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Correlation Between the Prevalence of Superantigenic Toxin Genes and
Coagulase Serotypes of Staphylococcus aureus Isolates

Yeo Gyeong Kim, Han Sol Lee, Seong Kyun Kang, Kyung Soo Chang and Soo Myung Hwang

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan, Korea

A heterogenic group of staphylococcal exotoxins, including staphylococcal superantigenic toxins, enterotoxin (SE),
toxic shock syndrome toxin-1 (TSST-1), and coagulase are the most important virulence factors of Staphylococcus
aureus. We analyzed the prevalence of genes encoding five enterotoxins and TSST-1 in S. aureus isolated from clinical
ear discharges. The genes were identified by multiplex PCR and we compared the results to references of coagulase
serotypes. In 102 isolates of S. aureus, 44 of them were methicillin-resistant S. aureus (MRSA) and the others were
methicillin-susceptible S. aureus (MSSA). Among both types of S. aureus, 33 strains were positive for sea, 2 for seb, 23
for sec, 26 for see, and 26 for zst. Overall, 59 (57.8%) isolates were positive for one or more superantigenic toxin genes.
From these, 71.2% (42/59) strains harbored more than one toxin gene in different combinations. The major combinations
of genes were sea and see, and sec and #st. The degree of possession of superantigenic toxic genes was similar in both
MRSA and MSSA isolates (56.8% vs 58.6%, respectively), yet significant differences in toxin gene profiles and coagulase
serotypes between two isolates were detected. All of 13 positive strains for sec and tst were MRSA and belonged to
coagulase serotype II. On the other hand, 80.0% of 20 positive strains for sea and see were MSSA with coagulase
serotype IV and VII, whereas 20.0% of them were MRSA with coagulase serotype IV. This data indicates that the
profile of superantigenic toxin genes correlates to coagulase serotype and methicillin resistance in S. aureus isolates.
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Table 1. Primers for PCR amplification of toxin gene typing

Genes Primer names Primer sequences (5'-3") Amplified size (bp) Reference
SEA12-1 TTGGAAACGGTTAAAACGAA

sea 120 5
SEA12-2 GAACCTTCCCATCAAAAACA
GSEBR-1 GTATGGTGGTGTAACTGAGC

seb 164 4
GSEBR-2 CCAAATAGTGACGAGTTAGG
SEC-1 GACATAAAAGCTAGGAATTT 257 5

sec
SEC-2 AAATCGGATTAAATCCATTC

J GSEDR-1 CCAATAATAGGAGAAATAAAAG 78 4

se
GSEDR-2 ATTGGTATTTTTTTTCGTTC
GSEER-1 AGGTTTTTTCACAGGTCATCC

see 209 4
GSEER-2 CTTTTTTTTCTTCGGTCAATC
TSST-1 ATGGCAGCATCAGCTTGATA

tst 350 5
TSST-2 TTTCCAATAACCACCCGTTT
MEC163-1 ACTGCTATCCACCCTCAAAC

mecA 163 4
MECI163-2 CTGGTGAAGTTGTAATCTGG

500
300

200 -163 bp
100

(bp)

Figure 1. Agarose gel analysis of PCR-amplified mecA genes
from MRSA isolates. Lanes: M, 100 bp ladder; 1 to 7, MRSA
isolates.
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Figure 2. Agarose gel analysis of PCR-amplified toxin genes
from the standard strains of S. aureus. Lanes: M, 100 bp ladder; 1,
sea (120 bp); 2, seb (164 bp); 3, sec (257 bp); 4, sed (278 bp); 5,
see (209 bp); 6, tst (350 bp).
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Figure 3. Multiplex PCR patterns of toxin genes from S. aureus

isolates. Lanes: M, 100 bp ladder; 1 to 3, primer set A; 4, primer
set B; 5 to 7, primer set C.

Table 2. Prevalence of SE and TSST-1 genes in S. aureus isolates

No. (%) of isolates

Toxin gene

MRSA MSSA Total

(n=44) (n=58) (n=102) P Vvalue
sea 7(159)  26(448)  33(324) 0.008
seb - 2(34) 2(20) 0244
sec 14 31.8) 9(155  23(22.5) 0.022
sed - - - -
see 4(91) 22(380) 26(255) 0.003
st 19 (43.2) 7(12.1)  26(25.5)  0.000

MRSA, methicillin-resistant S. aureus;, MSSA, methicillin-
susceptible S. aureus.

P value based on Pearson chi-square test. p < 0.05, statistical
significance.
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Table 3. Combination of SE and TSST-1 genes in S. aureus
isolates

No. (%) of isolates

Toxin gene MRSA MSSA Total
(n=44) (n=58) (n=102)
sea 2 2 4
sea, seb - 1 1
sea, seb, tst - 1 1
sea, sec, tst 1 - 1
sea, sec, see - 3 3
sea, sec, see, tst - 1 1
sea, see 4 16 20
sea, see, tst - 2 2
sec - 5 5
sec, tst 13 - 13
tst 5 3 8
Total 25 (56.8) 34 (58.6) 59(57.8)
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Table 4. Distribution of coagulase serotypes of S. aureus isolates

Coagulase serotype

Strains No. (%) of
isolates I I I v \Y VI VII VI ND
MRSA 44 1 19 0 15 7 0 1 0 1
MSSA 58 0 0 15 14 16 3 4
Total 102 1 19 4 30 21 2 17 3 5
(100) (1.0 (18.6) 3.9 (294) (20.6) 2.0 (16.7) 2.9 4.9
ND, not determined.
Table S. Correlation between prevalence of superantigenic toxin genes and coagulase serotypes in S. aureus isolates
Coagulase serotype
Toxin gene No. of isolates
I I I v A% VI VII VIII ND
sea 4 - - - 32 - - 1 - -
sea, seb 1 - - - _ 1 _ _ _ _
sea, seb, tst 1 - - — _ _ _ 1 _ _
sea, sec, st 1 - ay - - - - _ _ _
sea, sec, see 3 - - — - _ _ 3 _ _
sea, sec, see, st 1 - - - 1 - - — _ _
sea, see 20 - - - 14 (4) - - 6 _ _
sea, see, st 2 - - - 1 - - 1 - -
sec 5 - - - 1 1 - 1 1 1
sec, tst 13 - 13)° - - - - _ _ _
tst 8 - ) - - 3 - - - -
( )*, No. of MRSA strains.
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