS] <)% =
Aoz BAHTh el 45 1996d AAE HddeE
of tigt AgellA] MRSA o] 1o 144%E A8k
om Hap Frtete FA oIt (Lee et al, 1996, Lim et al,,
1997, Sakoulas et al., 2001, Campbell et al., 2004, Ko et al., 2005).
A fr 4= MRSAY] Hl&-2 AFrulol A9 1%
vl o), Eea, olgulo SRl A= 30%2 Az
F7bol) meh W Aolrh YA, B 128%¢] L HE
2 H1u5o] 2t} (Felten et al., 2002; Robinson et al., 2003;
Hanssen et al., 2004, 2005; Nathalie van der Mee-Marquet et al.,
2004).
Felerel A o

=& MRSAE #HAW 2449 F 2449, A4,
T2 At os A8, A Hdgs A 50% W
AE 2T} A dPelA TejEe Y T
90% ©17-2 penicillin W3 7™ methicillin HA 5]
MRSA T+ beta-lactams, aminoglycosides, macrolides®} 72
B2 A WS vehle el ARl As

f-galeg e Saphylococcus aureus EONA methicillin
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cillin LH’“A AL wiAe] 2%, 4 & 22 AdEndd

S Bol] wong HEo A A AAEE 3

Ol l‘%zéf’%} 7357 Bol AP g AAHHIL T} (Han-
ssen et al., 2004; Ko et al., 2005).

MRSA 9] beta-lactamA|o] gk W4d717L beta-lactam

AY ABA gk 8ol @2 penicillin-binding protein

2' (PBP2)2] fri=Adate] 2% Aomx o] DS codest

3L A= Aol mecA FAAE m’ﬁﬁ‘:} (Hanssen et al., 2004).
A pbp-2a] LHE A VI5S UYEhle 2444
Al mecl# mecRl SFAXTY mecA A7) AMHo ZA)5)

Aol gejxlon o)f 2AFAAE A2 mecA HE A
A g FAds e 7 ARE AV Ik A mecRl
FAZRE AZW ARG #oshs 5 ek £99) peni-
cillin 2ol #ojstz 3 det P2 7450 glgo] B
AT} (Coombs et al., 2004).
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7]—}‘/%] Ool:/\]-oﬂ 94?'5]— I\Iﬁ:]@ﬂ UJ LH/H =] %X—]z]—fﬂ mecA°ﬂ
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£ 53 e vi=el ol A EE]lE MRSAY
FAA W FEH TRRETH 54 B4 vjugo
A FHEY 2¥ e S dotra 4=
47 7= YoM EEHUY MRSA 38FE ditez o
=4 gAY {3F old wpE BAIETE =
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27} 35t
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20043 1€5-Ef 200413 3€7HA] g0l FESIT e 7
T WY 121* General Hospital?} TU)2) A-&3} FAbx] <

9 21+e] 8t} (Korean Healtheare Facility)e] 713 &0l A
$ MRSA &g o5 7”—} 3079} 25 (Mg 177,
Ak 255) B 1999 LT AFAle) aAlgh AT 715

Mo o o
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A A Eg)E MRSA 3852 Alr%ﬁ}‘iit}. £ o] ALe3

MRSA %%‘%7} 2E 7HHES W8S Table 134 2Tk o
e dFE 5% HEFE o] 2 FAulx]o] ajdst
I F5e] AL uAA] Wi VITEK (Vitek System,
Hazelwood Inc., U.S.A) GPIE ARSI £ ¥l A18-3F
MRSA #5E 55 catalase A} 2 coagulase AL A
(BD, BBL, Staphyloslide Latex Test) ¥4 Z23E ‘)rE]rLHﬁd ©
0, 0|5 FA] ¥5E mannitol salt agar (MSA)°l =% 5 uj

o A
2. U4y 4

A WA F3S selslr] AT FAA A APES
VITEK Systemol] 93t HioAls:E
concentration; MIC)E o] &3}t g PHoZ= HAE

£ FAujA|elA 37°C, 18411t B
%olfé Fzte] BaE 045% DS 1.8 miol PR3+
VITEK colorimeterel A #F B %E 0.5 McFarland barium
sulfate turbidity standardel] W33 WW7|E 2~3% F< I
ksl ok o] BEf-olL ko] VITEK GPS card®} suscepti-
bility card®l Z38I v}t 28T VITEK systemol| X 873}
= oA 2 7)Ee) wel MICE &3 318tk MICd 42

ampicillin, ampicillin/sulbactam, cefazolin, ciprofloxacin, erythro-

o

(minimum inhibitory

mycin, gentamicin, nitrofrantoin, oxacillin, penicillin-G, clinda-
mycin, tetracycline, vancomycin, trimethoprim/sulfamethoxazole
59 FaEE S ARtk Al A AAE AT B
F 52X S aureus ATCC 43300, S. aureus ATCC 29213 =
Escherichia coli ATCC 25922F A&t

3 Oxacillin¥} cephalothin strip (AB Biodisk, Solna, Swe-
den)& ©183}9) CLSI (Clinical laboratory standard institute)
guideline®] W} Muller-Hinton agar®ll A #545 I1F =
LEe] Hjx] FZol oxac11thJr cephalothin stripE 281
WClA 18713 MY F AT Z4 JAlhel) At
MICE WsiSic a4 HAE §1% £F #5 VITEK
systeml| A AHEE EE 7T FLT TFES ARSI

3.DNA =& 3 A

Al genomic DNAE €7] A3iA AleS brain heart
infusion (Difco, MI, US.A.) broth 4 mloll AEst 57144 4
Bl 37Tl 24417F ikatsic). wikd S Eppendorf tube
o 1.5 mIB BF51 12,000 pm o E 1027 AN &
A= bacterial pelletS DNA isolation kit (QIAamp® DNA
Mini Kit, QIAGEN Inc., Chatsworth, U.S.A)S AFE35} geno-
mic DNAZ 3%, BA5th AA$ DNAL 5=+ 260/
280 nmol| A FFEE S5t ALk
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4. mecA REXL & HH._P

VITEK system= 531 #<21¥ MRSA @52 mecA gene
o] Eo]d<Ql ollgonucle:oudeE TH5FR T NCBI (National
Center for Biotechnology Information) web site (http:/www.ncbi.
nlm.nih.gov/)E E3NA mecA2] sequenceE 3L, olE
IO E mecA sequencedl] THE}o] multiple sequence align-
mentE A 33T o] AHE v}E O Z Primer 3 program
(http://frodo.wi.mit. edu/)—(l 0]-83 mecA-F, mecA-R&] PCR
primerE T3k £F- A2} (Bionee Co. Daejeon, Korea)s}
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Table 1. Antimicrobial resistance patterns of MRSA clinical isolates by VITEK system

L Healthcare facility .
Antimicrobial agents - Number of isolates
121% KHF Wonju

AMP, AMS, CZ, OX, PEN 13 4 : 17
AMP, AMS, CZ, OX, PEN, ERY 13 2 : 15
AMP, AMS, CZ, OX, PEN, ERY, CC 3 3
AMP, AMS, CZ, OX, PEN, CIP 2 2
AMP, AMS, CZ, OX, PEN, ERY, CIP 1
AMP, AMS, CZ, OX, PEN, TET 1 1
AMP, AMS, CZ, OX, PEN, TET, ERY, GEN, CIP 2 2
AMP, AMS, CZ, OX, PEN, TET, ERY, GEN, CIP, CC 16 16
AMP, AMS, CZ, OX, PEN, TET, ERY, GEN, CIP, CC, SXT 11 11
AMP, AMS, CZ, OX, PEN, TET, GEN, CIP, CC, SXT 4 4
AMP, AMS, CZ, OX, PEN, TET, GEN, CIP, SXT 1 1
AMP, AMS, CZ, OX, PEN, TET, CIP, SXT 1 1
AMP, AMS, CZ, OX, PEN, GEN, TET 2 2
AMP, AMS, CZ, OX, PEN, GEN, TET, ERY 1 1
AMP, AMS, CZ, OX, PEN, GEN, TET, CC 3 3
AMP, AMS, CZ, OX, PEN, GEN, TET, ERY, CC, CIP 25 25
AMP, AMS, CZ, OX, PEN, GEN, TET, ERY, CIP 2
AMP, AMS, CZ, OX, PEN, TET, ERY, CIP 5

Total 30 42 36 108

Abbreviations. AMP; ampicillin, AMS; ampicillin/sulbactam, CC; clindamycin, CIP; ciprofloxacilin, CZ; cefazolin, ERY; erythromycin,
GEN; gentamicin, OX; oxacillin, PEN; penicillin, SXT; trimethoprim/sulfamethoxazole, TET; tetracycline

of 2 Ado) AL&353it)

2 Ay A] 12918 primer$t Oliveira et al. (2005)0] ok
¢t primer (Table 4)°l W3 WA= A|EL At S
2 AR dccuPower® PCR PreMix (Bioneer. Co. Dae-
jeon, Korea)& AFE5l] 8 DNA 528 & 30 ngl =
AlEFete] 10 B Ao R HE FEUt 03 pgol HES
8435t Z47ke] 3 DNA 2 wE F7bsta 212-] primer
setZ 20 pmole/ulE HF F%7} 2 pmolo] HEE 2L &
B FHFE AT 9bedel 20 plo] HEF 5k thermal
cycler (GeneAmp® PCR System 2700, Perkin-Elmer Cetus,
Boston, MA, US.A)E AH8-3l DNAS| $%-3 A &=s8l3ith
MECA-F, R primer= 47 Coll Al annealing& A3+ t} (Oli-
veira et al,, 2005). WFSo] FEE T 0.5 pg/mle ethidium
bromideZ H7}5} 1.5% agarose gelol] 27]%9%31] ultraviolet
trans-illuminator (Vilber Louramat, Mame La Valle, France) = 7}
7Zre] FE AMEES vl #EIelch

mecA genes AE37] Y3 FHE L AN
mecA-R2] PCR primerE A-§3}e] P A|ga) 22 9
o7 A3t

2 o}
1. M T AR (S aureus) @l 2E]

B Ao AMLE BE 7 catalase HA) coagulase
AAbl A B kS e 9| Mannitol salt agar (MSA)
o A] weksl Av} mannitolS Fast] ARS AAEHE A
o)A pH indicator$] phenol redel] ] =34 q=HE e}
Riiel=s

Vitek AFg 24715 ARERE ZHbe] gAAle] tid MICS
=A% Ay 22 JgEE 75 °] ampicillin, penicillin,
ampicillin/sulbactam “12] 32 oxacillin®] w3l W& e
o1 nitrofurantoin®} vancomycin®ll = F 7S YERY
ST} (Table 1).

121 General Hospitalol 4] #2]¥ 305°2] MRSA #FE52
tetracycline, gentamicin, rifampin, trimethoprim/sulfamethoxazole
of 7+ VRN 21, ciprofloxacin, clindamycin, erythro-
mycin® Z+ZF 13%, 10%, 28151 55%2] W3S Yepigich
LA BeloA E2]El MRSA 552 tetracycline, gen-
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Table 2. MIC of MRSA clinical isolates by E-test

Antibiotics

MIC (Minimum inhibitory concentration)

Number of isolates

Healthcare facilities

>4 >8 >16 >32 >64 >128 >256
o
21 oxacillin . 14 9 2 4 1 0 0 30
cephalothin 27 1 1 1 0 0 0
KHF oxacillin . 0 0 0 0 0 0 17 17
cephalothin 0 0 0 1 3 6 7
illi 0 0 36
Wonju oxacillin . 0 0 0 0 36
cephalothin 0 1 0 0 14 13 8
Total 83
Table 3. Oligonucleotide sequences used for amplification in this study
Oligonucleotide Sequence (5' to 3') Tm (C) Expected size (bp) of PCR product
mecA-F GGTGAAGTAGAAATGACTGA 5 139
mecA-R CTCATATGCTGTTCCTGTAT
MECA-F* TCCAGATTACAACTTCACCAGG - 50 162
MECA-R* CCACTTCATATCTTGTAACGCG
*Qliveira et al. (2005)
tamicin, ciprofloxacin, clindamicin®ll =& #FE0] YAES & #F ole U=l dAT Aolg & & A ¢4
WHERE 2.1, erythromycin®| A1 94% (16T5F), rifampinoll Al 19999 915 7|53} 2004d =0 F=w2lolx E2id

17% (375), trimethoprim/sulfamethoxazolel| A= 58% (10¢"
e 757 WS JEhith 3 e 7| 7RG
HYlo A F-2lE MRSA #5829 WAES tetracyclineol] A
64% (16717), gentamicin® Al 60% (1575%), rifampinol A]
4% (14F7), trimethoprim/sulfamethoxazoleol A 20% (5¢-5),
erythromycin®l| A 72% (1875), clindamycin®l| 4] 56% (147
<), ciprofloxacinl 4l 68% (1775F)¢] WAE B30} 34
19994 AFllA| E2lH MRSA T35+ tetracycline®] tHH
T (98%) #AS eI trimethoprim/sulfametho-
xazoleol M= 2% A4A-E& YERRATE %3 gentamicin,
ciprofloxacin, clindamycin, erythromycin, rifampin®ll A= z}2}
75%, 93%, 90%, 95%, 1] 5% WAES JeEhATH
(Table 2).

121* General Hospitalol| 4] #-8]€ 3079 3= Lloq 2
e 175, 22]al 95 715l 2elE 36575 oxacil-
lin# cephalothin stripE A}-8-3t9 MRSA #2|FE°] gt
MICE B)8}5Th 121% General Hospitalol 4] £-2]% MRSA
TFNAE -89 737} oxacillin®] th3 MIC7} 8 pg/
ml of3F}] HH, Sl Ay} UF VIR FE
TolAE BE #5E0] 256 pg/ml o)/de] ek WdS By
T} HE3F cephalothin®l] A= 121* General Hospital %2 w5
3075 T 27709 Bl #57) 4 pg/ml ofste] A& e}
Wby g glel A EElE 5L YRR 64 pgml o]
skl S YERETE o224 1219Y3 oA £l

WAL B33 cephalothinoll A1+ 64 pg/ml

olAte] A-S BT 199937 200430 FBlE dFE

E& v|msle] B A3} oxacillind| E 2T 256 pg/

S HoFE oL}, cephalothinol A=

20059 =) EEF 5 oF 80%2] ¥} 128 pgml ©]/d9]

WS Yehgl o, 1999l 5ol 58%7) 128 pg/miel i
4L YR (Table 2).

i

Egtaa ANLE0 AFEE PCR primer?| DIZE

o @

Al

MRSA 2] mecA genes 71E3)7] 13 2= PCR primer
9} Oliveira et al. (2005)°] A}-€-% PCR primerES (Table 3)
B3] 2 Az} o Aol AFA 1 primers 3 pg
DNAME %A ukg-g Yehdigoy 712l ALY
primeri= 30 pg DNACA] g o2 velstrt wheha 2 A
GollA 12213t mecA primer set”} 71E2] Oliveira et al. (2005)
o] &% primerdl] 3t 108} ©]4 mecA A HE
77 Ao 2 YT (Fig. 1).

4. ZEEAL Y32 0IEF mecA RN HE

e

ol¥ A4 ket primerE AHE3I] EFE A AHur
2 Mg Ay A dxzToed AMEE S aureus ATCC
A

433002 108752 GEE] FFNA] mecA gene primers

L2

Of
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162 bp

Fig. 1. Sensitivity test for PCR amplification of mecA gene. Left; primer designed for this study (mecA-F, R), right; primer used in
reference (MECA-F, R) lane M; 100 bp DNA ladder (Takara), lane N; negative control, lane 1; template DNA (S. aureus ATCC 43300; 30

ng), lane 2~6; ten-fold serial dilution of template DNA.

MP12345%86738 9111121314 N

Fig. 2. PCR amplification of mecA gene for MRSA clinical iso-
lates. Lane M; 100 bp DNA ladder (Takara Bio Inc, Japan), lane
P; positive control (S. aureus ATCC 43300), lane 1~14; MRSA
clinical isolates, lane N; netative control.

A3 PCROA A381E 339 bp) PCR AHEo) A&

21t} (Fig. 2).
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1959'd methicillin®] penicillin resistant Staphylococcus auresus
HEZol AHEE ol 19610 FxellA MRSA7E 947
ANA AFoz wEh o APE vRsle] dAA
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Fo] FAA gk e A 9E ?}01 %Lﬂoﬂ/‘i’]
e gge) Az A Ik g Eo] AT S
of ol21 Y& ouiditi & 4 gt

v)ze] 7% He oAl 2008 He FxlEo] A

60%= W Aol olsk e o1
40%+= MRSA®] 9]?, Ro2 odElx vl MRSA 7+
1998\ el 12%0]d Ho] 20030l = 43%= %ﬂﬂ‘;ﬁiiﬂl
Ko et al. (2005)°] 2]3PH MRSA 942 7% ciproflo-
xacin®| 14%, clindamycin®} 3%, tetracycline®l 3%, 1€}
trimethoprim/sulfamethoxazolol] 1%¢] WAES WeER 2
vancomycin, gentamicin, nitrofurantoin, “L¥] 3L rifampin®] &

AN 39S Bask vp glok 2 vls e £l A
gulel o Aol F2]E MRSA YEE OFE 5
91%%¥ erythromycinol] WA Y-S Bagh #f glorvt & A7
oAM= 55%2 MAAES YERA AS HAd SAke o
PAte] BLE AAE o AolE Bl Zlos AR EHH,
ciprofloxacin, tetracycline, gentamicin, rifampin, 12|37
mycin W ES oFghe] mAlE lo]& BYEol

E-testZ o] &3+ MIC S|4+ 121" General Hospital®]

Io oy I

clinda-
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A 223 MRSA Y28 dFdAe uyEe 7457t
oxacillin®] 749 MIC7} 8 pg/ml ©]3F] W, U ASES
AF 71=HYolA 223 MRSA GAHEE dFolME 25
256 pug/ml ool A Zg W8S vehlile sz o 719
MRSA V&8 #7EY] WAAEY Alolg dolE & A
t}. Z18] 3L cephalothin® 7$-= 121% General Hospital 315
F 2779] MRSA V428 o5 MIC7T 4 ug/ml ©]3}2]
WS vehd g B E B2 MRSA o4
] @79 MIC7t 64 pg/mle] WS HoF3Th o 43
Z2] 121" General Hospital?} TUBHEA 2] § MRSA
AR dFE 7ol oxacillind] tH3 YA RS fo]E
T ATk
AxE IUHYE 7k MRSA 23] 752 A% 20053
Zo g #5E3 19993 g5l A E2ld MRSA
ARE FFEY NAEY B3 oxacillng 4$ 57
MIC7} 256 pg/ml o)) 73t WA-S Roluzg o As 7hst
HAES Jeh 9.2, cephalothindl] 3% 19993
AFAFe A B2lg MRSA /358 FF9 83 20053
Tol £23 MRSA ¢HEE] 7oA U Eol ozl A
o= vERET
FARETA 7E ) a2 Auke-S A sy
Z 10879 MRSA i8] TFolA BE iy o
FE°| mecA FAATE HEE O] MRSA §HEE o7}
mecA genes VA= 02 AlgHTH
AEHog Hol 3709 HdolA EFE MRSA U4+
1

e

Ao gk MIC 23 121% General Hospitaloll A £} 8
MRSA & #5753 B LS4 23 MRSA
AFEE AFEFHY] FWAE e UgdEY E AoldS
wAgto 2 Iujola] Beld MRSA & T A
o gk WA Eo] vl & A2 YEsh
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