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Abstract
Periodontal disease (PD) is a multifaceted and contagious
condition that originates from a disturbance in the balance
of microorganisms. This condition triggers an immune
reaction in the body, causing harm to the soft and
connective tissues that support the teeth. Furthermore, in
severe instances, it might lead to the loss of teeth. The
causative causes of PDs have been extensively studied,
however the underlying mechanisms of PD have not yet
been fully elucidated. Several variables influence the cause
and development of PD. The beginning and extent of the
illness may be influenced by microbiological factors,
genetic predisposition, and lifestyle choices. The immune
system's defensive reaction to the buildup of plaque and
associated enzymes is recognized as a significant
contributor to PD. The oral cavity is inhabited by a distinct
and intricate bacteria that forms various biofilms across all
mucosal and tooth surfaces. The objective of this review
was to provide the most recent advancements in the
literature about ongoing issues with PD and to emphasize
the significance of the oral microbiome in maintaining
periodontal health and managing illness. Enhanced
awareness and understanding of the variables that
contribute to dysbiosis, environmental risk factors, and
periodontal treatment help mitigate the increasing global
occurrence of periodontal diseases. Implementing
strategies to promote proper dental hygiene, restricting
smoking and alcohol intake, managing stress levels, and
providing complete treatment to lessen the harmful effects
of oral biofilm may effectively lower the prevalence of

periodontal disease (PD) and other associated conditions.
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The growing body of evidence connecting oral microbiome
disorders to systemic diseases has enhanced our
comprehension of the crucial role played by the oral
microbiome in regulating numerous physiological
processes within the human body, thereby influencing the
onset of various diseases.
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health, oral diseases, systemic diseases

1. Introduction

Periodontitis is a prevalent infectious illness that affects a
significant portion of the world population, ranging from 10%
to 50%, depending on its severity. Gingivitis is a moderate and
reversible kind of periodontal disease (PD). If not treated
correctly, it may progress to periodontitis [3]. Parkinson's
disease (PD) is a multifaceted and contagious sickness that
starts with the disturbance of bacterial equilibrium. This
condition triggers an inflammatory reaction in the body, which
causes harm to the soft and connective tissues that support the
teeth [4,5,6]. Furthermore, in severe instances, it might lead to
the loss of teeth [7]. The causative causes of PDs have been
extensively studied; however the underlying mechanisms of PD
are still not fully understood. Several variables influence the
cause and development of PD. Microbiological factors, genetic
predisposition, and lifestyle are believed to have a role in
determining the onset and severity of the illness [8,9].

The immune system's defensive reaction to the buildup of
plaque and associated enzymes is recognized as a significant
contributor to PD [10]. Microbial plaque is a kind of biofilm that
develops on the teeth and gums and is a significant factor
contributing to PD [11]. Additional individual risk factors
associated with Parkinson's disease (PD) include obesity,
inadequate dental hygiene, high levels of stress, a diet lacking
in vitamins C and D, and tobacco use [6,10,12,13,14]. Multiple
research have examined the relationship between cigarette
smoking and PD, indicating that smoking is a substantial
environmental risk factor for PD. Nicotine, a constituent of
cigarette smoke, has been associated with altering clinical
characteristics and progression [6,13]. Furthermore, several
studies have shown that PD has a significant influence on the
advancement of several systemic illnesses, including
osteoporosis, atherosclerosis, diabetes, cardiovascular
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diseases, and ischemic cardiomyopathy. These conditions have
the potential to worsen the development of PD [15,16].

Furthermore, another research has shown a contrasting
scenario, indicating that systemic illness might worsen the
symptoms of PD. Furthermore, the use of pharmaceuticals
such as corticosteroids, antiepileptic drugs, and chemotherapy
treatments might further increase the risk of developing
Parkinson's disease. The susceptibility to this illness is linked to
the activation of the host's antibacterial defense systems [17].
Multiple studies have shown the correlation between
hereditary variables and Parkinson's disease (PD). The
presence of cytokines and their genetic variations have a role
in determining the likelihood of developing this illness and the
extent of its severity. However, Nibali et al. reported
compelling findings from their study, showing that the
heritability of periodontitis was estimated as an odds ratio (OR)
of 0.38 (95% confidence interval [Cl], 0.34—0.43) in twin studies
and an OR of 0.15 (95% Cl, 0.06—0.24) in other family research
[18]. Research has shown that the makeup of the oral
microbiome naturally undergoes changes as a person gets
older [19]. This might be connected to the fact that older
individuals are more prone to developing chronic periodontitis
[20]. Periodontal abnormalities exacerbate difficulties with
mastication, the ability to speak, and aesthetic appearance,
ultimately leading to a decline in quality of life [19].

A novel conceptual framework for the development of
periodontal diseases posits that the illness is characterized by
a wider range of microorganisms linked to periodontitis than
previously believed. The illness is a consequence of the
combined action of many bacteria and dysbiosis, which disturb
the ecologically balanced biofilm associated with periodontal
homeostasis. It is important to note that this disruption is not
caused by individual pathogens [21]. When in a state of good
health, the oral microbiome demonstrates a harmonious and
ever-changing ecology [22]. Dysbiosis of the oral microbiome
refers to an imbalance in the relative abundance or an
influence on microbial species, which leads to the
development of illness in vulnerable people [23].

2. The Role of Microbiome in Oral Health

The term "microbiome" was coined by Joshua Lederberg and
encompasses the collective population of symbiotic,
commensal, and pathogenic microorganisms [24]. The
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structure and interplay of a microbiome have a significant
impact on one's general well-being, particularly in relation to
dental health [25]. The oral cavity is inhabited by a distinct and
intricate microbiota that forms various biofilms on all mucosal
and dental surfaces [26]. The mouth cavity contains around
700 species of bacteria, fungus, viruses, archaeobacteria, and
protozoa [20]. Bacteria are the most extensively studied
microorganisms in the oral cavity [27], yet, only 57% of
bacterial species in the oral cavity have been formally
identified [28]. The oral microflora in the field of health mostly
comprises of facultative anaerobic Gram-positive bacteria [29].
The oral mycobiome, which refers to the fungal microbiome in
the mouth, is an important part of the overall oral microbiome.
The Candida genus is found in around 25-75% of healthy
humans as a commensal organism [30]. Candida albicans is a
very significant and widespread fungus species.

Certain favorable circumstances might lead to Candida
species, which are opportunistic pathogens, causing infections
in the oral mucosa [31]. The oral microbiota often coexists
harmoniously with the host and provides significant
advantages that contribute to general well-being. The bacteria
in oral biofilms do not exist as individual cells but instead reside
in close proximity to one other [27]. Microbial interactions
might exhibit either synergistic or antagonistic effects [32,33].
Furthermore, the oral environment exerts influence on the
makeup of the microbiome. Alterations in local circumstances
might potentially impact the interactions among bacteria in the
oral cavity, hence raising the likelihood of developing
periodontal disease (PD). The structure of the oral microbiome
has been extensively investigated via the use of metagenomics
and metatranscriptomics [2].

Belstrom et al. used these techniques to examine the
transcriptional activity of common Streptococcus species in
both healthy individuals and those with periodontitis. The
researchers found that the level of transcriptional activity in
Streptococcus species was greater in healthy conditions and
decreased in individuals with PD [34]. Streptococcus species
are noteworthy Gram-positive bacteria that can survive with or
without oxygen and are often found in the regular bacteria
population of the mouth. Two newly discovered species of
bacteria, Streptococcus dentisani and Streptococcus salivarius,
have potential probiotic properties and are being studied for
their ability to cure various oral ailments, including periodontal
disorders [35,36,37.]
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Lately, there has been an increasing fascination in utilizing
probiotics as a means to address PDs. Probiotics are live
bacteria that, when consumed in enough amounts, may have
a positive impact on the host. Their primary role is to control
and manage the immunological function of the host, ensuring
a state of equilibrium and stability in the oral cavity [3].
Probiotics have shown positive outcomes in enhancing oral
health, not only in periodontal problems [39], but also in dental
caries [40], Candida infection [41], and halitosis [42]. The
Lactobacillus genus is well recognized for its beneficial effects
on oral health in periodontal treatment. Bifidobacterium,
Streptococcus, and Weissella are recognized as probiotics that
have a beneficial impact on dental hygiene.

In addition, Bacillus subtilis and Saccharomyces cerevisiae
have a positive influence on the oral cavity [3]. Furthermore,
several types of bacteria that have been obtained from the
mouth have been manufactured and sold as probiotics. These
include Lactobacillus reuteri, Lactobacillus brevis, and
Streptococcus salivarius [25,43]. Kawai et al. [44] proposed
that Limosilactobacillus (Lactobacillus) fermentum ALAL020
has the potential to be a probiotic candidate in the future. This
bacterium synthesizes a cyclic dipeptide that has antibacterial
properties against Porphyromonas gingivalis and Prevotella
intermedia [44]. Presently, scientific study is highly focused on
investigating the advantageous impacts of synbiotics on
health. Synbiotics are a combination of living microorganisms
and specific substances that are used by the microorganisms in
the host's body, resulting in a positive effect on the host's
health. Studies have shown that the administration of a
synbiotic, together with probiotics, may effectively prevent
and cure certain metabolic problems. Nevertheless, there is
little evidence to support this claim [45]. Duraisamy et al.
observed that synbiotics have the ability to reduce the levels of
Streptococcus mutans in the saliva of children; however they
are not as effective as probiotics [46].

3. The Role of Oral Microbiome in Periodontal Diseases

The group of oral bacteria that thrive without oxygen, known
as the "red complex" (Porphyromonas gingivalis, Treponema
denticola, and Tannerella forsythia), have long been
recognized as the primary infectious agents linked to
periodontitis [27]. Nevertheless, this phenomenon has been
detected in research that relies on culture-based methods,
resulting in the omission of several diverse bacteria found in
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the samples [47]. However, only a few number of bacteria,
including P. gingivalis, Aggregatibacter
actinomycetemcomitans, Tannerella forsythia, Prevotella
intermedia, and Fusobacterium nucleatum, have been shown
to be responsible for starting and advancing periodontal
diseases [48]. Furthermore, Candida albicans is a very
significant fungus inhabitant of the oral microbiota. This
symbiotic inhabitant shields P. gingivalis from detection by the
host's immune cells and might potentially facilitate bacterial
infections of the gums [29].

The field of contemporary periodontology focuses on the
interaction between oral bacteria and the host, in addition to
studying the pathogenicity of dental plaque [3]. Disruptions in
the microflora subsequently result in the development of
gingivitis and, ultimately, periodontitis. Disruptions in
homeostasis in the oral cavity and systemic illnesses may be
caused by factors such as the presence of oxygen, nutrients,
and changes in pH [47,49]. Alterations in the oral microbiome
may result in the proliferation of bacteria and provide
favorable environments for the development of opportunistic
microbes [10]. Furthermore, disruptions in the periodontal
microbiota are linked to a shift from a mutually beneficial to an
imbalanced microbial population. The symbiotic structure
consists of facultative bacteria, such as Actinomyces and
Streptococcus, which later transition to mostly anaerobic
species, including the phyla Firmicutes, Proteobacteria,
Spirochaetes, Bacteroidetes, and Synergistetes [48]. The shift
in microbial makeup occurs before the onset of clinical
symptoms in Parkinson's disease [50]. Residing bacteria, age,
general health, lifestyle, and nutritional status are well-
established variables that influence dental health [50.[

4, Summary

Prior research emphasizes the significance of the oral
microbiota in maintaining periodontal health and the
development of periodontal disease. Enhanced awareness and
understanding of the underlying causes of dysbiosis,
environmental risk factors, and periodontal treatment have
the potential to mitigate the growing occurrence of
periodontal disease on a global scale. To decrease the
occurrence of PD, it is important to promote good dental
hygiene, decrease smoking, alcohol intake, and exposure to
stress, and provide complete therapy to diminish the harmful
effects of the oral biofilm. Recent scientific studies on the
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human microbiome have sparked more curiosity in the oral
microbiome and its influence on the regular functioning of oral
processes and the emergence of disorders, including various
systemic diseases. The mounting evidence connecting
problems of the oral microbiome to many systemic illnesses
has raised awareness about the crucial role of the oral
microbiome in controlling multiple processes in the human
body and, therefore, its influence on the onset of several
diseases. A comprehensive understanding of the function of
the oral microbiome in maintaining health and its involvement
in the progression of diseases may aid in the prevention and
treatment of many illnesses.

References

1. Hernandez, M.; Mayer, M.P.A.; Santi-Rocca, J. Editorial: The
Human Microbiota in Periodontitis. Front. Cell. Infect.
Microbiol. 2022, 12, 952205.

2. Greenwood, D.; Afacan, B.; Emingil, G.; Bostanci, N.; Belibasakis,
G.N. Salivary Microbiome Shifts in Response to Periodontal
Treatment Outcome. Proteom. Clin. Appl. 2020, 14, e2000011

3. Zhang, Y.; Ding, Y.; Guo, Q. Probiotic Species in the Management
of Periodontal Diseases: An Overview. Front. Cell. Infect.
Microbiol. 2022, 12, 806463.

4. Van Dyke, T.E. Pro-resolving mediators in the regulation of
periodontal disease. Mol. Asp. Med. 2017, 58, 21-36.

5. Herrero, E.R.; Fernandes, S.; Verspecht, T.; Ugarte-Berzal, E.;
Boon, N.; Proost, P.; Teughels, W. Dysbiotic biofilms deregulate
the periodontal inflammatory response. J. Dent. Res. 2018, 97,
547-555.

6. Kozak, M.; Dabrowska-Zamojcin, E.; Mazurek-Mochol, M.;
Pawlik, A. Cytokines and Their Genetic Polymorphisms Related
to Periodontal Disease. J. Clin. Med. 2020, 9, 4045.

7. Kirst, M.E.; Li, E.C.; Alfant, B.; Chi, Y.Y.; Walker, C.; Magnusson, |.;
Wang, G.P. Dysbiosis and alterations in predicted functions of
the subgingival microbiome in chronic periodontitis. Appl.
Environ. Microbiol. 2015, 81, 783-793.

8. Heidari, Z. The association between proinflammatory gene
polymorphisms and level of gingival tissue degrada tion in
chronic periodontal disease. Gene Cell Tissue 2014, 1, e21898.

9. Heidari, Z.; Moudi, B.; Mahmoudzadeh-Sagheb, H.
Immunomodulatory factors gene polymorphisms in chronic
periodontal disease: An overview. BMC Oral Health 2019, 19, 29.

1046



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Journal of Namibian Studies, 31 S3 (2022): 1040-1050 ISSN: 2197-5523 (online)

Di Stefano, M.; Polizzi, A.; Santonocito, S.; Romano, A.; Lombardi,
T.; Isola, G. Impact of Oral Microbiome in Periodontal Health and
Periodontitis: A  Critical Review on Prevention and
Treatment. Int. J. Mol. Sci. 2022, 23, 5142.

Cheng, W.C.; van Asten, S.D.; Burns, L.A.; Evans, H.G.; Walter,
G.J.; Hashim, A.; Hughesand, F.).; Taams, L.S. Periodontal
disease-associated pathogens P. gingivalis and A.
actinomycetemcomitans activate human CD14+ mono cytes
leading to enhanced Th17/IL-17 responses. Eur. .
Immunol. 2016, 46, 2211-2221.

Johnson, G.K.; Guthmiller, J.M. The impact of cigarette smoking
on periodontal disease and treatment. Periodontol.
2000 2007, 44, 178-194.

Popa, G.V.; Costache, A.; Badea, O.; Cojocaru, M.O.; Mitroi, G.;
Lazar, A.C.; Olimid, D.-A.; Mogoantd, L. Histopathological and
immunohistochemical study of periodontal changes in chronic
smokers. Rom. J. Morphol. Embryol. 2021, 62, 209-217.

Sawant, S.; Dugad, J.; Parikh, D.; Srinivasan, S.; Singh, H. Oral
Microbial Signatures of Tobacco Chewers and Oral Cancer
Patients in India. Pathogens 2023, 12, 78.

Genco, R.J.; Grossi, S.G.; Ho, A.; Nishimura, F.; Murayama, Y. A
proposed model linking inflammation to obesity, diabetes, and
periodontal infections. ). Periodontol. 2005, 76 (Suppl. S11),
2075-2084.

Carrizales-Sepulveda, E.F.; Ordaz-Farias, A.; Vera-Pineda, R.;
Flores-Ramirez, R. Periodontal disease, systemic in flammation
and the risk of cardiovascular disease. Heart Lung Circ. 2018, 27,
1327-1334.

Kim, J.; Amar, S. Periodontal disease and systemic conditions: A
bidirectional relationship. Odontology 2006, 94, 10-21.

Nibali, L.; Bayliss-Chapman, J.; Almofareh, S.A.; Zhou, Y.; Divaris,
K.; Vieira, A.R. What is the heritability periodotitis? A systematic
review. J. Dent. Res. 2019, 98, 632—-641.

Lépez, R.; Smith, P.; Gostemeyer, G.; Schwendicke, F. Ageing,
dental caries and periodontal diseases. J. Clin.
Periodontol. 2017, 44, S145-S152.

Belibasakis, G.N. Microbiological changes of the ageing oral
cavity. Arch. Oral Biol. 2018, 96, 230-232.

Hajishengallis, G.; Lamont, R.J. Beyond the red complex and into
more complexity: The Polymicrobial Synergy and Dysbiosis (PSD)
model of periodontal disease etiology. Mol.  Oral
Microbiol. 2012, 27, 409-419.

1047



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Journal of Namibian Studies, 31 S3 (2022): 1040-1050 ISSN: 2197-5523 (online)

Najmanova, L.; Sabova, L.; Lenartova, M.; Janatova, T.; Mysak, J.;
Vetrovsky, T.; Tesinska, B.; Novotna, G.B.; Koberska, M.; Broukal,
Z.; et al. R/G value—A numeric index of periodontal
health. Front. Cell. Infect. Microbiol. 2021, 11, 602643.

Hajishengallis, G. Periodontitis: From microbial immune
subversion to systemic inflammation. Nat. Rev.
Immunol. 2015, 15, 30-44.

Deo, P.N.; Deshmukh, R. Oral microbiome: Unveiling the
fundamentals. J. Oral. Maxillofac Pathol. JOMFP 2019, 23, 122—-
128.

Mahasneh, S.A.; Mahasneh, A.M. Probiotics: A Promising Role in
Dental Health. Dent J. 2017, 5, 26.

Thuy, D.; Devine, D.; Marsh, P. Oral biofilms: Molecular analysis,
challenges, and future prospects in dental diagnostics. Clin.
Cosm. Investig. Dent. 2013, 5, 11-19.

Marsh, P.D.; Zaura, E. Dental biofilm: Ecological interactions in
health and disease. J. Clin. Periodontol. 2017, 44 (Suppl. S18),
$12-S22.

Escapa, I.F.; Chen, T.; Huang, Y.; Gajare, P.; Dewhirst, F.E.; Lemon,
K.P. New insights into human nostril microbiome from the
expanded Human Oral Microbiome Database (eHOMD): A
resource for the microbiome of the human aerodigestive
tract. MSystems 2018, 3, e00187-18.

Bartnicka, D.; Gonzalez-Gonzalez, M.; Sykut, J.; Koziel, J.; Ciaston,
l.; Adamowicz, K.; Bras, G.; Zawrotniak, M.; Karkowska-Kuleta, J.;
Satala, D.; et al.Candida albicans Shields the Periodontal
Killer Porphyromonas gingivalis from Recognition by the Host
Immune System and Supports the Bacterial Infection of Gingival
Tissue. Int. J. Mol. Sci. 2020, 21, 1984.

Barros, P.P.; Ribeiro, F.C.; Rossoni, R.D. Influence of Candida
krusei and Candida glabrata on Candida albicans gene
expression In Vitro biofilms. Arch. Oral Biol. 2016, 64, 92-101.

Jorgensen, M.R.; Kragelund, C.; Jansen, P.; Keller, M.K;
Twetman, S. Probiotic Lactobacillus reuteri has antifungal effects
on oral Candida species In Vitro. Arch. Oral Biol. 2017, 9, 127—-
135.

Nobbs, A.H.; Jenkinson, H.F. Interkingdom networking within the
oral micro-biome. Microbes Infect. 2015, 17, 484-492.

Ng, H.M.; Kin, L.X.; Dashper, S.G.; Slakeski, N.; Butler, C.A.;
Reynolds, E.C. Bacterial interactions in pathogenic subgingival
plague. Microb. Pathog. 2016, 94, 60—69.

1048



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Journal of Namibian Studies, 31 S3 (2022): 1040-1050 ISSN: 2197-5523 (online)

Belstrgm, D.; Constancias, F.; Markvart, M.; Sikora, M.; Sorensen,
C.E.; Givskov, M. Transcriptional Activity of Predominant
Streptococcus Species at Multiple Oral Sites Associate With
Periodontal Status. Front. Cell. Infect. Microbiol. 2021, 11,
752664

Lépez-Lopez, A.; Camelo-Castillo, A.; Ferrer, M.D.; Simon-Soro,
A.; Mira, A. Health-Associated Niche Inhabitants as Oral
Probiotics: The Case of Streptococcus dentisani. Front.
Microbiol. 2017, 8, 379.

Esteban-Fernandez, A.; Ferrer, M.D.; Zorraquin-Pena, I.; Lopez-
Lopez, A.; Moreno-Arribas, M.V.; Mira, A. In Vitro Beneficial
Effects of Streptococcus dentisani as Potential Oral Probiotic for
Periodontal Diseases. J. Periodontol. 2019, 90, 1346—1355.

Di Pierro, F.; Zanvit, A.; Nobili, P.; Risso, P.; Fornaini, C. Cariogram
Outcome After 90 Days of Oral Treatment With Streptococcus
salivarius M18 in Children at High Risk for Dental Caries: Results
of a Randomized, Controlled Study. Clin. Cosmet. Investig.
Dent. 2015, 7, 107-113.

Hill, C.; Guarner, F.; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot,
B.; Morelli, L.; Canani, R.B.; Flint, H.J.; Salminen, S.; et al. Expert
Consensus Document. The International Scientific Association
for Probiotics and Prebiotics Consensus Statement on the Scope
and Appropriate Use of the Term Probiotic. Nat. Rev.
Gastroenterol. Hepatol. 2014, 11, 506-514.

Ince, G.; Gursoy, H.; Ipci, S.D.; Cakar, G.; Emekli-Alturfan, E.;
Yilmaz, S. Clinical and Biochemical Evaluation of Lozenges
Containing Lactobacillus reuterias an Adjunct to Non-Surgical
Periodontal Therapy in Chronic Periodontitis. J.
Periodontol. 2015, 86, 746—754.

Sivamaruthi, B.S.; Kesika, P.; Chaiyasut, C. A Review of the Role
of Probiotic Supplementation in Dental Caries. Probiotics
Antimicrob. Proteins 2020, 12, 1300-1309.

Ohshima, T.; Kojima, Y.; Seneviratne, C.J.; Maeda, N. Therapeutic
Application of Synbiotics, a Fusion of Probiotics and Prebiotics,
and Biogenics as a New Concept for Oral Candida Infections: A
Mini Review. Front. Microbiol. 2016, 7, 10.

Yoo, J.I.; Shin, I.S.; Jeon, J.G.; Yang, Y.M.; Kim, J.G.; Lee, D.W. The
Effect of Probiotics on Halitosis: A Systematic Review and Meta-
Analysis. Probiotics Antimicrob. Proteins 2019, 11, 150-157.

Allaker, R.P.; Stephen, A.S. Use of Probiotics and Oral
Health. Curr. Oral. Health Rep. 2017, 4, 309-318.

1049



44,

45.

46.

47.

48.

49.

50.

Journal of Namibian Studies, 31 S3 (2022): 1040-1050 ISSN: 2197-5523 (online)

Kawai, T.; Ohshima, T.; Tanaka, T.; Ikawa, S.; Tani, A.; Inazumi, N.;
Shin, R.; Itoh, Y., Meyer, K., Maeda, N.Limosi
lactobacillus (Lactobacillus) fermentum ALALO20, a Probiotic
Candidate Bacterium, Produces a Cyclic Dipeptide That
Suppresses  the  Periodontal  Pathogens Porphyromonas
gingivalis and Prevotella intermedia. Front Cell. Infect
Microbiol. 2022, 12, 804334.

Swanson, K.S.; Gibson, G.R.; Hutkins, R.; Reimer, R.A.; Reid, G.;
Verbeke, K.; Scott, K.P.; Holscher, H.D.; Azad, M.B.; Delzenne,
N.M.; et al. The International Scientific Association for Probiotics
and Prebiotics (ISAPP) consensus statement on the definition
and scope of synbiotics. Nat. Rev.  Gastroenterol.
Hepatol. 2020, 17, 687-701.

Duraisamy, V.; Geethapriya, P.R.; Bharath, C.; Niveditha, R.S.;
John, J.B. Role of probiotics and synbiotics on
inhibiting Streptococcus mutans level in saliva of children: A
randomized controlled trial.J. Indian Soc. Pedod. Prev.
Dent. 2021, 39, 275-278.

Willis, J.R.; Gabaldén, T. The Human Oral Microbiome in Health
and Disease: From Sequences to
Ecosystems. Microorganisms 2020, 8, 308.

Wilson, M. Bacteriology of Humans: An Ecological Perspective;
Blackwell Publishing Ltd.: Hoboken, NJ, USA, 2008.

Liu, B.; Faller, L.L.; Klitgord, N.; Mazumdar, V.; Ghodsi, M.;
Sommer, D.D.; Gibbons, T.R.; Treangen, T.J.; Chang, Y.-C.; Li, S.;
et al. Deep sequencing of the oral microbiome reveals signatures
of periodontal disease. PLoS ONE 2012, 7, e37919.

Stamatova, |.; Meurman, J.H. Probiotics: Health benefits in the
mouth. Am. J. Dent. 2009, 22, 329-338.

1050



