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Background: Burn wounds lack normal barriers that protect against pathogenic bacteria, 
and burn patients are easily colonized and infected by Staphylococcus aureus. Toxic 
shock syndrome (TSS) is a rare but fatal disease caused by S. aureus. A lack of detect-
able antibodies to TSS toxin-1 (TSST-1) in serum indicates susceptibility to TSS.

Methods: A total of 207 patients (169 men and 38 women; median age, 42.5 yr) admitted 
to a burn center in Korea were enrolled in this study. The serum antibody titer to TSST-1 
was measured by sandwich ELISA. S. aureus isolates from the patients’ nasal swab culture 
were tested for TSST-1 toxin production by PCR-based detection of the TSST-1 toxin gene.

Results: One hundred seventy-four (84.1%) patients showed positive results for antibody 
against TSST-1. All patients aged ≥61 yr (n=28) and <26 months (n=7) were positive 
for the anti-TSST-1 antibody. S. aureus was isolated from 70 patients (33.8%), and 58.6% 
of the isolates were methicillin resistant. Seventeen patients were colonized with TSST-
1-producing S. aureus. The antibody positivity in these 17 carriers was 88.2%, and the 
positivity in the non-carriers was 83.7%.

Conclusions: Most burn patients had antibody to TSST-1, and nasal colonization with TSST-
1-producing S. aureus was associated with positive titers of anti-TSST-1 antibody. Addition-
ally, patients with negative titers of anti-TSST-1 antibody might be susceptible to TSS. 
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INTRODUCTION

Burn patients are susceptible to invasive infections, and compli-

cations from infection are a leading cause of burn-related mor-

bidity and mortality [1, 2]. Staphylococcus aureus is the most 

frequent cause of infection in burn patients [3, 4]. Some S. au-
reus strains produce a variety of exotoxins such as toxic shock 

syndrome toxin-1 (TSST-1), staphylococcal enterotoxins, and ex-

foliative toxin [5], which increase the morbidity and mortality via 

systemic pathways that can induce shock and cause host im-

mune disruption [2, 6]. 

 Toxic shock syndrome (TSS) is an acute febrile illness caused 

by S. aureus and is characterized by fever, rashes, desquama-

tion, hypotension, and multi-organ involvement [6, 7]. There are 

several toxins associated with staphylococcal TSS, but the major 

cause is TSST-1 [7, 8]. Reduced levels of serum antibody to 

TSST-1 are correlated with TSS development [9]. Many reports 

have shown that the prevalence of this antibody increases with 

age, and a majority of the adult population has already devel-

oped antibodies to TSST-1 [10-12]. Among patients with men-

strual TSS, low or negative concentrations of such antibodies 

have been reported in 90.5% of patients, and more than 50% of 

these patients failed to seroconvert within 2 months of acquiring 

the infection [9]. TSS caused by S. aureus has rarely been re-
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ported; to our knowledge, thus far, only one case of TSS caused 

by methicillin-resistant S. aureus (MRSA) harboring TSST-1 gene 

has been reported in a burn patient from Korea [13]. In addition, 

the presence of the anti-TSST-1 antibody has not yet been char-

acterized in the Korean population.

 In this study, we evaluated the prevalence of the anti-TSST-1 

antibody and nasal colonization of TSST-1-producing S. aureus 

among patients admitted to a burn center.

METHODS

1. Subjects
A total of 207 patients (169 men and 38 women; median age, 

42.5 yr [range, 10 months to 87 yr]) admitted to the burn cen-

ter of Hangang Sacred Heart Hospital, Seoul, Korea, from April 

through November 2009 were enrolled in the study. None of the 

patients had TSS before or during the hospital stay. 

 Serum and nasal swab samples were collected within 7 days 

of admission. The patients’ sera were stored at -70°C for analy-

sis by ELISA, and nasal swabs were streaked onto mannitol salt 

agar plates for S. aureus screening.

 The study protocol, informed consent, and other associated 

documents were reviewed and approved by the Institutional Re-

view Board of Hangang Sacred Heart Hospital.

2. Measurement of anti-TSST-1 antibody 
Serum antibody titers to TSST-1 were measured by sandwich 

ELISA, according to the method of Parsonnet et al. [11] with 

minor modifications. In brief, serum samples were serially di-

luted from 1:2 to 1:4,096 with phosphate-buffered saline and 

poured into wells of a microtiter plate precoated with TSST-1 

(Sigma-Aldrich, St. Louis, MO, USA). Each plate was treated 

with goat anti-human IgG-horseradish peroxidase (MP Biomedi-

cals, Solin, OH, USA) and subsequently with the substrate 

3,3´,5,5´-tetramethylbenzidine. The enzyme reaction was termi-

nated by addition of 100 μL of 2M H2SO4 solution when the 

positive control wells almost reached an optical density of 1.0 at 

405 nm. Commercially available human immunoglobulin G 

(I.V.-Globulin S inj.; Green Cross, Cheongju, Korea), diluted to 

1:1,024 was arbitrarily used as a positive control, and a serum 

aliquot from a healthy volunteer was used as a titer control (1:16 

dilution) in each ELISA for ensuring quality control. Samples 

with titers ≥1:16 were considered positive and those with titers 

≤1:2 were considered negative. Titers of 1:4 and 1:8 were con-

sidered intermediate. 

3.  Identification of TSST-1-producing S. aureus isolated from 
the nasal cavity

We selected 2 or 3 suspected colonies from the mannitol salt 

agar plates for identification of S. aureus. Tests for identification 

of and susceptibility to S. aureus isolates were performed by us-

ing Microscan (Siemens, West Sacramento, CA, USA). PCR was 

performed to detect the TSST-1 gene [14]. 

4. Statistical analysis
A Chi-square test was used to compare the prevalence of the 

anti-TSST-1 antibody or TSST-1-producing strain. SPSS statistics 

19 doctor’s pack (SPSS Inc., Chicago, IL, USA) was used for sta-

tistical analysis, and P values <0.05 were considered significant.  

RESULTS

1. Serum antibody to TSST-1 
Among the 207 patients, 174 (84.1%) had positive titers of anti-

body to TSST-1 (≥1:16) and 18 (8.7%) had negative titers (≤  

1:2). All patients aged ≥61 yr (n=28) and <26 months of age 

(n=7) had positive titers of anti-TSST-1 antibody. No difference 

in the antibody prevalence was observed between men and 

women (84.0% and 84.2%, respectively) (Table 1).

2. S. aureus colonization and anti-TSST-1 antibody
Of the 207 patients, 70 (33.8%) were colonized with S. aureus, 

Table 1. Patient characteristics and prevalence of antibody to toxic 
shock syndrome toxin-1 

Characteristics
N of 

patients

N (%) 
positive for 
antibody

N (%) 
intermediate
for antibody 

N (%) 
negative for 

antibody

Age (yr)

   ≤6* 7 7 (100.0) 0 (0.0) 0 (0.0)

   7-18† 2 1 (50.0) 1 (50.0) 0 (0.0)

   19-30 23 20 (87.0) 2 (8.7) 1 (4.3)

   31-40 46 37 (80.4) 4 (8.7) 5 (10.9)

   41-50 63 48 (76.2) 7 (11.1) 8 (12.7)

   51-60 38 33 (86.8) 1 (2.6) 4 (10.5)

   ≥61 28 28 (100.0) 0 (0.0) 0 (0.0)

Sex

   Male 169 142 (84.0) 12 (7.1) 15 (8.9)

   Female 38 32 (84.2) 3 (7.9) 3 (7.9)

Total 207 174 (84.1) 15 (7.2) 18 (8.7)

*The age range is 10-26 months (median, 12 months); †Seven and 11 yr 
old.
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and among them, 41 (58.6%) were MRSA carriers. Seventeen 

patients (8.2%; 24.3% of S.aureus carriers) were colonized with 

TSST-1-producing S. aureus; 11 isolates (64.7%) were identi-

fied as MRSA. Fifteen TSST-1-producing S. aureus carriers 

(88.2%) had positive titers for the anti-TSST-1 antibody (Table 

2). Among the TSST-1-producing S. aureus carriers (n=17), all 

patients with methicillin-susceptible S. aureus (MSSA) coloniza-

tion (n=6) were positive for the anti-TSST-1 antibody, and 5 of 

them had high titers of anti-TSST-1 antibody (≥1:512), while 

the MRSA carriers (n=11) had a lower positive titer for the anti-

TSST-1 antibody (median titer, 1:1,536 vs. 1:32). Among the 

TSST-1-producing MRSA carriers (n=11), 2 patients were neg-

ative for the antibody, and only one patient had a high antibody 

titer (1:4,096). 

 The antibody positivity in the group of patients colonized with 

TSST-1-producing S. aureus was 88.2% (15/17) and that in the 

patients without TSST-1-producing S. aureus was 83.7% 

(159/190) (P >0.05). Additionally, patients with antibody titers 

≥1:2,048 were frequently found to be colonized with the TSST-

1-producing strain (Fig. 1).

DISCUSSION

TSS is a life-threatening condition, wherein superantigen-medi-

ated activation of T cells results in overproduction of cytokines, 

resulting in systemic inflammation and shock [6, 15]. Although 

TSS appears to be a rare disease, the severity of superantigen-

mediated disease is underestimated [7].

 Burn wounds lack normal barriers that protect against patho-

genic bacteria including S. aureus, and in many burn patients 

with nasal carriage of S. aureus at admission, subsequent colo-

nization of burn wounds by identical strains is seen [16]. A lack 

of detectable antibodies to TSST-1 in serum indicates suscepti-

bility to TSS [17, 18]. 

 Nasal carriage rates of S. aureus might vary according to the 

study population and location. Park et al. [19] reported that the 

S. aureus nasal carriage rates among healthy students and 

healthcare workers of a university hospital in Korea were 30.0% 

and 42.2%, respectively, and the methicillin-resistance rates 

among S. aureus strains were 5.6% and 56.0%, respectively. 

Our study on burn patients showed an S. aureus nasal carriage 

rate of 33.8% (70/207), with a higher methicillin-resistant rate 

of 58.6% (41/70). MRSA carriage rate in hemodialysis patients 

in 7 Korean hospitals was reported to be 6.7-19.0% [20], whereas 

the rate in our study was 19.8% (41/207).

 Although a previous report from Japan reported higher titers 

of TSST-1 antibody in the first 6 months after birth and subse-

quent lower titers up to the age of 2 yr [10], we found that all 

patients aged 10-26 months were positive for the anti-TSST-1 

antibody. In addition, most burn patients (84.1%) had an anti-

body to TSST-1. This prevalence is comparable with that in 

Caucasian (86%) or Asian (84%) menstruating women in North 

America [11]. However, a much lower prevalence (47%) has 

been reported in healthy Japanese women [12], while another 

study reported 96% positivity in Japanese adults [10]. Antibody 

positivity was 100% in the elderly (≥61 yr), suggesting that the 

risk of TSS is low in the elderly. This finding is comparable with 

a previous report from Japan, in which the positivity for the anti-

body in persons aged >41 yr was 100% [10].

 Nasal colonization with TSST-1-producing S. aureus was 

found in 8.2% of patients in the current study. The incidence 

was higher than that of healthy women living in North America 

(6%) or Japan (3%) [11, 12]. Peck et al. [21] reported 52.6% 

prevalence rate of TSST-1-producing strains in S. aureus iso-

lates from nasal swabs of children attending an outpatient clinic 

in a Korean tertiary-care hospital; this rate is higher than ours 

(24.3%). In addition, they found no difference in the prevalence 

of TSST-1-producing strains between MRSA and MSSA strains 

(50.0% vs. 53.3%). In our study, the TSST-1-producing isolates 

accounted for 26.8% (11/41) of MRSA strains and 20.7% 

(6/29) of MSSA strains (P >0.05). On the contrary, in healthy 

Japanese women, the carriage rate of TSST-1-producing iso-

lates was 100% (2/2) for MRSA strains and 6.5% (10/155) for 

MSSA strains [12].

 Nasal carriers of TSST-1-producing S. aureus tended to have 

a high rate of antibody positivity, which is known to be associ-

Table 2. Methicillin resistance of Staphylococcus aureus isolated 
from nasal carriers and the presence of serum anti-toxic shock syn-
drome toxin-1 (TSST-1) antibody in TSST-1-producing and nonpro-
ducing strains (n=70)

TSST-1 
producing 

strains (n=17)

TSST-1 
nonproducing 

strains (n=53)

Total
(n=70)

Methicillin resistance

   Resistant 11 (64.7%) 30 (56.6%) 41 (58.6%)

   Susceptible 6 (35.3%) 23 (43.4%) 29 (41.4%)

Presence of anti-TSST-1 
   antibody

   Positive 15 (88.2%) 46 (86.8%) 61 (87.1%)

   Intermediate 0 (0.0%) 5 (9.4%) 5 (7.1%)

   Negative 2 (11.8%) 2 (3.8%) 4 (5.7%)
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ated with a lower risk of TSS. In the TSST-1-positive group, 

MRSA carriers had lower antibody levels. Because MRSA is less 

prevalent in the community, many MRSA carriers might be colo-

nized with these strains after admission to the hospital. A TSST-

1-producing MRSA carrier with the highest antibody titer 

(1:4,096) was referred to us from another hospital, and his total 

duration of hospital stay was 15 days, which is a sufficient pe-

riod to generate antibodies to hospital-acquired MRSA.

 In our study, an antibody titer ≥1:2,048 was more frequently 

observed in patients with colonization of the TSST-1-producing 

strain than in those without the toxigenic strain (23.5% vs. 

2.1%). This finding is compatible with those of previous studies 

on menstruating women colonized with TSST-1-producing S. 
aureus [11, 12].

 In summary, most patients (84.1%) admitted to a burn center 

in Korea had serum antibody to TSST-1. Elderly patients aged ≥ 

61 yr and children aged <26 months had 100% prevalence of 

the antibody to TSST-1, while a few patients (~10%) aged 31-

60 yr showed a negative antibody titer to TSST-1. Most of the 

burn patients with TSST-1-producing S. aureus had a positive ti-

ter of anti-TSST-1 antibody, and some patients had a negative ti-

ter of anti-TSST-1 antibody; such patients might be at risk for 

developing TSS. 
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