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ABSTRACT 

BACKGROUND  

The red complex bacteria which includes Porphyromonas gingivalis, 

and Tannerella forsythia, Treponema denticola are described as climax 

colonizers and are thought to play an important role in progression of 

periodontal disease. These bacterial species are usually found abundant in 

periodontal pockets, suggesting that they are associated with the dysbiosis of 

the periodontal environment. Technological developments in sequencing and 

identifying DNA and powerful bioinformatics tools have helped in 

characterization of microbiota of interest in relation to the total microbial load. 

The aim of this study was to evaluate the presence of the red complex bacteria 

in saliva using Next Generation Sequencing Technology in gingival health, 

gingivitis and gingival recession.  

 

MATERIALS AND METHODS  

A total of 30 individuals seeking dental treatment in Ragas Dental 

College and Hospitals, Chennai, were involved in the present study, of which 

10 were periodontally healthy individuals (control group), 10 were patients with 

gingivitis (test group 1) and 10 were patients with gingival recession (Test group 

2). The salivary red complex was investigated with NGS technology using 

Illumina MiSeq sequencing method. Amplicons from V3-V4 hypervariable 

regions of 16S rRNA gene were sequenced. 



Abstract 

 

RESULTS  

The results of the current study suggest that the Red complex bacteria 

were statistically significantly higher levels in gingivitis and gingival recession 

groups [Porphyromonas gingivalis P<0.001, Treponema denticola P<0.001 and 

Tanerella forsythia P<0.001] when compared to healthy subjects, but there is 

no significant difference between the test groups [Porphyromonas gingivalis 

P=0.85, Treponema denticola P=0.70 and Tannerella forsythia present in all 20 

samples]. Therefore salivary red complex bacteria may be used as potential 

microbial risk markers for periodontal diseases. However, a longitudinal study 

with a greater sample size will be required to confirm the findings of the current 

study.  

CONCLUSION 

Salivary red complex bacteria may be used a suitable candidate for the 

risk markers of gingivitis and gingival recession. 

 

KEYWORDS  

Illumina MiSeq Sequencing, Next Generation Sequencing, 16S rRNA, 

Gingivitis, Gingival recession, salivary microbiome, Red complex 

organisms 
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INTRODUCTION 

Periodontal disease is multifactorial disease in which bacteria is a 

necessary prerequisite for the disease to develop.1 Gingivitis and Periodontitis 

are common oral disease that are inflammatory in nature. Gingivitis is a 

reversible inflammatory reaction of the marginal gingiva and is a non-specific 

response to plaque accumulation, whereas Periodontitis is an irreversible 

chronic inflammatory destruction of the attachment apparatus that may 

ultimately lead to loss of the involved teeth.2 However, existing evidence 

indicates that periodontitis is always preceded by gingivitis; however, not all 

gingivitis develops into periodontitis.3  

Untreated periodontal disease may initially lead to increase in the 

pocket depth or pocket-free gingival recession, which have been recognized as 

two separate periodontal phenotypes.4
 Gingival recession refers to exposure of 

root surfaces caused by apical displacement of gingival margin beyond 

cemento-enamel junction. Gingival recession could be a result of faulty tooth 

brushing, mucogingival deformity or accumulation of local factors.  

Various study established the association of socio-economic status 

with periodontal health.5–7 Indian subcontinent is a population wherein 

increased accumulation of local factors are found due to inadequate oral 

hygiene practices. Gingival recession along with inflammation is the most 

common condition found among these population. Accumulation of local 
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factors in Indian population with respect to gingival recession is well 

established as in other countries.8, 9  

Periodontitis is no longer considered a simple bacterial infection that 

leads to periodontal destruction. Rather, it represents a collection of complex 

diseases involving iterative interactions between the host inflammatory & 

immune systems, sub-gingival microbiota & modifying environmental 

factors.10 It is also recognised that the periodontal microbiota is generally of a 

commensal nature & its relationship to the host is usually in a state of 

homeostasis. A ground-breaking experiment in humans suggested a cause–

effect relationship between the aggregation of bacterial deposits in the area of 

the gingival crevice and gingival inflammation.11 The microbial etiology of 

periodontal disease was being analysed over the past 5 decades now using 

various technique.12, 13  

Over the last 15 years it has become clear that the overall diversity of 

the periodontitis-associated microbiota is very broad, with potential 

involvement of several hundred different species and subspecies.14–16 Bacterial 

analysis of the disease started with the culture technique and evolved via 

checkerboard hybridization technique and have reached high-throughput 

approaches. High throughput approaches include microarray and next 

generation sequencing. Microarray is a closed ended while next generation 

sequencing is an open ended sequencing technique.17, 18 
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The current trend in sequencing of microbiome is based on Next-

Generation Sequencing (NGS) that uses parallel sequencing of multiple small 

fragments of DNA to determine genetic sequences Since 2006, there have 

been a lot of studies that used next-generation sequencing devices to sequence 

whole genomes of different organisms, transcriptomes of single organisms and 

even communities of organisms.19,20 NGS is an open ended sequencing 

technique based on 16S rRNA sequencing.  

Microbial communities of periodontal disease condition involving 

deep periodontal pocket have been widely studied.21,22 However, there is 

paucity of data regarding microbial communities in areas of gingival recession 

along with inflammation. There are a lot of studies that showed that there is a 

variation in gingival characteristic among developing and developed nations 

and among western and Indian population.23, 24  

Although there are few data available on the microbiome of gingival 

recession, they are centered over the western population.14,25 Acquiring similar 

data in our population would help us understand more about the disease 

progression and its microbiome in this population. Recent advances in 

periodontal diagnosis are more focussed on the personalised treatment rather 

than generalisation of the treatment plan. Since personalised medicine is the 

near future, acquiring this microbial data will give a helping hand in 

personalising the treatment. 

Saliva is a biofluid comprising secretions of the salivary glands (the 

parotid, sub-mandibular, sublingual and other minor salivary glands), oral 
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mucosa cells, blood and gingival crevicular fluid. Similar to serum and other 

biofluids, saliva also contains biomolecules such as DNA, mRNA, microRNA, 

protein, metabolites and microbiota.26 Since obtaining saliva can be low cost, 

simple, non-invasive and does not cause patient discomfort, it is a highly 

desirable body fluid for biomarker development for clinical applications. 

Hence, saliva is a widely used medium of analysis of metabolome, proteome, 

genome, epigenome, transcriptome and microbiome.27–29  

Although saliva does not have a resident microflora, salivary 

microorganisms may play an important role in the etiology and propagation of 

periodontal diseases because of translocation.26
 Bacterial colonization of sub-

gingival environment of various teeth translocate through saliva and has been 

proposed to play a role in transfer of sub-gingival bacteria from uninfected to 

infected sites and recolonization of treated sites in the periodontium.28 
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AIMS AND OBJECTIVES 

 

. Aim:  

To evaluate the presence of the red complex bacteria (Porphyromonas 

gingivalis, Tanneralla forsythia, Treponema denticola) in saliva using Next 

Generation Sequencing Technology in gingival inflammation and recession.  

 

Objectives:  

1. To evaluate the presence of the red complex bacteria in saliva using Next 

Generation Sequencing Technology in gingival health, gingivitis and 

gingival recession.  

2. To compare the presence of the salivary red complex in gingivitis and 

gingival recession with those of healthy controls.  
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REVIEW OF LITERATURE 

MICROBIOME: 

The human body is the habitat of various bacteria and other 

microorganisms. The microbiome is the genetic material of the aggregate of all 

microbiota that colonizes on or within various human tissues and body fluids. 

Every human being has a personalized set of microorganisms essential to 

maintain health which are also capable of causing disease under 

circumstances.30 The 215 cm2 surface area of the oral cavity presents a 

numerous surface of microbial colonization. As many as 700 bacterial species 

may colonize the surface of the oral cavity.31  

The term microbiome was coined by Joshua Lederberg to signify the 

ecological community of commensal, symbiotic, and pathogenic 

microorganisms that literally share our body space and have been all but ignored 

as determinants of health and disease. The term oral microbiome is defined as 

the totality of the micro-organisms and their collective genetic material present 

in the human body or oral cavity.32 

Turnbaugh et al (2007)33 described human microbiome to be classified 

into a core microbiome and a variable microbiome. Core microbiome comprises 

of the predominant species that exist under healthy conditions at different sites 

of the body, and it is shared by all individuals.34,35 Variable microbiome is one 

that has evolved in response to unique lifestyle, phenotypic and genotypic 
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determinants; it is exclusive for an individual. Even though individuals share 

microbiota at similar sites of the body, varying differences are observed at 

species and strain level of the microbiome which may be as unique as a 

fingerprint of an individual.36 

Core microbiome is capable of thriving in both health & diseased 

condition and have synergistic interactions with health and disease associated 

species as they successfully grow with both groups. They act as a metabolic 

cornerstone for the microbial community and that their presence is important 

for the microbial shifts that leads to disease in the periodontium. The normal 

flora of core microbiome helps maintaining the homeostasis of the niche.35,37  

The most abundant core species is found to be Fusobacterium 

nucleatum. It is the bridging organism and is identified to be the essential micro-

organism for the survival of other periodontopathic bacteria in anaerobic 

environment. Its ability to co-aggregate with diverse range of bacteria helps in 

shifting the microbial colonization in plaque biofilm. By metabolizing oxygen 

through enzymatic activities such as NADPH oxidase, it can easily be adapted 

to aerated conditions. Reducing environment to anaerobic levels in which 

bacteria like Porphyromonas gingivalis can thrive, that are more related to 

periodontitis.38 
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HEALTHY MICROBIOME: 

 The ability to maintain homeostasis within a microbial community 

increases with the diversity of its species. The oral commensal microbial 

communities have been well established to interfere with the colonization and 

establishment of pathogenic bacteria, a phenomenon often referred to as 

bacterial interference or colonization resistance.39 Stappenbeck et al in a 

study discovered that the commensal microbiota induces angiogenesis there by 

contribute to the development of the complex vascular beds under the mucosal 

surface. He also found that intercellular adhesion marker-1 expression in these 

vessels is also regulated by the presence of the commensal microbiota.37 

 Dysbiosis is defined as change/perturbations in the structure and 

composition of resident commensal bacterial communities relative to the 

community found in healthy individuals. Dysbiosis results when a symbiotic 

relationship disappears due to a reduction in the number of beneficial symbionts 

and/or an increase in the number of pathobionts. Maintaining microbial stability 

is necessary for sustaining symbiotic environment and for prevention of 

dysbiotic state.40 

PERIODONTITIS: 

 Health is defined as “a state of complete physical, mental and 

social well‐being and not merely the absence of disease or infirmity” by the 

World Health Organization in 2018. In accordance with this definition, 
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periodontal health should be defined as “a state free from inflammatory 

periodontal disease that allows an individual to function normally and not suffer 

any consequences as a result of past disease”.41 

However, it seems an impractical and limiting definition to explain the 

periodontal health. In its pristine form, periodontal health would be defined as 

the absence of histological evidence of periodontal inflammation and no 

evidence of anatomical change to the periodontium but is unlikely in most adult. 

This is because of the presence of commensal bacteria and immune surveillance 

of the gingival epithelium.42 Therefore, the term clinically healthy should be 

adopted to cover the absence of clinical periodontal disease.41  

Periodontal disease is multifactorial in nature, in which bacteria is a 

necessary prerequisite for the disease to develop but not sufficient to cause the 

disease alone.1 The microbial challenge is presented by subgingival plaque 

which results in upregulated host immune inflammatory response in periodontal 

tissue characterised by excessive production of inflammatory mediators. The 

periodontal inflammation is initiated by the components of subgingival 

biofilm.10  

 Periodontal disease starts as a gingivitis, which is the 

inflammation of the gingival tissues. The gingivitis progress to periodontitis in 

many cases when the necessary treatment is not instituted at the right time. 

Gingivitis is a reversible inflammatory reaction of marginal gingiva to plaque 

accumulation, whereas periodontitis is a destructive, non-reversible condition 
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resulting in loss of tooth connective-tissue attachment to bone, which ultimately 

leads to loss of the involved teeth.1  

Existing evidence indicates that gingivitis precedes onset of 

periodontitis; however, not all gingivitis cases develop into periodontitis.43 The 

end outcome of untreated periodontal disease is loss of attachment apparatus 

and subsequent loss of teeth often leaving patients unable to eat and function 

properly. 

PLAQUE AS ETIOLOGY: 

 Periodontitis is a dysbiotic disease characterized as being 

polymicrobial and multifactorial in nature exhibiting a shift from predominantly 

gram-positive bacteria found in healthy sites to mostly gram-negative bacteria 

found in clinically diseased sites. The initiation and progression of the 

inflammatory and destructive periodontal lesion is related to the lack or minimal 

proportions of beneficial microorganisms in a susceptible host.44 

 Löe et al in 1978 demonstrated the natural progression of periodontal 

disease through plaque biofilm in a study population of Sri Lankan tea workers 

of which represented a relatively uniform population that had little to no dental 

care and also had extremely poor oral hygiene. His several studies on 

experimental gingivitis showed that complex dental biofilm which comprises 

about 600 microbial species but a limited periodontal pathogen is involved in 

the causation and progression of periodontal disease. Therefore, plaque plays a 
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major role in the etiology of periodontitis.4, 22 Several lines of evidence indicate 

that bacteria are necessary for the development of inflammation in the 

periodontal tissues. 

 In a study by Mitchell and Johnson46
 bacteria were implicated 

in periodontal disease with the observation that administration of penicillin 

inhibited periodontitis in laboratory animals, and Keyes and Jordan47
 

demonstrated the infectious nature of periodontitis by its transmissibility in 

animal models. 

 Socransky and Haffajee et al in 199248 proposed the criteria for 

identification of the bacterial species as periodontopathic bacteria stating that, 

• in proximity to the periodontal lesion, the organism must be found in 

relatively high numbers;  

• in periodontally healthy subjects or in subjects with other forms of 

periodontal disease, the organism must either be absent, or present in 

much smaller numbers;  

• in periodontally diseased subjects the organism must have high levels of 

serum, salivary and gingival crevicular fluid antibody developed against 

it;  

• the microbes must be found to produce virulence factors in vitro which 

can be correlated with clinical histopathology;  

• similar pathogenic properties should be mimicked by the organism in an 

appropriate animal model; 
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• Treatment must eliminate the putative pathogen from the periodontal 

lesion leading to clinical improvement. 

 

PLAQUE HYPOTHESES: 

1. Specific plaque hypothesis – Loesche 1976  

2. Non-specific plaque Hypothesis – Theilade 1986 

3. Ecological Hypothesis- Marsh 2003  

4. Polymicrobial Synergy and Dysbiosis – Hajishengalis 2012 

Specific plaque hypothesis: (Loesche, 1976) 

In 1976, Walter J. Loesche49
 proposed the “Specific Plaque 

Hypothesis” which stated that the specific pathogens are responsible for the 

periodontal disease to develop. The abundance of certain organisms in the 

periodontal disease affected sites lead to the acceptance of this hypothesis. This 

hypothesis was then discarded because of the presence of the periodontopathic 

bacteria even in the healthy sites.  

The main limitation of this hypothesis is that it failed to prove that why 

not all gingivitis progress to periodontitis. Page RC et al1 stated that it is 

applicable only for the development of gingivitis, however periodontitis being 

a multifactorial disease cannot be explained by this hypothesis. 
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Nonspecific plaque hypothesis: (Theilade, 1986)  

Non-specific hypothesis was first proposed in early 20th century based 

on the bacterial association with periodontal lesions based on microscopy and 

culture methods. The latest non-specific hypothesis was again proposed by 

Theilade in 198650. He stated that the pathogenicity was determined by the 

quantity of plaque than discriminating between the levels of virulence and the 

specificity of bacteria present.  

The disease develops only when the microbial load increases more than 

the threshold of the host to neutralize the bacteria and its products. The 

condition earlier known as aggressive periodontitis presented with the severe 

periodontal involvement with the presence of only minimal local factors. Non-

specific hypothesis was unable to explain this pathogenesis. 

Ecological plaque hypothesis: 

In 1994 Philip D. Marsh51 proposed a hypothesis that included key 

concepts of the earlier hypotheses. In his “Ecological Plaque Hypothesis” 

(EPH), an imbalance in the total microflora due to ecological stress, resulting in 

an enrichment of some “oral pathogens” or disease-related micro-organisms 

cause disease. He corelated the changes in microbial composition to changes in 

ecological factors such as the presence of nutrients and essential cofactors, pH 

and redox potential.51,52  
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Keystone pathogen hypothesis: 

 Hajishengalis et al in 2011 introduced ‘keystone pathogen hypothesis” 

which states that certain low-abundance microbial pathogens increase the 

quantity of the normal microbiota and by changing its composition thus causing 

the inflammatory disease.53 Keystone pathogens are capable of triggering 

inflammation when present even in lower numbers, in contrast to the dominant 

species that can influence inflammation by their abundant presence. The 

keystone pathogen is detected in higher numbers in periodontitis and 

gingivitis.54 

 Relative to its abundance, a pathogen with a disproportionately large 

effect on its environment, for example low-abundance red complex bacteria 

such as Porphyromonas gingivalis or Tanerella forsythia or Treponema 

denticola remodels a commensal microbial community into a dysbiotic and 

disease-provoking microbiota. Darveau in 2009 confirmed that 

Porphyromonas gingivalis is capable of manipulating the native immune 

system of the host.55 

Polymicrobial Synergy and Dysbiosis: 

Currently, pathogenesis of periodontal disease is explained by 

“Polymicrobial Synergy and Dysbiosis Model (PSD)” proposed by 

Hajishengalis et al.53
 This model states that “the periodontal pathogenesis 

caused by a broad dysbiotic, synergistic microbiota against the traditional view 
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that it is caused by a single or several pathogens” especially red complex 

bacteria. It means that the dysbiotic environment and polymicrobial synergy are 

the key events which led to development of periodontitis rather than individual 

bacterial species. Dysbiosis is a symbiotic relationship that has changed due to 

decrease in number of beneficial symbionts and/or an increase in number of 

pathobionts.21 

This PSD model alters host-microbe homeostasis and facilitate its 

transition to a chronic inflammatory state. Lamont and Hajishengallis56 

revealed that the entire microbial community drives disease progression, 

representing the intercommunication between subgingival community of 

microorganisms and local immune responses which ultimately leads to bone 

and connective tissue attachment loss. Research over the past decade has led to 

the recognition of these dysbiotic microbiomes residing in the various oral 

ecological niches including mucosal surfaces and saliva.57 

 

BIOFILM: 

Biofilms are the self-renewing and constitute a significant continuous 

bacterial load on the host. These self-renewing reservoirs of endotoxins (LPS) 

and other bacterial toxins that can gain access not only into surrounding 

periodontal tissues but the general circulation as well.58 Biofilms consist of one 

or more communities of microorganisms, embedded in a glycocalyx, that are 
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attached to a solid surface. The bacteria adheres to the biofilm and depend on it 

for the nutrients. In addition to the nutrition, biofilm provides these bacteria 

with the advantage over the planktonic bacteria.59  

Potera et in 1999 has put forth in his experiment that 65% of infections 

that affect the human are caused by organisms growing in biofilms.60 Biofilm 

should consist of three components:  

a. a surface on to which the bacterial attachment occurs;  

b. the biofilm community itself;  

c. the bulk fluid over the biofilm that provides nutrients for the bacteria.  

Dental plaque is regarded as the specialized example of microbial colonization. 

FORMATION OF DENTAL BIOFILM:  

1. Adsorption of salivary glycoprotiens (acquired pellicle) 

2. Reversible adhesion between the microbial cell surface and the pellicle 

3. Initial adhesion/permanent attachment involving the interactions 

between specific molecules on the microbial cell surface (adhesins) and 

complementary molecules (receptors) present on the pellicle 

4. Co-adhesion in which secondary colonizers adhere to receptors on 

already attached bacteria leading to increase in microbial diversity 

5. Multiplication of attached cells, leading to an increase in biomass and 

synthesis of exopolymers to form the biofilm matrix (plaque maturation) 

6. Detachment of attached cells to promote colonization 

elsewhere.(Lindhe, 6th edition) 
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Biofilm formation initiates with the adsorption of the salivary pellicle 

on to the tooth surface.  

First phase of initial adhesion involves the transportation of bacteria 

onto the tooth surface, followed by the reversible adhesion of the bacteria.  

Initial adhesion occurs through the Vander Waal’s attractive force and 

electrostatic repulsive force. These are the weak, long range force while strong, 

short range forces such as covalent and hydrogen bonds results in the 

irreversible adhesion of the bacteria on the pellicle on the tooth surface.61 

Short range forces, involve specific stereochemical interactions between 

components on the microbial cell surface (adhesins) and receptors in acquired 

pellicle formation. These types of interactions contribute to the tropism of an 

organism with a particular surface/habitat. Streptococci, an early colonizer 

binds to the acidic proline-rich protein and other receptors in the pellicle such 

as α amylase and sialic acid. Gibbons in 198862 demonstrated that the 

Actinomyces species also function as primary colonizers ie., Actinomyces 

viscosus possesses fimbriae that contain adhesins that specifically bind to 

proline rich proteins of the pellicle. 

The predominant early colonizers of the subgingival plaque biofilms are 

Actinomyces species and streptococci species. Within few days, a complex 

microbial community develops within the space and the secondary colonizers 

includes the climax colonizers such as Porphyromonas gingivalis, Tannerella 

forsythia, Treponema denticola, Fusobacterium nucleatum and 
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Aggregatibacter adhesion that enable attachment to the earlier bacterial 

inhabitants of the region, often choosing partner that are metabolically 

compatible.63 

 

COAGGREGATION:  

This primary colonization of the bacteria provide new receptors for the 

attachment by other bacteria. This process is called “coadhesion”. This leads 

to the formation of the second colonization thereby plaque maturation occurs. 

The firm attachment is followed by surface colonization (secondary 

colonization) and biofilm formation that eventually reaches “Climax 

community of dental plaque. 

According to Koglenbrander a specific cell-to-cell recognition that 

occurs between genetically distinct cell types is termed as coaggregation. 

Adhesins / receptors are coaggregation mediators. He found that in the oral 

cavity, atleast 18 genera are found to be capable of co-aggregating with other 

bacteria and with each other.64 Gibbons & Nygaard65 termed it as 

“interbacterial aggregation”. 

 In early stages of biofilm formation, coaggregation appears to be in 

ROSETTE formation, wherein single coccus is surrounded by a number of 

cooci. In gingivitis patients, Lisgarten et al, 196566 showed CORN COB 

PATTERN of coaggregation resulting from the growth of cocci on the surface 

of filamentous microorganism. 
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According to Teughels W, Quirynen M,63
 TEST TUBE BRUSH 

appearance of bacteria composed of central axis of bacilli with perpendicularly 

associated with filamentous organism. It is present in subgingival plaque of 

teeth associated with periodontitis. 

 

BACTERIAL COMMUNICATION: 

Bacterial communication with different bacteria & cell to cell signalling 

is required to enhance biofilm formation, nutrition and growth of climax 

community. Bacteria interact synergistically to metabolize complex 

endogenous molecules (e.g. glycoproteins), and food webs can develop. 

Schematic representation of the types of interaction (inter-bacterial and 

bacterial–host) that occur in a microbial community, such as dental plaque, 

growing as a biofilm is given in fig 1.  

Bacteria communicate with each other in a cell density-dependent 

manner via diffusible signalling molecules, and with host cells. Cells are more 

tolerant of antimicrobial agents either because of the physical attributes of the 

biofilm, via gene transfer of resistance genes, or through protection by 

neighbouring cells that produce neutralizing enzymes. Cells may also gain 

advantage by production of inhibitory molecules.67  
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QUORUM SENSING: 

Quorum sensing in biofilm was 1st reported by Cooper et al 199568 and 

in oral biofilm by Lijemark 1997. The term "quorum" is used to describe a signal 

system, which require a certain number of micro-organisms to be present for 

the signal to be sensed and for the population to respond to the signal.  

 Quorum sensing is an intercellular communication through 

accumulation of signaling compounds that regulate the expression of specific 

genes which allow the bacteria to mount coordinated response to their 

environment.69 Bassler et al, 199770 stated that in quorum sensing, bacteria 

release, detect and respond to accumulation of small signal molecules, in a cell 

density-dependent manner, thereby regulating the expression a set of target 

genes.    

Bacteria release chemical substances called autoinducers into their 

surroundings. As the population density increases, so does autoinducer 

concentration. When the population density is sufficiently high (i.e., a quorum 

is achieved), autoinducer concentrations become high enough to bind to 

receptors on/within the source or nearby bacteria. The signal is then transduced 

into an intracellular biochemical signal or altered gene expression in the target 

bacteria. This induces a variety of adaptive physiological changes such as 

bioluminescence, production of antibiotics, and activation of biofilm formation. 
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Many classes of AIs have been described to date. The most intensely 

studied AIs are the N-acylhomoserine lactones (AHLs) of Gram-negative 

bacteria, the oligopeptides of Grampositive bacteria and a class of AIs termed 

AI-2, whose structures remain unknown in most cases.71 Kolenbrander 

showed the peptides secreted by gram-positive organisms during growth and a 

“universal” signal molecule autoinducer 2 (AI-2) are the two types of signalling 

molecules detected in dental plaque. 

Only when a threshold concentration of the peptide is attained responses 

are initiated, and thus the peptides act as cell density or quorum sensors. AI-2 

is produced and detected by various bacteria, in contrast to the strain-specific 

competence-stimulating peptides.(Fig 2) Wide-ranging changes in gene 

expression, in some cases affecting up to one-third of the entire genome in 

detection of AI-2.  

In biofilm development, important roles are played by Quorum sensing, 

for example encouraging the growth of beneficial species to the biofilm, 

modulates the expression of genes for antibiotic resistance, and suppressing the 

growth of competitors.  

QUORUM QUENCHING: 

It is the inhibition of quorum sensing (signaling molecules) by 

degradation enzymes for example, lactonase & Acylase. Quorum quenching can 

be done by drugs that are produced in the natural means or made synthetically 
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by chemical methods. It is also possible that quorum quenching is used as a 

defense mechanism against antibiotic-producing bacteria in the ecological 

niche. Quorum sensing disrupting compounds attenuate virulence of bacteria. 

The genes encoding AHL-lactonase and AHL-acylase have been 

identified and characterized from Agrobacterium tumefaciens72,73 and 

Porphyromonas aeruginosa74, respectively. However, the expressions of these 

enzymes in the two bacterial species appear to be tightly regulated. 

 

HORIZONTAL GENE TRANSFER: 

Horizontal gene transfer (HGT), also lateral gene transfer (LGT) or 

transposition refers to the transfer of genetic material organisms other than 

vertical gene transfer is the transfer of gene from the parental generation to the 

offspring. Close cell-cell contact and mobile genetic element are required for 

the horizontal gene transfer. It is done by 3 methods namely  

• Transformation 

• Transduction 

• Conjugation  

TRANSFORMATION: 

A process in which genetic material is taken up and maintained in a cell. 

The mobile genetic material is acquired from the live or dead bacteria.(Fig 3) 
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Oral bacteria Neiserria, Streptococcus,75 Actinobacillus are naturally competent 

for DNA uptake. However, the longitivity of mobile DNA fragment act as a 

rate-limiting step in transformation process.76 Li et al in 200177 showed that S. 

mutans is capable of uptaking DNA from dead cells and transform into 

erythromycin resistant.  

TRANSDUCTION: 

Transduction is the process in which whole bacterial DNA or a fragment 

of DNA gets incorporated into bacteriophage. Viruses that survive within the 

bacteria are called bacteriophages. Bacteriophages gain entry into the bacterial 

cells and replicates and its nucleic acid material undergoes replication. Bacterial 

DNA may be infected into phage DNA, during the process of DNA breakdown 

and assembly. This genetic material may be transferred into the new cell, when 

the phage infects another bacterium. Thus, the bacterial genetic material of 

primary cell can get transferred into that second cell.78 Presence of 

bacteriophage is seen in periodontal bacteria, such as A. 

actinomycetemcomitans, Fusobacteria and T. denticola.79 

CONJUGATION: 

Conjugation is a process in which genetic material is transferred through 

direct cell-cell contact. Transfer of genetic element occurs through a 

conjugation tube when a donor bacterium (having sex pili) make physical 

contact with recipient bacterium. Conjugative transposon and conjugative 
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plasmid mediate this process.80 A set of specialized adhesives present on the 

surface of the cell membranes makes the bacterial interaction possible. 

The tetracyclines resistant gene present in Aggregatibacter 

actinomycetemcomitans is a result of process of conjugative transfer of a 

plasmid between different strains of Aggregatibacter actinomycetemcomitans 

and also between different organisms. Conjugative transfer occurs between 

Aggregatibacter actinomycetemcomitans and non-pathogenic organism 

Haemophillus influenzae is the most studied, a result of which tet-B gene is 

made accessible to the organism. Roe et al, 199581 in his study showed that the 

major component of antibiotic resistance exhibited by Aggregatibacter 

actinomycetemcomitans to tetracycline is the Tet B gene. Thus, horizontal gene 

transfer aids in greater survival of pathogenic bacteria and increases virulence 

of pathogenic bacteria. 

 

BACTERIAL SUCCESSION: 

AUTOGENIC SUCCESSION: 

The sequence of species is brought about because the resident 

populations alter their surroundings in such a manner that they are replaced by 

species better suited to the modified habitat. 
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ALLOGENIC SUCCESSION: 

One type of community is replaced by another because the habitat is 

altered by non-microbial factors such as changes in the physical or chemical 

properties of the region or changes in the host.(Fig 4) 

Loe et al and Theilade et al have been stated that gingivitis is caused 

by dental plaque. It was shown that 28 days withdrawal of toothbrushing in 

periodontally healthy volunteers resulted in the rapid accumulation of plaque on 

the teeth. Within 10–21 days gingivitis developed in all subjects. The gingivitis 

was reversed on re-establishment of oral hygiene procedures and on removal of 

the local factor.11 

The initial colonizers which includes yellow, green and purple 

complexes lead to the succession of the predominant members of orange and 

red complexes.  A hypothesis was put forth that changes in the habitat occurs 

due to the presence of increased levels of the red and orange complexes which 

manifests clinically as gingivitis.  

Elimination of all biofilm may be the primary step; this partially 

successful strategy is one of the most commonly employed target for treatment 

of periodontal therapy. Members of the red and ⁄or orange complexes 

elimination would be the second step, this probably limits gingivitis and its 

feedback effect of greater plaque development. The third step would be to 

decrease gingivitis by a non-antimicrobial approach, which leads to decreased 
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plaque accumulation and possibly diminish red and orange complex 

development. 

CLIMAX COMMUNITY: 

    The interaction between the microbial and non-microbial components 

of an ecosystem ultimately leads to a form of stabilisation in which microbial 

and non-microbial forms exist in harmony and equilibrium with their 

environment. This is a dynamic state in which cells are being replaced. The 

climax community can be modified from time to time by exogenous forces. The 

equilibrium tends to be restored as the habitat returns to its original state.(Fig 5) 

    Given the same initial physical and chemical site characteristics or 

identical hosts, the same general successional sequences will be initiated and 

fostered, giving rise to remarkably similar climax communities. 

Metatranscriptomic study revealed that periodontitis associated communities 

have augmented biological processes related to flagellar motility, peptide 

transport, iron acquisition, β-lactam degradation, lipid A biosynthesis and 

cellular stress responses. Most widely upregulated function is iron acquisition 

that the ability to compete for this nutrient may be an important determinant of 

which species are ultimately able to thrive as biomass accumulates.82 

HEALTH TO GINGIVITIS: (Fig 6) 

     The classic experiments of Loe et al.11 demonstrated that without 

doubt the accumulation of microbial plaque results in the development of 
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gingivitis and that its removal and control results in resolution of the lesions in 

humans, thereby proving the microbial etiology of the disease. More recent 

studies have confirmed this conclusion in humans and in experimental animal 

models.2,2,83–86 

      Most of the species depleted in gingivitis are characterised by their 

aerobic or facultative anaerobic metabolism, while most enriched species are 

anaerobes which suggests the formation of anaerobic niches during biofilm 

accretion. Most species enriched in gingivitis are gram negative. Species which 

are found to be depleted in gingivitis are Actinomyces naeslundi, 

Capnocytophaga sputigena, Haemophilus parainfluenza, Kingella oralis, Rothia 

aeria, streptococcus mitis, Streptococcus sanguinis.  

GINGIVITIS TO PERIODONTITIS: (Fig 6) 

Listgarten et al (1985)87 performed a longitudinal study of the 

periodontal status of 69 adult subjects with gingivitis and found that, in 3 years, 

only 1 of 1000 individual tooth surfaces demonstrated an increase in pocket 

depth of 3 mm or more. 

In 1970, Loe et al45 began a longitudinal study among tea laborers in Sri 

Lanka. with age, there was a significant increase in the amount of attachment 

loss and in the number of teeth affected. In 1982, Goodson et al. challenged the 

hypothesis that periodontal disease was a continuous, slowly progressive 

destructive disease and suggested that it existed as a dynamic condition of 
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disease exacerbation and remission as well as periods of inactivity for an 

unknown number of weeks or months. 

Lindhe et al88 observed that the loss of attachment between baseline, 3 

and 6 years exhibited an annual rate of 0.2 mm in a population in Sweden. The 

authors concluded that these data did not support the hypothesis that periodontal 

disease in an individual was slowly progressive but rather that certain sites in a 

few individuals are affected by periods of exacerbation and remission, that is, a 

burst of activity, and that progressive disease may have occurred over a short 

time span.  

Birkedal-Hansen et al (1994) published an excellent review of the 

views for and against the burst hypothesis. In healthy sites the microbial load is 

low. Isolates may be cultured from an individual healthy sulcus89 consisting of 

mostly grampositive streptococci (e.g., Streptococcus gordonii) and 

Actinomyces with about 15% gram-negative rod species, including 

Fusobacterium nucleatum. In contrast, in periodontitis, the microbial load is 

higher, and there is an increase in the number of gram-negative organisms (15–

50%)22,89 when compared to clinically healthy sites. 

Chronic periodontitis:  

The initiation and progression of the inflammatory and destructive 

periodontal lesion is related to the lack or minimal proportions of beneficial 

microorganisms in a susceptible host. The end outcome of untreated periodontal 
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disease is loss of attachment apparatus and subsequent loss of teeth often 

leaving patients unable to eat and function properly.44 Keyes and Jordan, 1964 

demonstrated the infectious nature of periodontitis by its transmissibility in 

animal models.47 

Chronic periodontitis clinically present as the loss of clinical attachment 

of the periodontal ligament to the root surface. This clinical attachment loss can 

either present as a periodontal pocket or gingival recession alone. Periodontal 

pocket is the result of apical migration of the apical cells of junctional 

epithelium while the gingival margin remains unchanged or more coronal to the 

base of the pocket. Gingival recession in the apical migration of marginal 

gingival tissue along with the base of the sulcus.90 

Longitudinal and the cross sectional studies has been revealed the 

bacterial profile of chronic periodontitis. The effect of various treatment 

methods in changing the microbial ecology has also been studied. Bacteria 

commonly associated with chronic periodontitis are Porphyromonas gingivalis, 

Tannerella forsythia, Prevotella intermedia, Campylobacter rectus, Eikenella 

corrodens, Fusobacterium nucleatum, Actinobacillus actinomycetemcomitans, 

Peptostreptococcus micros, and Treponema spp. Sites with active disease or 

with progressing disease reported high levels of Porphyromonas gingivalis, 

Tannerella forsythia, Prevotella intermedia, Campylobacter rectus, and 

Fusobacterium nucleatum.91 
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Gingival recession: 

According to Wensstrom JL92 gingival recession refers to exposure of 

root surface caused by apical displacement of gingival margin beyond cemento-

enamel junction. Gingival recession, either localized or generalized, is one of 

the clinical features of periodontal disease and is frequently associated with 

clinical problems such as root surface hypersensitivity, root caries, cervical root 

abrasions, erosions, plaque retention and aesthetic dissatisfaction.93 

The main etiological factors are the accumulation of dental plaque 

biofilm with the resulting inflammatory periodontal diseases and mechanical 

trauma due to faulty oral hygiene technique. Three major factors are associated 

with increased susceptibility to gingival recession: (i) thin gingival tissue; 

(ii)mucogingival conditions; and/or (iii) a positive history of progressive 

gingival recession and/or inflammatory periodontal diseases in teeth presenting 

with either or both of the first two factors.94 

Sarfati et al95
 reported that gingival bleeding was significantly 

associated with gingival recession severity and concluded that inflammatory 

reaction to dental biofilms is the predominant biologic feature shared by 

gingival recession and periodontitis. In his study, he found that gingival 

bleeding was significantly associated with severity of gingival recessions (P 

value = 0.010) and not with extent of gingival recessions, which suggested that 

extent of recession is related to plaque accumulation and that host response, i.e., 

inflammation conditions, is a key factor for recession severity. 
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The National Health and Nutrition Examination Survey (NHANES) III 

survey estimated that recession ≥3 mm affected 22.5% subjects and 6.5% teeth 

in United States adults 30 years and older.96 The same study accessed that the 

teeth most affected with gingival recession ≥3 mm were the mandibular central 

incisors and the maxillary first molars. 

Gingival recession resulting from well established, regular oral hygiene 

practices tends to be more frequent and severe in individuals with clinically 

healthy gingival tissue, little microbial plaque and good oral hygiene. However, 

there are conditions where patients present with the generalised clinical 

attachment loss without increase in probing depth accompanied by the 

accumulation of local factors and gingival inflammation.  

Susin et al in 2004,97 in his study on the prevalence of gingival recession 

among Brazilian population showed that the high level of gingival recession in 

this population is primarily related to destructive periodontal disease and is 

significantly associated with a higher levels of supra-gingival dental calculus 

and cigarette smoking. Rios et al,98 assessed the risk indicators of gingival 

recession in Brazillian population and concluded that smoking and calculus are 

the major risk factora of gingival recession.  

Mumghamba et al in 2009,99 in his study showed that the occurrence 

of gingival recession was low and was associated with age, presence of calculus 

and gingival inflammation rather than with tooth cleaning practices since 

hygiene was very poor despite the high frequency of toothbrushing. However, 
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certain studies also found that the there is only weak association between the 

supra-gingival calculus and gingival recession.100 

Palenstein-Helderman et al,101 based on his findings, gave the working 

hypothesis that the  longstanding calculus is an important determinant in the 

onset of gingival recession at sites exhibiting pronounced recession at a young 

age in populations deprived of prophylactic dental care. He showed that the 

plaque-associated gingival recession is more associated with the younger age 

deprived of oral hygiene habits. Lingual surfaces of the mandibular incisors, 

canine and first premolar and al the buccal surfaces of the mandibular incisors 

have the highest correlation with the plaque induced gingival recession.  

 

VIRULENCE FACTORS 

“Virulence” in Latin means “full of poison”. Molecular components that 

are present in micro-organisms that can cause harm to host, in the absence of 

which their pathogenicity is impaired or reduced. Virulence factor means the 

properties of micro-organism that enable it to cause disease or interfere with 

metabolic or physiologic functions of the host.  

Holt and Bramanti et al,102 in 1991 given the establishment of bacterial 

infection require 5 integrated events, 

1. Initial colonization in tissue surface  

2. Penetration of this surface directly or indirectly 
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3. Emergence and multiplication of invading bacteria 

4. Eventual damage of host tissue 

5. Survival of invading bacteria by evading host response. 

According to Holt and Ebersole,103 virulence factors can have a multitude of 

function.  

1. Ability to induce microbe-host interaction (Attachment) 

2. Ability to invade the host 

3. Ability to grow in the confines of host cell 

4. Ability to evade host defence 

The early colonizers in the biofilm are chiefly involved in the formation 

of supragingival plaque and are mostly Gram positive cocci. They are involved 

in the development of initial immune response and in later stages, gingival 

inflammation. These organisms are however important in the pathogenesis of 

periodontal diseasesas they create an environment for the later organisms to 

colonize.104  

These climax colonizers majorly consists of organisms that belong to 

red complex bacteria as described by Socransky et al.54 These climax 

colonizers are considered to have virulent factors that lead to the inflammation. 

Red complex organisms includes Prophyromonas gingivalis, Treponema 

denticola and Tanerella forsythia. They possess these molecular factors that 

enable them to function as the putative pathogens.  
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ADHESINS: 

These are molecular factors that are present in bacteria that helps it to 

adhere to host surface – tooth and gingival surface and to other micro-organisms 

present in the biofilm. Adhesion of a bacteria to other micro-organisms in the 

biofilm is called co-aggregation. Co-aggregation may occur among early 

colonizers or with the bridging organisms like F. nucleatum or with ther gram 

negative bacilli and late colonizers.  

P. gingivalis possesses surface molecules like fimbriae, hidden receptors 

called ‘cryptitopes’ that play an important role in adhesion to host and co-

aggregation. T. denticola has adhesins such as bacterial pole, collagen binding 

protein, major sheath protiens for its adhesion to the ECM protiens and leucine 

rich repeat protiens (LrrA) helps in co-aggregation. T. forsythia has lipoproteins 

for its adhesion. 

 

INVASIN: 

Invasion into the gingival tissue is the hallmark of putative 

periodontopathogens. Fimbriae and gingipains of P. gingivalis helps in invasion 

of the organisms into the host cell. Major sheath protiens act as an invasion for 

T. denticola and is a motile organism. Invasion of T. forsythia is aided by surface 

lipoproteins. 
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SUSTENINS 

As larger number of organisms multiply within the tissues, the rate 

limiting step is the availability of nutrition to the multiplying bacteria. These 

demands are met by special molecular determinants collectively called 

sustenins. Therefore P. gingivalis is equipped with specific cysteine protease 

called gingipains, collagenases, and other peptidases. Porphyromonas 

gingivalis also contain siderophores that requires iron from the environment and 

Porphyromonas gingivalis ferritin for iron storage.  

T. denticola contains cystalysin for heme regulation while T. forsythia 

is equipped with enzymes like proteinases, glycosidases and sialidase as a 

sustenin. The end product of these organisms viz volatile sulphur compounds 

and thereby contributes to tissue damage.  

 

EVASIN 

Evasion of host immune response is an important part of the strategy of 

micro-organisms to amplify its pathogenic mechanisms. P. gingivalis causes 

chemokine paralysis and other pathology with its sustenins such as gingipains, 

lipopolysaccharides, outer membrane protiens and vesicles. 

Lipopolysachharides of Treponema denticola and lipoproteins of T. forsythia 

act as evasins. 
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HOST-BACTERIAL INTERACTIONS: 

The equilibrium between these bacterial components and the host have 

to be balanced for periodontal health. The host-bacterial interaction initiates the 

periodontal pathology. A series of events occur in bacterial plaque, gingival 

sulcus, junctional epithelium, connective tissue, and bone, due to alteration in 

tissue homeostasis as periodontal disease progresses. Gram-positive aerobic and 

facultative anaerobic flora shift to gram-negative anaerobic flora gradually. 

A dynamic physical and chemical barrier against the pathologic 

properties of the microbial biofilm is present in the oral epithelium importantly 

the junctional and sulcular epithelia.105 T cells plays an important immuno-

regulatory role rather than a defensive or destructive role in the pathogenesis of 

periodontal diseases. T cells are involved in the recruitment and activation of 

neutrophils at the site of infection. In the stable lesion, activation of the 

neutrophils may be crucial in keeping the infection under control.106 

 

DETECTION METHODS 

MICROSCOPIC STUDIES 

Theodore Rosebury conducted a series of experiments to isolate 

bacteria of etiological importance in periodontal disease. Coyler had proposed 

use of dark field microscopy for evaluation of pocket microorganisms.19 Keyes 
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proposed use of phase contrast microscopy in periodontal diagnosis to identify 

bacterial morphotypes.47 Microscope techniques were reasonably rapid, but 

limited in the precision of identification of individual bacterial species. 

CULTURE-DEPENDENT APPROACHES 

Culture-dependent approaches to identify periodontal micro-organisms 

involve growing the microorganisms on defined media, followed by 

identification based on phenotypic and biochemical characteristics, differential 

staining methods, metabolic end-product analysis and cell-membrane 

composition of the organism.19 Moore & Moore examined the composition of 

subgingival plaque samples in healthy periodontium and various sites with 

periodontal disease employing cultural techniques.107 He examined over 600 

periodontal sites with thousands of bacteria. 

The main drawback of culture method is its narrow spectrum, and it is 

regarded as a time-consuming, labor-intensive, and expensive undertaking 

because only few plaque samples in small numbers of subjects can be examined. 

It have also been estimated that 50% to 60% of bacteria in oral cavity are still 

uncultivable.108,109 However, cell culture is still essential to assess bacterial 

sensitivity to antibiotics and for verifying presence of known species. 

Currently, the culture-dependent approach may involve extracting 

nucleic acid from a single colony, cloning the sequence into a plasmid vector, 

sequencing the ribosomal RNA genes and identifying the sequence using a 
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ribosomal RNA database. The extracted r-RNA sequences can be also used to 

identify microorganisms through terminal restriction fragment length 

polymorphisms, denaturing gradient gel electrophoresis, hybridization to micro 

and macroarrays and quantification by rt-PCR.19 

 

CULTURE-INDEPENDENT APPROACH 

• Checker board hybridization 

• PCR  

• Pyrosequencing 

• Microarray 

• NGS 

POLYMERASE CHAIN REACTION 

Kary Mullis first developed polymerase chain reaction (PCR) technique 

to amplify specific genes or parts of genes which are then used to identify 

bacterial species from which they originated.12 PCR involves 3 steps namely 

DNA denaturation, primary annealing and extention of primed DNA sequence 

leading to the amplification of the required nucleic acid sequence using the 

appropriate primer.  

Provided the appropriate primers, PCR is a rapid, simple technique that 

can detect small numbers of cells of a given species, and indicates the presence 

or absence of a species in the sample. However, it may not be cost effective for 
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large sample sizes, and for applications where relative levels of species are 

low.110 

CHECKER BOARD HYBRIDIZATION 

It is one of the closed ended approach for the molecular analysis to 

detech micro-organism based on hybridization of target species to labeled 

genomic DNA that has been attached to nylon membranes. Checkerboard 

technique is rapid, sensitive, and relatively inexpensive but is also dependent on 

culture technique to cultivate the target species for creating genomic probes. It 

provides a major benefit for studies of oral microbial ecology due to advantages 

like detection of multiple species from each sample simultaneously, and study 

of large sample size for large numbers of species. 

Socransky et al111 used DNA-DNA checker board analysis to 

enumerate the micro-organisms in periodontal ecosystem. The technique can 

detect only species for which DNA probes have been prepared. Studies by 

Loesche WJ et al,49 Haffajee,112 Ximenez-Fyvie et al,113 Feres et al,114 also 

reported bacterial species in a limited quantities in periodontal disease 

conditions.  

 

OPEN-ENDED APPROACH 

16S rRNA sequencing analysis 

Next generation sequencing 
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16S rRNA sequencing analysis 

 In recent decades, in bacterial taxonomy 16Sr RNA gene sequencing & 

phylogenetic analyses have been increasingly applied. Universal distribution is 

seen in 16S r RNA. For informatic purpose it is large enough (contain 1500 

nucleotide).16s phylogeny is excellent for classification of bacteria. This 

technique is proven to be the most crucial in phylogenetic marker that amplifies 

& analyse 16Sr RNA genes in plaque sample & it is a culture independent 

technique as stated by Spratt.115 

DNA and protein sequencing started in the 1970s when the virus 

Lambda (50,000 nucleotides) was sequenced by Sanger et al.116 Sanger 

technique is use by Frederick Sanger and colleagues described the use of 

chain-terminating dideoxynucleotide analogs that caused base-specific 

termination of primed DNA synthesis.110 

 

Next generation sequencing 

Next generation sequencing methods employ a wide spectrum of 

technologies such as sequencing by synthesis, sequencing by ligation, single 

molecule DNA sequencing and colony sequencing. NGS is performed by 

repeated cycles of polymerase-mediated nucleotide extensions or by machinery 

automated cyclical ligation of oligonucleotides. 
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Principle 

The next generation sequencing works on the principle which involves 

oligonucleotide which undergoes cyclical ligation which is of machine 

automated, there will be repeated cycles of polymerase mediated nucleotide 

extension.117  

In a single machine run there will be an enormous amount of nucleotide 

sequence as millions of reactions occur in a massively parallel process. 

Depending on the platform, NGS generates hundreds of megabases to gigabases 

of nucleotide sequence output in a single instrument run. The two basic 

procedures are ligation of DNA fragments with oligonucleotide adaptors and 

fragment immobilization to a solid surface, such as a bead.17 

 Roche/454 FLX, the Illumina/ Solexa Genome Analyzer and the 

Applied Biosystems / SOLID are three main NGS technologies. HiSeq and the 

Ion Torrent Personal Genome Machine (PGM) are some NGS platforms that are 

being used for remarkable data output. 

ILLUMINA SOLEXA GENOME ANALYZER 

In 1997, British chemists Shankar Balasubramanian and David 

Klenerman conceptualized an approach for sequencing single DNA molecules 

attached to microspheres and founded Solexa in 1998. The Solexa Genome 

Analyzer, the first ―short read sequencing platform, was commercially 

launched and acquired by Illumina in 2006. Genome Analyzer uses a flow cell 

with bound oligonucleotide anchors wherein template DNA is fragmented into 
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several hundred base pairs and end-repaired.17 Schematic representation of 

Solexa approach is given in fig 7. 

The advantage of Solexa system is that it can generate 1.5 GB of 

sequence per run with read lengths that range from 35 to 100 bases and each run 

requires 3–5 days to complete.118 A technical concern of Illumina sequencing is 

that base-call accuracy decreases with increasing read length primarily due to 

dephasing noise which occurs when a complementary nucleotide is not 

incorporated or when fluorophore is not properly cleaved at the end of cycle, 

thus blocking incorporation of next nucleotide base.17 As a consequence, the 

sequence is out-of-phase for remainder of the template.119 Another shortcoming 

is that short read lengths tend to produce biased sequence coverage that occurs 

in AT-rich repetitive sequences.20 

NGS and periodontal disease: 

Liu et al in 2012120 have demonstrated that the subgingival microbiome 

can be effectively interrogated through high-throughput sequencing (NGS 

technology), and that the resulting data provide valuable insights into the 

molecular underpinnings of periodontal disease. 

Bizzarro et al in 201315 studied the subgingival microbiome of smoker 

and non-smoker in periodontitis using next generation sequencing and found 

that genera Fusobacterium, Prevotella and Selenomonas were more abundant 

in smokers, while the genera Peptococcus and Capnocytophaga were more 
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abundant in non‐smokers. He concluded that there is no significant difference 

in the microbial composition between the groups. Low taxonomic diversity was 

associated with higher disease severity, especially in smokers. This supports the 

hypothesis of the ecological microbial–host interaction in the severity of 

periodontal disease. 

 

HUMAN ORAL MICROBIOME DATABASE 

The Human Oral Microbiome Database (HOMD) is a specifically 

designed database to provide a provisional naming scheme where each oral 

taxon is given a human oral taxon (HOT) number linked to comprehensive 

information and tools for examining and analyzing each taxon in the human oral 

microbiome at both taxonomic and genomic level.121 This dynamic database 

provides a curated taxonomy of oral prokaryotes, a curated set of full-length 

16S rRNA reference sequences, and BLAST tools that allow identification of 

unknown isolates or clones. 

The majority of bacterial species isolated from the oral cavity are 

included in 4 of the 10 bacterial phyla; Phylum 1 (Proteobacteria), Phylum 2 

(the gram-positives), Phylum 5 (the spirochetes) and Phylum 6 (the flavobacter-

bacteroides group).There are no known human oral representatives from the 

other 6 phyla. Though human oral microbiome is the most studied human 

microflora, 53% of species have not been named yet and 35% of species are 
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uncultivated. Most uncultivable bacteria are identified via 16S rRNA technique 

and included to the database.  

Organisms of the human oral cavity are organized in a taxonomy 

hierarchy, which leads to individual pages for every oral taxon with 

comprehensive information and links. The genomic component of HOMD 

contains both static and dynamically updated annotations as well as 

bioinformatics analysis tools for all the genomic sequences, and curated 16S 

rRNA gene reference sequences for all human oral microbes. HOMD may serve 

as an example of a body site-specific tool for other communities. 

The basic list of oral bacteria came from the literature works of 

Sockransky,122 Tanner,18,123
 Moore WE,107 and Dzink JL.91 In 2010, 

Dewhirst et al identified 1,179 taxa which included cultivable, non-cultivable, 

named & unnamed phyla.3 Upon validation, 434 novel non-singleton taxa were 

added to the HOMD. 

 

ROLE OF SALIVA: 

Saliva is a biofluid comprising secretions of the salivary glands, oral 

mucosa cells, blood and gingival crevicular fluid. Saliva contains a variety of 

biomolecules, including DNA, mRNA, microRNA, proteins, metabolites and 

microbiota; changes in the salivary concentration of these biomolecules can be 

used to develop dysregulated biomarkers to help identify early oral and systemic 
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diseases, evaluate disease prognosis and risk and monitor the response to 

treatment.26 The knowledge about the various constituents in saliva, including 

the genome, epigenome, transcriptome, proteome, metabolome and microbiome 

is termed “Salivaomics”.124 

An argument made in UK biobank in the bid to include the collection of 

saliva was the possibility that mechanistic links exist between oral and systemic 

diseases. A hypothesis has emerged, in recent years, of a ‘shared pro-

inflammatory phenotype’ that increases susceptibility to a whole range of 

inflammatory diseases.125 As saliva is an easily accessible and economical 

biological fluid, saliva has been thoroughly analysed for biomarkers of health 

and disease over the past decade. Saliva also serves as a platform for 

personalized medicine.126 A multi-centre study is currently validating a 

‘signature’ of 7 mRNAs in saliva for the detection of oral cancer.127  

(Giannobile, 2009) 

Paju et al28 studied 1198 adults of Finnish population with saliva as a 

diagnostic medium for oral microbiome analysis using PCR and found that the 
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periodontal pathogens including the red complex organisms along with 

Prophyromonas intermedia, Aggregatibacter actinomacetemcomitans, 

Camphylobacter rectus are increased in number and are more associated with 

the severity of periodontitis.  

Mager et al27 used checkerboard DNA–DNA hybridization to evaluate the 

oral microbiota in saliva from patients with oral squamous cell carcinoma and 

healthy subjects and found a combination of three microbiotas 

(Capnocytophaga gingivalis, Prevotella melaninogenica and Streptococcus 

mitis) that could be used as diagnostic biomarkers with 80% sensitivity and 82% 

specificity. 

Mager and Haffajee et al in 200527 did the salivary microbial analysis of 

40 common oral bacteria among the oral squamous cell carcinoma patients and 

the controls and found the elevated levels of Capnocytophaga gingivalis, 

Porphyromonas melaninogenica and Streptococcus mitis and concluded that 

these organisms can be used as the diagnostic indicators of OSCC. Diagnostic 

sensitivity and specificity in the matched group were 80% and 82% 

respectively. 

B Shi et al14 aimed to determine the dynamic changes in the subgingival 

microbiome in periodontitis patients before and after treatment at the same tooth 

sites can serve as a diagnostic and prognostic indicator. 38 genera that had an 

abundance of more than 1% were identified, Prevotella and Fusobacterium 

being the most abundant genera. Their results suggested that Synergistetes, 
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Filifactor and Mycoplasma should be considered expanded members of the red 

complex. 

Hui Zheng et al13 performed a study to analyze the microbial 

characteristics of oral plaque from peri-implant pockets of 10 healthy implants, 

8 peri-implant mucositis sites and 6 peri-implantitis sites using pyrosequencing 

of 16S rRNA gene, and reported an increase in microbial diversity in 

subgingival sites of ailing implants compared with healthy implants. 

Periodontal pathogens like Porphyromonas gingivalis, Tannerella forsythia and 

Prevotella intermedia were clustered into modules in the peri implant mucositis 

network. 

Payungporn et al128
 conducted a study to identify potential bacterial 

species associated with periodontal disease in ten Thai patients within the age 

group of 43 to 53 years, of which 5 were from healthy controls and 5 were 

patients with chronic periodontitis. It was observed that Porphyromonas 

gingivalis and Prevotella intermedia were significantly associated with 

periodontal disease, whereas other bacteria like Treponema denticola, 

Treponema medium, Tannerella forsythia, Porphyromonas endodontalis and 

Filifactor alocis may be potentially associated with periodontal disease in Thai 

patients. 
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Figure 1: Schematic representation of the types of interactions in biofilm 

 

 

 

Figure 2: Summary of Quorum Sensing 
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Figure 3: Schematic representation of transformation 

 

 

 

Figure 4: Microbial Succession 
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Figure 5: Early & Late colonization 

 

 

 

Figure 6: Bacterial communities in health, gingivitis & periodontitis – 

Hong et al 
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Figure 7: Illumina Solexa Genome Analyzer 
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MATERIALS & METHODS 

A total of 30 individuals seeking dental treatment in Ragas Dental 

College and Hospitals, Chennai, were included in the present study. Certificate 

of ethical clearance for the study was obtained from Institutional Review Board 

of Ragas Dental College. 30 patients included were segregated into 3 groups of 

which 10 were periodontally healthy individuals (control group), 10 were 

patients with gingivitis on intact periodontium (test group 1) and 10 were 

patients who has gingival recession with a band of calculus (test group 2). A 

diagnosis of periodontal health, gingivitis and periodontitis was determined 

based on the American Academy of Periodontology parameters & new 

classification 2018. 

INCLUSION CRITERIA  

Control Group consisted of 10 subjects with clinically non-inflamed, 

healthy gingiva (probing pocket depth {PPD} ≤ 3mm, no clinical attachment 

loss {CAL}, no bleeding on probing {BOP}). 

Test group 1 consisted of 10 subjects with generalized bleeding on 

probing, PPD ≤ 3 mm, with no attachment loss or radiographical bone loss. 

Test group 2 consisted of 10 subjects with PPD ≤ 3mm and heavy band 

of calculus along with attachment loss & radiographical bone loss in at least six 

sites. 
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The study protocol was explained, and written informed consent was 

received from each individual before clinical periodontal examinations and 

saliva sampling. Medical and dental histories were obtained. 

EXCLUSION CRITERIA  

• Patients with systemic disorders, such as diabetes mellitus or 

immunological disorders, HIV. 

• Patients on drugs that have potential to interfere with microbial 

characteristics such as immunosuppressant drugs or steroids.  

• Patients with history of tobacco usage.  

• Patients with history of periodontal treatment in the past 6 months.  

• Patients under antimicrobial therapy for the past 6 months.  

SALIVA SAMPLING:  

All examinations were performed by a single examiner using calibrated 

probe. The salivary samples, from the individuals included in all 3 groups, were 

collected in a sterile salivary tubs. Unstimulated whole saliva was collected in 

the morning and subjects were refrained from eating, drinking, smoking or 

performing any oral hygiene for at least 2 hours prior to the collection. The 

samples obtained were frozen and stored at -80°C until the sample collection 

period was completed. All the samples were collected within 2 days and then 

sent for processing so as to avoid any degradation. 
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DNA extraction, 16S rRNA amplification, library construction and 

sequencing: 

Genomic DNA was extracted from 30 saliva samples of gingival health 

and disease patients with the Qiagen powersoil kit according to manufacturer’s 

recommendations. 

DNA QUALITY CONTROL:  

DNA samples were quantitated using Nanodrop. All the samples passed 

QC and were taken for further library preparation. 

16S Metagenomic Sequencing Library Preparation  

Preparation of 16S Ribosomal RNA Gene Amplicons for the Illumina 

MiSeq System. 
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This study used the variable V3 and V4 regions of the 16S rRNA gene. 

After sequencing the V3 and V4 regions, a benchtop sequencing system, on‐

board primary analysis, and secondary analysis using MiSeq Reporter were 

done. A comprehensive workflow for 16S rRNA amplicon sequencing is 

depicted as follows.  

 

Workflow Summary:  

1) Ordering amplicon primers–The protocol included the primer pair 

sequences for the V3 and V4 region that created a single amplicon of 

approximately ~460 bp. The protocol also included overhang adapter 

sequences that appended the primer pair sequences for compatibility 

with Illumina index and sequencing adapters.  

2) Preparation of library–The protocol described the steps to amplify the 

V3 and V4 region and using a limited cycle PCR, addition Illumina 

sequencing adapters and dual‐index barcodes are added to the amplicon 

target. Using the full complement of Nextera XT indices, up to 96 

libraries were pooled together for sequencing.  

3) Sequencing on MiSeq–Using paired 300‐bp reads, and MiSeq v3 

reagents, the ends of each read were overlapped to generate high‐quality, 

full‐length reads of the V3 and V4 region in a single 65‐hour run. The 

MiSeq run output was approximately > 20 million reads and assuming 
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96 indexed samples, could generate > 100,000 reads per sample, 

commonly recognized as sufficient for metagenomic surveys.  

4) Analyzation on MSR or BaseSpace- The Metagenomics workflow was 

a secondary analysis option built into the MiSeq Reporter (on‐system 

software) or available on BaseSpace (cloud‐based software). The 

Metagenomics Workflow performed a taxonomic classification using 

the Greengenes database and showed genus or species level 

classification in a graphical format.  

 

AMPLICON PCR:  

Reactions were cleaned up with Agencourt AMPure XP beads 

(Beckman Coulter Genomics) according to the manufacturer’s protocol. 

Attachment of dual indices and Illumina sequencing adapters was performed 

using 5μl of amplicon PCR product DNA, 5μl of Illumina Nextera XT Index 1 

Primer (N7xx) from the Nextera XT Index kit, 5 μl of Nextera XT Index 2 

Primer (S5xx), 25 μl of 2x KAPA HiFi HotStart Ready Mix, and 10μl of PCR-

grade water (UltraClean DNA-free PCR water; MO BIO Laboratories, Inc., 

Carlsbad, CA, USA), with thermocycling at 95°C for 3 minutes, followed by 8 

cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds, 

and a final extension at 72°C for 5 minutes. 
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Library Quantification, Normalization, and Pooling:  

Following Illumina’s recommendation quantifying libraries with a 

fluorometric quantification method that used dsDNA binding dyes was utilised 

in this study.  

The concentrated final library was diluted using Resuspension Buffer 

(RSB) or 10 mM Tris pH 8.5 to 4 nM. 5 μl of diluted DNA was aliquoted from 

each library and mixed for pooling libraries with unique indices. Depending on 

coverage needs, up to 96 libraries can be pooled for one MiSeq run. 

For metagenomics samples, >100,000 reads per sample is sufficient to 

fully survey the bacterial composition. This number of reads allows for sample 

pooling to the maximum level of 96 libraries, given the MiSeq output of > 20 

million reads.  
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Library Denaturing and MiSeq Sample Loading:  

In preparation for cluster generation and sequencing, pooled libraries 

were denatured with NaOH, diluted with hybridization buffer, and then heat 

denatured before MiSeq sequencing. Each run included a minimum of 5% PhiX 

to serve as an internal control for these low diversity libraries. Illumina 

recommended using MiSeq v3 reagent kits for improved run metrics.  

MiSeq Reporter Metagenomics Workflow:  

After loading the samples, the MiSeq system provided on‐instrument 

secondary analysis using the MiSeq Reporter software (MSR). MSR provided 

several options for analysing MiSeq sequencing data. For this demonstrated 16S 

protocol, appropriate Metagenomics workflow was selected.  

By following this 16S Metagenomics protocol, the Metagenomics 

workflow classified organisms from your V3 and V4 amplicon using a database 

of 16S rRNA data. The classification was based on the Greengenes database 

(http://greengenes.lbl.gov/). The output of this workflow was a classification of 

reads at several taxonomic levels: kingdom, phylum, class, order, family, genus, 

and species.  

Data analysis was done by using 16s metagenomics tool from Base 

Space Onsite. Operational taxonomic units (OTUs) were assigned to each 

sequence using HOMD database.  
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Statistical analysis was performed for individual bacteria using 

frequency distribution and intergroup comparison was done using chi square 

test with statistical significance set as P < 0.05. 
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RESULTS 

The present study was carried out in a population of 30 individuals, 

that is 10 in health and 20 diseased individuals seeking dental treatment in 

Ragas Dental College and Hospital, Chennai. The age distribution of the study 

participants ranged from 20-45 years with a mean age of 32.5 years. 

Saliva samples were collected in a saliva tub from periodontally 

healthy individuals (designated as H1 - H10), gingivitis patients (designated as 

G1 - G10) and from the patients with gingival recession (designated as P1 - 

P10). The collected samples are then subjected to 16SrRNA sequencing using 

NGS technology. 

In health group, the results have shown that Porphyromonas gingivalis 

was present only in one health sample (H4) and Tannerella forsythia was 

present only in one sample(H7), whereas Treponema denticola was not 

identified in any of the samples. (Table 1)  

In gingivitis group, the results have shown that Porphyromonas 

gingivalis was present in 9 of 10 samples obtained (ie., G1, G2, G3, G4, G6, 

G7, G8, G9, G10) and Treponema denticola was present in 8 of 10 samples 

(ie., G1, G2, G3, G4, G6, G7, G8, G10 ) while Tannerella forsythia was 

present in all 10 samples. (Table 2) 

 In periodontitis group, Porphyromonas gingivalis, Tannerella forsythia 

& Treponema denticola are present in all 10 samples obtained. (Table 3) 
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Comparison of frequency distribution of red complex bacteria in gingival 

health, gingivitis and gingival recession: 

In the present study, all 3 red complex organisms had 100% detection 

frequency in test group 2 (Gingival recession). In the test group 1 (Gingivitis), 

Tannerella forsythia was the most prevalent organisms with a detection 

frequency of 100% followed by Porphyromonas gingivalis with a detection 

frequency of 90%, followed by Treponema denticola with a detection 

frequency of 80%. (Table 4) 

There is a statistical significant increase in the distribution of all 3 red 

complex organisms in Group 2 - Gingivitis (Table 5) and Group 3 - Gingival 

Recession (Table 6) with P value <0.001 when compared to group 1 (Gingival 

health) while there is no significant difference in the distribution of the 

organisms between the groups 2 and 3 with P value of Porphyromonas 

gingivalis 0.85 & Treponema denticola 0.70. (Gingivitis & Gingival 

recession). (Table 7) 

Graph 1 shows the comparative bar representation of all 3 red complex 

organisms among 3 groups analysed. Graph 2 is the phylogenetic tree that 

depicted the salivary microbiome of all 3 groups in the genus level. 
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Table-1: EXPRESSSION OF RED COMPLEXES IN HEALTH GROUP 
S.No. Red Complex H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

1 Porphyromonas 

gingivalis 

- - - 1 - - - - - - 

2 Tannerella 

forsythia 

- - - - - - 1 - - - 

3 Treponema 

denticola 

- - - - - - - - - - 

 

Table-2: EXPRESSION OF RED COMPLEXES IN GINGIVITIS 

GROUP 

S.No. Red Complex G1 G3 G4 G5 G6 G7 G8 G9 G10 

1 Porphyromonas 

gingivalis 

1 1 1 - 1 1 1 1 1 

2 Tannerella 

forsythia 

1 1 1 1 1 1 1 1 1 

3 Treponema 

denticola 

1 1 1 - 1 1 1 - 1 
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Table-3: EXPRESSION OF RED COMPLEXES IN GINGIVAL 

RECESSION GROUP 

S.No. Red Complex P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

1 Porphyromonas 

gingivalis 

1 1 1 1 1 1 1 1 1 1 

2 Tannerella 

forsythia 

1 1 1 1 1 1 1 1 1 1 

3 Treponema 

denticola 

1 1 1 1 1 1 1 1 1 1 

 

Table 4:- abundance of the red complex organisms in all 3 groups (Group 

1 – Gingival Health, Group 2 – Gingivitis, Group 3 – Gingival recession) 

S.NO Red complex Abundance Health Gingivitis 
Gingival 

recession 

1 Porphyromonas 

gingivalis 

1 10% 90% 100% 

0 90% 10% 00 

2 Treponema 

denticola 

1 00% 80% 100% 

0 100% 20% 00 

3 Tannerella 

forsythia 

1 10% 100% 100% 

0 90% 00 00 
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Table 5: Abundance of RED complex organisms in Group 1 and Group 2 

S.NO Red complex Health Gingivitis Chi square P value 

1 Porphyromonas 

gingivalis 

10% 90% 19.90 <0.001 

2 Treponema 

denticola 

00% 80% 23.33 <0.001 

3 Tannerella 

forsythia 

10% 100% 21.90 <0.001 

 

Table 6: Abundance of RED complex organisms in Group 1 and Group 3 

S.NO Red complex Health 
Gingival 

recession 
Chi square P value 

1 Porphyromonas 

gingivalis 

10% 100% 21.90 <0.001 

2 Treponema 

denticola 

0 100% 23.33 <0.001 

3 Tannerella 

forsythia 

10% 100% 21.90 <0.001 

 

Table 7: Abundance of RED complex organisms in Group 2 and Group 3 

 

S.NO 
Red complex Gingivitis 

Gingival 

recession 
Chi square P value 

1 Porphyromonas 

gingivalis 

90% 100% 1.90 0.85 

2 Treponema 

denticola 

80% 100% 1.12 0.70 

3 Tannerella 

forsythia 

100% 100% * * 
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Graph 1: Frequency distribution of RED complex organisms in Gingival 

health (Group 1), Gingivitis (Group 2) and Gingival recession (Group 3) 

 

Graph 2: PHYLLOGENETIC TREE 
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DISCUSSION 

Periodontitis is a polymicrobial disease characterized by chronic 

inflammation associated with changes in microbiome. The microbe survive in 

the subgingival environment in symbiosis. The disease sets in when there is a 

dysbiotic environment leading to increase in the pathologic microbial load and 

its by-products. Microbial changes contribute to the disease progression by 

altering the host-microbe symbiotic relationship.129 Therefore, microbial 

analysis aids more in the understanding the disease progression and may be a 

promising approach for the diagnosis. 

There is a voluminous amount of data regarding the microbiome in the 

periodontal pocket21,22 while there is only minimal importance given to the 

microbiome present in gingival recession resulting from accumulation of local 

factors. The gingival margin migrates apically exposing the deposited 

subgingival calculus and its associated plaque, supragingivally. Our study 

analyses the microbial variation of red complex bacteria in gingival recession 

sites with that of healthy controls. This study also aims to detect the presence of 

salivary red complex bacteria in gingivitis and compare it with healthy and 

gingival recession sites.  

In recent years, open ended methods like Sanger sequencing, pyro 

sequencing and deep sequencing of 16s rRNA has allowed the extensive 

characterization of the microbial communities in a high-throughput manner. 

Currently, the Next Generation Sequencing is a landmark in the development of 
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sequencing techniques and has led to significant improvements in the depth and 

scale of 16s rRNA sequencing. 

Our study is done on a device of Next generation sequencing - 

Illumina/Solexa. It is the first generation NGS that requires the fixation of DNA 

for analysis. The strength of the Solexa system is that it can generate 1.5 gb of 

sequence per run. A weakness of the Solexa system is that it tends to produce 

biased sequence coverage that occurs in AT-rich repetitive sequences, 

presumably because of short read lengths. However, this technique is 

advantageous as it can detect previously unknown microbes including those 

which are non-cultivable.19  

The major advantage of NGS are high throughput and the fact that 

specific taxa do not need to be targeted. The quality and the interpretation of the 

NGS data could be undermined at numerous steps. Making sense out of this data 

deluge is and will be the major challenge. This wide quality of microbial data 

also comes with the limitation of cost factor. 

V3-V4 region of 16S rRNA was used in this study because though V4 

region provides full overlap of two reads and reduces noise in sequencing data 

thus preventing OTU inflation, there is only less information contained in V4 

region owing to its length (~255 base pairs). A longer fragment such as V3 

which spans multiple hypervariable regions is most suitable for distinguishing 

all bacterial species to genus level.17 

The earliest studies proposed that the development of periodontitis was 

associated with an increase in the microbial load.128,114 The subgingival 
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microbial composition shifts from a population dominated by gram positive 

microorganisms to one with increased number of gram negative anaerobes. 

However, these studies have been based on microbiologic study methods like 

culture, immuno diagnostic methods, DNA-DNA hybridization technique etc. 

The DNA-DNA checkerboard analysis have shown the presence, levels and 

properties of certain specific species associated with the classic clinical sign of 

periodontal disease and were termed as red complex organisms. 

Red complex organisms, which was coined by Sockransky, include 

Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola. 

These are gram negative, anaerobic bacteria that are known to produce a range 

of virulence factors that aid them in survival in the host and induce host 

inflammatory mediators leading to connective tissue breakdown and bone 

resorption.130 The virulence factors produced by P. gingivalis include cysteine 

proteases such as gingipains, hemagglutinins, lipopolysaccharides, fimbriae, 

and heat shock proteins. Some of the factors responsible for the pathogenicity 

of T. forsythia are proteases, sialidases, hemagglutinins, and surface-layer 

associated glycoproteins.131 T. denticola is known to produce dentilisin, major 

outer sheath protein OppA, cystalysin, and heme binding proteins as virulence 

factors. 

These bacteria are not usually found alone, but in combination in the 

periodontal pockets, suggesting that some bacteria may cause the destruction of 

the periodontal tissue in a cooperative manner.55 Studies have also shown that 
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interspecies interactions between these bacteria occur in vivo indicating 

nutritional interdependency and modulation of virulence factors of each 

other.103,132 

In a study previously done in our department, we have established 

distinct microflora in health and periodontal pocket with respect to red complex 

organisms.133 This study was aimed to establish if the change in red complex 

occurs in gingivitis level before the transition to periodontitis. This study was 

also aimed at detecting the red complex bacteria at recession sites that occur as 

a phenotypic expression of periodontitis (with the accumulation of local factors, 

gingival inflammation and loss of attachment), and not those caused due to 

developmental factors or toothbrush trauma. 

The salivary microbial analysis is depicted in a phylogenetic tree (Graph 

2). There was a distinct microbial profile observed in disease groups compared 

to health at genus level.  

At species level, the present study results showed absence of red 

complex bacteria present in the health samples with the exception of Tannerella 

forsythia and Porphyromonas gingivalis in one sample each. These result are 

by and large comparable with the study by B Leblebicioglu et al.134 

These bacteria were however present in almost all of the gingivitis 

samples examined in the study save for one or two. Tannerella forsythia is most 

prevalent red complex organism in gingivitis with 100% followed by P. 
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gingivalis with 90% and T. denticola with 80% prevalence. There was a 

statistically significant increase in the prevalence of red complex bacteria in the 

gingivitis group when compared to healthy controls [Tannerella forsythia 

p<0.001, Porphyromonas gingivalis p<0.001 and Treponema denticola 

p<0.001].This is similar to the results of that of Liu B et al,120 Wang J et al135 

and Belstrom.29  

 The red complex bacteria were found in all 10 gingival recession 

samples examined. There was a statistically significant increase in the recession 

group when compared to health with the p value <0.001 for T. forsythia, P. 

gingivalis p<0.001, T. denticola p<0.001. However, there was no statistically 

significant difference in the prevalence of red complex bacteria between the test 

groups ie., gingivitis and gingival recession [T. forsythia present in all 20 

samples of both groups, P. gingivalis p=0.85, T. denticola p=0,70]. 

Our results are in accordance with the results found in the plaque 

samples of gingival recession studied by Bassir et al136 who reported 

Porphyromonas gingivalis and Tannerella forsythia at recession sites. However 

contrary to his study, our results showed that in addition to Porphyromonas and 

Tannerella, Treponema denticola was also found in most samples of gingival 

recession. 

Porphyromonas gingivalis has been proposed to play a central role in 

progression of human periodontitis and thus is classified as a “keystone 
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pathogen” which influences composition of oral microbiome even when present 

at low levels.55  

Many earlier studies showed the synergistic action of Porphyromonas 

gingivalis and Tannerella forsythia in the disease progression. Porphyromonas 

gingivalis and Tannerella forsythia were found to possess fimbriae with which 

it adheres to the other bridging organisms and a few initial colonizers. 

Pathogenesis synergism between Porphyromonas gingivalis and 

Fusobacterium nucleatum in animal models was reported by Ebersole et al,137 

Feuille et al,138 and Metzer el al139 in animal models. They showed that 

Porphyromonas gingivalis with its trypsin-like enzyme activity is capable of 

causing abrogated tissue destruction either alone or in combination with other 

red complex organisms and Fusobacterium nucleatum. 

The salivary red complex bacteria being significantly increased in the 

gingivitis group may lead to the hypothesis that the increase in salivary red 

complex bacteria in the gingivitis level itself may contribute to the Dysbiosis 

that is associated with pocket formation.  

The lack of difference between the microflora of gingivitis & gingival 

recession may be a result of plaque environment being pretty much the same in 

both groups.  

The microflora present in saliva may / may not directly contribute to the 

periodontal disease activity in individual sites. The red complex bacteria are by 
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nature Gram –ve anaerobic organisms, which potentially do not thrive well in 

aerobic environment such as those that are present in saliva. So, salivary 

organisms are thought to have originate from plaque.  

Recent evidence suggests that translocation from plaque may not be in 

the form of individual planktonic organisms.21 It may be possible that the 

migrating microbes exist in the saliva making it possible for the normally 

anaerobic bacteria to survive in salivary environment.21 This translocation of 

the microbiome through saliva may lead to further disease activity increasing 

the aerotolerence of the red complex organisms.21  However, further studies 

with greater sample size are required for the confirmation of this finding. 

Limitations of the study: 

This study considered only red complex organisms without its 

synergisms with other initial colonizers or bridging organism.  This study is 

carried out in a small sample, in a cross-sectional manner. Within the limitations 

of this study, the red complex organisms were found to be significantly 

increased in the saliva of patients with gingivitis and gingival recession when 

compared to the controls with no significant difference between the disease 

groups.  
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SUMMARY AND CONCLUSION 

The current study aims to evaluate the red complex organisms in saliva 

of individuals with gingivitis, gingival recession and healthy periodontium. 30 

samples (10 samples each).  Unstimulated whole saliva was collected from 

individuals with gingivitis, gingival recession and healthy periodontium. 

Analysis of red complex in the collected saliva samples was done with NGS 

technology using Illumina/Solexa sequencing.  

There was a statistically significant increase in the prevalence of the red 

complex bacteria in the gingivitis when compared to the healthy controls 

[Porphyromonas gingivalis P<0.001, Treponema denticola P<0.001 and 

Tannerella forsythia P<0.001] and a statistically significant increase in gingival 

recession when compared to healthy controls [Porphyromonas gingivalis 

P<0.001, Treponema denticola P<0.001 and Tannerella forsythia P<0.001].  

However, there was no statistically significant difference in the prevalence of 

these organisms between the gingivitis and gingival recession groups 

[Porphyromonas gingivalis P=0.85, Treponema denticola P=0.70 and 

Tannerella forsythia present in all 20 samples]. 

 These results suggest that there is a strong association between the 

salivary red complex organisms and periodontal disease, perhaps making them 

suitable candidates as risk markers. However, a longitudinal study with greater 

sample size will be required to confirm the findings of this study.  
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ANNEXURE - I 

RAGAS DENTAL COLLEGE & HOSPITAL 

Department of periodontology 

Patient record 

DEMOGRAPHIC DATA 

Name: 

Age/Sex: 

Address: 

Date: 

Occupation: 

Sample no.: 

 

Chief complaint: 

 

History of presenting illness: 

 

Past dental history: 

 

Past medical history: 

 

Family history: 

 

Personal history & habits: 

 

General examination: 

 

CLINICAL EXAMINATION 

Hard tissues: 

 

Soft tissues: 
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GINGIVA 

Colour: 

Contour: 

Consistency: 

Position: 

Surface texture: 

Width of attached gingiva: 

Pigmentation: 

Vestibule: 

Bleeding on probing: 

Size & Shape: 

Exudate: 

Frenal attachment: 

Tension test: 

Fremitus:  

 

PLAQUE SCORE: 

                

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 

                

 

BLEEDING SCORE: 

                

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 
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CALCULUS SCORE: 

 

 

Provisional diagnosis: 

 

Prognosis: 

 

Treatment plan: 

 

 

 

 

 

 

 

 

 

B 

                

                

                

 18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 

 

P 

                

                

                

 

B 

                

                

                

 48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 

 

P 
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ANNEXUTER - II 

CONSENT FORM 

 

I …………………………………… S/o / W/o / D/o …………………………… aged 

…… years, Hindu/Christian/Muslim ………………. residing at …………………………… 

…………………………………………… do solemnly and state as follows.  

I am the deponent herein; as such I am aware of the facts stated here under  

I state that I came to Ragas Dental College and Hospital, Chennai for my treatment for  

………………………………………………………………………………………………….. 

I was examined by Dr………………………….. and I was requested to do the 

following  

1. Full mouth Plaque Score  

2. Full mouth bleeding score  

3 Measurement of periodontal pocket depth and clinical attachment loss  

I was also informed and explained about the collection of plaque during scaling in 

…………………………………(language) known to me.  

I was also informed and explained that the results of the individual test will not be 

revealed to the public. I give my consent after knowing full consequence of the 

dissertation/thesis/study and I undertake to cooperate with the doctor for the study.  

I also authorise the Doctor to proceed with further treatment or any other suitable 

alternative method for the study.  

I have given voluntary consent to the collection of plaque for approved research.  

I am also aware that I am free to withdraw the consent given at any time during the 

study in writing.  

 

 

Signature of the patient/Attendant  

 

The patient was explained the procedure by me and has understood the same and with 

full consent signed in (English/Tamil/Hindi/Telugu? ........................) before me.  

 

 

Signature of the Doctor 
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