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TO INITIAL THERAPY 
 

By 

Leah Renee Strange 

May 2014 
 

Chair: Rodrigo Neiva 
Major: Dental Sciences 
 
 Smoking has been identified as a risk factor for periodontal disease1, and 

differences in the microflora of smokers as compared to smokers have been 

recognized2. It was the purpose of this investigation to determine if there was a 

difference in the microflora of smokers and never-smokers using deep sequencing in 

response to initial therapy. 

 The subgingival plaque samples of smokers and never-smokers were taken at 

baseline and at 6 months after scaling and root planing. Clinical parameters were also 

recorded at these time points. Sites were classified as being healthy or diseased at 

baseline.  Sites were also classified as having had a loss of attachment, a good 

response to treatment, and a lack of a response to treatment. The samples were 

analyzed using deep sequencing techniques.   

 Results revealed great similarity between the groups in regards to the clinical 

parameters. Deep sequencing revealed great differences between the groups in 

regards to the microbiological profile of the various classified sites. Furthermore, great 

heterogeneity was seen when the microflora of smokers was compared to smokers and 

when the microflora of never-smokers was compared to never-smokers.   
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CHAPTER 1 
INTRODUCTION 

 

Chronic periodontitis is inflammation of the gingiva extending into the adjacent 

attachment apparatus. The disease is characterized by a loss of clinical attachment 

from destruction of the periodontal ligament and loss of supporting bone3. Periodontal 

disease is a very common problem. NHANES 2009-2010 data found that over 47% of 

adults had periodontitis4. There is evidence to link periodontitis to pre-term, low birth 

weight babies5, cardiovascular disease6, and diabetes7. If left untreated, chronic 

periodontitis can result in tooth loss.   

 Although the disease is dependent on a susceptible host, there are known risk 

factors for periodontal disease. Smoking is one of the most significant risk factors for 

periodontal disease development and progression8, 9. Smoking has also been 

associated with poorer outcomes to non-surgical therapy9-13 and tooth loss14, 15.  

 Many microorganisms are involved in periodontitis, and studies have shown that 

smoking has an influence on the microbiota of the periodontium. Immunofluorescence 

showed smokers were more likely to be positive for Actinobacillus 

actinomycetecomitans (now known as Aggregatibacter actinomycetemcomitans), 

Porphyromonas gingivalis, and Tanerella forsythia16. Also, smokers have been found to 

have an increased risk for harboring Treponema denticola in periodontal pockets17. 

Another study showed smokers to have more E. nodatum, F nucleatum ss vincentii, P 

intermedia, P micros, P nigrescens, B forsythia, P gingivalis, and T denticola18. 

Furthermore, current smokers harbor more periodontal pathogens after non-surgical 
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periodontal therapy19-21. Other studies have failed to show differences between smokers 

and non-smokers22, 23. 

 Most studies to date have been cross-sectional investigations of patients with 

chronic periodontitis comparing smokers and non-smokers; therefore, the microbial 

profiles of sites at risk for developing disease are not known.  Furthermore, although 

more than 700 oral bacterial species have now been reported by cultivation and culture-

independent molecular methods, studies on most oral microorganisms have been 

limited. Most studies have relied on conventional microbiologic or immunofluorescent 

methods or bacterium-specific PCR to quantify specific pathogens. Limitations of these 

techniques have precluded detailed analyses of the entire oral microbial communities 

and their relationships to disease. More recently, culture-independent molecular 

methods targeting the small subunit ribosomal RNA (rRNA) sequences24, checkerboard 

DNA-DNA hybridization, and microarray-based methods25 have provided a more 

complete view of the oral microbial communities. However, even with extensive dideoxy 

Sanger sequencing of 16S rRNA genes, the immense diversity and abundance of oral 

microbiota pose a major challenge to study less abundant species, some of which may 

be important for pathogenesis.  

 Recently, open-ended techniques have been used in the study of chronic 

periodontitis, giving us a more comprehensive understanding of the microbiota 

associated with periodontal disease. Numerous additional bacterial species have been 

associated with periodontitis using 454 pyrosequencing of the 16S rRNA genes26. Also, 

smoking has been associated with operational taxonomic units classified to genera 

Fusobacterium, Prevotella, and Selenomonas in chronic periodontitis patients using 
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pyrosequencing, a difference not detected using culture and qPCR techniques2. Using 

deep sequencing technology will show if the microbiological differences persist after 

non-surgical periodontal therapy. 

 To determine how smoking influences the microbiota of periodontal disease and 

the response to periodontal therapy, smokers and never-smokers were recruited to 

undergo treatment of chronic periodontitis. Subgingival plaque samples were collected 

at baseline and at 6 months after scaling and root planing. The samples were 

sequenced using deep sequencing technology.  

 The data indicate that the periodontal microflora of smokers and never-smokers 

is different. There were minimal similarities when the groups were compared for sites 

that were healthy at baseline, sites that were diseased at baseline, sites that broke 

down over time, sites that responded well to therapy, and sites that did not respond well 

to therapy. In fact, when comparing sites within the smoker and never smoker groups, 

there were minimal similarities. This indicates that the periodontal microflora is variable, 

regardless of a person’s smoking status.  

 

 Hypothesis: Smoking has an effect on the subgingival microflora of sites that 
are periodontally healthy, sites that are diseased, sites that respond well to therapy, 
sites that do not respond well to therapy, and sites that break down during the 
observation time.  
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CHAPTER 2 
BACKGROUND 

 
The Healthy Periodontium  

 
The periodontium consists of root cementum, periodontal ligament, bone lining 

the tooth socket, and that part of the gingiva facing the tooth. These structures support 

the teeth and protect the oral cavity from disease processes. The dentogingival junction 

is comprised epithelial and connective tissue components, and it is the interface of the 

periodontium and microbial insult. The integrity of these tissues is critical for periodontal 

health as they provide a barrier against pathogens. The epithelium is subdivided into 

gingival, sulcular, and junctional epithelial layers, and the connective tissue is divided 

into superficial and deep compartments27. 

The junctional epithelium is found at the base of the gingival sulcus. It has been 

extensively studied and found to be about 0.97 mm long on average28. It has a layer of 

cells that face the tooth that actually attach to the tooth, a complex called the epithelial 

attachment. The junctional epithelium has various immune system cells including 

neutrophils and monocytes as well as inflammatory molecules such as β-defensins, IL-

8, and IL-1α27.  

The connective tissue compartments lie just apical to the junctional epithelium. 

The average dimension of the connective tissue attachment is 1.07 mm28, and it is the 

most consistent dimension in studies29. It is highly vascular and has an inflammatory 

cell infiltrate in all circumstances. Inflammatory cells such as neutrophils and T-

lymphocytes continually migrate from the area and cross into the sulcus27.      
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The Diseased Periodontium  

Gingivitis is inflammation of the periodontal tissues without loss of periodontal 

attachment. Periodontitis involves loss of periodontal support. Gingivitis and 

periodontitis are due to the host’s response to a biofilm of bacterial plaque and its 

byproducts. Bacteria may perturb the integrity of the junctional epithelium, which is the 

first step towards disease progression. The inflammatory response to this leads to 

degradation of the underlying connective tissue and junctional epithelial attachments.  

The junctional epithelium and connective tissue attachment migrate apically, leading to 

the formation of a periodontal pocket. Bone resorption may follow in this inflammatory 

process27.  

Numerous bacteria have been implicated in the periodontal disease process. 

Some of these clusters of bacteria have been known since 1998, and they have 

received much attention in the literature. DNA-DNA hybridization has indicated that a 

certain set of bacteria consisting of Porphyromonas gingivalis, Treponema denticola, 

and Tanerella forsythia are closely associated with pocket depth and bleeding on 

probing. This group has been termed the red complex30, and many studies have looked 

at these bacteria as markers of periodontal disease. 

Risk Factors for Disease 

A risk factor is an environmental exposure or inborn characteristic which is 

known to be associated with disease-related conditions. Cigarette smoking is a well-

established risk factor for periodontitis, and it is associated with a two- to eight-fold 

increased risk for attachment and/or bone loss31. The relationship between smoking and 

periodontitis is dose-dependent, with heavier smokers having more disease than light 
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smokers32, 33. Diabetes mellitus is also a major risk factor for periodontitis34. Other 

prominent risk factors include specific bacteria, age, and male gender35. 

The Periodontium of Smokers  

As previously mentioned, the periodontal microflora of smokers has been found 

to be different from that of non-smokers. Smoking has additional effects on the 

periodontium. These differences may result in an increased susceptibility to disease.  

The oxygen saturation of hemoglobin in gingiva has been found to be reduced in 

smokers, suggesting impaired gingival microcirculation. This could affect the 

composition of the microflora36, 37. Clinically, smokers exhibit less bleeding upon 

periodontal probing, suggesting suppressed vascularity38. Smoking also affects the 

immune response resulting in modification of humoral and cellular immune systems32, 39, 

40. Furthermore, nicotine and its metabolite cotinine have been shown to be toxic to 

fibroblasts41, and nicotine exposure causes fibroblasts to produce more collagenase42.     

Treatment of the Diseased Periodontium 

Numerous treatment modalities are used to treat periodontitis. Therapy usually 

aims to halt the progression of periodontal attachment loss, resolve inflammation, and 

regenerate destroyed tissues whenever possible35.  

The removal of local etiologic irritating factors such as plaque, bacteria, and 

calculus is accomplished by scaling and root planing using hand instruments and 

ultrasonics. The benefit of scaling and root planing is from the removal of subgingival 

plaque and calculus and disruption of the bacterial microflora43. This along with regular 

periodontal maintenance has resulted in long-term periodontal stability for many 

patients with chronic periodontitis44-46.  
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Antibiotics aimed at controlling the pathogenic organisms have also been used 

for the treatment of chronic periodontitis. Currently, systemic antibiotics are considered 

to be unnecessary due to the ability of the disease to be controlled with conventional 

therapy. Local antibiotics in conjunction with biofilm disruption may be used in sites that 

don’t respond to conventional treatment35, but their clinical significance is questioned47. 

Surgical periodontal therapy is also used to treat chronic periodontitis, primarily 

to facilitate mechanical instrumentation of the roots by improved access. Flap reflection 

has shown to be more likely to render a root surface free of calculus48. It is also used to 

reduce periodontal probing depths and regenerate periodontal tissues35. Surgical 

treatment including the modified Widman flap and osseous resective surgery has been 

shown to be effective in the long-term treatment of chronic periodontitis44, 45, 49.     

Bacteria of Smoking 

 Most studies have concluded that the periodontal microflora of smokers is 

different from that of non-smokers. Immunofluorescence showed smokers were more 

likely to be positive for Actinobacillus actinomycetecomitans (now known as 

Aggregatibacter actinomycetemcomitans), Porphyromonas gingivalis, and Tanerella 

forsythia16. Also, smokers have been found to have an increased risk for harboring 

Treponema denticola in periodontal pockets17. Another study showed smokers to have 

more E nodatum, F nucleatum ss vincentii, P intermedia, P micros, P nigrescens, B 

forsythia, P gingivalis, and T denticola18. Furthermore, current smokers harbor more 

periodontal pathogens after non-surgical periodontal therapy19-21. Numerous additional 

bacterial species have been associated with periodontitis using 454 pyrosequencing of 

the 16S rRNA genes26. Smoking has been associated with operational taxonomic units 
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classified to genera Fusobacterium, Prevotella, and Selenomonas in chronic 

periodontitis patients using pyrosequencing2. Other studies have failed to show 

differences between smokers and non-smokers22, 23. 
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CHAPTER 3 
MATERIALS AND METHODS 

 
Participant Population 

 
The study was a prospective cohort study conducted at the University of Florida 

Periodontology Clinic and/or predoctoral DMD clinics in which microbial compositions of 

subgingival microbiota from current and never-smokers were determined over the 

course of 6 months and correlated with treatment response. 5 smokers and 5 never-

smokers were recruited to participate in the study. At least 3 samples were taken from 

each subject at each visit. The aim was to sample and record data from diseased sites 

in the maxillary molars, maxillary premolars, maxillary anteriors, mandibular molars, 

mandibular premolars, and mandibular anteriors.  

Periodontal examinations and the collection of specimens were performed at the 

graduate periodontal clinic. Subjects (both smokers and never-smokers) were recruited 

from the periodontal clinic or the DMD clinics at the University of Florida or the greater 

Gainesville community. Smokers were defined as individuals who had smoked > 10 

cigarettes per day for a minimum of 5 years by self-report.   

Patients were included in the study if they met the following criteria: age > 18, a 

minimum of 20 natural teeth, and willingness to receive periodontal treatment. Exclusion 

criteria included: diabetes, pregnancy, lactation, recent systemic antibiotic use including 

subgingival antimicrobials (within 6 months prior to baseline examination), periodontal 

treatment within the previous 12 months, systemic condition that could affect the 

progression or treatment of periodontal disease or would require prophylactic antibiotics 

for dental procedures, known immune deficiency such as HIV, organ transplantation or 
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cancer, or being on any immunosuppressive medications (e.g. prednisone), since these 

factors have been implicated in altering oral microbiota.  

Sites were considered to be healthy at baseline if they had a probing depth of 3 

mm or less and no attachment loss. Sites were considered to be diseased at baseline if 

they had a 5-6 mm probing depth and at least 2 mm of clinical attachment loss. Sites 

were considered to have had breakdown if they lost at least 2 mm of clinical attachment 

between the baseline visit and the 6 month visit. Sites were considered to have 

responded well to therapy if they gained at least 2 mm in clinical attachment from the 

baseline visit to the 6 month visit. Sites were considered to have not responded well to 

therapy if the probing depth was initially at least 5 mm with at least 2 mm of CAL and 

had no change in probing depth or attachment level from baseline to 6 months.  

Clinical Procedures 

The medical and dental histories of the potential subjects were evaluated and a 

periodontal evaluation was completed. All subjects underwent an informed consent 

process before being enrolled in the study. Eligible subjects had clinical parameters 

evaluated including probing depth, plaque index50, and gingival margin position and 

plaque samples taken at baseline. Diseased sites received scaling and root planing 

treatment. Subjects were re-examined at 3 months and 6 months, and the selected sites 

were re-sampled 6 months post scaling and root planing. Subgingival biofilms were 

sampled using sterile endodontic points. Each sample was transferred to a sterile tube 

containing sample buffer (MO BIO, Carlsbad, CA), placed immediately on ice, and 

stored at -80C until processing for DNA extraction and microbiome analysis. 
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Sample Storage and Preparation 

Subgingival specimens were collected from assigned pockets longitudinally 

according to the clinical sampling protocols and standards in the NIH Roadmap Human 

Microbiome Project51.  Plaques and biofilm on supragingival surfaces were removed 

with sterile gauze prior to the collection of subgingival specimens. Subgingival biofilm 

was sampled using sterile endodontic points. Each sample was transferred to a sterile 

tube containing sample buffer (MO BIO, Carlsbad, CA), placed immediately on ice, and 

stored at -80C until processing. All specimens were coded. 

Sample Analysis 

DNA was extracted from subgingival biofilm using a bead-beating, solvent 

extraction method (UltraClean microbial DNA isolation kit, MO BIO, Carlsbad, CA). For 

all extractions, a saline only negative control was performed in parallel, as well as a 

spiked mixing control to exclude the presence of PCR inhibitors. The V1-V3 region of 

bacterial 16S rRNA gene segments from extracted DNA using broad-range rRNA PCR 

primers 27F and 534R was amplified. The reverse primer (534R) included a barcode 

sequence unique to each specimen, thereby allowing PCR amplicons to be multiplexed 

and sequenced simultaneously. The amplicons were then gel purified, pooled, and 

subjected to pyrosequencing on the Roche/454 GS-FLX platform52 using the new 

Titanium chemistry. The number of sequence reads was about 1,000,000 reads per 

plate with read length of ~500 nt.  With DNA bar coding, about 500 specimens on a 

single plate were read, yielding ~2,000 reads per sample, an ample amount for bacterial 

community analysis53. The 5 most prevalent species at baseline and 6 months were 

reported for each site. 
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Statistical Analysis 

Clinical data were expressed as means and standard deviations and tested for 

significant differences between smokers and non-smokers using Prism software. The 

unpaired t-test was used to determine differences between the groups for the clinical 

parameters at the various time points. The 2-way ANOVA test was used to determine if 

the clinical parameters changed over the course of time. P values were accepted as 

statistically significant if they were ≤0.05.  
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CHAPTER 4 
RESULTS 

 
A total of 10 subjects, 5 smokers and 5 never-smokers, participated in this study. 

Patients were either periodontally healthy or had a diagnosis of chronic periodontitis54. 

All of them had plaque samples that were analyzed using deep sequencing. 

The demographics of the participant population are summarized in Table 4-1. 

Briefly, among the smokers, there were 2 males and 3 females while the never-smokers 

were comprised of 3 males and 2 females. The average age of smokers was 51.8 ± 4.6 

years and the average age of never-smokers was 42.6 ± 19.1 years. The ages were not 

statistically different between the groups (P>0.05).  The smoker group was comprised of 

1 African American and 4 Caucasians. The never-smoker group was comprised of 1 

African American, 2 Caucasians, and 2 Asians. The clinical information for the sites 

included in this study are found in Table 4-2.   

Clinical Parameters 

 The average probing depths are summarized in Figure 4-1. Analysis of the 

average probing depth at baseline for smokers and never-smokers was 4.559 ± 0.475 

mm and 3.5008 ± 0.556 mm, respectively. There was no statistical difference between 

the groups (unpaired Student’s T test). At three months post treatment, the average 

probing depth for smokers and never-smokers was 4.0122 ± 0.602 mm and 3.1508 ± 

0.437 mm, respectively. Here there was a statistically significant difference (2-way 

ANOVA). Similarly, at six months post treatment, the average probing depth for 

smokers and never-smokers was 4.019 ± 0.661 mm and 3.113 ± 0.386 mm, 

respectively, whereby a statistically significant difference was also observed (2-way 

ANOVA). Together these data suggest that the never-smoker group saw a greater 
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improvement in PD reduction compared to smokers in response to conventional 

treatment.  

The average gingival margin values are summarized in Figure 4-2. The average 

gingival margin at baseline for smokers and never-smokers prior to periodontal 

treatment was -1.4336 ± 1.074 mm and -1.839 ± 1.505 mm, respectively. Three months 

following therapy, the average gingival margin for smokers and never-smokers was -

0.8672 ± 1.117 mm and -1.7674 ± 1.352 mm, respectively.  Six months following 

therapy, the average gingival margin for smokers and never-smokers was -1.2364 ± 

1.224 mm and -1.7942 ± 1.082 mm, respectively. There was no statistical difference 

from the baseline values (2-way ANOVA) or between the groups (unpaired Student’s t-

test) at any time point in regards to the gingival margin values. 

The average clinical attachment loss values are summarized in Figure 4-3. Prior 

to treatment, the average clinical attachment loss for smokers and never-smokers was 

3.1256 ± 1.391 mm and 1.6386 ± 1.956 mm, respectively. At three months post-

treatment, the average clinical attachment loss for smokers and never-smokers was 

3.1446 ± 1.556 mm and 1.3834 ± 1.663 mm, respectively, while six months following 

treatment, the average clinical attachment loss for smokers and never-smokers was 

2.7826 ± 1.739 mm and 1.319 ± 1.314 mm, respectively. Again, there was no statistical 

difference from the baseline values (2-way ANOVA) or between the groups (unpaired 

Student’s t-test) at any time point in regards to the clinical attachment loss values. 

The average plaque index values are summarized in Figure 4-4. The average 

plaque index prior to treatment for smokers and never-smokers was 1.0444 ± 0.366 and 

0.5358 ± 0.350, respectively. At three months post-treatment, the average plaque index 
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for smokers and never-smokers was 0.7602 ± 0.319 and 0.63 ± 0.332, respectively. At 

six months post-treatment, the average plaque index for smokers and never-smokers 

was 0.767 ± 0.312 and 0.6212 ± 0.363, respectively. There was no statistical difference 

from the baseline values (2-way ANOVA) or between the groups (unpaired Student’s t-

test) at any time point in regards to the plaque index at any time point. 

Microbiological Findings 

In order to determine if there were differences in the microflora between smokers 

and never smokers under the condition of periodontal health, 2 healthy sites in smokers 

and 2 healthy sites in never-smokers were paired to compare the microflora using deep 

sequencing (Table 4-3). Interestingly, not only were the 5 most prevalent species 

different between smokers and never-smokers, but the 5 most prevalent species were 

different between the two never smokers and two smokers evaluated. For instance, the 

healthy site from one never-smoker (AD site 22DF) had a particularly high proportion of 

Rothia dentocariosa (0.559), with lower proportions of Fusobacterium nucleatum subsp. 

Vincentii (0.044), Porphyromonas endodontalis (0.036), Streptococcus mitis (0.036), 

and Actinomyces sp. (0.027). The site from the other never-smoker (AH site 13MB) had 

a high proportion of Prevotella nigrescens (0.177) with lower proportions of 

Campylobacter gracilis (0.108), Corynebacterium matruchotii (0.056), Prevotella oris 

(0.055), and other Prevotella sp. (0.052).  

While one of the smokers (AA site 18DF) also had a high proportion of Rothia 

dentocariosa (0.161) in the healthy site, it was not as high as the never-smoker (AD). 

The other most prevalent species at this site (AA site 18DF) were Veillonella parvula 

(0.187), Streptococcus gordonii (0.069), Streptococcus intermedius (0.061), and 
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Campylobacter gracilis (0.054). Again, the proportion of microbes within the healthy site 

of the second smoking participant (AU site 27DF) differed from the first (AA site 18DF).  

Specifically, Streptococcus parasanguinis (0.187) was the most prevalent followed by 

Eikenella corrodens (0.137), Atopobium sp. (0.109), Solobacteriummoorei (0.047) and 

Peptostreptococcus anaerobius (0.047).  Together, these data suggest that it is unclear 

if there is a stable subgingival biome under the conditions of health, regardless of 

smoking status. 

In order to determine if there were differences in the microflora between smokers 

and never-smokers under the condition of periodontitis, 2 diseased sites in smokers and 

2 sites in never-smokers were paired to compare the microflora using deep sequencing 

(Table 4-3). Both sites of never-smokers had Veillonella parvula in the top 5 most 

prevalent species (AL site 6MF was 0.057 and AL site 18DF was 0.298). The other 

most prevalent species of one of the never-smoker diseased sites (AL site 6MF) were 

Streptococcus sp (0.313), Streptococcus mitis (0.238), Streptococcus oralis (0.168), 

and Actinomyces sp. (0.026). The other site (AL site 18DF) was comprised of 

Campylobacter gracilis (0.116), Prevotella veroralis (0.056), and Fusobacterium 

nucleatum subsp. Animalis (0.053), and Prevotella sp. (0.050).  

Both diseased at baseline sites of smokers had Streptococcus sp. (0.264 in AA 

site 19MF and 0.123 in AA site 30MF) and Streptococcus mitis (0.143 in AA 19 site MF 

and 0.131 in AA site 30MF). Other prevalent species of one of the smoker diseased 

sites (AA site 19MF) were Rothia mucilaginosa (0.074), Veillonella parvula (0.068), and 

Eikenella corrodens (0.038). The other diseased site from the smoker group (AA site 
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30MF) had species Actinomyces sp. (0.223), Corynebacterium matruchotii (0.085), and 

Streptococcus gordonii (0.077). 

Together, these microbiological findings of the diseased sites at baseline suggest 

that there is little consistency in the microbiome of diseased sites, regardless of 

smoking status. The only species that was fairly common in the diseased sites of both 

groups was Streptococcus sp.  

In order to determine if there were differences in the microflora between smokers 

and never-smokers in sites that broke down from baseline to 6 months after treatment, 

2 sites in smokers and 2 sites in never-smokers that had periodontal breakdown were 

paired to compare the microflora using deep sequencing (Table 4-4). For one of the 

never-smoker sites (AL site 9DF), the microflora was predominated by Neisseria sp. at 

baseline (0.369) and at 6 months post initial treatment (0.387). The other species of this 

site (AL site 9DF) had no similarities. At baseline, the other species included 

Streptococcus sanguis (0.130), Streptococcus mitis (0.084), Bergevella sp. (0.048), and 

Fusobacterium nucleatum subsp. Polymorphum (0.048). At 6 months after initial 

treatment, the other species included Actinomyces naeslundii (0.053), Veillonella 

parvula (0.035), Campylobacter gracilis (0.030), and Actinomyces sp. (0.029). The other 

never-smoker site that had breakdown (AL site 25MF) had Corynebacterium matruchotii 

as the most prevalent species at baseline (0.208) and at 6 months after initial treatment 

(0.194). For this site (AL site 25MF), Leptotrichia sp. was also seen in the top 5 most 

prevalent at baseline (0.108) and at 6 months after treatment (0.080). Furthermore, 

Porphyromonas catoniae was seen in the top 5 most prevalent species at baseline 

(0.071) and at 6 months after initial treatment (0.061). The other most prevalent species 
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at baseline for this site (AL site 25MF) were Streptococcus mitis (0.147) and 

Captnocytophaga sp. (0.069). The other most prevalent species for this site (AL site 

25MF) at 6 months after initial treatment were Actinoomyces sp. (0.075) and 

Fusobacterium nucleatum subsp. Polymorphum (0.063).   

For one of the smoker sites with periodontal breakdown (AA site 28MF), 

Prevotella intermedia was among the top 5 most prevalent species at baseline (0.131) 

and at 6 months after initial treatment (0.159). The other most common species at 

baseline for this site (AA site 28MF) were Streptococcus sp. (0.152), Bacteroidetes[G-2] 

sp. (0.101), Fusobacterium nucleatum subsp. Vincentii (0.081), and 

Peptostreptococcaceae[13][G-1] sp. (0.081). At 6 months after initial treatment, the 

most common species for the site (AA site 28MF) were Synergistetes[G-3] sp. (0.089), 

Tannerella forsythia (0.085), Synergistetes[G-3] sp. (0.053), and Treponema 

lecithinolyticum (0.049). The other site in the smoker group that broke down (AR site 

3F) had Aggregatibacter segnis as the most prevalent species at baseline (0.096) and 

at 6 months after initial treatment (0.081). Also, Prevotella buccae was among the top 5 

most prevalent species at baseline (0.078) and at 6 months after initial treatment 

(0.078). The other most prevalent species for this site (AR site 3F) at baseline were 

Clostridiales[F-2][G-1] sp. (0.096), Streptococcus sanguis (0.039), and Veillonella 

parvula (0.039). The other most prevalent species for this site (AR site 3F) at 6 months 

after initial treatment were Peptoniphilus lacrimalis (0.076), Peptostreptococcus 

anaerobius (0.074), and Parvimonas sp. (0.051).      

Interestingly these microbiological findings of the sites that exhibited breakdown 

had little consistency in the microbiome, regardless of smoking status. Sites in both 
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groups that had breakdown did have species that persisted, but these were different 

within the smoker and never-smoker groups and different between the smoker and 

never-smoker groups. All sites that exhibited breakdown for the smoker and never-

smoker groups had Streptococcus sp. at baseline. Actinomyces sp. was among the 5 

most prevalent species at 6 months after initial treatment in both of the never-smoker 

sites that broke down. No other single species was among the top 5 most prevalent 

species 6 months after periodontal treatment in any of these sites that had breakdown.   

In order to determine if there were differences in the microflora between smokers 

and never-smokers in sites that responded well to initial periodontal treatment, 2 sites in 

smokers and 2 sites in never-smokers that responded well to periodontal treatment  

were paired to compare the microflora at baseline and at 6 months after initial therapy 

using deep sequencing (Table 4-5). For the never-smoker group, one site (AL site 6MF) 

had Veillonella parvula among the top 5 most prevalent species at baseline (0.057) and 

at 6 months (0.091). The other most prevalent species at baseline for the site (AL site 

6MF) were Streptococcus sp. (0.313), Streptococcus mitis (0.238), Streptococcus oralis 

(0.168), and Actinomyces sp. (0.026). The other most prevalent species at 6 months for 

the site (AL site 6MF) were Fusobacterium sp. (0.146), Captnocytophaga sp. (0.097), 

Fusobacterium nucleatum subsp. Vincentii (0.058), and Kingella oralis (0.050). The 

other site of the never-smoker that exhibited a good response to treatment (AL site 

22DL) group had Corynebacterium matruchotii among the most prevalent at baseline 

(0.204) and at 6 months (0.119). Also, that same site (AL site 22DL) had 

Capnocytophaga sp. among the most prevalent at baseline (0.192) and 6 months 

(0.060). The other most prevalent species at baseline were Porphyromonas catoniae 



 

28 

(0.092), Fusobacterium nucleatum subsp. Polymorphum (0.065), and Capnocytophaga 

leadbetteri (0.047). At 6 months after periodontal therapy, the other most common 

species were Lautropia mirabilis (0.308), Neisseria bacilliformis (0.103), and 

Fusobacterium sp. (0.036). Both sites had Fusobacterium sp. among the most prevalent 

at 6 months. 

One of the sites (AR site 10MF) that responded well to therapy in the smoker 

group had totally different bacteria comprising the most prevalent species at baseline 

and at 6 months after treatment. The most prevalent species for that site (AR site 10MF) 

at baseline were Fusobacterium sp. (0.197), Bacteroidetes[G-2] sp. (0.131), 

Synergistetes[G-3] sp. (0.091), Prevotella pleuritidis [NV] (0.084), and Porphyromonas 

sp. (0.083). The most prevalent species at 6 months after periodontal treatment for that 

site (AR site 10MF) were Peptostreptococcus anaerobius (0.148), Eikenella corrodens 

(0.137), Aggregatibacter segnis (0.099), Parvimonas sp. (0.096), and Solobacterium 

moorei (0.090). The other site (AT site 28ML) that responded well to therapy had 4 

repeating species in the top 5 most prevalent. Eikenella corrodens was the most 

prevalent at baseline (0.198) and at 6 months after treatment (0.243). 

Peptostreptococcus anaerobius was the second most prevalent at baseline (0.149) and 

at 6 months after initial treatment (0.186). Streptococcus sanguis was the third most 

prevalent at baseline (0.076) and the fourth most prevalent at 6 months after treatment 

(0.096). Solobacterium moorei was the fourth most prevalent at baseline (0.074) and 

fifth most prevalent at 6 months after periodontal treatment (0.050). Synergistetes[G-3] 

sp. was also among the top 5 most prevalent at baseline (0.061). Parvimonas sp. was 
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also among the top 5 most prevalent at 6 months after initial periodontal treatment 

(0.110).  

Interestingly, these microbiological findings of the sites that exhibited a good 

response to periodontal therapy had minimal similarities in the microbiome at baseline 

and at 6 months after treatment when comparing smokers and never-smokers. 

Specifically, only Fusobacterium sp. was found in both never-smokers and smokers, but 

this was seen at 6 months in the never-smokers and at baseline in the smoker group. 

On the other hand, within the smoker and never-smoker groups, there was some 

consistency. Both sites (AL site 6MF and AL site 22DL) of the never-smokers that 

responded well to treatment had Fusobacterium sp. and Capnocytophaga sp at 6 

months after periodontal treatment. Both sites of the smokers that responded well to 

treatment (AR site 10MF and AT site 22DL) had Peptostreptococcus anaerobius, 

Eikenella corrodens, Parvimonas sp, and Solobacterium moorei among the most 

prevalent species at 6 months after periodontal treatment.  

In order to determine if there were differences in the microflora between smokers 

and never-smokers in sites that did not respond well to initial periodontal treatment, 2 

sites in smokers and 2 sites in never-smokers that didn’t respond well to periodontal 

treatment were paired to compare the microflora at baseline and at 6 months after initial 

therapy using deep sequencing (Table 4-6). For the never-smokers, one site (AD site 

13DF) had Fusobacterium nucleatum subsp. Vincentii as the most prevalent species at 

baseline (0.184) and at 6 months (0.278). Pophyromonas endodontalis was also seen in 

the top 5 most prevalent species at baseline (0.076) and 6 months after periodontal 

therapy (0.116) of that site (AD site 13DF). Prevotella tannerae was also seen among 
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the top 5 most prevalent species at baseline (0.049) and at 6 months after periodontal 

treatment (0.109) of that site (AD site 13DF). Prevotella intermedia also was seen in the 

top 5 most prevalent species at baseline (0.157) and at 6 months after periodontal 

treatment (0.046) for that site (AD site 13DF). Prevotella sp. (0.046) was also seen at 

baseline for the site (AD site 13DF), and Campylobacter gracilis (0.053) was also seen 

at 6 months for that site (AD site 13DF). The other site that did not respond well to 

therapy in the never-smoker group (AL site 18DF) had Veillonella parvula as the most 

prevalent species at baseline (0.298) and 6 months post initial treatment (0.129). 

Campylobacter gracilis was the second most prevalent species at baseline (0.116) and 

at 6 months after periodontal treatment (0.111) in that site (AL site 18DF). Prevotella sp. 

was also prevalent at baseline (0.050) and at 6 months after treatment (0.064). 

Prevotella veroralis and Fusobacterium nucleatum subsp. Animalis were also prevalent 

at baseline [(0.056) and (0.053), respectively] for the site (AL site 18DF). 

Capnocytophaga sp. was also prevalent at 6 months after initial treatment (0.070) as 

was Streptococcus mutans (0.059) for that site (AL site 18DF).   

For the sites that didn’t respond well to therapy in the smoker group, one site (AA 

site 19MF) had Streptococcus mitis among the top 5 most prevalent at baseline (0.143) 

and at 6 months after initial periodontal treatment (0.048). The site (AA site 19MF) also 

had Veillonella parvula among the top 5 most prevalent at baseline (0.068) and 6 

months after treatment (0.117). Also prevalent at baseline in the site (AA site 19MF) 

were Streptococcus sp. (0.264), Rothia mucilaginosa (0.074), and Eikenella corrodens 

(0.038). At 6 months after treatment, the site’s (AA site 19MF) other most prevalent 

species were Actinomyces sp. (0.147), Veillonella atypica (0.132), and Prevotella oris 
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(0.072). The other site (AT site 6MF) had the top 4 most prevalent species to be the 

same. Peptostreptococcus anaerobius was the most prevalent species at baseline 

(0.286) and 6 months after treatment (0.293) for the site (AT site 6MF). Streptococcus 

sanguis was the second most prevalent species at baseline (0.229) and 6 months post 

initial treatment (0.227) for that site (AT site 6MF). Parvimonas sp. was the third most 

prevalent species at baseline (0.196) and 6 months after initial treatment (0.096) for the 

site (AT site 6MF). The site (AT site 6MF) had Peptoniphilus lacrimalis as the fourth 

most prevalent species at baseline (0.078) and 6 months post treatment (0.086). 

Eikenella corrodens was also prevalent at baseline (0.060), and Haemophilus influenza 

was also prevalent at 6 months post initial treatment (0.079) for that site (AT site 6MF). 

 Interestingly these microbiological findings of the sites that exhibited a good 

response to periodontal therapy had minimal similarities in the microbiome at baseline 

and at 6 months after treatment when comparing smokers and never-smokers. All of the 

sites had bacteria that were seen both at baseline and at 6 months after treatment, but 

for the most part, these were different among the sites. One site (AL site 18DF) of the 

never-smokers and one site (AA site 19MF) of the smokers had Veillonella parvula at 

baseline and at 6 months. Both sites (AD site 13DF and AL site 18DF) that didn’t 

respond well to treatment in the never-smokers had Prevotella sp. at baseline. This 

species was not observed in the smoker group. Also, both sites (AA site 19MF and AT 

site 6MF) of the smokers that did not respond well to treatment had Eikenella corrodens 

at baseline which was not observed in the never-smoker group.  
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Table 4-1.  Experimental groups 
 

 Smokers (5) Never-Smokers (5) 

Males/Females  2/3 3/2 
   
Mean Age ± SD 51.8 ± 4.6 42.6 ± 19.1 
   
Ethnicity 4 Caucasians 

1 African-American 
2 Caucasians 
2 Asians 
1 African-American 
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Table 4-2.  Clinical parameters of selected sites 
 
Subject Visit # Tooth Position PD CAL PI 

AD 1 22DF 3 0 0 
AH 1 13MB 3 0 0 
AA 1 18DF 3 0 1 
AU 1 27DF 3 0 0 
AL 1 6MF 5 5 0 
AL 1 18DF 5 2 2 
AA 1 19MF 5 2 0 
AA 1 30MF 5 4 1 
AL 1 9DF 2 3 0 
AL 3 9DF 3 5 0 
AL 1 25MF 2 2 2 
AL 3 25MF 3 5 1 
AA 1 28MF 4 4 1 
AA 3 28MF 4 7 0 
AR 1 3F 2 0 0 
AR 3 3F 3 2 0 
AL 1 6MF 5 5 0 
AL 3 6MF 3 1 1 
AL 1 22DL 5 4 1 
AL 3 22DL 3 1 2 
AR 1 10MF 5 4 1 
AR 3 10MF 3 2 0 
AT 1 28ML 6 4 1 
AT 3 28ML 3 1 0 
AD 1 13DF 6 10 1 
AD 3 13DF 5 10 0 
AL 1 18DF 5 2 2 
AL 3 18DF 4 1 2 
AA 1 19MF 5 2 0 
AA 3 19MF 4 2 1 
AT 1 6MF 7 9 2 
AT 3 6MF  6 8 1 
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Table 4-3.  Proportion of organisms in healthy and diseased sites prior to treatment of never-smoker and smoker 
periodontal patients 

Baseline 

Healthy Sites 

Never-smokers Smokers 

Pt AD AH Pt AA AU 

Site 22DF 13MB Site 18DF 27DF 

 Rothia dentocariosa 0.559 Prevotella 
nigrescens 

0.177   Veillonella parvula 0.187 Streptococcusparas
anguinis 

0.187 

 Fusobacterium      
nucleatum subsp. 
Vincentii 

0.044 Campylobacter 
gracilis 

0.108   Rothia 
dentocariosa 

0.161 Eikenella corrodens 0.137 

 Porphyromonas 
endodontalis 

0.036 Corynebacterium   
matruchotii 

0.056   Streptococcus 
gordonii 

0.069 Atopobium sp.  0.109 

 Streptococcus mitis 0.036 Prevotella oris 0.055   Streptococcus 
intermedius 

0.061 Peptostreptococcusa
naerobius 

0.047 

 Actinomyces sp.  0.027 Prevotella sp.  0.052   Campylobacter 
gracilis 

0.054 Solobacteriummoore
i 

0.047 

 

Diseased Sites 

Never-smokers Smokers 

Pt AL AL Pt AA AA 

Site 6MF 18DF Site 19MF 30MF 

 Streptococcus sp.  0.313 Veillonella parvula 0.298   Streptococcus sp.  0.264 Actinomyces sp.  0.223 

 Streptococcus mitis 0.238 Campylobacter 
gracilis 

0.116   Streptococcus 
mitis 

0.143 Streptococcus mitis 0.131 

 Streptococcus oralis 0.168 Prevotella 
veroralis 

0.056   Rothia 
mucilaginosa 

0.074 Streptococcus sp.  0.123 

 Veillonella parvula 0.057 Fusobacterium 
nucleatum subsp. 
Animalis 

0.053   Veillonella parvula 0.068 Corynebacterium 
matruchotii 

0.085 

 Actinomyces sp.  0.026 Prevotella sp.  0.050   Eikenella 
corrodens 

0.038 Streptococcus 
gordonii 

0.077 
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Table  4-4.  Proportion of organisms in sites that displayed periodontal breakdown in never-smoker and smoker 
periodontal patients 

Never-smokers 

      

Pt AL AL Pt AL AL 

Site 9DF 9DF Site 25MF 25MF 

Visit 1 3 Visit 1 3 

 Neisseria sp.  0.369 Neisseria sp. 0.387   Corynebacterium 
matruchotii 

0.208 Corynebacterium 
matruchotii 

0.194 

 Streptococcus 
sanguis 

0.130 Actinomyces 
naeslundii 

0.053   Streptococcus mitis 0.147 Leptotrichia sp.  0.080 

 Streptococcus 
mitis 

0.084 Veillonella parvula 0.035   Leptotrichia sp.  0.108 Actinomyces sp.  0.075 

 Bergeyella sp. 0.048 Campylobacter 
gracilis 

0.030   Porphyromonas 
catoniae 

0.071 Fusobacterium 
nucleatum subsp. 
Polymorphum 

0.063 

 Fusobacterium 
nucleatum 
subsp. 
Polymorphum 

0.048 Actinomyces sp. 0.029   Capnocytophaga 
sp.  

0.069 Porphyromonas 
catoniae 

0.061 

Smokers 

      

Pt AA AA Pt AR AR 

Site 28MF 28MF Site 3F 3F 

Visit 1 3 Visit 1 3 

 Streptococcus 
sp.  

0.152 Prevotella 
intermedia 

0.159   Aggregatibacter 
segnis 

0.096 Aggregatibacter segnis 0.081 

 Prevotella 
intermedia 

0.131 Synergistetes[G-3] 
sp.  

0.089   Clostridiales[F-2][G-
1] sp.  

0.096 Prevotella buccae 0.078 

 Bacteroidetes[G-
2] sp. 

0.101 Tannerella forsythia 0.085   Prevotella buccae 0.078 Peptoniphilus lacrimalis 0.076 

 Fusobacterium 
nucleatum 
subsp. Vincentii 

0.081 Synergistetes[G-3] 
sp. 

0.053   Streptococcus 
sanguis 

0.039 Peptostreptococcus 
anaerobius 

0.074 

 Peptostreptococc
aceae[13][G-1] 
sp.  

0.081 Treponema 
lecithinolyticum 

0.049   Veillonella parvula 0.039 Parvimonas sp. 0.051 
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Table 4-5.  Proportion of organisms in diseased sites that responded well to treatment in the course of treatment in never-
smoker and smoker periodontal patients 

Never-smokers 

      

Pt AL AL Pt AL AL 

Site 6MF 6MF Site 22DL 22DL 

Visit 1 3 Visit 1 3 

 Streptococcus sp. 0.313 Fusobacterium 
sp. 

0.146   Corynebacterium 
matruchotii 

0.204 Lautropia mirabilis 0.308 

 Streptococcus 
mitis 

0.238 Capnocytophaga 
sp. 

0.097   Capnocytophaga sp. 0.192 Corynebacterium 
matruchotii 

0.119 

 Streptococcus 
oralis 

0.168 Veillonella 
parvula 

0.091   Porphyromonas 
catoniae 

0.092 Neisseria 
bacilliformis 

0.103 

 Veillonella parvula 0.057 Fusobacterium 
nucleatum subsp. 
Vincentii 

0.058   Fusobacterium 
nucleatum subsp. 
Polymorphum 

0.065 Capnocytophaga 
sp. 

0.060 

 Actinomyces sp. 0.026 Kingella oralis 0.050   Capnocytophaga 
leadbetteri 

0.047 Fusobacterium sp.  0.036 

Smokers 

      

Pt AR AR Pt AT AT 

Site 10MF 10MF Site 28ML 28ML 

Visit 1 3 Visit 1 3 

 Fusobacterium sp.  0.19
7 

Peptostreptococc
us anaerobius 

0.148   Eikenella corrodens 0.198 Eikenella 
corrodens 

0.243 

 Bacteroidetes[G-2] 
sp.  

0.13
1 

Eikenella 
corrodens 

0.137   Peptostreptococcus 
anaerobius 

0.149 Peptostreptococcu
s anaerobius 

0.186 

 Synergistetes[G-3] 
sp.  

0.09
1 

Aggregatibacter 
segnis 

0.099   Streptococcus 
sanguis 

0.076 Parvimonas sp.  0.110 

 Prevotella pleuritidis 
[NV] 

0.08
4 

Parvimonas sp.  0.096   Solobacterium 
moorei 

0.074 Streptococcus 
sanguis 

0.096 

 Porphyromonas sp. 0.08
3 

Solobacterium 
moorei 

0.090   Synergistetes[G-3] 
sp.  

0.061 Solobacterium 
moorei 

0.050 
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Table 4-6.  Proportion of organisms in diseased sites with a lack of significant improvement over the course of disease in 
never-smoker and smoker periodontal patients 

 

Never-smokers 

Pt AD AD Pt AL AL 

Site 13DF 13DF Site 18DF 18DF 

Visit 1 3 Visit 1 3 

 Fusobacterium 
nucleatum subsp. 
Vincentii 

0.184 Fusobacterium 
nucleatum subsp. 
Vincentii 

0.278   Veillonella parvula 0.298 Veillonella parvula 0.129 

 Prevotella 
intermedia 

0.157 Porphyromonas 
endodontalis 

0.116   Campylobacter 
gracilis 

0.116 Campylobacter 
gracilis 

0.111 

 Porphyromonas 
endodontalis 

0.076 Prevotella 
tannerae 

0.109   Prevotella veroralis 0.056 Capnocytophaga sp.  0.070 

 Prevotella tannerae 0.049 Campylobacter 
gracilis 

0.053   Fusobacterium 
nucleatum subsp. 
Animalis 

0.053 Prevotella sp.  0.064 

 Prevotella sp.  0.046 Prevotella 
intermedia 

0.046   Prevotella sp.  0.050 Streptococcus 
mutans 

0.059 

Smokers 

Pt AA AA Pt AT AT 

Site 19MF 19MF Site 6MF 6MF 

Visit 1 3 Visit 1 3 

 Streptococcus sp. 0.264 Actinomyces sp.  0.147   Peptostreptococcus 
anaerobius 

0.286 Peptostreptococcus 
anaerobius 

0.293 

 Streptococcus mitis 0.143 Veillonella atypica 0.132   Streptococcus 
sanguis 

0.229 Streptococcus 
sanguis 

0.227 

 Rothia mucilaginosa 0.074 Veillonella parvula 0.117   Parvimonas sp.  0.196 Parvimonas sp. 0.096 

 Veillonella parvula 0.068 Prevotella oris 0.072   Peptoniphilus 
lacrimalis 

0.078 Peptoniphilus 
lacrimalis 

0.086 

 Eikenella corrodens 0.038 Streptococcus 
mitis 

0.048   Eikenella corrodens 0.060 Haemophilus 
influenzae 

0.079 
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Figure 4-1.  Probing depths for smoker and never-smoker groups at baseline, 3 months 

post initial treatment, and 6 months post initial treatment.  

All selected sites in smokers (red) and never-smokers (blue) were probed at the time 
points indicated. Note statistical difference between the groups at 3 and 6 months post 
initial treatment. *p value > 0.05.  
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Figure 4-2.  Gingival margin for smoker and never-smoker groups at baseline, 3 months 

post initial treatment, and 6 months post initial treatment.  

All selected sites in smokers (red) and never-smokers (blue) were evaluated for the 
gingival margin position at the time points indicated. Note no statistical difference 
between the groups at any time point.   
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Figure 4-3.  Clinical attachment loss for smoker and never-smoker groups at baseline, 3 

months post initial treatment, and 6 months post initial treatment.  

All selected sites in smokers (red) and never-smokers (blue) were evaluated for the 
clinical attachment loss at the time points indicated. Note no statistical difference 
between the groups at any time point.  
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Figure 4-4.  Plaque index for smoker and never-smoker groups at baseline, 3 months 

post initial treatment, and 6 months post initial treatment.  

All selected sites in smokers (red) and never-smokers (blue) were evaluated for the 
plaque index at the time points indicated. Note no statistical difference between the 
groups at any time point.  
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CHAPTER 5 
DISCUSSION 

Chronic periodontitis is characterized by a loss of periodontal support. It is due to 

the host’s response to a biofilm of bacterial plaque and its byproducts. An inflammatory 

response leads to the degradation of connective tissue and junctional epithelial 

attachments. A periodontal pocket forms and bone resorption may follow27. Numerous 

bacteria have been implicated in the periodontal disease process, and smoking is a 

well-established risk factor for periodontal disease. It is associated with a two- to eight-

fold increased risk for periodontal attachment and/or bone loss31. Periodontal therapy 

aims to reduce the inflammatory response and improve or at least maintain clinical 

attachment levels. 

It was the intention of this investigation to compare the subgingival microflora in 

smokers and never-smokers over the course of time in response to initial therapy of 

scaling and root planing. Specifically, samples of the subgingival microflora of healthy 

sites, diseased sites, sites that responded well to treatment, sites that did not respond 

well to treatment, and sites that broke down over time were taken and analyzed using 

deep sequencing techniques. The five most prevalent species were chosen for analysis.  

Clinical parameters of smokers and never-smokers were evaluated. Specifically, 

periodontal probing depths, gingival margin position, plaque index50, and clinical 

attachment levels were analyzed. There was no difference between the groups in 

regards to the clinical parameters evaluated with one exception. A significant probing 

depth reduction was seen in never-smokers but not in smokers. This is in accordance 

with previous studies20, 55-57. 
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Sites that were considered to be periodontally healthy (probing depth of 3 mm or 

less and no attachment loss) at baseline were compared between smokers (2 sites) and 

never smokers (2 sites). There was significant heterogeneity between the samples 

when smokers and never-smokers were compared. Even when comparing the healthy 

sites of smokers, the 5 most prevalent species of the subgingival microflora was 

completely different from the other smoker.  The same was true for the never-smokers. 

The only species that was common to both groups was Rothia dentocariosa; however, 

this was only seen in one smoker and one never-smoker. Other studies corroborate the 

findings of differences between smokers and never-smokers in sites with probing 

depths of 3mm or less18, 58.  

Sites that were considered to be periodontally diseased (probing depth of 5-6 

mm and at least 2 mm of clinical attachment loss) were also compared between 

smokers (2 sites) and never-smokers (2 sites). Again significant heterogeneity was 

observed. Three of the four sites had significant numbers of Streptococcus species; 

however, no single microbe was observed in all 4 periodontally diseased sites. 

Differences in the microflora of diseased sites in smokers and never-smokers have 

been found in other studies as well59, 60. 

An analysis of the sites of smokers and never-smokers that had periodontal 

breakdown (loss of at least 2 mm of clinical attachment) between the baseline visit and 

the 6 month visit time frame was also done. Deep sequencing revealed that all of these 

sites had bacterial species that were present at baseline and 6 months after periodontal 

treatment, but there were minimal similarities between the groups. The only species that 

was common to all four sites at baseline was Streptococcus sp., and none were 
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common to all four at 6 months after periodontal treatment. The microbial response to 

scaling and root planing has been proven in other studies to be different between 

smokers and never-smokers19, 21. 

  Sites that were considered to have responded well to therapy (gain of at least 2 

mm in clinical attachment from the baseline visit to the 6 month visit) were also 

analyzed using deep sequencing. The sites from 2 smokers and 2 never smokers were 

used for analysis. At baseline, the 5 most prevalent species of never-smokers and 

smokers were completely different with the exception of one bacterium. Interestingly, 2 

of the most prevalent species were common to both sites in never-smokers 6 months 

after periodontal treatment. Also, 4 of the 5 most prevalent species of smokers 6 

months after periodontal treatment were common to both sites. These findings indicate 

that the microflora of sites that have responded well to treatment is similar within the 

smoker and never-smoker groups, but the microflora is different when smokers and 

never smokers are compared.  

Finally, the microbiota of 2 sites of smokers and 2 sites of never-smokers that did 

not respond well to therapy (initial probing depth of at least 5 mm with at least 2 mm of 

CAL and no change in probing depth or attachment level from baseline to 6 months post 

treatment) were analyzed using deep sequencing and compared between smokers and 

never-smokers. All sites had at least 3 of their 5 most prevalent species at baseline also 

present 6 months after initial therapy. Only one bacterium was observed in both the 

smoker and never smoker group. Veillonella parvula was present at baseline and 6 

months after treatment in one of the smoker sites and one of the never-smoker sites. 

There was significant heterogeneity when smokers and never smokers were compared.  
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The subgingival microbiota of smokers and never-smokers has been compared 

and contradictory results have been found. Some studies show no difference22, 23, 61. 

Other studies report a higher prevalence of traditional periodontal pathogens18, 59, 62. 

Recently an article was published using pyrosequencing to compare the subgingival 

microflora in smokers and non-smokers. These findings were compared to targeted 

techniques, specifically culture and qPCR. Culture and qPCR showed smokers and 

non-smokers to have no microbial differences; however, pyrosequencing revealed 

numerous difference between the groups. Operational taxonomic units classified to 

genera Fusobacterium, Prevotella, and Selenomonas were more abundant in smokers. 

Operational taxonomic units classified to genera Peptococcus and Capnocytophaga 

were more abundant in non-smokers. They also concluded that within periodontal 

patients, there is a large variation in the composition of the subgingival microbiome2. 

This suggests that newer, open-ended techniques may be able to better describe the 

complexity of the periodontal microflora and detect differences that have previously not 

been discovered.      

Numerous microbiological differences for various classifications of sites were 

detected between smokers and never-smokers in this study. The main limitation of this 

study is the small sample size, so future studies on a larger scale are needed to validate 

the findings of this investigation. This will allow us to better understand the complex 

microbiology of the periodontal disease process. A better understanding of the etiology 

will allow us to render more effective treatment.   
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