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ABSTRACT
This literature review presents the etiological factors that lead to one of the most
common periodontal diseases - chronic generalized periodontitis. The main role
belongs to the bacterial biofilm, it is the cause of the disease development. In addition,
immune disorders can also be a cause of periodontal disease.
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Periodontitis is the most common and polyethiological chronic inflammatory
disease of the oral cavity.

To date, the periodontal microbiome has been more deeply studied and it has been
concluded that periodontitis is associated with 50 systemic diseases. One of the main
factors influencing the development of chronic generalized periodontitis is the
imbalance between pathogenic and beneficial microorganisms in the oral cavity. In a
healthy oral cavity the number of pathogenic microorganisms is minimal, and their
growth and development is suppressed by favorable microorganisms. However, in
generalized periodontitis this balance is disturbed, leading to oral dysbacteriosis and
the development of periodontal inflammation.

The etiopathology of advanced periodontitis includes specific bacterial and fungal
pathogens, active herpesviruses and anti-inflammatory immune responses [1].

The ecological diversity of the periodontal microenvironment can provide
suitable conditions for colonization by species not normally considered to be
permanent members of the oral microbiota. The subgingival biofilm of patients with
periodontitis, gingivitis, generalized aggressive or chronic periodontitis may contain
Neisseria spp., Streptococcaceae, Candida albicans, Enterobacteria, Pseudomonas
Aeruginosa, Eubacterium saphenum, Clostridium Difficile, Olsenellauli, Hafniaalvei,
Serratia marcescens and Filifactoralocis [2]. It is known from numerous literature data
that A. actinomycetemcomitans, Porphyromonas gingivalis, Porphyromonas
endodontalis, Prevotella intermedia, Treponema denticola, Tannerella forsythia,
Fusobacterium nucleatum possess the greatest aggressiveness [2, 3]. These pathogens
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have certain pathogenicity factors that affect the course of the infectious process. At
the same time, each microbial pathogen has its own features that influence the
Immunopathogenesis of periodontitis. A number of recent studies have proposed a new
model of periodontal pathogenesis, indicating a synergistic and dysbiotic interaction of
the microorganisms responsible for the initiation of periodontitis, rather than the action
of individual periodontal pathogens [4-6].

Bacteria called edge pathogens, found in low numbers under healthy conditions,
can destabilize the community and cause the development of dysbiosis. The most
studied pathogen is P. gingivalis, an anaerobic Gram-negative Coccobacillus in the
family Bacteroidaceae. In the natural environment, P. gingivalis is a component of a
multispecies biofilm; it penetrates the epithelial and immune cells of the gingiva,
remaining viable and capable of further spreading among cells and tissues [7]. P.
gingivalis is an important component of the oral microbiome and a highly adaptive
colonizer. The bacterium has the ability to evade host defenses and interfere with the
relationships between other oral species that make up the microflora located in the
supra- and subgingival periodontal biofilm, leading to the chronic inflammation,
cellular prosurvival profile and subsequent tissue damage observed in individuals with
chronic periodontitis. Molecules produced by P. gingivalis play an important role in
the immunopathogenesis of chronic periodontitis, acting on both innate and adaptive
immunity [8]. A number of studies have shown that P. gingivalis localizes in various
subcellular compartments of host cells, including cytoplasm, endosomes and
autophagosomes. It has been found that the bacterium, instead of being transported to
the endosomal pathway, moves to autophagosome-like vacuoles and stays in vacuoles
that resemble early and late autophagosomes, which may allow it to survive by
blocking fusion with lysosomes [9]. Bacterial trafficking through the autophagic
pathway allows them to avoid host defense mechanisms and obtain nutrients, which is
particularly advantageous for the asaccharolytic P. gingivalis. In addition, the outer
membrane vesicles produced by P. gingivalis enter human cells via the lipid-dependent
endocytic pathway, are directed to endosomes, and are sorted into lysosomal
compartments. P. gingivalis strains 33277, 381, and A7436 can locally invade
periodontal tissues and evade host defense mechanisms by using a number of virulence
factors that disrupt innate immune and inflammatory responses. Various virulence
factors of this bacterium, such as capsule components, lipopolysaccharides (LPS),
fimbriae, proteases, and outer membrane proteins, can contribute to immunogenicity
by stimulating innate and adaptive immunity mechanisms in both the humoral and
cellular immune responses of the host [9]. All this indicates the ability of this pathogen
to invade host cells, which may be an escape mechanism from the host’s defenses,
contributing to the penetration of the microorganism into the bloodstream and thus
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acting systemically in the host organism. Some researchers consider P. gingivalis to be
key in the development of immunopathological events in periodontitis with
predominantly pro-inflammatory-directed macroorganism reactions. The ability of P.
gingivalis to evade the immune response in the host proinflammatory process and gain
access to nutrients in the microenvironment is directly related to its survival,
proliferation and infection. Important features of P. gingivalis-mediated chronic
periodontitis include the ability of the bacterium to adhere to and engulf host cells, to
spread through host cells and tissues, and to disrupt host immunological surveillance
and defense mechanisms. However, the virulence determinants of periodontal
pathogens that provide effective infectivity and contribute to synergism in increasing
virulence are still unclear.

Another periodontal pathogen, A. actinomycetemcomitans, is able to bind to IgM
class antibodies using the HSP60 protein. This pathogen is not only responsible for
maintaining the conformation of the cellular proteins, it also functions as a powerful
virulence factor causing bone resorption in  periodontitis [10]. A.
actinomycetemcomitans is associated with the development of aggressive periodontitis
and may contribute to chronic periodontitis. This bacterium expresses complex operons
for two cytotoxins: leukotoxin (Lkt) and cytophosphate-toxin (Cdt) [11].

Recent studies have shown a syntrophy between different bacterial species within
the oral biofilm through mutual cooperation/competition for nutrients, especially
between P. gingivalis, T. denticola, P. intermedia and T. forsythia, which form a
polymicrobial community and dominate the periodontal biofilm. Biofilms modulate
the epithelial-cell immune response in different ways depending on their properties and
composition. Keratinocytes of the gingival epithelium form a barrier against bacterial
infection and invasion. They are bound together by a number of specialized
transmembrane molecular complexes, including intercellular junctions including tight
junctions, adhesive junctions and gap junctions [12].

Candida albicans may be involved in the pathogenesis of chronic periodontitis.
Taxonomic profiling combined with functional expression analysis has shown that
Candida albicans, Streptococcus mutans and other periodontopathogens are not always
present or numerically important in foci of candidiasis, caries or periodontitis.
However, Candida albicans combines with Streptococcus spp. and their increased
virulence will co-colonize in invasive candidiasis, early childhood caries or
periimplantitis [13].

The etiopathogenesis of severe forms of periodontitis includes herpesvirus-
bacterial co-infection. Evaluation of the pathogenicity of herpesviruses
(cytomegalovirus and Epstein-Barr virus), periodontopathogenic bacteria (A.
actinomycetemcomitans and P. gingivalis) and coinfection of these infectious agents
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showed their role in the initiation and progression of periodontitis. Cytomegalovirus
and A. actinomycetemcomitans/P. gingivalis exhibit synergistic pathogenicity in the
development of localized (aggressive) juvenile periodontitis. Cytomegalovirus and
Epstein-Barr virus are associated with P. gingivalis in periodontitis. Periodontal
herpesviruses entering the general bloodstream may also contribute to disease in
various organ systems. There is the possibility of a bilateral interaction between
periodontal - and periodontopathic bacteria, with herpesviruses promoting bacterial
growth and bacterial factors reactivating latent herpesviruses. Bacterial gingivitis can
promote herpesvirus colonization of the periodontium, and herpesvirus infections can
interfere with the host’s antibacterial defense and alter periodontal cells to predispose
to bacterial adhesion and invasion. Herpesvirus-bacterial synergistic interactions
probably constitute an important pathogenic determinant of aggressive periodontitis.
However, mechanistic studies of molecular and cellular interactions between
periodontal herpesviruses and bacteria are still scarce [14, 15].

Periodontal herpesviruses, which are spread through the systemic circulation, may
represent an important link between periodontitis and systemic diseases. Periodontal
therapy targeting both herpesviruses and bacterial pathogens can provide long-term
clinical improvement and potentially reduce the risk of systemic disease. Molecular
diagnostic tests for periodontal pathogens may allow early microbial identification and
preventive therapy [16].

If we look at the etiopathogenesis of periodontitis from other points of view, it is
worth noting that in chronic generalized periodontitis a decrease in the amount of Ig G
in saliva and gingival fluid was recorded. It is characteristic for catarrhal gingivitis
there is the activation of local protective factors, mainly of non-specific character. As
the pathological process progresses in the periodontal tissues (with the formation of
periodontal pockets) the situation changes: the level of non-specific protection
decreases, and functional activity of the specific factors (slg A) increases that,
probably, is caused by the antigenic stimulus increase as the result of bacterial plaque
spreading under the gum [17].

In early progressive forms of generalized periodontitis, an increase in the potential
of polymorphonuclear leukocytes for nonspecific activation by cytokines with a
decrease in their antibacterial properties is revealed, which makes them dangerous for
periodontal tissues [18, 19].

According to L.Yu. Orekhova et al. (1997) [20], in patients with chronic
generalized periodontitis there is an interdependence between the levels of
immunoglobulins and lysozyme activity in oral fluid, indicating the compensation of
lysozyme deficiency in oral fluid by strengthening the immunoglobulin supply.
Disturbance of mechanisms of mutual compensation for deficiency of protective
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humoral substrates in inflammatory periodontal diseases can be referred to the factors
of disease pathogenesis. Intensification of lipid peroxidation (LPO) processes in
chronic generalized periodontitis has been reliably established [21, 22]. It is believed
that reactive oxygen species play an important role in the pathogenesis of the disease
both through direct damage of periodontal tissues and indirectly through changes in
saliva properties due to salivary gland dysfunction [23].

In recent years, the balance between the levels of pro-oxidants and antioxidants,
the balance between the reactions of free-radical oxidation of lipids and the state of
antioxidant protection of the organism, which are in inseparable unity and determine
the course of tissue cellular metabolism [24, 25], has been given fundamental
Importance.

Taking into account the presence of immunological changes when the organism
Is exposed to various factors: endocrine system diseases, psychoneurological features,
hemocirculatory disorders, gastrointestinal pathology, etc, (2004) [23], who attribute
system reactions of free-radical oxidation and immunological misbalances to the
universal processes of cellular alteration and apoptosis and emphasize the significance
of cytokine regulation in these processes. These organism-wide mechanisms unite the
pathogenesis of many diseases, explain their association and connection to the same
risk factors and peculiarity of inflammatory periodontal diseases is the uniformity of
reactions of its structural formations in the form of non-specific inflammatory-
degenerative process in response to various changes in various organ systems.

To conclude, it is worth noting that understanding the processes of immune
response, formation and progression of periodontitis, as well as identifying biomarkers
of inflammation can contribute to expanding knowledge about the pathogenetic
mechanisms, improve diagnosis and support various therapeutic strategies. Research
on viral, fungal and bacterial periodontal infections will help to understand the clinical
and biological characteristics of periodontitis, the response mechanisms and the
severity of the immune system response and to form new strategies to combat the
disease. Identification and quantification of periodontal pathogens may have
prognostic value. In the future, the development of new diagnostic methods for viral,
fungal and bacterial pathogens at the early stage of periodontal disease is necessary, as
well as the development of new vaccines against periodontal viruses, which may be a
promising direction and a hope for inexpensive periodontitis prevention in a large
group of people.
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