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Abstract. The aims of this study were to develop multiplex PCR for simultane-
ous detection of five superantigenic toxin genes (sea, seb, sec, sed and tst-1) in
Staphylococcus aureus isolated from 149 clinical samples and nasal swabs from 201
healthy subjects in Thailand, and to compare prevalence and expression of those
genes between methicillin-resistant S. aureus (MRSA) and methicillin-sensitive S.
aureus (MSSA). The sensitivity of multiplex PCR was 10° CFU/ml (60 CFU/PCR
reaction) for DNA templates extracted by both boiling and extraction methods.
S. aureus strains from patients (65%) harbored more superantigenic toxin genes
than healthy subjects (54%). MRSA (80%) isolated from patients harbored more
superantigenic toxin genes than MSSA (52%). Sea was the most frequently found
genein S. aureus strains from patients and carriers. MRSA isolates harbored sea and
produced SEA more frequently than MSSA isolates (p < 0.05) and MRSA isolates
(59%) from blood samples consisted of a higher number of superantigenic toxin
producers than MSSA (9%) (p < 0.05). More S. aureus strains isolated from patients
with severe septicemia contained superantigenic toxin genes (94%) and produced
toxins (82%) than those from non-severe patients (64% and 57%, respectively).
The multiplex PCR method described here offers a reliable tool for simultaneous
detection of various staphylococcal toxin genes.

Keywords: multiplex PCR, superantigenic toxin, methicillin-resistant S. aureus,
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INTRODUCTION

Staphylococcus aureus is one of poten-
tially virulent pathogens, which cause
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toxin-mediated diseases, such as food poi-
soning, toxic shock syndrome and staphy-
lococcal purpura fulminans (Kravitz et al,
2005; Ferry and Etienne, 2009). Among
the extracellular protein toxins produced
by S. aureus, staphylococcal heat stable
enterotoxin (SE) and toxic shock syn-
drome toxin-1 (TSST-1) are the most im-
portant virulent factors belonging to the
superantigen family (Ortega et al, 2010;
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Pinchuk et al, 2010). Those superantigens
can stimulate a high percentage of non-
specific T-cells, and consequently they can
stimulate the release of pro-inflammatory
cytokines, such as interleukin (IL)-1, IL-2,
interferon-y (IFN-y) and tumor necrosis
factor-o. (TNF-o) leading to fever, hypo-
tension and shock (Kissner et al, 2010).

To date, more than 20 distinct supe-
rantigenic toxins are known to be pro-
duced by S. aureus (Ferry and Etienne,
2009; Vasconcelos and Cunha, 2010).
Among these enterotoxins, staphylococ-
cal enterotoxins SEA, SEB and SED are
the most common causes of outbreaks of
food poisoning (Lawrynowicz-Paciorek et
al, 2007; Pinchuk et al, 2010), but SEB can
also cause respiratory symptoms and in
severe cases can lead to pulmonary edema
and respiratory failure (Center for Food
Security and Public Health, 2004).

Methicillin-resistant S. aureus (MRSA)
has become a major problem in nosocomial
infection worldwide (Lee et al, 2007). Most
MRSA strains carry mecA encoding low
affinity penicillin-binding protein PBP2a
(or PBP2’) (Hiramatsu et al, 2001). Both
MRSA and methicillin-sensitive S. aureus
(MSSA) can harbor one or more super-
antigenic toxin genes (Hu et al, 2008).
MRSA is significantly more associated
with mortality than MSSA (Melzer et al,
2003). The pathogenic mechanism and
virulence factors are assumed to be differ-
ent between MRSA and MSSA, but these
issues are still controversial (Schmitz et al,
1997; Rozgonyi et al, 2007).

Uniplex PCR has been used for detec-
tion of superantigenic toxin genes but is
time-consuming (Blaiotta et al, 2004). On
the other hand, multiplex PCR has been
developed for the simultaneous detection
of several superantigenic toxin genes, but
some primers show improper specificity
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when examined using BLAST (Schmitz
et al, 1998; Mehrotra et al, 2000). Thus,
this study describes the development of
a multiplex PCR assay for simultaneous
detection of S. aureus superantigenic toxin
genes seq, seb, sec, sed and tst-1 using newly
designed primers, comparison of the
superantigenic toxin genes in MRSA and
MSSA isolated from patients and carriers
in Thailand, and evaluation of genotyping
and phenotyping methods for detection of
S. aureus superantigenic toxins.

MATERIALS AND METHODS

Bacterial strains

A total of 186 S. aureus isolates were
collected from 149 patients who admit-
ted to Srinagarind Hospital, Khon Kaen
University, Thailand, and 37 isolates were
from anterior nares of 201 healthy medi-
cal personnels who had not taken any
antimicrobial agents for at least 7 days
prior to obtaining nasal swabs. Of the
S. aureus isolates, 71 were MRSA and 115
were MSSA (Table 1). For blood samples,
31 were collected from septicemia patients
and 3 samples had incomplete data.

Six superantigenic toxin-producing
reference strains of S. aureus, ATCC 13565
(SEA), ATCC 14458 (SEB), ATCC 19095
(SEC), ATCC 23235 (SED) and ATCC 33586
(TSST-1), were used as positive controls,
and ATCC 25923 (non toxin-producing
strain) as a negative control. Among the
toxin producing reference strains, S. au-
reus ATCC 13565, 19095 and 23235 were
mecA-negative strains and were consid-
ered as MSSA reference strains.

S. aureus were identified as MRSA
strains by mecA positivity and resistance
to cefoxitin (30 pg) (CLSI, 2007). Bacte-
ria used for specificity testing of S. au-
reus (nuc-species-specific gene) included
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Table 1
Sources of S. aureus isolates.

No. of S. aureus isolates (%)

Source No. of
specimens MRSA MSSA
Patients (1=149)
Blood? 34 21 (62) 13 (38)
Sputum 52 24 (46) 28 (54)
Pus from wound swab 52 19 (36) 33 (63)
Urine 11 6 (54) 5 (45)
Nasal carriers®
Nasal swab 37 1(3) 36 (97)
Total 186 71 (38) 115 (62)
2 From septicemia patients except for 3 samples without clinical data.
b From 201 healthy medical personnels without recent history of taking antibiotics.
Table 2
Primers used for multiplex PCR.
Gene Primer Primer sequence Size (bp) Reference
nuc SAnuc-F GCTTGCTATGATTGTGGTAGCC 423 This study
SAnuc-R  TCTCTAGCAAGTCCCTTTTCCA
mecA MI-F GATGGCTATCGTGTCACAATCG 312 Modified from
M2-R ATCTGGAACTTGTTGAGCAGAG (Vannuffel
et al, 1995)
seq SAsea-F ACCGTTTCCAAAGGTACTGTA 135 This study
SAsea-R TGGTACACCAAACAAAACAGC
seb SAseb-F CCTAAACCAGATGAGTTGCAC 592 This study
SAseb-R CAGGCATCATGTCATACCAAA
sec GSECR-1  AGATGAAGTAGTTGATGTGTATGG 454 Modified from
GSECR-2  CTTCACACTTTTAGAATCAACCG (Mehrotra
et al, 2000)
sed SAsed-F GCTTGTACATATGGAGGTGTCA 263 This study
SAsed-R GACCCATCAGAAGAATCAAACT
tst-1 SAtstl-R GGCAGCATCAGCCTTATAATTT 371 This study
SAtstl-F GTGGATCCGTCATTCATTGTT

Escherichia coli ATCC 25922, Vibrio mim-
icus ATCC 33653, Vibrio fluvialis DMST
19347, Enterobacter spp, Klebsiella spp,
Proteus vulgaris, Plesiomonas shigelloides,
Aeromonas hydrophila and Pseudomonas
aeruginosa.

This study has been approved by
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the Research Ethics Committee of Khon
Kaen University, Thailand, according to
the Declaration of Helsinki and ICH GCP
(HE 521115).

Multiplex PCR assay
Total S. aureus genomic DNA was
prepared either by boiling method or
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Table 3
Bacterial strains used for specificity test of PCR primers by uniplex PCR.

Bacterial strain

Staphylococcus aureus ATCC 13565 (SEA)
Staphylococcus aureus ATCC 14458 (SEB)
Staphylococcus aureus ATCC 19095 (SEC)
Staphylococcus aureus ATCC 23235 (SED)
Staphylococcus aureus ATCC 33586 (TSST-1)
Staphylococcus aureus ATCC 25923
Staphylococcus aureus (clinical isolates)
Staphylococcus aureus (environmental isolates)
Staphylococcus epidermidis
Streptococcus pyogenes
Micrococcus spp
Bacillus subtilis
Streptococcus pneumoniae
Vibrio parahaemolyticus ATCC 17802
Vibrio alginolyticus DMST 14800
Vibrio vulnificus ATCC 27562
Shigella serogroup A (DMST 15111),

B (DMST 4423), C (DMST 28180)

and D (ATCC 11060)
Escherichia coli (EIEC) DMST 30545
Vibrio cholerae
Salmonella spp
Other gram-negative bacteria

No. of Target gene
strains nuc sea  seb sec  sed tst-1

1 + + - - - -
1 + - + - - -
1 + - - + - -
1 + - - - +
1 + - - - - +
1 + - - - - -

10 + + + - - -
2 + - - - - -
5 - - - - - -
1 _ _ - - - _
1 _ _ - - - _
1 _ _ _ _ _ _
1 _ _ _ _ _ _
2 _ _ - _ _ _
1 _ _ - _ _ _
1 _ _ _ _ _ _
4 _ _ - - _ _
1 - - - - - -
5 - - - - - -
5 - - - - - -
9 _ _ - - - _

+, PCR positive; -, PCR negative

Pure Gene DNA purification kit (Qiagen,
Valencia, CA) using 0.5 ml of S. aureus
overnight culture. For the former proce-
dure, 100 pl aliquot of overnight S. aureus
culture was sedimented at 13,000g for 30
seconds, and the pellet was suspended in
200 pl of sterile distilled water and heated
at 100°C for 15 minutes. Then, the bacte-
rial lysate was centrifuged at 5,000¢ for 1
minute. A 5 ul aliquot of bacterial lysate
was directly used as PCR template. DNA
samples were stored at -20°C until used.

The oligonucleotide primers for
amplification of S. aureus-species specific
nuc (encoding thermonuclease) (Kateete
et al, 2010), and four superantigenic toxin
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genes, sea, seb, sed and tst-1, were newly
designed using Primer 3 program (http://
fokker.wi.mit.edu/primer3/input.htm),
whereas primers for sec and mecA were
modified from the previously published
S. aureus DNA sequence (Bohach and
Schlievert, 1987; Vannuffel et al, 1995;
Mehrotra et al, 2000). The primer sequenc-
es and expected amplicon sizes used in
this study are listed in Table 2.

Multiplex PCR consisted of two sets.
In one set duplex PCR was designed to
amplify nuc and mecA, which is specific
for S. aureus and MRSA, respectively; and
the other multiplex PCR was designed to
detect the 5 superantigenic toxin genes in
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Table 4
Distribution of superantigenic toxins of S. aureus strains from patients and carriers.

664

No. of toxin positive isolates (%) and types of toxin

No. of
S. aureus

Source

ToxinP

Gene?

B+D A+ C C+T C+D+T Total

C

A

b+d a+b+c b+c+t b+c+d+t Total

b+c

a

isolates

2(1)  1(1) 82(55)
0(0) 16(43)
1(0) 98(53)

7(5)

0(0)

97(65) 52(35) 17(11) 3(2)
20(54) 11(30) 2(5)

1(1)

0(

Patient

2(5) 0(0)

9(5)

1(3)
1(0)

0(0)

0)

0(0)
2(1)

3(8)
81(43) 20(11) 3(2)

14 (38)

Carrier
Total
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2(1)

117(63) 63(34) 19(10) 3(2)

1(0)

1, b, ¢, d and t is sea, seb, sec, sed and tst-1, respectively, detected by multiplex PCR.

1(0)
PA, B, C, D and T is SEA, SEB, SEC, SED and TSST-1, respectively, detected by RPLA assay.

186

S. aureus isolates. The optimum PCR con-
dition in 25 pl volume consisted of 5 ul of
bacterial lysate (50 ng of genomic DNA),
1X PCR buffer [10 mM Tris-HCl (pH 8.3),
50 mM KCl, 0.1 mg/ml BSA and 10 mM
(NH,),S0,], 2.5 mM MgCl,, 300 uM each
dNTP (Amresco, Solon, OH), 0.5 uM each
primer (sea, seb, sec, tst-1) or 0.1 uM sed
primer, 2 U of Tug DNA polymerase (RBC,
Taipei, Taiwan). For nuc and mecA, duplex
PCR were conducted as described above
except that 1.5 mM MgCl,, 200 uM each
dNTP, 0.2 pM each primer and 1 U Tug
DNA polymerase were used. Both multi-
plex PCR and duplex PCR thermocycling
were conducted using a thermocycler
(Veriti 96 well Thermo Cycler, Applied
Biosystem, Foster City, CA) as follows:
94°C for 7 minutes, 35 cycles of 94°C for
30 seconds, 58°C for 30 seconds and 72°C
for 45 seconds; and final step at 72°C for 7
minutes. Amplicons were electrophoresed
in 2% agarose gel, stained with ethidium
bromide and visualized under a transi-
luminator.

Specificity and sensitivity of multiplex
PCR

Specificity of the five primer pairs for
amplification of nuc, sea, seb, sed and tst-1
and the two pairs of primers for mecA and
sec were evaluated using BLAST in NCBI
database. For sensitivity evaluation, 1.0 ml
aliquot of mid-log phase S. aureus refer-
ence strain cultures was pooled and 1.0
ml aliquot of pooled bacterial suspension
was centrifuged at 13,000¢ for 1 minute.
Then, the pellet was resuspended in 1.0 ml
of sterile distilled water and 10-fold serial
dilutions were made in sterile distilled
water. Bacterial concentrations ranging
from 10° CFU/m] to 10° CFU/m] were used
to determine sensitivity. A 3-5 ul aliquot of
bacterial lysate or DNA from each dilution
was used as DNA template for multiplex
PCR amplification.
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Detection of MRSA by disc diffusion
method

Antimicrobial susceptibility of S. aure-
us isolates were tested using cefoxitin disc
(30 ug) for determining resistance against
methicillin according to the guidelines of
the Clinical and Laboratory Standards In-
stitute (CLSI, 2007). S. aureus ATCC 25923
was used as control strain.

Superantigenic toxin detection by reverse
passive latex agglutination assay (RPLA)

SEA, SEB, SEC, SED and TSST-1 su-
perantigenic toxins were detected using
commercial standardized RPLA test kit
(Oxoid, Wesel, Germany) according to
the manufacturer’s instructions. Briefly,
S. aureus was grown in brain heart infu-
sion broth and incubated at 37°C for 18-24
hours with shaking. The overnight culture
was centrifuged at 900g for 20 minutes at
4°C. Then, a 25 pl aliquot of supernatant
was mixed with 25 ul of the latex suspen-
sion of each S. aureus superantigenic toxin
control in a V-well microtiter plate. If any
toxin is present (positive result), aggluti-
nation occurs resulting in the formation
of a lattice structure.

Statistical analysis

x°-test was performed using SPSS
program version 11.5 for Windows for
examining correlation among the types of
S. aureus superantigenic toxin genes iso-
lated from clinical specimens and healthy
carriers, types of S. aureus (MSSA and
MRSA), and type of clinical specimens
(blood, pus, sputum, urine, nasal swab).
A p-value < 0.05 was considered statisti-
cally significant.

RESULTS

Specificity and sensitivity of multiplex
PCR
BLAST search showed that the se-
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Fig 1-Sensitivity of multiplex PCR for simul-
taneous detection of five superantigenic
toxin genes. Expected amplicon sizes are
sea 135 bp, seb 592 bp, sec 454 bp, sed 263
bp, tst-1 371 bp. Lane M, 1 kb plus DNA
ladder; lanes 1-6, PCR amplicons from
pooled five reference strains of S. aureus
ranging from 10° to 10° CFU/ml; lane 7,
negative control. Band at bottom of lanes
4-7 is of primer dimer.

quences of the amplicons generated by
each primer set did not show any homo-
logy to other bacterial genes and had the
expected size of the target gene, indicat-
ing all the primer pairs used in this study
were highly specific (Table 3). Sensitivity
of multiplex PCR for simultaneous ampli-
fication of 5 superantigenic toxin genes in
DNA prepared using an extraction kit or
boiling method had the same detection
limit of 10° CFU/ml (60 CFU/PCR reac-
tion) (Fig 1), and for uniplex PCR, the
detection limit was 1-10 CFU/ml (1 CFU/
PCR reaction).

Superantigenic toxins and genes in S.
aureus isolated from patients and carriers

Of the 149 S. aureus isolates from
patients and of 37 S. aureus isolates from

665



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

Table 5

Distribution of superantigenic toxin in MRSA and MSSA isolates from various clinical

sources.

No. of toxin positive isolates (%)

Source No. of Gener Total Toxin® Total
isolates  MRSA MSSA MRSA MSSA

Blood 34 20 (59) 6 (18) 26 (76) 20 (59)° 3(9) 23 (68)

Sputum 52 20 (38)4 13 (25) 33 (63) 17 (33)¢ 9 (17) 26 (50)

Pus/wound swab 52 13 (25) 21 (40) 34 (65) 13 (25) 17 (33) 30 (58)

Urine 11 3(27) 1(9) 4 (36) 2 (18) 1(9) 3(27)

3seq, seb, sec, sed and tst-1, detected by multiplex PCR.

bSEA, SEB, SEC, SED and TSST-1, detected by RPLA assay.

“More frequent in MRSA than MSSA (x?= 9.174; p = 0.005; OR 11.667 ; 95% CI 2.075-65.595).
4More frequent in MRSA than MSSA (3= 7.590; p = 0.006; OR 5.769 ; 95% CI 1.564-21.283).
“More frequent in MRSA than MSSA (y*=7.738; p = 0.012; OR 5.127 ; 95% CI 1.568-16.765).

carriers, 97 (65%) and 20 (54%), respec-
tively, harbored the superantigenic toxin
genes (Table 4). There is no significant
difference in the numbers and types of
superantigenic toxins in both groups. SEA
and sea was the most frequent toxin and
gene, respectively, detected in S. aureus
isolates from both patients and carriers.

Similarly, sea and SEA were most fre-
quently found in all clinical specimens ex-
cept urine samples, with the latter having
equal prevalence of sea and seb but higher
SEB prevalence than that of SEA (Table
4). Detection of superantigenic toxin
gene-positive or toxin producing S. aureus
strains was highest in blood specimens.
However, no significant differences were
observed among the sources of specimens.
In sputum and blood, the frequency of
superantigenic toxin-producing isolates
is significantly higher in MRSA than the
MSSA strains (Table 5).

Detection of superantigenic toxins
and MRSA by genotyping (superantigenic

toxins genes and mecA) and by phenotyp-
ing (RPLA and disc diffusion) was 77%
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and 100%, respectively. Interestingly, 16
isolates containing a combination of seb
with other superantigenic toxin genes did
not produce SEB, whereas 20 isolates har-
boring seb alone produced SEB (Table 4).

Superantigenic toxin genes present
in MRSA and MSSA isolates were 79%
(56/71) and 53% (61/115), respectively,
with sea being more frequent in MRSA
than MSSA isolates (p = 0.000; OR = 4.206),
which corresponded with production of
the toxin (p = 0.000; OR = 6.483) (Table
6). Combination of superantigenic toxin
genes was found in both MRSA (3%) and
MSSA (13%) isolates.

Relationship between toxin gene/protein
expression and disease severity

In order to determine the relation-
ship between severity of septicemia in
patients and S. aureus haboring superan-
tigenic toxin genes and toxin production,
31 S. aureus isolated from blood samples
of septicemia patients were examined.
The presence of S. aureus harboring any
superantigenic toxin gene and toxin is
significantly higher in patients with severe
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)
)

0(0) 52(73

0(0)
2(2)

2(3)

7(6)

B+D A+ C C+4T C+D+T Total

0(0)
1(1)

ToxinP
C
0(0)

61(53) 21(18) 11(10) 3(3)

B

A
56(79) 42(59)¢ 8(11)

0(0)

Table 6
Presence of superantigenic toxins in MRSA and MSSA isolates.

0(0)

No. of toxin positive isolates (%) and types of toxin
2(2)

2(3)

7(6)

a,b, ¢, dand t is sea, seb, sec, sed and tst-1, respectively, detected by multiplex PCR.

b+d a+b+c b+c+t b+c+d+t Total
*A, B, C, D and T is SEA, SEB, SEC, SED and TSST-1, respectively, detected by RPLA assay.

Gene?
0(0)

b+c
0(0)

35(30) 12(10) 3(3)

46 (65)° 8(11)

No. of
isolates
71
115

S. aureus

MRSA
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46(40

1(1)

1(1)

1(1)

MSSA

0.000; OR 4.206 ; 95% CI 2.243-7.884).

21.074; p =
0.000; OR 6.483 ; 95% CI 3.320-12.685).

‘Harboring significantly more sea in MRSA than MSSA (2
dsignificantly higher in MRSA than MSSA (%= 32.775; p

septicemia than in those with non-severe
clinical features (Table 7). SEA or sea was
most frequently found in septicemia pa-
tients (data not shown).

DISCUSSION

Regardless of the DNA extraction
methods (boiling or extraction kit), mul-
tiplex PCR for simultaneous amplification
of S. aureus 5 superantigenic toxin genes
developed in this study is a highly sensi-
tive method with a detection limit of 60
CFU/PCR reaction (6 pg of DNA) and
as low as 1-10 CFU/ml (1 fg of DNA) by
uniplex PCR. This sensitivity is superior
than that of TagMan assay reported by
Klotz et al (2003) with a detection limit
for enterotoxin A of 10° CFU. Multiplex
PCR was more time-saving than RPLA
assay. Additionally, as template DNA
obtained from boiling and extraction
method showed the same sensitivity, the
boiling method is recommended for use
in multiplex PCR because it is rapid and
cost-effective.

Although detection rate of superanti-
genic toxin genes appeared to be higher in
MRSA (79%) than in MSSA isolates (53%),
it is not statistically significant, in agree-
ment with studies of Hu et al (2008) and
Schmitz et al (1997). Further investigations
into the relationship between methicillin
resistance and acquisition of superanti-
genic toxin genes in S. aureus may not be
warranted.

In this study, sea and SEA were most
frequently found in S. aureus isolates from
both patients and carriers, in agreement
with previous report that SEA alone or
combined with SEB is detected with high
frequency in S. aureus isolated from food
samples in Khon Kaen, Thailand (Chom-
varin et al, 2006). However, it has been
reported that sec, combination of sec and
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Table 7
Severity of septicemia and S. aureus isolated from blood samples.

Severity of disease? No. of isolates

No. of S. aureus toxin positive isolates (%)

Geneb Toxin®
Severe 17 16 (94) 14 (82)
Not-severe 14 9 (64) 8 (57)
Total 31 25 (81) 22 (71)

aCriteria for the severity of septicemia were as follows: 1) Patient had long-term treatment (more
than 1 month), 2) patients had recurrent or persistent infection and/or 3) mortality with or without
disseminated intravascular coagulation. The conditions were normalized to base line of all patients
who were immuno-compromised hosts or had underlying diseases, such as diabetes, heart disease,
renal failure, and cancer. All cases were treated with fusidic acid and vancomycin.

bsea, seb, sec, sed and tst-1, detected by multiplex PCR.

°SEA, SEB, SEC, SED and TSST-1, detected by RPLA assay.

sea, and sea alone are frequently found
in S. aureus isolated from food samples
in Bangkok (Pumtang-on et al, 2008). In
Germany, sec has the highest prevalence
in S. aureus isolated from patients (Klotz
et al, 2003), and in Taiwan tst-1 followed
by sea, seb, sec, and sed are found in S.
aureus strains isolated from patients with
staphylococcal food-poisoning (Chiang
et al, 2008). The variable distribution of
S. aureus superantigenic toxin genes in
different areas may be explained by the
fact that the superantigenic toxin genes
are mostly carried by mobile genetic ele-
ments (Balaban and Rasooly, 2000), which
can be exchanged among bacteria of the
same or different species (Varshney et al,
2009; Malachowa and DeLeo, 2010), ac-
couting for differences in the geographical
distribution of S. aureus superantigenic
toxin genes.

In this study, MRSA isolated from
blood samples with superantigenic toxin
are significantly higher than the MSSA (p
< 0.05). But when the severity of septi-
cemia patients were compared between
those with and without superantigenic
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toxin gene containing S. aureus, there
is no statistically significant difference
between the two groups. However, the
role of S. aureus superantigenic toxins in
the severity of septicemia patients should
not be discounted as sea is significantly
associated with severity of sepsis caused
by S. aureus (Ferry et al, 2005). This may
be due to the persistent binding of SEA
to antigen presenting cells and T cells via
MHC II to cause a more prolonged expo-
sure than other toxins, thereby triggering
over-expression of inflammatory media-
tors leading to shock (Pless et al, 2005).
Thus SEA might be a novel superantigen
target for the treatment of S. aureus-related
sepsis patients.

Genotypic detection rate of S. aureus
harboring superantigenic toxin genes is
higher than that of phenotypic detection
of S. aureus producing toxins. Absence of
toxin production may be due to growth
conditions and environmental factors
(Klotz et al, 2003; Schelin et al, 2011), pro-
duction below assay detection level (Shar-
ma et al, 2000), or mutation in regulatory
or gene coding region (Sharma et al, 2000).
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SEA or sea was found highest in all
types of clinical specimens except urine,
in disagreement with a previous study
in which TSST-1 toxin is associated with
septic shock and toxic shock syndrome
(Uchiyama et al, 1989) and sec-harboring
isolates are mostly found in wound infec-
tions (Uchiyama et al, 1994).

In summary, our study indicates that
the multiplex PCR assay is a reliable,
rapid, highly specific and sensitive tool
for simultaneous detection of the supe-
rantigenic toxin genes in S. aureus strains
isolated from clinical sources and can be
used for surveillance of S. aureus virulence
strains in hospitals. Multiplex PCR assay
can be applied directly to blood or biologi-
cal fluids from patients suspected of hav-
ing S. aureus infection. SEA and sea were
most frequently found in S. aureus isolates
in northeastern Thailand. As severity of
septicemia seemed, at least in part, to be
related to sea-positive S. aureus strains, su-
perantigenic toxin gene-positive S. aureus
should also be monitored in hospitals.
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