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Abstract. Periodontal disease is a plague microbiome related, that disrupts
the homeostasis of the periodontium and the supporting alveolar bone. The
aim of this brief review is to offer the reader the theoretical background of
the current status of immunomodulatory therapies used in the management
of periodontitis using staphylococcal antigens. In response to the hypothesis
that Staphylococcus aureus helps ameliorate periodontal disease, the
National Development Institute for Microbiology and Immunology
Cantacuzino, Romania, produced the “Staphylococcal D Vaccine”. The
proponents of this product claim that Staphylococcal Vaccine is highly
efficacious in the management of periodontitis particularly in patients with
clinical signs of edema, papillary hypertrophy, bleeding on probing, and
pockets > 7 - 8 mm in depth. Although the mechanism of action of
staphylococcal antigen vaccines is elusive as yet, it appears that such
vaccination leads to a dramatic reduction in periodontal inflammation, and
periodontal pocket depth. However, more research is required to obtain
conclusive data on the subject.
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Immune Response in Periodontitis and Modulatory Value of Staphylococcal Antigens

1. Introduction

A dysbiotic oral microbiome and the associated plaque biofilms are
generally considered to be the major agents of the chronic inflammatory process
that often leads to periodontal inflammation. Dental plaque biofilms on tooth
surface is formed by numerous bacterial species comporising the oral microbiota.
Only about 60% of the microbial species of the biofilm microbiota can be
identified by the classical methods based on culturable flora, but the novel
molecular advances such as the new generation sequencing (NGS) technology
have revealed an array of novel organisms that inhabit the gingival crevice [1]. All
these biofilm organisms including bacteria, fungi and archea, use complex
metabolic processes and cellular interactions, and they constitutes a very
balanced, ecosystem living in harmony with the host [2]. However, when such a
symbiotic system is disrupted leading to dysbiosis, the biofilm flora cause
pathology of the anchoring tissue of the tooth including the periodontal membrane
and the alveolar bone.

2. Dental plaque formation

Initially, within a few minutes, after cleaning a tooth surface, the microbial
colonization process ensues with the arrival of pioneer bacterial, the streptococci
which adhere to the salivary pellicle. Subsequently, within a few hours the
bacterial community is colonised by secondary arrivals such as protease
producing Actinomyces spp [3]. There is also a concomitant development of the
characteristic biofilm matrix of extracellular polysaccharides which in turn favors
other colonizers such as Capnocytophaga sp., Eikenella sp., Haemophillus sp.,
Prevotellaacter. sp., Veillonella spp. Subsequently, the structure of the
community becomes further complicated by the arrival of the late colonizers
which need an anaerobic ecosystem to thrive. These are organisms such
Treponema denticola, Porphyromonas gingivalis and Tannerella forsythia which
play critical role in periodontal disease intuition and progress.

The bridge and the skeletal structure between the early and the late
colonizers is the relatively larger Gram negative organism, Fusobacterium
nucleatum, which explains their numerical abundance in normal and pathological
samples. As the thickness of the biofilm increases, the oxygen concentration
decreases progressively, which leads to the predominance colonization by
microaerophilic ~ and  moderately  anaerobic  species  (Agregatibacter
actinomycetemcomitans, Campylobacter rectus, Eikenella corrodens) as well as
of the strict anaerobes (P. gingivalis, B. forsythus, Treponema denticola, P.
intermedia, F. nucleatum, Eubacterium sp.) [4,5]. The latter group of organisms
together with Fusobacterium nucleatum, Peptostreptococcus micros, Eubacterium
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timidum, Lactobacillus sp., Actinomyces naeslundii, Pseudomonas anaerobius,
Eubacterium sp., Bacteroides intermedius, Bacteroides forsythum, Selenomonas
sputigena and Haemophilus aphrophilus are characteristically isolated from deep
periodontal pockets. Although most of these bacteria rarely invade the gingival
tissues, they can invade the gingival epithelium and release enzymes and
endotoxins that can lead to either a direct or indirect (by inducing the
inflammatory process) destruction of the periodontal tissues [6-8].

In relation to the location of the plaque biofilm development, the latter can
be classified as either supragingival and subgingival plaque biofilms, the latter
being predominantly involved in initiating periodontal diseases.

2.1. Dental plaque- periodontitis relationship

Periodontal disease (PD) is an infectious inflammatory disease that
disturbs the homeostasis of its ecosystem leading to gradual injury of the gums,
the alveolar bone, the periodontal ligament, and the tooth cementum [9]. The
prevalence of periodontal disease increases with age, and 50% of adults are
known to have some degree of periodontitis (inflammation of the gum and the
tooth supporting structure) [10]. An aggressive form of the disease affects young
adults and is characterized by the rapid destruction of periodontal tissue [11].
Chronic periodontal disease affects 11.2% of the world's population [12]. Chronic
periodontitis is an episodic disease with progressive inflammation associated with
plaque biofilm development and tartar accretion, in periodontal pockets [13,14],
and alternating with periods of inflammation and remission. Interestingly the
periodontal inflammation is localized, and within the same mouth, there could be
some gingival sites that are uninflamed and perfectly healthy, and free of
destructive periodontal disease [15]. Another major characteristic of periodontitis
is the progressive inflammatory infiltration of the periodontal epithelium that also
helps periodontal tissues destruction [10].

The primary etiological agent of periodontitis is the plaque biofilm that
develops in the gingival crevice, and the bacterial proteolytic enzymes, and
noxious metabolites that either directly or indirectly cause tissue destruction, or
alternatively, impede the local host defense factors [16]. Bacterial collagenase and
hyaluronidase for instance, degrade collagen and the connective tissue matrix.
Furthermore, the bacterial lipopolysaccharides (LPS) or endotoxins, the major cell
wall constituent of Gram-negative bacteria, released after autolysis play a critical
role in the pathogenesis of periodontitis. LPS is one of the most potent stimulants
of inflammation and are not neutralized by immune effectors [17].

Any condition that diminishes the efficacy of antibacterial defense
mechanisms (primary or secondary immunodeficiency, diabetes, neutrophil
dysfunction) predisposes an individual to periodontitis [18]. Smoking and stress
are also other subsidiary risk factors for periodontal disease, and the consequent
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impedance in blood flow leads to the survival of anaerobes, which in turn produce
metabolites that damage the periodontal tissues.

2.2. The inflammatory immune response in periodontitis

Apart from the direct effect of the bacteria and their by products on the
gingival epithelium and the periodontium, the inflammatory response triggered by
the plaque biofilm plays a significant role in the pathology of periodontitis
[19,20]. Antigens released after lysis of Gram-negative bacteria, especially
endotoxins, are potent chemical messengers for resident macrophages, which
synthesize pro-inflammatory cytokines: IL-1, IL-6, and TNF (tissue necrosis
factor). Interleukins, especially IL-1, induce the synthesis of other mediators such
as chemotactic cytokines (IL-8), prostaglandins, and leukotrienes, that attract
neutrophils and monocytes, which help maintain and amplify the inflammatory
response [21,22]. The inflammatory reaction to some extent, prevents the bacterial
invasion of the gingival tissue and removes bacterial byproducts, thus playing a
protective role [23]. Furthermore, antibodies against bacterial cell walls, capsular
material, flagellae and toxins are synthesized in the periodontium as a response to
bacterial byproducts. Antibodies neutralize toxins, opsonize bacterial cells,
promote phagocytosis, and activate the classical complement pathway.

2.3. Role of the neutrophils in the periodontal inflammatory process

The primary actors in the pathological process leading to periodontitis are
the professional phagocytes, neutrophils and macrophages. They have a limited
number of pattern recognition receptors (PRRs) called pathogen-associated
molecular patterns (PAMPs), that bind the pathogen antigens [24]. Neutrophils,
the main effector cells of the acute inflammatory reaction, are alos endowed with
a wide range of bactericidal properties, the most effective of which is the
myeloperoxidase (MPO)- hydrogen peroxide (H20.)- halogen system [25]. After
PAMP recognition, the neutrophils phagocytose the pathogen and Kkill the
organism by both O»-dependent and independent mechanisms. The NADPH-
dependent oxidase of the neutrophil membrane is activated simultaneously and
this process called the respiratory burst, in turn generates large amounts of O>
ions. The latter is rapidly converted to H.O> and then into other reactive
molecules with a microbicidal effect: hypochlorous acid (HCIO), chloramine
(NHCI), hydroxyl radical, singlet oxygen. The important role of NADPH-oxidase
and ROS system as anti-infectious defense sytem is illustrated by the chronic
granulomatous disease syndrome, where patients suffer from NADPH-oxidase
defect [26]. These patients have recurrent fungal and bacterial infections,
particularly caused by the common skin pathogen S. aureus. Simultaneously,
there is a production of cytoplasmic granules in neutrophils which fuse with the
phagosomes. Antimicrobial peptides, o-defensins, cathepsins, proteinase 3,

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 10, No.10, (2021) 25



Grigore MIHAESCU, Paula PERLEA, Dorin MERCUT, Corneliu Ovidiu Vrancianu, Roxana Elena
CRISTIAN, Madalina PREDA, Mariana Carmen CHIFIRIUC, Marian Vladimir CONSTANTINESCU,
Lakshman Perera SAMARANAYAKE, Irina CODITA, Teodor GEORGESCU

elastase, azurocidine are next released into the phagosome: Although the
neutrophils primarily ingest and destroy the pathogens they also release enzymes
into to the inflammatory focus leading to tissue injury [27]. Excessive activation
of neutrophils, as well as prolongation of inflammation (3-4 days) further amplify
tissue injury [28]. The increased rate of B-glucuronidase, myeloperoxidase, and
ROS secretion which, as mentioned above, has a destructive effect on the
periodontium, may explain the rapid loss of periodontal tissue in aggressive
periodontitis [29].

The hyper-inflammatory phenotype of neutrophils is considered to play an
important role in the pathogenesis of chronic periodontitis [30]. For instance,
neutrophils derived from patients with chronic periodontitis, when exposed to
Porphyromonas gingivalis and A. actinomycetemcomitans, release significantly
high quantities of ROS [31].

The differentiated response of neutrophils, which leads to the activation
and degranulation of the neutrophil is considered to be a preliminary priming step
of the inflammatory process [32]. Such activated neutrophils have superior
functional properties, hence are called hyperactive cwlls. The physiological state
of hyperactivation is considered to be a significant factor in the destruction of
periodontal tissue, especially in aggressive periodontitis [32]. The initiating agents
may be circulating in the blood or are produced locally, in the inflammatory
microenvironment, i.e.: circulating bacterial endotoxins, increased levels of TNF-
a, IL-6, IFN-y, GM-CSF (granulocyte-macrophage colony-stimulating factor). At
sub-stimulatory concentration, the initiating agents induce neutrophils
physiological changes, but these cells do not release the contents of the
azurophilic granules or stimulate the production of Oxygen radicals.

The initiated and activated neutrophils have significant functional
differences. Due to secondary activating stimuli, they degranulate and release the
intracellular enzyme increasing the intensity of respiratory metabolism tenfold,
with the release of reactive oxygen species (ROS) [32,33].Other functional
properties of activated neutrophils are increased survival rate, the expression of
endothelial selectins, afflux of neutrophils into the inflammatory site and
synthesis and release rate of myeloperoxidase and elastase.

2.4. Role of macrophages in the periodontal inflammatory-immune process
Monocyte/macrophage is an essential cell in the immune response to
pathogens: it triggers inflammation, activates the innate immune response,
removes the dead tissues debris, and repairs tissue damage [34]. The activated
macrophage is the bridge between innate and acquired immunity: it monitors the
chemical quality of the microenvironment through surface receptors and through
the secretion of cytokines and chemokines [28].The inflammatory cells counts in
the periodontal area, evaluated on histological sections of the human samples, has
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the following distribution: B lymphocytes and plasma B cells (50-60%); Th and
Tc lymphocytes (17%, with Th lymphocytes predominating over the Tc ones);
macrophages and neutrophils (5-7%). Aggressive periodontal lesions and chronic
forms have similar cellular populations [29]. Although in smaller proportion,
macrophages play a very important role in innate and adaptive defense reactions
through a large number of cytokines that they release: CSF (colony stimulating
factors), ILs (interleukins), IFNs (interferons), TNF (tumor necrosis factor),
growth factors and other chemokines [35]. In vitro analysis of macrophage gene
expression profiles reveals that different Gram-negative and Gram-positive
bacteria induce the transcription of a particular set of host genes, including those
encoding proinflammatory cytokines [36].

Macrophages have a high functional plasticity, due to their localization in
different tissues, but also in terms of their response to the diversity of signals
received from the extracellular environment. i.e. depending on the specificity of
the signals, they are functionally polarized. The macrophages polarization towards
a pro-inflammatory (M1), anti-inflammatory (M2) or immune function regulatory
status has been suggested by the distinct membrane markers profiles [32,37]. The
two subpopulations M1 and M2, are mutually reversible. At different moments of
the inflammatory process, macrophages pass from one state of polarization to
another. Polarization is associated with chronic inflammation states, obesity,
atherosclerosis, diabetes, allergy, asthma, autoimmune diseases, neoplasia [38]. In
the periodontal inflammatory process, the macrophages are activated towards the
M1 phenotype, following the initial pro-inflammatory reaction induced by
bacterial LPS, pro-inflammatory ILs released by Th1CD4 + lymphocytes (IL-2,
IFNy), exhibiting paracrine and autocrine effects [39]. M1 macrophages control
the acute phase of infection [40]. The M1 program consists of the activation of
genes that encode pro-inflammatory ILs: IL-1, IL-6, IL-12, induction of nitric
oxide synthase (iNOS), and in particular, TNFa synthesis, the main effector of
tissue injury [41]. The M1 program protects against intracellular bacteria and
allows the phagocytosis of tissue residues and of non-functional leukocytes, thus
directly contributing to wound healing [42]. However, secreted TNF, proteases,
IFN, peroxides release, angiogenic factors could have negative effects ion the host
tissues [43].

Functional polarization of M1 in periodontal lesions is demonstrated by
the expression of specific membrane markers, but also by the high concentrations
of TNFa, IFNy, and IL-2 in gingival biopsies, correlated with the severity of
periodontitis (36). Excessive prolongation of M1 polarization can lead to tissue
injury [44].

The repair of tissue damage begins only after the tissue and bacterial
debris phagocytosis and corresponds to M2 polarization, which is activated by IL-
4, IL-10, IL-13, TGF-B, immune complexes, glucocorticoids [45]. A dual role is
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assigned to IL-6, with stimulatory effects of both M1 and M2 activation programs,
depending on the quantitative ratio of other ILs [46]. IL-4, released by Th2
lymphocytes, inhibits the inflammatory process and stimulates the M2 activation.
M2 macrophages synthesize IL-4, IL-10, arginase, and TGF-B with anti-
inflammatory and immunomodulatory effects, and also proline found the chemical
structure of collagen, having an role in the extracellular matrix production [47].
The M2 program, via the produces ILs, has therefore a pro-fibrotic effect and is
associated with wound healing and tissue regeneration [47,48]. Unlike M1
macrophages which express HLA-DR and are antigen presenting cells, M2
macrophages do not present the antigens to Th lymphocytes and do not produce
NO [49,50].

Some bacterial pathogens (e.g., the intracellular ones) specifically induce
the activation of the M2 program and thus favor the chronic evolution of the
infection [37].

Following the analysis of histological sections of healthy and periodontitis
gingival tissue using the immunohistochemical method with specific monoclonal
antibodies for the M1 and M2 markers, three macrophage subpopulations were
identified: i) CD68 positive cells - MO polarization; ii))CD68 and iNOS positive
macrophages - M1 polarization (pro-inflammatory); iii) CD68 and CD206
positive macrophages - M2 polarization (tissue repairing) [51].

Their role in chronic gingivitis and periodontitis is not well established.
M2 polarization was found in both gingivitis and periodontitis lesions, being
related to the chronic inflammation, opposite to the acute phase, characterized by
M1 polarization [37]. However, Benoit et al. reported that M2 polarization in
gingivitis is similar to that found in the healthy tissue [52].

Gingivitis is characterized by a strong macrophages infiltration of the
gingivae in comparison to healthy tissue [48]. In periodontitis lesions, HLA-DR,
FGF (fibroblast growth factor) and TRAP (tartar-resistant acid phosphatase)
expression is minimal, proving an impaired tissue immunosuppression [53]. On
the other hand, infiltration of macrophages is to a great extent lesser in healthy
gingivae, which suggests immunosuppression at the site of chronic inflammation,
as a mechanisms that could limit the tissue destruction [54,55]. Some gingival
sites are free of destructive periodontal disease and do not show functional M2
polarization [56].

3. The controversial role of Staphylococcus aureus in periodontitis
Staphylococcus aureus is a common Gram positive aerobic bacterium but
often behaves as an opportunistic pathogen and over the years have assumed the

status of a “super bug  due its resistance to antibiotics, especially methicillin-
resistant strains (MRSA), as well as the ability to form biofilms on medical
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devices. The use of antibiotics in treating periodontal disease may lead to the
increase of Staphylococcus spp. in the oral cavity. Consequently, the presence of a
higher proportions of S. aureus in the oral cavity may lead to a significant
increase in the incidence of periodontal infections and the difficulty of treating
those that do occur [57]. Bacteriological, serological, anatomo-pathological
results suggest that S. aureus plays a role in exacerbating dental diseases by
forming a biofilm with the causative pathogens of periodontal diseases [58-62].

S. aureus is a predominantly extracellular infectious agent, but its
protective mechanisms against phagosomal enzymes allow it to survive not only
inside macrophages but also in the epithelial cells they invade [63]. In the gingival
epithelial cells, S. aureus can survive for a long period, protected by the action of
the immune effectors. However, in the early stage of gingivitis, S. aureus is not
considered to be a key pathogen, just as the triad of 'red complex' bacteria
(Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia)
[64,65].

The reasons for implication of S. aureus as a periodontal pathogen could
be explained by its inflammation-inducing structural components that are
chemotactic for phagocytes, and induce the synthesis of chemo attractants, both in
vitro and in vivo. These are phenol soluble peptides (phenol soluble modulin like
peptides = PSM) that recruit neutrophils; lipoteichoic acid (LTA) and capsular
polysaccharide induce IL-8 synthesis in circulating monocytes, epithelial and
endothelial cells [66]; S. aureus activated endothelial cells synthesize IL-8 which
stimulates neutrophil diapedesis. S. aureus virulence factors (TSST-1 - toxic
shock toxin, enterotoxins A and B) induce IL-1 synthesis in monocytes [67-70];
TCD4 lymphocytes stimulated by the capsular polysaccharide synthesize
chemokines that recruit neutrophils to the inflammatory site; PGN
(peptidoglycan) induces Cb5a release (in C activation cascade), an intense
chemotactic factor for neutrophils [71].

On the other hand, S. aureus has developed many strategies to avoid host
immune effectors. It also has a vast repertoire of virulence factors [72], mostly
with redundant activity. Furthermore, the bacterial cell is camouflaged with a
protective capsular polysaccharide which inhibits S. aureus from phagocytes and
antimicrobial polypeptides (AMP); S. aureus forms biofilms resistant to immune
effectors; specific molecules that block the function of phagocyte receptors; toxins
that induce the phagocytes lysis; CHIPS (chemotaxis inhibitory protein of S.
aureus) blocks the receptor-mediated recognition of PAMPs, essential for the
detection of bacterial invaders; other molecules secreted by S. aureus such as the
C3-SCIN (staphylococcal C inhibitor) convertase blocker block the activation of
the complement system, diminishing the phagocytosis of opsonized bacterial
cells; iron capturing mechanisms; staphyloxanthin (carotenoid pigment) has a
protective role against ROS action; proteases that hydrolyze all types of
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antimicrobial proteins released from lysosomes [71]; toxins that induce the lysis
of erythrocytes and leukocytes: hemolysin (o toxin) and leucocidins [71,73];
superantigens (enterotoxins, toxic shock syndrome toxin - TSST and exfoliatin)
with an immunosuppressive effect. Decreased efficacy of antimicrobial protective
mechanisms explains the resistance of S. aureus to phagocytosis [31].

3.1. Exploitation of S. aureus dual pro-inflammatory / immune system
evasion mechanisms for developing immunomodulatory therapies useful in
the management of periodontitis

Periodontitis and gingivitis are the two commonest diseases of the
mankind. The aetiopathology of these diseases are classically based on
microbiological and immune mediated theories [74]. Due to the failure in the
current therapies based on a microbial etiology of periodontitis it is essential to
explore new therapeutic pathways. Immunomodulation could possibly be one
such avenue. The purpose of immunomodulation is the stimulation of non-specific
immune reactivity as in the case of periodontitis or other infectious or neoplastic
diseases, or alternatively, the inhibition of immune reactivity (e.g. organ
transplantation, autoimmune diseases) [75].

Immunomodulators are biological or synthetic chemical compounds that
interact with non-specific immune cells (macrophages, neutrophils), but also with
an non-specific regulatory lymphocyte clones. These compounds exhibit either
stimulatory or inhibitory activity, through cytokine-mediated signaling
mechanisms. The fundamental principle of immunomodulation is the stimulation
of the beneficial effects of phagocytes, but with diminishing their potentially
harmful effects [76].

Most immunomodulators act indirectly by inducing cytokine synthesis in
cells with non-specific immune function. In response to cytokine synthesis,
lymphocytes alter their reactivity to different antigens. Bacterial
lipopolysaccharides (LPS) are among the most critical immunomodulators, but
their use is limited by the toxicity of the lipid component that causes
hyperthermia, leukopenia, cardiovascular, and metabolic changes.

Due to these reasons, the National Development Institute for Microbiology
and Immunology Cantacuzino, in Roamnia has over a period of 14 years (1997-
2011) investigated the potential of a staphylococcal immunomodulator (IMS) in
the management of periodontal disease. On this premise, the Institute has
examoned the efficacy of a “Staphylococcal D Vaccine” Kit (consisting of four
different dilutions, of one billion, 1/10, 1/100, 1/1000 of a bacterial mixture of 15
S. aureus strains/mL in physiological saline) [77]. Although the mechanism of
action of IMS remains to be discovered, the clinical experience indicates that the
“Staphylococcal vaccine™ dramatically ameliorates periodontal inflammation, and
significantly decreases the periodontal pocket depth [77,78]. The latter is due to
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the secretion of collagenous tissue as well as the regeneration of the epithelium
(Fig. 1).

Fig. 1. SAG 12 years - juvenile periodontitis - clinical signs of edema, and hypertrophy of
the papillae, bleeding, reduced bacterial plaque, pockets of 7 - 8 mm in depth (A). After IMS local
immunotherapy - reduction of inflammation, disappearance, normal-looking gum. Reducing the
pockets depth (B).

Histological analysis of the gingival tissue reveals an intense repairing
process, with the reorganization of the collagen fibers and the regeneration of the
gingival epithelium (Fig. 2).

A B

Fig. 2. Before treatment: microbial cells are observed, as well as cellular alterations of the
chorion; HE staining x 64 (A). After treatment: detail, complete restoration of the collagenic axis
of the interdental papilla - Gomory HE staining x 100 (B).

4. Discusion

The favorable effects of staphylococcal immunomodulator (IMS) was
evident shortly after the treatment initiation. The anti-inflammatory effect of IMS
was recorded in all patients with periodontitis, positive or negative for S. aureus,
but without any underlying pathology (diabetes, AIDS, neoplasia).

It is tempting to hypothesize that the observed disease regression was due
to the activated functionality of neutrophils and macrophages We hypothesize that
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the complex staphylococcal antigens mixture in IMS can induce the circulating
neutrophil priming leading to diapedesis into the inflammatory gingival tissue.
These cells in turn could then activate their enzymatic and respiratory potential
(‘respiratory burst’), described above, thus contributing to the elimination of
inflammatory debris. Given the possible intracellular localization of S. aureus, the
activation of a cellular specific immune response may also ensue. This was
evidenced by the gingival epithelial cells infected with S. aureus which exhibited
antigenic epitopes associated with both MHC | and MHC Il molecules.

The local macrophages activated by IMS antigens secrete IL-1 that
stimulates Thl lymphocytes. Th-1 lymphocytes secrete a number of ILs that
stimulate the specific cellular immunity, i.e.: IFN,, IL-2, and lymphotoxin a
(LTa), which in turn are activating the TCD8 lymphocytes [48]. The TCDS8
lymphocytes and a subpopulation of TCD4 lymphocytes with cytotoxic potential
specifically recognize antigenic epitopes associated with MHC | and MHC I
molecules [48]. IL-2 stimulates the proliferation of TCD8 and TCDA4
lymphocytes, which target the modified epithelial cells, under the action of
cytotoxic/ cytolytic factors or by expressing the Fas ligand. IL-2 inhibits B
lymphocyte activation, that could explain the lack of a humoral response in
periodontitis patients. The tissue repair could be attributed to the functional switch
of M1 macrophages to M2, responsible of tissue repair and wound healing.

IMS antigens could also activate fibroblasts, which are essential for tissue
repair, due to collagen synthesis.

5. Conclusion

Periodontal disease (BP) is an inflammatory condition of infectious nature
that disrupts homeostasis of the periodontium, causing injury to the gums,
alveolar bone, periodontal ligament, and cementum [10]. Different studies, with
bacteriological, serological, histopathological data, suggest that S. aureus plays a
decisive role in the progression of the pathological process of periodontitis
towards osteitis and osteomyelitis [58,59].

Although the mechanism of action of IMS remains to be determined, the
clinical experience indicates that the staphylococcal vaccine dramatically
ameliorates periodontal inflammation and reduces the pockets depth, in particular
by the secretion of collagenous tissue as well as the regeneration of the
epithelium. In conclusion, IMS could be a useful adjunct in the management of
chronic periodontitis although further work is required to substantiate our data.
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