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Five healthy children under 6 years of age, five healthy adults, and 10 adult
periodontitis patients were examined for the prevalence and distribution of black-
pigmented Bacteroides in the oral cavity. A total of 13 samples was obtained
from each individual, including four supragingival and four subgingival dental
plaques, dental occlusal surface, buccal mucosa, dorsal tongue, tonsil, and whole
saliva. Black-pigmented Bacteroides were recovered from nine adult periodontitis
patients. Healthy adults harbored the organisms in low incidence and proportions,
whereas the children exhibited no cultivable black-pigmented Bacteroides. The
organisms were isolated in highest proportions from dental plaque, especially
subgingival plaque, and from the tonsil area, indicating that these sites constitute
the organisms' primary ecological niche in the oral cavity. The predominant
isolate was Bacteroides melaninogenicus subsp. intermedius followed by Bacte-
roides gingivalis and B. melaninogenicus subsp. melaninogenicus. B. melanin-
ogenicus subsp. levii constituted low proportions of supragingival microflora of
one adult periodontitis patient. A positive correlation was demonstrated between
the proportion of black-pigmented Bacteroides (mainly B. melaninogenicus
subsp. intermedius) and both the severity of gingival inflammation and the
periodontal pocket depth, suggesting that these organisms may contribute to the
pathogenesis of certain forms of periodontal disease.

Black-pigmented Bacteroides species are
commonly isolated from severe anaerobic infec-
tions of the intestinal tract, the female genital
tract, and the respiratory tract (8). These orga-
nisms can also be present in high numbers in
adults with rapidly progressing periodontitis le-
sions (24) and in Macaca arctoides with exper-
imentally induced periodontal disease (20).
The pathogenic potential of Bacteroides mel-

aninogenicus subspecies, Bacteroides asaccha-
rolyticus, and Bacteroides gingivalis (previ-
ously oral B. asaccharolyticus [6]) is well estab-
lished. Strains of these species play an essential
role in transmissible subcutaneous infections
produced by complex mixtures of indigenous
oral bacteria (15, 22); they possess endotoxins
with bone resorption potential (10), they pro-
duce hydrogen sulfide, ammonia, and other cy-
totoxic substances (21), and they can elaborate
highly proteolytic enzymes, including collagen-
ase and trypsin (9). These organisms are also
able to inhibit phagocytosis and killing of other
bacteria by polymorphonuclear leukocytes (12),
and they can stimulate the host immune system
to produce substances with tissue-destroying po-
tential (16).

Little data is available on the prevalence and
distribution of B. melaninogenicus subsp. and
B. gingivalis in the oral cavity. Such informa-

tion might be valuable in elucidating the pattern
of these species' oral colonization and would also
be desirable and essential in treating oral infec-
tions by these organisms.

In this study, we aimed to examine the in-
traoral distribution of black-pigmented Bacte-
roides species in children and adults with a
healthy periodontium and in adults with mod-
erate to severe periodontal disease.

Correlations were also sought between the
microbiological findings and the clinical status
of the periodontal tissues.

MATERIALS AND METHODS
Subjects. A total of three subject groups was in-

cluded in this study. One group was comprised of five
children between the ages of 3 and 5 years with com-
plete deciduous dentition and a healthy periodontium.
One group consisted of five adults, 25 to 36 years of
age, with minimal gingival inflammation and no areas
of alveolar bone loss exceeding 1 mm. One group of 10
adults, 29 to 53 years of age, exhibited moderate to
severe alveolar bone breakdown (25 mm loss of peri-
odontal attachment) and significant gingival inflam-
mation on more than five teeth. kne of the subjects
had received dental treatment or antibiotic therapy at
least 6 months before this study.
Sample collection and processing. The following

13 sites were sampled in each adult periodontitis pa-
tient: supragingival and subgingival plaque from one
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proximal surface of an upper left molar or premolar
associated with gingivitis and alveolar bone loss; su-

pragingival and subgingival plaque from the facial
surface of a mandibular anterior tooth associated with
gingivitis and alveolar bone loss; supragingival and
subgingival plaque from one proximal surface of an

upper left molar or premolar associated with a healthy
periodontium; supragingival and subgingival plaque
from the buccal surface of three to four mandibular
left molars and premolars; left lateral tongue; left
tonsil; left buccal mucosa; occlusal surface of the max-
illary left teeth; and unstimulated whole saliva. Five
adult periodontitis patients exhibited no healthy peri-
odontal sites. In these subjects, sites with the least
inflammation and pocket depth were sampled. In the
children and healthy adults studied, a similar number
of oral sites was sampled. The supragingival and
subgingival plaque samples in these individuals were
collected from healthy or slightly inflamed sites. For
each plaque sample site, the pocket depth as deter-
mined by use of a Michigan probe, the gingival index
(17), and the plaque index (14) were determined. No
patients showed gross evidence of tonsillitis.

Supragingiva4 plaque was sampled by a sterile peri-
odontal curette. After removal of supragingival plaque
by means of sterile cotton balls, subgingival plaque
was collected on three paper points (Johnson Fine
Absorbent Points; Johnson and Johnson, East Wind-
sor, N.J.) inserted to the depth of the periodontal
pocket for 10 s each. Soft tissue samples and occlusal
plaque samples were collected with a Calgiswab, type
II (Inolex, Glenwood, Ill.) from an area of approxi-
mately 1 cm2. These samples were transferred within
1 or 2 s to 3 ml of prereduced, anaerobically sterilized
Ringer solution. Whole, unstimulated saliva was col-
lected by expectoration, and Vo ml ofsaliva was placed
in 3 ml of prereduced, anaerobically sterilized Ringer
solution. Further microbiological manipulations were
performed by using continuous anaerobic technique.

Samples of supragingival plaque were dispersed by
pulsed sonicaton (Sonifier Cell Disrupter, model 350;
Bronson Sonic Power Co., Danbury, Conn.) for 60 s at
25 W. After dispersion, the samples were serially di-
luted in 10-fold steps in prereduced, anaerobically
sterilized Ringer solution. Samples of appropriate di-
lutions were plated onto tryptic soy agar (Difco Lab-
oratories, Detroit, Mich.) supplemented with 5% rab-
bit blood, 5.0 tsg of hemin per ml, and 0.5 ,ug of
menadione (enriched tryptic soy agar) per ml and onto
a selective medium composed of enriched tryptic soy

agar supplemented with 40,ug of kanamycin (Sigma
Chemical Co., St. Louis, Mo.) per ml (as described by
K. Kornman, University of Connecticut, School of
Dental Medicine, Farmington, Conn.). After 7 days of
incubation in an anaerobic chamber (Coy Manufac-
turing Co., Ann Arbor, Mich.) containing 85% N2, 10%
H2, and 5% C02, the total number of colonies and the
total number of black-pigmented colonies on the blood
agar plates were enumerated. The proportional recov-

ery was calculated from the medium with the higher
number of black-pigmented colonies. Up to 10 black-
pigmented colonies selected at random were subcul-
tured from each sample site.

Using established procedures (5, 11), each pure cul-
ture was identified by Gram stain characteristics, mor-

phology, anaerobiosis, hemagglutination activity for
sheep erythrocytes, fermentation of glucose, starch,
esculin, fructose, mannose, and lactose, production of
catalase and indole, hydrolysis of starch and esculin,
and production of metabolic acids in peptone-yeast
extract-glucose broth cultures. The key criteria for
identifying black-pigmented, gram-negative anaerobic
rods as to species were as follows: B. gingivalis-des-
ignated oral organisms which were asaccharolytic, in-
dole positive, catalase negative, did not hydrolyze
starch or esculin, exhibited strong hemagglutinating
activity and produced acetic, propionic, isobutyric, n-
butyric, isovaleric, and phenylacetic acids as metabolic
acid end products. B. melaninogenicus subsp. inter-
medius organisms fermented glucose and fructose,
were indole positive, catalase negative, did not hydro-
lyze starch or esculin, and produced acetic, isobutyric,
and isovaleric acids as metabolic acid end products. B.
melaninogenicus subsp. melaninogenicus included
those organisms which fermented glucose, fructose,
and raffinose, were indole negative, catalase negative,
hydrolyzed esculin but not starch, and produced acetic,
isobutyric, and isovaleric acids. B. melaninogenicus
subsp. kevii were defined as organisms which fer-
mented glucose, were indole negative, catalase nega-
tive, did not hydrolyze esculin or starch, and produced
acetic, proprionic, isobutyric, n-butyric, and isovaleric
acids as metabolic acid end products. In addition, the
identification of black-pigmented organisms as to spe-
cies was substantiated by immunofluorescence with
specific antisera.

RESULTS
In Table 1 the relative recovery efficiency of

the nonselective blood agar medium and the
kanamycin-containing selective medium for cul-
turing organisms of the B. melaninogenicus
group is shown. B. melaninogenicus subspecies
and B. gingivalis were more frequently re-
covered on the selective medium than on the
nonselective medium when the organisms were
present in small proportions (<1%). When the
organisms composed a larger portion of the mi-
croflora, they were often recovered in greater
numbers on the nonselective medium than on
the selective medium.
Of the 20 individuals examined, black-pig-

mented Bacteroides species were recovered
from 9 of 10 adult periodontitis patients, from 3

TABLE 1. Relative recovery efficiency of selective
and nonselective media for black-pigmented

Bacteroidesa
No. of sites with higher counts on

Total B. melanino- the following medium':
genicusIB. gingivalis

Selective Nonselective

<1% 15 9
>1% 8 18

a A total of 50 positive sample sites.
b p < 0.025 as determined by chi-square analysis.
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of 5 healthy adults, and from none of 5 healthy
children.
The distribution of B. melaninogenicus sub-

species and B. gingivalis in healthy adults and
adult periodontitis patients is demonstrated in
Table 2. Of 65 sites examined in healthy adults,
5 sites (subgingival plaque, tongue, tonsil, and
occlusal surface [two sites]) yielded growth of
the organisms. The adult periodontitis group
exhibited cultivable B. melaninogenicus subspe-
cies and B. gingivalis in 35% ofthe supragingival
plaque samples, in 47% of the subgingival plaque
samples, in 20% of the saliva and buccal mucosa
samples, in 60% of the tonsil area samples, and
in 30% of the occlusal surface samples (Table 2).
The organisms were not recovered from the
tongue surface ofany adult periodontitis patient.

In Table 3 the proportional recovery of B.
melaninogenicus subspecies and B. gingivalis
from the infected sample sites is shown. In the
healthy adult group, black-pigmented Bacte-
roides species comprised 2% or less of the cultiv-
able microflora in all sample sites studied. In
contrast, these organisms constituted as much
as 24% of the supragingival plaque isolates, 59%
of the subgingival plaque isolates and up to 11%
of salivary and tonsillary isolates in the adult
periodontitis group (Table 3).

B. melaninogenicus subsp. intermedius, B.
melaninogenicus subsp. melaninogenicus and
B. gingivalis were recovered from healthy
adults without predominance of any species or
subspecies (Table 3). In the adult periodontitis
group, B. melaninogenicus subsp. intennedius
was recovered from eight adult patients, and it

TABLE 2. Oral infection of black-pigmented
Bacteroides species in periodontally healthy and

diseased adults
No. of sites with

cultivable B. mela-
ninogenicus sub-
species and B. gin-

Site givalis/total in:

Healthy Dis-
subjects eased

(5) subjects
(10)

Plaque (4 sites/subject)
Supragingival 0/20 14/40
Subgingival 1/20 18/40

Saliva 0/5 2/10
Tongue 1/5 0/10
Buccal mucosa 0/5 2/10
Tonsil 1/5 6/10
Occlusal surface 2/5 3/10

Total number of sample sites 65 130
Total number of infected sites 5 45
% Infected sites 8 35

was the only black-pigmented Bacteroides or-
ganism recovered in six patients. The propor-
tional recovery of this organism was as high as
40 to 60% in seven subgingival samples, whereas
the organism made up only 10 to 15% of the
total isolates in four supragingival plaque sam-
ples, in one saliva sample, and in one tonsil
sample (Table 3). B. gingivalis was recovered
from five study sites and comprised maximally
12% of the cultivable microflora (Table 3). B.
melaninogenicus subsp. melaninogenicus was
only isolated from three sites and formed less
than 1 to 10% of the cultivable flora (Table 3).
One supragingival dental plaque sample con-
tained organisms which biochemically and se-
rologically resembled B. melaninogenicus
subsp. levii.

In Table 3 the relationship ofblack-pigmented
Bacteroides between subgingival and supragin-
gival dental plaque samples in infected adult
periodontitis patients is shown. The organisms
were recovered from subgingival sites more fre-
quently and in higher proportions than from
supragingival sites.
A total of 10 tooth surfaces harbored these

bacteria both supragingivally and in the perio-
dontal pocket. B. melaninogenicus subsp. inter-
medius was an infecting organism of all these 10
tooth surfaces. One tooth surface of patient 6
was subgingivally infected with B. gingivalis,
while other sites were infected with B. melanin-
ogenicus subsp. intermedius. In patient 9, one
subgingival site harbored B. melaninogenicus
subsp. intermedius and B. melaninogenicus
subsp. melaninogenicus and the corresponding
supragingival site was infected with B. melanin-
ogenicus subsp. intermedius, B. melaninogeni-
cus subsp. levii, and B. gingivalis.
Spearman rank order correlation (3) was used

to determine the relationship between the recov-
ery of black-pigmented Bacteroides and the
periodontal pocket depth and the gingival in-
flammation index. A highly significant, positive
correlation (P < 0.001) was found between the
proportion of cultivable subgingival B. melanin-
ogenicus-B. gingivalis and the periodontal
pocket depth (Table 4). There were also signifi-
cant positive correlations (P< 0.01) between the
proportions of cultivable B. melaninogenicus-B.
gingivalis in supragingival and subgingival den-
tal plaque samples and the gingival inflamma-
tion index. No significant correlation was dem-
onstrated between the proportions of supragin-
gival B. melaninogenicus-B. gingivalis isolates
and the periodontal pocket depth.

DISCUSSION
The large number of bacterial species which

inhabit the oral cavity limits the number of

INFECTr. IMMUN.
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TABLE 3. Distribution of cultivable B. melaninogenicus subspecies and B. gingivalis in the oral cavity of
periodontally healthy and diseased adultsa

% of organism at the following sitesb:

Tooth Pocket Gingi- PlaquePatient
n.

depth val mn- Buccal Occlu-
(mm) dex . . Saliva Tongue mucca Tonsil sal sur-Supragingi- Subgin- mucosa face

val gival

Healthy (3 of 5)
1 28,M 4 1 <1,I 1,M
2 <1,G
3 2,G <1,I

Periodontitis (9 of 10)
4 10,M
5 19,B 3 1 <1,I <1,I

8,M 4 1 <1,I
6 3,M 7 1 9,1 9,I 10,I <1, <1,I

23,D 5 2 <1,1 43,I
4,M 3 0 <1,I

19, B 2 0 <1, G
7 10,M 7 2 <1,I 49,I<1,I

19, D 5 1 <1,I
4, D 5 1 2,I

8 4,M 3 1 2,I 2,1 <1, I 3,1 <1,I <1,I
12, M 7 1 <1, 1
18, B 3 0 <1, I

9 31,M 5 2 12,I<1,L 49,I
12,G <1,M 2,G

29, D 4 2 11,I 51,I
24, M 6 2 13,1 59,I
4,M 4 2 10,1 11,I

10 12,M 3 1 <1,I 55,1<1,I
18,M 6 1 <1,I
24,M 8 2 8,I

11 3,D 6 1 28,I
30, D 8 1 30,I
14,M 7 1 <1,I 41,I

12 11,I

a Symbols for organisms are: I, B. melaninogenicus subsp. intermedius-; M, B. melaninogenicus subsp. melaninogenicus; L,
B. melaninogenicus subsp. levii; G, B. gingvalis.

bOnly sites infected with black-pigmented Bacteroides are listed.

TABLE 4. Statistical correlations between the
proportion of B. melaninogenicus-B. gingivalis and

clinical indexes in adult periodontitis patients
Correlation rho' P

B. melaninogenicus-B. gingivalis cul- +0.74 0.001
tivable from subgingival plaque and
pocket depth

B. melaninogenicus-B. gingivalis cul- +0.687 0.01
tivable from subgingival plaque and
gingival inflammation index

B. melaninogenicus-B. gingivalis cul- +0.286 0.1b
tivable from supragingival plaque
and pocket depth

B. melaninogenicus-B. gingivalis cul- +0.716 0.01
tivable from supragingival plaque
and gingival inflammation index

aSpearman rank order correlation coefficient.
Not significant.

subjects and sites which practically can be sub-
jected to comprehensive microbiological char-
acterization. Identification and enumeration of
B. melaninogenicus organisms are facilitated by
these species' black-pigmented colonies and the
availability of a medium for their selective iso-

lation. Our data, in agreement with previous
findings by Kornman (personal communication),
showed that the selective medium is especially
suitable for recovery of black-pigmented Bacte-
roides when they are present in small numbers.

In our examination of children from 3 to 6
years of age with a complete deciduous denti-
tion, we were unable to demonstrate any B.
melaninogenicus subspecies or B. gingivalis.
Berger et al. (2) reported similar findings in
preschool children. De Araujo and MacDonald
(7) found 4 of 15 children from 3 to 7 years of
age to be infected with the organisms, and Bailit
et al. (1) demonstrated in 320 children that
black-pigmented Bacteroides increased in prev-
alence during the period of mixed dentition. On
the basis of the available data, it seems reason-
able to assume that organisms of the B. mela-
ninogenicus group commonly colonize the oral
cavities of children relatively late.

B. melaninogenicus subspecies and B. gingi-
valis have been reported present in low numbers
and proportions in dental plaque of adults with

VOL. 32, 1981
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healthy periodontal tissues and more abun-
dantly present in adults with advanced perio-
dontal disease (13,19). Our data agree with these
findings. Healthy adults exhibited black-pig-
mented Bacteroides only in 1 of40 dental plaque
samples, whereas the adult periodontitis group
had these organisms in proportions up to 59% in
32 of 80 plaque samples.
Study of the distribution of B. melaninogen-

icus subspecies and B. gingivalis on oral mucous
membranes revealed that adult periodontitis pa-
tients harbored the organisms at more oral sites
than did healthy adults. However, even in the
most infected individuals, the organisms gener-
ally constituted less than 1% of the cultivable
microflora of tongue, buccal mucosa, occlusal
surface, and saliva samples. In tonsil sites, on
the other hand, 6 of 10 adult periodontitis pa-
tients examined harbored black-pigmented Bac-
teroides species in proportions up to 11% of the
cultivable microflora. Burdon (4) also recovered
B. melaninogenicus in high proportions from
each of 16 excised tonsils. It appears that after
bacterial dental plaque, the tonsil area serves as
the next most common oral site of infection for
these organisms. The possibility exists that the
tonsils may be a nidus for infection of other oral
sites, including the periodontal pocket area, with
B. melaninogenicus organisms.
The positive correlation between the propor-

tion of black-pigmented Bacteroides in subgin-
gival areas and periodontal pocket depth as dem-
onstrated in this study points to the importance
of these organisms in the pathogenesis of perio-
dontal disease. The cross-sectional nature of our
study, however, excluded the determination of
the organisms as primary etiological agents or
secondary invaders in the periodontal disease
process. Several tooth surfaces harbored the or-
ganisms subgingivally but not supragingivally,
and no correlation was found between the pro-
portion of the organisms in supragingival dental
plaque and the periodontal pocket depth. This
finding may reflect a less favorable growth en-
vironment in the supragingival area, but could
also be due to the patients' efforts at oral hy-
giene. In this study we found a positive correla-
tion between both the subgingival and supragin-
gival proportion ofblack-pigmented Bacteroides
(mainly B. melaninogenicus subsp. interme-
dius) and gingival inflammation. In contrast,
Tanner et al. (24) only found minimal gingival
inflammation associated with B. melaninogeni-
cus subsp. intermedius. Another unidentified
organism may contribute to the gingival inflam-
mation in our adult periodontitis group or the
host response of the patients examined in the
two studies may have differed.

INFECT. IMMUN.

The difference in periodontopathic potential
between the various species and subspecies of
black-pigmented Bacteroides is not known. In
our study, B. melaninogenicus subsp. interme-
dius was the predominant organism in adult
periodontitis lesions. Slots (18) and Spiegel et al.
(23) found B. gingivalis to predominate in most
adult periodontitis lesions. Tanner et al. (24)
reported that in a group of eight patients with
advanced destructive periodontitis, two har-
bored mainly B. gingivalis and one mainly B.
melaninogenicus subsp. intermedius. The pre-
dominance of B. gingivalis or B. melaninogen-
icus subspecies may be associated with differ-
ences in type and activity of the periodontal
disease studied which cannot be satisfactorily
quantitated with available, relatively insensitive
clinical measurements. An alternative explana-
tion is that B. gingivalis and B. melaninogeni-
cus subsp. intermedius may not differ signifi-
cantly in periodontopathic potential.
Both B. melaninogenicus subsp. intermedius

and B. gingivalis appear to be important perio-
dontopathic organisms. Further study is neces-
sary to define the role of these bacteria in the
pathogenesis of human periodontal disease.
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