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Abstract

This review discusses polymicrobial interactions with the host in both health and disease. As our 

ability improves to identify specific bacterial clonal types both with respect to abundance and 

location in the oral biofilm we will learn more concerning their contribution to both oral health 

and disease. Recent studies examining host-bacterial interactions have revealed that commensal 

bacteria not only protect the host simply by niche occupation, but that bacterial interactions with 

host tissue can promote the development of proper tissue structure and function. These data 

indicate that our host-associated polymicrobial communities, such as those found in the oral 

cavity, co-evolved with us and have become an integral part of who we are. Understanding the 

microbial community factors that underpin associations with host tissue that contribute to 

periodontal health may also reveal how dysbiotic periodontopathic oral communities disrupt 

normal periodontal tissue functions in disease. A disruption of the oral microbial community 

creates dysbiosis, either by overgrowth of specific or nonspecific microorganisms or changes in 

the local host response where the community can now support a disease state. Dysbiosis provides 

the link between systemic changes (e.g., diabetes), exogenous risk factors (e.g., smoking), and the 

dysbiotic community and can drive the periodontal tissue destruction. Many other risk factors 

associated with periodontal disease such as stress, aging, and genetics also likely affect the 

microbial community, and more research is needed utilizing sophisticated bacterial taxonomic 

techniques to better elucidate these effects on the microbiome and to develop strategies to target 

the dysbiotic mechanisms and improve periodontal health.

The etiology of periodontitis has been elusive. Hypotheses have ranged from microbial 

etiologies to those that employ trauma or disuse as possible reasons for the localized tissue 

destruction and alveolar bone loss characteristic of the disease [54]. The observation that 

careful removal of dental plaque, the microbial biofilm that coats the tooth and tooth root 

surface was an effective approach to reduce both gingivitis and periodontitis led to the clear 
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recognition that oral microbes somehow contributed to the disease process [38]. 

Subsequently the importance of the host component to the disease process was recognized 

[47]. Periodontitis was proposed to be a dysfunctional host response to the oral biofilm that 

was altered in both the amounts and types of bacteria. However, the contribution of oral 

bacteria to the disease process remains unclear. Hypotheses that purport specific 

periodontopathic bacteria to those that claim a nonspecific bacterial etiology are both 

applicable today as well as the idea that it is the host that drives the microbial changes with 

contribution of microbes to the disease process as secondary [4]. These positions are not 

mutually exclusive, and it may be that all are correct in different situations.

However, at least one component of periodontitis is clear; the composition of the oral 

microbial biofilm is significantly different in healthy sites when compared to clinically 

defined disease sites [12, 43]. This observation, combined with advances in characterizing 

the microbial composition of host associated polymicrobial communities, and the 

recognition that these microbial communities have well evolved and intricate 

communication systems between themselves as well as the host has led to the notion that 

novel therapeutic interventions may arise from a better understanding of the oral microbial 

community. Clinical advances have already been made in the treatment of certain forms of 

inflammatory bowel disease where polymicrobial intestinal transplants have shown promise 

in restoring a healthy relationship between the intestine and its microbial inhabitants [30]. 

Furthermore, new therapeutic regimens involving selective bacterial killing [1, 18, 58], 

probiotic [42, 48, 60], and prebiotic [70] approaches all require a more intimate knowledge 

of the polymicrobial dependencies for survival in the oral biofilm [49, 50, 73].

Therefore, this review emphasizes polymicrobial interactions with the host in both health 

and disease. It is hoped that by gaining a better understanding of how bacterial communities 

contribute to our oral health and the effects of altering these communities on disease, more 

accurate and useful diagnostic and therapeutic interventions can be elucidated.

Polymicrobial analysis

The analysis of polymicrobial communities is severely hampered by the application of the 

Linnaeus system for the definition of a species. Species is defined for most forms of animal 

and plant life when two individuals, male and female, can produce fertile offspring [16]. 

With the discovery of “animalcules” as van Leeuwenhoek called bacteria it was only natural 

that they would be classified according to the system employed for all other forms of life. 

However, the main mechanisms of bacterial genetic recombination do not involve sexual 

reproduction, and, therefore, it has been recognized for quite some time that the use of genus 

and species names for bacteria is inadequate. We have survived this inadequacy by 

employing a variety of genotypic and phenotypic typing systems to better understand those 

bacterial species that are significantly associated with different disease states.

A different approach for bacterial taxonomy employing the sequence of 16S rRNA, a highly 

conserved bacterial gene involved in building the scaffolding for protein synthesis has been 

found to be extremely useful for describing the bacterial members of polymicrobial 

communities. Employing the 16S rRNA sequence was first championed by Dr. Carl Woese 
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[67] and now is routinely being used to describe the microbial diversity found in 

polymicrobial communities including dental plaque [11]. There are a number of different 

16S rRNA sequencing techniques which either allow a more definitive description of the 

species composition by determining the entire 16S rRNA sequence or deep sequencing 

applications that reveal low abundance members of the community albeit at a less definitive 

species resolution. One feature that all 16S rRNA analyses of polymicrobial communities 

have revealed is that there is much more microbial species diversity in dental plaque than 

previously thought. The main reason for this is that the 16S sequence approach does not rely 

on culturing methods, and hence those bacterial species that are not yet cultivatable can now 

be detected. The actual amount of microbial diversity reported by different sequence 

analysis studies varies due to mostly technical reasons [11]. However, the presence of a 

large number of bacterial species not yet cultivated presents new opportunities to understand 

polymicrobial dental plaque. For example, understanding the metabolic and structural co-

dependent interactions which preclude cultivation will most certainly reveal novel bacterial-

bacterial and bacterial–host interactions that help shape either periodontal health or disease.

However, characterization of the oral polymicrobial community even by the most 

discriminating and complete 16S rRNA approach is insufficient to adequately describe the 

microbial composition. The reason for this is the presence of bacterial genes that differ 

among nearly identical 16S rRNA species. This is a result of the genetic recombination 

mechanisms employed by bacteria such as transformation where select genes can be 

transferred into the bacteria genome to render that specific bacterial clone a novel 

phenotype. If the phenotype confers a selective advantage, such as an improved ability to 

use an available nutrient source, in the niche where the gene is acquired, the clone can 

multiply and become a new member of the polymicrobial community. These events are 

common and contribute to the dynamic nature of the oral microbial community [64]. In fact, 

the acquisition of new genes is so common within the same bacterial species that the terms 

pan and core bacterial genomes has entered our lexicon [8]. A pan genome represents all the 

genes found in a specific species and includes the core genome, which are highly conserved 

within the species, as well as the unique genes that are only found in specific strains or 

clones of the species [44]. Identification of specific clones within a particular species will 

reveal the true diversity of polymicrobial communities. For example, it has been found in 

the nasopharyngeal cavity that different clones of Streptococcus mitis, Streptococcus oralis 

and Streptococcus infantis can appear and disappear as well as fluctuate in their relative 

amounts over time in the same individual [5]. More relevant to periodontitis, the highly 

leukotoxic JP2 clone of Aggregatibacter actinomycetemcomitans has been reported to be an 

etiologic agent of localized aggressive (juvenile) periodontitis [26].

As our ability improves to identify specific bacterial clonal types both with respect to 

abundance and location in the oral biofilm we will learn more concerning their contribution 

to oral health and disease. For example, identifying bacterial functions which confer a 

selective advantage to bacterial clones will reveal those functions of community structure 

that contribute both to our periodontal health, as well as bacterial functions that may directly 

relate to disease. Accordingly, novel probiotic, prebiotic, and selective bacterial killing 

approaches can then be initiated.
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The healthy microbiome

The oral cavity is highly populated with numerous polymicrobial communities each 

occupying highly specific niches that differ in both anatomical location and as well as 

nutrient availability [43]. Oral host colonization is a reflection of the proficient ability of 

bacteria to adapt to a variety of different niches through high rates of genetic recombination 

as discussed above. One consequence of robust commensal bacteria colonization is to 

prevent pathogenic bacterial colonization through a process termed colonization resistance. 

Colonization resistance has long been recognized as an important function of commensal 

bacteria, and the detrimental effects of commensal depletion by broad spectrum antibiotic 

application have been documented [7, 28]. However, more recently studies examining host-

bacterial interactions have revealed that commensal bacteria not only protect the host simply 

by niche occupation, but that bacterial interactions with host tissue promote the development 

of proper tissue structure and function. These data indicate that our host associated 

polymicrobial communities, such as those found in the oral cavity, co-evolved with us and 

have become an integral part of who we are [39]. Therefore a more transcendent view of 

human biology where we begin to understand how this microbial component is integrated 

into human physiology (considering the microbiome as a human organ) [3] may be helpful 

to understanding how these polymicrobial communities can become dysfunctional in their 

interactions with host tissues and then impair proper host tissue structure and function.

The most significant and clear studies with respect to the ability of polymicrobial 

commensal communities to actively mature proper tissue structure and function are found in 

the intestine [22, 31, 41, 66, 68]. These studies have heavily relied upon comparisons in 

tissue structure and function between normal or specific-pathogen-free and germ-free mice. 

Germ-free mice are completely devoid of bacteria and are generated by sterile Caesarean 

section, raised aseptically in an isolator with sterile filtered air, and are housed using sterile 

food, water, and bedding. Specific-pathogen-free mice are only devoid of known mouse 

pathogens and contain a normal repertoire of oral and intestinal bacteria [41]. Therefore, 

comparisons between these two mouse groups can reveal those attributes of host tissue that 

are formed in response to bacterial colonization. For example, early studies in germ-free 

mice demonstrated that commensal bacteria have a direct impact on the morphology of the 

intestine [17, 20]. Bacteria are responsible for degradation of mucus glycoproteins, and their 

absence results in an enlargement of the cecum. The villi of the small intestine are longer 

and the crypts are shorter and contain fewer cells in germ-free animals. In addition, 

commensal bacteria have effects on intestinal motility. Effects of bacteria can also be seen 

on the development and function of the intestinal immune system. Commensal bacteria are 

required for the complete development of Peyer’s patches, the lamina propria, and the 

intraepithelial spaces, all three of the main immune elements found in the intestine [17, 20]. 

More recently, studies in germ-free mice have revealed that the commensal bacteria induce 

angiogenesis, contributing to the development of the complex vascular beds found just 

underneath the mucosal surface [57]. Furthermore, it has been found that constitutive 

intercellular adhesion marker-1 expression in these vessels is also regulated by the presence 

of the commensal microbiota [35]. In fact the state of “controlled” inflammation that 
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normally exists in the intestine has been attributed to both the quality and quantity of 

intestinal commensal microorganisms [9, 10].

The human oral cavity is similar to the intestinal system in that both contain highly evolved 

polymicrobial communities, and both have state of “controlled” inflammation [9, 36, 46]. 

However significantly less is understood concerning the contribution of the oral 

polymicrobial community on oral tissue structure and function. This is somewhat surprising 

since one well described manifestation of the inflammatory surveillance that occurs in 

healthy periodontal tissue is the constant translocation of neutrophils from the highly 

vascularized periodontal tissue into the gingival sulcus [63]. Neutrophil migration out of the 

vasculature and into the surrounding tissue is a key protective attribute of periodontal tissue 

and is highly regulated such that too much or too little migration can both result in disease 

[19, 53]. Since neutrophil migration is well known to respond to bacterial inflammatory 

signals in other tissues, it would be expected to be regulated either directly or indirectly by 

the oral bacterial polymicrobial community. Indeed studies have revealed that healthy 

human junctional epithelium, the tissue in closest contact with the polymicrobial oral 

community, express an interleukin-8 gradient to guide neutrophils through periodontal tissue 

toward the sulcus, and it was postulated that oral commensal colonization was the stimulus 

[62]. However, initial studies in germ-free rats demonstrated that neutrophils were found 

transiting in junctional epithelial tissue, indicating that commensal bacterial colonization 

was evidently not required for this key protective mechanism [51]. Furthermore, the 

expression of carcinoembryonic antigen-related cell adhesion molecule-1, a cell adhesion 

molecule postulated to contribute the structural integrity of this loosely organized tissue, and 

secretory leukocyte protease inhibitor, a molecule that protects the host from host-mediated 

protease-induced tissue damage, is specifically expressed in the junctional epithelium, yet 

studies in germ-free mice demonstrated that bacterial colonization was not required for their 

expression [27, 29]. These observations demonstrate that certain structural and functional 

aspects of periodontal tissue, specifically the junctional epithelium, the tissue in closest 

contact with the oral polymicrobial community, are host developmentally driven even in the 

absence of bacterial signals.

More recent studies have shown that the effect of bacterial colonization of the periodontium 

is more subtle than that observed in intestinal tissue (Fig. 1) [11]. Although neutrophils are 

present in the junctional epithelial tissue of germ-free mice, two independent studies have 

found that commensal colonization significantly increases the number of neutrophils found 

in gingival tissue [65, 71]. Therefore, a key protective mechanism found in periodontal 

tissue, the transit of neutrophils into the gingival space [24](45), is orchestrated by both host 

developmental and bacterial induced programs. Furthermore, it has been shown that the 

chemokine ligands that attract and direct neutrophil migration in mouse periodontal tissue 

are also programmed by both host- and bacterially-induced programs [71]. However, in this 

case the host developmental program is associated with chemokine (C-X-C motif) ligand 1 

(CXCL1) whereas commensal colonization specifically induces the expression of the closely 

related neutrophil chemokine ligand CXCL2 through the myeloid differentiation primary 

response gene (88) toll-like receptor (MYD88-TLR) activation pathway [71]. Therefore, 

clearly, the oral polymicrobial community significantly contributes to the periodontal innate 
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host defense status in clinically healthy tissue; however, their contribution is superimposed 

on host developmental programs.

Periodontal tissue is similar to intestinal tissue with respect to polymicrobial communities 

significantly contributing to creating a proper functioning tissue. Understanding the 

microbial community factors that underpin associations with host tissue that contribute to 

periodontal health may also reveal how dysbiotic periopathogenic oral communities disrupt 

normal periodontal tissue functions in disease. It appears that bacterial interactions 

contributing to periodontal health may be just as complicated as those seen in disease.

Dysbiosis: change in composition and numbers of oral microbiome; the 

unhealthy microbiome

Periodontitis is a dysbiotic disease [6]. This is not a new concept, rather it is a better name to 

describe what was previously described as a shift from mostly gram positive bacteria found 

in healthy sites to mostly gram negative bacteria found in clinically diseased sites [43]. 

Dysbiosis, as the term implies, is a symbiosis that has gone awry. It is the concept that some 

diseases are due to a decrease in the number of beneficial symbionts and/or an increase in 

the number of pathogens [6]. Instead of contributing to healthy tissue function as described 

above, the oral polymicrobial community interferes with normal periodontal tissue function. 

This is the definition of disease, when normal tissue function is disturbed. There are 

numerous cases of dysbiotic diseases including inflammatory bowel disease, otitis media, 

and bacterial vaginosis [6]. A key contribution of describing periodontitis as a dysbiotic 

disease is its emphasis on bacterial community and the ramifications thereof in 

understanding periodontitis etiology. For example, one ramification of bacterial community 

thinking is that not all bacteria in the community need to have the same function. This 

notion was recently demonstrated where it was shown that Porphyromonas gingivalis, a 

designated periodontopathogen [55], required other members of the oral microbial 

community to elicit periodontitis in a mouse model of disease [23]. In this study, germ-free 

mice failed to develop periodontitis when administered P. gingivalis alone, in contrast 

specific-pathogen-free mice that contained a normal repertoire of oral commensal bacteria 

did develop disease. Furthermore, it was shown that although P. gingivalis was a minor 

component of the oral microbial community after administration, its presence was associated 

with a significant increase in the quantity of the rest of the oral polymicrobial community. 

Therefore, the presence of even small amounts of P. gingivalis in this mouse model of 

disease created a dysbiotic oral polymicrobial community as evidenced by the increase in 

bacterial numbers. It was found that the ability of P. gingivalis to sabotage the mouse 

complement system was likely responsible for the increase in the oral microbial community 

resulting in alveolar bone loss. Therefore, the function of P. gingivalis in this community 

setting was to interfere with host protective mechanisms facilitating the overgrowth of the 

entire polymicrobial community.

The idea that P. gingivalis inhibited innate host functions as a service to the community by 

allowing it to gain access to the needed protein rich substrates in gingival crevicular fluid 

was originally proposed when it became apparent that effects such as P. gingivalis 

lipopolysaccharide inhibition of host toll-like receptor-4 responses had the potential to affect 
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the entire oral polymicrobial community [13]. Based upon these data P. gingivalis was 

proposed to be a keystone species in the oral polymicrobial community and provided 

another scientific rationale for its high association with disease. Interference with numerous 

different host component protection mechanisms are likely to alter the homeostatic balance 

that evolution has produced for proper functioning periodontal tissue [13, 15]. This is 

becoming evident when examining periodontitis that originates in select knockout mice that 

have reduced innate defense functions that are critical to neutrophil migration such as 

CXCR2 [23, 69] and double E-and P-selectin knockout mice [45]. In both of these models of 

disease a dysbiotic oral polymicrobial community has been described. The observation that 

impairment of host protective mechanisms creates dysbiotic oral polymicrobial 

communities, which are altered in both their composition and numbers, lends credence to the 

nonspecific hypothesis [40, 61] for the etiology of periodontitis. Numerous different types of 

changes in the oral polymicrobial community can result in disease and no one bacterium is 

directly responsible for the observed bone destruction.

However, a challenge to the nonspecific hypothesis was recently described in a different 

mouse model of disease [33]. In this model silk ligatures are tied around the base of select 

teeth to induce disease, whereas in the study described above disease is initiated by 

overwhelming repeated inoculations with P. gingivalis by oral gavage. In the ligature model 

wild-type mice developed disease as determined by alveolar bone loss, yet disease did not 

occur in nucleotide-binding oligomerization domain-containing protein-1 (Nod1) knockout 

mice [33]. Nod1 is a pattern recognition receptor able to detect the presence of bacterial 

peptidoglycan. Although this could be thought of as another example of how innate defense 

functions are required for proper maintenance of the oral polymicrobial community, the 

authors demonstrated that in fact it was a single member of the oral polymicrobial 

commensal micobiome, designated NI1060, which accumulated in the community and could 

initiate the disease when administered alone. This member of the community, with 

characteristics similar to A. actinomycetemcomitans, was able to induce Nod1 responses, 

and these were sufficient to result in alveolar bone loss. This study lends support to the 

notion that indeed there are specific periopathogens, and that creating dysbiotic situations 

(such as ligature placement) facilitates their outgrowth and subsequent detrimental effects on 

periodontal function. Local factors in the oral cavity such as heavy calculus, restoration 

overhangs, areas of food impaction, or even active caries might produce similar dysbiotic 

effects in humans.

Finally, the fact that the inflammatory response alters the periodontal environment precludes 

definitive conclusions concerning if the dysbiotic community created the inflammation or if 

the inflammation created the dysbiotic community [4]. It has been long recognized that 

periodontitis clearly does not fit into Koch’s postulates, and the inflammatory environment 

of disease could alter the polymicrobial community. Therefore, conclusions concerning the 

periodontopathic potential of bacteria routinely found in diseased sites have usually been 

interpreted with caution and the word “association” being employed as opposed to causal. 

However, more recent observations that a new class of compounds that actively resolve 

inflammation, appropriately termed resolvins, can restore the dysbiotic community to an 

almost normal healthy composition [25], has prompted a reevaluation of the contribution of 

Roberts and Darveau Page 7

Periodontol 2000. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the oral polymicrobial community to periodontitis etiology [4]. It is suggested that host 

changes to the periodontal environment are sufficient to create periodontal polymicrobial 

dysbiosis, and simply reducing the host inflammatory response nearly restores healthy 

homeostasis. This is the most likely explanation for periodontitis observed in select innate 

host deficient knockout mice such as CXCR2 [69] and P- and E-selectin mice [45] where the 

oral polymicrobial community is dysbiotic and “natural” periodontitis is observed. In 

addition, it is also likely that in certain individuals dysregulated inflammation due to 

undefined host factors may be the cause of the dysbiotic community and, therefore, 

resolution of the inflammation should be sufficient to treat both the dysbiosis and 

periodontitis.

Therefore, the non-specific, specific, and host mediated etiologies for the development of 

periodontitis can all be observed in different animal models of disease. However, these 

etiologies must be taken with some caution since it is not clear how each of these animal 

models will translate to humans. For example, in humans, there is fairly good evidence that 

A. actinomycetemcomitans JP2 is responsible for many cases of localized aggressive 

periodontitis, which affects adolescents of African descent [26]. However more recent 

studies have revealed that A. actinomycetemcomitans may be necessary but insufficient by 

itself to cause disease in humans but rather a consortium of this bacterium with 

Streptococcus parasanguinis and Filifactor alocis may be more predictive of disease [34]. 

This data is consistent with the notion that even in situations where a clear periopathogen 

was purportedly identified, other members of the dysbiotic community may significantly 

contribute to disease. For example if a community member functions to provide a key 

metabolite to the pathogen, then drugs that inhibit production of the metabolite by the 

community member could decrease pathogenicity indirectly. This reinforces our need to 

understand the dysbiotic community and suggests that novel therapeutic intervention 

strategies may arise from learning more about bacterial-bacterial interactions [49, 50, 73] in 

the context of host responses.

What causes dysbiosis?

In animal models of periodontal disease we know that both environmental and genetic 

factors can create dysbiotic oral polymicrobial communities. For example, both antibiotic 

pre-treatment and gavage [2, 23] as well as tying ligatures around the base of teeth [25, 33, 

72] both create environmental conditions which alter the amount and composition of the oral 

microbial community and result in loss of alveolar bone. Likewise, CXCR2 [23, 69], E- and 

P-selectin [45], and lymphocyte function-associated antigen-1 [23] knockout mice all 

naturally develop a periodontitis that is associated with a change in the amount and 

composition of the oral polymicrobial community.

In humans, periodontitis risk factors also can be categorized as environmental or genetic 

although less is known about how these may create dysbiotic communities. Environmental 

factors include smoking and obesity [21], and both have been shown to be associated with 

sub gingival and intestinal dysbiotic communities, respectively. In fact, it has recently been 

found that smoking creates a sub gingival microbiome in healthy sites that more closely 

resembles diseased sites, suggesting that smoking creates “an at-risk-for-harm environment” 
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to create periodontitis [37]. Diabetes is also associated with periodontitis and as it has been 

postulated [21] a more complete analysis of the periodontal microbiome is necessary to 

determine if this disease is associated with a dysbiotic periodontal community. Human 

genetic risk factors have been and remain the subject of numerous studies, which have been 

reviewed elsewhere [56, 59]. It will be interesting to see in the future if any of the putative 

periopathogenic single nucleotide polymorphisms in host response and other genes [52] are 

associated with dysbiotic oral communities.

Conclusion

The oral microbial community has evolved in symbiosis with the human periodontium to 

usually create health. A disruption of this community creates a dysbiosis, either by 

overgrowth of specific or nonspecific microorganisms or changes in the local host response 

where the community can now support a disease state (Fig. 2). Dysbiosis provides the link 

between systemic changes (diabetes), exogenous risk factors (smoking), and the dysbiotic 

community and drives periodontal tissue destruction. Many of the other risk factors 

associated with periodontal disease such as stress, aging, and genetics also likely affect the 

microbial community, and more research is needed utilizing sophisticated bacterial 

taxonomic techniques to better elucidate these effects on the microbiome and to develop 

strategies to target the dysbiotic mechanisms and improve periodontal health.
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Fig. 1. 
(A) Current knowledge of microbial influence on the junctional epithelium based on 

cumulative data from human and mouse studies. The architecture of junctional epithelium 

and the presence of neutrophils are similar between germ-free and conventional mice. 

Several molecules appear to change dramatically with the addition of bacteria but many are 

unchanged [14]. (B) Overview of current knowledge of microbial influence on the intestinal 

epithelium. The architecture of the intestinal tissue is changed markedly with the addition of 

bacteria: the crypts are deeper, the capillary network is more extensive, the mucus layer is 

reduced, cilia are shorter, and many differences are seen with immune cells and molecules 

as indicated [32]. The figure indicates the relative location and abundance of innate immune 

cells/molecules (*indicates changes due to microbial interactions confirmed in germ-free 

studies.) Reprinted with permission from Cell Host & Microbe 10, October, 2011 ©2011 

Elsevier Inc.
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Fig. 2. 
Periodontal Health and Disease as a function of the periodontal oral community and the host 

response. Periodontal health results from a homeostatic balance between the oral microbial 

community amount and composition and the corresponding host response. Risk factors can 

alter this balance and create a dysbiotic oral microbial community with an altered oral 

commensal bacterial composition. Bacterial community changes which result in a 

dysfunctional host response include an increase the total number of bacteria (22) and/or the 

outgrowth of specific bacteria (31). Periodontal treatment regimens can restore homeostasis.
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