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Abstract
Aim—This study compared the subgingival microbiota of subjects with refractory periodontitis
(RP) to those in subjects with treatable periodontitis (GR) or periodontal health (PH) using the
Human Oral Microbe Identification Microarray (HOMIM).

Methods—At baseline, subgingival plaque samples were taken from 47 periodontitis and 20 PH
individuals, and analyzed for the presence of 300 species by HOMIM. The periodontitis subjects
were classified as RP (n=17) based on mean attachment loss (AL) and/or >3 sites with AL ≥2.5
mm after SRP, surgery and systemically administered amoxicillin and metronidazole or as GR
(n=30) based on mean attachment gain and no sites with AL ≥2.5 mm after treatment. Significant
differences in taxa among groups were sought using the Kruskal Wallis and Chi-square tests.

Results—More species were detected in diseased patients (GR or RP) than those without disease
(PH). RP subjects were distinguished from GR and PH by a significantly high frequency of
putative periodontal pathogens such as, Parvimonas micra, Campylobacter gracilis, Eubacterium
nodatum, Selenomonas noxia, Tannerella forsythia, Porphyromonas gingivalis, Prevotella spp.,
Treponema spp., Eikenella corrodens, as well as “unusual” species (Pseudoramibacter
alactolyticus, TM7 spp. oral taxon (OT) 346/356, Bacteroidetes spp. OT 272/274, Solobacterium
moorei, Desulfobulbus sp. OT 041, Brevundimonas diminuta, Sphaerocytophaga sp. OT 337,
Shuttleworthia satelles, Filifactor alocis, Dialister invisus/pneumosintes, Granulicatella adiacens,
Mogibacterium tidmidum, Veillonella atypica, Mycoplasma salivarium, Synergistes sp. cluster II,
Acidaminococcaceae [G-1] sp. OT 132/150/155/148/135) [p<0.05]. Species that were more
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prevalent in PH than in periodontitis patients included Actinomyces sp. OT 170, Actinomyces spp.
cluster I, Capnocytophaga sputigena, Cardiobacterium hominis, Haemophilus parainfluenzae,
Lautropia mirabilis, Propionibacterium propionicum, Rothia dentocariosa/mucilagenosa,
Streptococcus sanguinis (p<0.05).

Conclusion—RP patients present a distinct microbial profile compared to patients in the GR and
PH groups as determined by HOMIM.

Keywords
Refractory periodontitis; subgingival microbiota; periodontal pathogen; HOMIM; periodontal
therapy

Introduction
Over the years, microbiological studies based on cultural and molecular methods have
identified over 700 bacterial species in the human oral cavity.1–6 More than 400 of these
species have been detected in the periodontal pocket, and approximately half of the taxa
have not yet been cultivated.4, 5 Furthermore, substantial microbial diversity among different
sites in the oral cavity, and/or people has also been observed.4–8 Although most of these
organisms are commensal, several bacterial species, including those that cannot be grown in
vitro, have been associated with either periodontal health or disease.2–4, 8, 9 Consequently,
knowledge of the bacterial diversity in the subgingival biofilm is important for the diagnosis
and rational treatment of periodontal diseases.

The major goal of periodontal therapy is to reduce or eliminate the pathogenic species and
maintain colonization by host-compatible species.10, 11 Most periodontal diseases are treated
predictably by conventional periodontal therapy, including scaling, periodontal surgery,
systemically administered antibiotics, and regular maintenance.12, 13 Certain subjects with
destructive periodontal disease, however, respond poorly to conventional therapy and
continue to show loss of periodontal attachment despite treatment.14, 16 These subjects have
been referred to as exhibiting “refractory periodontal disease”.17 The biological basis for
refractory periodontitis is poorly understood, and studies have indicated that these
individuals exhibit clinical, microbiological, and immunological heterogeneity.18–28 Several
hypotheses have been proposed to explain this condition, including the existence of an
infection caused by specific pathogenic species (possibly newly recognized or
“uncultivable” species) in a susceptible host.23–26 Therefore, identification of the microbiota
in refractory periodontitis is warranted, in order to lead to a more effective therapy.29 In the
current study, we used a new 16S rRNA-based microarray method, the Human Oral Microbe
Identification Microarray (HOMIM),30 to test the hypothesis that subjects with refractory
periodontal disease (RP) can be distinguished from subjects with treatable periodontitis
(GR= Good Responders) and periodontal health (PH) based upon their baseline subgingival
microbial profiles.

Material and methods
Subject Population

The subject population was comprised of 67 patients in good general health, recruited
between April 2003 and February 2007, from the Clinical Center for Periodontal Research at
The Forsyth Institute, and the Clinical Research Center at the Boston University Goldman
School of Dental Medicine. Informed consent was obtained from all enrolled individuals.
The study protocol was reviewed and approved by the Institutional Review Boards at The
Forsyth Institute and Boston University Medical Center. All subjects had at least 20 natural
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teeth and were over 20 years of age. Subjects with periodontitis were selected that had ≥ 5
sites with pocket depth and attachment loss ≥ 6 mm at baseline. Subjects in the PH group
had no pockets > 3 mm and no attachment loss > 2 mm at any site. Exclusion criteria
included pregnancy, lactation, systemic conditions that could affect the progression or
treatment of periodontal diseases, and any known allergy to amoxicillin and/or
metronidazole. In addition, subjects who had received systemic antibiotics or periodontal
therapy in the previous 6 months were excluded.

Clinical Monitoring
Periodontal clinical measurements were performed at 6 sites per tooth at all teeth excluding
third molars,31 and included: probing depth (PD) and clinical attachment level (CAL)
measured using a North Carolina periodontal probe#, presence or absence of gingival
redness, suppuration, bleeding on probing, and supragingival plaque accumulation. Pocket
depth and attachment level measurements were repeated within a subject at each visit.
Duplicate measurements were compared to ensure a standard deviation of <1.0 mm, and the
means of pairs of attachment level measurements at different visits used to determine
disease progression. The same examiner performed all measurements for each subject at
every visit. Examiners at both centers were trained and calibrated on the periodontal
measurements. Clinical measurements were taken at baseline and at 3, 6, 9, 12 and 15
months post therapy.

Treatment Protocol
After completion of baseline monitoring, subjects with evidence of destructive periodontal
disease received full mouth scaling and root planing (SRP) under local anesthetic,32 and
instruction in proper home care procedures within a 4-week period. Approximately 2 months
after the completion of SRP, the subjects received modified Widman flap surgery in
quadrants with residual pockets > 4 mm. At the first surgical visit, subjects were asked to
take 500 mg amoxicillin and 250 mg metronidazole 3 times daily for 14 days. The surgical/
antibiotic phase was completed within 4 weeks. Subjects then entered a maintenance and
clinical monitoring phase with visits at 3, 6, 9, 12 and 15 months where clinical
measurements, maintenance scaling and reinforcement of home care procedures were
performed. GR had full mouth mean attachment level gain and no sites with attachment loss
≥ 2.5 mm during one year after either SRP or surgery with antibiotics. Any subject showing
mean attachment loss, and/or > 3 sites with attachment loss ≥ 2.5 mm from the baseline visit
to any monitoring visit within 1 year post-therapy was defined as having refractory
periodontal disease (RP).

Subgingival Sample Taking and Isolation of Bacterial DNA
After removal of supragingival biofilm with sterile gauze, individual subgingival biofilm
samples were taken from the mesio-buccal aspect of up to 14 teeth in different quadrants (1
and 3 or 2 and 4) per subject using sterile periodontal curettes#. Each sample was placed in
separate 1.5 ml tubes containing 50 µl of TE (50 mM Tris-HCl, 1 mM EDTA, pH 7.6). For
bacterial DNA extraction, 44 µl of each sample was taken, and 0.5% Tween 20 ** and 1 µl
of Proteinase K (10 mg/ml) †† were added. The samples were heated at 55°C for 2 h, and at
95°C for 5 min for inactivation of Proteinase K. All samples were stored in a freezer at −80
°C prior to PCR amplification.

#Hu-Friedy, Chicago, IL
**Sigma-Aldrich, Inc., St. Louis, MO
††Promega, Madison, WI
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Amplification of 16S rRNA Genes
The 16S rRNA genes of each sample were amplified in two separate PCR reactions using
different primer sets. In the first PCR reaction, a mix of two forward primers at 1:1 ratio (4F:
5`-CCAGAGTTTGATYMTGGC-`3 and 6F:5`-GACTAGAGTTTGATYMTGGC–`3), and
the reverse primer 1541R (5`-GAAGGAGGTGWTCCADCC-`3) ‡‡ were used. One
microliter of the DNA template was added to a reaction mixture (25 µL, final volume)
containing 5 pmol of the 4F and 6F primer mix, 15 pmol of the 1541R primer, 2.5 µL 10·X
high fidelity PCR buffer, 2 mM MgSO4, 0.5 µL deoxynucleotide triphosphate mixture (10
mM), and 1 U Taq polymerase §§. In the second PCR amplification, the forward primer mix
described above and the 1492R reverse primer (5`-GYTACCTTGTTACGACTT-`3) ‡‡ were
used. One microliter of the DNA template was added to a reaction mixture (25 µL final
volume) containing 15 pmol of the forward primer mix, 5 pmol of the 1492R primer, 2.5 µL
10·X high fidelity PCR buffer, 2 mM MgSO4, 0.5 µL deoxynucleotide triphosphate mixture
(10 mM, 0.2 mM final concentration of each deoxynucleotide), and 1 U Taq polymerase §§.
The PCR program was carried out in thin-walled tubes with a thermocycler ║║ and
included an initial denaturation step at 94°C for 2 minutes, followed by 32 cycles of
denaturation at 94°C for 30s, annealing at 55°C for 30s, elongation at 68°C for 1.5 minute
with an additional 1 s for each cycle, and a final elongation step at 68°C for 10 minutes. The
PCR products were analyzed on a 1.5% agarose gel electrophoresis in Tris-borate-EDTA
buffer, stained ¶¶ and visualized under short-wavelength UV light. The PCR reactions were
combined for each sample providing a 50 µL PCR product. The PCR products were purified
using a DNA purification kit ## according to the manufacturer’s instructions for further
labeling.

Labeling of Samples
Purified PCR products were labeled via the incorporation of Cy3-dCTP *** during another
amplification reaction. Briefly, 7 µL of each product were added into a 25 µL reaction
mixture containing 15 pmol of the forward primer 9F (5`-
GAGTTTGATYMTGGCTCAG-3`) ‡‡, 5 pmol of the 1492R primer ‡‡, 2.5 µL 10·X high
fidelity PCR buffer, 2 mM MgSO4, 2.5 µL of deoxynucleotide triphosphate mixture without
deoxycytidine triphosphate (10 mM, 0.2 mM final concentration of each deoxynucleotide),
2.5 µL of deoxycytidine triphosphate mixture (1 µL of 1 mM Cy3-dCTP + 4 µL of 2 mM
dCTP, 0.2 mM final concentration), 0.25 µL 10% Triton X, and 1.25 U Taq polymerase §§.
The PCR program included an initial denaturation step at 94°C for 2 minutes, followed by
40 cycles of denaturation at 94°C for 30s, annealing at 55°C for 30s, elongation at 68°C for
1.5 minute with an additional 1 s for each cycle, and a final elongation step at 68°C for 10
minutes. The PCR products were purified using a purification kit ## according to
manufacturer instructions.

Capture Probes and Slide Printing
16S rRNA-based oligonucleotide reverse capture probes were custom synthesized ††† with a
5’-(C6)-amine modified base, eight spacer thymidines and 18 to 20-nucleotides of target
sequence, and printed (Michigan State University Research Technology Support Facility) on
25 × 76 mm aldehyde-coated glass slides ‡‡‡. A total of 400 oligonucleotide probes

‡‡Invitrogen, Carlsbad, CA
§§Platinum® Taq DNA Polymerase High Fidelity, Invitrogen, Carlsbad, CA
║║Perkin-Elmer 9700, Applied Biosystems, Foster City, CA
¶¶SYBR ® Safe, Molecular Probes, Inc., Eugene, OR
##QIAquick® PCR Purification Kit, Qiagen Inc., Valencia, CA
***GE Healthcare Bio-Sciences Corp., Piscataway, NJ
†††Sigma Genosys, The Woodlands, TX
‡‡‡Schott-Nexterion® Slide AL, Louisville, KY
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targeting over 300 bacterial taxa 33 (Table S1 in the supplemental material) were printed on
each microarray. Probes targeting more than two closely related species appeared as clusters
(37 altogether). Oral taxon designations for each species are provided as defined in the
Human Oral Microbiome Database.34 Included on each array were positive controls, i.e.
“universal” probes that hybridize with all or most bacterial species, and provide both array
orientation and labeling efficiency, as well as negative controls to determine array
background levels. A universal 16S rRNA probe was also printed in a series of
concentrations in order to monitor signal linearity. Moreover, probes were designed to have
the same melting temperature (51–53°C), and G+C content. Regarding sensitivity, the lower
limit of detection for the HOMIM array is about ≥ 104 bacterial cells. Five copies of the
array were printed per slide, each one printed as four 8 × 15 duplicate sub-arrays. Probes
were arranged phylogenetically on each sub-array (Figure 1).

Microarray Hybridization and Reading
Prior to hybridization, slides were blocked with sodium borohydride (NaBH4, 1× PBS, 99%
ethanol) in order to reduce unreactive aldehyde groups, thus minimizing the fluorescent
background. One cover slip was used to cover the pair of duplicate arrays, allowing for 5
separate experiments per slide. Fourteen microliter of each labeled and purified PCR sample
were mixed with 6 µl of hybridization buffer containing 2× SSC, 0.2 µg/µl yeast tRNA,
0.1% SDS, and heated for 5 minutes at 100°C. After that, 10 µl of each solution were loaded
slowly at one corner and under the cover slip, allowing capillary action to pull the solution
over the array. Slides were then placed on incubation racks in a humidified chamber, and
hybridization was then performed at 55°C for 16 h in a microarray incubator§§§. Slides were
removed from the hybridization chamber and sunk into a water bath containing a washing
solution (2× SSC, 10%SDS, at 55°C) to remove the cover slips. The slides were washed
using an automated microarray robotic instrument║║║. A washing program was set up as
follow: one washing in buffer (2× SSC, 10%SDS) at 55°C for 2 minutes, a second washing
in 2× SSC buffer at room temperature for 2 minutes, and a final washing in 0.1× SSC buffer
at room temperature for 2 minutes. Once the slides are finished spinning in the centrifuge,
they were removed and placed in a light-proof container until scanning. The microarray
slides were scanned using a scanner¶¶¶ and crude data was extracted using software for
microarray image analysis.

Statistical Analysis
Statistical analyses were performed using statistical package software ****. Full-mouth
clinical measurements were computed for each subject and then averaged across subjects
within the 3 clinical groups. Differences in clinical parameters among groups were sought
using Kruskal-Wallis, Mann-Whitney and Chi-square tests. The microbial data were
generated from image files of scanned arrays using a HOMIM online analysis tool.35 The
detection of a particular species in a sample was determined by the presence of a fluorescent
spot for that unique probe. Qualified and adjusted spots of the same probe were then
summed and a mean intensity calculated to represent the signal intensity for each specific
probe. Signals were normalized by comparing individual signal intensities to the average of
signals for the universal probes. The normalized signal intensities were raised to the power
of 0.3 and the maximal transformed intensity was used to determine the range of the signal
levels. In HOMIM, any original signal < 2 times the background value was reset to 1 and
was assigned to the signal level 0 (no signal for the corresponding probe). All the values > 1

§§§Hybex® Microarray Incubation System, SciGene Corporation, Sunnyvale, CA
║║║Little Dipper™ Microarray Processor, SciGene Corporation, Sunnyvale, CA
¶¶¶Axon GenePix® 4000B, MDS Analytical Technologies, Sunnyvale, CA
****Statistical Package for the Social Sciences - SPSS Inc®.v.16 Chicago, IL, USA
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were categorized into scores 1 to 5, corresponding to different signal levels. The prevalence
of each species (frequency of scores 0 to 5) was computed for each subject, and averaged
within groups. Significant differences among groups were sought using the Kruskal-Wallis
and Mann-Whitney tests, whereas differences between healthy sites or sites with attachment
gain, and sites that lost attachment were analysed by Chi-square test. Any difference of p <
0.05 was considered significant.

Results
The demographic and baseline periodontal clinical features of the subject groups are shown
in Table 1, and the baseline clinical data of the sites sampled for microbial analysis are
presented in Table 2. The PH group presented lower proportions of males and had younger
individuals than the periodontitis groups (p < 0.01, Chi-square test). A higher frequency of
smokers was observed in the RP group compared to GR (p < 0.01, Chi-square test). No
significant difference among groups was observed for race (Table 1). All clinical parameters
of periodontal tissue destruction and inflammation, except SUP were significantly greater in
the periodontitis groups compared to controls (p < 0.01; Mann-Whitney test). Moreover, RP
patients showed higher mean CAL than GR (p < 0.01, Mann-Whitney test) (Tables 1 and 2).

The microbiological profiles of the three subject groups at baseline are presented in Figures
2A and 2B. Overall, the most prevalent species/clusters (>50% of all samples) were
Streptococcus spp. clusters II/III (oral taxa [OT]
758/755/071/768/767/745/734/728/721/707), Streptococcus intermedius/anginosis,
Streptococcus intermedius/constellatus, Streptococcus anginosis/gordonii, Streptococcus
anginosus/intermedius, Streptococcus sanguinis, Streptococcus parasanguinis, Streptococcus
oralis, Gemella morbillorum, Fusobacterium nucleatum ss polymorphum, Leptotrichia spp.
cluster I (OT 563/498/463/462), Veillonella parvula/dispar, Veillonella spp. cluster II (OT
524/161/160), Capnocytophaga granulosa/sputigena, Parvimonas micra, Actinomyces spp.
cluster I (OT 708/701/688/671), Campylobacter rectus/concisus, Campylobacter gracilis,
Campylobacter showae, Dialister invisus, Rothia dentocariosa/mucilaginosa, Kingella oralis,
Selenomonas infelix (data not shown). The majority of the species evaluated were more
frequently detected in samples from diseased than from PH subjects. Approximately 28% of
all species/genera/clones were not detected in any sample from PH individuals. RP subjects
harbored significantly higher frequencies of putative periodontal pathogens, as well as
microorganisms not usually associated with periodontitis in comparison to GR and/or PH
individuals. Periodontal pathogens significantly prevalent in RP subjects included P. micra,
C. gracilis, Tannerella forsythia, Prevotella spp., Eubacterium nodatum, Selenomonas noxia,
Porphyromonas gingivalis, Treponema spp., Eikenella corrodens, and Campylobacter
concisus. Among the “unusual” species, the most detected ones in RP subjects were S.
parasanguinis I and II, S. infelix, Selenomonas artemidis, Selenomonas spp. OT
133/134/442/478/149/136, Streptotoccus sp. OT 070/071, Filifactor alocis, Dialister invisus,
Dialister pneumosintes, Granulicatella adiacens, Streptococcus australis OT 073/065,
Acidaminococcaceae [G-1] spp. OT 155/148/135, Bacteroidetes sp. OT 272/274,
Pseudoramibacter alactolyticus, TM7 spp. OT 356/437, Eubacterium infirmum,
Eubacterium saphenum, Veillonella atypica, Gemella sanguinis, Peptostreptococcus
stomatis, Solobacterium moorei, Desulfobulbus sp. OT 041, Fusobacterium naviforme,
Sphaerocytophaga sp. OT 337, Brevundimonas diminuta, Shuttleworthia satelles, (Figure
2A). Other bacterial species less frequently detected (<10% of samples) are depicted in
figure 2B. The only species significantly more prevalent in PH than periodontitis patients
were Actinomyces sp. oral taxon 170, oral clone AP064, Actinomyces Cluster I (oral taxa
708, 701, 688, 671), Capnocytophaga sputigena, Cardiobacterium hominis, Haemophilus
parainfluenzae, Lautropia mirabilis, Propionibacterium propionicum, Rothia dentocariosa/
mucilagenosa and Streptococcus sanguinis (p < 0.05, Mann-Whitney test) (Table 3).
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Comparisons between the subgingival microbiota of sites that lost attachment and healthy
sites or sites that gained attachment were also performed (Figure 3). In this analysis,
baseline samples from PH and post-therapy samples from periodontitis patients were
included. Likewise, a high prevalence of periodontal pathogens and novel species,
particularly S. intermedius/constellatus, Streptococcus anginosus, P. micra, Selenomonas
spp., S. parasanguinis, Streptococcus sp. OT 070/071, F. alocis, D. invisus, D.
pneumosintes, C. rectus/concisus, TM7 spp. OT 346/356/437, T. socranskii, T. maltophilum,
Bacteroidetes sp. OT 274/272, Prevotella tannerae, T. forsythia, Eubacterium spp., G.
sanguinis, Porphyromonas endodontalis, Peptostreptococcus sp. OT 113, Desulfobulbus sp.
OT 041, P. stomatis, S. moorei, Sphaerocytophaga sp. OT 337, P. gingivalis, M.
micronuciformis, S. satelles, Prevotella oralis, M. tidmidum, A. germinatus, A. rimae, A.
parvulum, P. alactolyticus was observed significantly more often in sites losing attachment
than sites gaining attachment or with no disease (p < 0.05, Chi-square test). In contrast, S.
sanguinis, H. parainfluenza, C. sputigena, C. hominis, L. mirabilis, Neisseria elongata, P.
propionicum, R. dentocariosa, Actinomyces sp. OT 179, Actinomyces naeslundii, K. oralis,
Granulicatella elegans were highly prevalent in healthy sites or sites with attachment gain
(Figure 3).

Discussion
The ultimate goal of characterizing the microbiota of different forms of periodontal diseases
is to discriminate individuals at greater risk for treatment failure, and consequently,
continuous periodontal attachment loss. In order to achieve that, it is important first to
distinguish among various microbial profiles and determine which may be considered
“normal” or “disease-related”. The purpose of the present study was to discriminate subjects
with refractory periodontitis from individuals who were successfully treated or who were
periodontally healthy based upon their baseline subgingival microbial profiles. The
existence of refractory periodontal disease has been controversial for many years. One of the
reasons proposed to explain the poor response of “refractory” subjects to conventional
therapies is the predominance of an “unusual” virulent periodontal microbiota. Studies have
shown that the microbiota of refractory patients is generally similar to that of chronic
periodontitis subjects, although some differences have been described.18, 22, 23, 28 Most of
these studies, however, have examined a particular segment of the subgingival periodontal
microbiota, so that microbial data on these subjects have been limited to some bacterial
species. In the current investigation, we expanded the battery of species to be evaluated by
using the HOMIM method.30 This technique allows the detection of about 300 species,
including both cultivable and not yet-cultivable species.4 Our data showed that periodontitis
patients presented a greater diversity in the subgingival microbiota compared to PH
individuals at baseline. All species or not yet cultivated species evaluated were detected in at
least one sample from periodontitis patients, whereas approximately 28% of the species
tested were not detected in any sample from healthy subjects. Microorganisms that were
significantly more prevalent in PH compared to periodontitis patients included Actinomyces
spp. oral taxa 708/701/688/671/170, C. sputigena, C. hominis, H. parainfluenzae, L.
mirabilis, P. propionicum, R. dentocariosa/mucilagenosa, and S. sanguinis. Previous studies
have correlated the high frequency and levels of at least some of these species with
periodontal health and/or clinical improvement after periodontal treatment.2, 3, 8, 10, 11, 32, 36

Of interest, Socransky et al. 28 demonstrated that refractory individuals exhibited a lower
prevalence of Actinomyces species and S. sanguinis compared to PH, well-maintained
elderly and periodontitis subjects. Furthermore, the species S. sanguinis and C. sputigena
were shown to be in significantly lower counts in refractory than untreated periodontitis
subjects.27 Information regarding the association between L. mirabilis and C. hominis and
periodontal status is scarce. These traditional gram-negative species are considered normal
human oropharyngeal microbiota and are rarely the cause of human infection.37, 38 L.

Colombo et al. Page 7

J Periodontol. Author manuscript; available in PMC 2013 April 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mirabilis has been isolated from the oral cavity of HIV-infected children 39 and patients with
respiratory infections.37 C. hominis is notorious for causing apparently culture-negative
endocarditis, as are the other members of the HACEK group (i.e., Haemophilus spp.,
Aggregatibacter actinomycetemcomitans, Eikenella corrodens, and Kingella kingae).40

Among periodontitis patients, putative periodontal pathogens were found more commonly in
RP than in GR (Fig. 2A, 2B). Likewise, sites that lost attachment had a greater prevalence of
these pathogens than healthy sites or sites that gained attachment (Fig. 3). In particular,
species such as P. micra, T. forsythia, Prevotella spp., P. gingivalis, E. nodatum,
Eubacterium spp., Selenomonas spp. and Treponema spp. were remarkably more prevalent
in RP than the other two groups, corroborating the data reported by other
investigators.18–21, 41 Classical periodontal pathogens were less frequently observed in the
refractory patients of Magnusson et al.,22 Colombo et al. 23 and Haffajee et al. 27 studies.
These authors suggested that this observation may have resulted from repeated treatments
that these refractory subjects had received prior to inclusion in the studies. In the present
investigation, referred refractory periodontitis individuals were not included. In addition,
subjects who had received systemic antibiotics or periodontal therapy in the previous 6
months were excluded. The high prevalence of putative periodontal pathogens in our
refractory patients may also reflect the significantly greater mean attachment level and
proportion of smokers in this group compared to GR at baseline (Table 2). There is
accumulating evidence that smokers have a higher level of periodontal destruction, less
reduction of periodontal pathogens and a poorer response to periodontal treatment than non-
smokers.42, 43 Refractory periodontitis has also been associated with smoking.44 Regarding
the influence of smoking in the subgingival microbiota, some investigators found no
differences in the prevalence or counts of periodontal pathogens between smokers and non-
smokers,45, 46 while other studies clearly did.47–49 The reasons for these discrepancies in
colonization are not clear; however, some of these authors suggest that cigarette smoke
could directly affect the pathogens or their microenvironment, as well as the host’s ability to
control the infection. As a consequence, elimination or control of species would be more
difficult, increasing the risk for treatment failure.

Although differences among studies do exist, there is a consensus that refractory subjects are
heterogeneous in terms of their subgingival microbiota.18, 23, 28 For instance, Socransky et
al. 28 reported 4 cluster groups with distinct microbial profiles in a group of refractory
subjects. The predominant cluster exhibited high counts and proportions of members of the
orange and red complexes (particularly T. forsythia), and low proportions of Actinomyces
spp. and Veillonella parvula. A second cluster was comprised of high proportions of orange
complex species and very low total bacterial counts. A third cluster was marked by high
proportions of Actinomyces spp. and V. parvula and moderate levels of red and orange
complex species. The fourth refractory cluster was dominated by Streptococcus species.
Members of the “milleri” streptococci group (S. anginosus, S. constellatus and S.
intermedius) have been implicated in refractory forms of periodontitis by other
investigators.18, 22, 23 In the present study, the baseline distribution of S. anginosus, S.
constellatus and S. anginosus/intermedius was similar between GR and RP individuals (Fig.
2A). On the other hand, these species were detected significantly more often in sites that lost
attachment compared to healthy sites or sites that gained attachment after therapy (Fig. 3).
Therefore, it is possible that periodontal treatment, particularly SRP plus systemically
administered amoxicillin and metronidazole, selected a microbiota dominated by
Streptococcus species, as may be seen in some RP subjects.10, 11, 22, 28, 32

Data from various investigations indicate that classical periodontal pathogens such as the red
and orange complex members may play a role in the pathogenesis of RP.18–21 Thus,
lowering the levels and proportions of these pathogenic species may control disease
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progression and provide long term stability of the periodontium in most of these
individuals.27 Nevertheless, there are still some patients who present a modest response to
therapy, even after reduction of these putative pathogens. It has been hypothesized that these
RP subjects either have a poor host response to infection, high burden of other virulent
species, or both. Indeed, we were able to show, by the HOMIM technique, that RP
individuals do harbor high frequency of several species not commonly associated with
periodontitis at baseline. Among them are TM7 spp., Bacteroidetes sp., V. atypica,
Desulfobulbus sp., B. diminuta, Sphaerocytophaga sp., S. satelles, S. australis, G. sanguinis,
M. tidmidum, M. salivarium, A. geminatus, M. micronuciformis, S. parasanguinis, S.
infelix, S. artemidis, G. adiacens, Acidaminococcaceae [G-1] spp., E. infirmum, E.
saphenum, P. stomatis, F. naviforme, T. medium (Fig. 2A). Few studies have reported on the
relationship of these microorganisms and periodontal diseases.2, 4, 9, 50 Many of these
species cannot yet be grown or are difficult to grow in culture. Moreover, some of them act
as opportunist pathogens in immunocompromised patients.51, 52 Although in low frequency,
known bacterial pathogens including E. coli, S. aureus and P. aeruginosa were also more
predominant in RP than GR and PH subjects. Likewise, other investigators have found an
association of these species with periodontitis.21, 23, 53–56 Other microorganisms frequently
detected in RP and/or sites loosing attachment were P. alactolyticus, a species associated
with endodontic infections,57 S. moorei, a species associated with halitosis,58 and F. alocis,
D. pneumosintes and D. invisus, slow growing anaerobic microorganisms commonly
associated with primary and persistent endodontic infections,59 as well as different forms of
periodontitis.4, 9, 50, 60

The role that these species play in the initiation and/or progression of RP; the effect of
periodontal therapy on this “unusual” microbiota; and the interactions between these species
and oral microorganisms are unknown. One could speculate that SRP combined with
systemic antibiotics may be very effective against the pathogenic oral microbiota, but it may
not be effective against “unusual” species, resulting in the overgrowth of these
microorganisms and persistence of periodontal destruction. Further studies evaluating
different microbial profiles of periodontitis patients, as well as the effect of periodontal
treatments on these profiles will be required to answer these questions.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic layout of a HOMIM slide. Five identical arrays containing four 8 × 15 duplicate
sub-arrays are printed on an aldehyde-coated glass slide. Probes are organized
phylogenetically on each sub-array (Sub-arrays 1 to 4). Up to five samples can be hybridized
simultaneously against probes to 300 different species per slide.
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Figure 2.
A and B. Mean frequency of bacterial species significantly different (p<0.05; Kruskal-
Wallis test) among refractory, good responders and periodontally healthy subjects at
baseline. (A) Represents the species that were detected in >10% of all samples. (B)
Represents the species that were detected in <10% of all samples. OT means oral taxon
designation. *Refers to significant differences between good responders and refractory
subjects (p<0.05; Mann-Whitney test).
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Figure 3.
Frequency of detection of bacterial species significantly different (p<0.05; Chi square test)
among sites that lost attachment, healthy sites or sites that gained attachment. OT means oral
taxon designation.
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Table 1

Demographic and full-mouth baseline clinical parameters (mean ± SD) of the study population.

Clinical
Parameters

Periodontally
Healthy
(N = 20)

Good
Responders

(N = 30)

Refractory
Periodontitis

(N = 17)

Age (years) * 34 ± 12 48 ± 10 51 ± 11

% Males † 20 60 82

% Smokers † § 0 23 59

% Race White 75 40 53

Black 10 43 24

Hispanic 15 3.5 12

Asians 0 6.5 6

Others 0 7 5

Probing depth (mm) * 2.0 ± 0.2 3.7± 1.3 3.9 ± 0.9

Clinical attachment level (mm) * ‡ 1.3 ± 0.5 3.2 ± 1.5 4.2 ± 1.2

N of missing teeth * 0.7 ± 1.5 2.1 ± 2.3 3.3 ± 2.8

% of sites with

Bleeding on probing * 11 ± 6.5 56 ± 25 53 ± 28

Supragingival biofilm * 30 ± 22 46 ± 30 65 ± 29

Gingival Redness * 26 ± 18 85 ± 20 88 ± 18

Suppuration 0 0.22 ± 0.7 0.33 ± 0.6

*
p < 0.01, Kruskal-Wallis test;

†
p < 0.01, Chi-square test;

‡
< 0.01, Mann-Whitney test between refractory and good responders;

§
p < 0.01, Chi-square test between refractory and good responders
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Table 2

Baseline clinical parameters of the sites sampled for microbial analysis from the three subject groups.

Clinical Parameters Periodontally
Healthy
(N = 91)

Good
Responders

(N = 143)

Refractory
Periodontitis

(N = 111)

Mean (± SD) Probing depth (mm) * † 2.2 ± 0.5 4.3± 2.2 4.9 ± 2

Mean (± SD) Clinical attachment level (mm) * † ‡ 1.4 ± 0.7 3.7 ± 2.4 4.7 ± 2.6

% Bleeding on probing § ║ 18.7 63.6 59.5

% Supragingival biofilm § ║ 27.5 47.6 67.4

% Gingival Redness § ║ 35.2 83.0 85.6

% Suppuration 0 2.8 0

*
p < 0.01, Kruskal-Wallis test;

†
p < 0.01, Mann-Whitney test between periodontally healthy and refractory or periodontally healthy and good responders;

‡
p < 0.01, Mann-Whitney test between refractory and good responders;

§
p < 0.01, Chi-square test;

║
p < 0.01, Chi-square test between periodontally healthy and refractory or periodontally healthy and good responders;
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Table 3

Mean frequency (±SD) of bacterial species detected significantly more often in subgingival plaque samples
from periodontally healthy than periodontitis subjects.

Species
Periodontally

Healthy
Good

Responders
Refractory

Periodontitis p

Actinomyces sp oral taxon 170 33±29% 9±18% 6±13% 0.001

Actinomyces Cluster I (oral taxa 708, 701, 688, 671) 75±33% 71±30% 45±29% 0.049

Capnocytophaga sputigena 70±36% 40±35% 38±32% 0.012

Cardiobacterium hominis 63±28% 32±31% 23±28% 0.0001

Haemophilus parainfluenzae 73±26% 33±35% 36±39% 0.001

Lautropia mirabilis 59±38% 36±35% 30±35% 0.026

Propionibacterium propionicum 55±35% 32±31% 22±20% 0.011

Rothia dentocariosa/mucilaginosa 78±31% 47±32% 49±26% 0.004

Streptococcus sanguinis 79±20% 51±35% 58±30% 0.012
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