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Q o FMITLATHLE %‘*&011*1 Tag YAz duizrdel F dldolrh. methicillino] WAl M E =TT
(MRSA) @& 53] 4 AAHOR st o] 8 BAVL 53 glor] the ¥y AT usls 5408 %
QG ZHAHA A UL uu}em 50 7ha gk, A5 B FHYA D AAZTE ol MRSA 101772]
=0 LZ}(enterotoxm(se) toxic shock syndrome toxin-1(zst), exfoliative toxm(et) Panton Valentine leukocidin(pvl)) E.A+ &3
S} ol B fAt w R Al DTS B W B S Stk BaRAAF 4 gl Reld
seg AR} 591%T(58.4%)011A1 AZEN 0™ 707(69.3%) N4 F70 o1/de] =4 Fdxp AEH AT 54204 B
Z3rO 2 seb, sec, seg, sei, tst7} 197F(18.8%)0 4 WA Ao vl o2 N g2 sec, seg, seiZ 11775(10.9%) %
YERITE. seb, sec, seg, sei, tst &UT EAhFHAA 2FS 2EA JE 1975(18.8%)E2 Ampicillin, Benzylpenicillin,
Clproﬂoxacm Clindamycin, Gentamicin, Erythromycin, Telithromycin, Tetracycline &3 A lH” o] 100% AT} SAFHA B

B AFES A iAol 52 FBAS SIsIGTE I MRSA 5] WiAdo] &t A Fies 5l A7
5’Jr Zé*if& vzt Addsolof & slojt

=

Abstract  Staphylococcus aureus is the major causative organism of nasocomial infection being the important
pathogen in the clinic. Appearance of staphylococcus aureus resistant to methicillin (MRSA) is becoming a big
problem in clinics and dynamics all over the world acquiring antibiotic resistance with virulence factors as its feature
differentiated from other pathogenic bacteria fast. This research intended to compare and analyze the correlation of
antibiotics resistance between strains with toxin genes and distribution of toxin genes of MRSA 101 strains acquired
from clinical specimen in one general hospital (enterotoxin(se), toxic shock syndrome toxin-1(zst), exfoliative toxin(ef),
Panton Valentine leukocidin(pv/)). seg gene, isolated the most among toxin genes, was detected in 59 strains (58.4%)
and more than two toxin genes were detected in 70 strains (69.3%). As a combination possessing toxin genes, it was
detected in 19 strains (18.8%) as seb, sec, seg, sei, tst and the second frequent combination was sec, seg, sei shown
in 11 strains (10.9%). 19 strains (18.8%) with combinations of toxin genes same with seb, sec, seg, sei, tst had 100%
resistance Ampicillin, Benzylpenicillin, Ciprofloxacin, Clindamycin, Gentamicin, Erythromycin, Telithromycin,
Tetracycline antibiotics. Strains with many toxin genes showed high correlation of antibiotic resistance. Afterwards,
effective therapy and thorough infection management should be preceded not to spread the resistance of MRSA strain.

Key Words : nosocomial infections, methicillin resistant Staphylococcus aureus(MRSA), toxin gene, antibiotic
resistance
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Methicillin resistant Staphylococcus aureus (MRSA)E
E94 Y. MRSAE EE PenicillinZl, Cephalosporin
Al, CarbapenemZ] 2 Alactam Z3HAol tsle] 44
o yideolnR A gdartlA vE g 2
HE A et Ao R A5 E 7 7] wiE
of o] FAAEL BT WYHSoRE Hi sfof itk
Staphylococcus 2] Methicillin W/ 7|3 2. 2= mecd
Ao Atlom Qg vhe 35S 7HX1 Penicillin
Binding Protein(PBP) 2a ¥/ ¥ Blactamase 373, °F
=9 78S "ozl MFE PBP Aol o3 A
o= A 9lth1,2]. o]#]d MRSAQ] TA&S 4
B 199795 20109704 T A5 FaA B
¥ MRSAQ] HIZ=7} 64.0~751%2A U TFHL
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=2 (staphylococcal enterotoxin) sea, seb, sec, sed,
see, seg, seh, sei, sej 5 WL, dgAs], WY 5 A
o7E B LIAZET 7 AK(toxic shock
syndrome toxin-1) #st, 3| ﬁ%"é =Ax(exfoliative
toxin) eta, eth$} M| H4=Z 283 F71, B4 A
o I A BA HE 5o 357) AEE de
7]+ pvi (Panton-Valentine leukocidin) 5°] &## 3l
U8l ejEE BE ) AAEREEH #8%¥ MRSA
T A= o]gst A AT HEA 2Axfel Hi
S BE AT Q3 w, R4, 7)o 71% A
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2.1 MRSA (methicillin resistant
Staphylococcus aureus) 22|

2014 197E 20149 697H4] =719 ¢ T
kAol AlA - AjF S HAE blood agar plate (Becton,
Dickinson and Company, USA) and Mannitol salt agar
(Becton, Dickinson and Company, USA)[11]& ©]-&3}
o] 37CelA 16~18AIF widata g4l Ashah4]
HHOl catalase, coagulase AlE[12]3% &3} 717191
Vitek II automated system (bioMérieux, Hazelwood,
MO, USA)9] GPI 7}=5 AH8-31 S. aureus®] 574 71
AFE AT ojd] Y SRR FE Bk ZEE o
F= A9l —rﬂE S. aureus T2 Al
trypticase soy agar (TSA, Becton, Dickinson and
Company, USA)Z ©]&3}%

22 DNA F=E1 mecA U S4 RHX HE

TSA HiR|o] &}k At HFOoZHE | loopE lysis
buffer [10 mM Tis-HCl (pH 8.0), 1 mM EDTA, 10
mM NaCl, 2% SDS] 100 ul®} 2 small spoon<] glass
bead (size: 0.4 mm) EFAo] 2il 10837 TOMY
mixer (TOMY, USA)°l &&399oH, 1x TE buffer
200 pl¢t phenol isoamyl alcohol
(25:24:1) 300 pIE 93, 383 TOMY mixerol] tHA] &
et & A4E€(12,000 rpm, 4 min) 3+ ASAS
M E2$ tubeoll &7 3 RNase A (20 mg/ml) 3 & ¥
I 37Cel 30%37F Wil 0.1 volumee 3M
sodium acetate (pH 5.2)9} 2 volume2 100% ice
ethanolS ¥ DNAE A A7l & A1#e](12,000
rpm, 10 min, 4C) 3}ATE 27 70% ethanol 2 A%
o & Adx ste] "od FRT0 o] A AMEE
w742 -220Cell W Bkl =4 fr
H2K(Table 1)& F%3}7] g 5ol 42l primers A
3to] multiplex PCR ©]-&3to] F%319111[14], 1371¢]
=24 FAA primer= 3709 W&o w Z3aiql
PCR WH$-912 NTP (7} 2.5mM), MgCl, 2 mM, primer
Z} 20 pmol, Tag DNA polymerase (Bioneer, Korea) 0.5

chloroform

3]. mecA
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Table 1. Nucleotide sequences and anticipated sizes of PCR product for the S. aureus gene-specific oligonucleotide

primers used in this study

. R L GenBank Product Multiplex
Target gene Primer* Nucleotide sequence (5—3") . Reference
accession no.  length(bp) PCR set
Methicillin resistant mecA-F TCCAGATTACAACTTCACCAGG
. Y00688 162 A 15
determinant A mecA-R CCACTTCATATCTTGTAACG
Toxic shock tst-F GCTTGCGACAACTGCTACAG
. J02615 559 C 16
syndrome toxin-1  #st-R TGGATCCGTCATTCATTGTTAT
Panton-Valentine ~ pviI-F ATCATTAGGTAAAATGTCTGGACATGATCC X72700 433 c 17
leukocidin pvi-R GCATCAASTGTATTGGATAGCAAAAGC
sea-F GCAGGGAACAGCTTTAGGC
M18970 521 A 16
sea-R GTTCTGTAGAAGTATGAAACACG
seb-F ACATGTAATTTTGATATTCGCACTG
MI11118 667 B 18
seb-R TGCAGGCATCATGTCATACCA
sec-F CTTGTATGTATGGAGGAATAACAA
X05815 284 A 16
sec-R TGCAGGCATCATATCATACCA
sed-F GTGGTGAAATAGATAGGACTGC
M28521 385 A 16
sed-R ATATGAAGGTGCTCTGTGG
Staphylococcal see-F TACCAATTAACTTGTGGATAGAC
. M21319 171 B 16
enterotoxins see-R CTCTTTGCACCTTACCGC
seg-F CGTCTCCACCTGTTGAAGG
AF064773 328 B 16
seg-R CCAAGTGATTGTCTATTGTCG
seh-F CAACTGCTGATTTAGCTCAG
U11702 360 C 16
seh-R GTCGAATGAGTAATCTCTAGG
sei-F CAACTCGAATTTTCAACAGGTACC
AF064774 466 B 16
sei-R CAGGCAGTCCATCTCCTG
sej-F CATCAGAACTGTTGTTCCGCTAG
AF053140 142 C 16
sej-R CTGAATTTTACCATCAAAGGTAC
eta-F GCAGGTGTTGATTTAGCATT
. M17347 93 A 19
Exfoliative eta-R AGATGTCCCTATTTTTGCTG
toxins eth-F ACAAGCAAAAGAATACAGCG
M17348 226 C 20
etb-R GTTTTTGGCTGCTTCTCTTG

Abbrivation: F, forward; R, reverse

=i

U, genomic DNA 100 ng % WHS-¢-E89(10 mM
Tris-HCI, 40 mM KCI, 1.5 mM MgCL)°ll & #3317} 50
wt HEE FFTE F7kEch PCR ¥H&2 PCR
thermal cycler TP 6005 ©]-&-3t%1 2™ PCR §H&- =71
2 95T ol|A 587+ %7] denaturation A7]L, 95C ol A
30%, 59°ColA 30%, 72°ColA 4029 cycles 303] |t
ek 5 mpute @ 72CAA 108 59 v Al
3ol &49)

=7

PCR 4H2-2 2% agarose geldl] #7]9 535 &
o}

al
=

A

—— =

A SAHH

2.3 ClA3E! ESES

A A = (Disc
diffusion method) o2 AASFATE o Bl x| o vl gt
S A2 942 McFarland 0.530] @2 Alw@A gl
S Had Wl F23] 441 Muller-Hinton (MHA)

Hlj <] o] A YxaE SHEN 35T

M s= (MIC)

AR Hza gy

=

A3

5
T
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incubatorol| A 24A17F vjeksk & tjAa
AAe] A4S mm FHE S5
CLSI 7]5[21]& wskom, vl Algvie} tix o5
aureus ATCC 259235 A& 39t} FA9A|

MIC) A= AFs3l 717191 Vitek 1T automated
system(bioMérieux, Hazelwood, MO, USA) AST-P601

3

.t rlo i

2
&

F1=E AREste] SAA A AARE AATETh
Oxacillin®] 3 MIC $47] & 4ugml o4& ALE-

3k,

3.2 1

3.1 iy o=
A ZHE F2¥ MRSA % 101779 [Fig. 1]
Agarose gel electrophoresis of the multipl-ex PCR
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amplification  products from  MRSA clinical

isolates(Fig. 1)
A b
WSl 9 S5 S S M FLPLEPS B Fl RS PO PLLPI2PIS FLA PIS PLGNE M

=
igg» ““.’
£ -
3005+ W-Qu.. ng.

27 -

100> mecA (162)

Sl Bes - B
Hulsbhunn

Lanes M, 1 kb plus DNA ladder; A lane S1~S9,
primer set A; B lane P1~P16, primer set B; A lane S1
~S9 (mecA and sec); B lane P1~P16 (seb, sei and

(Generalward) 4675
3007} 2] E A THTable 2).

821 (Intensive care unit)

3.2 mecA X A =& FHX} 2N

AL

54 WTHX}CJ Eol2l primerE Al8-3}4
multiplex PCR A AJe A3} 544
A2} st 4277(41.6%)% Leukocidin 54 -7
pvl 1T57(1.0%), 19 W] =4 FAR eh 205
(2.0%)5 B2l stglom i fHAE 7HE wol g
A seg FARTY 597 F(58.4%)0 A AEHJ oW O
o2 sec & sei FAAI} 27y 57(56.4%), 5611T

. .. 5L01=] 5 o =0
seg); A and B lane NE, negative control (distilled — (55.4%)°lA &letla, AAY S4 #4 HE& B
water). W g A AT E, Aol E2lE MRSA
7F o2 AAIA Fel® MRSAC vl8) S4 fah 1
GBI A S 5210 S0 1T, @ W RS U AT, e
o 107, A4k 47, FAT 8 374, A 34, 7 BuE HA seq, sed, see, sejot EI] A 4 eta 77
27, %"& 27 ¢om Byl Hen, B grre 9 T A T HokE 4 Itk 712]5, MRSA 101
# 32 Outpatient) 25 Tl uHES I TF T T0UF(69.3%)01A 270 o] & fAAE
Table 2. Sources of MRSA
Hospital ward Sputum Pus Urine Blood ~ Wound Cathether tip Body fluid Ear discharge Abscess Total
/specimens 0=38) (n=21) (n=18) (n=10) (n=4) (n=3) (n=3) (n=2) (n=2) (n=101)
Outpatient 6 9 7 3 25
General ward 16 9 7 4 3 2 2 2 1 46
Intensive care unit 16 3 4 3 1 1 1 1 30
Table 3. mecA and toxin genes detected in MRSA clinical isolates
MRSA
. Bloo
T . i
(::; Primer  Sputum (1:1182 I(,I::rlle d Wound Cathether ﬂBiLZi(:z: Ear discharge Abscess Total
g (n=38) (=1  (n=4) tip(n=3) v (n=2) (n=2) (n=101)
noow 3)
M[];:C mecA 38 21 18 10 4 3 3 2 2 101(100%)
TST-1 tst 13 11 7 5 2 1 1 2 42(41.6%)
PVL pvl 1(1.0%)
sea 0
seb 14 3 7 4 1 29(28.7%)
sec 22 13 10 6 3 1 2 57(56.4%)
SE sed 0
see 0
seg 25 14 9 3 3 2 2 1 59(58.4%)
seh 1 1 3 5(5%)
sei 24 12 9 3 3 2 2 1 56(55.4%)
sej 0
eta 0
ET
eth 1 1 2(2.0%)
Abbrivation : MECA, Methicillin resistant determinant A; TST-1, toxic shock syndrome toxin-1; PVL, panton-valentine leukocidin; SE,

enterotoxin; ET, exfoliative toxin
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Table 4. Combination of toxin genes detected in MRSA clinical

isolates

Toxin genes Sputum Pus Urine  Blood Wound C_athether Body fluid Ear discharge  Abscess Total
(0=38) (@=21) (@=18) (@=10) (n=4) tip (0=3) (n=3) (0=2) (0=2)  (n=101)
seb, sec, seg, sei, tst 11 3 4 1 19(18.8%)
seb, sec, seg, sei 3 3(3.0%)
sec, seg, sei, tst 2 5 1 1 9(8.9%)
sec, seg, sei 4 2 2 1 2 11(10.9%)
seg, sei, tst 2 1 2 5(5.0%)
seb, sec, tst 7 7(6.9%)
seg, sei, pvl 1 1(1.0%)
seg, sei 4 1 2 2 9(8.9%)
sec, seg 1 2 3(3.0%)
sec, seh 1 2 3(3.0%)
eth 1 1 2(2.0%)
sec 1 1 2(2.0%)
seh 2 1 3(3.0%)
st 1 1 2(2.0%)
None 9 4 7 1 1 22(21.8%)
Table 5. Antibiotic resistance of MRSA clinical isolates
MRSA
Antibiotics Sputum Pus Urine Blood  Wound  Cathether Body fluid  Ear discharge Abscess Total
®=38) @=21) @®=18) (@=10) (n=4) tip (n=3) (n=3) (n=2) (n=2) (n=101)
Ampicillin 38 21 18 10 4 3 3 2 2 101(100%)
Benzylpenicillin 37 21 17 8 4 2 2 2 2 95(94.1%)
Ciprofloxacin 20 15 9 6 2 2 2 1 2 59(58.4%)
Clindamycin 30 18 13 7 3 2 3 2 2 80(79.2%)
Daptomycin 1 1 1 3(3.0%)
Erythromycin 32 20 15 8 3 3 2 2 1 86(85.1%)
Gentamicin 22 13 9 4 2 1 2 1 1 55(54.5%)
Habekacin 1 1 2(2.0%)
Linezolid 1 1(1.0%)
Mupirocin 3 2 1 1 1 1 9(8.9%)
Rifampin 4 2 2 1 1 1 1 12(11.9%)
Tetracycline 28 14 12 7 3 2 2 1 2 71(70.3%)
Tigecycline 2 1 1 1 5(5.0%)
Trimethoprim/
Sulfamet}lljoxazole 2 2 2 ! ! ! 9(8.9%)
Teicoplanin 1 1(1.0%)
Telithromycin 36 18 17 9 3 2 1 2 2 90(89.1%)
Vancomycin 2 2(2.0%)
: vancomycin intermediate Staphylococcus aureus (VISA)
BAsla gglon] =4 444 s B4 B4 2 95(94.1%), 90(89.1%),  86(85.1%),  80(79.2%),

oz Mt 2o BXE YEl seb, sec, seg, sei, tst
TS 19TFF(18.8%)0ll A &1 3o thEow

11T3(10.9%)°1 4 AEH sec, seg, sei T+AAF Z3o]

A tK(Table 4).

3.3 MRSA2|

A A=A

SN L et

A= Ampicillin 100% WS X
%21 Benzylpenicillin, Telithromycin, Erythromycin,
Tetracyclineo]  Z}7}

Erythromycin, Clindamycin,

3319

o~
R

71(703%)1F o2 WS RS2 Daptomycin,
Habekacin, Linezolid, Teicoplanin®} Vancomycin2] U}
AL 1~3%2 WAL A9 gI%th(Table 5). H4

Ax B oF Al digt dAdE2 19757(18.8%)

9] seb, sec, seg, sei, tst 9 LT Hh FHA 2FS
Z¥al Q¥ TFES  Ampicillin, Benzylpenicillin,

Ciprofloxacin, Clindamycin, Gentamicin, Erythromycin,
Tetracycline, Telithromycinol] gt SHAA] A&l
100% 9oH th3 22 11755(10.9%)°1 A sec, seg, sei
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A%

9 54 FAAE B8 i 5 T3 Ampicillin,
Benzylpenicillin, Ciprofloxacin, Clindamycin, Erythromycin,
Gentamicin, Tetracycline®ll 100% WS X I tH(Table

6).

T(ss 4%)3 VB
seb7} Z¥7} STTF(56.4%), 29TF(28.7%), =
T =0 FAAL s 427 (41.6%) 004 7

£ Kim 52219 23} Bt} seg A7 BH&&
t, seb, sec Fa FAA} &S 9ot 1
o pvl AR} HE HJEd A A
22 717 J9F9 X} Bxte] ol
HAEd o] #
3] 74 e 5 ?i
I[17]19= Y24 Z7)3¢

AALE] At el

o
2

o

rlr

X0,
)

=~

S

o oHr ool

—iN

z

5

A
Ry

)‘;__]

s,
o R

2 e
to My 2

Z
o U
o7

Qs

o N

2
>

=
=
Z

>

>
12
>

T

o Mrorle dY

)

o

] oE
MRSA 57} 2~47H-4 =
fretal vke A A
22,23]. B3 S. aureust tstS} sec FTAAE FAlO A
ks Zlo] &4 Sll=tl[24,25,26] ol ATE
FAANE 15t} sec FHAAE FAO B3 35(34.7%)
21 SR, tst7} sec] o= segt sei FAAE
BEtts BaR7]9E dX| 3 tH(Table 4).
A g AT FElE B fFolA Ampicillin
100% WS
Erythromycin, Clindamycin, Tetracycline®] 22} 95(94.1%),
90(89.1%), 86(85.1%), 80(79.2%), 71(70.3%) 5 ==
o= LH"4 §S B0 °o]= MRSAZF € Rlactam
UA A Wads Frtstel BE oAl
A1 Al vAd ol et
ok 2eu, 82744 MRSAA|

==
Z=
Al

oft 1l
i

é

= Benzylpenicillin, Telithromycin,
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ol 238k YA QIDaptomycin, Linezolid, Teicoplanin,

Vancomycin®] A&0] 1~3%=Z ¥ Felatg] ot
o] FAAE GA o= A& o] SAstAL AUrks A

[}

o 3}l

2 %‘ T AT

Az} A A& BAANA sec, seg,
sei %zd_z} 3INE BAIEAE 23] 1175(10.9%) 3
AA WAgdEel  Ampicillin,
Ciprofloxacin, Clindamycin, Erythromycin, Gentamicin,
Tetracyclinedl] 100% WS HI oMW, seb, sec, seg,
sei, tst TR 57NE FA RS 28] 1975(18.8%)
ol A o) g Al W& 3 Ampicillin, Benzylpenicillin,
Ciprofloxacin, Clindamycin, Erythromycin, Gentamicin,

Tetracycline®]o| = Telithromycin 7} WS RO

Benzylpenicillin,

o, S2fAAE O AT #RE0 NS i
FE 1w} UAdgo] E=9tk(Table 6). 281, MRSA

o] YA g gl ik A e dFelA =
Aminoglycosides, Tetracyclines®} Quinolones®] gk
gk dS Ba28]3 21 Brh iAol v wolA
Clindamycin, Erythromycin, Telithromycin7}A]%= A
< By

B Ao el o] MRSAZF 54434 HiE 5
HPo2A tA WS g5ske o7t &5 AL F
7} & Ao R o e wek A 9ALs] 7 FAbe] Ha4
A HAEE 2 3ol Al Mo & Qg BloldE:
o] F@Fo R HAT WA HE S oAgEh
o] AL e AR S 2 o] FEEA| BE
5 3k 3lo] $AEoF & Aot
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