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Putative periodontal
bacteria in clinically
healthy and diseased sites
of periodontitis patients

Carlos Eduardo Barros’, Vivian Siqueira', Dennis
Carvalho', Antonio Canabarro’?*

Aim: The aim of this study was to compare the microbial
profile of subgingival sites in Periodontitis (Pd) patients
and healthy ones. Methods: Eighteen patients with Pd
and 18 gender-matched healthy controls were selected.
Subgingival samples were collected from three types of sites:
1) healthy site of healthy subjects (probing pocket depth
(PPD) = 3mm, CG), 2) healthy site of Pd patients (PPD < 3mm,
PG-C) and 3) diseased site (PPD > 3mm) of the same Pd
patients (PG-T). All sites were subjected to microbial analysis
for the detection of 40 bacterial species by the “Checkerboard
DNA-DNA hybridization” technique. Results: It was observed
a great diversity of bacteria in all patients evaluated. The sites
from the Pd groups (PG-T and PG-C) showed a higher overall
count of the studied bacteria than those of the CG group,
especially from Green, Orange, and Red complexes. Also,
PG-T showed a higher prevalence of Red complex bacteria
than CG. Individual pathogens, such as Porphyromonas
gingivalis, Treponema denticola and Treponema socranskii
were detected in higher levels and/or prevalence in Pd than in
control patients. However, it was not observed any difference
between PG-T and PG-C. Conclusion: Pd patients showed
higher prevalence and counts of some putative periodontal
bacteria, especially from the red complex, than control ones,
regardless of the severity of their sites.
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Introduction

Gingivitis and periodontitis are diseases that affect many people worldwide. While
gingivitis is considered a reversible marginal inflammation, periodontitis causes irre-
versible destruction of the supporting tissues of the teeth, resulting in the formation
of periodontal pockets and eventually in tooth loss'.

In periodontal disease, microorganisms adhered to the tooth surface in the biofilm
and can release a large number of inflammatory mediators in the adjacent periodontal
tissues. These microorganisms cause inflammation and, in many cases destroy of
these tissues?.

Periodontal pockets can harbor over 500 bacterial species that are mostly resident spe-
cies. However, a part of these are potentially pathogenic® and may result, under certain
circumstances, in an infection due to the excessive release of inflammmatory mediators*®.

In the 1990s, the theory that biofilm contained specific bacteria gained strength. Six
microbial complexes with distinct characteristics seem to be involved in the forma-
tion of subgingival biofilm in sequential phases. The red complex microorganisms,
Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola, are potential
etiologic agents of periodontitis®®.

Although these bacteria allegedly have an important role in the pathogenesis of peri-
odontal disease, there does not seem to be a single causative agent in inflammatory
periodontal diseases. Gram-positive bacteria, anaerobes, and facultative organisms, as
well as viruses and fungi, have also been associated with periodontitis'®'". In fact, peri-
odontal pathogens can also be detected in healthy individuals although at low levels™.

Large communities of microorganisms, collectively called microbiomes, inhabit the
surfaces of our body™, including teeth. The diversity and abundance of these com-
munities are huge'®, and this situation is no different in the mouth. Recent studies
indicate that the participation of specific pathogens is not as obvious as we previously
thought when considering both periodontitis and dental caries. Both diseases appear
to result from an imbalance among the constituents of bacterial communities, result-
ing in dyshiosis™.

Therefore, identifying certain bacteria in individuals with and without periodontal disease
in healthy and diseased sites using modern technigues based on DNA identification may
be an interesting way to understand the etiology of Periodontitis in greater depth.

The study aimed to assess the microbial profile of healthy and diseased sites of
patients with Periodontitis using the Checkerboard DNA-DNA hybridization technique
and to compare it to data from control subjects.

Materials and Methods

Patients

Eighteen patients of both sexes were enrolled in this controlled cross-sectional
study. The following inclusion criteria, based on the criteria of the 2017 World
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Workshop on the Classification of Periodontal and Peri-Implant Diseases and Con-
ditions' were used: if interdental clinical attachment loss (CAL) is detectable at
>2 non-adjacent teeth, or Buccal or oral CAL =3 mm with probing pocket depth (PPD)
>3 mm is detectable at >2 teeth (Periodontitis Group - PG). They were compared
to 18 gender-matched healthy control patients of both sexes without Periodontitis
(No CAL, Control Group - CG).

All participants were recruited as they came to the clinic for treatment and met the
inclusion criteria of the study. After anamnesis, all patients signed an informed con-
sent form. The study was approved by the ethics committee on human research,
under number 1397046.

The exclusion criteria were: periodontal treatment for at least a year, pregnancy, lacta-
tion, use of prostheses, medical conditions that could affect the existence of bacteria
in periodontal tissues (e.g., HIV, antibiotic or non-steroidal anti-inflammatory therapy
for at least six months).

Sample collection

After the clinical examination, cotton-rolls and saliva-ejector were used to keep teeth
dry. Subgingival samples were collected from three types of sites: 1) healthy site of
healthy subjects (CG), 2) healthy site of subjects with Periodontitis (PG-C) and 3) dis-
eased site (PPD > 3mm) of Periodontitis subjects (PG-T). PG-T and PG-C sites were
selected from the same patients. Subgingival biofilm samples were collected using
one sterile paper point, size 45 (Dentisply, Petropolis, Rio de Janeiro, Brazil) for each
tooth. Only one site per tooth was studied. The most severe site was chosen for anal-
ysis in PG-T, while healthy sites were randomly selected in PG-C and CG. Paper points
were introduced into periodontal pockets (diseased sites) or gingival sulcus (control
sites) for at least 30 seconds.

The samples were immediately placed into individual plastic tubes containing 150 uL
of TE buffer solution (10mM Tris-HCL (Invitrogen Life Technologies, Carlsbad, CA,
USA), T mM EDTA (Labsynth Products for Laboratories Ltd., Diadema, SP Brazil),
pH 7.6), and then 100 ul of 0.5 M NaOH (Labsynth) was added so that the bacterial
DNA remained viable for a longer period of time. These plastic tubes were previously
labeled with the individual's name, date, and site; and, after collection, were stored
under refrigeration at -20°C until the samples were analyzed by the DNA-DNA hybrid-
ization checkerboard technique for bacterial strains.

Checkerboard DNA-DNA hybridization

Counts of 40 bacterial species were determined using the checkerboard DNA-
DNA hybridization technique®. The analyses were performed at the Microbiology
Laboratory of Guarulhos University as previously described’'’. Table 1 pres-
ents the 40 reference strains used to develop the DNA probes according to the
bacterial complexes®®.

The readings of the radiographic films were carried out by a single trained examiner,
calibrated and blind to the objectives of the study. Readings were performed on differ-
ent days to verify the results. Each signal produced by a given plague sample probe
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Table 1. List of the bacterial strains used for the preparation of DNA probes. The species are grouped by

bacterial complexes.®”

Species Strain Species Strain
Blue Complex Orange Complex (cont.)
Actinomyces gerencseriae 23860° Fusobacterium nucleatum ssp nucleatum 255867
Actinomyces israelii 121020 F USObacgi;;?of:;ﬁ?wm ssp 10953
Actinomyces naeslundii 1 121042 Fusobacterium nucleatum ssp vincentii 492562
Actinomyces naeslundii 2 431462 Fusobacterium periodonticum 33693°
Purple Complex Parvimonas micra 33270°
Actinomyces odontolyticus 179292 Prevotella intermedia 256112
Veillonella parvula 10790°2 Prevotella nigrescens 33563°
Yellow Complex Streptococcus constellatus 278232
Streptococcus gordonii 105582 Red Complex
Streptococcus intermedius 27335? Tannerella forsythia 43037?
Streptococcus mitis 49456° Porphyromonas gingivalis 332772
Streptococcus oralis 350372 Treponema denticola B1°
Streptococcus sanguinis 105562 Other species
Green Complex Eubacterium saburreum 332712
Aggregatibacter 43718¢ Gemella morbillorum 278242
actinomycetemcomitans a + b 295238 Leptotrichia buccalis 142012
Capnocytophaga gingivalis 336242 Neisseria mucosa 196962
Capnocytophaga ochracea 335962 Prevotella melaninogenica 258452
Capnocytophaga sputigena 336122 118272
Propionibacterium acnes | + 1/
Eikenella corrodens 238342 11828
Orange Complex Selenomonas noxia 435412
Campylobacter gracilis 33236° Streptococcus anginosus 333972
Campylobacter rectus 33238 Treponema socranskii SE
Campylobacter showae 511462
Eubacterium nodatum 330992

2 ATCC (American Type Culture Collection); ® Forsyth Institute

was compared in intensity to the signal produced by the same probe in the two control
lines containing 10° and 108 bacteria. The number 0 was recorded when no signal was
detected; 1T was equivalent to a less intense signal than the control of 10° cells; 2 was
equivalent to 10° cells; 3 was between 10° and 10° cells; 4 was equal to or approxi-
mately 106 cells, and 5 was more than 10° cells. These logs were used to determine
the levels of different species investigated in the different samples under evaluation.
The sensitivity of the assay allowed the detection of 10,000 units of each bacterial
species studied by adjusting the concentration of each DNA probe. The number of
bacteria in each site was estimated according to the signal intensity number: 0 = 0,

1=10,000,2 = 100,000 3 = 500,000, 4 = 1,000,000 and 5 = 10,000,000.
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Statistical analysis

Statistical evaluation was performed using SPSS Statistics version 17 (IBM,
Armonk, NY, USA). Initially, the normal distribution of data was checked with the
Kolmogorov-Smirnov test. Subsequently, the non-parametric Kruskal-Wallis test and
the chi-square test (x2) were used to analyze the prevalence and proportion of the
positive sites for different types of bacteria, i.e., sites with values =1, and the nonpara-
metric Mann-Whitney test was used to evaluate the differences in the bacteria count
among the three types of sites. The analysis unit was the patient. The significance
level of 5% was established for the remaining analyzes.

The sample size was calculated using the percentage of sites with P gingivalis as the
primary outcome variable. PG-T showed 80% and CG 30% of sites colonized by these
bacteria based on a pilot study (data not shown). Considering a statistical power of
85% and a 95% confidence level, a total of 18 individuals per group was needed.

Results

Eighteen patients, 12 female and 6 male, aged between 30 and 70 years old (mean
age 51.50 +14.24), with a mean CAL of 4.72 (+1.40) mm (Periodontitis group - PG),
and 18 gender-matched periodontally and systemically healthy control patients (con-
trol group - CG), aged between 20 and 30 years old (mean age 24.65 +3.12) were
included in this study (Table 2).

Table 2. Characteristics of studied individuals.

Characteristics PG (n=18) CG (n=18)
Age (Mean and SD) 51.5(14.2) 24.7 (3.1)*
Gender: Male / Female 6/12 6/12
Number of teeth (Mean and SD) 21.4 (6.3) 24.5 (5.6)*
PPD (mm, Mean and SD) 4.5(1.8)

CAL (mm, Mean and SD)** 4.7 (1.4)

*Statistical difference between groups (p< 0.05). PPD = Periodontal Pocket Depth; CLA = Clinical Attachment
Loss. PG= Periodontitis group; CG= Control group.

Diseased (PG-T) and healthy sites (PG-C) from the same Periodontitis patients and
healthy sites from control ones (CG) were analyzed using the Checkerboard DNA-DNA
hybridization technique.

The overall prevalence of the bacterial species evaluated did not differ among groups
(p=0.131). PG-T,PG-C,and CG showed 72%, 64% and 49% of positive sites, respectively.

The most prevalent bacteria in PG-T were T. socranskii (100%) and Actinomyces
naeslundii 1 (94%). In the PG-C, the most prevalent bacteria were Actinomyces ger-
encseriae (100%) and T. denticola (94%). Finally, in the CG the most prevalent were
Fusobacterium nucleatum ssp vincentii (84%) and A. naeslundii (77%) (Figure 1).

On evaluating each bacterium individual, PG-T and PG-C groups compared to CG showed
higher prevalence of: A. gerencseriae (PG-T (94%)=PG-C (100%)>CG (28%), p< 0.001),
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Positive sites (%)
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Figure 1. Prevalence of the 40 bacterial species evaluated in the three groups (Healthy — Control, CG;
Periodontitis — Test, PG-T and Periodontitis — Control, PG-C). Statistically significant differences among
groups were evaluated by Chi-Square Test (*).

A naeslundii 7 (PG-T (94%)=PG-C (72%)>CG (50%), p= 0.012), Streptococcus sangui-
nis (PG-T (83%)=PG-C (78%)>CG (28%), p= 0.001), Capnocytophaga sputigena (PG-T
(83%)=PG-C (72%)>CG (33%), p= 0.005), Streptococcus constellatus (PG-T (72%)=PG-C
(67%)>CG (28%), p< 0.014) and T, socranskii (PG-T (100%)=PG-C (89%)>CG (50%), p< 0.001)
(Figure 1). F. nucleatum ssp vincentii was the only bacteria statistically more prevalent in
CG and PG-T than in PG-C (CG (84%)= PG-T (61%)>PG-C (33%), p< 0.009) (Figure 1).
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Comparison of positive sites and bacterial complexes demonstrated a statistical dif-
ference in the Red complex only (Figure 2). A higher number of positive sites were
found in diseased sites of Pd patients compared to CG (PG-T (72% +31)>CG (44 +36),
p=0.027;PG-T (72% +31)= PG-C (59% +27),p= 0.171 and PG-C (59% +27)=CG (44 +36),
p=0.226).

Positive sites (%)

Treponema socranskii s
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Prevotella melaninogenica e
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Figure 2. Proportion (mean % and DP) of bacterial complexes in different groups (Healthy — Control, CG;
Periodontitis — Test, PG-T and Periodontitis — Control, PG-C). Statistically significant differences among
groups were evaluated by Kruskal-Wallis followed by Mann-Whitney Test (*).
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The overall mean count of the bacterial species evaluated differed among groups
(p= 0.002). PG-T, PG-C, and CG showed 2.35 x10° (¥2.25), 1.85 x10° (¥2.25) and
0.45 x10° (£0.50) of bacteria, respectively (PG-T=PG-C>CG).

When evaluating the mean count of each bacteria, no significant difference was
found between the PG-T and PG-C groups. However, at the PG-T group sites com-
pared to the CG ones there were significantly more (x10° +DP): A. gerencseriae
(5.28 +4.22 vs 0.18 +0.38, p< 0.001), Veillonella parvula (3.15 +3.82 vs 0.06 +0.05,
p=0.001), S. sanguinis (0.78 +1.58 vs 0.03 +0.05, p< 0.001), Capnocytophaga gingi-
valis (2.24 +2.87 vs 0.15 +0.31, p= 0.008), C. sputigena (1.75 +2.72 vs 0.18 +0.38,
p= 0.006), F. nucleatum ssp nucleatum (4.62 +4.33 vs 0.19 +0.38, p= 0.002), P gingi-
valis (13.02 +31.86 vs 0.08 +0.23, p< 0.011), T denticola (3.79 +3.98 vs 0.41 +0.48,
p=0.008), Leptotrichia buccalis (9.62 +22.99 vs 0.25 +0.41, p= 0.008) and T. socranskii
(3.91 +3.48 vs 0.30 +0.45, p< 0.001) (Figure 3).

All the bacteria above mentioned were also in higher number in the PG-C group
compared to the CG sites, except P gingivalis (0.86 +2.32 vs. 0.08 +0.23, PG-C=CG,
p< 0.118) (Figure 3).

Comparison of mean bacterial count and complexes demonstrated that there were
more Green (p=0.012), Orange (p= 0.001), Red (p= 0.002) complexes and Others bac-
teria (p= 0.010) in PG-T and PG-C than in CG (PG-T=PG-C>CG) (Figure 4).

Discussion

Several studies have demonstrated the relationship between colonization of spe-
cific microorganisms and the presence and/or severity of periodontal disease. The
bacteria involved in deep periodontal pockets are mainly of the red complex such
as P gingivalis, T. denticola and T. forsythia (formerly Bacteroides forsythus)'®. Moore
et al.” observed, in patients with periodontal disease, species such as P gingivalis,
Eubacterium nodatum, Eubacterium timidum, Eubacterium Brachy, and Peptostrep-
tococcus anaerobius. Corroborating with it, here, Red complex, as well as Green
and Orange ones, were detected in higher levels in Pd patients than in control ones,
including either diseased or healthy sites. Also, Pd patients harbored higher propor-
tion and/or counts than CG of the following bacteria: A. gerencseriae, S. sanguinis,
C. sputigena, P gingivalis, T. denticola, and T. socranskii. However, we observed that
both healthy and diseased sites of Pd patients presented similar prevalence and
counts of bacteria, contradicting findings of a former study which showed that levels
of red complex bacteria seem to be related to Periodontitis severity'®. It is important
to note that this study only assessed deep sites'®. Furthermore, Red complex can be
detected in both supra- and subgingival samples as well as in healthy and diseased
sites from periodontitis patients’®.

Although the literature suggests that the levels of specific Gram-negative organ-
isms in subgingival plaque biofilm play a major role in the initiation and progression
of the disease, there is little evidence in the literature on the correlation of the lev-
els of periodontal pathogens of sites with different pocket depth with periodontal
disease activity?.
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Figure 3. Mean levels (and SD) of the 40 bacterial species evaluated in the three groups (Healthy — Control,
CG; Periodontitis — Test, PG-T and Periodontitis — Control, PG-C). Statistically significant differences among
groups were evaluated by Kruskal-Wallis followed by Mann-Whitney Test (*).

Periodontal pathogens are necessary but are not sufficient by themselves to pro-
voke periodontal disease, and depend on risk factors, genetic factors and the immu-
nological response of the host. So, as shown by our study, Periodontitis cannot be
strictly considered a site-specific infectious disease but the outcome of a polymi-
crobial dysbiosis'. The microbial ecology is the relationship between the microor-
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Figure 4. Levels (mean and SD) of bacterial complexes in different groups (Healthy — Control, CG;
Periodontitis — Test, PG-T and Periodontitis — Control, PG-C). Statistically significant differences among
groups were evaluated by Kruskal-Wallis followed by Mann-Whitney Test (*).

ganisms and their habitat. Microbial homeostasis is the result of the dynamic bal-
ance of microbial interactions, including synergism and antagonism?'. According to
Oliveira et al.?? the mere presence of putative periodontal pathogens in the gingival
sulcus is not enough to cause periodontal inflammation. The hypothesis that dis-
ease can be prevented not only by the inhibition of pathogens but also by interfering
with the factors responsible for the transition of commensal biofilm microbiota to
pathogenic microbiota, has been postulated?®?4. Thus, perturbations in the structure
of commensal communities (dysbiosis) can lead to a host immune deficiency and
the subsequent development of diseases mediated by the immune system. These
changes in microbial composition are factors contributing to the initiation and/or
persistence of many diseases?®?/; they are characterized by the loss of beneficial
organisms, expansion of potentially pathogenic microorganisms or by the loss of
global microbial diversity?82°.

The search for the etiological factors of periodontitis, as well as any disease, is
related to a dynamic process in which several microbial species dominate the biofilm
at different stages of the infection due to changes in nutrient availability, oxygen level,
and local pH?*. Therefore, the knowledge of the ecological relationships between
bacterial species in Periodontitis should direct and focus the research to a critical
bacterial interaction®, since polymicrobial infectious diseases such as periodontal
diseases appear to be caused more by an imbalance of inter-microbial relationship in
the subgingival site, as shown in this study, rather than by specific isolated bacteria.
So, although Periodontitis is considered a site-specific disease associated with Red
complex bacteria, the findings of this study seem to indicate a patient-associated
microbial profile rather than a site-specific microbiota. Based on it, the use of sys-

10
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temic antibiotics in the treatment of periodontal disease may be considered interest-
ing, since it would reduce the presence and number of putative bacteria in the whole
oral cavity. Indeed, adjunctive use of metronidazole showed a greater reduction in
the levels of periodontal pathogens in Pd patients compared to mechanical control
alone®'. However, it is important to note that good oral hygiene continues to be fun-
damental in the long-term control of the disease. Poor oral hygiene in Pd patients
diminishes the beneficial effects of any treatment®2.

Although Pd and CG groups were matched by gender to avoid the influence of this
factor on the results, this study has some limitations. It is important to highlight
the relatively small sample size and the age of subjects. Pd patients were older
than clinically healthy ones due to the difficult to find elderly subjects with no signs
of periodontitis.

In conclusion, Pd patients showed higher prevalence and counts of some putative
periodontal bacteria, especially from the red complex, than control ones, regardless
of the severity of their sites.
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