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Abstract: Commonly the periodontitis has been linked to periodontopathogens categorized in
Socransky's microbial complexes, however, there is a lack of knowledge regarding “other microor-
ganisms” or "cryptic microorganisms”, which are rarely thought of as significant oral pathogens and
are neither previously categorized nor connected to illnesses in the oral cavity. This study hypoth-
esized that these cryptic microorganisms could contribute to the modulation of oral microbiota pre-
sent in health or disease (periodontitis and/or OSA patients). For this purpose, the presence and the
correlation among these cultivable cryptic oral microorganisms were identified and their possible
role in both conditions was determined. Data from oral samples of individuals with or without per-
iodontitis and with or without OSA were obtained from a previous study. Demographic data, clin-
ical oral characteristics, and genera and species of cultivable cryptic oral microorganisms identified
by MALDI-TOF were recorded. The data of 75 participants were analyzed to determine the relative
frequencies of cultivable cryptic microorganisms’ genus and species, microbial clusters and correla-
tions tests were performed. According to periodontal condition, Gingivitis - dental biofilm-induced
in reduced periodontium and stage III periodontitis were found to have the highest diversity of
cryptic microorganism species. Based on the experimental condition these findings showed that
there are genera related to disease conditions and others related to healthy conditions, with species
that could be related to different chronic diseases being highlighted as comorbidities periodontitis
and OSA. The cryptic microorganisms within the oral microbiota of patients with periodontitis and
OSA are present as potential pathogens, promoting the development of dysbiotic microbiota, and
the occurrence of chronic diseases, which have been previously proposed to be common risk factors
for periodontitis and OSA. Understanding the function of possible pathogens in the oral microbiota
will take more research.

Keywords: periodontitis; obstructive sleep apnea; oral microbiota; pathogenic microbiota; chronic
diseases; MALDI-TOF
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1. Introduction

According to recent studies, patients with OSA have an increased risk of developing
periodontitis [1,2]. Some hypotheses about the connection between periodontitis and OSA
include a genetic predisposition, an inflammatory response that both disorders share, and
a change in the oral microbiota [3].

Individuals with OSA have higher prevalence of increased periodontal parameters
like Probing Depth (PD) and Clinical Attachment Level (CAL), as well as an Index of Ap-
nea-Hypopnea (AHI) >15 events per hour, and they experience mouth breathing-related
oral dryness. Also, these individuals have a microbiota characterized by an increase of
Gram-negative bacteria, primarily periodontal pathogens [4,5]. It has been reported that
the oral microbiota of patients with OSA is significantly different from that of individuals
without OSA. The nasal microbiome of subjects with severe OSA was altered and enriched
with Streptococcus, Prevotella, and Veillonella; Several common oral commensals (Strepto-
coccus, Rothia, Veillonella, and Fusobacterium) correlated with apnea—hypopnea index [6].
Pyrosequencing was also utilized to detect bacteria associated with OSA and hyperten-
sion, revealing the presence of Porphyromonas spp. and Aggregatibacter sp. in both mild
and moderate-severe OSA [7]; both genera are associated with the development of perio-
dontitis.

The oral dryness affects bone remodeling triggered by hypoxia, with an increase in
COzlevels [5], reducing the immune system's response to infections and allowing a higher
diversity of microorganisms (bacteria and yeasts), that they are capable of generating
dysbiotic polymicrobial communities. Recent studies have found that individuals with
OSA and periodontitis had higher levels of periodontal pathogenic bacteria [8] associated
to yeasts such Candida spp. [9]. Additionally, of cryptic microbiota which we describe as
those microorganisms that are not often considered as significant oral pathogens and nei-
ther classified in the Socransky's microbial complexes [10], nor associated with specific
pathologies in the oral cavity have been identified in periodontitis and OSA [9]. Although,
these cryptic microorganisms could contribute to the periodontitis development in OSA
patients. Therefore, the purpose of the present study was to analyze the presence of these
cultivable cryptic oral microorganisms in individuals with periodontitis associated with
OSA and to identify potential pathogens in both conditions.

2. Materials and Methods

2.1 Study Population

Demographic data, clinical oral characteristics and cultivable cryptic microorganisms
identified by MALDI-TOF equipment (Microflex from® Burker Daltonik Inc), in oral sam-
ples of participants from a previous study were available for re-analysis for this study. As
previously described [9], participants were recruited from the Sleep Clinic of the Hospital
Universitario San Ignacio and the Sleep Clinic of the Faculty of Dentistry at the Pontificia
Universidad Javeriana-PU]J, Colombia. Inclusionary criteria were set to select completed
clinical oral data of participants with cryptic microorganisms identified in their oral sam-
ples. The participants that fulfilled the inclusion criteria were assigned to one of four
groups according to the severity of their OSA and their periodontal diagnosis, as follows:
Group 1 (G1) (H) healthy patients: non-periodontitis and non-OSA (n=20); Group 2 (G2)
(P) periodontitis and non-OSA patients (n=13); Group 3 (G3) (OSA) OSA and non-perio-
dontitis patients (n=18); and Group 4 (G4) (P-OSA) periodontitis and OSA patients (n=24).
The data of these 75 participants were earlier related by Tellez Corral et al., 2022 [9] and
in this study analyzed in relation with cryptic oral microorganisms.

2.2 Data register
The demographic data and clinical oral characteristics were recorded, including age,
sex, and periodontal parameters: probing depth (PD), clinical attachment loss (CAL),
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plaque index (PI), bleeding of probing (BOP) and missing teeth. Additionally, genus and
species of cultivable cryptic oral microorganisms identified were recorded.

2.3 Statistical analysis

The first part of the present study consisted in performing a descriptive statistic.
Two-way ANOVA with Tukey’s multiple comparisons test were used to analyze the de-
mographic data and periodontal parameters. The second part, tests were carried out to
compare the cultivable cryptic oral microorganisms between each group, determining the
relative frequencies of cryptic microorganisms’ genus and species. The cluster analysis of
cryptic microbial communities by group of patients was conducted using the Agglomer-
ative Hierarchical Clustering (AHC) according to the frequency of the microorganisms.
Principal Coordinates Analysis (PCoA) calculated by the relative abundance of microor-
ganisms. Association tests were performed within each group using the Spearman r test
(p-value <0.5) to correlate periodontal parameters and the cultivable cryptic microorgan-
isms. The software’s GraphPad Prism 9.0.2 (GraphPad Software, California, USA) and
XLSTAT statistical and data analysis solution (Addinsoft, New York, USA) were used.

3. Results

3.1 Clinical Data

The demographic variables and periodontal parameters of the study population are pre-
sented in Table 1. There was a higher percentage of men in Group 4 (P-OSA) than in the
other groups. The teeth with periodontitis (%), the BOP (%) and the PI showed statistically
significant differences between Group 2 (P) and Group 4 (P-OSA) vs. Group 1 (H)
(p<0.001). As well, the PI showed statistically significant differences between Group 3
(OSA) (p<0.001) vs. Group 1 (H). Regarding the periodontal condition, the biofilm-in-
duced gingivitis in a reduced periodontium was more prevalent in patients in Group 1
(H) and Group 3 (OSA) (56% and 79%, respectively). The Stage III periodontitis was more
prevalent in patients in Group 2 (P) and Group 4 (P-OSA) (65% and 81%, respectively)

(Figure 1).
Table 1. Demographic variables and periodontal parameters of the group of patients
Clinical variable Group 1 (H) Group 2 (P) Group 3 (OSA) Group 4 (P-OSA)

(n=20) (n=13) (n=18) (n=24)

Age (years) 44.35+14.24 40.69 = 10.83 50.35 £ 13.09 49.33 +11.65

Gender (Males) (%) 32 41 37 69

Missing teeth 6.21 +4.42 5.69+2.25 8.53 +£6.53 7.08+6.23

Teeth with periodontitis 2.18+3.99 4791 + 24.72* 1.37 +2.98» 39.16 £ 19.39%§

(%)

PD (mm) 1.81+0.48 2.64+0.45 2.36 £ 4.82 13.83 +9.95

Sites (%) PD >4 mm 0.29 £ 0.50 16.76 +10.62 2.01£0.15 2.64+0.41

CAL (mm) 1.33+0.78 2.15+1.01 1.52+0.98 231+1.14

BOP (%) 11.59 £ 11.46 49.19 + 26.92* 24.02 + 22.96» 48.67 + 26.69*§

PI 19.30 £ 11.48 47.21 + 26.28* 39.65 + 21.43* 39.16 + 19.39%

Values are given as mean + standard deviation; Two-way ANOVA, Tukey's multiple comparisons test, p<0.05

PD: Probing depth; CAL: Clinical attachment loss; BOP: Bleeding of probing; PI: Plaque index

* Significantly different to Group 1

» Significantly different to Group 2

§ Significantly different to Group 3
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Figure 1. Percentage of patients of each group according to periodontal condition (according to the
new Classification of Periodontal and Peri-implant Diseases and Conditions by G. Caton et al., 2018).
G1 (H): healthy patients, non-periodontitis and non-OSA (n=20); G2 (P) periodontitis and non-OSA
patients (n=13); G3: (OSA) OSA and non-periodontitis patients (n=18); G4 (P-OSA) periodontitis and
OSA patients (n=24).

3.2 Microbiological data

According to the total number of microorganisms per genus identified by group, the per-
centages of the cryptic microorganisms for each group of patients were adjusted to per-
centages of relative frequency (Figure 2). Each patient group has a unique microbiological
profile that is primarily made up of the genera Staphylococcus spp. and Cutibacterium spp.;
the relative frequency of each genus ranged from 32-43% and 10-17%, respectively. Third-
most frequent genera in each group stood out as Gemella spp. (9%) in G1 (H), Neisseria spp.
(10%) in G2 (P), Rothia spp. and Leuconostoc spp. (7.5%) in G3 (OSA), and Bifidobacterium
spp. and Lactococcus spp. (8.5%) in G4 (P-OSA). There was a decrease of the presence of
four genus in G2 (P), G3 (OSA) and G4 (P-OSA) compared to G1 (H): Staphylococcus spp.
decrease 3% in G2 (P), 8.4% in G3 (OSA) and 11.5% in G4 (P-OSA). Enterococcus spp. de-
crease 2.3% in G2 (P), 3.2% in G3 (OSA) and 5.7% in G4 (P-OSA). Gemella spp. decrease
9.4% in G2 (P), 6.9% in G3 (OSA) and 7.3% in G4 (P-OSA), and Lachnoanaerobaculum spp.
decrease 7.6% in G2 (P), 2.6% in G3 (OSA) and 5.4% in G4 (P-OSA). Otherwise, there was
an increase of the presence of five genus in G2 (P), G3 (OSA) and G4 (P-OSA) compared
to G1 (H): Alloscardovia spp. increase 3.3% in G2 (P) and 4.3% in G4 (P-OSA), Bifidobacte-
rium spp. increase 0.6% in G3 (OSA) and 6.6% in G4 (P-OSA). Corynebacterium spp. in-
crease 0.6% in G3 (OSA). Lactococcus spp. increase 0.6% in G3 (OSA) and 6.6% in G4 (P-
OSA). Leuconostoc spp. increase 5.6% in G3 (OSA) and 4.5% in G4 (P-OSA), and Propioni-
bacterium spp. increase 0.6% in G3 (OSA) and 4.5% in G4 (P-OSA).

do0i:10.20944/preprints202211.0552.v1
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Figure 2. Microbial profile: percentage of each patient group's relative frequency of the genus of
cultivable cryptic microorganisms (other microorganisms). G1 (H): healthy patients; G2 (P)
periodontitis patients; G3: (OSA) OSA patients; G4 (P-OSA) periodontitis and OSA patients.

Some species were only identified in one of the four patient groups: (Table S1). Fifty-six
species were found, distributed into thirty-one genera. The major diversity of species of
cryptic microorganisms were identified in Gingivitis - dental biofilm-induced in reduced
periodontium (26 species) and in stage III periodontitis (25 species), being Staphylococcus
epidermidis, Cutibacterium acnes and Bifidobacterium dentium the most prevalent in both
conditions (Figure 3).
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Figure 3. Microbial profile: percentage of relative frequency of each species of cultivable oral cryptic
microorganisms by periodontal condition: Healthy conditions: Clinical gingival health on an intact
periodontium, Gingivitis - Dental biofilm-induced, Gingivitis - Dental biofilm-induced in reduce
periodontium, Stable periodontal disease in reduced periodontium. Disease condition: Periodontitis
stage I, IL, III, IV.

The relative frequencies of microorganisms were analyzed using Agglomerative Hierar-
chical Clustering (AHC) in order to classify cryptic microorganisms based on the micro-
bial community makeup by patient group. The results of this study are depicted as a den-
drogram (Figure 4), which illustrates the degree to which the community makeup differs
and how the cryptic microorganisms clustered for each patient group. The ensuing G1 (H)
and G2 (P) dendrograms revealed two major well-defined clusters. In cluster 2, Staphylo-
coccus spp., Cutibacterium spp., and Enterococcus spp. were shared by both groups. The G3
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(OSA) displayed four clusters while G4 (P-OSA) displayed three clusters, with Bifidobac-
terium spp. constituting clusters 1 in G3 (OSA) and 2 in G4 (P-OSA).
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Figure 4. Microbial profiles dendrogram: clustering of oral cryptic microorganisms based on
Euclidean distance dissimilarity matrix and agglomeration method of Ward (Agglomerative
Hierarchical Clustering-AHC). The microorganisms present in two or more patient groups are
indicated in color. Those without color were only identified in a group. C: cluster; G1 (H): healthy
patients; G2 (P) periodontitis patients; G3: (OSA) OSA patients; G4 (P-OSA) periodontitis and OSA
patients.

In order to observe the distributions of the cryptic microbiota in each category, PCoA was
applied to the relative abundances in each group of patients (Figures 51-54). The G1 scat-
tering showed that component 1 was defined Bifidobacterium spp., Lactococcus spp. and
Gemella spp. and Enterococcus spp. and component 2 was defined by Corynebacterium spp.
However, when applying marimax rotation this component is redefined with Lachnoan-
aerobaculum spp. and Leuconostoc spp., being the distribution for men and women associ-
ated with component 1. The G2 scattering showed that Alloscardovia spp., Clostridium spp.,
Neisseria spp. and Pseudopropionibacterium spp. highly defined the first component and the
component is mainly defined by Staphylococcus spp. and this was maintained in rotation,
being directly associated with those of stage II periodontitis. The G3 scattering showed
that component 1 was defined by Enterococcus spp, Leuconostoc spp. and Propionibacterium
spp., being highly associated with moderate OSA and inversely with severe OSA and
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women. Component 2 was mainly defined by Staphylococcus spp. and this is maintained
in rotation, being inversely associated with men. The G4 scattering showed that Haemoph-
ilus spp., Staphylococcus spp., and Raoultella spp. defined component 2 with an associative
pattern for men and women while Bifidobacterium spp., Atopobium spp., and Parascardovia
spp. defined component 1 with an association trend with severe OSA.

3.3 Association between periodontal parameters and the cryptic oral microorganisms

This correlation between periodontal parameters and the genera of species of cryptic
microorganisms present in the four groups of patients evaluated was found by the anal-
ysis of multicomponent matrices. The association can be positive (+) or negative (-) ac-
cording to the Spearman correlation range (rs). The rs values over zero indicate a posi-
tive correlation in cyan tones, whereas rs values below zero indicate a negative correla-
tion in purple tones. (Figure 5 - Table 52).

In G1 (H) there was a positive, statistically significant correlation between the missing
teeth and Rothia spp. (r:=0.58, p=0.004), PD (mm) and Lachnoanaerobaculum spp. (rs =0.38,
p=0.047), Sites (%) PD >4 mm and Enterococcus spp. (rs=0.56, p=0.006), BOP (%) and Leuco-
nostoc spp. (r=0.38, p=0.048), and PI and Staphylococcus spp. (r=0.42, p=0.032), whereas
Cutibacterium spp. and the missing teeth, and CAL and Gemella spp. showed a negative
statistical significant correlation (r+=-0.56, p=0.005 and r«=-0.42, p=0.032, respectively) (Fig-
ure 5A). In G2 (P), there was a positive correlation with statistical significance between
Staphylococcus spp. and Teeth with periodontitis (%) (r=0.46, p=0.056), as with BOP (%)
(r=0.56, p=0.026) (Figure 5B). In G3 (OSA), there was a positive correlation with statistical
significance between age and Lachnoanaerobaculum spp. (r=0.49, p=0.018), Missing teeth
and Bacillus spp. (r=0.40, p=0.05), Teeth with periodontitis (%) and Bifidobacterium spp.
(r=0.55, p=0.01), as with Pluralibacter spp. and Rothia spp. (r=0.48, p=0.022; r=0.43, p=0.036,
respectively). Also, PD (mm) and Rothia spp. (1=0.36, p=0.011), Sites (%) PD >4 mm and
Cutibacterium spp. (r=0.45, p=0.03). Whereas there was a negative statistical significance
between Leuconostoc spp. and PD (mm) (rs=-0.39, p=0.046), as PI (r=-0.47, p=0.023) (Figure
5C). In G4 (P-OSA), Proteus spp. was correlated positively with the missing teeth, PD (mm)
and Sites (%) PD >4 mm (r=0.56, p=0.026). Serratia spp. was correlated positively with teeth
with periodontitis (%), BOP (%) and PI (#=0.35, p=0.048). Whereas Lactococcus spp. was
correlated negatively with the missing teeth (r+=-0.49, p=0.008) and Propionibacterium spp.
with all the periodontal parameters (7= -0.55, p=0.003) (Figure 5D).
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Figure 5. Multicomponent matrix for the correlation of periodontal parameters and oral cryptic
microorganisms present in each of the groups of patients evaluated: A) G1 (H), n=20; B) G2 (P), n=13;
C) G3 (OSA), n=18; D) G4 (P-OSA), n=24, using the Spearman's rank correlation coefficient rs> 0.30,
p<0.05. The association can be positive (+) or negative (-) according to the Spearman correlation
range (rs). The rs values over zero indicate a positive correlation in cyan tones, whereas rs values
below zero indicate a negative correlation in purple tones. M.T., Missing teeth; T.P., Teeth with
periodontitis; PD: probing depth; CAL: clinical attachment loss; BOP: bleeding of probing; PI:
plaque index.
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4. Discussion

This study is the first to analyze the presence of microorganisms found in oral sam-
ples that are not often linked to oral diseases such periodontitis related to OSA. A previous
research [9] demonstrated that there was a greater diversity of microorganisms in oral
samples from individuals with periodontitis and OSA, and showed the association be-
tween both diseases by sharing risk factors such as comorbidities and presence of the bac-
teria of the orange and red complexes, associated with Candida albicans. Additionally, this
study identified cultivable cryptic microorganisms in healthy individuals (G1), individu-
als with periodontitis (G2), individuals with OSA (G3) and individuals with periodontitis
and with OSA (G4), that we describe as those microorganisms that are not often consid-
ered as significant oral pathogens and neither classified in the Socransky's microbial com-
plexes [10], nor associated with specific pathologies in the oral cavity. Although, they
could be cryptic microorganisms that contribute to the periodontitis development in OSA
patients and could be associated to other chronic pathologies. It is crucial to clarify the
role and modulation of this diverse group of microorganisms [11-18], which goes beyond
those first identified as periodontal pathogens, in both disease and pathogenicity, taking
into consideration the effectiveness of current identification technologies. It is important
to consider that cryptic microorganisms may contribute to health and the emergence of
periodontal disease or may not. To clarify the role of these microorganisms, the purpose
of the current study was to analyze their presence in health or disease (periodontitis
and/or OSA) and to identify potential pathogens.

The periodontal parameters BOP (%) and PI were highest in all of groups of patients,
compare to patients of G1, highlighting that the patients of G3 had an increased PI with
statistically significant difference (p=0.001). This evidence suggests that OSA might favor
the oral biofilm formation, and is consistent with previous reports [19,20]. Also, other
study demonstrated that periodontal parameters as PD (mm) and CAL were higher in
patients with OSA [4], supporting the idea that OSA pathophysiology, that include hy-
poxia, hypercapnia, and oral dryness, can be contributing to develop periodontitis.

According to the new Classification of Periodontal and Peri-implant Diseases and
Conditions [21], the periodontal condition of the patients of each group was determined.
The Gingivitis -Dental biofilm-induced in reduced periodontium was more frequent in
G1 and G3 (56% and 79%, respectively). Meanwhile, Periodontitis Stage III was more fre-
quent in G2 and G4 (65% and 85%, respectively). These results suggest that OSA is a factor
that increase the risk of periodontitis and it is crucial to comprehend that OSA individuals
should undergo periodic periodontal screenings. The percentage of relative frequency of
each species of cultivable oral cryptic microorganisms showed that Gingivitis -Dental bio-
film-induced in reduced periodontium as a healthy condition and the stage III of perio-
dontitis as disease condition, had the major diversity of species. There was evidence that
the presence and absence of certain species vary depending on health and disease condi-
tions, as a possible modulation between the cryptic microorganisms.

According to cluster conformation, periodontitis and OSA affect the diversity and
distribution of cryptic microorganisms and unique genera in each group formed majority
clusters; In G2 (P), Olsenella spp. and Megasphaera spp.: both genera have been reported as
periodontal pathogens. M. micronuciformis has been isolated from women suffering from
preterm birth [22,23]; In G3 (OSA), Paracoccus spp., Pantoea spp., Pluralibacter spp. and
Bacillus spp.: These microorganisms are related to biofilm formation, abscess, bacteremia,
pneumonia, urinary tract infection, septic arthritis, osteomyelitis, peritonitis, choledocho-
lithiasis, dacryocystitis, and endophthalmitis [24]. Bacillus sp. have pathogenic potential
by the production of enterotoxins [12,25,26]; and in G4 (P-OSA), Selenomonas spp. and Pro-
teus spp.: they are related to pathogenesis of periodontal disease [27] and Catheter-asso-
ciated urinary tract infections (CAUTIs) [28], respectively. Furthermore, other microor-
ganisms were found in each group, but in small clusters: Neisseria spp. (G2), this genus is
related to endocarditis and osteomyelitis [29], N. oralis was identified in systemic infection
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and cystitis in a diabetic adult [30]. Leptotrichia sp. (G3) has been related to periodontal
disease and abscesses of the oral cavity, endocarditis and septicemia [31], and Kluyvero-
myces sp. (G3), a yeast producer of pGK1 killer toxin [32]. Raoultella spp. (G4) has been
related to infected root canals and urinary, gastrointestinal, hepatobiliary, osteoarticular
infections [33], and Haemophylus spp. (G4) has been related to endocarditis, meningitis,
pneumonia, otitis media, sinusitis and epiglottitis [34]. The PCoA identified that Allo-
scordavia spp., Clostridium spp., Neisseria spp. and Staphylococcus spp. were associated to
Periodontitis stage III in G2 (P). Alloscordavia spp. has been related to dental caries [11]
and Clostridium spp. is related to gas gangrene, bacteremia, meningitis, septic arthritis,
enterocolitis, spontaneous bacterial peritonitis, post-traumatic brain abscess, and pneu-
monia [13,14]. Enterococcus spp., Leuconostoc spp. and Propionibacterium spp. were associ-
ated to Moderate OSA in G3 (OSA). Enterococcus spp., is related to endodontic disease,
bacteremia, endocarditis, urinary tract infections, diabetic foot ulcers, and cholecystitis
[17,18], and Leuconostoc spp. is related to bacterial meningitis and bacteremia [35-37].
These results suggest that severe conditions of periodontitis and OSA may harbor micro-
organisms that favor the development of systemic infectious disease.

Regarding the cryptic microorganisms identified (Table S3) [15,16,38-44], Staphylo-
coccus spp. and Cutibacterium spp. were the genera more common in all patient groups.
However, it was clear that their abundance was higher in G1 compared to the other pa-
tients” groups. Staphylococcus spp. is frequent in skin and soft tissue infections, blood-
stream infections, endocarditis, osteomyelitis, lung infection, suppurative diseases, pneu-
monia, prosthetic joint infections and toxic shock syndrome [45-53]. S. aureus stands out
in this genus, considered an opportunistic pathogen that is a part of the skin and nasal
microbiota. It has been related to infectious disease of the oral cavity, as periodontitis [22],
coinciding with the positive correlation found between Staphylococcus spp. and TP(%) and
with BOP(%) in G2, and an in vitro study determined that S. aureus has the ability to
bind to periodontal pathogenic bacteria, as F. nucleatum and P. gingivalis; supporting the
idea that S. aureus can become part of the complex oral microbiota and contribute to the
development of oral infections [54].

The presence of S. epidermidis and S. hominis are all associated with skin conditions
like atopic dermatitis or psoriasis, bloodstream infections including endocarditis and per-
itonitis, osteomyelitis, and infections of the bones and joints [48,49]. Both bacteria had
been isolated from subgingival samples of healthy and periodontitis patients, without sig-
nificant differences between both conditions [55], also supported by our results. The cur-
rent study found that patients with periodontitis and OSA had lower levels of Staphylo-
coccus spp. A highly diverse of microbial community that influences the microenviron-
ment and controls this bacterium's growth may be responsible for this bacterium's decline.
Furthermore, a study found that Staphylococcus spp. increased during treatment with con-
tinuous positive airway pressure (CPAP), the primary therapy for OSA patients [56]. This
finding might explain the increase of Staphylococcus spp. in healthy patients due to the
restored microenvironment that favors its growth.

Gemella spp. is mainly linked to poor dental health, dental manipulation or surgery,
colorectal disease or procedures, steroid therapy, diabetes mellitus, or hepatocellular dys-
function [57,58]. Moreover, Gemella spp. is also linked to septic arthritis and oral abscesses,
which can result in serious endovascular infections like endocarditis and pericarditis [59].
CPAP-using OSA patients were shown to have lower levels of this bacterium [56]. In con-
trast, the healthy patients (G1) in the current study had a higher prevalence of these bac-
teria than the other patient groups. Like this, a study found a higher proportion of Gemella
sp. in saliva from healthy patients than the saliva obtained from periodontitis patients.
This study demonstrated that Gemella sp. in saliva is linked to periodontal health and the
protein components in Gemella's culture supernatant directly inhibited P. gingivalis's
growth in vitro [60].
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To compare the findings with previous studies, Cutibacterium spp. and Propionibacte-
rium spp. [61]were analyzed independently in the current study. Infections in neurosur-
gical shunts, bone, breast, and prostate infections, infective endocarditis, splenic and cu-
taneous abscesses, and chronic blepharitis and endophthalmitis are all linked to Cutibac-
terium spp. [62-64]. C. acnes is recognized for its ability to form biofilms on biomaterials
in implanted medical device, as C. albicans [65]. These two microorganisms can establish
polymicrobial biofilms that are synergistic, which enhances yeast resistance to micafungin
[66]. The frequency of C. albicans and the percentage of biofilm were both higher in pa-
tients with periodontitis and OSA [9], in this scenario, C. acnes could participate as C. albi-
cans' protector, encouraging the development of dysbiotic biofilms. This might lend to the
notion that these opportunistic microorganisms behave in a way that makes it possible for
periodontopathogen bacteria to colonize in periodontitis linked to OSA.

Propionibacterium spp. live on human skin as well as in the gastrointestinal and oral
mucosa [67,68]. They have been linked to endocarditis and the infection of both natural
and artificial valves [69], and is present in endodontic infections with a higher prevalence
for secondary endodontic lesions [70]. Additionally, P. acnes plays a role in the onset and
development of Alzheimer's disease (AD) [71] and Parkinson's disease (PD) [72]. P. acnes
has been demonstrated to be able to cross the blood-brain barrier through transcellular
invasion in an in vitro study [73]. In the current study, Propionibacterium spp. was identi-
fied in patients with OSA and patients with periodontitis and OSA, increasing 0.61% in
G3, and 4.5% in G4. The presence of this microorganism in individuals with OSA and
those who also had periodontitis and OSA is reported for the first time in this study. Other
study determined the presence of Propionibacterium spp. in apical periodontitis, forming a
network of interactions with Lactobacillus spp. and different species of Streptococcus [74].
It is crucial to emphasize the link between the presence of this microorganism in co-asso-
ciation with other periodontal pathogens in periodontitis and OSA. According to reports
[75,76], OSA is associated with chronic diseases such as AD and PD, primarily due to its
potential neurodegenerative effects. In a similar vein, studies have suggested that perio-
dontitis and AD may have a potential bidirectional relationship, that may be caused by
microorganisms [77]. The present study opens the possibility of establishing microbiolog-
ical implications; for instance, the presence of P. acnes may play a role in the development
and progression of this type of neurological disease in OSA patients.

Bifidobacterium spp. is usually related with dental carious, by acidogenic potential
[78,79] and is well-adapted as commensal in the gastrointestinal tract. An earlier study
determined that Bifidobacterium dentium is associated with an increased risk for Gastroin-
testinal Cancer [80], and along with Lactobacillus, Bacteroides, and Prevotella, was detected
in OSA patients. It had also been implicated in obesity and diabetes [81]. Moreover, it had
found a substantial correlation between B. dentium abundance and pregnant women's sal-
ivary progesterone concentrations [82] and also, pregnant women who had B. dentium had
greater levels of IL-6 and IL-8 [83]. The G3 and G4 had the highest frequency of Bifidobac-
terium sp. compared to G1 and G2, and it was positively correlated with teeth with perio-
dontitis (%) and PIin G3 and the presence of Cutibacterium spp. in G4, indicating its path-
ogenic effect in both diseases, and this microorganisms with Atopobium spp. [84,85], and
Parascardovia spp. [86] showed association trend with severe OSA.

Despite these findings, more research will be required to fully understand the con-
nections between cryptic oral microorganisms and known oral pathogens in periodontitis
associated with OSA, as well as their participation as risk factors.

5. Conclusions

This study reveals the existence of cryptic microorganisms and confirms that some
of them are connected to a microbial profile of health while others are more connected to
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a microbial profile of sickness. While Gemella spp. were connected to healthy, Cutibacteria
spp., Propionibacterium spp., and Bifidobacterium spp. were connected to disease profiles.
Staphylococcus spp. prevalence in all patient categories may vary depending on the pres-
ence of other microorganisms. It was discovered that the illness profile contained micro-
organisms that might be categorized as possibly pathogenic and may have a role in the
interaction between OSA, periodontitis, and other clinically significant chronic disorders
or systemic infectious diseases. Understanding whether and how they will respond to
health and disease is based on this reality.
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