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Abstract

Background: Periodontitis is a chronic inflammatory disease characterized by progressive
destruction of periodontal supporting tissues, strongly associated with shifts in the oral microbiota.
Saliva has emerged as a promising diagnostic fluid; however, few studies have analyzed its microbial
composition at the species level in the context of the 2018 classification of periodontal diseases.
Objectives: To characterize the salivary microbial profiles in a systemically healthy Mexican
population with different stages of periodontitis according to the 2018 AAP/EFP (American Academy
of Periodontology/ European Federation of Periodontology) classification, and to evaluate
sociodemographic, anthropometric parameters and clinical characteristics as possible risk factors.
Methods: A cross-sectional study was conducted in 138 adults classified as periodontal health (n =
33), gingivitis (n = 34), stage I-II periodontitis (n = 18), or stage III-IV periodontitis (n = 53).
Unstimulated saliva samples were analyzed for 40 bacterial species using Checkerboard DNA-DNA
hybridization technique. Microbial levels, prevalence, and proportions were compared, and
multivariate ordinal logistic regression was used to identify independent predictors of disease
severity. Results: Porphyromonas gingivalis and Tannerella forsythia exhibited significantly higher
levels in advanced periodontitis (p<0.001). Orange complex bacteria, including Campylobacter rectus
and Campylobacter showae, also increased with severity, while commensals such as Gemella morbillorum
and Streptococcus sanguinis decreased. Ordinal logistic regression identified age (OR=1.10, p<0.001),
dental plaque (OR=1.03, p=0.008), C. rectus (OR=1.33, p=0.043), and P. gingivalis (OR=1.22, p<0.001) as
positive predictors of periodontitis. Conclusions: The salivary microbiota exhibits distinct microbial
signatures by periodontal severity, with enrichment of pathogenic complexes and depletion of
commensals. These findings support saliva as a feasible matrix for screening and prognosis,
particularly in resource-limited laboratory clinical settings.

Keywords: periodontitis; microbiota; saliva; microbial profile; oral dysbiosis; checkerboard DNA-
DNA hybridization
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1. Introduction

Periodontitis is characterized by the progressive destruction of periodontal supporting tissues
[1] and loss of clinical attachment [2]. The condition arises from dysbiosis of the oral microbial
community and is closely linked to the accumulation of dental plaque on tooth surfaces [3,4]. This
disease is one of the leading causes of tooth loss, which can contribute to the impairment of general
health, as a significant association has been observed with various systemic diseases such as diabetes
[5], hypertension [6], heart disease [7] and Alzheimer’s disease [8,9].

Saliva is the fluid that coats the entire oral cavity and plays important roles in chewing,
swallowing, and speech [10]. The salivary microbiota consists of bacteria shed from different areas of
the oral cavity, including the tongue, palate, mucosa, and teeth [10,11]. A few studies have detected
subgingival periodontopathogenic bacteria from individuals with periodontitis through saliva
[10,12], indicating that bacteria can be detected in saliva, reflecting shedding from multiple sites
[13,14].

Most studies analyzing salivary microbiota associated with periodontitis have employed
quantitative real-time polymerase chain reaction (qPCR) methods [15] sequencing of certain
hypervariable regions of the 16S rRNA gene make it difficult to obtain these approaches are useful
but can be limited either by their a priori target selection (qPCR) or by insufficient species-level
resolution (some 16S regions). Although less comprehensive than next-generation sequencing, the
DNA-DNA hybridization or ”Checkerboard” technique remains a robust tool for focused, species-
level comparisons and has been applied to saliva as well as supragingival and subgingival biofilm
sampling [16,17], described by Socransky in 1994 [18]. This technique has also been used to examine
the microbial composition of saliva, supragingival and subgingival biofilm [17,19], and is still being
used in the description of subgingival microbiota for periodontal disease [20,21]. Few studies have
applied the 2018 staging system to salivary profiles, and none in systemically healthy Mexican
cohorts using Checkerboard [22-24].

Moreover, the validation of saliva as a diagnostic matrix represents a significant advancement
in the pursuit of non-invasive and accessible tools for the diagnosis and monitoring of periodontitis,
particularly in clinical settings with limited resources [25].

Therefore, the aim of the present study was to characterize the salivary microbiota in individuals
with periodontitis employing the Checkerboard DNA-DNA hybridization technique according to the
2018 Classification, considering and evaluate sociodemographic and clinical predictors of
periodontitis severity (age, Oral Hygiene Index, Filled Teeth (DMFT) Index), in systematically
healthy adults in Mexico City.

2. Materials and Methods
2.1. Ethics

This study was conducted in accordance with the Declaration of Helsinki [26] and was approved
by the Research and Ethics Committee of the Faculty of Dentistry at the National Autonomous
University of Mexico under the reference number CIE/0824/03/2024. All participants read and signed
an informed consent form before joining the research project.

2.2. Study Population

A total of 138 unstimulated saliva samples were collected from adults aged 18 to 70 years.
Participants were categorized as Periodontal Health, Gingivitis, stages I and II periodontitis, or stage
III and IV periodontitis based on the criteria of the 2018 classification [27]. All individuals were
recruited from the Division of Graduate Studies and Research at the Faculty of Dentistry, National
Autonomous University of Mexico.

No formal sample size calculation was performed a priori, as the study was conceived as an
exploratory cross-sectional analysis that included all eligible participants during the study period.
However, a post hoc power calculation was performed under the following assumptions: four groups,
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Cohen'’s f effect size = 0.30, a = 0.05, k = 4, N=138. The estimated power for a one-way ANOVA was

0.84 (84%), which provides reasonable evidence support given the sample size achieved.
The selection criteria were as follows:
Inclusion criteria

® Males and females aged 18-70 years.

e Residing in Mexico City or surrounding areas, systemically healthy (without self-reported
chronic systemic diseases or conditions).

e  With no oral hygiene performed 24 hours before sample collection and without additional use
of antiseptic mouthwashes or oral hygiene aids (dental floss, interdental brushes).

e  With at least 20 natural teeth (excluding third molars).

Exclusion criteria

Individuals who have undergone periodontal treatment in the past 12 months.

Those who had taken antibiotics within the last three months.

Pregnant or lactating women.

Individuals using orthodontic appliances.
Participants who did not undergo clinical examinations, had incomplete or contaminated
samples, were excluded.

2.3. Sociodemographic Data

Demographic information such as sex (it refers to the participant’s birth sexual identity) and age
(it refers to the age in completed years) were recorded. Educational level is classified into four
categories: Complete Primary, Middle School, High school, University studies and Postgraduate
school. Occupation (current occupation): Home, Student, Workman, Professional, Other. Marital
status (Situation of natural persons determined by their family relationships, arising from marriage
or kinship): Single and married. Anthropometric parameters were evaluated (weight and height),
and the Body Mass Index (BMI) was calculated using the formula weight (kg)/ [height (m)]2.

2.4. Clinical Examination and Classification

The clinical examination was conducted by two standardized clinicians assessing Oral Hygiene
Index (OHI) (a modification of the OHI was used, presenting the percentage of sites covered with
different levels of biofilm and calculus) [28], Caries experience was assessed using the Decayed,
Missing, and Filled Teeth (DMFT) Index [29], bleeding on probing (BoP) upon probing of teeth
assessed using the Weijden Index [30], and periodontal measurements at six sites per tooth on all
natural teeth except third molars, including probing depth and clinical attachment, measuring the
distance from the cementoenamel junction (CEJ) to the pocket depth and the distance from the
gingival margin to the CE] were performed respectively. Along with a radiographic series (14
radiographs) using a digital sensor and portable X-ray device. The PCP11.5 probe was used for OHI
and GB measurement, while the PCPUNC 15 probe was used for periodontal measurements.
Calibration was performed prior to the study until achieving a Cohen’s kappa >0.7 for periodontal
measurements and >0.8 for other indices. Re-standardization sessions were carried out every six
months to maintain validity and reproducibility.

2.5. Periodontal Classification

Participants were classified according to the 2018 Classification of Periodontal and Peri-Implant

Diseases and Conditions:

e  Periodontal Health. No clinical attachment level (CAL) nor radiographical bone loss (RBL) and
probing depths (PD) <3 mm, assuming no pseudo pockets [31].

e  Gingivitis. No CAL nor radiographical bone loss (RBL) and BoP at >10% of the teeth. Including
localized and generalized gingivitis [32].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0436.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2025 d0i:10.20944/preprints202510.0436.v1

4 of 15

e  Periodontitis in stages I or II. Following the criteria for severity, interdental CAL of 1-2 mm
(stage I) or 3-4 mm (stage II) and RBL affecting only the coronal third of the root (<15% for stage
I and 15-33% for stage II) [2].

e  Periodontitis in stages III or IV. Following the criteria for severity, interdental CAL >5mm and
RBL extending to middle or apical third of the root. There should be evidence of tooth loss <4
teeth due to periodontal reasons in stage III, and >5 teeth in stage IV [2].

2.6. Saliva Samples

Saliva samples were collected in the morning between 8:00 and 11:00 AM to minimize variations
in saliva viscosity. Participants were instructed to refrain from any oral hygiene procedures for 24
hours before collection and to observe a 6-hour fasting period. A total of 3 mL of unstimulated saliva
was collected using the spitting method into a pre-labeled 15 mL Falcon tube and placed immediately
in ice. 1 mL of saliva aliquots were centrifuged for 10 min at 10,000 RPM, the supernatant was
discharged, and solutions were re-suspended in 150 ul of NaOH to lyse the cells and preserve them
[33].

2.7. Microbial Evaluation

Complete genomic DNA probes labeled with digoxigenin were prepared using a random primer
technique [34]. Samples were individually processed for the detection and quantification of 40
microbial species using DNA-DNA hybridization or “Checkerboard” technique [18], following
previously described procedures [35]. The list of bacterial strains used for probe development is
presented in Table S1. DNA was isolated and purified [36] from lyophilized stocks obtained from the
American Type Culture Collection (ATCC, Rockville, MD). The specificity and sensitivity of DNA
probes were assessed, and the assay sensitivity was adjusted to approximately from 10*to 107 cells of
each species.

2.8. Statical Analysis

Data were analyzed using R software (R Foundation for Statistical Computing, Vienna, Austria).
Descriptive statistics were used to summarize sociodemographic and clinical variables in the
population study (N =138). Frequencies and percentages were reported for categorical variables (sex,
education level, marital status and occupation) with means and standard deviations. The Shapiro-
Wilk test was used to evaluate the distribution of continuous data. Bivariate Analysis: Clinical and
sociodemographic data were calculated by periodontal status group. Categorical variables were
compared using Fisher’s exact tests. For continuous variables and microbial data Kruskal-Wallis tests
were performed.

The microbial data available were the relative counts of each of the 40 test species from saliva
samples of the participants. The analysis compared the composition of saliva between periodontal
conditions, expressed as mean levels (DNA-probe count) + SEM, prevalence (% positive saliva
samples) + SEM, and proportion (% total DNA-probe count) + SEM of individual species. The
proportion of microbial complexes was also determined by grouping the test species as similarly as
possible to previous descriptions of microbial complexes, in subgingival plaque. Microbiological
analyses were performed with adjustment for multiple comparisons. Post hoc multiple comparison
correction was performed with the Benjamini-Hochberg procedure.

Additionally, a multivariate ordinal regression model [37] was constructed to evaluate the
association between severity of periodontitis (classified into ordered categories) and
sociodemographic, clinical, and microbiological variables. Odds ratios (ORs) with 95% confidence
intervals (95% CI) and p-values were calculated. The variables of the final model were selected using
a stepwise procedure based on the Akaike Information Criterion (AIC), choosing the model with the
lowest AIC value as the most parsimonious. These variables were: age, marital status, DMFT index,
body mass index (BMI), species (Aggregatibacter actinomycetemcomitans, Campylobacter rectus,
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Capnocytophaga ochracea, Cutibacterium acnes, Fusobacterium nucleatum sensu stricto, Porphyromonas
endodontalis, Porphyromonas gingivalis, and Schaalia odontolytica).

3. Results

A total of 138 participants were included in the study (Table 1), comprising 33 individuals with
periodontal health, 34 with gingivitis, 18 diagnosed with stage I or II periodontitis, and 53 diagnosed
with stages III and IV. The mean age was 39.2 + 13.7 years. Women accounted for 59.5% of the
participants, and no significant differences were observed between periodontal conditions in terms
of sex, marital status and education level. Significant differences were observed between the different
stages of periodontitis and age (p<0.0001), occupation (p<0.001) and body mass index (BMI p = 0.030).

The microbiological analysis revealed distinct microbial patterns across periodontal conditions
(Figure 1A). Red complex species showed marked increases with disease severity. P. gingivalis
reached significantly higher mean counts in stages III and IV compared to periodontal health or
gingivitis groups (18.3 x 10° vs. 5.4 x 10% p < 0.001), and Tannerella forsythia also increased significantly
in advanced disease (10.3 x 105 vs. 4.1 x 10%; p = 0.001).
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Figure 1. A) Mean total individual levels (total DNA Probe counts x 10°) and B) mean proportion (% total DNA
probe count) of 40 individual bacterial species across the 138 participants of the study diagnosed with
Periodontal Health, Gingivitis, Stage I and II and Stage III and IV Periodontitis. Differences of mean total levels
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(* p <0.05) and Mean proportions ( 1 p < 0.05) between periodontal conditions were determined using Kruskal-

Wallis and were further corrected.

Table 1. Sociodemographic and clinical characteristics of the studied population and by periodontal condition.

Population Periodontal Gingivitis Stage I-11 Stage III-IV
(n=138) Health (n=34) (n=18) (n=53) b
(n=33)

Age(utsd) 39.23+£13.72 30.82+10.84 39.68+13.46 31.28+10.85 46.8+11.9 2.1x107
Sex 0.61*
Male (n (%)) 56(40.57) 13(39.3) 16(47.05) 5(27.7) 22(41.5)
Female (n (%)) 82(59.43) 20(60.7) 18(52.95) 13(72.3) 31(58.5)
Marital status 0.25%
Single (n (%)) 88 (63.76) 26 (78.8) 24 (70.5) 11 (61.1) 27 (50.9)
Married (n (%)) 50 (36.23) 7 (22.2) 10 (29.5) 7 (38.9) 26 (49.1)
Education 0.052*
Complete primary (n (%)) 8(5.7) 0(0) 5 (14.71) 0(0) 3 (5.66)
Middle school (n (%)) 25 (18.1) 4(12.12) 9 (26.47) 4(22.22) 8 (15.09)
High school (n (%)) 17 (12.3) 3(9.09) 3(8.82) 3 (16.67) 8 (15.09)
University (n (%)) 71 (51.4) 22 (66.67) 14 (41.18) 7 (38.89) 26 (49.06)
Postgraduate (n (%)) 17 (12.3) 4(12.12) 3(8.82) 2 (11.11) 8 (15.09)
Occupation 0.001*
Homework (n (%)) 17 (12.3) 2 (6.06) 4(11.76) 1 (5.56) 10 (18.87)
Student (n (%)) 26(18.8) 11 (33.33) 6 (17.65) 6 (33.33) 3 (5.66)
Workman (n (%)) 16(11.5) 1(3.03) 2 (5.88) 3 (16.67) 10 (18.87)
Professional (n (%)) 57 (41.3) 18 (54.55) 13(38.24) 7 (38.89) 19 (35.85)
Other (n (%)) 22 (15.9) 1(3.03) 9 (26.47) 1 (5.56) 11 (20.75)
Clinical variables
BMI (usd) 26.56+4.87 25.20+4.65 25.86+4.16 25.73£3.9 28.1+5.3 0.029*
CAL (pzsd) 4.89+2.32 3.63£1.59 4.17+1.6 4+0 6.4+2.6 1.4x10*
RBL (uzsd) 19.09+7.43 14.96+2.7 17.44¢5.9 16.61+2.6 20.4+8.9 9.02x10-8
PD (uzsd) 4.18+1.36 3.1+0.44 3.4+0.6 4+0 5.3+1.4 2.09x100
BoP (usd) 25.15+21.1 3+3.4 27.8+15.8 30.1+20.8 35.5+£20.7 1.23x10-+
Surfaces with biofilm

27.5+22.7 14.3+14.6 22.1£18.7 31.6+21.37 37.9+24.6 2.4x10°
greater than 2/3 (usd)
DMFT 9.9+5.37 9.245.3 9.9+6 8.3+5.6 10.9+4.7 0.27
Missing teeth (uxsd) 0.6+1.4 0.8+1.5 0.6+1.22 0.1+0.64 0.7+1.5 0.53

BMI = Body Mass Index. CAL = Clinical Attachment Level. RBL = Radiographic Bone Loss. PD =Pocket Deep.
BoP = Bleeding on Probing. DMFT = Decayed, Missing, and Filled Teeth. n = number of patients. 1 = mean. sd =

standard deviation. p = p-value associated to Kruskal-Wallis test. * = p-value associated to Fisher’s exact test.

Orange complex species such as C. rectus and Campylobacter showae displayed higher levels in
stage III and IV group (p = 0.002 and p = 0.006, respectively). Similarly, Eikenella corrodens and
Fusobacterium periodonticum exhibited significantly higher levels in stage III and IV groups (p = 0.002
and p = 0.008, respectively) (Figure 1A).

In contrast, bacteria associated with periodontal health showed reduced levels with disease
progression. For instance, Gemella morbillorum decreased in gingivitis and stage I and II groups;
Actinomyces naeslundii and Streptococcus sanguinis showed lower proportions in Stage III and IV of
periodontitis, although differences did not reach statistical significance.

Regarding the mean proportion of species (Figure 1B), red complex bacteria represented a
significantly large fraction of the total salivary microbiota in subjects with periodontitis compared
with healthy and gingivitis individuals. Conversely, commensal species such as Streptococcus mitis
and S. sanguinis predominated in health but were reduced in disease groups.
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Prevalence data (Figure 2) demonstrated similar patterns. The frequency of detection of P.
gingivalis and T. forsythia increased in disease groups, while Veillonella parvula and C. ochracea
decreased in prevalence in the stage IIIl and IV group.
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Figure 2. Prevalence of bacterial species in each periodontal condition + standard error through the
Checkerboard DNA-DNA hybridization technique. Differences of prevalence between groups was determined
using Kruskal-Wallis with post hoc multiple comparison correction was performed with the Benjamini-
Hochberg procedure: * p < 0.00125.

The analysis of the mean proportion of bacterial complexes showed distinct distribution patterns
across periodontal conditions (Figure 1B and Table S5). The “Other” complex represented the largest
fraction of the salivary microbiota (37.8%) in individuals with periodontal health (Figure 3A),
followed by the Orange (19.1%) and Yellow complexes (18.3%). In gingivitis (Figure 3B), the overall
distribution was similar, although an increase in the Orange complex (23.6%) and a slight elevation
of the Red complex (7.4%) was observed. The “Other” complex remained abundant (33.6%), whereas
the Yellow complex showed a reduction compared with health (14.9%). In stage I and II periodontitis
(Figure 3C), there was a progressive increase in the proportion of Orange (20.5%) and Red (7.2%)
complexes, accompanied by a decrease in commensal bacteria such as Actinomyces (2.6%) and the
Green complex (8.1%). The “Other” complex remained the most abundant (33.3%). In stage III and
IV periodontitis (Figure 3D), the Orange complex reached one of its highest values (22.4%), and the
red complex showed an elevated proportion compared with the other groups (9.2%). However, the
Yellow complex was reduced compared with periodontal health (15.5% vs. 18.3%). Additionally, the
Actinomyces (3.9%) and green (8.6%) complexes, both associated with health, also presented lower
proportions.

The ordinal logistic regression model (Table 2) identified several independent factors associated
with periodontitis (stages of periodontitis as a dependent variable). Increasing age (OR = 1.10, 95%
CI: 1.057-1.566, p < 0.001), presence of biofilm covering more than two-thirds of surfaces (OR = 1.03,
95% CI: 1.006-1.046, p = 0.008), S. odontolytica (OR =1.13, 95% CI: 1.046-1.224, p = 0.002), C. rectus (OR
=1.33, 95% CI: 1.012-1.758, p = 0.043), and P. gingivalis (OR =1.22, 95% CI: 1.100-1.349, p < 0.001) were
positively associated with disease. In contrast, for each increase in DMFT, there was a 12.3% reduction
in periodontitis (OR = 0.88, 95% CI: 0.802-0.956, p = 0.003), and C. ochracea (OR = 0.599, 95% CI: 0.430—
0.907, p=0.001), F. nucleatum sensu stricto (OR = 0.84, 95% CI: 0.772-0.907, p < 0.001), and P. endodontalis
(OR =0.94, 95% CI: 0.895-0.985, p = 0.009) are associated with a modest diminution of the likelihood
of periodontitis.
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Figure 3. Distribution of the bacterial complexes identified through the Checkerboard DNA—DNA
hybridization technique according to periodontal condition: A) Periodontal health, B) Gingivitis, C)
Periodontitis in Stage I and II and D) Periodontitis in Stage III and IV. Each circle represents the relative
proportions of classical bacterial complexes (Yellow, Purple, Green, Orange and Red) as well as members of the
Actinomyces genus (dark blue), the Ungrouped (light blue) and other bacterial species grouped as Others (grey).

Table 2. Ordinal logistic regression model of periodontitis severity adjusted for sociodemographic, clinical, and

microbiological variables.

OR (95% CI) 4
Age 1.103 (1.057-1.566) <0.001
Marital status 0.335 (0.117-0.956) 0.034
Surfaces with biofilm greater than 2/3 1.025 (1.006-1.046) 0.008
DMFT 0.877 (0.802-0.956) 0.003
BMI 1.067 (0.977-1.167) 0.149
A. actinomycetemcomitans 1.106 (0.982-1.254) 0.101
C. acnes 1.060 (0.998 -1.130) 0.043
C. ochracea 0.599 (0.430-0.907) 0.001
C. rectus 1.326 (1.012-1.758) 0.057
F. nucleatum sensu stricto 0.838 (0.772-0.907) <0.001
P. endodontalis 0.939 (0.895-0.985) 0.009
P. gingivalis 1.218 (1.10-1.349) <0.001
S. odontolytica 1.130 (1.046-1.224) 0.002

Taken together, these findings indicate that the salivary microbiota varies significantly with
periodontal status, with enrichment of pathogenic red and orange complex species in advanced
stages and depletion of commensal taxa associated with health.
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4. Discussion

The aim of the present study was to characterize the salivary microbiota in individuals with
periodontitis according to the current Classification of Periodontal and Peri-Implant Diseases and
Conditions proposed by the American Academy of Periodontology and the European Federation of
Periodontology (AAP/EFP) in 2018. The findings reflect characteristic patterns of microbial dysbiosis
associated with the progression of periodontal disease, confirming that saliva can be used as a
diagnostic tool in oral microbiota research, and as a coadjutant of clinical periodontal diagnosis and
prognosis and monitoring periodontitis.

The results showed a gradual increase in the levels and prevalence of red complex species (P.
gingivalis and T. forsythia) in relation to the clinical severity of periodontitis. This trend has been
observed in other populations on subgingival microbiota samples [38,39]. Similarly, previous studies
in the Mexican population have revealed the same pattern for this bacterial complex [40,41].
Moreover, regarding the bacterial variables included in the model, the levels of P. gingivalis and C.
rectus were confirmed as positive predictors of periodontitis, reaching an area under the curve (AUC)
of 86.8% at 80.8% sensitivity and 80% specificity for the Stage IIl and IV group, and a AUC of 89% at
93% sensitivity and 74% specificity for Periodontal health group, allowing to discriminate between
health and disease status. These results are consistent with the bivariate analysis and with previous
investigations that employ PCR [42] and Next Generation Sequencing (NGS) [23,43,44] detection
methods since these bacteria, belonging to the red and orange complexes, respectively, are recognized
as key pathogens in disease progression [45]. Previous studies have shown that P. gingivalis promotes
biofilm maturation [46], sustained dysbiosis, attenuation of antimicrobial response [47], and
subversion of immunological response [48], furthermore it has been shown its ecological dominance,
in saliva, where its presence reflects continuous shedding from subgingival biofilms and highlights
its utility as a salivary biomarker for periodontal disease. These results suggest that dysbiosis may
not be limited to the subgingival habitat but can also be detected in the salivary microbiota [49] which
is clinically relevant since salivary sampling is less invasive than subgingival sampling [50].

Similarly, orange complex species such as F. nucleatum sensu stricto and P. intermedia also
increased in individuals with periodontal disease, suggesting their role as secondary colonizers that
promote the adhesion and co-aggregation of more periodonto-pathogenic species [51]. In contrast,
bacteria considered commensal or associated with periodontal health, such as S. sanguinis, A.
naeslundii and G. morbillorum showed a notable decrease in both proportion and prevalence in the
periodontitis groups [52], indicating a shift toward dysbiosis and the development of a more
pathogenic oral ecosystem [51]. Moreover, bacteria such as C. ochracea (green complex) and F.
nucleatum sensu stricto (orange complex) exhibited OR values <1, suggesting no association in this
model. This finding is noteworthy and contrasts with the established role of F. nucleatum sensu stricto
as a facilitator in the colonization of late pathogens [53].

An important finding of this study is that, although the overall proportions of the yellow and
green complexes decreased in periodontitis groups compared with health, some individual species
from the yellow complex, such as S. oralis and S. gordonii, were found at higher proportions and levels
in the most severe stages of periodontitis (stages III and IV) [54]. This may reflect secondary
recolonization following periodontal tissue destruction and the expansion of ecological habitats [55],
whereby certain commensal bacteria recolonize the oral cavity without exerting the same beneficial
effects as in health [56]. Furthermore, some bacteria traditionally considered associated with
periodontal health may adapt to inflamed environments and participate in dysbiotic biofilms [57],
shifting their role from commensals to opportunists. For example, S. gordonii can contribute to heme
acquisition, an essential iron source that supports the growth and proliferation of P. gingivalis [58,59].

Additional factors were positively associated with periodontitis in the ordinal logistic regression
analysis, specifically, increasing age (OR =1.10; p < 0.001) and the presence of biofilm covering more
than two-thirds of tooth surfaces (OR = 1.02; p = 0.008) were positively associated with periodontitis.
This is consistent with reports from other authors describing periodontitis as a chronic disease that
progresses over time [60,61] with the risk of advanced stages increasing with age [62]. In line with
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this, the direction and magnitude align with population data showing higher salivary bacterial loads
and inflammatory markers in older individuals, and increased counts of periodontopathogens in
those with generalized bone loss suggesting age-related changes in the salivary milieu beyond
periodontal status, which may partly mediate the age effect we observe [63]. In addition, periodontitis
is directly related to the accumulation of dental biofilm [60,64], as this ecological niche supports the
further accumulation of bacteria that promote early inflammation stages related to periodontitis in
susceptible hosts [60,65].

Body mass index was observed with a positive OR however, it did not show significance within
the model (OR = 1.06; p=0.14). Although several studies report that a higher BMI is associated with
greater severity of periodontitis [66—69], other studies have shown that when adjusted for variables
such as age and oral hygiene habits, the association decreases or is not statistically significant [70].

The ordinal regression showed that for each one unit increase in DMFT, the presence of
periodontitis decreased by 12.3%. In other words, a higher number of decayed, missing, and filled
teeth was associated with less periodontitis. Although caries and periodontitis share similar
environmental conditions, such as biofilm accumulation, substrate availability, and poor oral
hygiene, the main types of microorganisms involved are different [71].

The use of saliva samples instead of subgingival biofilm represents a potential logistical and
clinical advantage, as it is a non-invasive procedure and easier to standardize. Our findings support
previous studies suggesting that salivary analysis can accurately reflect the microbial composition of
the oral environment and differentiate between periodontal health and disease states [12,72].
However, it is also acknowledged that saliva represents a mixture of multiple ecological niches, and
therefore its interpretation must be appropriately contextualized [22].

By identifying specific microbial signatures associated with different stages of periodontitis, our
results could support the development of population-level screening strategies, particularly in
resource-limited settings where traditional periodontal assessments may not be feasible [25]. In
addition, the stratification of microbial patterns by disease stage could contribute to therapeutic
monitoring by providing a non-invasive means to assess treatment outcomes over time [12,73]. In
which sociodemographic, oral hygiene, and clinical monitoring must be evaluated together through
microbial screening to clarify the risk factors of individuals for presenting periodontitis.

4.1. Limitations

Among the main limitations of the study are its cross-sectional design, which prevents the
establishment of causal relationships, as well as the limited sample size and the exclusion of patients
with systemic conditions, which may restrict the generalizability of the findings. In addition,
although the Checkerboard DNA-DNA hybridization technique is robust and validated, with a
detection threshold above 10,000 bacterial cells and providing reliable semi-quantification that allows
the association of bacterial load with endogenous infections, it offers a more limited overview of the
oral microbiota compared to more recent molecular techniques such as NGS.

5. Conclusions

The salivary microbiota exhibits distinct microbial signatures according to periodontal severity,
with enrichment of pathogenic red and orange complex species and depletion of commensals in
advanced disease resulting in a higher risk of presenting periodontitis, particularly in older
individuals with biofilm coverage, with a higher risk to present periodontitis according to age and
biofilm covering. These findings support the use of saliva as a feasible diagnostic matrix for screening,
as a coadjutant of clinical periodontal diagnosis and prognosis and monitoring periodontitis,
particularly in resource-limited laboratory clinical settings.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Reference strains employed for the development of DNA-probes ; Table

S2: Average levels (bacterial counts x 10° + SEM) of 40 bacterial species evaluated in subjects with periodontal
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health vs gingivitis vs subjects with periodontitis stage I and II vs subjects with periodontitis stage IIl and IV ;
Table S3: Prevalence (% of colonized sites) of 40 bacterial species evaluated in subjects with periodontal health
(n=33) vs. subjects with gingivitis (n=34) vs. subjects with stage I-II periodontitis (n=18) vs. subjects with stage
MI-IV periodontitis (n=53).; Table S4: Mean individual proportion (%) of 40 bacterial species evaluated in subjects
with periodontal health (n=33) vs. subjects with gingivitis (n=34) vs. subjects with stage I-II periodontitis (n=18)
vs. subjects with stage III-IV periodontitis (n=53).; Table S5: Average proportion by bacterial complexes (%) of
40 bacterial species in subjects with Periodontal Health (n=33), Gingivitis (n=34), Stage I-II periodontitis (n=18),
and Stage III-IV periodontitis (n=53).
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