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Statistical analyses indicated (i) that the floras of individual samples taken from the depth of sulci with
nickel-plated Morse 00 scalers were highly reproducible and representative of the flora present at any given
time, (ii) that the different compositions of floras of different people with similar clinical signs were statistically
highly significant, and (iii) that floras of different affected sites may differ significantly in some (two of three)
people at any one time or may differ from week to week in other people (one of three). Thus the flora
composition of individual sites appears to be in dynamic flux, probably in response either to environmental
changes or to host responses. There was no evidence that double sampling per se (two single passes with 00
scalers) changed the composition of the flora. Repeat samples taken after 1 week were slightly more similar to
the initial samples than were samples taken after 3 weeks.

The experimental design and statistical analyses of studies
of periodontal floras have been difficult because estimates of
the variability attributable to samples, sites, time, and per-
sons were unknown. To determine which factors may be
responsible for observed variations, we conducted a minimal
experiment in which duplicate samples were taken in a
modified Latin square design from three affected sites on
each of three patients with moderate (chronic) periodontitis.

MATERIALS AND METHODS
Subjects were three men (35 to 52 years of age) with

generalized moderate (chronic) periodontitis. Duplicate sam-
ples were taken from three sites affected with periodontitis
(probeable depth, 4 to 6 mm) from each person. Two sites
were resampled in duplicate after 1 and 3 weeks according to
the schedule in Table 1. Clinical measurements of these sites
are shown in Table 2.
Sample sites were isolated with sterile cotton rolls. The

supragingival area coronal to the sample sites was dried with
sterile swabs and cleaned with sterile toothpicks. Samples
were taken with individual sterile nickel-plated Morse 00
detachable-tip scalers inserted to the depth of the sulcus.
Each scaler tip was placed in prereduced anaerobically

sterilized dilution broth (9) with 100-,um glass beads in a tube
flushed with oxygen-free CO2. The samples were dispersed
by vibrating the stoppered tubes on a Vortex mixer for 10 to
12 s. The original suspensions were serially diluted and
cultured on prereduced anaerobically sterilized brain heart i
nfusion agar supplemented with vitamin K, hemin, pow-
dered yeast extract, fresh yeast extract, formate, fumarate,
serum, and thiamine pyrophosphate (BHIA-D4 agar [9]) in
roll tubes and spread on plates of BHIA-D4 blood agar.
Plates were incubated under 10% H2-10% C02-80% N2, and
tubes were incubated under 3% H2-10% C02-87% N2 as
described previously (8-10).

After 5 days of incubation at 37°C all colonies were
counted, and 15 from each sample were picked in a random
manner from plates; another 15 were picked from roll tubes.
Each isolate, grown in BHI-D5 broth (9), was streaked to

* Corresponding author.

agar medium and repicked to assure purity. If the streaked
isolates produced more than one colony type, representa-
tives of each colony type were picked and identified.

Isolates were identified by Gram stain, electrophoretic
pattern of soluble cellular proteins (7), chromatographic
analysis of acid and gaseous products, and 30 or more
biochemical and cultural tests as required for individual taxa
(4).
The data were analyzed by Good's L (or lambda) test (3, 9)

on the basis of the geometric mean of the percent concen-
trations of the taxa shared by each of the samples being
compared and on the basis of the minimum percent similar-
ity of the shared taxa. For example, if species X were 3% of
the isolates from sample A and 12% of isolates from sample
B, then the geometric-mean similarity is the square root of (3
x 12) = 6%, and the minimum similarity (of these two
samples, for this species) is 3%, which is the actual percent-
age of the flora that the two bacteriological samples have in
common. The summations of such values for all taxa shared
by the two samples are called the geometric-mean similarity
g and the minimum similarity g', respectively, of the two
samples.

Briefly, for L analysis (3, 9) the similarity of each sample
compared with every other sample is determined. Then the
mean similarity (g) between the two subgroups is divided by
the mean similarity within the two subgroups to obtain an
observed ratio, L. The probability that two subgroups hav-
ing the observed mean within-subgroup similarity and the
observed (usually lower) mean between-subgroup similarity
(i.e., two groups that are this distinct) could occur among
these samples by chance alone is then determined by divid-
ing the total population of samples into two subgroups of the
same size at random 1,000 times and calculating L each time.
If no random assignment produces an equally low (or lower)
L ratio, then the probability that the observed L could occur
by chance alone is less than 0.001.

RESULTS
In this study, 132 taxa among 1,337 isolates were identified

to species (or subspecies or serotype where possible). The
distribution of species that comprised at least 1% of the flora
in any one person is given in Table 3.
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TABLE 1. Site sample schedule

Person Wk Site" and sampleb

1 0 Al, A2. Bi, B2, Cl, C2
1 A3, A4, B3, B4
3 B5, B6, C3, C4

2 0 Al, A2, B1, B2, Cl, C2
1 B3, B4, C3, C4
3 A3, A4 C5, C6

3 0 Al. A2. Bi. B2, Cl1 C2
1 A3, A4, C3, C4
3 AS, A6, B3, B4

a A, tooth 30 (military numbering system); B, tooth 3; and C, tooth 14 of
each subject. Mesial sites were sampled on persons 1 and 3. and distal sites
were sampled on person 2.

b Samples 1 and 2, 3 and 4, and 5 and 6 are replicate samples.

The results of the analyses of the similarity of duplicate
samples, between sites within each person, and between
times (weeks) within persons is shown in Table 4. Similarity
values within each subset and between subsets, as calcu-
lated by both minimum and geometric-mean similarity, are
listed. High probability values indicate similarity, and low
probability values indicate dissimilarity, of the subgroups.
The numbers of taxa shared between weeks in each person
are shown in Table 5.
The distribution of dissimilarity as calculated from mini-

mum similarity values is shown in Table 6, and the distribu-
tion of dissimilarity as calculated from geometric-mean
similarity values is shown in Table 7. The individual dissim-
ilarity values used to obtain the data in these tables were
obtained by subtracting each similarity value from 100
(because 100 would be the similarity value if there were no
difference between the two samples).

DISCUSSION

Duplicate samples. Although 132 taxa among 1,337 isolates
were identified (to subspecies and serotype levels where

TABLE 2. Clinical measurements of affected sites sampled in
three subjects with moderate periodontitis

Sulcus Wk 0 Wk 3
Persona Tooth no." depth

(mm) PIC GId BV PI GI BI

1 30 Mf, Ag 6 1 2 1 1 1 0
3M,B 4 1 1 1 1 0 0
14M, C 5 1 1 1 0 0 1

2 30D, A 5 2 1 1 2 2 1
3D,B 5 2 1 0 1 2 1
14D,C 5 2 1 1 2 1 1

3 30M, A 6 2 2 1 2 2 1
3M,B 6 2 2 1 2 2 1
14M, C 6 2 2 1 2 2 1

a Subject 1 was a 38-year-old black man, subject 2 was 52-year-old white
man and subject 3 was a 37-year-old black man. Whole mouth measurements
were taken on week 0 immediately after bateriological sampling. Whole mouth
measurements also were taken only on subject 2 immediately after sampling
on week 1. Measurements were taken on all subjects at the completion of the
experiment. No change in pocket depths was observed.

Military tooth numbering system.C Plaque index of Silness and Loe (11).
d Gingival index of Loe and Silness (5).
e Bleeding index: 0, absent; 1, present after probing to the depth of the

pocket.
f M, mesial surface; D, distal surface.
g Tooth designation used in Table 1.

TABLE 3. Distribution of predominant species in people

i% of isolates in person:
Species1 23

1 2 3

Actinomyces sp. WVA963" 0 0.7 1.1
Actinomyces israelii (_)b 0.2 1.4 0.4
Actinomvces israelii I 0.2 1.1 0
Actinomvces meveri 2.5 0 0
Actinomyces meyeri (-) 1.6 0.4 0
Actinomyces naeslundii (-) 0.2 0.7 1.3
Actinomyces naeslundii I 0.2 0.2 3.1
Actinomyces naeslundii III 1.1 1.6 2.2
Actinomyces sp.NV 14.2 0.2 0.2
Actinomyces odontolyticus (-) 0.2 0 1.3
Actinomyces odontolyticus I 1.1 2.7 0.2
Actinomyces viscosus II 0.5 1.8 0.2
Bacteroides buccalis 0 1.1 0.4
Bacteroides sp. D1OB 0 0.2 2.4
Bacteroides sp. D28 0.9 0.2 1.1
Bacteroides denticola 0.9 8.4 1.5
Bacteroides gingivalis 0 0.2 12.2
Bacteroides gracilis 0 3.6 0
Bacteroides intermedius 8944 0 4.7 0.4
Bacteroides veroralis 0 1.6 0
Bifidobacterium dentium 0 1.1 0
Capnocytophaga gingivalis 0 1.1 0
Capnocytophaga ochracea 0.2 1.1 0.2
Eubacterium alactolyticum 0.2 0.4 1.3
Eubacterium brachy 5.3 2.5 1.3
Eubacterium nodatum 1.6 1.8 9.4
Eubacterium timidum 3.4 0.2 1.3
Eubacterium sp. D06 0 0.2 2.0
Eubacterium sp. D08 0.7 3.2 2.0
Eubacterium sp. Dll 0 0.7 3.9
Eubacterium sp. D13 1.1 0 0
Fusobacterium nucleatum 25.2 5.4 4.4
Lactobacillus minutus 1.1 2.3 2.0
Lactobacillus sp. D02 1.8 0.9 2.0
Propionibacterium acnes 3.2 1.4 0.4
Peptostreptococcus anaerobius 0.5 2.7 2.8
Peptostreptococcus anaerobius ll 0.2 0 1.1
Peptostreptococcus micros 10.5 2.3 4.4
Rothia dentocariosa 0 1.1 0
Streptococcus anginosus 0.9 2.3 3.9
Streptococcus morbillorum 0 1.8 0
Streptococcus sanguis I 1.1 2.3 0.7
Streptococcus sanguis II 1.6 1.1 0.9
Streptococcus sanguis III 1.6 0 0
Selenomonas sputigena 0 1.6 2.6
Selenomonas sp. D04 0.9 0.7 1.5
Selenomonas sp. D06 0 1.1 0.2
Veillonella parvula 1.8 1.8 2.6
Wolinella recta 2.3 5.4 2.6
Did not survive 1.4 2.5 3.5

through identification
Total 437 443 457

a Underscribed species are designated by letters or numbers.
"(-) indicates strains that have the phenotypic properties of the species

listed, but that did not react with monospecific fluorescent antisera.

possible), the duplicate samples taken from any one site at
any one time were extremely similar as shown by a proba-
bility (P) of 0.994 (minimum) or 0.970 (geometric) when all
first samples were compared with all second samples (Table
4). If each pair of first and second samples had been
identical, the probability would have been 0.999 as shown by
theory and actual test. (The maximum probability of 1.000 is
not reached because Laplace's law of succession is applied
to the L test, where 1 is added to the number of occurrences
of equal or lesser L values [obtained by assigning the
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TABLE 4. L analyses of the distribution of bacterial species"

Subsets analyzed Sample Subset Minimum mean similarity" Geometric mean similaritytimes size W'n W'n B'n P W'n W'n B'n p

All first vs all second All 21-21 17 17 18 0.994 25 26 27 0.970
samplesd

Person 1 vs 2 All 14-14 26 21 14 <0.001 40 27 22 <0.001
Person 1 vs 3 All 14-14 26 26 15 <0.001 40 37 22 <0.001
Person 2 vs 3 All 14-14 21 26 16 <0.001 27 37 22 <0.001
Person 1 site A vs B All 4-6 35 26 25 0.21 49 40 38 0.19
Person 1 site A vs B Same 4-4 35 30 27 0.21 49 45 40 0.11
Person 1 site B vs C All 6-4 26 21 27 0.59 40 33 41 0.71
Person 1 site B vs C Same 4-4 28 21 28 0.66 46 33 43 0.69
Person 1 site A vs C All 4-4 35 21 26 0.38 49 33 38 0.37
Person 2 site A vs C All 4-6 39 24 17 0.005 48 32 24 0.005
Person 2 site A vs C Same 4-4 39 22 15 0.03 48 33 22 0.03
Person 2 site B vs C All 4-6 25 24 15 0.005 33 32 20 0.008
Person 2 site B vs C Same 4-4 25 25 18 0.03 33 31 24 0.03
Person 2 site A vs B All 4-4 39 25 24 0.03 48 33 29 0.03
Person 3 site A vs B All 6-4 27 31 21 0.04 37 38 31 0.06
Person 3 site A vs B Same 4-4 25 31 23 0.12 35 38 33 0.18
Person 3 site A vs C All 6-4 27 37 21 0.01 37 51 31 0.01
Person 3 site A vs C Same 4-4 32 37 22 0.03 45 51 31 0.03
Person 3 site B vs C All 4-4 31 37 33 0.30 38 51 45 0.46
Mean between sites, 25 28 22 0.18 42 38 32 0.18
same wks

Person 1 wk 0 vs 1 Same 4-4 40 26 26 0.12 57 37 40 0.09
(A and B)

Person 1 wk 0 vs 3 Same 4-4 35 31 22 0.09 49 48 36 0.05
(B and C)

Person 2 wk 0 vs 1 Same 4-4 20 26 19 0.20 29 33 25 0.18
(B and C)

Person 2 wk 0 vs 3 Same 4-4 22 23 20 0.29 31 31 29 0.22
(A and C)

Person 3 wk 0 vs 1 Same 4-4 24 26 29 0.89 38 36 39 0.72
(A and C)

Person 3 wk 0 vs 3 Same 4-4 20 29 26 0.63 30 38 35 0.63
(A and B)

Mean between wks 27 27 24 0.37 39 37 34 0.32
same sites
" The mean percent similarity of the 21 duplicate pairs was 37 (minimum mean similarity [gJ) and 49 (geometric mean similarity [g']).
bIn this column the word same means that the sites compared were sampled at the same sample times.
c W'n, mean within subset; B'n, mean between subsets; P, probability. The two columns headed W'n correspond to the first and second subsets.
d All first samples in one subset were compared with all second samples in the second subset as if they were replicate trials. Nearly identical results were

obtained, which indicates that there was no immediate effect of sampling per se on the flora composition.

samples at random to two groups of the same size] and 2 is
added to the number (1,000) of random test comparisons:
1,001/1,002 = 0.999.) The observed results give assurance
that single samples are representative of the flora sampled,
with an overall error among 21 pairs of 30-isolate samples of
only 0.6% (minimum similarity) or 3.0% (geometric-mean
similarity).
The highly representative nature of individual samples

may surprise some readers, who will note the seemingly low
(37% minimum and 49% geometric-mean) similarity among
duplicate samples. However, this is to be expected because
there are several scores of bacterial species in most sites at
any one time, and it is impossible to detect all of them among
30 isolates taken at random from a single sample. Thus,
multiple samples are required to differentiate, with statistical
accuracy, between the floras of people, sites within people,
times within sites, or, for that matter, between different
disease states. Although larger samples (more isolates per
sample) show greater similarity, the large proportion of
variation that occurs between people and within disease
classification indicates that more can be learned about the
causes of periodontitis by taking more samples (e.g., more
people, sites, or weeks) than can be learned by identifying

more isolates from few samples. As we have emphasized
earlier (9), the variation among samples within sites is more
apparent than real.

Comparisons between persons. Fourteen 30-isolate sam-
ples per person were sufficient to show a statistically highly
significant difference of flora compositions in different peo-
ple (Table 4). If there are species that frequently are agents
of tissue destruction, this real difference between floras of
people with the same disease (in which many species are
present) should help to pinpoint bacterial species or groups
of species that are primary agents of tissue destruction.
There was little difference in the results when either the

minimum similarity or the geometric-mean similarity was
used in the comparisons. For differences between people,
the observed L values were 7.3 standard deviations from the
mean random L value for geometric-mean similarity and 6.8
standard deviations from the mean random L value for
minimum similarity calculations (data not shown). There-
fore, the geometric-mean calculations were very slightly
more sensitive.

Sites within people and weeks within people. Similarity in
composition of the floras of different sites within people
depended upon the person. The floras of the three sites
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sampled in person 1 were not significantly different. (P
ranged from 0.21 to 0.66 [minimum] and 0.11 to 0.69
[geometric] [Table 4].)

Variation between affected sites was greatest in person 2.
Among duplicate samples taken from any two of three sites
on the same 2 days the probability that the observed
difference would occur by chance alone was 1/35. That value
represents the maximum L analysis sensitivity that can be
attained with two groups, each of four samples, because the
same sets of four samples will be assigned at random to two
groups with a frequency of 1/35. When all six C samples
were compared with the four available A or B samples, the
probability was 0.005, which is the limit of sensitivity of the
L analysis for groups with four and six samples. Although
this comparison may have been confounded with week-to-
week variation (because there were two unmatched C sam-

ples in each comparison) the floras of different sulci in
person 2 may differ as much as the floras of different people.
These results in themselves indicate that the flora of each
site in this patient remained relatively constant as compared
with the different flora compositions among sites. That is,
the similarity within sites (from time to time) would have to
remain high to obtain the observed level of significance with
such a small number of samples.

In person 3 the flora of sample A differed from that of the
other two sites, but there was no detectable change in
composition from week to week.
The site-to-site variation in flora composition may explain

the irregular patterns of active tissue destruction within
individuals. It probably relates to different environments of
different sulci and may correlate with Eh measurements as

reported by Loesche et al. (6).
The data indicate that, although all of the sites were

probed in each of the patients before these trials, the floras
of individual sites remained distinct. Thus, probing with
same instrument did not appear to distribute a uniform flora
to all periodontal sites in each patient.
Week-to-week variation also is perhaps not the same

among persons. It appeared that the greatest change (al-
though it was not statistically significant) was in person 1,
the only person in which the flora of the test sites did not
differ significantly. The data suggest that the variation ob-
served during 3 weeks usually was less than that observed
among different affected sites at any one time in the same

subject. Although the minimum and geometric-mean similar-
ity calculations produced similar results for differences be-
tween sites within people, in five of six comparisons be-
tween weeks within people the geometric-mean calculations
showed slightly greater sensitivity (lower probability). This
might indicate that the week-to-week variation had a com-

ponent of substantial change in relative numbers of certain
species in one or more sites. The number of species shared
from week to week is shown in Table 5.

Distribution of dissimilarity. The relative importance of
variation in composition of the flora of different people,
different periodontal sites at any given time within people,
week-to-week variation in the same sulci, and duplicate
samples is shown in Tables 6 and 7. In these calculations,
nonindependence of samples was taken into account (see
below). The difference between people was a major source

of sample variation, even though the pocket depths and
disease classification were comparable in all three subjects.
In person 1 the floras of the three different sites were

relatively similar (contributed less dissimilarity), but the
change in the flora during the 3-week period was an impor-
tant source of variation. Apparently, the change was reason-
ably similar among the three sites.
The data in Tables 4, 6, and 7 indicate that duplicate

samples show relatively little variation, indicating that indi-
vidual samples are reasonably representative of the flora at
any given site and time; site-to-site variation in some people
is a major source of variance (Table 4, person 2 and site A of
person 3; Tables 6 and 7, person 3), week-to-week variation
is a major source of variance in other people (person 1,
Tables 4, 6, and 7); the compositions of different sites within
individuals change differently with time (interactions within
people, Tables 4, 6, and 7). In subjects 2 and 3, the difference
in the floras of different sites at any given time contributed
more variation than the week-to-week changes in flora
composition of the periodontal sites (as might be expected
from L analysis of the data [Table 4]). The high interaction in
person 2 indicates that his flora changed differently in
different sites between sample times.
These results suggest that there is a continuing dynamic

flora-host relationship that might explain why periodontal
destruction periodically occurs at only a few sites within a

person. One might envision that the host is trying to control
a menagerie of bacteria; as soon as one or more are

TABLE 5. Taxa shared between weeks within people

Person Wk No. of No. of No. of % No. of taxa shared
samples isolates taxa coverage' Wks 0 and 1 Wks 0 and 3 Wks 1 and 3'

1 0 6 184 28 92 14 11 13
1 4 123 30 91
3 4 130 32 89

2 0 6 192 64 85 30 29 27
1 4 127 48 81
3 4 124 52 80

3 0 6 196 52 88 31 22 21
1 4 136 51 81
3 4 125 37 90

"As determined by formula 9 of Good (2). This value indicates that the observed number of taxa accounted for the listed percentage of the total viable cells in
the samples.
bComparisons of weeks 1 and 3 are based on different sites. Therefore, these results are confounded by sites and weeks. In person 1, where the floras of

different sites were not significantly different, the value for this 2-week period is intermediate between values for the the 1- and 3-week periods (as might be
expected). In persons 2 and 3, there was a greater difference between the floras of different sites (Table 3). This difference may have decreased the (apparent)
number of taxa shared in succeeding weeks.
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TABLE 6. Dissimilarity distribution (calculated by minimum similarity)"

SHa Total dissimilarity Dissimilarity within person(s)
Mean Sum Of width

Source of N simi- dissimi- of 95% _
dissimilarity compar - laiy ait confi- Epceisons b aI varuesity nf Expected Observed % of Expected Observed % of(g') values deince % of total % (if )d expected %c of person(s) %, (if expected

inter random) random)
val

TOtal 861 0.177 70,834 1,411 100 100 100
Between people

Within people
Between sites

within wks
Between wks

within sites
B'n duplicates
W'n sites and
wksf

Interaction
within people

Person 1
Between sites

within wks
Between wks

within sites
B'n duplicates
W'n sites and
wks

Interaction
within person

Person 2
Between sites

within wks
Between wks

within sites
B'n duplicates
W'n sites and
wks

Interaction
within person

Person 3
Between sites

within wks
Between wks

within sites
B'n duplicates
W'n sites and
wks

Interaction
within person

0.146 50,189

273 0.244 20,645
60 0.257 4,459

60 0.253 4,485

21 0.367 1,329

132 0.214 10,372

91 0.263 6,703
20 0.323 1,354

20 0.209 1,582

709 70.85 ± 1.00"'

665 29.15 ± 0.94
232 6.29 ± 0.33

202 6.33 ± 0.28

124 1.88 ± 0.18

518 14.64 ± 0.73

477 9.46 ± 0.67
189 1.91 ± 0.27

130 2.23 ± 0.18

7 0.450 385 97 0.54 ± 0.14

44 0.231 3,382

91 0.207 7,212
20 0.208 1,584

20 0.261 1,478

7 0.314 480

44 0.166 3,670

91 0.260 6,730
20 0.240 1,521

20 0.288 1,425

349 4.77 ± 0.48

309 10.18 ± 0.44
89 2.24 ± 0.12

109 2.09 ± 0.16

68 0.68 ± 0.10

232 5.18 ± 0.33

331 9.50 ± 0.47
111 2.15 + 0.16

123 2.01 ± 0.17

7 0.337 464 66 0.66 ± 0.09

44 0.245 3,320 278 4.69 ± 0.40

68.29 103.75 ± 1.47

31.71 91.93 ± 2.96 100 100 100
6.97 90.24 ± 4.72 21.60 ± 1.12 21.98 98.27 ± 5.11

6.97 90.82 ± 4.07 21.72 ± 0.97 21.98 98.82 ± 4.43

2.44 77.05 ± 7.38 6.44 ± 0.60 7.69 83.75 ± 7.80

15.33 95.50 ± 4.47 50.24 ± 2.50 48.35 103.91 ± 5.18

10.57 89.50 ± 6.36 100 100 100
2.32 82.33 ± 11.47 20.20 ± 2.81 21.98 91.90 ± 12.80

2.32 96.12 ± 7.79 23.60 ± 1.94 21.98 107.37 ± 8.84

0.81 66.67 ± 17.29 5.74 ± 1.45 7.69 74.64 ± 18.86

5.11 93.35 ± 9.48 50.46 ± 5.20 48.35 104.36 ± 10.77

10.57 96.31 ± 4.15 100 100 100
2.32 96.55 ± 5.29 21.96 ± 1.24 21.98 99.91 ± 5.63

2.32 90.09 ± 6.83 20.49 ± 1.51 21.98 93.23 ± 6.85

0.81 83.95 ± 12.35 6.66 0.94 7.69 86.61 ± 12.22

5.11 101.37 ± 6.49 50.89 3.21 48.35 105.25 ± 6.64

10.57 89.88 ± 4.41 100 100 100
2.32 92.67 ± 6.81 22.60 1.65 21.98 102.82 ± 7.49

2.32 86.64 ± 7.38 21.17 1.83 21.98 96.31 ± 8.31

0.81 81.48 11.11 6.89 0.98 7.69 89.60 ± 12.74

5.11 91.78 7.76 49.33 4.13 48.35 102.03 ± 8.54

a The similarity values in the matrix of all samples compared against all other samples were each subtracted from 100% to obtain the percent dissimilarity.
Appropriate subsets of dissimilarity values were added to give the amount of dissimilarity contributed to the total dissimilarity by each measured variable. The
95% confidence interval of each of these subtotals was determined by: Subtotal ± tN- 1.0.975 X xNX standard deviation. The calculation of the standard deviation
is explained in the text.

b 861 = (423; 588 = 3 x 142; 91 = (121; 20 = [(,6) - 3] + [()-2] + [(!) - 2]; 44 = 91 - 20 - 20 - 7; 273 = 3 x 91; 60 = 3 x 20; 21 = 3 x 7; 132 = 3 x 44. Here 7 is
the number of pairs of bacteriological samples per person.

c The calculation of the mean similarity g' is exemplified by 1 - (708.34/861) = 0.177.
d If all of the variation were random, then each subset of samples should contribute dissimilarity in proportion to the number of samples in the subset.
e +, half-width of 95% confidence interval (see the text for calculations).
f See footnote c of Table 4.

controlled, others overpopulate and require specific atten- APPENDIX A
tion. The information may be useful for designing suitable Variance of the estimated mean similarity. Suppose we have two

experiments, but it does not tell us whether tissue destruc- multinomial samples, of sample sizes M1 and M2, each with t
tion results from a specific flora (or floras) or whether categories. Let the sampled frequencies be denoted by (mi) and (ni)
changes in host resistance allow tissue destruction by types (i = 1, 2, ..., t) where E mi = M1, L ni = M2. Let the population
of flora that cause no measurable destruction at other times. frequencies be called Pi and Qi. Then m,1Ml, denoted by pi, is an

588
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TABLE 7. Dissimilarity distribution (calculated by geometric-mean similarity)a

Mean Sum of Half-width Total dissimilarity Dissimilarity within person(s)
Source of N com- similar- dissimi- of 95% Expected Observed % f Expected Observed

dissimilarity parisons ity larity confidence % of total % (if % of %of % (if % of
(g) values interval random) expected person(s) random) expected

Total 861 0.261 63,599 1,805 100 100 100
Between people 588 0.223 45,672 997 71.81 ± 1.56 68.29 105.15 ± 2.89
Within people 273 0.343 17,927 786 28.19 ± 1.24 31.71 88.90 ± 3.91 100 100 100
Between sites 60 0.355 3,873 250 6.09 + 0.40 6.97 87.37 ± 5.70 21.60 ± 1.40 21.98 98.27 ± 6.36

within wks
Between wks with- 60 0.352 3,888 235 6.11 ± 0.37 6.97 87.66 ± 5.36 21.69 ± 1.30 21.98 98.68 ± 5.93

in sites
B'n duplicates W'n 21 0.488 1,076 143 1.69 ± 0.22 2.44 69.26 ± 9.02 6.00 ± 0.80 7.69 78.02 ± 10.40

sites and wks
Interaction within 132 0.311 9,090 653 14.29 ± 1.02 15.33 93.22 ± 6.66 50.71 ± 3.64 48.35 104.88 ± 7.53

people
Person 1 91 0.396 5,497 517 8.64 ± 0.82 10.57 81.74 ± 7.76 100 100 100
Between sites 20 0.446 1,109 183 1.74 ± 0.29 2.32 75.00 + 12.47 20.17 ± 3.32 21.98 91.77 ± 15.11

within wks
Between wks with- 20 0.333 1,335 166 2.10 ± 0.26 2.32 90.52 ± 11.19 24.29 ± 3.01 21.98 110.51 ± 13.72

in sites
B'n duplicates W'n 7 0.609 274 91 0.43 ± 0.14 0.81 53.09 ± 17.28 4.98 ± 1.66 7.69 64.76 ± 21.59

sites and wks
Interaction within 44 0.368 2,779 387 4.37 ± 0.61 5.11 85.52 ± 11.84 50.55 ± 7.04 48.35 104.55 ± 14.56

person
Person 2 91 0.274 6,606 372 10.39 ± 0.59 10.57 98.30 ± 5.58 100 100 100
Between sites 20 0.286 1,428 94 2.25 ± 0.14 2.32 96.98 ± 6.24 21.62 ± 1.42 21.98 98.36 ± 6.43

within wks
Between wks with- 20 0.344 1,313 123 2.06 ± 0.19 2.32 88.79 ± 8.30 19.88 ± 1.87 21.98 90.45 ± 8.51

in sites
B'n auplicates W'n 7 0.391 426 73 0.67 ± 0.11 0.81 82.72 ± 13.58 6.45 ± 1.11 7.69 83.88 ± 14.43

sites and wks
Interaction within 44 0.218 3,439 298 5.41 ± 0.47 5.11 105.87 ± 9.21 52.06 ± 4.52 48.35 107.67 ± 9.35

person
Person 3 91 0.360 5,824 389 9.16 ± 0.61 10.57 86.66 ± 5.79 100 100 100
Between sites 20 0.332 1,336 139 2.10 ± 0.21 2.32 90.52 ± 9.24 22.94 ± 2.38 21.98 104.37 ± 10.84

within wks
Between wks with- 20 0.380 1,240 144 1.95 ± 0.23 2.32 84.05 ± 9.84 21.29 ± 2.47 21.98 96.86 ± 11.22

in sites
B'n duplicates W'n 7 0.463 376 75 0.59 ± 0.12 0.81 72.84 ± 14.81 6.46 ± 1.29 7.69 84.01 ± 16.78

sites and wks
Interaction within 44 0.347 2,872 330 4.52 ± 0.52 5.11 88.45 ± 10.10 49.31 ± 5.66 48.35 101.99 ± 11.69

person

a See footnotes a throughf of Table 6 for explanations.

estimate of Pi and n,1M2 = qj is an estimate of Qi. The "geometric-
mean" measure of similarity in the pair of populations is defined as
Y V\PiQi (1). It is estimated by X Vp,qi, which we have called g
although it is only an estimate.
A formula for the variance of g was given by van Belle and Ahmad

(12), namely:

var (g) (1/4) (11Ml+ 11M2)(1 - g2) (1)

It can be proved (Good and Smith, submitted for publication) that:

cov (gpq,gqr) = (4M2)-' (gpr - gpqgqr) (2)

where the notations are self-explanatory.
In the present paper we have computed a confidence interval for

various subtotals of dissimilarities. Each such calculation used
formulas (1) and (2) with the g's all taken as equal to the mean
similarity of all the pairs of bacteriological samples in the subset
corresponding to the subtotal.
As an initial estimate of the variance of g (or the dissimilarity 1 -

g) for a given subtotal, we computed s2 = yj(g, - g)2/(N - 1) where
gi is the estimated similarity for one pair of bacteriological samples.
This estimate does not allow for the covariances between pairs of
similarity measures. We therefore adjusted it by multiplying by 1 +
[(n,. x covariance)/(n,. x variance)] where n, is the number of
nonzero covariance terms, and n, = N is the number of variance

terms. The ratio of covariance to variance is approximated by
(4M2)-f (gpr - gpqgqr)/[(114) (Ml- + M2-1)(1 - g2)]. Since we have
assumed that gpr, etc., are all equal to g, and since the M's are all
equal to 30, we may write this approximation as (1/2)(g - g2)/(1 -
g2) = (1/2)gI(1 + g). We assume a corresponding result for g'.
As an example of the calculation of n, and nC, consider the total

similarity. There are 42 bacteriological samples in all, giving (4) =
861 pairs. The number of covariance terms is equal to the number of
pairs of pairs that have a bacteriological sample in common and is 3
(432) = 34440.
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