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Staphylococcus aureus remains a leading cause of food-poisoning with substantial impact on public
health. Using a multiplex polymerase chain reaction-DNA enzyme immunoassay (PCR-DEIA), we
studied the presence of genes encoding staphylococcal enterotoxin-like (SEl) superantigens sem, sen,
and seo, associated with the enterotoxin gene cluster (egc), in 429 clinical Staphylococcus aureus iso-
lates. 294 (68.5%) isolates tested positive for at least one of the three SEl genes. In contrast to the
fixed gene combination seg/sei also located on egc, a substantial number of isolates (n = 108) were
found to bear only one or two of the genes encoding SElM, SElN, and SElO. Regarding the origin of
the S. aureus isolates, a significant difference (P = 0.022) was found for the possession of seo (61.2%
of blood isolates versus 42.9% of nasal strains). Also sem (not significantly) was found more common
in blood isolates (52.1% versus 40.5%). The survey of the newly described SEl genes sem-seo sup-
ports the concept that most clinical S. aureus isolates harbor subsets of pyrogenic toxin superantigens.
The potential contribution of seo and sem to the pathogenic potential of S. aureus has to be further
evaluated.
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1 Introduction

Beyond providing energy and nutrients, food is a potential
vehicle for pathogenic microorganisms and their toxic prod-
ucts [1]. While food-borne disease is being increasingly
attributed to a wide spectrum of bacteria, parasites, fungi,
and viruses, Staphylococcus aureus remained a common
cause of confirmed food-poisoning with major effect on
public health and economy [2]. The primary human habitat
of S. aureus is the moist squamous epithelium of the anterior
nares. S. aureus is recognized as a major cause of commu-
nity-acquired and hospital-acquired infections. In addition
to superficial lesions and systemic infections, this pathogen
is responsible for toxin-mediated diseases, such as the toxic
shock syndrome (TSS) and staphylococcal food-poisoning

(SFP) [3]. The virulence factors causing these toxicosis are
members of the family of bacterial pyrogenic toxin superan-
tigens (PTSAgs) comprising the TSS-causing toxic shock
syndrome toxins (TSST-1, TSSTovine) and the staphylococcal
enterotoxins (SEs) producingSFP [4, 5].

The PTSAgs of S. aureus belong to a “superfamily” of true
exotoxins sharing common phylogenetic relationships,
sequence homology, structure, and function [6]. Besides
their specific toxic properties, they also share other biologi-
cal characteristics contributing to their role in disease such
as pyrogenicity, superantigenicity, and enhancing the sus-
ceptibility to endotoxin shock [7, 8]. PTSAgs are able to sti-
mulate T-lymphocyte proliferation in a nonantigen-specific
manner, to induce high fevers, to stimulate neutrophil
recruitment to a site of infection resulting in local inflam-
mation, and to enhance host susceptibility to endotoxin
shock 100000- to 1 million-fold.

The repertoire of SEs includes the five classical enterotoxins
SEA-SEE [9] and several recently identified enterotoxins.
For several SEs, subtypes have been characterized [10–13].
To date, the “alphabet” of SEs and their coding genes has
reached the letter “U” [11, 13–22]. However, some of the
novel SE homologues were shown to be nonemetic, thus,
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actually lacking the defining property of SEs [19, 21, 23].
According to the suggestions of a recently established Inter-
national Nomenclature Committee for Staphylococcal
Superantigens (INCSS), SE-like superantigens that either
lack emetic activity or have not been tested should be desig-
nated “staphylococcal enterotoxin-like” (SEl) superantigens
[24]. This holds also true for the three SEs studied here, thus
designated as SElM, SElN, and SElO [24]. Noteworthy,
SElN (up to recently named SEN) and SElO (up to recently
named SEO) were originally published as SEK and SEL, but
renamed in a correction note (published in J. Immunol. 2001,
166, 4260) to rule out possible confusion with SEs described
at the same time [16, 19]. In addition to seg, sei, and two
pseudogenes ( ent1 and  ent2), the SElM-, SElN-, and
SElO-encoding genes belong to the egc operon, which is
located on the genomic islandSaPI3 [11, 20].

Various studies have suggested that the newly described
SEs are commonly distributed in food-borne and clinical
isolates of S. aureus and their role may probably underesti-
mated [25–30]. Indeed, only few valid data are available to
date concerning the prevalence of the newer described SEs
in S. aureus isolates derived from clinical specimens. Sys-
tematical studies regarding their distribution among well-
characterized clinical strains of S. aureus are generally
lacking.

Previously, we described the rapid and specific detection of
toxigenic S. aureus isolates by the use of several multiplex
PCR-DNA enzyme immunoassays (PCR-DEIAs) for
amplification and hybridization of the classical SE genes
(sea, seb, sec1–3, sed, see), several recently described SE
genes (seg, seh, sei, sej), and TSST-1 gene (tst) [25, 31]. For
the study reported here, this approach was extended by
developing a further multiplex PCR-DEIA targeting SElM,
SElN, and SElO genes. Aims of this study were (i) to extend
the existing multiplex PCR-DEIAs by a further one target-
ing three newly described SE genes, (ii) to investigate the
prevalence of SElM-, SElN-, and SElO-encoding genes in a
well-defined S. aureus strain collection obtained during the
course of a German multicenter study, and (iii) to analyze
possible differences in toxin gene equipment of these SEs
comparing colonizing isolates from nasal specimens and
isolates involved in severe systemic infection.

2 Materials andmethods

2.1 Bacterial strains

All together, 429 S. aureus isolates collected during the
course of a German multicenter study comprising general
and intensive care units of 32 university and community
hospitals [32] were tested by PCR for the prevalence of
genes encoding SElM, SElN, and SElO. Only one isolate
per patient was included. The S. aureus isolates tested com-

prised 219 blood isolates from patients with S. aureus bac-
teremia (with a rate of methicillin-resistant S. aureus
(MRSA) of 9.1%, exhibiting nine genotypes). The most fre-
quent clinically presumed causes of bacteremia were cathe-
ter-related infections (46%) followed by osteomyelitis, skin
and soft tissue infections such as cutaneous abscesses, cuta-
neous ulcerations (27%) as well as lower respiratory tract
infections (11%). In addition to the blood isolates, a total of
210 S. aureus nasal isolates prospectively collected during
routine surveillance were also tested (MRSA rate 2.9%,
exhibiting five genotypes). None of these patients whowere
nasally colonized and who were selected for this study sub-
sequently developed S. aureus bacteremia within a 6-year-
study-period [32].

2.2 DNA isolation, multiplex PCR, and DEIA
procedure

Isolation of staphylococcal DNA was performed as pre-
viously described [31]. The oligonucleotide primers used to
detect the SE genes sem, sen, and seo by a multiplex PCR
procedure are listed in Table 1. The assay conditions for
these genes corresponded with that of previously published
multiplex PCR assays [25, 31]. For carry-over prevention,
the uracil DNA glycosylase (UNG) system (Boehringer
Mannheim, Germany) was used for all multiplex PCR
assays. The amplification was performed in an iCycler
(Bio-Rad, Munich, Germany). For hybridization of the
amplified DNA generated by the multiplex PCR assays, a
generic DNA enzyme immunoassay (GEN-ETI-Km DEIA,
Sorin, Saluggia, Italy) was used as described elsewhere
[31]. Three 59-biotinylated oligonucleotide probes were
designed to control the specificity of the multiplex PCR tar-
geting sem-seo (Table 1). DNA from S. aureus reference
strains known to harbor the egc operon and other toxin-pro-
ducing reference strains was used as control for the PCR-
DEIAs (Table 2). In addition to standard PCR controls for
contamination events, S. epidermidis DSM 20044 served
as negative control.

2.3 Statistical analysis

Regarding the possession of sem, sen, and seo, differences
between groups were assessed using the chi square test. If
necessary, the Yates correction was used. If more than one
exotoxin gene in various combinations was found, multi-
variate analysis by logistic regression was used to establish
their importance [33]. Data on possession of further PTSAg
encoding genes (sea-see, seg-sej, tst) in the same strain col-
lection previously published [25] were included for multi-
variate analysis. Epi-Info 2001 (Centers for Disease Control
and Prevention, Atlanta, GA, USA) was used to perform
calculations. Odds ratios (ORs) higher than 1 within a con-
fidence interval of 95% (CI0.95) were taken into account for
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associations. P values lower than 0.05 were considered to
be statistically significant.

3 Results

3.1 Evaluation of the detection system

The multiplex PCR with primer pairs targeting sem, sen,
and seo genes amplified successfully fragments from the
DNA of S. aureus reference strains (Fig. 1, Table 2). PCR

amplifications were confirmed by respective hybridization
reactions in the DEIA system for positive reference strains
(Table 2). The sensitivity of the multiplex PCR-EIAs
reached the expected range as previously described [31].
None of the primer pairs and the respective hybridization
probes reacted with the negative control, Staphylococcus
epidermidis type strain DSM 20044T.

S. aureus strain Cowan 1, considered nontoxigenic and
shown to be negative regarding the classical PTSAg genes
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Table 1. Base sequences and gene locations for the oligonucleotide primers and oligonucleotide probes to detect enterotoxin
genes sem-seo

Gene Primer or
probea)

Oligonucleotide sequence (59–39) Location
within gene

Size of PCR
product (bp)

Ref.

sem mpSEM-1 CTATTAATC TTTGGG TTAATGGAGAAC 1785–1811 326 [42]
mpSEM-2 TTC AGT TTCGACAGT TTT GTTGTCAT 2085–2110 [42]
SEM-9Bb) ACT TAT TTGATACTGGAACAGGACA 2034–2058 This study

sen mpSEN-1 ATGAGATTG TTC TACATAGCTGCAAT 3813–3838 680 [42]
mpSEN-2 AAC TCTGCT CCCACTGAAC 4474–4492 [42]
SEN-3Bb) AAAGGC TAAAGTAACAGTACAAGAA 4304–4328 This study

seo mpSEO-1 AGT TTG TGTAAGAAGTCAAGTGTAGA 481–506 180 [42]
mpSEO-2 ATC TTTAAATTCAGCAGATAT TCCATC TAAC 630–660 [42]
SEO-3Bb) AAATTC TTAGAC TTCGAT TTATTA 589–612 This study

a) Sequences and locations were derived from the published nucleotide sequences for egc enterotoxin gene cluster [11].
b) 59 biotinylated.

Table 2. Results of testing reference strains for staphylococcal enterotoxin genotypes sem, sen, and seo derived from agarose gel
analysis of multiplex-PCR and colorimetric microtiter plate DEIA

Reference strains Toxin genotype
determined by
previous work

Agarose gel analysisa) Colorimetric assayb)

(OD ratio 450/630 nm)
Reference
or source

sem sen seo sem sen seo

ATCC 13565 sea, sed, sejc) – – – 0.031 0.034 0.034 ATCC
ATCC 14458 seb – – – 0.029 0.037 0.043 ATCC
ATCC 19095 sec, seg, seh, seid) – + + 0.096 2.439 0.259 ATCC
ATCC 23235 sed, seg, sei, seje) + + + >2.500 >2.500 2.428 ATCC
ATCC 27664 see – – – 0.064 0.099 0.073 ATCC
FRI 569 sehf) – – – 0.174 0.042 0.031 [30]
FRI 572 seg, seif) + + + 2.314 2.472 2.430 [17, 30, 43]
KN 813 tst, seg, sei – + + 0.110 >2.500 0.309 [25, 31]
BM 10458 eta – – – 0.031 0.056 0.038 [25, 31]
BM 10143 etb + – + 1.448 0.059 2.403 [25, 31]
Cowan 1 seg, seig) – + + 0.152 2.415 0.316 [25, 31]
DSM 20044T nontoxigenich) – – – 0.033 0.045 0.052 [25, 31]

a) –, negative; +, positive; judged by eye
b) Reactions were judged as positive if the signal reached or exceeded the cut-off value of 0.150 absorbance units above the mean value of

determinations of toxin-negative reference strains.
c) Selected as prototype strain for SEA [44], however, also found to be sed- and sej-positive in a previous study [25]
d) Selected as prototype strain for SEC [45], however, also found to be seg-, seh-, and sei-positive in a previous study [25]
e) Selected as prototype strain for SED [46], however, also found to be seg-, sei-, and sej-positive in a previous study [25]
f) Strains were previously tested by PCR and DEIA as completely negative for classical exotoxin genes sea-see, tst, eta, and etb [25]
g) Staphylococcus aureus Cowan 1 considered nontoxigenic for classical PTSAgs and ETs, however, shown to carry enterotoxin genes seg

ans sei [25]
h) Negative control strain; Staphylococcus epidermidis DSM 20044T considered nontoxigenic for PTSAgs and ETs
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[31] was tested previously PCR-positive for the seg/sei
gene combination [25]. Here, these strains were shown to
possess also the genes encoding the enterotoxins SElN and
SElO, but not SElM (Table 2). Noteworthy, several refer-
ence strains considered as prototype strains for single clas-
sical SEs (ATCC catalogue, 19th edition) tested PCR-posi-
tive for two or three of the newly described SEs (Table 2):
ATCC 19095 (prototype strain for SEC) yielded amplifica-
tion products with primers specific for sen and seo, as did
ATCC 23235 (prototype strain for SED) with primers speci-
fic for sem, sen and seo. This was confirmed by respective
hybridization procedures (Table 2).

3.2 Detection of SElM-SElO encoding genes

Data on the prevalence of SElM-SElO genes obtained by
testing 429 clinical S. aureus isolates by multiplex-PCR are
shown in Table 3. Overall, 294/429 (68.5%) isolates were
positive for at least one of the three SE genes tested. Most
of these PCR-positive isolates (n = 186/294; 63.3%) har-
bored all three SE genes, however, a substantial number

(n = 108) of isolates were found to carry only one or two of
these SE genes (Fig. 2). Whereas the detection of the toxin
genotypes sem+/sen–/seo– (n = 1) and sem–/sen–/seo+ (n = 1)
was extremely seldom, the possession of sen without con-
comitant possession of sem and seo, was found in 62/294
(21.1%) isolates. The most frequent combination of two
genes detected was sen plus seo (n = 32/294; 10.9%). Other
possible combinations were only rarely observed. Ten
(blood isolates, n = 6; nasal isolates, n = 4) of the 23 MRSA
isolates included tested sem-seo PCR-negative. Nine iso-
lates (all from blood) tested positive for all three SE genes
investigated. The remaining MRSA isolates harbored sen
alone (n = 3) or, in one isolate, sen plus seo.

Encompassing the data of a previously performed study
analyzing the genes encoding the classical PTSAgs (sea-
see, tst) as well as the first of the newly described SEs (seg-
sej) [25], the rate of those isolates possessing at least one of
the PTSAg encoding genes reached 80.0% (n = 343/429).
Thirty-one (7.2%) isolates (blood isolates, n = 19; nasal
isolates, n = 12) were found to be only sem-, sen- and/or
seo-positive, but negative for any other PTSAg gene. Con-
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Figure 1. Agarose gel electro-
phoresis patterns showing
PCR-amplified products of
S. aureus (lanes 1–14) and S.
epidermidis (lane 15) reference
strains in single (lanes 1–3) and
multiplex (lanes 4–15) PCR for
SE genes sem, sen, and seo.
Lanes M (left, right), DNA mole-
cular weight marker 1 kb/100 bp
DNA ladder; lanes 1–3, ATCC
23235 (sem-, sen-, seo-posi-

tive) using sem-specific primers (lane 1), sen-specific primers (lane 2), and seo-specific primers (lane 3); 4, ATCC 13565 (sem-,
sen-, seo-negative); 5, ATCC 14458 (sem-, sen-, seo-negative); 6, ATCC 19095 (sem-negative, sen-, seo-positive); 7, ATCC 23235
(sem-, sen-, seo-positive); 8, ATCC 27664 (sem-, sen-, seo-negative); 9, FRI 569 (sem-, sen-, seo-negative); 10, FRI 572 (sem-,
sen-, seo-positive); 11, KN 813 (sem-negative, sen-, seo-positive); 12, BM 10458 (sem-, sen-, seo-negative); 13, BM 10143 (sen-
negative, sem-, seo-positive); 14, Cowan 1 (sem-negative, sen-, seo-positive); 15, DSM 20044 (negative control). Sizes are marked
in base pairs on the left and right.

Table 3. Results of testing 429 clinical S. aureus isolates for SE genes encoding SElM, SElN, and SElO by multiplex-PCR

Result of PCR testing No. and percentage of isolates P valuesa)

Blood
(n = 219)

Anterior nares
(n = 210)

Total
(n = 429)

n % n % n %

sem-positive 114 52.1 85 40.5 199 46.4 0.170
sen-positive 144 65.8 143 68.1 287 66.9 0.328
seo-positive 134 61.2 90 42.9 224 52.2 0.022

a) The P values were assessed by multivariate analysis using logistic regression. The boldface value indicates significant differences
between blood and nasal isolates. Analysis of P values regarding the possession of sem, sen, and seo necessitated involvement of
PTSAgs gene data studied earlier [25], thus, the updated P values are as follows: sea, 0.598; seb, 0.387; sec, 0.06; sed/sej, 0.008; see,
0.937; seg/sei, 0.225; seh, 0.368; and tst, 0.191.
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sequently, sem, sen or seo were not necessarily found, if an
isolate harbored the seg/sei combination known to be
further components of the egc operon.

Overall, a multitude of PTSAg gene combinations with
sem, sen, and/or seo was observed including isolates addi-
tionally harboring sea, seb, sec, sed/sej, seg/sei, seh, and/or
tst, however, no combination with see was detected. Sepa-
rately itemized for sem, sen, or seo, these results are listed
in Table 4. The most frequent combination with sem, sen,
and/or seo was found for the fixed gene combination seg/

sei (overall concomitant possession, n = 236 of the total of
429 (55.0%) isolates, and n = 236 of 294 (80.3%) sem-,
sen-, and/or seo-positive isolates, respectively). Overall, the
co-possession of sem, sen, and/or seo with other PTSAgs
was as follows: sea (n = 41), seb (n = 22), sec (n = 40), sed/
sej (n = 21), seh (n = 14), and tst (n = 79). Thus, combina-
tion of sem, sen, and/or seowith one (n = 16), two (n = 100),
three (n = 95), four (n = 47), and five (n = 5) other PTSAg
genes were observed.

3.3 Comparing blood and nasal isolates

The association between the detection of SE genes and the
origin of isolates was studied by multivariate analysis
(Table 3). No significant difference (P = 0.977) was found
concerning the overall possession of genes encoding SElM,
SElN, and/or SElO between blood isolates (n = 143/210;
68.1% PCR-positive) and those isolates derived from nasal
swabs (n = 151/219; 68.9% PCR-positive). In contrast,
analysis of subgroups showed that sem and seo PCR-posi-
tive isolates (independently from concomitant possession
of other SE genes) were more present in blood isolates.
However, only differences in possession of seo reached sig-
nificance (seo, OR = 1.4; CI0.95 (1.04; 1.89); P = 0.022) by
multivariate analysis using logistic regression. The likeli-
hood ratio chi square test showed a value of 5.26 with 2
degrees of freedom.

Isolates tested positive only for sen, but not for sem and seo
genes (toxin genotype sem–/sen+/seo– (n = 62)), were signif-
icantly (P = a0.00001, OR = 4.3; CI0.95 (2.22; 8.57)) less
common in isolates from blood (n = 14) than in nasal car-
riage isolates (n = 48). sem- and/or seo-positive isolates
tested sen-negative (toxin genotypes: sem+/sen–/seo–

(n = 1), sem–/sen–/seo+ (n = 1), and sem+/sen–/seo+ (n = 5))
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Figure 2. Schematic representation (not scaled) of the num-
ber of S. aureus isolates exhibiting different toxin genotypes
resulting from various possession of genes encoding SElM,
SElN, and SElO.

Table 4. Concomitant possession of PTSAg-encoding genes itemized for sem, sen, or seo

PTSAg gene No.a) and percentageb) of isolates

Blood
(n = 219)

Anterior nares
(n = 210)

Total
(n = 429)

sem
(n = 114)

sen
(n = 144)

seo
(n = 134)

sem
(n = 85)

sen
(n = 143)

seo
(n = 90)

sem
(n = 199)

sen
(n = 287)

seo
(n = 224)

sea 14 (12.3%) 21 (14.6%) 19 (14.2%) 3 (3.5%) 18 (12.6%) 6 (6.7%) 17 (8.5%) 39 (13.6%) 25 (11.2%)
seb 6 (5.3%) 6 (4.2%) 7 (5.2%) 13 (15.3%) 15 (10.5%) 11 (12.2%) 19 (9.5%) 21 (7.3%) 18 (8.0%)
sec 15 (13.2%) 15 (10.4%) 15 (11.2%) 22 (25.9%) 25 (17.5%) 23 (25.6%) 37 (18.6%) 40 (13.9%) 38 (17.0%)
sed/sej 16 (14.0%) 17 (11.8%) 16 (11.9%) 3 (3.5%) 4 (2.8%) 3 (3.3%) 19 (9.5%) 21 (7.3%) 19 (8.5%)
see 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
seg/sei 88 (77.2%) 115 (79.9%) 105 (78.4%) 68 (80.0%) 117 (81.8%) 71 (78.9%) 156 (78.4%) 232 (80.8%) 176 (78.6%)
seh 2 (1.8%) 3 (2.1%) 3 (2.2%) 3 (3.5%) 10 (7.0%) 6 (6.7%) 5 (2.5%) 13 (4.5%) 9 (4.0%)
tst 9 (7.9%) 36 (25.0%) 27 (20.1%) 2 (2.4%) 42 (29.4%) 8 (8.9%) 11 (5.5%) 78 (27.2%) 35 (15.6%)

a) Multiple possession of PTSAg encoding genes may occur.
b) Percentage given in relation to sem-, sen-, and seo-positive isolates, respectively
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were detected only in blood isolates. These associations of
sem and/or seo with blood isolates were significant (P =
a0.00035, OR = 26.1; CI0.95 (2.9; 614.5)). Furthermore, the
concomitant possession of all three SE genes tested (sem+/
sen+/seo+) was significantly (P = 0.025, OR = 0.6; CI0.95
(0.43; 0.96)) more common in blood isolates (n = 107) than
in nasal isolates (n = 80). However, including the two other
SEs encoded by the egc operon, i. e., seg and sei (sem+/sen+/
seo+/seg+/sei+), no significant difference between both
groups of staphylococcal isolates was observed (blood iso-
lates, n = 86; nasal isolates, n = 64; P = 0.056).

A possession of sem, sen, and seo simultaneously with the
fixed gene comination sed/sej was significantly different
between blood (n = 17) and nasal (n = 4) isolates (P = 0.01,
OR = 0.2; CI0.95 (0.06; 0.75)). The presence of sed/sej [25]
remained signficantly (P = 0.008) more common for blood
isolates even so the possession of sem, sen, and/or seo genes
was included into the multivariate analysis of all PTSAg
genes analyzed so far (Table 3).

4 Discussion

Among the predominant bacteria involved in food-borne
diseases, S. aureus is a leading cause of gastroenteritis
resulting from consumption of SE contaminated or spoiled
food. Classically, SEs were discovered in studies on S. aur-
eus strains implicated in outbreaks of food-borne diseases.
In addition, it has been shown that a substantial number of
animal-derived S. intermedius isolates harbor the potential
for enterotoxin production and that this species has been
clearly involved in SFP outbreaks [34, 35]. In contrast, the
occurrence of SE genes is at least very rare in human-asso-
ciated coagulase-negative staphylococci [36]. The number
of known SEs has increased sharply over the last few years
mainly due to S. aureus genome sequencing projects as
well as due to the discovery and further analyses of a enter-
otoxin gene cluster (egc) suggested as an enterotoxin gene
nursery [11, 13, 20, 37]. These new SEs were first discov-
ered on the basis of sequence similarities with classical SEs
and further confirmed by respective structural analogies
and biochemical characteristics.

The classical SEs were named because of their role in food-
poisoning, but their role in staphylococcal virulence is mul-
tifaceted. While the significance of the SEs in food-borne
diseases have been shown in numerous studies, their impact
in systemic infections as well as in several allergic and auto-
immune diseases is still a matter of debate, in particular
regarding the newly described SEs. The SEs are able to sti-
mulate T-lymphocyte proliferation in a nonantigen-specific
manner by recognizing the T cell antigen receptor and inter-
acting directly with the class II major histocompatibility
complex products on the surface of antigen-presenting cells

[6]. Thus, by bypassing intracellular processing, they are
the most potent activators of T lymphocytes stimulating at
nano- to picogram concentrations up to 30% of T cells,
hence they are termed “superantigens” [38]. Superantigeni-
city and emetic activity have been demonstrated to result
from distinct regions of the SE molecule [39].

In this study, it was shown that sem (46.4%), sen (66.9%),
and seo (52.2%) belong to the most frequent PTSAg-encod-
ing genes in the S. aureus collection tested comparable
with the previously described prevalence of the seg/sei gene
combination detected in 55% of S. aureus strains [25].
Including all PTSAg genes analyzed (sea-see, sed-sej, sem-
seo, tst), the overall rate of toxin gene-positive isolates
reached 80.0%. The survey of the newly described SE genes
sem-seo supports the concept that most clinical S. aureus
isolates harbor subsets of PTSAg genes [25]. This is in con-
trast to former opinions that nearly all strains of S. aureus
produce enzymes and hemolysins that contribute to their
pathogenicity but only some strains produce PTSAgs [9,
40].

Comparing S. aureus isolates derived from blood versus
carriage isolates, no significant differences were found con-
cerning the overall possession of SElM, SElN, and/or
SElO-encoding genes tested. However, analyzing the preva-
lence of single genes in both study populations, sem tended
to be and seo was significantly more common in blood iso-
lates. In contrast, sen was found to be uniformly distributed,
irrespective of the origin of the isolates. Also analyzing sub-
sets of different gene combinations of sem, sen, and/or seo,
a significant association of sem and seo with blood isolates
was found. In contrast, the exclusive possession of sen, was
significantly more common in nasal isolates. Thus, it might
be speculated that the possession of sem and/or seo facili-
tates S. aureus infections. However, further studies includ-
ing isolates of different sources also are needed to confirm
a contribution of these newer SE genes to the pathogenicity
of S. aureus.

In contrast to seg and sej observed previously as strictly
linked [25], the possession of sem, sen, and seo was found
to be more variable suggesting a more heterogeneous com-
position of the egc cluster than assumed so far and/or a
more frequent allelic variation affecting, e.g., the primer
binding sites. These findings are in agreement with the
paper of Letertre et al. [13], which reports on a new putative
enterotoxin SElU (originally described as SEU). The
encoding gene (seu) was demonstrated to be the result of a
DNA insertion into one of the egc pseudogene sequences
( ent1) leading to a putative open reading frame. More-
over, the authors described a variant SElU382F with only
95% identity with the other SElU. In addition, a further egc
located SE, i. e., SEG, was shown to exist in several var-
iants. Jarraud et al. [11] described a SEGL29P variant and
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Abe et al. [12] characterized a variant SEG designated
SEGv. Furthermore, a possible incorporation of parts of the
egc operon into plasmids could be discussed as known for
seb and sec1, found to be on pathogenicity islands, but also
occasionally on plasmids. Previously, the gene combination
sed/sej located on a penicillinase plasmid (pIB485) was
found to be significantly more associated with blood iso-
lates than with nasal isolates. It was shown that sej contrib-
uted independently to the virulence of S. aureus [25, 41].

In summary, our study is the first systematic search for the
recently described SElM-, SElN-, and SElO-encoding
genes in a large number of well-characterized clinical
S. aureus isolates. The studied genes were shown to belong
to the most frequent PTSAg genes in S. aureus isolates ori-
ginating from hospitalized patients. Although described as
part of the egc operon, the possession of sem, sen, and seo
was not strictly linked and a multitude of combinations
among themselves and with other PTSAg genes were
observed. However, seo (significantly) and sem (tending)
were more common in blood isolates than in nasal carriage
strains. The potential contribution of seo and/or sem to the
pathogenic potential of S. aureus has to be further investi-
gated. Nevertheless, 80% of all S. aureus isolates studied
harbored at least one of the 13 PTSAg genes analyzed, thus,
toxinogenic and/or superantigenic capacities seem to be a
habitual feature of this pathogen.
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