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27, 28, 34). Using fluorescent in situ hybridization, Veeh et al.
confirmed the presence of S. aureus biofilms on the vaginal
mucosa of healthy women and on fibers from tampons used by
the same women during menstruation (34). However, to date,
limited studies have evaluated used tampons for the presence
of TSST-1. No studies have evaluated tampon sections containing menstrual blood versus sections without menstrual
blood for TSST-1.
There are several factors known to regulate TSST-1 production by S. aureus. In vitro studies demonstrate that O2 and CO2,
iron, pH, glucose, and temperature are factors that can alter
the concentration of TSST-1 produced by S. aureus (10, 12, 25,
33, 36). Recent in vitro studies have shown that both ␣- and
␤-globin chains of human hemoglobin can inhibit the production of TSST-1 without impacting growth of the organism (26).
Given that menstrual blood is rich in hemoglobin, the study
suggests that toxigenic S. aureus present on tampons might
produce TSST-1 only in areas that lack menstrual blood. The
present pilot study evaluated used tampons both from healthy
women and from those diagnosed with mTSS for the presence
of S. aureus and two exotoxins (TSST-1 and alpha-toxin) in
areas with and without menstrual blood.

Staphylococcal toxic shock syndrome (TSS) is an acute-onset
illness characterized by fever (ⱖ102°F), vomiting and diarrhea,
hypotension, and a sunburn-like rash (6, 31, 32). Menstrual
TSS (mTSS) is typically associated with tampon usage by previously healthy women (6, 31). Nonmenstrual TSS is known to
occur in women who are not menstruating as well as in female
children and males; nonmenstrual TSS has been identified in
conjunction with many bacterial infections, such as pneumonia,
and skin lesions (21, 32).
One predisposing factor to developing mTSS is vaginal colonization with a superantigen-producing strain of Staphylococcus aureus (1, 2, 29). TSS toxin 1 (TSST-1) is the superantigen
most commonly associated with mTSS cases (1, 2, 29). Although 10 to 30% of women are colonized vaginally with S.
aureus, fewer are colonized with TSST-1-positive S. aureus,
which may contribute to the rarity of the menstrual illness (18,
27, 28). Although the incidence of mTSS is low (1 to 3 in
100,000), the illness remains of interest because tampon usage
is a common practice (8, 20, 27), and women have menstrual
periods for 30 to 40 years of their lives; the number of staphylococcal menstrual and nonmenstrual TSS cases reported to
the Centers for Disease Control and Prevention is approximately 70 to 100 per year.
The role of tampons in the pathogenesis of mTSS is incompletely understood. Although tampons are not a source for
toxigenic S. aureus and do not appear to increase the S. aureus
cell density vaginally, studies have shown that tampons used
during menstruation can become colonized with S. aureus (17,

MATERIALS AND METHODS
Bacteria. mTSS-associated S. aureus MN8 was used as the source of purified
TSST-1 and as the source of culture fluids to assess the stability of chemokines
to proteolysis by TSS-associated S. aureus. TSST-1 was purified from S. aureus
MN8 culture fluids by precipitation with ethanol, resolubilization in water, and
preparative thin-layer isoelectric focusing (4). Ampholytes were removed by
dialysis for 4 days against distilled water at 4°C. Purified TSST-1 was homogeneous when 5 g was subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) (14) and silver staining (Bio-Rad Laboratories,
Hercules, CA). S. aureus MN8 culture fluids were obtained after growth of the
organism to stationary phase in beef heart medium (4), at 37°C with shaking (200
rpm). Bacteria were removed by centrifugation (4,000 ⫻ g, 15 min) followed by
filtration (0.2 m pore size; Millipore, Cork, Ireland).
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Staphylococcal toxic shock syndrome toxin 1 (TSST-1) is the cause of menstrual toxic shock syndrome
(mTSS) associated with vaginal colonization by Staphylococcus aureus. In this pilot study, we measured
TSST-1 and alpha-toxin, another exotoxin, on used tampons from four healthy women with S. aureus on
tampons and from two women with tampon-associated mTSS. Tampons from all six women were sectioned
into approximately 0.5-cm3 pieces, some containing menstrual blood and some lacking menstrual blood.
The pH of tampon sections with or without menstrual blood was neutral. S. aureus CFU were present in
tampon sections at approximately equivalent counts (total counts were 1 ⴛ 108 to 2 ⴛ 109 CFU/tampon).
TSST-1 (2 to 80 g/tampon) and alpha-toxin (28 to 30 g/tampon) were present only in the sections
containing little or no menstrual blood (low hemoglobin density). In the tampons from TSS patients, the
cytokine gamma interferon (IFN-␥) was detected only in menstrual-blood-containing sections, whereas the
chemokines macrophage inflammatory protein 3␣ and interleukin-8 were detected in all sections. Thus,
IFN-␥ was being produced systemically, whereas the chemokines were being produced both locally by
epithelial cells and systemically. The data show that S. aureus exotoxins can be identified in tampons ex
vivo in sites with low hemoglobin density.
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times, duplicate samples of each were removed, and the remaining chemokines
were quantified by ELISA (R&D Systems).

RESULTS
There have been limited studies performed with used tampons to estimate the amount of TSST-1 produced by S. aureus
vaginally. In the present study, tampons and blood samples
were obtained from individual menstruating women with
TSST-1-positive S. aureus present vaginally, and the tampons
were evaluated for the presence of TSST-1 by use of a Western
immunoblotting procedure (26). Two of the women were
healthy and lacked detectable anti-TSST-1 antibodies (titers of
⬍10, where the titer is defined as the reciprocal of the dilution
of the last positive ELISA wells) while being colonized vaginally with TSST-1-positive S. aureus (as assessed by its presence on tampons). Two women were healthy, were colonized
vaginally with TSST-1-positive S. aureus, and had antibodies to
TSST-1 (titers of 160); no efforts were made to separate the
contributions of IgM, IgG, and IgA to these titers. Two women
had mTSS as determined by their attending physicians, lacked
anti-TSST-1 antibodies, and were colonized vaginally with
TSST-1-positive S. aureus. (It is noteworthy that it is exceptionally difficult to obtain used tampons from mTSS patients,
since women who suspect they have TSS are advised to remove
tampons immediately and then seek medical attention; the
tampons are typically discarded prior to seeking help.) Interestingly, the tampons from the 4 healthy women (with or without antibodies to TSST-1) were positive for S. aureus and
negative for E. coli. The two mTSS patients were positive for
both S. aureus (approximately 75% of the colonies) and E. coli
(approximately 25% of the colonies).
Healthy women with TSST-1-positive S. aureus vaginally. It
was thought that menstruating women who lack demonstrably
circulating antibodies to TSST-1 in the presence of TSST-1positive S. aureus vaginally would uniformly develop mTSS.
This does not appear to be the case.
The results of the tampon dissection from one of the four
healthy women with TSST-1-positive S. aureus vaginally (this
participant lacked detectable circulating antibodies against
TSST-1) are shown in Fig. 1A and B. The tampon, obtained on
day 2 of menses, was sectioned into 30 pieces. All sections were
extracted with water and assayed for amount of hemoglobin by
absorbance at a wavelength of 410 nm, number of S. aureus
CFU by plate counts, pH, and TSST-1 by semiquantitative
Western blotting. S. aureus CFU were relatively equally distributed among all sections of the tampon. The total numbers
of S. aureus CFU were approximately 1 ⫻ 109/tampon. Many
sections of the tampon had little or no menstrual blood (low
hemoglobin density [Fig. 1A]), whereas others were saturated
with menstrual blood (high hemoglobin density [Fig. 1A]). The
pH of all sections from the tampon was approximately 7; this
was the case for all tampons studied, whether from healthy
women or women with mTSS, and thus will not be addressed
further. Finally, the regions of the tampon that were TSST-1
positive were those sections that lacked or contained only very
small amounts of menstrual blood (low hemoglobin density
values [note that tampon sections with hemoglobin density
values of ⬍5 appear white because hemoglobin in blood absorbs very strongly at 410 nm]). A total of 25 g of TSST-1/
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Tampons and blood from participants. Six tampons were used in our studies.
Tampons and blood samples were obtained from 4 healthy women after informed consent was obtained, according to an approved University of Minnesota
institutional review board (IRB) protocol. Tampons and blood samples were
obtained from 2 mTSS patients, also according to an approved University of
Minnesota IRB protocol; the tampons were removed and blood was drawn as
part of the patients’ standard medical care, and these were provided on the same
day by the patients’ treating physicians in the Minneapolis-St. Paul area. The
patients had physician-diagnosed mTSS. No efforts were made to establish that
the patients met all criteria for TSS; however, this was not deemed to be
necessary since past experience has shown that there is a high correlation of
physician-diagnosed mTSS and the presence of TSST-1-positive S. aureus vaginally (24, 30).
One corner of each tampon was touched with a sterile cotton swab, which was
then used to streak a blood agar plate for detection of S. aureus. The used
tampons were immediately frozen at ⫺20°C. The blood agar plates (5% sheep
blood agar) were cultured overnight in a 7% CO2 incubator and then were
examined for S. aureus and Escherichia coli. Standard microbiologic identifications were used for S. aureus (Gram-positive cocci, catalase positive, and coagulase positive), and presumed E. coli was subcultured onto MacConkey agar
plates and identified as the dominant Gram-negative, lactose-fermenting organisms from the tampons. Subsequently, E. coli was identified as indole positive,
methyl red positive, Voges-Praskauer negative, and citrate negative. The S.
aureus strains from the blood agar plates were tested for TSST-1 by antibody
detection (23). Once established that the women had TSST-1-positive S. aureus,
the tampons were removed from the freezer and, while frozen, immediately
sectioned into approximately 0.5-cm3 sections with scalpels. Each tampon section
was then placed into a 3-ml syringe, 1 ml of distilled water was added, and the
contents were expressed. The pH of each section was immediately determined
with a standard pH meter. The absorbance at 410 nm (a measure of hemoglobin
content) was determined with a spectrophotometer (Genesys 5; Thermo Spectronic, Rochester, NY). In many instances, the absorbance of the sections exceeded 2, and in such cases the samples were diluted in water until the absorbance was between 0.1 and 1.5. The hemoglobin densities of all sections were
determined by multiplying the dilution factors by the absorbances. For convenience, the sections are presented in the figures as hemoglobin density values,
with values of ⬍5 meaning white in appearance and values of ⱖ5 meaning red in
appearance. The hemoglobin density values ranged from 0 to ⬎100 for the 6
tampons. S. aureus CFU/ml were determined by plate counts from each section.
The amount of TSST-1 (g/section) was determined by semiquantitative Western immunoblot analysis, which allows for the detection of TSST-1 in the presence of antibodies and blood components (26). The Western immunoblots were
developed with alkaline phosphatase-conjugated antibodies and substrate (3). A
sample Western immunoblot from the tampon sections is shown in Fig. 1B.
Protein band areas from Western immunoblots were determined by use of a
computer program provided by NIH (ImageJ 1.34S) at http://rsb.info.nih.gov/ij/.
Band areas in tampon sections were compared to areas from standard curves
generated by use of highly purified TSST-1 (Fig. 1B); the R2 values for standard
curves were consistently above 0.95.
The cytolysin alpha-toxin was quantified by the ability to lyse rabbit erythrocytes (26). Briefly, rabbit erythrocytes were separated from blood and washed
with phosphate-buffered saline (PBS) by centrifugation (400 ⫻ g, 10 min). After
the final wash of PBS was decanted, 30 l of pelleted erythrocytes was suspended
in 10 ml melted agarose (0.85% in PBS). Microscope slides were coated with 4
ml of the erythrocyte suspension, and once solidified, 4-mm wells were cut in the
agarose. Purified alpha-toxin (0.05, 0.5, and 5 g/ml) and extracts from tampons
(10 l diluted 1/2 in 2⫻ PBS) were added in 20-l volumes to the wells. The
slides were incubated for 4 h at 37°C, and then zones of erythrocyte lysis were
measured and compared to alpha-toxin standards.
Enzyme-linked immunosorbent assay (ELISA) kits for human gamma interferon (IFN-␥), macrophage inflammatory protein 3␣ (MIP-3␣), and interleukin-8 (IL-8) were purchased from R&D Systems, Minneapolis, MN, and used
according to the manufacturer’s instructions.
At the time the above-described tampon studies were being performed, a
serum sample from each participant was evaluated by ELISA for total antibodies, which included IgM, IgG, and IgA, to TSST-1 (26). The 4 healthy participants were informed of their immunity status with respect to TSST-1. The two
without demonstrable antibodies were advised to consult their physicians concerning the significance of the finding.
Protease assay. Purified MIP-3␣ and IL-8 were purchased from R&D Systems.
These proteins were adjusted to 1,000 pg/ml and then diluted 50% with sterile
culture fluids from S. aureus MN8 or sterile uncultured media. At designated
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tampon was detected by the Western immunoblotting technique with determination of band area (Fig. 1B).
Day 2 tampons from one additional healthy woman lacking
serum antibodies to TSST-1 and two healthy women who had
serum antibodies to TSST-1 were analyzed, with similar results
regarding even distribution of S. aureus CFU numbers within
tampon sections and association of TSST-1 production with
lack of menstrual blood. The results from our analyses of
all used tampons, including those from healthy women and
women with mTSS, are summarized in Table 1.
The women who lacked antibody to TSST-1 were informed
of their lack of serum antibodies to TSST-1 and the presence
of TSST-1-positive S. aureus vaginally and were advised to
consult their physicians. The two women with TSST-1-positive
S. aureus vaginally and with serum antibodies had a titer
against TSST-1 of 160 (including IgM, IgG, and IgA), a value
that is typical of antibody-positive individuals (18).
mTSS patients with TSST-1-positive S. aureus vaginally.
The tampons from both women with mTSS were obtained
and sectioned (Fig. 2A and B). One section of the tampon
from one patient (day 4 of menstruation) had a high hemoglobin density and appeared red, and all of the remaining
sections had a low hemoglobin density and appeared white
(Fig. 2A); the pH was neutral throughout the tampon. This
woman was colonized with TSST-1-positive S. aureus, with
approximately 2.7 ⫻ 109 CFU/tampon. TSST-1 was present
within the areas with low hemoglobin density, with 69 g of
TSST-1/tampon. Due to recent data suggesting that the
staphylococcal exotoxin alpha-toxin may facilitate TSST-1
penetration across the mucosal barrier (19), the concentrations of alpha-toxin present in all sections of the tampon
were quantified; alpha-toxin was present in this tampon only
in the low-hemoglobin-density areas, at a total concentra-

tion of approximately 28 g/tampon (data for each section
not shown). The tampons from the healthy women were not
evaluated for alpha-toxin since those tampons were studied
prior to recognition of the possible role of alpha-toxin in
TSST-1 penetration of the vaginal mucosa.
The tampon from the second woman with mTSS was obtained on day 3 of menses and sectioned (Fig. 2B). Multiple
sections had high hemoglobin density (ⱖ5), and others had low

TABLE 1. TSST-1 antibody titers, S. aureus CFU, and amounts of
TSST-1 and alpha-toxin proteins present in used tampons from
four healthy women and two women with mTSS
Total amt, in g, of
TSST-1 (alpha-toxin) in
sectionsb with:

Serum
antibody
titera

S. aureus
CFU/tampon
(⫻108)

Healthy subjects
1
2
3
4
Avg

⬍10
⬍10
160
160

10
1.5
4.0
5.0
5.1

25
2
9
15
13d

NDc
ND
ND
ND
ND

Subjects with mTSS
1
2
Avg

⬍10
⬍10

27
5
16

69 (28)
80 (30)
74d (29)

ND (ND)
ND (ND)
ND (ND)

Tampon source

a

Low
hemoglobin
density

High
hemoglobin
density

Titer of serum antibody against TSST-1.
Low hemoglobin density refers to tampon sections that appear white,
whereas high hemoglobin density refers to sections that appear red.
c
ND, none detected.
d
The total amounts of TSST-1 were considered significantly different (P ⬍
0.002) by the Student t test.
b
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FIG. 1. (A) Diagram of sections, listed arbitrarily as tampon front and back, of a tampon from a healthy woman with TSST-1-positive S. aureus
on the tampon, showing tampon regions that are low (white) and high (red) in hemoglobin density. S. aureus CFU/ml were determined by plate
counts from each section, and values (⫻107) for each section are listed. Amounts of TSST-1 (g/section) were determined by quantitative Western
immunoblot analysis and are given in parentheses. (B) Western immunoblot analysis of fluid extracted from the same tampon sections. See
Materials and Methods for details.
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hemoglobin density (⬍5); the pH was 7 throughout the tampon. This woman was colonized with TSST-1-positive S. aureus, with approximately 5 ⫻ 108 CFU/tampon. TSST-1 was
detectably present almost entirely within the areas of low hemoglobin density, with approximately 80 g of TSST-1/tampon. The cytolysin alpha-toxin was present in the low-hemoglobin-density areas of the tampon at approximately 30 g/
tampon (data for each section not shown).
Both TSST-1 and alpha-toxin induce cytokines from lymphocytes and antigen-presenting cells (5, 15, 16, 19). For tampons from both of the mTSS patients, amounts of the Tlymphocyte cytokine IFN-␥ and two chemokines, MIP-3␣ and
IL-8, were quantified (Table 2). IFN-␥ was chosen since this
cytokine is produced by CD4⫹ T lymphocytes, a major target

TABLE 2. Total amounts of IFN-␥, MIP-3␣, and IL-8 quantified by
ELISA performed with used tampons from two women with mTSS
mTSS
patient

Section typea
(no. of sections)

1

High hemoglobin
density (1)
Low hemoglobin
density (47)

2

High hemoglobin
density (17)
Low hemoglobin
density (31)

Amtb (ng/ml) of:
IFN-␥

MIP-3␣

IL-8

16

221

356

NDc (⬍0.03)

335 ⫾ 200

656 ⫾ 120

723 ⫾ 110

157 ⫾ 51

877 ⫾ 136

ND (⬍0.03)

73 ⫾ 23

173 ⫾ 63

a
High hemoglobin density refers to tampon sections that appear red, whereas
low hemoglobin density refers to sections that appear white.
b
Values for more than one section indicate averages ⫾ standard deviations.
c
ND, none detected.

of TSST-1 superantigen activity. The two chemokines were
chosen based on prior analyses of the responses of an immortalized human vaginal epithelial cell line to TSS-associated S.
aureus and TSST-1 (19). Cytokine and chemokine amounts in
the tampon regions with high hemoglobin density may be measures of both local and systemic production. In contrast, the
amounts in the tampon regions of low hemoglobin density are
likely to represent production locally, primarily by epithelial
cells. Hypothetically, cytokines and chemokines could diffuse
into the low-hemoglobin-density areas of tampons from the
high-hemoglobin-density areas and thus not reflect local production. However, TSST-1 was consistently observed in the
low-hemoglobin-density areas but not in the high-hemoglobindensity areas of tested tampons, suggesting that protein diffusion is not significant.
IFN-␥ was detected only in the high-hemoglobin-density areas of tampons in both TSS patients and not in the lowhemoglobin-density areas, suggesting that CD4⫹ T lymphocytes produced IFN-␥ systemically but not vaginally. We have
shown previously that isolated human vaginal epithelial cells
do not produce IFN-␥ in response to TSST-1 and alpha-toxin
(19). Both high- and low-hemoglobin-density sections of the
tampons contained MIP-3␣ and IL-8.
It was noted in prior analyses that MIP-3␣ gene upregulation in isolated human vaginal epithelial cells is greater than
IL-8 gene upregulation in response to TSST-1-positive S. aureus (19). However, as indicated in Table 2, levels of MIP-3␣
protein in tampons from mTSS patients are lower than levels
of IL-8 protein. We hypothesized that staphylococcal proteases
may degrade MIP-3␣ vaginally more quickly than they degrade
IL-8. This was observed when purified MIP-3␣ and IL-8 were
exposed to S. aureus MN8 culture fluids (Table 3). By 6 h after
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FIG. 2. Diagrams of sections, listed arbitrarily as tampon front and back, of tampons from women with mTSS, showing regions of the tampons
with low hemoglobin density (white) and high hemoglobin density (red). S. aureus CFU/ml were determined by plate counts from each section,
and values (⫻107) for each section are listed. Amounts of TSST-1 (g/section) were determined by quantitative Western immunoblot analysis and
are given in parentheses.
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TABLE 3. S. aureus MN8 protease degradation of purified
MIP-3␣ and IL-8
Chemokine
(500 pg/ml)

Incubation time (h) with
S. aureus supernate

% of chemokine
remaininga

MIP-3␣

0
1
3
6

100
81
40
7

IL-8

0
1
3
6

100
100
89
72

a

Results are representative of duplicate samples.

DISCUSSION
For vaginal mTSS to occur, the following stepwise events
appear to take place: (i) women become colonized vaginally
with TSST-1-positive S. aureus (1, 29); (ii) TSST-1 and other
virulence factors required for penetration of TSST-1 across the
vaginal mucosa are produced, as the organism usually remains
localized on the mucosal surface (6, 31); (iii) TSST-1 gains
access to the submucosa or circulation; and (iv) TSST-1 in
women lacking neutralizing antibodies to TSST-1 (1, 11) interacts with T cells and macrophages, generating cytokines that
result in the clinical features of mTSS (15, 16).
Studies have shown that women can be colonized vaginally
with TSST-1-positive S. aureus during menstruation; more than
75% of these women are expected to have circulating antibodies to TSST-1 (18, 27, 28). Similarly, it is well established that
the in vitro environmental conditions that favor TSST-1 production can be present vaginally in menstruating women (10,
12, 25, 33). However, only a single study has shown that
TSST-1 can be produced vaginally (22). The present study
confirms that TSST-1 can be present vaginally in tampons but
demonstrates the presence of the toxin both in four healthy
women and in two patients with mTSS. Although it has not
been established how much TSST-1 is required vaginally to
cause mTSS, the concentrations demonstrated in this study are
in excess of amounts of superantigens necessary to cause illness
when a superantigen, such as staphylococcal enterotoxin A
(SEA), is administered intravenously (9).
Our pilot study is important for other reasons. We established that TSST-1 causation of mTSS is more complicated
than previously thought. It has been assumed that TSST-1 is
produced in menstrual blood. This study demonstrates that
TSST-1 is located primarily in tampon regions that have little
or no menstrual blood. This finding is consistent with previous
studies showing that the ␣- and ␤-globin chains of hemoglobin
inhibit TSST-1 production (26). The present studies also suggest that vaginal secretions in low-hemoglobin-density regions
of tampons contain factors required for exotoxin production,
including neutral pH and protein (25). We measured pH and
show that all parts of tampons from the studied menstruating
women have relatively neutral pH, whether containing menstrual blood or not. We also have demonstrated that sections of
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