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In this investigation, the penicillin-resistant and beta-lactamase-producing subgingival microbiota associated
with adult periodontitis was identified, and the impact of a recent exposure to penicillin on the recovery of
resistant organisms from this microbiota was assessed. Subjects with adult periodontitis were examined
clinically and microbiologically. Twenty-one subjects had a documented history of penicillin therapy within the
previous 6 months whereas an additional 21 subjects had no history of antibiotic use within 1 year. Subgingival
plaque samples were cultured anaerobically on nonselective and penicillin-containing elective media. MICs and
beta-lactamase production were determined for the isolates from the elective medium. The penicillin-resistant
microbiota consisted primarily of gram-negative organisms, including Bacteroides, Veillonella, Haemophilus,
Eikenella, and Capnocytophaga species. The prevalence (P < 0.05) and proportions (P < 0.005) of both
penicillin-resistant pigmented Bacteroides and Veillonella species were significantly greater in subjects with
recent penicillin exposure. Of the penicillin-resistant genera identified, beta-lactamase production was detected
in species of pigmented Bacteroides, Capnocytophaga, and Streptococcus. The prevalence of beta-lactamase-
producing Bacteroides species was significantly greater in subjects with recent penicillin exposure (P < 0.05).
Of the antibiotics examined, no single agent was uniformly effective against all of the penicillin-resistant strains,
but metronidazole and clindamycin were active against all of the penicillin-resistant pigmented Bacteroides
strains.

Penicillin has long been considered the drug of choice in
the treatment of odontogenic infections (11, 27). However,
reports of infections resistant clinically to penicillin therapy
(1, 4, 13, 41, 44), as well as reports of penicillin resistance
among species associated with these infections (8, 23), have
recently caused concern about the empiric use of this
antibiotic.
Although a variety of bacterial genera have previously

been associated with odontogenic infections, the predomi-
nant bacteria recovered include Bacteroides, Fusobacter-
ium, Peptococcus, and Peptostreptococcus species (3, 6, 7,
41, 42, 46). The involvement of Bacteroides species in
odontogenic infections is of particular interest, as investiga-
tions of abscess formation in animal models indicate a key
role of these species in the production and transmissibility of
experimental infections (21, 22, 32). Increasing patterns of
penicillin resistance have been reported among species other
than Bacteroides fragilis in surveys from hospital clincal
laboratories (8, 23), and microbiological examinations of
infections resistant to penicillin therapy have frequently
yielded beta-lactamase-producing Bacteroides species (4,
13, 41). The use of beta-lactam antibiotics has been associ-
ated with the emergence of beta-lactamase-producing Bac-
teroides species in the salivary and oropharyngeal
microbiota (5, 14).
Many of the bacterial species implicated in odontogenic

infections are routinely isolated from the subgingival
microbiota and, as in the case of the Bacteroides species, are
found in increased numbers in the subgingival microbiota of
individuals with adult periodontitis (31, 38, 45). The present
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investigation was undertaken to characterize the penicillin-
resistant and beta-lactamase-producing subgingival micro-
biota from individuals with adult periodontitis, to examine
the impact of a recent exposure to penicillin on the recovery
of these species, and to determine the susceptibility of these
microorganisms to antibiotic agents typically used as alter-
natives to penicillin in the treatment of odontogenic infec-
tions.

(This research was conducted by S. A. Kinder in partial
fulfillment of the requirements for the M. Dent. Sc. degree
from the University of Connecticut, Farmington, 1985. A
preliminary report of this work has been presented [S. A.
Kinder and K. S. Kornman, Abstr. 63rd Gen. Session Int.
Assn. Dent. Res., 1985, abstr. no. 1622, p. 355].)

MATERIALS AND METHODS

Subjects. A total of 42 subjects, 26 males and 16 females
(mean age of 49 years), were selected from the university
outpatient dental clinics. The subjects selected were in
generally good health; individuals with diabetes, autoimmune
disorders, or other conditions potentially influencing their
periodontal condition were not included. All subjects had
adult periodontitis, based on the criteria of a minimum age of
30 years and the presence of periodontal lesions with probing
depths of -5 mm in addition to crestal alveolar bone loss of
.4 mm as measured on recent bitewing radiographs. The
majority of subjects were untreated periodontally, and none

had received scaling or root planing within 2 months prior to
participation in the study. One half of the subjects had not
received any antibiotics within the previous year; these
subjects were designated the Pen(-) group. For the remaining
subjects, the Pen(+) group, a course of a non-penicillinase-
resistant penicillin (e.g., penicillin V or ampicillin) had been
prescribed within the previous 1 to 6 months. The course of
penicillin consisted of a minimum dosage of 1 g per day for
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an average of 8 days and was confirmed through consultation
with the subject's physician or dentist. Subjects with a history
ofchronic antibiotic use were excluded, and only one subject
had received an additional separate course ofpenicillin within
1 year prior to participating in the study. Three subjects had
received additional antibiotics within the previous 6 months:
one subject had received tetracycline and bactrim, one had
received erythromycin, and one had received metronidazole.

Clinical procedures. Clinical and microbiological examina-
tions (see below) were carried out on two sites in the
premolar/molar region per subject, with two exceptions: one
Pen(+) subject had only one site considered appropriate
based on selection criteria and a microbiological sample was
lost for one Pen(-) subject. Clinical examinations consisted
of a plaque index (30), a modified gingival index (20), and
probing depth and clinical attachment level measurements.
The scoring protocol for the gingival index was modified to
accommodate the sampling procedure; a score of 2 was used
to indicate bleeding after paper point placement (see micro-
biological procedures). The other scoring remained un-
changed.

Microbiological procedures. Microbiological sampling was
carried out after careful debridement of the supragingival
plaque, but before probing. Subgingival plaque samples were
obtained and processed according to the method of Korn-
man et al. (17). Briefly, three sterile paper points were placed
to the depth of the periodontal pocket for 10 s. The paper
points were removed and immediately placed in a vial of
sterile reduced transport fluid (35) and transported to a Coy
anaerobic chamber for processing (Coy Laboratory Prod-
ucts, Ann Arbor, Mich.). The plaque samples were dis-
persed, diluted in sterile reduced transport fluid, and plated
onto nonselective and elective media with an automatic
diluting and plating device (Spiral Systems, Bethesda, Md.).
Enriched tryptic soy agar (ETSA) was used as a nonselective
medium (36), while ETSA supplemented with pencillin G
(pen-ETSA) was used as an elective medium for the recov-
ery of penicillin-resistant organisms. The penicillin concen-
tration used in the pen-ESTA medium was titrated to
achieve a maximum level of 2 Fg of penicillin G activity per
ml (data not shown). After 5 to 7 days of incubation in the
anaerobic chamber at 37°C, the total number of CFU was
determined on both media. Colonies presumed to be pig-
mented Bacteroides strains on the basis of pigmentation or
fluorescence under UV illumination were subcultured from
the ETSA medium. From the pen-ETSA medium all pre-
sumed pigmented Bacteroides strains, as well as represen-
tative colonies of all other morphological types, were sub-
cultured onto the ETSA medium.

Pure cultures of the strains isolated from the pen-ETSA
medium were characterized by MICs of selected antibiotics,
as well as by the presence or absence of beta-lactamase
production (see below). For the purposes of this investiga-
tion, penicillin resistance was defined by an MIC of penicillin
G of .4 ,ug/ml or by the detection of beta-lactamase produc-
tion. All isolates from the ETSA medium, as well as the
penicillin-resistant isolates from the pen-ETSA medium,
were identified to the genus and species level according to
current taxonomic schemes. The identification was based on
colonial and cellular morphology, biochemical reactions,
fermentation patterns, use of chromogenic substrates (An-
Ident; API, Plainville, N.Y.), and gas-liquid chromato-
graphic analysis of metabolic end products (9, 16, 18).
Selected strains were additionally characterized by SDS-
polyacrylamide gel electrophoresis of precipitated and solu-
ble proteins by the method of Pearîman et al. (26) with

modifications (S. A. Kinder, K. S. Kornman, and S. C.
Holt, manuscript in preparation). Strains previously desig-
nated as Actinobacillus actinomycetemcomitans are in-
cluded in the Haemophilus genus according to the proposal
of Potts et al. (28). The pigmented Bacteroides species
include Bacteroides intermedius, Bacteroides melaninogeni-
cus, Bacteroides denticola, Bacteroides loescheii, and Bac-
teroides gingivalis.
MIC determinations. The MICs of penicillin G, ampicillin,

metronidazole, tetracycline (Sigma Chemical Co., St. Louis,
Mo.), and clindamycin (The Upjohn Co., Kalamazoo,
Mich.) were determined for all isolates from the pen-ETSA
medium. Antibiotic dilutions were prepared in sterile dis-
tilled water and stored at -70°C until used. MIC determina-
tions were carried out according to the agar dilution tech-
nique recommended for anaerobic species (24) with the
following modifications: the Wilkins-Chalgren test medium
was supplemented with 3% (vol/vol) sheep blood (Colorado
Serum, Colorado Springs, Colo.), 0.05% (wt/vol) sodium
formate, and 0.02% (wt/vol) sodium fumarate. Bacterial
strains to be tested were suspended in the recommended
thioglycolate broth to a McFarland standard of 0.5 immedi-
ately prior to inoculation. All MIC plates were inoculated in
the Coy anaerobic chamber with a replicating device
(Repliplate; Cathra International, Inc.). Control cultures
included in each test run were B. fragilis (ATCC 25285) and
Bacteroides thetaiotaomicron (ATCC 29741); the MICs for
these strains were within the previously defined range of
acceptable MICs (24).

Beta-lactamase detection. Beta-lactamase production was
determined for all pigmented Bacteroides species, as well as
for all strains isolated from the pen-ETSA medium with an
MIC of penicillin G of .2 ,ug/ml. A chromogenic cephalo-
sporin technique was used (with Cefinase disks; BBL Micro-
biology Systems, Cockeysville, Md.), as this method has
been shown to be the most reliable for anaerobic species (E.
Burkholder, S. Hansen, C. Benton, P. Freedy, T. Williams,
S. Marubio, R. Yogeu, and K. Eisenach, Abstr. Annu.
Meet. Am. Soc. Microbiol. 1983, C303, p. 362). Positive and
negative beta-lactamase controls consisted of pigmented
Bacteroides strains VPI 9331 and VPI 8944, respectively
(29).

Statistical analysis. Data analysis was carried out with the
Statistical Package for the Social Sciences (version 9.1;
SPSS Inc., Chicago, 111.). Differences between the Pen(-)
and Pen(+) groups were examined with the Student's t test
for parametric data and the Mann-Whitney U-test or chi-
square test, with Yate's correction, for nonparametric data.
The focus of the statistical analysis was to examine the
impact on the recovery of resistant organisms of a history of
recent penicillin administration. This is a subject variable,
and the analysis was therefore based on subject means (n =
42), with the exception of the analyses of plaque and gingival
indices, which were based on data from sample sites (n =
82). Due to technical difficulties, quantitative data was not
available on the single Pen(+) sample from which penicillin-
resistant Streptococcus species were recovered. Thus, anal-
ysis of the proportional data was not possible for this group
of microorganisms.

RESULTS

The Pen(-) and Pen(+) groups were very uniform in their
clinical profile (Table 1), and these data are consistent with a
diagnosis of adult periodontitis. The two study groups were
also very similar in the microbiological recovery from
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TABLE 1. Clinical profile of subject populations
Subject group Age (yr) Plaque index Gin.valindex Probing depth Attachment loss

(n = 21) (mm) (mm)

Pen (-) 52.6 + 12.Oa 1.5 ± 1.0 1.9 ± 0.4 6.0 ± 1.0 6.7 ± 1.3

Pen (+) 45.5 ± 13.1 1.3 ± 0.8 1.9 ± 0.5 6.2 + 1.3 6.9 ± 1.1

a Mean + standard deviation. No significant differences were found between the groups for any characteristic. All characteristics except for age are based on
two sample sites per subject.

ETSA; no significant differences in the total number ofCFU
or the number and distribution of isolated pigmented Bacte-
roides species were found (Table 2).
The penicillin-resistant strains recovered from the Pen(-)

group represented 1.7% of the total cultivable subgingival
microbiota (Table 3). In contrast, penicillin-resistant strains
represented 3.8% of the total cultivable microbiota in the
Pen(+) group, and this represented a significant difference
between the two study groups (P < 0.05). The increased
recovery of resistant microorganisms in the Pen(+) group

was accounted for primarily by a greater recovery of the
anaerobic (P < 0.005) and gram-negative (P < 0.005) spe-
cies. The distribution of penicillin-resistant species in the
two study groups was the same, and the majority of resistant
species were found to be members of the Bacteroides,
Veillonella, Eikenella, Capnocytophaga, and Haemophilus
genera (Table 3). Significantly greater percentages of resist-
ant pigmented Bacteroides species (P < 0.005), B.
intermedius (P < 0.05), the B. melaninogenicus and B.
denticola group (P < 0.05), the Veillonella species (P <
0.005), and Veillonella dispar (P < 0.005) were isolated from
the Pen(+) subjects (Table 3). Virtually all subjects were
found to harbor penicillin-resistant species (Fig. 1A). How-
ever, the prevalence of most resistant species was greater in
the Pen(+) group, as compared with the Pen(-) group (Fig.
1), with a significantly greater prevalance in the Pen(+)
group of penicillin-resistant pigmented Bacteroides species,
B. intermedjus, and Veillonella species (P < 0.05; Fig. 1B).

Beta-lactamase-producing species represented 0.7 and
1.3% of the total cultivable subgingival microbiota of the
Pen(-) and Pen(+) groups, respectively (Table 3). Of the
penicillin-resistant microorganisms identified, all pigmented
Bacteroides species with an MIC of penicillin G of 21 ,ug/ml,
as well as all resistant Capnocytophaga and Streptococcus
species, were found to produce beta-lactamase. The preva-
lence of beta-lactamase-producing subgingival microorgan-
isms is shown in Fig. 1A. Although 76% of the Pen(+)
subjects were found to harbor beta-lactamase-producing

microorganisms, compared with 48% in the Pen(-) group,

this difference was not statistically significant. In contrast,
the prevalence of pigmented Bacteroides species (Fig. 1B),
all of which were found to produce beta-lactamase, was

significant in the Pen(+) group (P < 0.05).
The in vitro susceptibilities of the predominant penicillin-

resistant strains are shown in Table 4. Since no differences
were observed in the susceptibility patterns of the isolates
recovered from either group, the data were combined. The
strains reported here were initially selected on the basis of
their resistance to penicillin, and this is reflected in the
MIC50 (the MIC for 50% of the strains) and the MIC90 of
penicillin G for all strains. High levels of penicillin resistance
occurred among Haemophilus and Streptococcus species,
for which the MIC90 of penicillin G was 264 ,ug/ml. Ampicil-
lin demonstrated comparable or slightly greater activity
against most species. For example, for the 32 isolates of B.
intermedius, the MIC50 of ampicillin was 8 ,ug/ml, compared
with an MIC50 of penicillin G of 16 ,ug/ml for the same
strains. Tetracycline resistance was evident in the pigmented
Bacteroides species, with the MIC90 ranging from 8 to 16
j.g/ml. In contrast, the pigmented Bacteroides strains were
uniformly susceptible to both metronidazole (MIC90 of 0.5 to
2 ,ug/ml) and clindamycin (MIC90 all <0.25 ,ug/ml). All of the
facultative isolates, i.e., the Haemophilus, Capno-
cytophaga, and Streptococcus species and Eikenella
corrodens, were resistant to metronidazole (MIC90 of 16 to
.128 ptg/ml). Whereas clindamycin inhibited the growth of
most isolates, resistance to this antibiotic was seen in the
nonpigmented Bacteroides species, Bacteroides gracilis (for
which the MIC90 was 8 ,ug/ml), E. corrodens (for which the
MIC90 was .128 ug/ml), and in the Haemophilus strains (for
which the MIC90 was 64 ,ug/ml).

DISCUSSION
Penicillin resistance among microorganisms found in the

subgingival microbiota is of significance in light of the
routine use of penicillin in the treatment of infections involv-

TABLE 2. Microbiological recovery on nonselective medium

% (range) total CFU of strain or strain group

Subject P dUnspeciated Total
Pigmented B. B. melaninogenicusl pigmented (range)

gro p Bacteroides intermedius B. denticola B. loescheii B. gingivalis Bacteroides CFU (106)
species specieSb

Pen (-) 12.8 9.5 0.5 <0.1 1.0 1.7 32.7
(3.0-23.5) (NDc-23.3) (ND-3.4) (ND-0.8) (ND-12.3) (ND-9.8) (4.4-143.8)

Pen (+) 10.6 6.0 0.6 0.3 2.5 1.2 24.2
(ND-54.5) (ND-16.7) (ND-8.2) (ND-2.7) (ND-48.5) (ND-10.3) (0.9-65.8)

a Figures represent mean percentages of total CFU for strains found in all subjects in a group. No significant differences were found between the groups for
any one strain. Mann-Whitney U-test (two-tailed).

b Strains not recovered on subculture.
c ND, Not detected.
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TABLE 4. In vitro susceptibility of penicillin-resistant
subgingival isolates to selected antibiotics

Organism (no. of MIC (ug/ml)
icrlffpc AntiAntibiotic

B. gracilis (52)

Veillonella
parvulal
Veillonella
atypica (19)

Veillonella dispar
(19)

B. intermedius (32)

B. melanino-
genicusi
B. denticola (48)

B. loescheii (24)

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G

Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Haemophilus Penicillin G
species (11) Ampicillin

Tetracycline
Metronidazole
Clindamycin

Capnocytophaga
species (7)

E. corrodens (25)

Streptococcus
species (6)

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

Penicillin G
Ampicillin
Tetracycline
Metronidazole
Clindamycin

'0.2
'0.2
'0.2
'<0.2

'<0.2
'<0.2
'<0.2
'<0.2

{ange 50%

4->128 4
25->128 1
25-32 1
25-16 0.5
25-64 2

4-32 8
Z5-8 1
15-2 1
25-4 1
15-2 -'0.25

4->128 8

sO.25->128

s0.25-64
s0.25-8
.0.25-8

2-64

0.5-64

s0.25-16
s0.25-0.5
s0.25-2

1-64

0.5-64

s0.25-64

s0.25-4
sO.25-1

2-64

1-64

s0.25-64
s0.25-2

s0.25

4->128
sO.25->128

0.5-4

2-> 128

4-128

4-16

s0.25-8
<0.25-2

2-16

s0.25

4->128

1->128

0.5-4

32->128

8->128

32->128

16->128

0.5-4

>128

<0.25-1

90%o

32
4
4
4
8

16
2
2
2
2

32

8 64
2 4
2 4

'0.25 2

16 16
8 16
1 8

'0.25 0.5
'0.25 '0.25

8 32
8 32
0.5 16

s0.25 2
-'0.25 '0.25

16 32
16 32
0.5 16
0.5 1

'0.25 '0.25

8 >128
8 32
2 4
4 32
8 64

8 16
4 8
1 1
8 16

-s0.25 0.25

4 8
2 4
1 4

128 >128
128 >128

>128 >128
32 64
2 4

>128 >128
0.5 1

lactamase-producing microorganisms recovered from the
periodontal microbiota belong primarily to the pigmented
Bacteroides species (40). In this investigation, approxi-
mately one-third of the penicillin-resistant subgingival

microorganisms isolated produced beta-lactamase, and the
majority of these strains were pigmented Bacteroides spe-

cies. There was a significantly greater proportion of beta-
lactamase-producing pigmented Bacteroides species recov-

ered from individuals who had a history of recent penicillin
therapy (P < 0.005). In contrast to Valdés et al. (40), who did
not report the presence of beta-lactamase-producing B.
intermedius strains from the subgingival microbiota, B.
intermedjus did represent a significant proportion of the
beta-lactamase-producing strains recovered in the present
study (Table 3). The reason for this difference is unclear,
although it may be due to the use of different media and a

different technique ofbeta-lactamase detection (Valdés et al.
used the microiodometric method) (40). Beta-lactamase-
producing strains of B. intermedius isolated from the
subgingival microbiota have been reported elsewhere (C. B.
Walker, J. D. Pappas, and M. B. Erlich, Abstr. 62nd Gen.
Session Int. Assn. Dent. Res., 1984, abstr. no. 466, p. 222).
B. gingivalis accounted for 15% of the pigmented Bacte-
roides recovered on the pen-ETSA medium (Table 2), but
interestingly, no beta-lactamase-producing or penicillin-
resistant B. gingivalis strains were detected. The reason for
the lack of penicillin resistance in B. gingivalis, in contrast to
the other pigmented Bacteroides species, is unclear.

In addition to the Bacteroides species, the other beta-
lactamase-producing bacteria recovered in this study in-
cluded Capnocytophaga and Streptococcus species. This is
a significant finding, since beta-lactamase production in the
genus Capnocytophaga had not previously been reported.
Although previous studies have reported that oral Veil-
lonella species produce beta-lactamase (40), we were not
able to detect production of the enzyme in the penicillin-
resistant Veillonella species recovered in this investigation.
Furthermore, whereas penicillin has often been reported
effective against Veillonella species (2, 34), penicillin resist-
ance has also been reported in this genus (12, 15, 40).
Although the actual numbers of penicillin-resistant and

beta-lactamase-producing species recovered in this investi-
gation were small, one would expect these species to prolif-
erate under the selective pressure of penicillin administra-
tion. Thus, in assessing the impact of the presence of these
microorganisms in the subgingival microbiota, the preva-

lence of resistant microorganisms may be of more impor-

tance that the actual numbers of microorganisms present. In
this investigation, both the prevalence and the proportions of
penicillin-resistant and beta-lactamase-producing pigmented
Bacteroides species were significantly greater in subjects
with a recent history of penicillin administration (P < 0.05
and P < 0.005, respectively). In light of the frequent asso-

ciation of Bacteroides species with odontogenic infections,
these results suggest that in patients with adult periodontitis
and odontogenic infections caused by periodontal microor-
ganisms, those individuals with a history of recent penicillin
administration should be considered at greater risk for
infections that will not respond to therapy with penicillin.

Beta-lactamase production has been found to be mediated
in certain microbial pathogens by transposable genetic ele-
ments (e.g., plasmids) and is associated with the rapid and
widespread dissemination of penicillin resistance in species
such as Neisseria gonorrhoeae and Haemophilus influenza
(10, 25, 39). The genetic basis of beta-lactamase production
in the species described in this investigation has not been
reported; if mediated by transposable genetic elements,
however, penicillin resistance in subgingival pathogens may
become a rapidly increasing clinical problem.
The susceptibility of the penicillin-resistant subgingival

isolates) R
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microorganisms, particularly the Bacteroides species, to
other antibiotics was of interest because of reports of
odontogenic infections that have not responded clinically to
penicillin therapy. Of the antibiotics commonly recom-
mended for the treatment of odontogenic infections (Table
4), we found that none were uniformly active against all of
the penicillin-resistant strains recovered from the subgin-
gival microbiota. Tetracycline was more active against the
majority of these strains compared with the other antibiotics,
but significant levels of resistance were seen in the pig-
mented Bacteroides strains. Both metronidazole and clinda-
mycin were effective in inhibiting the growth of many of
these strains, including the pigmented Bacteroides species.
Antimicrobial agents not examined in this investigation
include newly developed combinations of beta-lactam com-
pounds with beta-lactamase inhibitors (25). These agents
may be beneficial in the treatment of penicillin-resistant
odontogenic infections, and investigation of the susceptibil-
ity of common pathogens to these combined agents is
warranted.

In summary, in this investigation a recent systemic peni-
cillin exposure in subjects with adult periodontitis was
associated with a greater recovery of penicillin-resistant
pigmented Bacteroides and Veillonella species from the
subgingival microbiota. Beta-lactamase production was de-
tected in pigmented Bacteroides, Capnocytophaga, and
Streptococcus species. In vitro susceptibility data for the
antibiotics investigated here indicated that both metronida-
zole and clindamycin were active against all of the penicillin-
resistant pigmented Bacteroides strains and against many
other penicillin-resistant subgingival microorganisms.
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