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Menstrual toxic shock syndrome (mTSS) is thought to be associated with colonization with toxic shock
syndrome toxin 1 (TSST-1)-producing Staphylococcus aureus in women with insufficient antibody titers. mTSS
has been associated with menstruation and tampon use, and although it is rare, the effects can be life
threatening. It remains of interest because of the widespread use of tampons, reported to be about 70% of
women in the United States, Canada, and much of Western Europe. This comprehensive study was designed
to determine S. aureus colonization and TSST-1 serum antibody titers in 3,012 menstruating women in North
America between the ages of 13 and 40, particularly among age and racial groups that could not be assessed
reliably in previous small studies. One out of every four subjects was found to be colonized with S. aureus in
at least one of three body sites (nose, vagina, or anus), with approximately 9% colonized vaginally. Eighty-five
percent of subjects had antibody titers (>1:32) to TSST-1, and the vast majority (81%) of teenaged subjects (13
to 18 years) had already developed antibody titers. Among carriers of toxigenic S. aureus, a significantly lower
percentage of black women than of white or Hispanic women were found to have antibody titers (>1:32) to
TSST-1 (89% versus 98% and 100%). These findings demonstrate that the majority of teenagers have antibody
titers (>1:32) to TSST-1 and are presumed to be protected from mTSS. These findings also suggest that black
women may be more susceptible to mTSS than previously thought.

Toxic shock syndrome (TSS) is a systemic disease of acute
onset characterized by fever, hypotension, myalgia, rash, mul-
tiple-organ failure, and late desquamation of hands and feet
(6). It is associated with colonization with toxin-producing
Staphylococcus aureus in the vagina during menstruation, at
other sites due to complications of a staphylococcal infection
(especially skin or respiratory tract), or as a complication of a
surgical procedure or other medical condition (10, 29).

Menstrual TSS (mTSS) has been associated with menstrua-
tion and tampon use. Despite the very low incidence of mTSS,
the disease remains of interest, because tampons are widely
used. Czerwicnski (8) reported in a recent descriptive research
study that approximately 80% of the study participants
(women under the age of 41 from California) used tampons at
some point during menstruation. It has also been reported
recently that about 70% of women in the United States, Can-
ada, and much of Western Europe use tampons at some point
during menstruation (17).

In the early 1980s, the yearly incidence of mTSS in the
United States was reported to be approximately 10 cases/
100,000 women of menstrual age (27). In 1986, the incidence of
mTSS was estimated to be approximately 1 case/100,000
women aged 15 to 44 years (10). The reported incidence rates

of mTSS in the United States have varied depending upon the
geographical region, with the highest rates in the Mountain
and North Central states and the lowest in the Southeast (5,
16). Epidemiology studies found that women who developed
mTSS were more likely to be white and were users of barrier
contraceptives or tampons (5, 10, 11, 20, 21, 24). It has been
also reported, based on epidemiology studies, that younger
women are at an increased risk of developing mTSS (10).

Although the association between tampon use and mTSS
has been documented, little is known about how tampons are
involved in the pathogenesis of mTSS. Tampons are not the
source of the toxigenic (toxic shock syndrome toxin 1 [TSST-
1]-producing) strains of S. aureus and do not appear to increase
the cell density of S. aureus in the vagina (15, 18, 19).

Menstrual TSS is generally thought to be caused by S. aureus
producing TSST-1 in a susceptible host (2, 26). Four factors
are thought to be required for the development of the syn-
drome: (i) vaginal colonization with a toxigenic strain of S.
aureus, (ii) production of TSST-1, (iii) penetration of a suffi-
cient concentration of TSST-1 across the epithelium to cause
the disease, and (iv) absence or insufficient titers of neutraliz-
ing antibody to the toxin. Vaginal colonization by toxigenic S.
aureus has been reported in 1% to 4% of the populations
studied (1, 7, 14, 22; J. Parsonnet, A. Tosteson, P. Modern, and
K. Wissemann, Program Abstr. 33rd Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. 1327, 1993). In vitro studies
have shown that the production of TSST-1 by toxigenic S.
aureus is dependent on environmental factors such as the par-
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tial pressure of O2 and CO2 gases (34), as well as other factors
such as iron, pH, and temperature (25, 28, 33). Once produced,
TSST-1 must then penetrate the vaginal mucosal surface. It has
been shown that topical exposure to this superantigen can alter
the permeability of vaginal mucosa in a non-dose-dependent
manner (9). If TSST-1 is capable of penetrating the epithelial
surfaces, it can be neutralized effectively by anti-TSST-1 anti-
bodies (4). Bergdoll et al. have shown that individuals who
have developed TSS tend to have lower levels of serum anti-
body to TSST-1 than healthy individuals (3). Studies have also
shown that the presence of serum antibody increases with age
(32) and that the vast majority (87 to 100%) of the adult
population has developed serum antibody to TSST-1 (12, 22,
32; J. M. Vergeront, L. E. Blouse, B. A. Crass, S. J. Stolz, M. S.
Bergdoll, and J. P. Davis, Program Abstr. 24th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. 610, 1984).

We hypothesized that the low incidence of mTSS is influ-
enced by a combination of two factors: (i) the majority of
women colonized with S. aureus are colonized by nontoxigenic
strains, and (ii) most women are protected by the presence of
positive antibody titers to TSST-1. We tested this hypothesis by
determining S. aureus colonization and TSST-1 antibody titers
in a large, diverse population of healthy, menstruating women
reflective of the 1990 U.S. census. To our knowledge, there
have been no studies of this kind among a large group of
menstruating women published in the literature. We are aware
of two smaller studies that investigated both vaginal coloniza-
tion and serum antibody within the same population. The first
evaluated 509 adolescent females aged 10 to 19 years from
three cities in the United States (Parsonnet et al., 33rd
ICAAC). The second evaluated 610 women aged 18 to 45 years
in London, United Kingdom; Barcelona, Spain; and Moscow,
Russia (22). The present study, consisting of over 3,000 men-
struating women aged 13 to 40 years, was designed to evaluate
trends in colonization and antibody prevalence among a pop-
ulation reflective of the 1990 United States census and within
subgroups by geographic region, race and/or ethnicity, and age.

MATERIALS AND METHODS

Subjects. Healthy, menstruating women between the ages of 13 and 40 years
of age were recruited from five geographically separate sites in North America in
order to match the racial profile found in the 1990 U.S. census (white, 80%;
black, 12%; Hispanic, 5%; and Asian, 3%). Subjects were recruited by Hill Top
Research Inc. in Cincinnati, OH; East Brunswick, NJ; St. Petersburg, FL; Scotts-
dale, AZ; and Winnipeg, Manitoba, Canada.

Subjects were eligible for enrollment if they had regular menstrual cycles
(minimum of 21 days and maximum of 35 days); used tampons at least occa-
sionally; were able to read, write, and understand English; did not bathe or
shower within the 2 h prior to their scheduled visit; refrained from using douch-
ing substances, vaginal medications, suppositories, feminine sprays, genital
wipes, or contraceptive spermacides for 48 h prior to their scheduled visit; and
were willing to comply with all other protocol requirements. Subjects were not
eligible if they were participating in another clinical study; were pregnant, were
actively trying to get pregnant, or suspected they were pregnant; had a gyneco-
logical abnormality as judged by the study medical personnel; had an infection of
the genitals within the past 6 weeks; had been medically diagnosed as having
diabetes, kidney failure, hepatitis, AIDS (human immunodeficiency virus posi-
tive), or toxic shock syndrome; or were currently taking (within the last 30 days)
immunosuppressive drugs, chemotherapy, systemic antimicrobial drugs, or anti-
fungals or antimicrobials to treat a vaginal infection.

Subjects read and signed informed-consent forms prior to the collection of any
information or clinical sampling. Subjects were removed from the study if they
failed to meet the inclusion criteria and satisfied any of the exclusion criteria at
any time during the study.

Study conduct. Study protocol and informed-consent document were reviewed
and approved by Hill Top’s Institutional Review Board. Informed consent was
obtained from all subjects participating in this study. Subjects were recruited to
sites in each of the five cities and underwent inclusion/exclusion screening. The
study was conducted from August 1998 through May 1999.

Sample collection. Immediately after acceptance of each subject into the study,
trained personnel at each recruitment site collected several samples from the
subject for analysis. Both anterior nares were swabbed at a penetration of 0.5 to
1.0 in., using a standard Culturette (Becton Dickinson Microbiology Systems,
Sparks, Maryland). The anus was sampled using a second Culturette swab (ap-
proximately 0.5 to 1 in. past the anal sphincter). The swabs were returned to the
Culturettes and the culture medium broken. A midpoint vaginal swab (approx-
imately 3 to 4 in. into the vagina) was taken using a speculum to minimize entry
and withdrawal contamination of the swab samples by the flora of the labia. The
vaginal swab was placed in a labeled vial containing Amies transport medium
with agar (PML Microbiologicals, Mississauga, Ontario, Canada). Blood samples
(5 to 10 ml) were drawn from each subject at this visit, using a red/gray top
(Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) tube. Blood was
allowed to clot at room temperature, and the serum was prepared by centrifu-
gation.

Sample handling. Swabs (nasal, anal, and vaginal) that had been placed in
transport medium were refrigerated, packed in frozen cold packs, and shipped
overnight to Harvard Medical School, Channing Laboratory (Boston, MA) for
isolation and phenotypic identification of S. aureus and TSST-1 production.
Collected serum was refrigerated, packed in frozen cold packs, and shipped
overnight to Dartmouth-Hitchcock Medical Center (Lebanon, NH) for analysis
of TSST-1 antibodies. Clinical laboratories were supplied with subject number,
subject’s initials, and area of the body sampled.

Swab analyses. The nasal and anal Culturette swabs from each subject were
streaked for isolation onto a mannitol salt agar plate (PML Microbiologicals,
Mississauga, Ontario, Canada). The vaginal swab was agitated on a Vortex mixer
until the samples were dispersed into the Amies medium with agar. An aliquot
(0.1 ml) of undiluted sample and one 10-fold dilution were streaked onto a
mannitol salt agar plate. All plates were incubated at 36°C for 48 h in air. After
incubation, colony types were visualized for characteristic morphology of S.
aureus. Colonies were enumerated, isolated on plates containing tryptic soy agar
with 5% sheep blood (PML Microbiologicals), and incubated for 24 h. Gram
staining, a catalase test, and a rapid S. aureus-specific latex agglutination test
(Staphaurex; Murex Biotech, Kent, England) were performed to phenotypically
identify S. aureus.

Determination of TSST-1 production. After being positively identified as S.
aureus, isolates were placed in sterile (16- by 150-mm) glass tubes containing 5 ml
of brain heart infusion broth (Becton Dickinson & Company, Sparks, Maryland).
Tubes were mixed end over end for 24 h at 36°C. Samples were pelleted by
centrifugation (10 min at 3,000 rpm) and filtered into microcentrifuge tubes.
Historical samples of S. aureus that were known not to produce TSST-1 and
others that produced TSST-1 served as negative and positive controls, respec-
tively. A competitive enzyme-linked immunosorbent assay (ELISA) was used to
quantify TSST-1 production (23). All S. aureus strains isolated at the Channing
Laboratory were shipped to Dartmouth-Hitchcock Medical Center for confir-
matory analyses using ELISA and/or PCR techniques (13).

Serum analyses. A sandwich ELISA was used to measure human TSST-1
immunoglobulin G (IgG) antibodies. Nonimmune human sera from healthy
volunteers (1:4 dilution) and Human Immune Globulin Intravenous IgG (San-
doglobulin; Sandoz Pharmaceutical Corp, East Hanover, NJ) at a 1:64 dilution
served as negative and positive controls, respectively. Microtiter plates were
coated with TSST-1 (0.5 �g/ml), and sera were diluted serially in phosphate-
buffered saline solution and added to the coated wells. Plates were then incu-
bated overnight at room temperature and washed. Goat anti-human IgG–alka-
line phosphatase (ICN Biomedicals, Aurora, Ohio) was then added to the wells.
After a 3-h incubation at 37°C, wells were washed and enzyme substrate (1 mg/ml
p-nitrophenyl phosphate in 10% diethanolamine buffer; Sigma-Aldrich, St.
Louis, Missouri) was added. Plates were incubated at 24°C until positive control
wells reached an optical density (OD) of 1.0 (405 nm). The ODs of sample
solutions were determined, and dilution curves were plotted for each sample.
The threshold OD was determined previously by testing sera from patients with
TSS caused by TSST-1. All such sera (diluted 1:4) yielded an OD of less than 0.2
times that of the positive control. The antibody titer of each sample was calcu-
lated as the highest dilution yielding an OD greater than that of the positive
control. Samples with titers of �1:4 were classified as being “negative” for
antibody, and those with titers of �1:32 were classified as “positive.” These
classifications are based on previous clinical experience with several hundred
patients with either mTSS or TSST-1-induced nonmenstrual TSS. Of these pa-
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tients, greater than 90% had a titer of �1:4 and 100% had a titer of �1:32 (J.
Parsonnet, unpublished observations). Titers of 1:8 and 1:16 were classified as
“intermediate” (i.e., likely to contain antibodies to TSST-1 but may not be
associated with protection from mTSS).

Statistical analyses. Logistic regression and Fisher’s exact tests were used to
examine the relationship between being a carrier of S. aureus (both toxigenic and
nontoxigenic [nonproducing] separately and combined) or antibody and the
following explanatory variables: age category, ethnicity, geographical site, and
day of menstrual cycle that the swab sample was taken. For comparisons of the
presence/absence of S. aureus, analyses were conducted across (at any) coloni-
zation areas and within each specific colonization area.

McNemar’s test was used to test for an association between the presence/
absence of S. aureus (both toxigenic and nontoxigenic separately and combined)
and colonization area (vaginal versus nasal, vaginal versus rectal, and nasal
versus rectal).

Logistic regression was used to examine the relationship between the titer of
antibody in the blood and the following explanatory variables: presence of tox-
igenic S. aureus bacteria in each colonization area, age category, ethnicity, and
geographical site. Each model was fitted both on the actual antibody value and
on the categorized antibody value (�1:4, 1:8, 1:16, and �1:32).

RESULTS

Demographics of subjects. The ethnic distribution of the
3,012 women enrolled in the study was determined to be as
follows: white, 79%; black, 12%; Hispanic, 5%; and Asian, 4%.
This distribution generally met the target, except that the per-
centage of white subjects was slightly lower than targeted (79%
versus 80%) and that of Asian subjects was slightly higher (4%
versus 3%). The age distribution was the following: ages 13 to
18, 16% (n � 475); ages 19 to 35, 68% (n � 2,036); and ages
36 to 40, 17% (n � 501). The geographic distribution of sub-
jects enrolled in the study was as follows: Arizona, 20% (n �
605); Florida, 21% (n � 642); New Jersey, 20% (n � 602); and
Ohio, 21%; (n � 626) (United States) and Manitoba, 18%
(n � 537) (Canada).

S. aureus colonization and antibody prevalence for study
population. Table 1 summarizes S. aureus colonization and
antibody prevalence results for the overall study population.
Evidence of S. aureus colonization at any body site was found
in 26% of subjects by using culture methods. Colonization by S.
aureus was found to be highest in the nares. Of those subjects
colonized by S. aureus, 75% were found to be carriers of
nontoxigenic strains (TSST-1 negative) and 25% were carriers
of toxigenic strains (TSST-1 positive). Colonization of toxi-

genic S. aureus was found to be highest in the nares and lowest
in the vagina. Fifty-three subjects were colonized with S. aureus
at all three body sites, 38 were culture positive in both the
vagina and nares, 79 were colonized in the both the vagina and
anus, and 42 were culture positive in both the anus and nares.
The prevalence of positive titers of antibody to TSST-1 (titer of
�1:32) in the study population was high, with an overall rate of
85%. This was the case whether or not subjects were found to
be colonized with S. aureus. The highest prevalence of antibody
(97 to 100%) was found for subjects colonized with toxigenic
TSST-1-positive strains.

As shown in Fig. 1, the distribution of antibody titers of �1:4
in the study population was found to follow a nearly bell-
shaped curve, peaking with 18% of the study population having
a 1:128 antibody titer. Only 8 percent (n � 240) of the study
population was found to have little or no (titer of �1:4) de-
tectable antibody to TSST-1 (Fig. 1). Of these, only four out of
240 were colonized with toxigenic strains, three of whom were
colonized in the nose and one in the vagina. The remaining
subjects were found to have higher antibody titers to TSST-1.

The distribution of antibody titers among subjects colonized
with toxigenic S. aureus at any body site is shown in Fig. 2. In

FIG. 1. Distribution of antibody titers to TSST-1 in all subjects
(n � 3,012). Dilutions above 1:1,024 were not measured individually
and are included in the 1:1,024 class.

TABLE 1. S. aureus colonization and antibody prevalence for general study population

Subject description No. of subjects % of total % with positive antibody (�1:32)

All 3,012 100 85
Not colonized with S. aureus 2,222 74 84
Colonized with S. aureusa 790 26 87

Nasal colonization 548 69d 88
Vaginal colonization 268 34d 87
Anal colonization 239 30d 84

Colonized with TSST-1-negativeb strain (any site) 589 20 84
Colonized with TSST-1-positivec strain (any site) 201 7 98

Nasal colonization 177 88e 98
Vaginal colonization 32 16e 97
Anal colonization 36 18e 100

a TSST-1-positive and -negative strains.
b Nontoxigenic strains.
c Toxigenic strains.
d Percentage of the those colonized with S. aureus; numbers do not add to 100% due to colonization in multiple body sites.
e Percentage of the those colonized with toxigenic S. aureus; numbers do not add to 100% due to colonization in multiple body sites.

4630 PARSONNET ET AL. J. CLIN. MICROBIOL.



this case, the distribution is skewed to higher antibody titers.
Most (69%) of these subjects had high (�1:512) serum anti-
body titers. In contrast, only 22% of subjects with no detectable
colonization with toxigenic S. aureus had high (�1:512) serum
antibody titers.

It is interesting that across all geographic sites, S. aureus was
isolated more often from vaginal swabs taken during the first
10 days of the menstrual cycle (P � 0.05) than would be
expected on the basis of the distribution of subject visits.

S. aureus colonization and antibody prevalence by geo-
graphic location. Across age groups, no significant differences
were found in the rates of S. aureus colonization or toxigenic S.
aureus colonization according to the geographic area from
which the subjects were recruited (Table 2). The prevalence of
positive antibody to TSST-1 (titer of �1:32) found to be high
in all geographic sites (82 to 89%). Subjects from Manitoba
were significantly (P � 0.05) more likely to have a positive
antibody titer than were subjects from the other locations ex-
cept Arizona.

S. aureus colonization and antibody prevalence by racial/
ethnic group. No significant differences were found in the
colonization rates of S. aureus across all body sites for the four
racial/ethnic groups evaluated (Table 3). Toxigenic S. aureus
was more commonly identified in samples from white subjects

(28%) than in those from black, Hispanic, or Asian subjects,
but these differences were not found to be significant. A sig-
nificantly (P � 0.05) higher percentage of black subjects than
white subjects were found to be colonized vaginally with S.
aureus (14% versus 8%). Among those with S. aureus, propor-
tionately greater than twice as many white subjects than black
subjects were found to be colonized vaginally with toxigenic
strains of S. aureus (15% of white subjects versus 6% of black
subjects; P � 0.105). Subjects from all four groups were found
to have a high prevalence of positive antibody titer, but the
percentage of black subjects with positive antibody titer was
found to be significantly (P � 0.05) lower than that of white
subjects. In addition, the percentage of black TSST-1 carriers
with positive antibody titer was found to be significantly (P �
0.05) lower than that found for white or Hispanic subjects.

S. aureus colonization and antibody prevalence according to
age. No significant differences were found in the rates of S.
aureus colonization (25 to 30%) across all body sites for the age
groups evaluated (Table 4). Similarly, no significant differences
were noted in rate of toxigenic carriage (24 to 29%) between
age groups. Subjects from all age groups were found to have a
high prevalence of positive antibody titer. Eighty-one percent
of subjects between the ages of 13 and 18 were found to have
already developed positive antibody titers to TSST-1. Among
this group of teenagers, 79% of subjects 13 to 15 years of age
(n � 121) and 81% of subjects 16 to 18 years of age (n � 354)
were found to have already developed positive antibody titers
to TSST-1. Compared to older women in this study, the teen-
aged subjects (13 to 18 years of age) were found to have a
significantly (P � 0.05) lower level of positive antibody, but
100% of teenaged carriers of toxigenic S. aureus were found to
have already developed positive antibodies to TSST-1.

DISCUSSION

The results of this study support the hypothesis that the low
incidence of mTSS is influenced by a combination of two fac-
tors: (i) the majority of women colonized with S. aureus are
colonized by nontoxigenic strains, and (ii) most women are
protected by the presence of positive antibody titers to TSST-1.
We found that approximately one out of every four healthy
subjects (26%) of reproductive age was colonized with S. au-
reus in either the nose, vagina, or anus. Of those, 25% were
carriers of toxigenic strains. About 1/10 of the study population

FIG. 2. Distribution of antibody titers to TSST-1 among those col-
onized with toxigenic strains of S. aureus (n � 201). Dilutions above
1:1,024 were not measured individually and are included in the 1:1,024
class.

TABLE 2. S aureus colonization and antibody prevalence according to geographic region

Location No. of subjects No. (%) with
S. aureus

No. of S. aureus
carriers

with TSST-1

% of S. aureus
carriers

with TSST-1

No. (%) with:

Absent antibodya Positive antibodyb

New Jersey 602 140 (23) 37 26 45 (7) 511 (85)
Florida 642 188 (29) 41 22 53 (8) 526 (82)
Ohio 626 145 (23) 37 26 55 (9) 519 (83)
Manitoba 537 153 (28) 40 26 32 (6) 478 (89)c

Arizona 605 164 (27) 46 28 55 (9) 518 (86)

All subjects 3,012 790 (26) 201 25 240 (8) 2,552 (85)

a Titer, �1:4.
b Titer, �1:32; intermediate values add to 100%.
c P � 0.05 versus all other sites except Arizona.
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(�9%) was colonized vaginally with S. aureus, and only 1% of
the study population was colonized vaginally with toxigenic
strains. Seventy-five percent of S. aureus carriers (or 20% of
the population) were colonized with nontoxigenic S. aureus.
Positive antibody prevalence, defined in this study as a titer of
�1:32, was high in the general study population (85%) and
even higher among subjects colonized by toxigenic S. aureus in
the nose (98%), vagina (97%), or anus (100%). Only 8% of the
study population was classified as antibody “negative,” or hav-
ing an antibody titer of �1:4. Of the 460 (15%) subjects found
to have antibody titers of �1:4, 1:8, or 1:16, only 5 subjects
(1.1%) were colonized with TSST-1-producing toxigenic
strains at any body site. Of the 32 subjects who were found to
have vaginal colonization with toxigenic S. aureus, only one
subject (3.1%) was antibody negative (titer of �1:4). Based on
these findings, it appears that the low incidence of mTSS may
be attributed to the facts that the majority of women colonized
with vaginal S. aureus are colonized with nontoxigenic strains
and that the vast majority of women may be protected by
serum antibodies to TSST-1.

The vaginal colonization rates reported here (9% total and
1% toxigenic) are within the range (5% to 12% total and 1%
to 2.6% toxigenic) of values reported previously (7, 14, 15, 22;
Parsonnet et al., 33rd ICAAC), excluding those reported by
Adesium et al. (1) for women in Trinidad, West Indies (28.5%
total and 4% toxigenic).

Of the three sites evaluated in this study, the nasal cavity was

found to be the major colonization site, with twice the rate of
colonization (18.2%) of the other two body cavities evaluated.
This rate is within the range (14 to 36%) of data reported in
previous nasal colonization studies (1, 12, 30; J. Bustos-Mar-
tinez and M. Gutierrez, Abstr. Int. Soc. Microb. Ecol., abstr.
1523, 2004). A higher percentage of nasal isolates than of
vaginal isolates was found to be toxigenic vagina (6% versus
1%), consistent with previous findings (1, 12).

The antibody prevalence results reported here are generally
in agreement with previous studies among females. Antibody
prevalences of 98% among women aged 18 to 45 (22) and 87%
among female adolescents aged 10 to 19, using lower antibody
titer levels as the standard (�1:8 versus � 1:32 in this study)
(Parsonnet et al., 33rd ICAAC), have been reported previ-
ously. The same study of adolescent females reported the an-
tibody prevalence among a subset of TSST-1 carriers to be
100%. In the present study of women aged 13 to 40, we found
85% to have antibody titers (�1:32), including 81% among
those aged 13 to 18 and 100% among TSST-1 carriers between
the ages of 13 and 18 years. Only 8% of the study population
could be classified as antibody “negative,” or having a titer of
�1:4, which is somewhat lower than the value (11.8%) re-
ported for male and female Air Force recruits in 1982
(Vergeront et al., 24th ICAAC).

Only 7% of the study population was found to carry toxi-
genic S. aureus at any body site at the time of the study, but a
much higher percentage (85%) was found to have positive
antibody titers to TSST-1. This is consistent with findings from
previous studies that evaluated both colonization and antibody
prevalence in the same study populations (12, 22; Parsonnet et
al., 33rd ICAAC). These trends could indicate that a higher
percentage of the subjects had been exposed to toxigenic S.
aureus at one time than were actually found to be colonized at
the time of the study. These findings could also be attributed to
different methods used to detect S. aureus and serum antibody
titers. It has been shown that culture-based methods for the
detection of S. aureus can be less sensitive than other molec-
ular and DNA-based techniques (31). In addition, cultures
found to contain S. aureus in this study were then used to
determine colonization of toxigenic strains. As a result, the low
level of toxigenic strains found in the study population could
also be attributed to lower sensitivity of the culture-based
methods used here. Other findings suggest that both factors
probably contribute to these results. It has been demonstrated

TABLE 3. S. aureus colonization and antibody prevalence according to racial/ethnic group

Group No. of subjects No. (%) with
S. aureus

No. of S. aureus
carriers with

TSST-1

% of S. aureus
carriers with

TSST-1

No. (%) with: % with positive
antibodyc among
TSST-1 carriersAbsent antibodya Positive antibodyb

White 2,375 628 (26) 173 28 173 (7) 2038 (86) 98
Black 369 98 (27) 19 19 43 (12) 289 (78)d 89e

Hispanic 159 40 (25) 6 15 15 (9) 133 (84) 100
Asian 109 24 (22) 3 13 9 (8) 92 (84) 100

All subjects 3,012 790 (26) 201 25 240 (8) 2552 (85) 98

a Titer, �1:4.
b Titer, �1:32; intermediate values add to 100%.
c Titer, �1:32.
d P � 0.01 versus white subjects.
e P � 0.05 versus white and Hispanic subjects.

TABLE 4. S. aureus colonization and antibody prevalence
according to age

Age range No. of
subjects

% with
S. aureus

% with
positive

antibodya

% of
S. aureus
carriers

with
TSST-1

% with
positive

antibodya

among
TSST-1
carriers

13–18 475 30 81b 27 100
19–35 2,036 26 85 24 97
36–40 501 25 86 29 97

All subjects 3,012 26 85 25 98c

a Titer of �1:32.
b P � 0.05 versus the other two age groups.
c Ages of the five S. aureus TSST-1 carriers without positive antibody titer were

19, 20, 23, 34, and 40.
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that S. aureus culture-negative women can become culture
positive within a 1- to 2-year period (J. Parsonnet, M. Delaney,
A. Dubois, P. Modern, W. Wieland-Alter, M. Hansmann, J.
Seymour, J. Wild, and A. Onderdonk, Abstr. 42nd Intersci.
Conf. Antimicrob. Agents Chemother., abstr. B-1437, 2002). In
the present study, we found that a disproportionately higher
percentage of subjects in the first 10 days of their menstrual
cycle were colonized vaginally with S. aureus. Previous studies
noted that menstruation at the time of sample collection was
one predictor of vaginal S. aureus colonization (22; Parsonnet
et al., 33rd ICAAC). A recent in vivo study has shown that the
presence of menses in the vagina provides oxygen to the nor-
mally anaerobic vaginal environment (D. R. Hill, D. C.
Schmitz, M. Brunner, C. C. Davis, J. A. Flood, M. B. Jones,
and T. W. Osborn, Abstr. Biofilms 2003, abstr. 327C, 2003). It
is possible that the presence of oxygen in the menses could
allow better recovery of S. aureus via culture techniques be-
cause the samples would be incubated under aerobic condi-
tions. In total, these findings would be consistent with the
notion that vaginal colonization by S. aureus can fluctuate over
time in response to environmental factors, such as the presence
of menses, and that culture-based methods may not have the
sensitivity to detect the presence of S. aureus during times of
low colonization.

It is interesting that of the subjects who had positive nasal
cultures for S. aureus, only 24% also tested positive as vaginal
and/or anal carriers. Toxigenic isolates constituted 32% of the
nasal isolates but only 12% of the vaginal and 15% of the anal
isolates. These findings suggest that localized colonization ar-
eas may occur and that nasal cultures should not be considered
predictive of positive screening for vaginal S. aureus coloniza-
tion. Nineteen subjects colonized with toxigenic strains in one
body site were also colonized with nontoxigenic strains in an-
other body site, indicating that colonization with different
strains of S. aureus may occur within the same individual.

mTSS incidence rates have been reported to vary according
to geographical location, with the highest incidence rates in the
Mountain and North Central states and the lowest in the
Southeast in the United States (5, 16). Significantly higher
rates of seronegativity (antibody titers of �1:4) reported for
male and female Air Force recruits from the Mountain and
Pacific regions compared to those from the South Atlantic and
East-Southern Central regions appear to be consistent with
reported TSS incidence rates (Vergeront et al., 24th ICAAC).
In other work, females aged 10 to 19 in Phoenix, Arizona, have
been reported to be less likely to have protective antibodies
than residents of Indianapolis, Indiana, or Tampa, Florida
(Parsonnet et al., 33rd ICAAC). Based on these previous find-
ings, we expected to find lower colonization rates and/or higher
antibody titers among subjects from Florida than among those
from the other geographical regions. The results from this
study did not support these expectations. We found rates of
colonization of toxigenic S. aureus to be lowest in Florida, but
the percentage of subjects with protective antibody titers also
tended to be lowest in Florida. Subjects from Manitoba, Can-
ada, were found have significantly higher levels of antibody
than subjects from any of the other locations studied, with the
exception of Arizona.

Epidemiology studies conducted in the late 1980s showed
that women who develop mTSS tended to be predominately

white (10, 5, 16). Since then, few clinical studies that evaluated
colonization and/or antibody prevalence among different racial
and ethnic groups have been published (14; Vergeront et al.,
24th ICAAC). As a result, it has generally been accepted that
women of other races are less susceptible to developing mTSS
than white women.

In this study, we found equal rates of S. aureus colonization
across all body sites for all groups studied; however, white
subjects were more likely to be carriers of toxigenic S. aureus
than black, Hispanic, or Asian subjects. Vaginal colonization of
S. aureus was found to be significantly higher for black subjects
than for white subjects, consistent with findings from a previ-
ous study (14). Of those colonized vaginally, more than twice
the percentage of white subjects were found to be carriers of
toxigenic strains. These results suggest that blacks may have
higher vaginal colonization rates than whites, but they tend to
be colonized more frequently with nontoxigenic strains of S.
aureus.

Overall, we found the percentage of black subjects with
positive antibody titer to be significantly lower than that of
white subjects. This finding is inconsistent with data reported
by Vergeront et al. (24th ICAAC) and could be related to the
small number of black women (n � 26) in this study popula-
tion. Importantly, of those found to be carriers of toxigenic S.
aureus, significantly fewer black subjects than white or His-
panic subjects were found to have positive antibody titers (�1:
32). These findings indicate that black women may be more
susceptible to mTSS than white women. None of the Hispanic
or Asian subjects in the study were found to be colonized
vaginally with toxigenic S. aureus, but as a group they were
found to have high positive antibody titers. These results sug-
gest that subjects could have been exposed previously to either
toxigenic S. aureus or cross-reactive antigens. It is also possible
that vaginal carriage of toxigenic S. aureus was not detected
due to an expected carriage rate of 1% and the smaller sizes of
these groups (Asians, n � 109; Hispanics, n � 159).

There appear to be conflicting reports in the literature re-
garding the susceptibility of teenagers to mTSS. It has been
reported that younger women have an increased risk of devel-
oping mTSS (10). It has also been reported that that most
individuals develop antibodies to toxigenic S. aureus in the first
decade of life (32). Vergeront et al. reported that approxi-
mately 70% of young females between the ages of 14 and 15 (n
� 41) had developed antibody titer (�1:100) to staphylococcal
enterotoxin F. We found that the vast majority (81%) of teen-
agers (13 to 18 years of age) had already developed positive
antibody titers (�1:32) to TSST-1, which is in agreement with
a previous study (Parsonnet et al., 33rd ICAAC). While this
value was found to be significantly lower than that for older
women, this small difference may not be clinically relevant. It
is important to note that 100% of teenaged carriers of toxi-
genic S. aureus were found to have positive antibody. This
represents a rate of protection equal to, if not higher than, that
found for the older women in this study. Based on these find-
ings, teenagers may not have a meaningfully higher risk of
developing mTSS than older women.

In conclusion, results from this study support the proposed
hypothesis that the low incidence of mTSS can be attributed to
the fact that the majority of women colonized with vaginal S.
aureus are colonized with nontoxigenic strains and that the vast
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majority of women are protected by serum antibodies to
TSST-1. These findings also suggest that black women may be
more susceptible and teenagers less susceptible to mTSS than
previously thought.
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