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Abstract

Aim: to compare the results of two targeted techniques to an open-ended technique in 

periodontitis patients, differentiated on the basis of smoking habit. 

Materials and methods: 30 periodontitis patients (15 smokers and 15 non-smokers) provided 

subgingival plaque samples for 16S rRNA gene amplicon sequencing, culturing and 

quantitative Polymerase Chain Reaction (qPCR).

Results: No differences were found in the composition of the subgingival microbiome 

between smokers and non-smokers with culture and qPCR. With pyrosequencing, Operational 

Taxonomic Units (OTUs) classified to genera Fusobacterium, Prevotella, and Selenomonas

were more abundant in smokers while OTUs belonging to the genera Peptococcus and 

Capnocytophaga were more abundant in non-smokers. Principal Coordinate Analysis 

identified two clusters; one was composed mainly of smokers (80%) and revealed 

significantly lower taxonomic diversity, higher attachment loss and higher proportion of the 

genera Fusobacterium, Paludibacter and Desulfobubus.

Conclusions: In periodontitis there is a difference in the composition of the subgingival 

microbiome between smokers and non-smokers, as revealed by pyrosequencing. This 

difference was not identified by the targeted techniques. 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.
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Introduction

Periodontitis is a polymicrobial infection of the supporting tissues of the teeth. This elicits an 

inflammatory reaction by the host that can result in loss of connective tissue attachment, 

alveolar bone and, ultimately, loss of the teeth (Pihlstrom et al. 2005). The initiation and 

progression of periodontitis is modulated by genetic susceptibility of the host and life-style 

factors (Stabholz et al. 2010). Among these, smoking seems to be the most important one. 

Smokers show higher prevalence and severity of periodontal destruction and the therapy of 

periodontitis in smokers on average is less effective (Labriola et al. 2005). Smoking can affect 

the host immune response. Smokers with periodontitis show less serum antibodies, in 

particular immunoglobulin G class 2 (IgG2) and impaired function of leukocytes 

(Graswinckel et al. 2004, Koundouros et al. 1996, Rezavandi et al. 2002).

It has been also hypothesized that smoking can affect the composition of the subgingival 

microbiome. However, earlier investigations using targeted approaches (techniques focused 

on detections of specific microorganisms) have shown contradictory results. On one side, 

studies reported that smokers with periodontitis show higher prevalence and quantity of the 

traditional periodontitis-associated pathogens in comparison to non-smokers (Gomes et al. 

2006, Haffajee & Socransky 2001, van Winkelhoff et al. 2001); on the other side, other 

investigations could not confirm those results (Bostrom et al. 2001, Darby et al. 2000, Van 

der Velden et al. 2003). Discrepancies are understandable since the subgingival microbiome is 

complex and based on the interaction of a large number of bacterial taxa, whose major part 

remains uncultivated (Kumar et al. 2006, Paster et al. 2001). The advent of open-ended 

techniques to investigate the complete microbiome has given better understanding of the 

complex oral microbiological environment.. Recently, Griffen et al. demonstrated advantages 

of the 454 pyrosequencing in studying the subgingival plaque and showed that, besides the 

previously identified species, a large number of additional bacterial species are associated 

with periodontitis (Griffen et al. 2012).

The aim of this study was to compare the results of two well-established targeted 

techniques, culture and qPCR, to the open-ended technique (16S rRNA amplicon sequencing) 

in a population of patients affected by periodontitis and differentiated on the basis of smoking 

habit. 
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Materials and methods

Study population

30 patients, 15 smokers and 15 non-smokers, affected by moderate to severe periodontitis 

were recruited among consecutive patients who were referred to the Department of 

Periodontology of the Academic Centre for Dentistry of Amsterdam (ACTA) for treatment of 

periodontitis. Two groups were  established being comparable for age, gender and race. 

Patients were recruited if they fulfilled the following inclusion criteria: good general health, 

no use of chronic medications or any medication (e.g. antibiotics) that could affect the 

subgingival microbiome in the past 6 months, no previous periodontal treatment in the last 2 

years, no pregnancy, no presence of implants or orthodontic appliances and presence of at 

least 20 natural teeth. Moderate to severe periodontitis was defined if the patients had at least 

30% bone loss at >2 teeth per quadrant and presence of >2 teeth per quadrant with pockets >5

mm with clinical evidence of attachment loss and >50% bleeding upon probing. A patient was 

defined as a smoker if he/she was currently smoking and had been smoking for at least 10 

years and as a non-smoker if he/she had never smoked or quitted smoking longer than 10 

years before intake. Patients who agreed to participate in the study signed a written informed 

consent. The protocol of the study was approved by the Medical Ethical Committee of the 

Academic Medical Centre of Amsterdam, The Netherlands.

Clinical and microbiological examination

At the baseline appointment the following clinical measurements were recorded: Plaque 

(presence/absence) (PI), bleeding on probing (BOP), probing pocket depth (PPD) and clinical 

attachment loss (AL). The deepest not furcated site in each quadrant was selected for 

microbiological sampling. After isolating the site with cotton rolls, supragingival plaque was 

removed with a Gracey curette and the site was dried with air-flow. Subsequently 2 paper 

points were inserted in the pocket for 10s. All paper points were transferred to a reduced 

transport medium (Syed & Loesche 1972) and processed within 24 hours in case of culture 

and kept in -80°C until analyzed by molecular techniques.
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Microbiological procedures

Culturing

Culturing and identification was performed according to a previously described protocol 

(Boutaga et al. 2005). For anaerobic culture 100 µl of appropriate dilutions were plated on 

horse blood agar plates (5% v/v, Oxoid no. 2, Basingstoke, UK) supplemented with hemin 

(5mg/l) and menadione (1mg/l), and incubated in 80% N2, 10% H2 and 10% CO2 at 37ºC for 

up to 14 days. The most traditionally relevant bacteria associated with periodontitis were 

chosen as targeted species (Socransky & Haffajee 1992). Aggregatibacter 

actinomycetemcomitans (Aa) was enumerated on trypticase soy-serum-bacitracin-vancomycin 

plates after incubation at 37ºC in air and 5% CO2 for 3 days. Other target bacteria were 

Porphyromonas gingivalis (Pg), Prevotella intermedia (Pi), Tannerella forsythia (Tf), 

Parvimonas micra (Pm), Fusobacterium nucleatum (Fn) and Campylobacter rectus (Cr). A. 

actinomycetemcomitans was identified on colony morphology, catalase reaction. T. forsythia

was identified on a-glucosidase, b-glucosidase, sialidase activities and indole production. The 

other microorganisms were identified on colony morphology, pigment, Gram-stain, anaerobic 

growth, glucose fermentation inability and production of indole and other metabolic enzymes 

(Rapid ID kit 32A). 

Molecular techniques

qPCR

Table 1 shows the sequences of the primer/probe sets for the bacterial species investigated. 

DNA was extracted and purified by MagNA Pure LC (Roche Molecular Diagnostics, Almere, 

the Netherlands) with MagNA Pure DNA Isolation Kit III (Bacteria, Fungi; Roche Molecular 

Diagnostics, Basel, Switzerland) (Boutaga et al. 2005). Amplification was performed in a 

total reaction mix volume of 16µl and 4µl of DNA sample with LightCycler®480II (Roche 

Molecular Diagnostics). Aa/Fn and Pg/Tf were tested in duplex-mix (10µl of qPCR master 

mix and 5.2µl of qPCR-water); Pi/Mm/Tf were tested in triple mix (10µl of qPCR master mix 

and 4.8µl of qPCR-water). The samples were subjected to a pre-incubation cycle of 5min at 

95ºC. Subsequently, the samples were incubated for 45 cycli of 10s at 95ºC and of 20s at 

60ºC. The samples were then cooled with a last cycle of 15s at 40ºC. For quantification, the 

results from unknown plaque samples were projected on counted pure culture standard curves 

of the target bacteria (Aa; Y4, Pg; W83, Pi; ATCC 25611, Tf; ATTC 43037, Pm; ATCC 

33270, Fn; ATCC 25586). Td standard was a mix of four patient samples. For every reaction 
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18ul reaction mix and 2ul DNA of Escherichia coli (K12) were used. Further 10ul qPCR mix 

and 6.12ul qPCR-water were used.

Amplicon preparation and pyrosequencing

Barcoded amplicon libraries of the small subunit ribosomal RNA gene hypervariable region 

V5-V7 were generated for each of the individual sample as described previously (Kraneveld 

et al. 2012), pooled and sequenced by means of the Genome Sequencer FLX Titanium system 

(Roche Molecular Diagnostics). The sequencing data was processed using Quantitative 

Insights Into Microbial Ecology (QIIME) (Caporaso et al. 2010) version 1.4.0 as described 

previously (Kraneveld et al. 2012). The reads were denoised using Denoiser version 1.3.0 

(Reeder & Knight 2010) and checked for chimeric sequences using UCHIME version 4.2.40 

(Edgar et al. 2011). The results of the de novo and the reference-based approach were 

combined and reads marked as chimeric were removed. Sequences were clustered in 

Operational Taxonomic Units (OTUs) at 97% similarity. One sample from a non-smoker 

patient (patient number 1) was excluded from the analyses due to low number of reads (563 

reads/sample). To normalize data for comparisons among different samples and avoid the 

effect of variable sample size on the diversity analyses, a randomly subsampled dataset of 

3200 reads per sample was created, based on the second lowest number of reads/sample (3214 

reads/sample). For phylogenetic measures of community ß diversity, unweighted UniFrac (a 

qualitative measure) and weighted UniFrac (a quantitative measure) (Lozupone et al. 2007)

were used in QIIME. Principal coordinates analysis (PCoA) was used to compare groups of 

samples based on unweighted and weighted UniFrac distance metrics. 

Statistical analysis

Background and clinical variables were analyzed using the Independent samples T-test (SPSS 

20.0, SPSS Inc., USA). Data from culturing and qPCR were tested for normality with the 

Kolmogorov-Smirnov test. Non-normal distributed values were log10 transformed. Since 

values for certain species were still not normally distributed, Mann-Whitney U test was used 

to explore differences for the Colony Forming Unit (CFU) counts and the Chi-square test to 

analyze the prevalence for each periodontal pathogen. The Mann-Whitney U test was used to 

compare microbiome diversity between smokers and non-smokers.  A G-test of Independence 

and ANOVA (implemented in QIIME 1.4.0.) were used to identify OTUs that are 

differentially represented between the two groups of samples. The applied filter required that 
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a minimum of 10 samples contained the OTU for the OTU to be included in the analysis. The 

probability after multiple comparisons was corrected using Bonferroni correction. P <0.05 

was considered statistically significant.
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Results

Smokers were on average 48.5 years and the non-smokers 47.5 years; both groups included 

10 males and 14 Caucasians (Table 2). In the non-smoker group there were five individuals, 

with a past history of smoking. Since they quitted smoking longer than 10 years before intake, 

they were regarded as non-smokers. Both groups had similar number of teeth present and 

similar amount of visible plaque and BOP. Analysis of average PPD showed that, in 

comparison to non-smokers, smokers had higher full-mouth PPD (4.0 ± 0.6 mm vs 3.5 ± 0.5 

mm; p=0.015) and full-mouth AL (4.6 ± 0.8 mm vs 3.6 ± 0.9 mm; p=0.004). At the microbial 

sampling site level, there were no differences in terms of PPD and AL. 

Culturing and qPCR

Culturing showed no differences between smokers and non-smokers in prevalence and 

quantity for any of the targeted species (Table 3). qPCR showed a higher prevalence of 

patients being positive for P. intermedia (p=0.013) and higher abundance of P. intermedia 

(p=0.015) in smokers. However after correction for multiple testing, the difference was no 

longer significant (Table 3). 

Overall sequencing output

Of all reads (available at SRA of NCBI as SRA061298), 94% passed the quality control, 88% 

passed denoising and 82% reads (544,068 reads; average length 419 nucleotides) remained 

after removing those with chimeric sequences. The 631 unique sequences clustered into 429 

OTUs of which 378 OTUs contained at least 5 reads (supplementary Dataset S1). After 

subsampling using 3200 reads per sample, 385 OTUs remained in the dataset with an average 

of 105 (SD 30; min 69, max 166) OTUs/sample (supplementary Dataset S2). No statistical 

difference was found for average number of OTUs/sample between smokers and non-smokers 

(123.3 + 30.1 vs 115.9 + 24.2 respectively). The subsampled reads were classified into 12 

phyla, with Bacteroidetes dominating the dataset (24% of reads), followed by Firmicutes 

(21%), Fusobacteria (20%), Proteobacteria (17%), Spirochaetes (9%), Actinobacteria (4%) 

and Synergistetes (3%), Candidate division TM7 (0.5%) and Tenericutes (0.3%). Remaining 

reads belonged to phylum Chloroflexi (0.04%), candidate division SR1 (0.01%) and 

Deinococcus-Thermus (0.001%) or could not be classified to any known phylum (0.68% of 

reads). The predominant genera were Fusobacterium (20% of reads), Treponema (9%), 
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Filifactor (8%), Paludibacter (7.2%), Porphyromonas (6.3%), Tannerella (4.4%), Prevotella

(3.5%), Parvimonas (2.6%), Actinomyces (2%), Streptococcus (1.1%) and Neisseria (1%). A 

large proportion of reads could not be classified further than family level:  family 

Pseudomonadaceae (11%), Family xiii incertae sedis within order Clostridiales (3.7%) and 

family Synergistaceae (3.3%). 

At a taxonomic class level, smokers showed significantly more reads classified to the class 

Fusobacteria (median: 753 reads/sample [IR: 489.25-952.00] vs 273.5 reads/sample [IR: 

180.00-661.25], p=0.014) (Fig. 1). When the analysis was carried out at the OTU level, 

smokers showed higher abundance of OTUs classified to genus Fusobacterium (#95759),

Prevotella (#85054 and #5308), and Selenomonas (#94085), while non-smokers showed 

higher abundance of OTUs classified to the genera Peptococcus (#41204) and 

Capnocytophaga (#3917) (Fig. 2, supplementary Dataset S2 for the #OTU ID). However after 

Bonferroni correction for multiple analyses, these differences were no longer significant.

When we compared culture, qPCR and pyrosequencing twe found thatat the species level, 

culturing and qPCR showed a remarkable different pattern in the distribution of targeted 

pathogens within the same individuals. When we compared the qPCR and pyrosequencing in 

relation to the same taxa classified at the genus level, we found a relatively similar pattern in 

the distribution of microorganisms per individual, although differences in abundance of some 

taxa (e.g. Fusobacterium, Prevotella, Treponema) were obvious (Fig. 3).

In a PCoA plot on unweighted UniFrac distances, where the first (PC1) and the second 

(PC2) principal coordinates together accounted for 31.28% of the variation among the 

samples, we found that the Y coordinate (PC2) discriminated the most of the samples into two 

distinct clusters (Fig.4). Cluster 1 was composed of 17 samples (10 from non-smokers and 7 

from smokers) and Cluster 2 - of 10 samples (8 from smokers and 2 from non-smokers), 

while 2 samples from non-smoker patients did not cluster with any of the other samples (Fig. 

4A). No statistical difference was found for patient’s age between the clusters. Cluster 2 had 

80% samples from smokers vs 41% in the Cluster 1. However, this difference did not reach a 

statistical significance (p= 0.058). Further statistical analysis on these clusters showed that 

samples in the Cluster 1 had a higher number of taxa (OTUs/sample) (137 ± 21 vs 100 ± 8.5,

p< 0.001), and thus a higher taxonomic diversity in comparison with the Cluster 2 (Fig. 4B). 

Statistical analysis of the periodontal status of the patients belonging to the two clusters 

showed that the patients belonging to Cluster 2 showed higher AL (4.6 ± 0.9 mm) than the 

patients from Cluster 1 (3.9 ± 1.0 mm) (p< 0.05) (Fig. 4C, Dataset S3). Microbiome analysis 
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Results
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statistical significance (p= 0.058). Further statistical analysis on these clusters showed that 

samples in the Cluster 1 had a higher number of taxa (OTUs/sample) (137 ± 21 vs 100 ± 8.5,
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at the genus level showed that samples from Cluster 1 had higher proportion of reads 

belonging to the genera Porphyromonas (p=0.001), Selenomonas (p=0.001) and

Capnocytophaga (p=0.001), while the samples from Cluster 2 had a higher proportion of

reads belonging to genera Fusobacterium (p=0.001), Paludibacter (p=0.007) and

Desulfobulbus (p=0.001).
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Discussion

The objective of this study was to explore the differences of the composition of subgingival 

microbiome between smoker and non-smoker periodontitis patients obtained by the results of 

two targeted techniques in comparison to an open ended technique. Differences between 

smokers and non-smokers in periodontitis have been previously widely investigated by 

targeted techniques (Bostrom et al. 2001, Darby et al. 2000, Gomes et al. 2006, Haffajee & 

Socransky 2001, Van der Velden et al. 2003, van Winkelhoff et al. 2001). However results 

from open-ended techniques have demonstrated the limitation of the information provided by 

those techniques (Griffen et al. 2012). Culturing has been the gold standard for many decades 

while currently qPCR is the most widely used microbiological diagnostic technique as it has 

shown to be more sensitive, more rapid and less laborious in comparison with culturing 

(Boutaga et al. 2005). In the current study both targeted techniques showed little or no 

difference between smokers and non-smokers; these findings are in agreement with previous 

investigations (Gomes et al. 2006, Van der Velden et al. 2003). Discrepancies between

culturing and  qPCR are in agreement with previous studies (Boutaga et al. 2005) and they 

can be explained by the fact that qPCR is more sensitive than culturing since it detects also 

dead bacteria that will obviously not grow with culturing. We found a similar pattern of 

distribution of taxa among individuals between qPCR and pyrosequencing, but also some 

obvious discrepancies. This can be explained by the fact that pyrosequencing identifies 

microorganisms at the genus level; we found for instance within the genus Prevotella, 39

different OTUs, while with qPCR we looked only at P. intermedia species. 

By comparing the three techniques (Figure 3), targeted approaches miss a considerable 

amount of information. These are useful to study characteristics and pathogenicity of specific 

microorganisms, but they lack the complete overview of the subgingival microbiome. 

Pyrosequencing can fill this gap. Interestingly, some individuals of our population (patients 

NS5, NS14) showed relatively low amount of “typical” periodontal pathogens. 

Pyrosequencing brought forward that these patients had a considerably high percentage of an 

uncultured taxon belonging to the family Pseudomonodaceae. This taxon is an unusual 

colonizer of the subgingival environment; however recent studies have shown that non-oral 

bacterial species, like Pseudomonas aeruginosa and Acinetobacter baumanii, are associated 

with periodontal disease (da Silva-Boghossian et al. 2011); P. aeruginosa is also associated 

with poor responders after periodontal therapy (Colombo et al. 2012).
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At the OTU-level, little difference was found between smokers and non-smokers. However 

looking at the data in the same way as with the targeted techniques, i.e., by pinpointing 

potential pathogens, does not provide a real adjunct value of the open-ended techniques. By 

means of the data reduction method PCoA, we reduced the number of variables to few 

principal coordinates and were able to assess the similarity among the microbiome profiles. 

This approach allowed us to define a cluster of samples with a distinct ecology that showed a 

lower taxonomic diversity. Lower taxonomic diversity has been already associated with lower 

health for other ecological environments (e.g. in human gut) as for instance in individuals 

with obesity and inflammatory bowel disease (Qin et al. 2010, Turnbaugh et al. 2009). In the 

oral environment, higher taxonomic diversity has been associated with oral health (Kumar et 

al. 2012, Li et al. 2005).. In our population, a cluster showing lower taxonomic diversity 

showed on average higher periodontal attachment loss. Interestingly, this cluster showed a 

higher proportion of genus Fusobaterium. Although Fusobacterium species and especially F. 

nucleatum are not traditionally regarded as the most pathogenic periodontal pathogens and the 

pathogenic mechanism of F. nucleatum on periodontal health is not clear yet, it has been 

reported that this microorganism has an important function in the subgingival biofilm due to 

its bridging function among microorganisms and its local immunosuppressive capability 

(Signat et al. 2011). Thus, higher detection of Fusobacterium in a cluster showing more 

disease severity is an interesting finding. Moreover, in Cluster 2 two unusual genera, 

Paludibacter and Desulfobulbus, were more abundant in comparison to Cluster 1; 

Desulfobulbus species have already previously described in periodontitis and associated with 

poor response to periodontal therapy (Colombo et al. 2012), while here we are the first to 

report an association of Paludibacter with periodontitis. 

The observed high variability in the subgingival microbiome within patients affected by 

the same disease may corroborate the hypotheses that state that, rather than by specific 

pathogens, a disease (as in this case periodontitis) is initiated by a disruption of the ecological 

equilibrium between microorganisms organized in the biofilm and the genotype and 

phenotype of the immune system of the host. This disruption could be caused at the one hand 

by a change in the local environment induced by factors such as diet, oral hygiene or 

smoking, and on the other hand by synergistic interactions in distinct ecologies of different 

microbial communities within the biofilm, which result in changes in the virulence and 

pathogenicity of otherwise non- or low pathogenic species (Human Microbiome Project 
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Consortium 2012, Segata et al. 2012). According to these theories also microorganisms 

present at low number may be of key importance in the shift from health to disease, or maybe 

of significance to explain differences in severity of the same disease among individuals. This 

could also account for the interindividual variability in the impact of smoking on periodontal 

health and on the variety in response to periodontal therapy within smokers as previously 

shown by clinical studies (Preber & Bergstrom 1986). Based on this paradigm shift, the 

“pathogenic role” of few specific species is questionable. Thus, we consider now the 

identification of a few targeted species for diagnostic purposes to be an out-of-date procedure.

Nevertheless, in comparison to the targeted techniques, open-ended techniques present 

limitations that deserve to be discussed. High-throughput open-ended techniques can identify 

the presence of microorganisms, but are not able (yet) to characterize microorganisms at 

species level. Our knowledge about the impact of new unknown taxa on periodontal health is 

limited. Moreover, pyrosequencing remains an expensive technique with complex data 

analysis that makes it not (yet) suitable for the daily clinical practice (MacLean et al. 2009).

In summary, based on the results of the current study we can draw the following 

conclusions:

- Within periodontal patients there is a large variation in the composition of the 

subgingival microbiome. 

- In periodontitis, there is a difference in the composition of subgingival 

microbiome between smokers and non-smokers. 

- A group of periodontitis patients shows a distinct ecology with lower 

taxonomic diversity. This group is mainly composed of smokers and it shows  on 

average higher periodontal attachment loss.

- Understanding the complex microbiome on the basis of the targeted techniques 

alone is limited. Although targeted techniques can still be considered a useful tool to 

study the function and pathogenicity of specific species, open-ended techniques give 

the possibility to have a more comprehensive understanding of the complex 

subgingival microbiome. These latter techniques and accompanying biomedical 

statistics are in continuous development and they will allow us to investigate and 

understand more in detail the complex ecology of the subgingival microbiome.
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Source of funding   
This study was funded in part by the authors’ institution and in part by a grant from the 

University of Amsterdam for the focal point “Oral infection and inflammation”.
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Table 1: Sequences and targets for primers and probes for the qPCR.

Target Sequence

Aa F 5’-GAACCTTACCTACTCTTGACATCCGAA-3’
Aa R 5’-TGCAGCACCTGTCTCAAAGC-3’

Aa P
6FAM-
AGAACTCAGAGATGGGTTTGTGCCTTAGGG-
BBQ

Pg F 5’-GCGCTCAACGTTCAGCC-3’
Pg R 5’-CACGAATTCCGCCTGC-3’

Pg P LC610-
CACTGAACTCAAGCCCGGCAGTTTCAA-BBQ

Pi F 5’-CGGTCTGTTAAGCGTGTTGTG-3’
Pi R 5’-CACCATGAATTCCGCATACG-3’

Pi -cyan500 Cyan500-TGGCGGACTTGAGTGCACGC-BBQ

Fuso F 5’-GGATTTATTGGGCGTAAAGC-3’
Fuso R 5’-GGCATTCCTACAAATATCTACGAA-3’

Fuso P+ LC610-TTCACCTCTACACTTGTAGTTCCGCTT-
BBQ

Pm F 5’-GCCGTAAACGATGAGTGCTAGG-3’
Pm R 5’-CCAGGCGGAATGCTTAGTGT-3’

Pm P YAK-TGGGAGTCAAATCTCGGTGCCG-BBQ

Tf F 5’-GGGTGAGTAACGCGTATGTAACCT-3’
Tf R 5’-ACCCATCCGCAACCAATAAA-3’
Tf P YAK-CCCGCAACAGAGGGATAACCCGG-BBQ

Aa = Aggregatibacter actinomycetemcomitans; Pg = Porphyromonas gingivalis; Pi = 

Prevotella intermedia; Fuso = Fusobacterium nucleatum; Pm = Parvimonas micros; Tf = 

Tannerella forsythia

F = forward primer; R = reverse primer; P = probe
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Table 2. Background and clinical characteristics of the study population. Values are means 

(standard deviations) and numbers of subjects.

Smokers Non-smokers p-value*

N=15 N=15

Age (years) 48.5 (5.8) 47.5 (10.9)

Gender Male 10 10

Female 5 5

Packyears 22.8 (9.1) 2.8 (4.9)#
No of  
cigarettes/day 15.5 (6.2) 0

Race Caucasian 14 14
Non 
caucasian 1 1

No of teeth 26.0 (3.1) 26.7 (1.7) NS

PPD (mm) 4.0 (0.6) 3.5 (0.5) 0.015

AL (mm) 4.6 (0.8) 3.6 (0.9) 0.004

BOP (%) 67.3 (15.3) 64.9 (13.7) NS

PI (%) 71.3 (22.0) 70.1 (20.8) NS

Sampled sites

PPD (mm) 6.3 (0.6) 6.0 (1.2) NS

AL (mm) 7.0 (1.2) 6.2 (1.3) NS

Packyears = no of packs of cigarettes per day / years of smoking; a pack consists of 20 

cigarettes.

PPD = probing pocket depth; AL = clinical attachment level; BOP = bleeding on probing; PI 

= plaque index; NS = not significant

* independent T-test

# from 5 patients who quitted smoking longer than 10 years before.
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Table3: Prevalence of patients positive for targeted bacteria and quantitative analysis on 

base of culturing and qPCR; values for prevalence are numbers (%) and for quantitative 

analysis are log10 means (standard deviation). 

Culture qPCR

Smokers 

N=15

Non-smokers 

N=14

Smokers

N=15

Non-smokers

N=14

Prevalence 

(%)

Log10

CFU 

Prevalence 

(%)

Log10

CFU 

Prevalence 

(%)

Log10

CFU 

Prevalence     

(%)

Log10

CFU 

Aa 2 (13.3) 0.5 (1.4) 2 (14.3) 0.8 (2.1) 2 (13.3)

0.86

(2.3) 4 (28.6) 1.9 (3.2)

Pg 6 (40.0) 2.6 (3.4). 7 (50.0) 3.3 (3.5) 7 (46.7) 3.8 (4.2) 8 (57.1) 4.6 (4.1) 

P i 5 (33.3) 1.8 (2.8) 7 (50.0) 3.1 (3.2) 13 (86.7)*

5.3 (2.3) 

# 6 (42.9) 2.5 (3.1) 

Tf 14 (93.3) 5.2 (1.8) 11 (78.6) 4.7 (2.6) 15 (100.0) 7.7 (0.4) 13 (92.9) 6.8 (2.3) 

P m 13 (86.7) 5.5 (2.2) 12 (85.7) 5.4 (2.3) 15 (100.0) 7.4 (0.5) 14 (100.0) 7.0 (0.9) 

Fn 13 (86.7) 4.7 (2.0) 10 (71.4) 4.1 (2.8) 15 (100.0) 6.6 (0.3) 14 (100.0) 6.3 (0.9)

Cr 3 (20.0) 1.1(2.3) 1 (7.1) 4.1 (1.5) nd nd nd nd

Td nd nd nd nd 15 (100.0) 7.2 (0.8) 12 (85.7) 6.4 (2.8)

Abbreviations: CFU = Colony Forming Units; Aa = Aggregatibacter 

actinomycetemcomitans; Pg = Porphyromonas gingivalis; Pi = Prevotella intermedia; Fn 

= Fusobacterium nucleatum;Pm = Parvimonas micros; Cr = Compylobacter rectus;.Tf = 

Tannerella forsythia; Td = Treponema denticola; nd = not detected

*p= 0.017 (Mann Whitney-U test); after Bonferroni correction p= 0.102

#p= 0.020 (Mann Whitney-U test); after Bonferroni correction p= 0.120
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AL (mm) 4.6 (0.8) 3.6 (0.9) 0.004

BOP (%) 67.3 (15.3) 64.9 (13.7) NS

PI (%) 71.3 (22.0) 70.1 (20.8) NS

Sampled sites

PPD (mm) 6.3 (0.6) 6.0 (1.2) NS

AL (mm) 7.0 (1.2) 6.2 (1.3) NS

Packyears = no of packs of cigarettes per day / years of smoking; a pack consists of 20 

cigarettes.

PPD = probing pocket depth; AL = clinical attachment level; BOP = bleeding on probing; PI 

= plaque index; NS = not significant

* independent T-test

# from 5 patients who quitted smoking longer than 10 years before.
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Table3: Prevalence of patients positive for targeted bacteria and quantitative analysis on 

base of culturing and qPCR; values for prevalence are numbers (%) and for quantitative 

analysis are log10 means (standard deviation). 

Culture qPCR

Smokers 

N=15

Non-smokers 

N=14

Smokers

N=15

Non-smokers

N=14

Prevalence 

(%)

Log10

CFU 

Prevalence 

(%)

Log10

CFU 

Prevalence 

(%)

Log10

CFU 

Prevalence     

(%)

Log10

CFU 

Aa 2 (13.3) 0.5 (1.4) 2 (14.3) 0.8 (2.1) 2 (13.3)

0.86

(2.3) 4 (28.6) 1.9 (3.2)

Pg 6 (40.0) 2.6 (3.4). 7 (50.0) 3.3 (3.5) 7 (46.7) 3.8 (4.2) 8 (57.1) 4.6 (4.1) 

P i 5 (33.3) 1.8 (2.8) 7 (50.0) 3.1 (3.2) 13 (86.7)*

5.3 (2.3) 

# 6 (42.9) 2.5 (3.1) 

Tf 14 (93.3) 5.2 (1.8) 11 (78.6) 4.7 (2.6) 15 (100.0) 7.7 (0.4) 13 (92.9) 6.8 (2.3) 

P m 13 (86.7) 5.5 (2.2) 12 (85.7) 5.4 (2.3) 15 (100.0) 7.4 (0.5) 14 (100.0) 7.0 (0.9) 

Fn 13 (86.7) 4.7 (2.0) 10 (71.4) 4.1 (2.8) 15 (100.0) 6.6 (0.3) 14 (100.0) 6.3 (0.9)

Cr 3 (20.0) 1.1(2.3) 1 (7.1) 4.1 (1.5) nd nd nd nd

Td nd nd nd nd 15 (100.0) 7.2 (0.8) 12 (85.7) 6.4 (2.8)

Abbreviations: CFU = Colony Forming Units; Aa = Aggregatibacter 

actinomycetemcomitans; Pg = Porphyromonas gingivalis; Pi = Prevotella intermedia; Fn 

= Fusobacterium nucleatum;Pm = Parvimonas micros; Cr = Compylobacter rectus;.Tf = 

Tannerella forsythia; Td = Treponema denticola; nd = not detected

*p= 0.017 (Mann Whitney-U test); after Bonferroni correction p= 0.102

#p= 0.020 (Mann Whitney-U test); after Bonferroni correction p= 0.120
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Figure 2: Box plots with those OTUs that show a difference between smokers and non-

smokers (p<0.05) after G-test of OTU-significance 
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Figure 2: Box plots with those OTUs that show a difference between smokers and non-

smokers (p<0.05) after G-test of OTU-significance 



Chapter    6

146

 

146 
 

Figure 3: Area charts showing per individual the relative abundance of bacterial species 

obtained by (A) Culture, (B) qPCR and the relative abundance of genera by (C) 

pyrosequencing
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Figure 4: Panel A shows Unweighted UniFrac Principal Coordinate Analysis (PCoA) plot for 

the whole study population; Panel B shows diversity of Taxa between Cluster 1 and Cluster 2 

that have been identified with PCoA; Panel C shows box-plots for full mouth attachment loss, 

between the two taxonomic clusters which have been identified with PCoA. 

*p<0.05, Mann-Whitney U test 

#p<0.05, Independent T-test 
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Figure 4: Panel A shows Unweighted UniFrac Principal Coordinate Analysis (PCoA) plot for 

the whole study population; Panel B shows diversity of Taxa between Cluster 1 and Cluster 2 

that have been identified with PCoA; Panel C shows box-plots for full mouth attachment loss, 

between the two taxonomic clusters which have been identified with PCoA. 

*p<0.05, Mann-Whitney U test 

#p<0.05, Independent T-test 
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