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Staphylococcus aureus isolates from women with nasal, anal, or vaginal colonization were evaluated for
population diversity by pulsed-field gel electrophoresis. Cluster analysis of restriction patterns revealed
diversity indices of 0.89 and 0.99 for toxic shock syndrome toxin 1-positive and -negative isolates, respectively.
Toxin-producing strains were isolated more frequently from the nares than from other sites.

Staphylococcus aureus is an endogenous microorganism col-
onizing the nasal cavities, skin, gastrointestinal tracts, anuses,
and vaginal vaults of healthy women. Approximately 60% of
women harbor this organism intermittently at one or more
body sites (12). In this study, approximately 7% of women
harbored toxin-producing S. aureus, while other studies have
shown that as many as 25% harbor toxin producers (2). Thus,
understanding the epidemiology of toxic shock syndrome
(TSS) is clinically important because of the rare but potentially
devastating symptoms caused by toxic shock syndrome toxin 1
(TSST-1), a potent exotoxin produced by S. aureus (1, 4, 5, 7,
10). Patients with TSS exhibit a number of clinical symptoms,
including erythematous rash, fever, diarrhea, inability to main-
tain homeostasis, multiple-organ involvement, and desquama-
tion of the skin, with the most severe cases being fatal (9). Of
cases of TSS involving menstruation, almost all are associated
with TSST-1 (1, 4, 5, 7, 10). Little information is available
regarding the genetic diversity of TSST-1-producing S. aureus
isolates and their favored human niche.

In this study, S. aureus samples were isolated from the an-
terior nares, anuses, and vaginas of overtly healthy women and
evaluated for frequency of isolation, the presence of TSST-1 as
determined by enzyme-linked immunosorbent assay (6), and
the genetic diversity of TSST-1-positive (TPOS) and TSST-
negative (TNEG) isolates as determined by genomic DNA
restriction with Smal and pulsed-field gel electrophoresis
(PFGE) of the resulting fragments.

Samples were obtained by standard microbial techniques
from 3,012 subjects during this study. Subjects were recruited
to fit a demographic profile of four major ethnic groups, name-
ly, whites (80%), blacks (12%), Hispanics (5%), and Asians
(3%), that is based on the 1990 U.S. census. A total of 1,051 S.
aureus isolates were recovered from 787 (26%) women; 7% of
all subjects were colonized with TPOS S. aureus. The anterior
nares were the most common anatomic site of carriage, ac-
counting for 548 (52%) isolates, followed by the vagina (264
isolates [25%]) and anus (239 isolates [23%]). Of the TPOS
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isolates, 72% (177 of 245) were isolated from the anterior
nares. This percentage represents a significant increase in the
frequency of recovery relative to the recovery of TPOS strains
from anal or vaginal samples (P < 0.001) (Table 1). Further-
more, the frequency of TPOS strain isolation from the anterior
nares was significantly higher than the frequency of TNEG
strain isolation from that site (72% versus 46%; P < 0.001).
Among subjects from which S. aureus was isolated, 576 (73%)
harbored S. aureus at one body site, 158 (20%) harbored the
organism at two body sites, and 53 (7%) harbored the organ-
ism at all three body sites.

A total of 434 isolates were evaluated by PFGE, of which 245
were TPOS and 189 were TNEG. The smaller sample set was
similar to the sample population by body site, and there was a
slight trend toward a disproportionate increase in nasal car-
riage (Table 1) (chi-square test, P = 0.019) attributable to the
increased representation of TPOS isolates. The proportions of
woman harboring S. aureus at one, two, or three body sites
were also comparable (chi-square test, P = 0.83). When these
434 isolates were evaluated by PFGE with a 75% similarity
index, 125 clusters (subtypes) were partitioned from 213
unique PFGE patterns. The diversity index (D,;) for this group
of isolates was 0.96. When the respective toxigenic groups were
evaluated, TPOS isolates formed a small subset (245 of 1,051
[23%]) of the entire S. aureus sample population and showed
markedly less diversity (D, = 0.89) than the TNEG isolates
(D = 0.99) (Fig. 1). Furthermore, TPOS and TNEG isolates
in this study were represented by 43 clusters and 100 clusters,
respectively. For TPOS isolates, 30% were represented by a
single cluster. No more than 4% of TNEG isolates were rep-
resented by any single cluster. Most TPOS isolates exhibited
similar PFGE patterns (Fig. 2). For example, the four most
prevalent TPOS isolates, which represented 53% (129 of 245)
of all TPOS isolates, were closely related, with a mean band
difference of only 2.18 and a maximal mean band difference of
3.39 (3, 8, 11, 13).

Evaluation of the data set for the most likely number of
partitions by an analysis of the maximum successive differences
between k and k + 1 partitions of the total sum-of-squares of
all clusters for each possible number of groups, where k is the
number of partitions (3, 11, 13), found that the most likely
number of clusters was 2. Contingency table comparisons of
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TABLE 1. Sample population statistics

% of women colonized at:

% of all isolates

Type of

Panel” . One site Two sites Three sites
specimen
TPOS TNEG Total TPOS TNEG Total TPOS TNEG Total TPOS TNEG Total
A Nasal 91 56 72 39 21 25 53 28 33 72 46 52
Anal 5 13 11 33 40 38 24 36 33 15 25 23
Vaginal 4 21 16 28 39 37 24 36 33 13 29 25
B Nasal 91 65 81 39 24 33 54 20 33 72 44 60
Anal 5 12 8 32 37 34 23 40 33 15 25 19
Vaginal 4 22 11 28 39 33 23 40 33 13 31 21

“ Panel A consisted of 3,012 women from five geographical locations producing 1,051 isolates; panel B consisted of 329 women from five geographical locations

producing 434 isolates, which were evaluated by PFGE.

® Boldface values indicate statistically significant differences between TPOS and TNEG isolate proportions (P < 0.01).

these clusters for the production of TSST-1 found a sensitivity
and specificity of 92% (225 of 245 isolates tested) and 86%
(163 of 189 isolates tested), respectively, for TPOS S. aureus
strains (Fig. 1).

Of women colonized by S. aureus at all three body sites,
100% were colonized with strains with identical PFGE types at
two or more body sites; 36% (8 of 22) of these women had
strains with identical PFGE types at all three body sites eval-
uated, 5% (1 of 22) had strains with identical PFGE types at
the nasal and anal body sites, none had matched pairs at the
nasal and vaginal body sites, and 59% (13 of 22) had strains
with identical PFGE types at anal and vaginal body sites. In-

terestingly, 92% (12 of 13) of women with isolates that pro-
duced identical PFGE patterns from anal and vaginal sites
were colonized with TNEG S. aureus at these sites. Of women
whose isolates were evaluated by PFGE, 19% (61 of 329)
yielded isolates from two body sites and 84% (51 of 61) of
these woman harbored strains with identical PFGE types.
Among the women colonized at two sites, the proportion of
paired anal and vaginal isolates with identical PFGE patterns
that were TNEG was significantly higher than the proportion
of other PFGE pairs (chi-square test, P < 0.01) (Table 2).
The homology of PFGE patterns among TPOS isolates eval-
uated during this study suggests a common lineage for the

2D-PCA plot

'@ TNEG o TPOS

PCA2

PCA1

FIG. 1. Two-dimensional principle component analysis (2D-PCA) of the PFGE pattern multivariate data with a standardized data set and
covariance matrix. The TPOS isolates comprise a much smaller group than the TNEG isolates, and the two groups are quite well defined. The
difference in group size is quite remarkable considering the fact that only 23% of the TNEG isolates are represented in the graph.
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Band # Kbp TNEG TPOS
1 916 12.5 0.4
2 857 1.09 1.59
3 773 3. 23.9
4 742 13.59 82.07
5 697 9,24 243
6 663 1033 2.79
7 632 8.15 0
8 602 13.04 1.2
9 559 28.8 5.18
10 515 17.39 1.59
1 484 10.33 0.8
12 467 17.93 5.58
13 423 6.52 1.2
14 394 10.87 0
15 377 12.5 0.8
16 350 43 .48 14,34
17 329 44.02 7.97
18 306 58.15 70.52
19 289 44.02 7.57
20 267 9.78 438
21 254 13.04 88.05
22 239 217 1.2
23 218 2337 3.19
24 206 598 0
25 188 25 12.75
26 176 8.15 5.58
27 166 23.37 10.36
28 158 2301 | 78.88
29 153 17.93 3.59
30 141 14.67 9.16
31 135 17.93 3.59
32 123 51.09 10.36
3 117 10.87 0 //—
34 109 | 7174 96.02 /
35 102 22.83 5.58
36 93 18.48 87.25
37 86 543 0
38 75 48.91 92.83
39 71 33.15 3.98
40 66 2935 3.59
41 59 3533 86.06
42 53 36.41 1.99
43 48 39.67 7.17
44 45 54.89 94.82
45 42 46.74 478
46 38 8.15 478
47 35 53.8 9.96
48 31 38.59 86.85
49 29 78.26 9.56

FIG. 2. Estimated band type sizes in kilobase pairs and the frequencies of occurrence of the corresponding band types. Note the reoccurring
DNA fragments at 742, 306, 254, 158, 109, 95, 75, 59, 45, and 31 kbp for the TPOS strains.
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TABLE 2. Numbers of women colonized at two sites and the
recovery locations of S. aureus strains producing
identical PFGE patterns

No. of women with

PFGE Type of isolates from“: Total
patterns isolate
N, A N,V A,V
Identical TPOS 14 10 7 31
TNEG 4 3 11 18
Both 0 1 1 2
Varied TPOS 1 0 0 1
TNEG 1 2 1 4
Both 1 3 1 5
Total 21 19 21 61

“N, A, nares and anus; N, V, nares and vagina; A, V, anus and vagina.

majority of TPOS S. aureus isolates, whereas the TNEG iso-
lates appear to be a more diverse group (Table 3 and Fig. 1).
Although TSST-1 expression has been associated with the en-
tire breadth of the S. aureus population, it has been suggested
that one lineage is highly associated with TSS involving the
cervicovaginal niche (5). That conclusion is not refuted by the
close relationship of most TPOS isolates in this study and their
primary colonization of the anterior nares. This high associa-
tion of the TPOS isolates with the human nasal cavity suggests
that this site is a staging niche for subsequent colonization of

TABLE 3. TNEG and TPOS groups and their frequencies

Group size” Frequency” No. of isolates® a

Isolates x) ) xX-Y) %
TNEG 1 51 51 27.0
2 32 64 33.9
3 8 24 12.7
4 2 8 4.2
5 3 15 79
6 2 12 6.3
7 1 7 3.7
8 1 8 4.2

Total 100 189 100
TPOS 1 11 11 4.5
2 15 30 12.2
3 3 9 3.7
4 3 12 49
5 2 10 4.1
6 1 6 2.4
8 1 8 33
9 1 9 3.7
10 1 10 4.1
11 1 11 4.5
12 1 12 4.9
20 1 20 8.2
23 1 23 9.4
74 1 74 30.2

Total 43 245 100

“ Number of isolates in a single PFGE group.

’ Frequency of group size occurrence.

¢ Number of isolates in respective group size.

@ Percentage of the total number of isolates for the corresponding group size.
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an anal, vaginal, or wound site that could potentially lead to
the onset of disease.

The increased frequency of identical PFGE patterns of
paired anal-vaginal isolates over those of nasal and other body
site pairs suggests cross-colonization between these sites as a
more frequent event.

Daghistani et al. found that isolates from the anterior nares
were more likely than those from wounds or vaginal sources to
produce TSST-1 (2). The differences in recovery frequency
between TPOS and TNEG isolates found in this study support
this claim (Table 1). For women harboring TPOS S. aureus,
72% of the isolates were recovered from the anterior nares.
For women colonized at all three body sites, 92% of paired
anal and vaginal isolates with identical PFGE patterns did not
produce toxin. For women colonized at two body sites, the
percentage of paired TNEG anal and vaginal isolates with
identical PFGE patterns was significantly greater than that of
nasal-anal and anal-vaginal isolate pairs (Table 2) (P < 0.01).
Of the TPOS isolates from women harboring S. aureus at a
single body site, a staggering 91% were isolated from swabs of
the anterior nares, while only 5 and 4% were recovered from
anal and vaginal samples, respectively. These proportions
are significantly different from those of TNEG isolates from
women colonized at a single body site, of which 66% were
from the anterior nares, 13% were from the anus, and 21%
were from the vagina, respectively (Table 1) (chi-square
test, P < 0.001). For all women harboring S. aureus in this
study, and with a 95% confidence, the frequency of recovery
of TPOS isolates from the anterior nares over the recovery
from anal or vaginal body sites was between 20 and 33%
higher than the recovery frequency of TNEG isolates (P <
0.001).

The data from this study indicate that TSST-1-producing
strains of S. aureus isolated from the anterior nares, anuses, or
vaginas of women are less diverse than non-toxin-producing
strains from the same sources over a large geographic area.
Moreover, TPOS isolates are more likely to be recovered from
the anterior nares than from other anatomic locations, suggest-
ing that these strains are perhaps less adaptable to demanding
environments and therefore are concentrated in the nares—
the primary niche for this species.
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