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This study is aimed to determine the correlation between the toxin gene types and antibiotic
resistance from MRSA (methicillin-resistant Staphylococcus aureus). Fifty-two strains of MRSA,
between January 2014, and December 2014, were isolated from clinical specimens obtained from
2,664 cases in the intensive care unit of a hospital in Suncheon, Jeonnam, Korea. Genes encoding
mech, enterotoxin (SE), toxic shock syndrome toxin-1 (TSST-1), exfoliative toxin (ET), and
Panton-Valentine leukocidin (PVL) were detected by multiplex PCR-mediated amplification using
specific primers. Toxin genes (segand se/) were present in 40 strains (76.9%), followed by ¢st in 34
strains (65.4%). Other genes (efa, etb, sea, sed, see, seh, sej, and pvl) were not detected. Forty
strains (76.9%) of MRSA had 2 or more toxin genes simultaneously; 5 coexistent toxin-genes (seb,
sec, seg, sei, tst) were the most common in 28 strains (53.8%), and 6 strains (11.5%) had seg and
sei genes. The coexistence of genes were 72.5~100%, showing a high correlation among genes
(seb, sec, seg; sejand tsf). As strains (seb, sec, tsi) that had particular toxin genes (seb, sec, seg,
se/, tsb) in multiple showed 100% resistance to ciprofloxacin, clindamycin, erythromycin, we were
able to find that seb, sec, and st genes have a close relationship to the aforementioned antibiotics.
It showed a higher resistance to ciprofloxacin, clindamycin, erythromycin, and tetracycline
compared with strains that had toxin genes independent from multiple toxin genes.
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MRSA (methicillin resistant Staphylococcus aureus)= LRk
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MRSA Hl-& T3t o] X}, A BAmofA] 70% 52 AvE K
o =11 QItH4]. 19989 A=t 1578 S U A5 dES
AR Aol A= AR el5=9] 68.4%7F MRSASIH] ]
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Nosocomial Infection Surveillance System, KONIS) AF&ofA]
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S §Rle B4 4T Z2AHE4A-1 (toxic shock syndrome
toxin-1, TSST-1) [8 9]¢} W85 - ¥3l= WA &3f =4
(Panton-Valentine leukocidin, PVL) ¥ 3RHE 401 ex-
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Enterotoxin (se)?] sea, seb, sec, sed, see, seg, seh, sei, sefa 3
Aoto] B 13572 S4 -444e] ik specific primers 0]
df Multiplex PCRZ A A|SFo] SAf-22k0] TRl d ot op A4 A| 2
/A Aete] TS 2AFSFILAL SFIT
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KU RY 242 23 Genomic DNA =&

TSA A o] eg=ufj ol A Ak T e} 1 loop 2 mge lysis
buffer [10 mM Tis-HCl (pH 8.0), 1 mM EDTA, 10 mM NaCl, 2%
SDS] 100 uL&} 2 small spoon (0.5 g)2] glass bead (size: 0.4 mm)
ZokAjofl Y17 10527F TOMY mixer (Tomy, Seiko, Japan)ol &%
slal, 1XTE buffer 200 pLe} phenol:chloroform:isoamyl
alcohol (25:24:1) 300 pL = ¥ 11, 357 TOMY mixero]] thA] &
3ok 3 A1 E](12,000 rpm, 4 min) AT AEAE 2L
tube]] %71 3 RNase A 20 mg/mL 3 uLS @1 37°Cof 3087t
woFsleal, 0.1 volume®] 3 M sodium acetate (pH 5.2)2} 2
volume®] 100% ice ethanol& ¥ DNAE A A7 3 YAlE
2](12,000 rpm, 10 min, 4°C) Skt 7R 70% ethanol & A4
ot & xoto] Hat |l SRSl mo] Aol ARSS wj71A] -20°C

of Y& ZskErH10].

3. Multiplex PCRZ 0|83 mecAll 54 RTX 24

mecASt E4 FAAE SE817] Yol ARESE primer+= Table
13} 2t Primeri= 3 Set (A, B, O H&ste] B 5U3t 270
& multiplex PCRE AA|8FIth. PCR 8RS dNTP (Z+ 2.5
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Table 1. Nucleotide sequences and anticipated sizes of PCR product for the Staphylococcus aureus gene-specific oligonucleotide primers
used in this study

GenBank Product Multiplex

Target gene Primer Nucleotide sequence (5—3) accession no. length (bp) PCR set Reference
Methicillin resistant mecA-F TCCAGATTACAACTTCACCAGG Y00688 162 A [11]
determinant A mecA-R CCACTTCATATCTTGTAACG
Toxic shock tst-F GCTTGCGACAACTGCTACAG 02615 559 C [12]
syndrome toxin—1 tst-R TGGATCCGTCATTCATTGTTAT
Panton-Valentine pvl-F ATCATTAGGTAAAATGTCTGGACATGATCC X72700 433 C [15]
leukocidin pvl-R GCATCAASTGTATTGGATAGCAAAAGC
Staphylococcal sea—-F GCAGGGAACAGCTTTAGGC M18970 521 A [12]
enterotoxins sea-R GTTCTGTAGAAGTATGAAACACG
seb-F ACATGTAATTTTGATATTCGCACTG M11118 667 B [16]
seb-R TGCAGGCATCATGTCATACCA
sec-F CTTGTATGTATGGAGGAATAACAA X05815 284 A [12]
sec-R TGCAGGCATCATATCATACCA
sed-F GTGGTGAAATAGATAGGACTGC M28521 385 A [12]
sed-R ATATGAAGGTGCTCTGTGG
see-F TACCAATTAACTTGTGGATAGAC M21319 171 B [12]
see-R CTCTTTGCACCTTACCGC
seg-F CGTCTCCACCTGTTGAAGG AF064773 328 B [12]
seg-R CCAAGTGATTGTCTATTGTCG
seh-F CAACTGCTGATTTAGCTCAG u11702 360 C [12]
seh-R GTCGAATGAGTAATCTCTAGG
sei-F CAACTCGAATTTTCAACAGGTACC AF064774 466 B [12]
sei-R CAGGCAGTCCATCTCCTG
sej-F CATCAGAACTGTTGTTCCGCTAG AF053140 142 C [12]
sej-R CTGAATTTTACCATCAAAGGTAC
Exfoliative eta-F GCAGGTGTTGATTTAGCATT M17347 93 A [17]
toxins eta-R AGATGTCCCTATTTTTGCTG
etb-F ACAAGCAAAAGAATACAGCG M17348 226 C 18]
etb-R GTTTTTGGCTGCTTCTCTTG

Abbreviation: F, forward; R, reverse.

Table 2. Sources of methicillin-resistant S. aureus obtained from intensive care unit

Sources Sputum Pus Urine Blood Central Venous Body fluid wound Total
catheter tip

Number of isolates 20 11 8 4 4 3 2 52

mM), MgCl, 2 mM, primer Z} 20 pmol, 72g DNA polymerase

(Bioneer, Daejeon, Korea) 0.5 U, genomic DNA 100 ng % ¥-- 4. AR gd BA
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o= rE
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4819 o1 PCR WS- 2748 95°Cof| 4] 557+ 2 7] denaturation Bl St -2 A 2] 4] 98 McFarland 0.53] U Al S Erl-S
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%, 275 R & 5285 oStk Table 2).

2. =54

EAGHRLS] Eol Q] primerE ARSI 3 Set (A, B, O
£to] multiplex PCRE AAT8HATHFig. 1). A4 5 segdt sei
AL seb} sec= 247F
A0 sealt sed, see, Se/; sel, see
A} etat
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eth, leukocidin E4 G40l pr7 T3+ AZE] 4] Qe BA] 4
3 SA=A-1 AR 155 B3 F e 349 7(65.4%) = 211
wolom HAE AgolA 7P Wol fejH SRR s,

seg, serz 217 1994595.0%)014 E-R-3kaL o1l om gl A=
seg, sers Y7 11945+(100%) 7oA H-5-3131 211tk Table

3). 27] Z2 L oo ma AR FAlO BRt HEl] R
+= Table 4ol VFER QAT 40945(76.9%)7F 278 o/do] 4 54
AR5 BRtar llen, 615(11.5%)7F 2719 453K seg,
seNg, 5u59.6%)7F 370 HagHA K seg, sei, ts0E, 195
(1.9%)7} 4709 SA5-AXK(seb, seg, sei, ts)e, 28F(53.8%)
7} 57 2] A AR seb, sec, seg, sei, ts)E SAoll B33k 9
k. =4 FAAE 1H] SA] AR BR-E-2 s 7447} seg,
ser-FANEE 100% FA] B3890 seb7} tst, seg, seiet sec7t
tst, seg, sei2} seg7} seiek sei7t seg - AANE 100% &A1 B3

AARE Aol o] SA A& seg

_u

t}. seb, sec, seg, sei?} tstH

M

p— Fig. 1. Agarose gel electrophoresis of

ducts from methicillin-resistant Sta—
phylococcus aureus intensive care
unit isolates. Lanes M, 1 kb plus DNA
ladder; lanes 31~34, primer set A;
lanes 46~50, primer set B; lanes
47~51, primer set C. Lane 31 (mecA
and sec); lane 46 (seb, sei and seg);
lane 47 (tsd.

47 48 49 50 51 g the multiplex PCR amplification pro-

Table 3. Frequency of toxin genes detected in the methicillin-resistant Staphylococcus aureus

MRSA
Toxin gene Primer  gputum Pus Urine Blood Tip Body fluid  wound
(=20 (=11 (n=9) (n=4) (n=4) (n=3) (n=2) Total
Toxic shock tst 19 8 2 2 2 1 34
syndrome toxin-1
Panton-Valentine vl
leukocidin
Staphylococcal sea
enterotoxin seb 15 7 2 2 2 1 29
sec 14 8 2 2 2 1 29
sed
see
seg 19 11 2 3 3 2 40
seh
sel 19 11 2 3 3 2 40
sef
Exfoliative toxin eta
etb

Abbreviation: Tip, Central venous catheter tip.
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Table 4. Combination of toxin genes detected in methicillin-resistant Staphylococcus aureus isolated from intensive care unit

Specimen Sputum Pus Urine Blood Tip Body fluid wound Total
Toxin gene (n=20) (n=11) (n=8) (n=4) (n=4) (n=3) (n=2) (n=52)
seb, sec, seg, sel, tst 14 7 2 2 28
seb, seg, sei, tst 1 1
seg, sel, tst 4 1 5
seg, sel 3 1 6
None 1 8 2 12
See Table 3.

Table 5. Coexistance of toxin genes in methicillin-resistant Staphylococcus aureus isolated from intensive care unit

Toxin genes

tst

seb

sec

seg

ser

tst
seb
sec
seg
sel

29/34 (0.853)"
29/34 (0.853)
34/34 (1.000)
34/34 (1.000)

29/29 (1.000)*

28/29 (0.966)
29/29 (1.000)
29/29 (1.000)

29/29 (1.000)
28/29 (0.966)
29/29 (1.000)
29/29 (1.000)

34/40 (0.850)
29/40 (0.725)
29/40 (0.725)

40/40 (1.000)

34/40 (0.850)
29/40 (0.725)
29/40 (0.725)
40/40 (1.000)

*The rate of existence of a gene of row (¢sf) in the strains harboring a gene of column (seb).
The rate of existence of a gene of column (seb) in the strains harboring a gene of row (¢sd.

Table 6. Antibiotic resistance of methicillin resistant Staphylococcus aureus isolated from intensive care unit

MRSA
Specimen
Antibiotics Sputum Pus Urine Blood Tip Body fluid wound Total

(n=20) (n=11) (n=8) (n=4) (n=4) (n=3) (n=2) (n=52)
Amox/kClav 20 11 8 4 4 3 2 52 (100.0)
Ampicillin 20 11 8 4 4 3 2 52 (100.0)
Benzylpenicillin 20 1 8 4 4 3 2 52 (100.0)
Ciprofloxacin 20 8 5 4 3 2 1 43 (82.7)
Clindamycin 20 1 8 3 3 2 1 48 (92.3)
Daptomycin 0 0 0 0 0 0 0 0 (0.0)
Erythromycin 20 1 8 3 3 2 1 48 (92.3)
Fusidic Acid 12 1 6 3 3 2 1 28 (53.9)
Gentamicin 3 6 3 2 0 1 0 15 (28.8)
Habekacin 0 0 1 0 0 0 0 1 (1.9
Imipenem 20 1 8 4 4 3 2 52 (100.0)
Linezolid 0 0 0 0 0 0 0 0 (0.0)
Mupirocin 1 4 1 2 0 0 0 8 (15.4)
Quinu/Dalfo 0 0 1 0 0 0 0 1(1.9)
Rifampin 2 0 2 0 0 0 0 4 (7.7)
Teicoplanin 0 0 0 1 0 0 0 1 (1.9
Telithromycin 20 6 7 3 3 3 2 44 (84.6)
Tetracycline 14 8 6 3 3 2 1 37 (71.2)
Tigecycline 0 0 1 0 0 1 0 2 (3.8
Trimeth/Sulfa 0 0 1 1 0 0 0 2 (3.9
Vancomycin 0 0 2* 0 0 0 0 2 (3.8)

Abbreviation: Amox/kClav, amoxicillin/clavulanic acid; Quinu/Dalfo, quinupristin/ dalfopristin; Trimeth/Sulfa, trimethoprim/sulfamethoxazole;
Tip, Central venous catheter tip.
*vancomycin resistance is intermediate. Number of resistant strains is expressed.

= sei B8H57) seb T secs FA o] B8k H|821 72.5%<1A
sei QA7) seo2 A0 B3k Rl 100%] YK Table 5. 3+ SEH &Y

w25 MRSA 529079 Al WA 2 amoxicil-
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Table 7. Correlationship between toxin genes and antibiotic resistance in methicillin resistant Staphylococcus aureus isolated from intensive
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care unit
Antibiotics/Toxin gene Ciprofloxacin Clindamycin Erythromycin Gentamicin Tetracycline

Total (n=52) 82.7 92.3 92.3 28.8 71.2
Individual type

seb (n=29) 100 100 100 27.6 79.3
sec (n=29) 100 100 100 27.6 79.3
seg (n=40) 85.0 92.5 92.5 25.0 72.5
sei (n=40) 85.0 92.5 92.5 25.0 72.5
tst (n=34) 100 100 100 25.0 82.4
Coexisting type

seb, sec, seg, sei, tst (n=28) 100 100 100 25.0 82.1
None (n=5) 60.0 60.0 60.0 0 60.0

lin-clavulanic acid, benzylpenicillin, ampicillin, imipenem-=
100% W3S B! erythromycin, clindamycin A3A o o st
W& ol 92.3%= UERth E3t telithromycin, ci-
profloxacin, tetracycline= 212} 84.6%, 82.7%, 71.2% W&
yehdich Daptomycin, linezolid, quinupristin-dalfopristin,
teicoplanin, tigecycline, vancomycinol] that WAL $1gl
(Table 6).

4, =4 STXFE MRSAS| SHAIH| LA 24

SaFAA o] w2 MRSAS] YA W/ =2 seb, secet
st AR G 552 ciprofloxacin, clindamycin®} ery-
thromycinol thet SHEA] WAE0] 100%S B33, seg, sei= B
38 #55 E3t ciprofloxacin, clindamycin, erythromycin,
tetracycline SH3Ao ¥z} 85.0%, 92.5%, 92.5%, 72.5%= WA
S Bk 18|31, 5709 EAG-AR N seb, sec, seg, sei, ts)E 5
Al B3t =% ciprofloxacin, clindamycin, erythromycin
o 100% WASS R tetracycline, gentamicine Z}Z;
82.1%, 25.0%°] U/d&& H3tHTable 7).

=
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e
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N
>
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[
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2 A4 MR AR BaSo] Bl gl B
F2 el A0R B W o)
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TFFT6.9%E 7MY B2 B85 Uetllon o302 54
AZA T4 1 AR} t5h= 349155(65.4%), =4 seb, sece

[e) .
2} 29+1(55.8%) =25 A% ol on] AAE gt sow

B

v i3

olstict. 3k vl ulebA] L As(exfoliative toxin) A4} era2}
eth 1811 A=4 sea, sed, see, seh, sejt T2 T B7F oL H
A AR = A9 SR F2] 5= leukocidin =4 pr7
TR He EA] ket o] 23t k= ko] thE ol
E2|3t MRSAY] S fAF B5-&7) 0] S5k sea KB
sec R S ANglom 54 &
7 Ea-1 FAA st BRES 65.4%% Kim 52019 23
432%HT 2 S8 HAT, E U2 B 1[21]9A4 Kot seb,
sec, seg;, sei, tst 770 FARF B8] 20~30% o1 a4 -4
A7 Fo] S7FkAL Y-S SRlstylet. T3t X 9] =1
(22]940] S5 A} Eofreg | usl] 2ok wf seb, secot st
AR B T3 2 Aol A At A EERAR AEEHA
S sea, eta, etb A= Sabouni 12219 Aol
40.6%, 11.3%, 9%= 217} &% o] & Aol A o] Axtel = -
Q] O] FHAFAAF EIE ol Apol7} qlo] Jmag & A} A7t
Sgof wheh B37F opeet A o= AzhEh
e e SAFAAE 271 o] SAl ol HAe 230
MRSA+ 404576.9%) %0 Eix =& AW HEH sep, sec, seg,
sei, tst2] 57N FARE TAl BReE 282 28v5+(53.8%)5 E.3
O ThO & seg, sei AL SA B9t seg, sei, tst-AA &
Al B 2902 ZF2F 63t 34(11.5%), 575+9.6%)F H FtHTable
4). o) of 2] thE Katof o3t A} w7 RA] & thFE9] MRSA
W7} 2~470 9 SARAAE SAlO] HARteH23]= Aaet o
A Bkglom, @8] & Aol Al thE Haro]| ofet A Bt o i
2 570(seb, sec, seg, sei, tsOTHA Y] HAFHAE FA| BRokal

i

3]
S RIS ] SAl AR g st -7 AR seg, sei
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FAAES 100% §A] BEAokel om #ak ofuet seb7t tst, seg,
serz sec7t tst, seg, serg seg’t seie sei’t segAEE 100%
FA BRotaL QIgiet. 2 At Ak B4R =4 {43 seb,
sec, seg, seiRt tst AR A o] =5 UellEth tHE A
TFARE ] B A o] o3t S aureus?} tsi2} sec-{ RS FAL O
HARMH24]= AP S 2 AollA = gl & 4= Qi

Sk, #2% MRSA 52352 A W& amoxicil-
lin-clavulanic acid, benzylpenicillin, ampicillin, imipenem-=
100% WA= B3 erythromycin, clindamycin W& 22h
92.3%% 7+ A8 B ik w3t telithromycin, ciprofloxacin,
tetracycline= 2} 84.6%, 82.7%, 71.2%2] H/3-& K3t o]}
T2 A WA Aif= o2 A 23519k A Yok

A=y

B SRRt Baol| ceh 3 Al WA 2ke] A S w4
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=3} 1
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(‘)l_ =

1x AN ok

T+= ciprofloxacin, clindamycin, erythromycin,
ot

tetracyclineo] TeF v4&2] Aol A ShOAN SAp
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O] Aolz HARARF B Aol A glo] B YiAdgo

She-& BIotLh, THAT 4

sec, seg, s, tsors BAret et 7N
RS 27 B3t at222] 231ollA] ciprofloxacin, clindamycin,
erythromycin G234l 100% WA RO gA 35207 ¥
SHH seb, sec, tst AL o] YA O] WA= Aol a2
201 S QU o]" R SARHAAE HA2F MRSA
FEAA SR A 7l o] kA aabA Q1 SHYA (=7t
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E AFE methicillin-resistant  Staphylococcus  aureus

(MRSA)SHE], 54 312 3t 384 WA o] g A= 27
Sh= & 3k 39T 20149 1E ~129714] A 224 9] 3t

www.kjcls.org

B SR AAFHA] 2,664 A BoiF MRSA 52755
sttt Aol FE Bkl Yl mecd, 54x(staphy-
lococcal enterotoxins; sez, seb, sec, seg, seh, sei, sej), =43 4
1 ZAF=4-1 (toxic shock syndrome toxin-1; ¢st- 1), Fx|Eleh
A=A (exfoliative toxin; eta, erh), M 83 =A(Pan-
ton-Valentine leukocidin; pr)& £o]4 Lelo|HE o] g3t
multiplex PCR® £Z 72 314t} =4 1A segt sei -G-A A}
7F 7Y 4095(76.9%) 5 7P B e UEil o th3 o
B 15t 3475(65.4%) <07 A% wHloW e, eth, sea, sed,
see, seh, st pvl 7 AAE-2 A FX] Gtk 270 ool =4
FAE FAlol B3 29k9] MRSAE 404-5%(76.9%) =T 5
N 2K seb, sec, seg, sei, tsDE A BAst 20| 28+4F
(53.8%)E 7MY B2 HE S B O th3 0 & seg, se/ -84+ &
Al B 240 =2 67 F(11.5%)°14 Uestt 144 119 &5
Al B8 72.5~100%=A4 5% =4 4% seb, sec, seg,
sei®} tst F-HA O] A o] A relth 7 o] Sa
ARK seb, sec, seg, sei, tstrg sAol Baet d=o] /fEE =4
BHAE B33} F3(seb, sec, tsH2] PABA| A Q] Ao
ciprofloxacin, clindamycin, erythromycin &34l 100% W
AE B0 RA F-5H 0= EIHH seb, sec, st} o] A

Ao W ths AT el 5 Eelth
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