
Aggressive periodontitis, previously known
as early onset periodontitis (4, 5), is a
specific type of periodontitis with clearly
identifiable clinical and laboratory findings
that are sufficient to differentiate it from
other forms of periodontitis (30). Normally
it occurs in individuals younger than
30 years and is characterized by a relatively
rapid loss of attachment and alveolar bone
affecting many teeth in addition to perma-
nent first molars and incisors (30, 43, 52).

Furthermore, aggressive periodontitis oc-
curs in otherwise healthy individuals and
tends to run in families (5, 30). According to
the classification of periodontal disease,
aggressive periodontitis can be further
characterized by extent and severity. Thus,
localized and generalized forms, as well as
slight, moderate, and severe forms, are
recognized (4, 5, 30, 52). Microbiological
criteria were not mentioned in the current
classification as primary features separating

aggressive periodontitis from other forms of
periodontal disease (30).
The role of oralmicrobiota in the etiology

of various inflammatory periodontal dis-
eases has been well established, and specif-
icity may exist between certain bacterial
species or groups and the various forms of
periodontal disease (2, 18, 23, 25, 34, 35,
47). There have been studies evaluating the
microbiota associated with aggressive
periodontitis using culture, polymerase
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Background/aim: The purpose of this study was to determine the bacterial diversity in
the subgingival plaque of subjects with generalized aggressive periodontitis by using
culture-independent molecular methods based on 16S ribosomal DNA cloning.
Methods: Samples from 10 subjects with generalized aggressive periodontitis were
selected. DNA was extracted and the 16S rRNA gene was amplified with the universal
primer pairs 9F and 1525R. Amplified genes were cloned, sequenced, and identified by
comparison with known 16S rRNA sequences.
Results: One hundred and ten species were identified from 10 subjects and 1007 clones
were sequenced. Of these, 70 species were most prevalent. Fifty-seven percent of the
clone (40 taxa) sequences represented phylotypes for which no cultivated isolates have
been reported. Several species of Selenomonas and Streptococcus were found at high
prevalence and proportion in all subjects. Overall, 50% of the clone libraries were formed
by these two genera. Selenomonas sputigena, the species most commonly detected, was
found in nine of 10 subjects. Other species of Selenomonas were often present at high
levels, including S. noxia, Selenomonas sp. EW084, Selenomonas sp. EW076, Seleno-
monas FT050, Selenomonas sp. P2PA_80, and Selenomonas sp. strain GAA14. The
classical putative periodontal pathogens, such as, Aggregatibacter actinomycetem-
comitans, was below the limit of detection and was not detected.
Conclusion: These data suggest that other species, notably species of Selenomonas, may
be associated with disease in generalized aggressive periodontitis subjects.
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chain reaction, and other methodologies,
and available data have implicated Aggre-
gatibacter actinomycetemcomitans [form-
allyActinobacillusactinomycetemcomitans,
(38)] as the main pathogen of this infection
(6, 12, 13, 18, 46, 51, 56, 57), although not
in all populations (8, 15, 32, 48, 54).
However, after 21 years of age, the relative
frequency of detection of A. actinomyce-
temcomitans in cases of aggressive perio-
dontitis seems to decrease, with a
concomitant increase in the prevalence and
mean counts of other periodontal patho-
gens, such as Porphyromonas gingivalis,
Tannerella forsythia, Prevotella interme-
dia, Peptostreptococcus micros, Fusobac-
terium species, Selenomonas sputigena and
spirochaetes (2, 13, 21, 22, 25, 31, 37, 55).
By using molecular methods, over 700

bacterial species have been detected in the
oral cavity but only about 50% of oral
bacteria have been cultivated (1, 39). This
raises the interesting possibility that uncul-
tivated and as-yet-uncharacterized species
that have remained undetected may also
participate in the etiology of oral diseases,
including generalized aggressive periodon-
titis (GAgP).
The purpose of the present study was to

determine the microbial diversity of sub-
gingival plaque samples from periodontal-
ly untreated subjects with GAgP using 16S
rRNA clonal analysis.

Material and methods

Subject population

Ten subjects with GAgP were selected
from the population referred to the perio-
dontal clinic of Guarulhos University
(Guarulhos, SP, Brazil). A complete clin-
ical examination was performed, including
medical and dental histories, an intra-oral
examination, and a full-mouth periodontal
probing. The protocol for all procedures
was approved by The Institutional Com-
mittee of Ethics in Clinical Research of the
Guarulhos University and University of
São Paulo. All the subjects signed the
committee-approved informed consent.

Inclusion and exclusion criteria

Inclusion criteria were as follows: sub-
jects with GAgP were <30 years old, had
>15 natural teeth and exhibited at least
six sites with pocket depth and attach-
ment level measurements >5 mm locali-
zed in the first molars and/or incisors, and
three other sites with the same clinical
characteristics in non-first molars/incisors
teeth. These sites were located in different
teeth.

Exclusion criteria were as follows: pre-
vious periodontal therapy, pregnancy, nur-
sing, smoking, any systemic condition that
could affect the progression of periodontal
disease or that required antibiotic coverage
for routine dental therapy, and antibiotic
therapy in the previous 12 months.

Clinical examination

The clinical examination was performed by
one trained and calibrated examiner accord-
ing to Araujo et al. (3). Plaque accumula-
tion (0/1), gingival bleeding (0/1), bleeding
on probing (0/1), suppuration (0/1), pocket
depth (mm) and clinical attachment level
(mm) were measured at six sites per tooth
(mesiobuccal, buccal, distobuccal, distolin-
gual, lingual, and mesiolingual) in all teeth,
excluding third molar, at baseline visit.
Pocket depth and clinical attachment level
measurements were recorded to the nearest
millimeter using a North Carolina perio-
dontal probe (Hu-Friedy, Chicago, IL).

Microbiological examination

Sample collection

Subgingival plaque samples were collected
from one site per subject with pocket depth
‡7 mm. An additional periodontitis site and
one periodontally healthy site (pocket depth
£3 mm; bleeding on probing negative) in
one subject were also sampled. The selected
sites were randomized. After the clinical
parameters had been recorded, the supra-
gingival plaque was removed and the sam-
ples were taken with individual sterile
Gracey curettes and immediately placed in
separate polypropylene tubes containing
50 ll TE [10 mm Tris–HCl, 1 mm ethylen-
ediaminetetraacetic acid (EDTA), pH 7.6].

Bacterial lysis

For bacterial lysis, subgingival plaque
samples were directly suspended in 50 ll
TE buffer (10 mm Tris–HCl, 0.1 mm

EDTA, pH 7.6) and 0.5% Tween-20. Pro-
teinase K (200 lg/ml) (Roche Applied
Science, Indianapolis, IN) was added to
the mixture. The samples were then incu-
bated at 55�C for 2 h and proteinase K was
inactivated by heating at 95�C for 5 min.

Polymerase chain reaction amplification of

A. actinomycetemcomitans 16S rRNA

genes

A. actinomycetemcomitans 16S rRNA genes
were amplified under standardized condi-
tions using a species-specific primer set
(forward primer, 5¢-GTT TAG CCC TGG

TGCCCGAAG-3¢; reverse primer, 5¢-TGA
CGG GCG GTG TGTACA AGG-3¢) (33).
Primers were synthesized commercially (In-
vitrogen, SanDiego, CA). Polymerase chain
reactions (PCR) were performed in thin-
walled tubes with a GeneAmp PCR system
9700 (ABI, Foster City, CA). Five microl-
iters of the lysed sample was added to a
reaction mixture (final volume, 25 ll) con-
taining 25 pmol of each primer, 40 nmol
deoxynucleoside triphosphates, and 2.5 U
of platinum Taq polymerase (Invitrogen). In
a hot-start protocol, the samples were pre-
heated at 95�C for 4 min, followed by
amplification under the following condi-
tions: denaturation at 94�C for 30 s, anneal-
ing at 55�C for 30 s, and elongation at 72�C
for 1 min. A total of 30 cycles were
performed; followed by a final elongation
step at 72�C for 5 min. A. actinomycetem-
comitans ATCC 43718 and ATCC 29523
strains were used as positive controls. The
results of the PCR amplification were exam-
ined by electrophoresis in a 1% agarose gel.
The presence of A. actinomycetemcomitans
was determined by a distinct band of
547 base pairs (bp), which was sequenced.

PCR amplification of universal 16S rRNA

The 16S rRNA was amplified under stan-
dardized conditions using a modified uni-
versal primer set (forward primer 9F:
5¢-GAG TTT GAT YMT GGC TCA G-3¢;
reverse prime 1525R: 5¢-GAA GGA GGT
GWT CCA DCC-3¢) as described by Paster
et al. (39). Primers were synthesized com-
mercially (Invitrogen). PCR was performed
in thin-walled tubes with a GeneAmp PCR
system 9700 (ABI). One microliter of the
lysed samplewas added to a reactionmixture
(final volume, 50 ll) containing 20 pmol
each primer, 40 nmol deoxynucleoside tri-
phosphates, and 1 U platinum Taq polym-
erase (Invitrogen). In a hot-start protocol, the
samples were preheated at 95�C for 4 min,
followed by amplification under the follow-
ing conditions: denaturation at 95�C for
45 s, annealing at 60�C for 45 s, and elon-
gation at 72�C for 1.5 min, with an addi-
tional 15 s for each cycle.A total of 30 cycles
were performed; followed by a final elonga-
tion step at 72�C for 15 min. The products of
the PCR amplification were examined by
electrophoresis in a 1% agarose gel. DNA
was stained with ethidium bromide and
visualized under short-wavelengthUV light.

Cloning procedures

Cloning of PCR-amplified DNA was
performed using the TOPO TA cloning
kit (Invitrogen) according to the

Bacterial diversity of aggressive periodontitis 113



manufacturer’s instructions. The sizes of the
inserts were determined in a PCR using an
M13 (–20) forward primer and an M13
reverse primer (Invitrogen). Before sequen-
cing of the fragments, the PCR-amplified
16S rRNA gene fragments were purified and
concentrated according to Paster et al. (39).

16S rRNA sequencing

Quarter dye chemistry (BigDye Terminator
Cycle Sequencing Kit with Amplitaq DNA
polymerase FS) was used with 80 lm

primers and 1.5 ll PCR product in a final
volume of 20 ll. Cycle sequencing was
performed with a Gene amp PCR system
9700 (ABI) with 25 cycles of denaturation
at 96�C for 10 s, annealing at 55� for 5 s,
and extension at 60�C for 4 min. The
sequencing reactions were run on an ABI
3100 DNA sequencer (ABI).

16S rRNA sequencing and data analysis

of unrecognized inserts

Atotal of 1007cloneswith a16S rRNA insert
of the correct size of approximately 1500
bases were analyzed. The number of 16S
rRNA clones per subject thatwere sequenced
ranged from 71 to 96, with an average of
84 ± 6.2. A sequence of approximately 500
bases was obtained to determine identity or
approximate phylogenetic position. For
identification of the closest relatives, the
sequences of unrecognized inserts were
compared with the 16S rRNA sequences of
over 10,000 microorganisms in our database
and over 100,000 sequences in the Ribo-
somal Database Project (11) and GenBank.
The similarity matrices were corrected for
multiple base changes at a single position by
the method of Jukes and Cantor (20).
Similarity matrices were constructed from
the aligned sequences using those sequence
positions for which data were available for
90% of the tested clones. Phylogenetic trees
were constructed by the neighbor-joining
method of Saitou and Nei (44). TREECON,
a software package for Microsoft Windows,
was used for the construction and drawing of
evolutionary trees (53). Chimeric sequences
were identified using the Chimera check
program in RDP, by treeing analysis, or by
base signature analysis. Identification of
chimeras was obtained in four sequences,
and these sequences were not examined for
phylogenetic analysis.

RESULTS

Clinical data

Demographic characteristics and clinical
parameters are presented in Table 1. The

mean age of the studied population was
24.1 years, ranging from 20 to 27 years.
The full-mouth mean probing pocket depth
and clinical attachment levels were
4.67 ± 0.63 and 4.45 ± 0.97 mm, respect-
ively. The percentage of diseased sites was
high, with a mean of 59.3% sites showing
a probing pocket depth >4 mm per subject.
The mean probing pocket depth and clin-
ical attachment level of diseased sites were
8.5 and 8.8 mm, respectively.

Microbiological data

A. actinomycetemcomitans was detected
by PCR in seven of the 10 subjects. The
amplicons were sequenced and revealed
specificity for 16S rRNA of A. actinomyce-
temcomitans. Samples 1, 4, and 9 were
negative for the presence of A. actin-
omycetemcomitans (Fig. 1).
The phylogenetic identity of 1007 16S

rRNA gene clones was determined by
sequencing from 459 to 562 bp in each
clone. A level of 98.5% sequence identity
was used as the cut-off for identification
of a specific taxon. Overall, 110 bacterial
taxa/species were detected; 70 of the most
prominent taxa are shown in Fig. 1. Taxa
that were found only once in a single
subject were excluded from the phylo-
genetic analysis. Forty of these 70 more
prevalent taxa (57%) have not yet been
cultivated and were designated as
‘clones’. The taxa detected fell into four
bacterial phyla, namely, the Firmicutes
(including Streptococcus, Eubacterium,
Peptostreptococcus, Selenomonas and
related genera), the Spirochaetes (inclu-
ding Treponema) the Actinobacteria
(including Actimomyces and related gen-
era) and the Bacteroidetes (including
genera Porphyromonas and Capnocytoph-
aga). A. actinomycetemcomitans was not
detected in any of the samples by clonal
analysis.

Differences in bacterial profiles for each
subject are also presented in Fig. 1. Species
of Selenomonas and Streptococcus were
found in high prevalence and proportion in
all subjects. Overall, 50% of the clone
libraries consisted of these two genera.
S. sputigena, the species most commonly
detected, was found in nine of the 10
subjects. In three of these subjects, S. sputi-
gena was detected at high levels, compri-
sing 18–30% of the total. Other species of
Selenomonas were often present in high
levels, including S. noxia, Selenomonas
sp. EW084, Selenomonas sp. EW076,
Selenomonas FT050, Selenomonas sp.
P2PA_80, and Selenomonas sp. strain
GAA14. Streptococcus anginosus, Strepto-
coccus gordonii, Streptococcus inter-
medius, Streptococcus sp. FX003 and
Streptococcus cristatus were found in high
levels and proportions in four different
subjects. Other predominant bacterial
species detected were Dialister invisus,
Anaeroglobus geminatus (formally Mega-
sphaera sp. BB166),Veillonella sp.AA050,
Gemella morbillorum, Gemella sp. strain
933-88, and Capnocytophaga granulosa.
To analyze the variability among sites in

a single subject, two sites with pocket
depth ‡7 mm and one site with pocket
depth £3 mm were sampled. A total of 233
clones were analyzed in these three sam-
ples. Figure 2 shows the distribution and
prevalence of bacterial phyla in the two
disease sites and in one healthy site in the
same patient. Twenty-one different species
were found in the healthy site and 43
species were found in both diseased
sites. Veillonella parvula was found in
higher proportion in the healthy site and
Selenomonas sp. EW076, Selenomonas sp.
GAA14 and Eubacterium saphenum were
found in higher proportions in the diseased
sites. Only Selenomonas sp. P2PA_80 and
Streptococcus mitis were found in the three
samples in the same subject.

Table 1. Periodontal variables of generalized aggressive periodontitis subjects

Variables Mean values ± SD

Age (range) 24.1 ± 3.10 (20–27)
Gender (female/male) 8/2
Plaque accumulation (%; full mouth) 44.3 ± 12.1
Gingival bleeding (%; full mouth) 8.8 ± 6.3
Bleeding on probing (%; full mouth) 71.3 ± 25.4
Suppuration (%; full mouth) 5.41 ± 2.21
Mean probing pocket depth (mm; full mouth) 4.67 ± 0.63
Mean clinical attachment level (mm; full mouth) 4.45 ± 0.97
Mean number of sites with probing depth £3 mm 40.7 ± 8.05
Mean number of sites with probing depth 4–6 mm 39.5 ± 5.12
Mean number of sites with probing depth ‡7 mm 19.8 ± 3.23
Mean probing pocket (mm; sample sites) 8.5 ± 1.5
Mean clinical attachment level (mm; sample sites) 8.8 ± 1.4
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Discussion

The main objective of this study was to
characterize the microbial diversity in a
homogeneous group of young Brazilian

adults who had been diagnosed with
GAgP. Regarding the clinical characteris-
tics, the subjects with GAgP showed
advanced disease, and 59.3% of the sites
had pocket depths >4 mm. Similar figures

have been reported by other authors for
GAgP (23, 37, 55).
Previous studies that used the 16S rRNA

cloning and sequencing strategy have
shown that there are more than 700 species
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Fig. 1. Phylogenetic tree of bacterial phylotypes detected in generalized aggressive periodontitis subjects. Each column of boxes represents the bacterial
profile/subject. Grey-shaded boxes indicate presence of species detected at <10% of the total number of clones analyzed. Black-shaded boxes indicate
presence of species detected at >10% of the total number of clones analyzed. Clear boxes indicate that species were not detected (below the limit of
detection). The marker bar represents a 5% difference in nucleotide sequence.
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in the oral cavity, with 400 species in the
subgingival crevice alone (1, 28, 29, 39,
40). To our knowledge, the present study
represents the first report using these
molecular techniques to describe the bac-
terial diversity in subjects with GAgP. One
hundred and ten bacterial taxa were detec-
ted, and the 70 more prevalent species/taxa
are shown (Fig. 1). Of the 70 clones, 57%
of sequences represented phylotypes for
which no cultivated isolates have been

reported. This represents a higher ratio of
as-yet-uncultivated to unrecognized bac-
terial species than the approximately 40%
previously shown in other oral infections
and in healthy subjects (1, 26, 29, 39, 41,
45). A similar study analyzing subjects
with aggressive periodontitis from an older
population reported a more diverse micro-
bial population, and detected known
periodontal pathogenic organisms, such
as P. gingivalis and Treponema socranskii

subsp buccale. Differences in the primer
pairs used between both studies, as well as
differences in the studied populations, may
have accounted for the differences in the
results (19).
It was noteworthy that species of

Selenomonas dominated the diseased sites
of subjects withGAgP. S. sputigenawas the
most frequently detected bacterial species,
present in nine of the 10 subjects, often at
high levels of about 20% of the total

Fig. 2. Phylogenetic tree of bacterial phylotypes detected in two disease sites (D-1 and D-2) and one healthy site (S) in the same subject with generalized
aggressive periodontitis. Each column of boxes represents the bacterial profile/subject. Grey-shaded boxes indicate presence of species detected at <10%
of the total number of clones analyzed. Black-shaded boxes indicate presence of species detected at >10% of the total number of clones analyzed. Clear
boxes indicate that species were not detected (below the limit of detection). The marker bar represents a 5% difference in nucleotide sequence.
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bacterial population. This gram-negative,
multiflagellated, motile, anaerobic rod (27)
has been previously associated with necro-
tizing ulcerative periodontitis (16), rapidly
progressive periodontitis (24), and active
periodontitis lesions (17, 49). Other
predominant Selenomonas species were
Selenomonas sp. oral clone EW084, Se-
lenomonas sp. oral clone EW076, Seleno-
monas sp. oral clone FT050, Selenomonas
sp. strain GAA14, Selenomonas sp. oral
clone P2PA_80, and Selenomonas noxia.
All of these have been previously associated
with oral infections (14, 29, 39, 41). The
heavy colonization of Selenomonas species
observed in GAgP subjects was somehow
unexpected; however, some reports indicate
that an increased number of motile bacteria
have been observed in active periodontal
disease sites (36, 49). Therefore, the
high prevalence and proportion of species
of Selenomonas suggest a role for these
species in the etiology of aggressive
periodontitis.
Three other species found in high

levels were Anaeroglobus geminatus,
Dialister invisus, and C. granulosa. Both
A. geminatus and D. invisus have been
previously found in higher numbers in the
subgingival plaque of subjects with perio-
dontitis compared with healthy subjects
(28, 29, 39). Recently, C. granulosa has
been associated with chronic periodontitis
(9, 10).
In addition to subject-to-subject variab-

ility, significant differences were also
observed within a single subject (Fig. 2).
Such variation in subgingival microbial
profiles from site to site in the same
subject, and from subject to subject, had
been described recently by Teles et al. (50)
using checkerboard DNA–DNA hybrid-
ization and by other authors using culture
and molecular techniques (24, 35). Teles
et al. (50) suggested that subjects differ in
their subgingival microbiota and may have
different periodontal pathogens that could
be associated to their disease.
It was interesting that A. actinomyce-

temcomitans, considered a putative patho-
gen in GAgP, was not detected in the
sequence analyses of 16S rRNA libraries.
However, using PCR with species-specific
primers, seven of 10 subjects were positive
for A. actinomycetemcomitans. This spe-
cies has been previously reported in sub-
gingival plaque as a relatively small
proportion of the microbiota (23, 35, 57).
For example, culture studies showed that
A. actinomycetemcomitans was present in
proportions ranging between 2% and 5%
of the total cultivable subgingival flora
(35, 46, 57). With its high prevalence and

strong virulence, despite the low propor-
tion, A. actinomycetemcomitans is still
considered as associated to the etiology
of the disease, because even at low levels,
this species could be harmful to the
periodontium (7, 42).
This descriptive study illustrates the

breadth of bacterial diversity in subjects
diagnosed with GAgP. Even though super-
ior to cultivation methods for exploring
microbial diversity, DNA extraction, PCR,
and cloning have been reported as poten-
tial causes of bias (14). Although only a
limited number of subjects and sites were
analyzed, it was shown that the classical
putative periodontal pathogens were below
the limit of detection. These data suggest
that other species, notably species of
Selenomonas, may be associated with
disease in GAgP subjects. However, it is
premature to draw definitive conclusions
about the specific bacterial species or
complexes of species that are associated
with GAgP. We are currently developing
DNA probes for approximately 300 known
species and novel phylotypes for use in
DNA microarray formats (40). Conse-
quently, microbial profiles of a statistically
significant number of samples from
aggressive periodontitis can be readily
determined to identify and compare those
species or complexes of species that are
associated with this form of periodontal
disease.
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