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& MRSA (Healthcare-associated MRSA, HA-MRSA)Z Al
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AF2]3H MRSA (Community-associated MRSA, CA-MRSA)
OR= FHg e Apo)7t gl Ao g RuEQITH13, 14]. vl=t
CDC] <ol w2, Qlek} Ei= ¢ 48A17F o T2t
AAelA MRSA7F 2] == 74-5-2F MRSA -2 of] thet 24A =
o] §li= 7%, 123l A 19 52t Aol 7] QAo
AY, BA, $ES oA G AfolA] MRSAZF He]H ¢
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Table 1. Number of collected specimens from the ICU environments
in a general hospital

No. of specimens

Sample collection sites (%)

Health care zone Door Number Keypad 4 (8)
Hand washing sink 6 (12)
Keyboard 6 (12)
Telephone 6 (12)
HCWs hand (ICU)* 8 (16)
Patient zone Infusion pump 12 (24)
Control Non-HCWs hand 8 (16)
Total 50 (100)

*HCW, healthcare worker.
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Qe W% 7], ARy, o B, 58 A Y|RE §
4 A3}7] WE)0 2HE Hels MRSA 459} Aba A = R
H2] 5] MRSA 2055, % 245-9] MRSAS thAro & 25713}
A B2 24 31 Table 1.

2. 2e|8 Ml#el 37

SEAAA oA Ee)E Al 5 Gram IS A3k Gram
FANE B Grame/d Al w218k AL, VITEK 1T compact
(bioMérieux, Inc., NC, USA) AF53} 574 A|AH 0 & F43]

AT

3. gd g Al

gl e Lui x| (blood agar plate, BAP)OIA G-2l3t Hehe
45% A9l F-3-A1A McFarland No 0.6~0.9 =|A| &%
£ S S VITEK ]S o8-8t FutAl A Al A
astsict. StAl a3 AIE AR & 2k w72 Clinical
and Laboratory Standards Institute (CLSD) #5542 283}
Ak A7) A== Q3 S aureus FF2w5(ATCC 29213)
S ARgSto] 3 19] QAo s U R 0 2 A AN
AAJsto] CLSI 7|5 o1-8- 9]l 2 4ekA] 2<1s}qirt.
oAl A4 Aol AREE WA= enzylpenicillin,

O

A

erythromycin, fusidic acid, linezolid, oxacillin, cipro-

floxacin, clindamycin, mupirocin, nitrofurantoin,
rifampicin, gentamicin, habekacin, quinupristin/dalfopristin,
teicoplanin, telithromycin, tetracycline, tigecycline, trim-
ethoprim-sulfamethoxazole, vancomycine £&3) ¥ 19

Folth.

4. MRSA @258 genomic DNA2| £2|

BAPOI|A] BioFe Alat 1~2 g o2 F3t 3 5%
Chelex® 100 Resin (Bio-Rad, Hercules, CA, USA)/TBE
solution 500 uLell & AlZ1 5 100°ColA] 1027+ #<1 &
0,032 xg= 2871 YAl et S AE Af tubeol] £ A =4
Al 7HA] Bstlal, &3 genomic DNA (gDNAXE=
Nanodrop 2,000 (Thermo Fisher Scientific, MC, USA)& ©]

$9) 1 5wt SRS 28,

5. mecA SMAL A= % multiplex PCRES 0|2t
SCCmect mec complex typing

mecA AR A2 9 SCCmec, mec complex typing= 4>

Ps}7] 8l Prime Tag PCR Premix (GeNet Bio, Daejon,
Korea) 10 uL, Forward &} Reverse primer?] %5 7+
10 pmole/uL, %9+ gDNAE 5% DNAR 1 uL, B+t 557
7 uLE A71ske] & 20 uLe] £FA-S o] multiplex PCR

-~

Table 2. Specific oligonucleotide primer sets used for subtyping of SCCmec types in methicillin-resistant Staphylococcus aureus isolates

Target region

Nucleotide sequences (5'-3"

Amplicon size (bp) Reference

SCCmec type | F GCT TTA AAG AGT GTC GTT ACA GG 613 Zhang et al, 2005 [17]
R GTT CTC TCA TAG TAT GAC GTC C

SCCmec type I F CGT TGA AGA TGA TGA AGC G 398
R CGA AAT CAA TGG TTA ATG GAC C

SCCmec type llI F CCA TAT TGT GTA CGA TGC G 280
R CCT TAG TTG TCG TAA CAG ATC G

SCCmec type IVa F GCC TTA TTC GAA GAA ACC G 776
R CTA CTC TTC TGA AAA GCG TCG

SCCmec type IVb F TCT GGA ATT ACT TCA GCT GC 493
R AAA CAA TAT TGC TCT CCC TC

SCCmec type IVc F ACA ATA TTT GTA TTA TCG GAG AGC 200
R TTG GTA TGA GGT ATT GCT GG

SCCmec type IVd F CTC AAA ATA CGG ACC CCA ATA CA 881
R TGC TCC AGT AAT TGC TAA AG

SCCmec type V F GAA CAT TGT TAC TTA AAT GAG CG 325
R TGA AAG TTG TAC CCT TGA CAC C

mecA F GTG AAG ATA TAC CAA GTG ATT 147
R ATG CGC TAT AGA TTG AAA GGA T

mec complex group A F CCC TTT TTA TAC AAT CTC GTT 146
R ATA TCA TCT GCA GAA TGG G

mec complex group B F TAT TTT TGG GTT TCA CTC GG 1,305
R CTC CAC GTT AAT TCC ATT AAT ACC

www.kjcls.org



ARl £

FAmg s

Troll ARt primere] 714 E2 71 A
1*3 SFATH17).
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0.5% TBE buffer 30 mLe]l agarose 0.45 g <% %, DNA &
A5 918 SYBR® (Invitrogen, Carlsbad, CA, USA) 3 uL-&
7} 8to agarose gel:& YHElth =% PCR A=< 1.5%
agarose/TBE gel®] Z} welloll £ 100V, 20 min %171
5 A3 % 100 bp DNA ladder marker (Thermo Scientific,
Waltham, MA, USA)2} Bl aLste] AiE ER18}I cHTable 2).
Z¥7ro] ZfEAQl PCR 5% 82> SCCmec H83 mec
complex %2 £o]4 ¢l locioll thel] 42-9] S-FAHES| 2
71e] AF-gok= S MEE Ak
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g?amg SIANAM M2l £2] Bl
o5 o 5 EUYE WL 7], A, g5
il dam 5 470 Gl 33547.8%), 2| 5419
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Alsto] wefH-& =<l 513 tHTable 3).

SR 2HH0IIM 2 AE LI MRSAS| 22| Bl
5 99 5 YT L 7], AR, AR HH L
A 27 MRSAZF 1554 2] =gl o, v] o] 2 21 dARALS]
$=of| A= methicillin susceptible S, aureus (MSSA) 1557} &
2] =[Stk A S ol A e vl Al 5 IR Y
TS % 3437 R E ]l on 0% S aureus=471(11.8%)°]
Heleola, U UL Aok f A8, ol w 8 ol
717k MRSAZF 1524 #-2] =] $Ich(Table 4).

3) mech RTX HEE
subtypel| XS

Al ols 7125 SR ol 29 S aurews 47

PR RE E]Q MRSA 205-9] Y/ FaelatTE o=

mecA FAAS] Bt o715 2131 913 mecA PCR 4=

AAIS A1, F%P\Vé ol A R = A 4319 S aureus

% 3721(75.0%)°] mecA B} Q= A 0 7 2ol

HAE B

% SCCmec, mec complex

o] MRSAY o] 2ol & 17, Shatofl Al 2] MRSA 205= =
= mecA FAE RA51aL S-S 2Rl 31t Multiplex

Table 3. Bacterial isolates from environmental surfaces of intensive care unit in a general hospital

Microorganisms HC Zone* HCW Hand " Non HCW Hand' Patient zone Total (%)
Staphylococcus spp. 8 (24.2) 8 (72.7) 7 (70.0) 8 (53.3) 31 (45.0)
Enterococcus spp. 0 (0) 0 (0) 0 (0) 3 (20.0) 3 (4.3)
Bacillus spp. 5 (15.2) 0 (0) 0 (0) 0 (0) 5(7.2)
Gram positive rod 15 (45.5) 3(27.3) 3 (30.0) 3 (20.0) 24 (35.0)
Pantoea spp. 1 (3.0) 0 (0) 0 (0) 0 (0) 1 (1.4)
Acinetobacter baumannii 0 (0) 0 (0) 0 (0) 1(6.7) 1 (1.4)
Pseudomonas spp. 309.1) 0 (0) 0 (0) 0 (0) 3(4.3)
Acinetobacter spp. 1 (3.0 0 (0) 0 (0) 0 (0) 1(1.4)
Total 33 (47.8) 11 (16.0) 10 (14.5) 5 (21.7) 69 (100)

*Health—care zone, THealth-care worker, TNon Health—care worker.

Table 4. Gram positive cocci and MRSA from environmental surfaces of intensive care unit in a general hospital

Hospital environment (surfaces) SAU EFM SPE Other CNS Total (%)

Door number keypad 1 (50.0)" 0 (0) 1 (50.0) 0 (0) 2 (5.9
Hand washing sink 0 (0 0 (0) 0 (0) 0 (0 0 (0)
Keyboard 0 (0) 0 (0) 0 (0) 2 (100) 2 (5.9)
Telephone 1333)" 0 (0) 0 (0) 2 (66.7) 3 (8.8)
Hcws hand 0 (0 0 (0) 5 (62.5) 3 (37.5) 8 (23.5)
Non-Hcws hand 101437 0 (0) 5 (71.4) 1(143) 7 (20.6)
Infusion pump INCAN 3 (18.2) 109.1) 7 (63.6) 12 (35.3)
Total (%) 4 (11.8) 3 (8.8 12 (35.3) 15 (44.1) 34 (100)

Abbreviations: MRSA, Methicillin-resistant Staphylococcus aureus; SAU, Staphylococcus aureus; EFM, Enterococcus faecium;, CNS,
Coagulase negative Staphylococcus; SPE, Staphylococcus epidermidis.

www.kjcls.org



114 Hye-Suk Kim, et al. Molecular Genetic Characteristics of MRSA Isolates

PCR 48 53] SCCmec typing 8¢t A7} 3| 2 2]
25 MRSA ¥ 205 5 858(40.0%)7}F SCCmec type 11, 15
(5.0%)7} SCCmectype 11 & IVa, HHA] 115:(55.0%)= 55
Not typeable= F-4 5] 3l 01, Z3k}4] Hof| A Ee]H ¥
2] MRSA % SCCmectype 117} 15:(33.3%), SCCmec type
M7} 157(33.3%), SCCmec type IVaZt 155(33.3%) 2 717t =
A= HTable 5). 37H 2.2 Multiplex PCR £4& &9
mec complex typinge =3t 23 AR RE HejE
MRSA % 205 Z 85(40.0%)7} mec complex type A, 15
(5.0%)7} mec complex type B, M A] 1152(55.0%)= 55
not typeable= 41| 1 0w LA 2ol A 2] H F3
9] MRSA % mec complex type A7} 15(33.3%), mec
complex type B 7} 15(33.3%), not typeable©] 15(33.3%)
= 717} 2l = Stk (Figures 1-3).

=t
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S, aureus= %
S Yo7|= 39 HYHolH
HIHSHA 2] =ar

32
&
@
el
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ofN

o

MRSA #5t of e} th& F72] thAW/dwtoll ofsiA e B
o] WAsk= 2 o= HaE| o7, 8]. Rampling 51812
Aol w2 AR, oA}, TV, A7 52 7t M| 7],
e, o], A, o], /ey, WE], oA &
% H1E FollA = MRSA7} EA48h= A 0= vepsith, 53] A
= FR ARG 701A 36.4%2 MRSAS| =417 71
A YERaL, o= gulelA] 13.2%, A 5 7HElA
11.3%, 7o) oA 10.7%7F MRSAZF 22| = A o2 B

ek, AT, 2 Aol A= SR T 7] oA MRSAS]
2180] 50.0%, H7] 33.3%, = g FA7|lA 9.1%=
EfLp A2Y Ateh= 2ol 7 QAINE ol g zlo] 1 AR5 oF
& AHs FU71 5 95 Aol A MRSA Bl o] Ql=2e
B & 5= YtHTable 1). S8R 0] 79 HAo] AotE|of 9=
S0l W] wfitel] W ezlol ol$k g 7ol o, =t
U 34} o] 5 7] 3] LR = HA-MRSA= Thofet A o] &
Al =)o] 2031, SCCmectype 1 0] 45%= 713 Z6AqE ch2

Table 5. Typing of Staphylococcal cassette chromosome rmec (SCCrmec) and mec complex from patients and environmental surfaces of

intensive care unit in a general hospital

MRSA mec Complex Types

SCCmec types

Strain Genotypes
mecA(147bp) Group A Group B Il I IVa Vb IVc IVd Vv

MRSA-1 + + - - + - - - - - - Group A, Il
MRSA-2 + - - - - - - - - - - Not typeable
MRSA-3 + + - - + - - - - - - Group A, Il
MRSA-4 + - - - - - - - - - - Not typeable
MRSA-5 + - - - - - - - - - - Not typeable
MRSA-6 + + - - + - - - - - - Group A, Il
MRSA-7 + - - - - - - - - - - Not typeable
MRSA-8 + - + - + - + - - - - Group B, Il IVa
MRSA-9 + + - - + - - - - - - Group A, Il
MRSA-10 + + - - + - - - - - - Group A, Il
MRSA-11 + + - - + - - - - - - Group A, Il
MRSA-12 + - - - - - - - - - - Not typeable
MRSA-13 + + - - + - - - - - - Group A, Il
MRSA-14 + - - - - - - - - - - Not typeable
MRSA-15 + - - - - - - - - - - Not typeable
MRSA-16 + - - - - - - - - - - Not typeable
MRSA-17 + - - - - - - - - - Not typeable
MRSA-18 + - - + - - - - - - Group A, Il
MRSA-19 + - - - - - - - - - Not typeable
MRSA-20 + - - - - - - - - - Not typeable
MRSA-E 1 + - - - + - - - - - 1l
MRSA-E 9 + - - - - + - - - Group B, IVa
MRSA-E16 - - - - - - - + - - IVc
MRSA-E21 + + - - + - - - - - Group A, IVc
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ol o] LA Eo] ZAst= Ao B ¥ vl QIrH19]. o
©] HA- MRSA+= SCCmectyping +4 A3} SCCmectype 1%
T I 0] QA8 CA-MRSA 72l A9 SCCmectype
V¥ E= VB #5271 $AISE A2 A& QITH201. S
aureus FHo| == WdolA= CA-MRSA &1t ofy2}
CA- MSSA 55 st 5505 o|$E7] o] Ao A4
o A A sto] A8-8k= Ao] Phrtol| A ui-$- F851ct
[20]. YHH4 0 2 CA-MRSAS] 78-¢- of o], w1, Aj4Ah, St
U oF= Y8(Intravenous drug abuse, IVDA) So|4] ¥113]
st SCCmectype IVE 0| 2 YERH, B-lactam Al E
O GtAlel W 7HAAL = Ao ® deA Stk WhE,
HA-MRSA= 47| QAo @i T FAER} FoflA]
RIS 4= 9l oW SCCmectype I, 11, ITE o] F+& Uehw o}
A4 (Multidrug resistance, MDR)}S 7} 11 Q= A 0 & oF
2141 QIH20]. Ameer 512119 39 Aol A= CA-MRSAS}
HA-MRSA®| 5% XA 23} CA-MRSAE 28.9%, HA-
MRSAE= 71.1%% WeRRAL I+tA] s 2AF 23 HA-
MRSA®] 7¢- erythromycin®]l tgk HAdE©] 62.9%, cipro-
floxacin®]l thet o] 54.5%, tetracyclineo] thet WAS
0] 21.7%, teicoplanin®] gt HAdE©] 16.1%, CA-MRSAE]
74%- erythromycin®l| tiet H/dE©] 56.9%, ciprofloxacin®]
st UASo] 48.3%, tetracyclineo] diet HjAE©] 15.5%,

Figure 1. Multiplex PCR assay identifies mec complex and sub-
types simultaneously detects the methicillin resistance (mec
complex group A).

Figure 2. Multiplex PCR assay identifies mec complex and sub-
types simultaneously detects the methicillin resistance (mec
complex group B).
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teicoplanin®] thgt WAdEo] 13.8%= CA-MRSASF HA-MRSA
o] EC] 6% 2= HIS=8HA Yel o clindamycine]
tj$F HA-MRSAS] WAEL 46.2% CA-MRSAS] WAES
22.4% 9o, gentamicinol sk HA-MRSAS] WAES
46.2% CA-MRSAS] WAE-2 20.7%= HA-MRSA A1 <] W4
Eol 28f o] o] W o & BawleH22]. T3t o] MY
T+ Ao W= CA-MRSA7F Ao |u S8R ol A] ©F 25%
A ReE= Ao Huwa glom tA A AlE 4
7} oxacillin ©]9] erythromycin® et YAES 83.6%,
ciprofloxacinel] ™3t WAES 53.4%, trimethoprim/
sulfamethoxazole®] tht W/A3E-> 4.1%, rifampino]| thgt
35 10.9% A Ao w B HATH21]. A elA Z2iE
MRSA 9] mec complex typing A3 mec complex
group A+=871(40%), mec complex group B+ 171(5%), not
typeable 1174(55%) 2% UerdthFigures 1-3). mec
complex group A% 871(40%)< 55 SCCmec type 113,
mec complex group B 1(5%)71-2 SCCmec type Il & IVa
&, mec complex typing®l4l not typeable® W2 114
(55%)2 E5 SCCmec typing®l 4% not typeable®] A3&
et SRS 2ol EeE MRSAE  mec
complex typing®+ 23 mec complex group A, group B, not
typeableo] 27+ 171(33.3%) 0. & UEFtHTable 5). 934
HoAE= 2 SCCmec type 1B 1E & IVad, not
typeable= EA4 E 301, SR 2 H Ao A= SCCmec
Type 113, 11, Va@S 21T 5= QL UHA 15+=
Methicillin®l] 7<= Holi= MSSAE A =] lct. oA
oF 3k S A ol 4] 2% MRSAS] SCCmectyping &
A A3t A BiF2o] not typeable= 71 -AISHA LreR
WAL, 0.8 SCCmectype IIE o] S-AIRE A o2 2421 =3l
o o]=HA-MRSA%I A SCCmectype IT& 0] 74 $-Alslch
= 7|89 AFAe} fARE ks BYlon, S8 3H

Figure 3. Multiplex PCR assay identifies SCCmec types and sub-
types simultaneously detects the methicillin resistance (SCC mec
subtypes).
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AA= gFE o] SCCmectype 114, 114, IVag 0. &2 Vel
71&0] A ARk ot Aol et AE YERHTH20]. o4
2] MRSA 5 17 ot 9F F8hA A 27 #2] MRSA 5 2+
7b CA-MRSAZ 2RI =glow, Uz MRSA #F52
HA-MRSAZ 2H1%] 2Tt (Table 4). YAFAARILF S84 247
AR N A E2]H MRSAE SCCmectyping A¥} origino] A&
th2 A 05 UpeR Q) adoll A 2] MRSA7F 3HE 0 B 5 o]
S| dothE e & 4 ey il 2olA o
SCCmec type 118o] 171(33.3%) LRt A& ogAlAo]
&, 7R T2 M7IAI R Bhof S U 2] MRSA7ZF EkRbol| A At}
=& 7HsA ol A= A o2 AbE T (Table 5). DuXF &
(23] Multiple-locus variable number of tandem repeat

fingerprinting@MMIVF), spa typing, multilocus sequence
typing (MLST)/SCCmecand pulse field gel electrophoresis
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