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The emerging role of oral microbiota: A key driver of oral
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ABSTRACT: Purpose: To describe the existing literature on the emerging role of the oral microbiota in shaping both oral
and systemic health. Methods: A narrative review was performed. PubMed, EMBASE and Scopus databases were
searched for relevant articles published in the English language. Results: The oral microbiota plays a crucial role in
both oral and systemic health, yet its composition and functions have been underexplored compared to the gut
microbiota. The oral cavity harbors a diverse range of microorganisms, including bacteria, fungi, viruses, archaea, and
protozoa, which interact within biofilms to influence oral health. The microbiome is influenced by various factors such
as diet, oral hygiene, smoking, alcohol consumption, socioeconomic status, pregnancy, and genetics. Dysbiosis in the
oral microbiota has been linked to a range of oral diseases, including dental caries, periodontal diseases, oral
candidiasis, and even oral cancer. Additionally, oral bacteria can impact systemic health, with emerging associations to
cardiovascular disease, respiratory conditions, and various cancers. Effective management of oral dysbiosis involves
strategies such as mouthwashes, dietary modifications, and supplementation with probiotics and prebiotics, which can
modulate the microbiota, enhance immune responses, and reduce pathogenic growth. (4m J Dent 2025;38:111-116).

CLINICAL SIGNIFICANCE: Oral microbiota dysbiosis, beyond its role in mediating oral diseases, is emerging as a driver
of a range of systemic health conditions, including cardiovascular disease, respiratory conditions, and various cancers. A
holistic approach combining regular oral hygiene, balanced nutrition, and microbiome-targeted interventions is essential
for maintaining oral health and potentially preventing associated systemic diseases.
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Introduction
Overview of oral microbiota composition

In recent years, there has been an exponential increase in
research focused on the role of gut microbiota as a deter-
minant of human health. However, the role of oral microbiota
has been largely overlooked.

The oral cavity hosts both hard and soft tissue surfaces
(e.g., tongue, lips, cheeks, teeth, and palate) that are
constantly moistened by saliva and gingival fluid, creating an
environment favoring microbial colonization.! Over 700
bacterial species, as well as fungi, viruses, archaea, and
protozoa, constitute the oral microbiome.> The Figure shows
the main relative phyla of oral microbiota.

The Human Oral Microbiome Database (eHOMD)? is a
leading resource for understanding the composition of the
human oral microbiota. The oral cavity is home to both Gram-
positive (Gram+) and Gram-negative (Gram—) bacteria, each
playing roles in both oral health and disease.*

Gram-positive bacteria like Streptococcus spp. are the
most abundant in the oral cavity. Among these, Streptococcus
mutans is particularly associated with dental caries due to its
ability to produce acids and form dental plaque. Other
Streptococcus species such as Streptococcus salivarius, Strep-
tococcus mitis, and Streptococcus anginosus are also
prominent in the oral microbiome, where they perform
different roles in oral and systemic health.>* Some Staphylo-
coccus species, especially Staphylococcus aureus, are found
in the saliva and gingival areas, often in immunocompromised
individuals.®® Lactobacillus spp. are also present, typically in
low numbers, but their proliferation is linked to the presence

of caries due to their ability to thrive in acidic conditions.>”?
Other opportunistic pathogens, such as Propionibacterium
spp. and Corynebacterium spp., can contribute to oral diseases
like gingivitis.>”

Gram-negative bacteria like Porphyromonas spp. (espe-
cially Porphyromonas gingivalis) and Treponema denticola
are key players in periodontitis, a serious gingival infection.
These anaerobic pathogens can spread throughout the body,
potentially leading to systemic diseases.®”!%!! Additionally,
Archaea, particularly Methanobrevibacter species, have been
found in the oral microbiota, especially in patients with
periodontitis.>!2

Protozoa, such as Entamoeba gingivalis and Trichomonas
tenax, are found in the oral cavity, particularly in individuals
with poor oral hygiene and gingival inflammation. While
these protozoa are generally non-pathogenic, their presence is
linked to nutrient availability and the accumulation of
bacterial debris.>'3!* Fungi, mainly Candida spp., also exist in
the oral microbiome, though they typically represent a small
percentage of the microbial population.!!

Biofilms, complex communities of microorganisms em-
bedded in a matrix of extracellular polysaccharides, are a major
feature of the oral microbiome." Initially, after birth, the oral
cavity is colonized by early settlers like Streptococcus spp.,
which modify the oral environment to create conditions favorable
for the growth of secondary settlers.'>'® As the primary and
permanent teeth erupt, new surfaces for bacterial colonization are
created, leading to the development of dental plaque, a biofilm of
microbial communities attached to the teeth.'s

Plaque can be categorized into supragingival plaque
(above the gum line) and subgingival plaque (below the gum
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line). The plaque composition varies depending on the
location on the tooth and whether the area is exposed to saliva
or remains more anaerobic. Regular oral hygiene is essential,
as it prevents plaque buildup, which can lead to gum disease,
cavities, and other oral health issues.'>1720

The composition of oral microbiota is influenced by
various factors such as age, diet, alcohol use, smoking, socio-
economic status, medications, pregnancy, and genetics.?!

Diet plays a significant role in shaping the oral microbiota.
Fermentable carbohydrates (e.g., simple sugars and starch) are
the energy substrate for bacterial metabolism.?> Excessive
alcohol consumption can alter the microbiome by increasing
Gram-positive bacteria like Streptococcus mutans while
inhibiting Fusobacteria.”>?* Smoking introduces foreign bac-
teria such as Bacillus spp. and Clostridium spp. and reduces
bacteria such as Neisseria subflava and Corynebacterium,
while also increasing acidity in saliva and promoting anaerobic
bacterial growth.”>*> Environmental factors such as tem-
perature, pH, and oxygen levels play a significant role in the
growth and survival of oral microbiota communities.®?*?’ The
oral cavity provides both aerobic and anaerobic niches, allow-
ing for a diverse range of microorganisms to thrive. For
example, the pH of the mouth can fluctuate after eating, with a
drop in pH occurring due to acid production from carbohydrate
metabolism, which favors bacteria like Lactobacillus and
Streptococcus mutans that contribute to dental caries.?® A diet
high in carbohydrates, particularly sugars, can exacerbate the
growth of these bacteria and increase plaque formation.**3! On
the other hand, chewing stimulates salivary flow, which helps
wash away bacteria and neutralize acids.'>?

The oral microbiome also varies by socioeconomic status.
People from lower socioeconomic backgrounds tend to have
lower microbiome diversity and higher concentrations of
certain bacteria, such as Aggregatibacter segnis, whereas
wealthier individuals tend to have more diverse microbiomes
with higher levels of species like Veillonella and Fuso-
bacterium.*>* Antibiotics, particularly azithromycin and
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amoxicillin, can reduce certain bacterial populations, such as
Actinobacteria.’*

Pregnancy also alters the oral microbiome, with increased
presence of bacteria like Porphyromonas gingivalis and
Candida during different stages.>> The colonization of the
microbiota begins before birth, with microbial species
forming on the skin, oral cavity, and other body sites in early
life.?* Early childhood is dominated by Streptococcus species,
particularly Streptococcus salivarius, which helps protect
against pathogenic bacteria.>

Factors such as gestational age, mode of delivery, feeding
method (breastfeeding vs. formula), and maternal health all
influence the infant’s oral microbiota.’”*® Breast milk pro-
vides beneficial microbes and supports immune system
development. By age three, the microbiome begins to
resemble the adult composition, and diet plays a key role in
maintaining a healthy microbiome, particularly through
antioxidants found in fruits and vegetables.3”>®

Oral and gut microbiota are interconnected through vari-
ous communication pathways (e.g., oral/lung, gut/lung), and
the health of one microbiota can influence others.>** Oral
bacteria can translocate to the lungs, affecting lung health, and
similarly, gut bacteria like Bifidobacteria and Escherichia coli
play a protective role in both the gut and oral microbiomes,
helping to prevent the proliferation of harmful bacteria.>¥0

Oral microbiota and oral health

Dental caries

Dental caries, or tooth decay, is caused by the
demineralization of dental structures due to acids produced by
bacteria fermenting dietary sugars.**> These bacteria form
dental plaque, a type of biofilm on the teeth, which lowers the
pH of the plaque within minutes. This acidic environment
accelerates enamel erosion. Saliva helps counteract this by
neutralizing acids and aiding remineralization, but when the
loss of minerals exceeds the rate of remineralization, caries
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develops.¥**# Certain areas of the mouth are more prone to
plaque buildup, influenced by tooth anatomy and saliva flow.
Streptococcus mutans, long believed to be the main cause of
caries, is now known to be associated with the initial stages of
decay, especially in areas like white spot lesions. However,
caries progression involves other bacteria like Lactobacillus
spp., which thrive in acidic conditions. The overall microbial
diversity in the mouth decreases in areas affected by caries.*40

Periodontal diseases

Periodontal diseases, such as gingivitis and periodontitis,
result from the accumulation of dental plaque and tartar due to
poor oral hygiene. Gingivitis, an inflammation of the gums, is
marked by swollen, bleeding gums and is reversible with
proper care.*’ Periodontitis, if untreated, leads to deeper
infections and tissue destruction, forming pockets between the
teeth and gums.*® The key pathogens involved include
anaerobic bacteria like Porphyromonas gingivalis and
Treponema denticola, which promote inflammation and tissue
damage. The "dysbiosis" hypothesis suggests that the balance
of bacteria in the mouth shifts in favor of pathogens, like
Porphyromonas gingivalis, which alter the microbial environ-
ment, facilitating bone loss and chronic inflammation.*®4°
Fungal species, such as those from the Ascomycota family, are
also implicated in periodontal disease.”® Furthermore, oral
dysbiosis can trigger an "inflammatory dysbiotic cycle," where
inflammation exacerbates the imbalance of microorganisms.*?
Recent studies® suggest that a balanced diet with whole grains,
omega-3s, vitamins, and antioxidants may help reduce
periodontal inflammation.

Oral candidiasis

Oral candidiasis, or thrush, is a fungal infection caused by
overgrowth of Candida spp., particularly Candida albicans.>
Normally present in small amounts in the oral cavity, Candida
can proliferate in conditions like salivary dysfunction, use of
certain medications, or a high-carbohydrate diet.>>? Risk fac-
tors for candidiasis include smoking, diabetes, cancer, and
immunosuppression.’**>>3 The treatment focuses not on elimi-
nating Candida entirely, but on restoring a healthy balance
between the microorganism and the host, often through
improved oral hygiene and dietary adjustments. 3%

Oral cancer

Oral cancer is a complex, multifactorial disease. The
presence of human papillomavirus (HPV), especially type 16,
along with Candida albicans, has been linked to an increased
risk of oral squamous cell carcinoma.>*>¢ Additionally, studies
have found that specific bacteria, including Porphyromonas
gingivalis and Tannerella forsythia, as well as fungal species
like Candida and Hannaella, may contribute to malignant cell
transformation in the oral cavity.’> The composition of the
oral microbiota could serve as a diagnostic biomarker for early
detection of oral cancer, highlighting the potential of
microbiome analysis in cancer prevention and diagnosis.

Oral microbiota and systemic health

Dysbiosis in the oral cavity can impact other organs, with or
without causing systemic effects. Oral bacteria have been
implicated in a variety of systemic diseases, including lichen
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planus, leukoplakia, mucositis, cardiovascular disease, lower
respiratory tract conditions, rheumatoid arthritis, lupus ery-
thematosus, inflammatory bowel disease, cirrhosis, Alzheimer’s
disease, polycystic ovary syndrome, obesity, diabetes, HIV
infection, and extra-oral cancers such as those of the esophagus,
colon, and pancreas.’”% Recent research has found Porphyro-
monas gingivalis in cancerous tissues of esophageal cancers.
Other bacteria, including Peptostreptococcus, Fusobacterium,
Peptococcus, Catonella, and Parvimonas micra, have also been
linked to esophageal cancers like adenocarcinoma and
squamous cell carcinoma.>*%3

Certain oral microbiota species, such as Streptococcus
mutans, Porphyromonas gingivalis, and Gemella haemolysans,
may also play a significant role in cardiovascular disease.5%
Streptococcus mutans, primarily associated with dental caries,
has been shown to contribute to atherosclerosis by affecting the
function of epithelial cells.** Porphyromonas gingivalis
promotes the production of inflammatory cytokines, such as
tumor necrosis factor-alpha (TNF-a), interleukin-1p (IL-1p),
interleukin-6 (IL-6), and prostaglandin E2 (PGE2), which
influence the cells in atheromatous plaques, exacerbating
atherosclerosis.®”®®  Bacteria like Campylobacter rectus,
Porphyromonas gingivalis, Porphyromonas endodontalis, and
Aggregatibacter actinomycetemcomitans have been strongly
associated with the development of coronary artery disease.®”%

As the microbiota composition changes along the path of
the lower airways compared to the oral cavity, the relationship
between the oral and lung microbiota has been explored,
particularly with the advancement of polymerase chain reaction
technology. Dysbiosis in the oral microbiota may therefore be
linked to certain lower airway conditions, such as pneumonia,
cystic fibrosis, chronic obstructive pulmonary disease, and lung
cancer. %%

Strategies to prevent oral dysbiosis
The role of mouthwashes

Mouthwashes play a crucial role in preventing oral
inflammation, infections, and the development of dental caries.
Chlorhexidine gluconate mouthwash, for instance, has broad
antibacterial activity, particularly against Streptococcus species,
and can persist on both soft and hard tissues after use. This
persistence is partly due to chlorhexidine's positive electrostatic
charge, which allows it to bind to the negatively charged
microbial cell membranes, ultimately destroying them. It also
inhibits microbial enzymes like glycosyltransferases and
phosphoenolpyruvate phosphatase.”

Cetylpyridinium chloride, a quaternary ammonium
compound, also has antimicrobial properties, though its range
of activity is more limited than chlorhexidine’s. It is rapidly
absorbed into oral surfaces and released more quickly than
chlorhexidine.” Triclosan, a compound derived from 2.4,4'-
trichloro-2-hydroxydiphenyl ether, combined with zinc citrate,
offers significant antimicrobial effects, especially against
Streptococcus mutans, by inhibiting cell membrane functions.”!
Mouthwashes containing phenols and essential oils (such as
thymol, eucalyptol, menthol, and methyl salicylate, with up to
26% alcohol) can disrupt plaque biofilm, eliminating most
microorganisms responsible for gum inflammation.”> Some
bacterial enzymes and endotoxins from Gram-negative bacteria
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have demonstrated anti-inflammatory properties, partly through
the blockade of prostaglandin synthetase.”

Delmopinol, derived from 2-morpholinoethanol, effectively
blocks both plaque formation and gum inflammation.”
Fluoride mouthwashes have three primary mechanisms for
preventing caries: (1) fluoride ions inhibit the metabolism of
sugars by bacteria, reducing acid production; (2) fluoride is
absorbed intracellularly, where it ionizes, releasing hydrogen
ions, which in turn enhance enamel remineralization; and (3)
fluoride promotes the formation of apatite crystals, streng-
thening enamel and reducing solubility in acidic conditions.”>"*

Xylitol, a sugar alcohol, inhibits the growth of Strepto-
coccus mutans by disrupting glucose metabolism. It stimulates
saliva production and improves its buffering capacity, which
helps reduce caries.”>’® Studies’>”” have shown that xylitol
reduces the presence of Streptococcus mutans in saliva and
decreases caries incidence. On the other hand, sorbitol, another
sugar alcohol, is less metabolized by oral microorganisms,
helping to maintain a higher pH in saliva and prevent acid
production, though long-term, frequent use can lead to
microbial adaptation and a drop in pH. Sorbitol can also cause
gastrointestinal discomfort, a side effect less common with
xylitol.7678

Sanguinarine, an alkaloid derived from Sanguinaria
canadensis, has been shown to affect Streptococcus mutans,
although its effectiveness is limited by poor bioavailability.”s”
Povidone-iodine has a broad antimicrobial spectrum against
bacteria, fungi, protozoa, and viruses and can be useful for
reducing plaque, gingivitis, and mucositis, particularly after
radiation therapy.”®”"

Diet

As mentioned above, some dietary compounds seem to
modulate oral microbiota composition and diversity and have
been associated with dental caries and periodontitis.* Dietary
fermentable carbohydrates like simple sugars and starch have
long been associated with the development of dental caries.?!
Sugars, for instance, promote the growth of bacteria like
Streptococcus mutans and Fusobacterium nucleatum, while fats
and vitamins (particularly vitamin C) favor the growth of
Fusobacteria. On the other hand, fiber and dairy products can
help maintain a healthy balance of oral bacteria.>®?!2382 The
association of carbohydrate intake with periodontal disease has
been less explored.® However, emerging evidence suggests that
dietary patterns characterized by whole grain consumption in
place of refined carbohydrates and simple sugars intake seem to
be beneficial also in the context of periodontal disease.’!

Supplementation with probiotics and prebiotics is gaining
growing attention as a strategy to promote oral microbiota
health. Probiotics are live microorganisms that, when taken in
adequate amounts, confer health benefits to the host.®
Prebiotics are substances that selectively stimulate the growth
or activity of beneficial microorganisms in the host.%> Prebiotics
and probiotics often work synergistically, with prebiotics
nourishing beneficial bacteria to enhance their effects. How-
ever, while probiotics have been extensively studied for their
effects on periodontal health, research on the impact of
prebiotics on dental diseases remains limited.?>%¢

Prebiotics are typically carbohydrate-based (such as fructo-
oligosaccharides and galacto-oligosaccharides), but may also
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include non-carbohydrate compounds like polyphenols and
polyunsaturated fatty acids.®® Prebiotics support the growth of
beneficial bacteria, such as Lactobacilli and Bifidobacteria, while
inhibiting pathogenic microorganisms like Clostridia and
Escherichia coli.**® Furthermore, prebiotics and probiotics share
anti-inflammatory and immunomodulatory properties.3>$48°

Probiotics like Lactobacilli and Bifidobacteria can help
maintain microbiota eubiosis, modulate the immune system,
and produce antimicrobial substances.’”#® They achieve these
effects by competing for adhesion sites, producing antimicro-
bial compounds, enhancing immune responses (such as
increasing Immunoglobulin A production), and by reducing
proinflammatory cytokines and matrix metalloproteinases
(MMPs). In this way, probiotics can help limit the growth of
harmful bacteria and can influence immune response both in
the oral cavity and at a systemic level.®”*® Lactobacillus acido-
philus supplementation has shown promising effects in the
management of periodontal disease, gingivitis, and pregnancy-
related gum inflammation.® Strains like Lactobacillus casei,
Lactobacillus shirota, and Lactobacillus reuteri have been
found to reduce gingival bleeding.®® Lactobacillus casei and
Lactobacillus shirota also reduce the activity of inflammatory
markers in gingival crevicular fluid (GCF).¥ Lactobacillus
salivarius WB21 appears to be effective in reducing gum
pocket depth, particularly in smokers.® It has also been sug-
gested that daily intake of heat-inactivated Lactobacillus
plantarum L-137 may reduce periodontal pocket depth,® while
Lactobacillus rhamnosus SP1 supplementation showed no
significant difference in periodontal outcomes when compared
to a placebo.”’ Additionally, probiotic supplementation has been
shown to improve gingival health and reduce harmful bacteria
counts, as reported by a randomized placebo-controlled clinical
trial testing supplementation with Lactobacillus rhamnosus and
Bifidobacterium lactis in adolescents.”? Probiotics can also help
reduce halitosis by lowering sulfur gas production from bacteria
on the tongue, balancing oral pH, and improving salivation in
individuals with xerostomia.* However, while the potential of
probiotics for oral health is becoming clearer, more clinical
trials are needed, particularly to establish the long-term effects
of probiotic use for oral diseases.

Conclusion

Overall, the oral microbiota is a dynamic ecosystem where
bacterial communities interact in complex ways, both
cooperatively and competitively. The oral microbiota is
influenced by a range of factors throughout life. Diet, oral
hygiene, and environmental factors all play a critical role in
shaping the microbiome and influencing oral health outcomes.
Regular maintenance of oral hygiene, combined with a
balanced diet, is essential for supporting a healthy oral and gut
microbiota with beneficial effects on both oral and systemic
health.
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