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The Microbial Triad in Periodontitis: Decoding
Bacterial, Immune, and Environmental Interactions—
Evidence and Shortfalls Explored

Abstract:

Exploring the intricate interplay of pathogenic microorganisms, hostimmune response, and environmental factors in periodontitis. Pathogenic actors,
e.g., Porphyromonasgingivalis, Treponema denticola, Tannerella forsythia, orchestrate tissue damage within biofilm structures. Host immune
response, crucial for defense, may lead to excessive inflammation. Environmental factors like smoking and stress impact the triad. Research evidence
supports microbial dysbiosis, immune responses, and clinical interventions. Challenges include gaps in understanding, emerging pathogens, biofilm
dynamics, and the need forimproved diagnostics and therapeutics. Ongoing exploration promises personalized treatments and transformative clinical

procedures in periodontitis management
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Introduction:

The oral cavity, a dynamic and diverse ecology, acts as a
doorway to a hidden realm teeming with microscopic life. The
microbial population can thrive in sessile biofilms in this open
system despite the materials' and the environment's continual
volatility.[ 1] An interesting biosphere buried within the mouth
cavity encourages us to examine its enigmatic depths—a
difficult area that is essential to comprehending the delicate
relationship between oral bacteria and the development of
periodontitis. The goal of this article is to tell the fascinating
story of the microbial trio while navigating the unknown
waters of the microbiological universe.

At the heart of this intricate interplay lies the concept of the
microbial triad—a fascinating alliance between pathogenic
microorganisms, the host immune response, and
environmental factors. This multifaceted partnership between
pathogenic bacteria, the flexible host immune system, and the
constantly changing environmental context creates a nexus of
extraordinary relevance and provides a significant window
into the intricate processes regulating the progression of

Access this article online

Quick Response Code

Website:

www.ujds.in

DOI:
https://doi.org/10.21276/ujds.2024.10.3.20

periodontitis. Unraveling the complicated relationships that
link these components has revealed not just interesting
information, but also a terrain of challenges and deficiencies
that point the way forward for additional investigation.

Understanding The Microbial Triad :

At the heart of this triad lie pathogenic bacteria (Figure
1)[2,3.,4], wielding an abundance of virulence factors that
endow them with the prowess to colonize, persist, and trigger
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a cascade of inflammatory reactions within the oral
ecosystem. Among the stereotypical culprits, P. gingivalis, T.
denticola, and T. forsythia emerge as protagonists in the
drama of periodontal pathogenesis.[5]
Porphyromonasgingivalis, for example, is well-known for
producing gingipains (originally considered trypsin-like
proteases)[6], which are enzymes that degrade host proteins
and alter immunological processes. Tannerella forsythia
produces a powerful leukotoxin, whereas Treponema
denticola is related with tissue penetration and inflammation.’
These pathogenic actors, encased in their complex biofilm
structures, engage in elaborate dialogues that orchestrate a
symphony of destruction, unraveling the architectural
integrity of periodontal tissues.
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FIGURE 1. Newly updated oral microbial complex scheme:
The bacterial groups were color coded according to their
potential contribution to oral health by showing associations
with microbial complexes engaged in mouth disease.
(Socransky et al., 1998;[2] Haffajee et al., 2008;[3] Colombo
and Tanner, 2019)[4].

HostImmune Response In Periodontitis:

Concurrently, the host immune response evolves as a vigilant
representative, dispatched to attack bacteria and restore
balance to the mouth's habitat. Neutrophils and macrophages,
like brave knights, form the initial line of defense, marshaling
their forces to combat invading pathogens. However, the
body's defensive mechanism can overreact and produce more
harm than benefit. Bad germs might sometimes be deceiving.
They release unique substances that aid in their survival while
confusing the defense system. This causes a major battle
between the defense system and the germs, resulting in
extensive gum damage. This fight is known as inflammation,
and it is a symptom of a condition known as periodontitis.
This immunological struggle, which is accompanied by
cascade cytokines and molecular actions,” emphasizes how
important the host immune response is in determining the
course of periodontal tissues.

The genesis of chronic periodontitis, the homeostasis of
periodontal tissue, and the roles of cytokines®. A healthy state
strikes a balance between a modest host immune response and
a local challenge. Local mucosal immunity develops as a
result of both physical stimulation from grinding and
commensal bacteria. At this point, the gingival sulcus has a
sufficient number of invading neutrophils, and the gingival
tissue has some resident immune cells, especially Th17 and
innate lymphoid cells. Still, tissue death occurs when the
immunological pathogenicity of the local microbiota is
increased due to the colonization of keystone pathogens,
which over-activate the host immune response.

As illustrated in Figure 2°, (1) The initial phase of cytokine
secretion, which primarily aids in the enrollment, activation,
and differentiation of particular immune cells as well as the
enhancement of the pro-inflammatory cytokine cascade, is
brought on by a connection between the microbiome and all
host cells.Furthermore, MNPs and APCs release a series of
cytokines (2) that are strongly associated with the
differentiation of a certain subgroup of lymphocytes upon
stimulation by the microbiome. A specific pattern of
cytokines is secreted by each of these cell subsets, which may
function as a direct effector or positive-feedback factor (3)
and ultimately cause tissue death.
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Figure 2 : The Host Immune Response In Periodontitis.[8]

Invasion Process By Periodontal Bacteria

There are two basic pathways through which oral
bacteria, bacterial metabolites, and inflammatory
chemicals can enter the human body: either through
the bloodstream or the digestive tract.[9] (Figure 3)

94 University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India



University J Dent Scie 2024; Vol. 10, Issue 3

= Periodontal bacteria
A @  Pacterial products
/’ #  Inflammatory molecules
Inflammatory response
:
. él-
ok
- .Fl.

Digestive tract

> or il
- Bloodstream
—
b

Rheun atwid Chron ic obstructive “
arthritis puln onary d iseases
Noncommunicable diseases

C ard lovascu lar Cancer x
d iseases

D iabetes #,

Figure 3: Process of invasion of the body
periodonal bacteria.[9]

The anatomical closeness of the periodontal pockets to the
bloodstream is what first permits bloodstream invasion. As a
result, their contents—periodontic bacteria, bacterial
products, immunocomplexes, and inflammatory
mediators—will be able to spread and reach various bodily
locations[10].Due to their ability to move, periodontal
pathogenic bacteria can enter the connective tissue[11], the
epithelium, and finally the circulation.

Gingival ulcers are the main source of bacteriaemia in people
with periodontitis. Bacterial compounds such as endotoxins
and exotoxins have the ability to inflict harm over a
considerable distance by entering the bloodstream. In order to
exert their toxicity remotely, exotoxins and endotoxins can
potentially diffuse into the bloodstream. Lipopolysaccharides
present in the outermost layer of Gram-negative bacterial
cells, endotoxins therefore cause a variety of illnesses[12].
Pro-inflammatory chemicals that enter the systemic
circulation, such as interleukin (IL) 1B, IL-6, or tumor
necrosis factor (TNF), will cause a reaction in other tissues,
including the liver[13]. Ultimately, the stomach and other
digestive system organs are exposed to oral bacteria, bacterial

products, and inflammatory substances through alimentary
dissemination. During digestion, the bacteria from the mouth
will travel to the stomach. Only organisms that are resistant to
the acidic pH of the stomach will survive and multiply in the
gastrointestinal tract. As a result, the oral and large intestine
microbiota are identical in 45% of Parkinson's disease
patients.

Previous research has shown a connection between
alterations in the microbiota of the mouth brought on by
dental problems and the imbalance of the gut microbiota. This
relationship between the digestive system and oral
microbiomes is the consequence of routine behaviors like
swallowing that encourage the movement of microbes from
the cavity in the mouth into the gut. But initially, it's necessary
to determine the precise invasion plan.

Genetic predispositions and systemic illnesses are entwined
with the microbial and immunological fabric, contributing
additional layers of complexity that impact susceptibility and
resilience.

Evidence Supporting The Microbial Triad :

A plethora of research investigations have combined to
provide compelling data confirming the microbial triad's
essential involvement in the etiology of periodontitis. A
thorough picture of the triad's participation in this chronic
inflammatory illness has evolved from microbial
investigation, immunological profiling, and clinical
observations. Microbial study has revealed subtle changes in
the oral microbiome's nature during periodontitis,
emphasizing the importance of pathogenic bacteria.
Advanced sequencing methods have been used in studies to
determine the prevalence and abundance of certain pathogens
such as Porphyromonasgingivalis, Treponema denticola, and
Tannerella forsythia in periodontal pockets. These bacteria,
which frequently form complex biofilm structures, activate a
cascade of virulence factors that enhance tissue invasion,
impair immune responses, and promote a pro-inflammatory
milieu. Microbial dysbiosis, defined by shifts in microbial
communities favoring pathogenic species, has been
repeatedly linked to illness severity and development,
showing the dynamic interplay within the microbial trio.

Immune profiling studies have revealed important
information about the host's response to periodontal
infections. Pathogenic bacteria and immune cells interact to
produce a precisely calibrated immune response. As front-
line defenders, neutrophils and macrophages fight intricate
struggles against pathogen invasion. This immune response,
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however, can be both a protector and a culprit, causing
excessive inflammation and tissue death.
Immunohistochemistry has demonstrated altered cytokine
profiles and immune cell infiltrates in periodontitis-affected
tissues, supporting the triad's role in chronic inflammation
and tissue destruction.

Historically, culture-based approaches or targeted DNA
analysis have been used to investigate the bacterial etiology of
periodontitis. These techniques have yielded important
insights into the nature of the oral microbiota and its potential
role in periodontal disorders. They do, however, have limits,
notably when it comes to recognizing a bacteria that are
difficult to culture or may be present in low numbers.

Researchers have been able to discover and characterize a
greater range of bacteria, including species that were
previously uncultivable, thanks to the introduction of modern
molecular techniques such as 16S[5] rRNA gene
sequencing.(Figure 4)[14] This has resulted in the finding of
hitherto unknown bacteria that may be involved in
periodontal damage.
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One important component of contemporary research is the
change away from focusing exclusively on identifying a
single "candidate pathogen" and toward studying the
complexity of microbial communities in the oral biofilm.
Periodontal illnesses are currently thought to be caused by the
interactions and dynamics of numerous bacteria inside the
biofilm, rather than by a single dominating pathogen.

Some bacteria may promote the growth of others, or they may
create virulence factors that lead to tissue destruction. This
hypothesis of a polymicrobial etiology coincides with the
growing understanding that periodontal diseases are complex

and influenced by both microbial and host factors. While the
search for the individual pathogens responsible for
periodontal disorders continues, researchers are increasingly
focusing on understanding the complicated interactions
between diverse bacterial species and their contributions to
disease development. This larger perspective has the potential
to lead to more successful techniques for preventing and
treating periodontal disorders by addressing the microbial
ecosystem as a whole rather than simply specific pathogens.

A translational link between laboratory discoveries and
application in the real world has been made possible through
clinical observations. Studies following the course of a
disease over time Have Shown That The Microbial Triad Is
Not Only Involved In Its Initiation But Also In Its
maintenance. Patients are more likely to develop recurrent or
severe types of periodontitis if they have dysbiotic microbial
ecosystems and abnormal immune responses. Further
highlighting the interdependence of the trio in illness
treatment, intervention studies targeting the microbial triad,
such as antibiotic therapy or host-modulating drugs, have
showed improvements in clinical metrics.

Together, several lines of data help to piece together the
complex picture of the microbial triad's role in periodontitis.
Clinical observations offer a palpable embodiment of the
triad's influence on disease progression, while immunological
profiling reveals the host's complicated reaction to these
invaders and microbial investigation reveals the fingerprints
of pathogenic bacteria within the oral ecosystem. Together,
these investigations highlight the crucial part the microbial
trio plays in determining the pathogenesis of periodontitis,
causing tissue damage, inflammation, and clinical symptoms.

Shortfalls and Challenges:

Nonetheless, amid the excitement of discovery, the path to
understanding the microbial trio of periodontitis is not
without intriguing gaps and hurdles. Instead than deterring
researchers from their quest for knowledge, these perplexing
intricacies act as beacons for them to delve deeper into the
unexplored realms of scientific inquiry. Here are some of the
reasons why more research is needed:

1. Inadequate Understanding:

The oral microbiota is extremely varied and complicated,
containing countless bacterial species. While certain well-
known pathogens have been identified, the whole range of
germs involved in periodontal disease is yet unknown. More
study is required to fully map the microbial populations
linked with periodontitis.

96 University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India



University J Dent Scie 2024; Vol. 10, Issue 3

2. Emerging Pathogens[15]:

A variety of lesser-known bacteria have been linked in
periodontal disease, and their potential functions are still
being investigated. Eubacterium nodatum,
Dialisterpneumosintes, Filifactoralocis, Treponema
lecithinolyticum, Solobacteriummoorei,
Mitsuokelladentalis, Porphyromonasendodontalis, and
Peptostreptococcus micros are the bacteria. The study of these
lesser-known pathogens can provide important insights into
their roles in illness genesis, development, and aggravation.

3. Biofilm Dynamics: Bacterial biofilms play an
important role in periodontal disease. Understanding the
complex dynamics of biofilm formation, composition, and
interactions among many bacterial species, particularly
lesser-known ones, is critical for creating targeted medicines
and interventions.

4. Diagnostic Tools: To precisely detect and identify
particular bacteria linked to periodontal disease, improved
diagnostic techniques are required. The development of more
sensitive and focused diagnostic tools that enable early
diagnosis and individualized treatment strategies can result
from additional study.

5. Therapeutic Approaches: Investigating lesser-
known bacteria's functions can reveal possible therapeutic
targets. In order to disrupt these bacteria's interactions,
control their virulence, and ultimately lessen periodontal
tissue death, researchers must understand how these bacteria
contribute to the development of the illness.

6. Host-Microbe Interactions: Investigations into
lesser-known bacteria may reveal information about how
these microbes interact with the host immune system and
other bacteria. Understanding the mechanisms driving
periodontal inflammation and tissue damage is essential.

7. Effect on Systemic Health: Diabetes and
cardiovascular disease have both been associated with the
oral microbiome. A more thorough picture of the potential
systemic effects of periodontal disease can be obtained by
looking into the contributions of lesser-known bacteria to
these associations.

8. Microbiome Modulation: As research uncovers the
roles of various bacteria in periodontal disease, it may become
possible to modulate the oral microbiome to promote
periodontal health. This could involve interventions that
target specific bacteria or mechanisms to restore microbial
balance.

9. Individualized Treatment: A thorough understanding
of a person's oral microbiota is necessary for the development
of personalized treatment strategies for periodontal disease.
On the basis of each patient's unique bacterial profile, future
study may help design individualized therapy approaches.

In a nutshell the gaps and obstacles associated with the
microbial trio of periodontitis serve as beacons directing the
scientific expedition rather than as hurdles. They remind us
that our hunt for understanding is a never-ending endeavor, a
symphony of inquiry and discovery.

Discussion:

The intricate interactions that occur during the onset and
progression of periodontal disease involving pathogenic
bacteria, the host immune system, and environmental
variables are clarified by the microbial triad model of
periodontitis. Nevertheless, despite the advancements, there
are still anumber of gaps and areas that need more study.

Pros of the microbial triad model:

1. Comprehensive understanding: The model provides a
holistic view of periodontitis etiology, considering the
interactions between multiple factors rather than

focusing solely on individual pathogens[16].

2. Targeted interventions: Recognizing the key players in the
microbial triad allows for more effective targeted
therapies, such as antibiotics and host-modulating
drugs[17].

3. Personalized medicine approach: The increasing focus
on the complexity of microbial communities in the oral
biofilm enables the development of more tailored
treatment strategies[ 18].

4. Improved diagnostics: Advanced sequencing techniques
have enhanced our ability to identify and quantify
specific pathogens, facilitating earlier and more accurate
diagnoses[19].

Cons and limitations:

1. Complexity of the oral microbiome: The vast diversity of
bacterial species in the oral cavity makes it challenging to
comprehensively map all the microorganisms involved
in periodontitis[20].

2. Limited understanding of emerging pathogens:
Many newly discovered bacteria associated with periodontal
disease require further research to elucidate their roles in
disease progression[21].
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3. Biofilm dynamics: The intricate interactions within
biofilms remain poorly understood, hindering the
development of targeted interventions[22].

4. Diagnostic challenges: Current diagnostic tools often
lack specificity and sensitivity, making it difficult to
accurately identify causative agents 23.

5. Therapeutic limitations: The complexity of the
microbial triad presents challenges in developing universally
effective treatments[24].

To address these limitations, future research should focus on:

1. Elucidating the roles of lesser-known pathogens in
periodontal disease progression[25].

2. Developing more sophisticated diagnostic tools capable of
detecting specific bacteria associated with
periodontitis[26].

(08

. Exploring the dynamics of biofilm formation and

interactions between various bacterial species27.

4. Investigating the potential of microbiome modulation for
promoting periodontal health[28].

5. Developing personalized treatment approaches based on
individual bacterial profiles[29].

By addressing these challenges, researchers aim to advance
our understanding of the microbial triad in periodontitis and
develop more effective prevention and treatment strategies
for this complex disease.

Conclusion:

To conclude, the periodontitis microbial triad, comprising
Porphyromonasgingivalis, Treponema denticola, and
Tannerella forsythia, plays a crucial role in the pathogenesis
and progression of the disease. These pathogens contribute to
tissue destruction and immune system dysregulation, with
clinical and immunological evidence supporting their impact.
Despite advancements in understanding, the complexity of
the oral microbiome and host immune response variability
continue to pose challenges. However, ongoing research
holds promise for personalized treatment approaches and
innovative therapies that could revolutionize periodontitis

management, enhancing oral health outcomes globally.
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