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Seventy five methicillin- resistant Staphylococcus aureus (MRSA) strains and 24 methicillin- susceptible
S. aureus (MSSA) were isolated from clinical specimens obtained from a hospital in Suncheon,
Jeonnam province, Korea, from July to December, 2009. Antibiotic resistance was determined using
the disc diffusion method. Genes encoding enterotoxin (SE), toxic shock syndrome toxin-1 (TSST-1),
exfoliative toxin (ET) and Panton-Valentine leukocidin (PVL) were detected by multiplex PCR-medi-
ated amplification using specific primers. Sixty (80%) MRSA isolates possessed either one or more tox-
in genes and the most common pattern that coexisted in MRSA was seh se; seg sa and fst (22.7%)
followed by coexistence of se;, seg sef and tst genes (18.7%). Gene pv/ encoding leukocidin was not
found. Significant correlation between the production of se; seg sei and #st genes was found. MRSAs
were resistant to erythromycin (89% of the isolates), gentamicin (70.7%), ciprofloxacin (69.3%), clinda-
mycin (61.3%) and tetracycline (58.7%), while MSSAs were susceptible to the antibiotics with the ex-
ception of erythromycin. Toxin genes sef sac and fst were related to the tetracycline resistance of MRSA.
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Table 1. Sources of Staphylococcus aureus clinical isolates
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Hospital ward MR.SA MSS.A
/specimens Blood Sputum  Urine Pus Total Blood Sputum  Urine Pus Total
=200 (M=20) (n=19) (n=16) (n=75) (n=8) (n=4) n=10) (M=2) (n=24)
Outpatient 3 2 13 3 21 7 10 2 19
General ward 10 11 6 9 36 1 4 5

Intensive care unit 7 7 4
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Table 2. Nucleotide sequences and anticipated sizes of PCR product for the Staphylococcus aureus gene-specific oligonucleotide primers
used in this study

GenBank Product Multiplex

accession no. length (bp) PCR set Reference

Target gene Primer* Nucleotide sequence (5 —3")

Methicillin resistant maA-F  TCCAGATTACAACTTCACCAGG

determinant A macA-R CCACTTCATATCTTGTAACG Y00688 162 A 2
Toxic shoc:l.( tstF GCTTGCGACAACTGCTACAG 102615 550 C %
syndrome toxin-1 tstR TGGATCCGTCATTCATTGITAT
Panton-Valentine  pF  ATCATTAGGTAAAATGTCTGGACATGATCC 4o 133 c ”
leukocidin pVIFR GCATCAASTGTATTGGATAGCAAAAGC
sexF GCAGGGAACAGCTTTAGGC
sexR GTTCTGTAGAAGTATGAAACACG M18970 521 A 2
sebF ACATGTAATTTTGATATTCGCACTG
sebR TGCAGGCATCATGTCATACCA MITTS 667 B 2
secF CTTGTATGTATGGAGGAATAACAA
sec-R TGCAGGCATCATATCATACCA XO5815 284 A 2
sedF GTGGTGAAATAGATAGGACTGC
sedR ATATGAAGGTGCTCTGTGG M28521 385 A 2
Staphylococcal seeF TACCAATTAACTTGTGGATAGAC
enterotoxins seeR CTCTTTGCACCTITACCGC M21319 7 B 26
segF CGTCTCCACCTGTTGAAGG
segR CCAAGTGATTGTCTATTGTCG AF064773 328 B 2
sehF CAACTGCTGATTITAGCTCAG
sehR GTCGAATGAGTAATCTCTAGG uti702 360 ¢ 2
seiF CAACTCGAATTTTCAACAGGTACC
seER CAGGCAGTCCATCTCCTG AF064774 466 B 2
sg-F CATCAGAACTGTTGTTCCGCTAG
sg-R CTGAATTTTACCATCAAAGGTAC AF053140 142 ¢ 2
etaF GCAGGTGTTGATTTAGCATT
Exfoliative toxi efaR AGATGTCCCTATTTTTGCTG MI7347 % A 2
xonative ToXINS — ypE ACAAGCAAAAGAATACAGCG 7348 6 c 5
ethbR GTTTTTGGCTGCTTCTCTTG
*Abbrivation: F, forward; R, reverse
Table 3. meacA and toxin genes detected in Stapfylococcus aureus clinical isolates
MRSA MSSA
Toxin gene Primer*  Blood Sputum  Urine Pus Total Blood Sputum Urine Pus  Total
(n=20) (n=20) 0=19) (=16) (n=75) (n=8) m=4) (@=10) ([=2) (n=24)
Methicillin
resistant mecA 20 20 19 16 75

determinant A
Toxic shock

- tst 4 17 4 10 35 2 2 1 5
syndrome toxin-1
Panton-Valentine
leukocidin P 1 2 3
sea 2 2 2 5
seb 3 14 17
sec 10 16 3 10 39
Staphylococcal sed 1 1
enterotoxin seg 9 17 6 11 43 3 2 5
seh 1 1 2 1 4 5
sei 7 17 6 11 41 3 2 5
sg 1 1 1 1
Exfoliative toxin et 1 1

*Genes see and efa are not detected from all the isolates.
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Fig. 1. Agarose gel electrophoresis of the multiplex PCR amplifi-
cation products from 9 Staphylococcus aureus strains.
Lanes M, 1 kb plus DNA ladder; lanes 1-4, primer set
A; lanes 5-7, primer set B; lanes 8-9, primer set C. Lane
1, strain S5 (mecA and sa); lane 2, strain U8 (mac4); lane
3, strain U6 (macA and sed); lane 4, strain B15 (A and
sed); lane 5, strain S13 (seh sef and seg); lane 6, strain
U10 (sef and seg); lane 7, strain B6 (seg); lane 8, strain
S1 (tsf); lane 9, strain U5 (eth); lane 10, negative control
(distilled water).
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69.3%9] wF7F WS EQ 2™, amikacin, gentamicin 5
aminoglycoside 7152 A gk WA o5 Bl&e 242
293%%} 70.7% 2 YERSTE E3F erythromycin, clindamycin
7} tetracycline] S % 77} 89.3%, 61.3% 12| 58.7% <]
TF7F WAS Jebit} ¥, linezolid, nitrofloxacin, teico-
planin# vancomycin®] thgt WA A9 3Uth MSSAS]
7% erythromycin®]l th&t WA TF7F 41.6%E A A
Qo] tjFE9 FgAA o gt WAdL2 okt

MRSA TFE9] 54734 259 FAA e tg Ug&
2 Table 73 2t} seb T2 Ef dFE-2 ciprofloxacin,
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Table 4. Combination of toxin genes detected in methicillin-resistant Staphylococcus aureus clinical isolates

Toxin genes Blood (n=20) Sputum (n=20) Urine (n=19) Pus (n=16) Total (n=75)
seb sec seg sei, tst 3 14 17 (22.7)
sec seg sel, tst 1 2 3 8 14 (18.7)
sec seg sel 1 1 2 (27)
seg sa tst 1 2 3 (4.0)
seg sei 2 3 5 (6.7)
sec seg 2 2 (27)
sec, seh 1 1 (1.3)
eth 1 1 (13)
sec 3 3 (4.0)
sed 1 1 (1.3)
seh 1 1 (1.3)
sg 1 1 (1.3)
tst 1 1 (1.3)
None 7 3 9 4 23 (30.7)

*The numerals in the parentheses are percentage.
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Table 5. Coexistance of toxin genes in methicillin-resistant Stapfylocaccus aureus clinical isolates
Toxin genes tst seb sec seg sei
tst - 14/14(1.000)° 31/39(0.795) 34/43(0.791) 34/41(0.829)
seb 14/35(0.400)° - 14/39(0.359) 14/43(0.326) 14/41(0.342)
sec 31/35(0.886) 14/14(1.000) - 35/43(0.814) 33/41(0.805)
seg 34/35(0.971) 14/14(1.000) 35/39(0.897) - 41/41(1.000)
sef 34/35(0.971) 14/14(1.000) 33/39(0.846) 41/43(0.953) -
“The rate of existence of a gene of row (fsf) in the strains harboring a gene of column (sed.
"The rate of existence of a gene of column (seh) in the strains harboring a gene of row (sh.
Table 6. Antibiotic resistance of Staphylococcus aureus clinical isolates
MRSA MSSA
Antibiotics Blood  Sputum  Urine Pus Total Blood Sputum  Urine Pus Total
(n=20) (n=20) n=19) (n=16) (n=75) (n=8) (n=4) n=10) (n=2) (n=24)
Amikacin 14 6 2 22
Ciprofloxacin 11 19 11 11 52 2 2
Clindamycin 14 16 5 11 46
Erythromycin 13 20 18 16 67 4 2 4 10
Gentamicin 14 17 12 10 53 2 3 5
Linezolid 1 1
Nitrofurantoin 1 1
Rifampin 4 7 1 2 14
Tetracycline 10 17 7 10 44 2 1 1 4
Trimethoprim/
Sulfamethoxazole 2 2 7 ! 12 ! !

*All the isolates are sensitive to teicoplanin and vancomycin. Number of resistant strains is expressed.

Table 7. Corelationship between toxin genes and antibiotic resistance in methicillin-resistant Staphylococcus aureus clinical isolates

Toxin genes/ Antibiotics Ciprofloxacin Clindamycin Erythromycin Gentamicin Tetracycline
Total (n=75) 69.3 61.3 89.3 70.7 58.7
Individual type
seb (n=17) 94.1 70.6 94.1 94.1 100.0
sec (n=39) 872 829 87.2 79.5 949
seg (n=39) 82.1 829 86.0 674 814
sei (n=41) 78.0 771 87.8 68.3 80.5
tst (n=35) 85.7 62.9 94.3 74.3 91.4
Coexisting type
seh sec seg se, tst (n=17) 9.1 70.6 9.1 9.1 100.0
sec seg se, tst (n=14) 929 714 929 714 929
None (n=23) 65.2 522 95.7 78.3 13.0
0% o1, tst A% W TFES tetracycline o TNEWH  FLAAA LES YA P ) MES FHIIA,
£0] 90% o]/Fol Ut 5709 FAfr AN seh sec seg s 1)<} WA 0 2 MRSA 50| MSSA #FE9 Hla F54
VNS Baf AR s s s (5D BA) B4 MRSA 7 S} B4 43 24 BA 1 §A45 BL M8 wisy
52 ciprofloxacin®} tetracyclinedl] g Ul4d&0] 90% ol At} Leukocidin frAAHpvh= MRSA #FEXM = AE
ol it 52 e R e dqit AweA 2
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