








HIGHLIGHTS

- the subgingival microbiome tended to be less complex in presence of T2D and/or P

- the presence of T2D did not influence the relative abundance of subgingival species 

- Anaerolineaceae bacterium oral taxon 439 was more abundant in T2D+P+ vs T2D+P- 
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ABSTRACT 

Objective: The aim of this study was to use high-resolution whole metagenomic shotgun sequencing to 

characterize the subgingival microbiome of patients with/without type 2 Diabetes Mellitus and with/without 

periodontitis.

Design: Twelve subjects, falling into one of the four study groups based on the presence/absence of poorly 

controlled type 2 Diabetes Mellitus and moderate-severe periodontitis, were selected. For each eligible 

subject, subgingival plaque samples were collected at 4 sites, all representative of the periodontal condition of 

the individual (i.e., non-bleeding sulci in subjects without a history of periodontitis, bleeding pockets in patients 

with moderate-severe periodontitis). The subgingival microbiome was evaluated using high-resolution whole 

metagenomic shotgun sequencing.

Results: The results showed that: (i) the presence of type 2 Diabetes Mellitus and/or periodontitis were 

associated with a tendency of the subgingival microbiome to decrease in richness and diversity; (ii) the 

presence of type 2 Diabetes Mellitus was not associated with significant differences in the relative abundance 

of one or more species in patients either with or without periodontitis; (iii) the presence of periodontitis was 

associated with a significantly higher relative abundance of Anaerolineaceae bacterium oral taxon 439 in type 

2 Diabetes Mellitus patients. 

Conclusions: Whole metagenomic shotgun sequencing of the subgingival microbiome was extremely 

effective in the detection of low-abundant taxon. Our results point out a significantly higher relative abundance 

of Anaerolineaceae bacterium oral taxon 439 in patients with moderate to severe periodontitis vs patients 

without history of periodontitis, which was maintained when the comparison was restricted to type 2 diabetics. 
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INTRODUCTION

Type 2 diabetes and periodontitis have a long established bi-directional relationship (Taylor, 2001; Sanz et al., 

2018). Poorly controlled diabetes is a risk factor for periodontitis, contributing to more than doubled risk of 

periodontitis incidence (Lakschevitz, Aboodi, Tenenbaum & Glogauer, 2011; Taylor, Preshaw & Lalla, 2013) 

and negatively affecting its severity and progression (Miller et al., 1992; Taylor et al., 1996; Taylor & 

Borgnakke, 2008; Lalla & Papapanou, 2011). On the other hand, patients with severe periodontitis have an 

increased risk of developing type 2 diabetes (Saito et al., 2004, Demmer, Jacobs & Desvariuex, 2008, Morita 

et al., 2012). The mechanistic link between type 2 diabetes and periodontitis has been explored under a 

variety of aspects, including the composition of the periodontal microbiota. When evaluated though traditional 

methods, the periodontal microbiota did not reveal substantial differences between diabetics (affected by type 

2 diabetes in the majority of studies) and non-diabetics (Polak & Shapira, 2017).

In the most recent years, high-throughput sequencing metagenomic techniques were applied to characterize 

the subgingival microbiome under health and disease conditions (Zhou et al., 2013; Casarin et al., 2013; Wang 

et al. 2013; Duran-Pinedo et al., 2014; Jorth, Turner, Gumus, Nizam, Buduneli, & Whiteley, 2014; Li et al., 

2014; Shi et al., 2015; Babaev et al., 2017; Longo et al., 2018). In particular, three studies (Zhou et al., 2013; 

Casarin et al., 2013; Babev et al., 2017) evaluated the composition of the subgingival microbiota using 16S 

rDNA-based microbial profiling, considering type 2 diabetes and, in two of these (Zhou et al., 2013; Babev et 

al., 2017), periodontitis as comorbidities. In Brazilian subjects with severe, generalized chronic periodontitis 

(Casarin et al., 2013), poorly controlled type 2 diabetes was found to be associated with a higher prevalence of 

some species (including F. nucleatum, V. parvula, V. dispar, and E. corrodens) compared to systemic health. 

In a Chinese sample, Zhou et al. (Zhou et al., 2013) showed that the abundance of some periodontal 

pathogens (e.g., T. forsythia) and other species (e.g., C. sputigena) was positively influenced by the combined 

presence of type 2 diabetes and periodontitis, while the abundance of Prevotellaceae and P. tannerae was 

significantly lower in non-diabetics affected by periodontitis. In absence of periodontitis, different genera and 

species revealed significant differences in their abundance between diabetics and non-diabetics (Zhou et al., 
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2013). Finally, Babaev et al. (Babev et al., 2017) found quantitative differences in the subgingival microbiome 

of patients with type 2 diabetes and periodontitis compared to periodontitis patients without type 2 diabetes or 

healthy subjects in a Russian sample of individuals. In particular, in periodontitis subjects the presence of type 

2 diabetes was associated with significantly greater amounts of P. gingivalis, T. denticola and F. nucleatum 

(Babev et al., 2017). These studies, however, are affected by the limitations of 16S rDNA-based microbial 

profiling, where species identification is dependent on the extent of evolutionary diversification in those 

variable 16S regions where other genomic regions may be more informative for such speciation (Zhang et al., 

2015).

More recently, whole metagenomic shotgun sequencing was used to profile viral families (Dimon, Wood, 

Rabbitts & Arron, 2013; Ma et al., 2014), for metagenomic studies (Hess et al., 2011; Nielsen et al., 2014), and 

for the Human Microbiome Project (Yang et al., 2011). Whole metagenomic shotgun sequencing allows for 

studying microbial communities in a cultivation-independent way, and provides enhanced information 

compared to the 16S rDNA-based microbial profiling. In particular, it provides with quantitative and qualitative 

information from taxa down to the level of species, regardless of the extent of evolutionary diversification in the 

variable 16S regions. 

The present study used high-resolution Whole metagenomic shotgun sequencing to characterize the 

subgingival microbiome of patients with/without type 2 diabetes and with/without periodontitis. 

MATERIALS & METHODS

Experimental design and ethical aspects

The present case-control study was performed at the Research Centre for the Study of Periodontal and Peri-

Implant Diseases, University of Ferrara, Italy. The study was approved by the Ethical Committee of Ferrara, 

Italy (protocol number: 150791). Each subject provided a written informed consent before participation. All 
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clinical procedures were performed in full accordance with the Declaration of Helsinki and the Good Clinical 

Practice Guidelines. All data were de-identified before database creation and data analysis.

Study population

Twelve adult  40 years) Caucasian individuals were recruited among current and permanent residents in the 

metropolitan area of Ferrara seeking care at the Research Centre for the Study of Periodontal and Peri-

Implant Diseases, Ferrara, Italy. Based on the inclusion/exclusion criteria reported below, subjects were 

consecutively selected and assigned to one of the following groups (of 3 subjects each): patients affected by 

moderate to severe periodontitis and type 2 diabetes (T2D+P+ group); patients affected by moderate to severe 

periodontitis but not type 2 diabetes (T2D-P+ group); patients affected by type 2 diabetes but not periodontitis 

(T2D+P- group); and patients without either type 2 diabetes or periodontitis (T2D-P- group). To assess 

eligibility related to diabetic status, laboratory exams performed within 3 months prior to the study visit were 

considered and, if the subject was eligible, data were extracted for analysis. To assess eligibility related to 

periodontal conditions, data from a complete periodontal record chart performed within 1 month prior to the 

study visit were considered and, if the subject was eligible, extracted for analysis.

Inclusion criteria

T2D+P- group

- diagnosis of type 2 diabetes for at least two years according to the criteria of the American Diabetes 

Association (American Diabetes Association, 2014);

- insufficient metabolic control of diabetes (i.e., glycated haemoglobin serum level > 7%);

- currently receiving stable doses of oral hypoglycemic agents and / or insulin under supervision of a 

diabetologist;

- at least 20 teeth present; 

- no history of periodontitis, either treated or not (i.e., no interproximal clinical attachment loss> 2 mm 

and no sites with probing depth> 4 mm).
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T2D-P+ group

- no history of type 2 diabetes diagnosis;

- at least 20 teeth present; 

- diagnosis of moderate to severe periodontitis, i.e., at least 30% of sites with clinical attachment  

3 mm (Armitage, 1999);

- at least 4 sites with probing  5 mm.

T2D+P+ group

- diagnosis of type 2 diabetes for at least two years according to the criteria of the American Diabetes 

Association (American Diabetes Association, 2014);

- insufficient metabolic control of diabetes (i.e., glycated haemoglobin serum level > 7%);

- currently receiving stable doses of oral hypoglycemic agents and / or insulin under supervision of a 

diabetologist;

- at least 20 teeth present; 

- diagnosis of moderate to severe periodontitis, i.e., at least 30% of sites with clinical attachment  

3 mm (Armitage, 1999);

- at least 4 sites with probing  5 mm.

T2D-P- group

- no history of type 2 diabetes diagnosis;

- at least 20 teeth present; 

- no history of periodontitis, either treated or not (i.e., no interproximal clinical attachment loss> 2 mm 

and no sites with probing depth> 4 mm).

Exclusion criteria (valid for all groups)
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- current smoking or quit smoking less than 6 months prior to the screening visit;

- diseases or systemic conditions (in addition to type 2 diabetes) with a documented influence on periodontal 

status;

- use of drugs with a documented influence on periodontal status (e.g., bisphosphonates, cyclosporine, 

phenytoin, nifedipine, calcium channel blockers, corticosteroids and anti-inflammatory drugs);

- periodontal therapy within 12 months prior to the screening visit;

- local or systemic antibiotic therapy during the 3 months prior to the screening visit.

Collection and storage of subgingival plaque samples

For each eligible subject, 4 subgingival plaque samples were collected at 4 teeth. In T2D+P- and T2D-P- 

subjects, sampling was always performed at 4 sites randomly selected among those negative to bleeding on 

probing. In T2D+P+ and T2D-P+ subjects, sampling was performed at the 4 sites showing the deepest probing 

depth values among those positive to bleeding on probing. 

At each site selected for plaque sampling, saliva was blotted with a gauze or cotton roll, and supragingival 

plaque was removed with a curette or scaler. Subgingival plaque was collected with a curette and wiped onto 

a sterile, coarse endodontic paper point. A commercially available kit (OMR-110; DNA Genotek, Ottawa, ON, 

Canada) was used for the storage of plaque samples. For each subject, the four samples were stored together 

in a sterile microcentrifuge tube containing a fixative solution containing sodium dodecyl sulphate, glycine, 

N,N'-trans-1,2-cyclohexanediylbis[N-(carboxymethyl)-, hydrate, and lithium chloride, at a temperature 

comprised between 15°C and 25°C, until lab processing for extraction of the oral microbiome DNA. 

Sample Processing

Isolation of DNA 

DNA was isolated from frozen samples by using the Maxwell RSC DNA Blood Kit (Promega) according to the 

manufacturer’s protocol. The concentration of DNA was determined with the Qubit 2.0 Fluorometer (Life 
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Technologies) by using the Qubit dsDNA HS Assay Kit (Life Technologies). Prior to library preparation, DNA 

was fragmented using NEBNext® dsDNA Fragmentase for 30 minutes.

Library preparation and sequencing

Each library was generated from 20 ng of genomic DNA, in accordance with procedures described in the 

NEBNext® Ultra™ II DNA Library Prep Kit for Illumina protocol (New England Biolabs). NEBNext® Multiplex 

Oligos for Illumina® (Dual Index Primers set 1) were used to produce the individual libraries and label them 

with specific molecular barcodes. Then, Agencourt AMPure XP beads (Beckman Coulter) were used for library 

purification. Finally, libraries were quantified by using the High Sensitivity DNA Kit (Agilent Technologies, 

Santa Clara, CA, USA) on the Bioanalyzer instrument (Agilent), diluted and pooled together in equimolar 

amounts. Samples were sequenced with an Illumina NextSeq 500 sequencer with 2 × 150-bp read, using 

NextSeq® 500/550 Mid Output Kit v2. 

Bioinformatic analyses 

The Illumina BaseSpace cloud platform (https://basespace.illumina.com/) generated FASTQ files that were 

used for the analysis of the shotgun fragments. Sequence quality was ensured by trimming the reads using 

Trimmomatic 0.36 (Bolger, Lohse, & Usadel, 2014), with the following parameters: CROP:147, HEADCROP:3, 

SLIDINGWINDOW:5:20, MINLEN:100. 

All paired reads were aligned to the reference human genome (GRCh37-Hg19), using Bwa 0.7.15 (with option 

mem and parameters -M -t 20) (Li, 2013). Sequences displaying a concordant alignment (a mate pair that 

aligns with the expected relative mate orientation and with the expected range of distances between mates) 

against the human genomes and all orphan reads were then removed from all subsequent analyses using 

SAMtools (Li et al., 2009) and awk custom filter.

Then, BLASTN 2.6.0 (Li et al., 2009; Altschul, Gish, Miller, Myers & Lipman, 1990; Camacho, 2013) was 

applied for aligning the remaining non-human reads to the NCBI (NR/)NT reference database. The alignments 
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with an e-value lower than 1 ×  were further filtered to exclude matches with percentage of identity lower 

or equal than 95% and length lower than 100 bp.

Finally, MEGAN6 (Huson, Auch, Qi & Schuster 2007) with default parameters was used to perform the 

taxonomical analysis of the data, ranked for genus and species. 

Statistical analysis

Due to the lack of previous studies with similar experimental design using whole metagenomic shotgun 

sequencing and the absence of a true primary outcome to determine an expected inter-group difference, no 

sample size calculation could be performed a priori. Therefore, the size of each group arbitrarily determined. 

The patient was regarded as the statistical unit. Analyses were performed using STAMP v2.1.3 (Parks, Tyson, 

Hugenholtz & Beiko, 2014). Data were expressed as relative abundance of each taxonomic unit at either the 

bacterial genus or species level. Relative abundance was generated by normalizing the whole genome 

sequencing data of each individual over the subject with the lowest number of reads (IND5). To test the null 

hypothesis, White’s non-parametric t-test (White, Nagarajan & Pop, 2009) and Kruskal-Wallis H-test plus post-

hoc tests (e.g., Tukey–Kramer) were applied to compare profiles organized into two groups or multiple groups 

of profiles, respectively. To be more conservative, in the results section only comparisons (both for genera and 

species) with a nominal p-value lower than 0.01 will be discussed. The Benjamini-Hochberg procedure was 

applied to control for the false discovery rate. Alpha- and beta-diversity were used to describe the microbiome 

diversity within and between groups. Alpha-diversity (within-sample diversity) was measured with the Shannon 

H’ diversity index, Pielou evenness J index and the Margalef d richness index. Beta-diversity within sample 

(intra-beta diversity), was evaluated with the D  index (as a component of total community diversity,  while 

beta-diversity between individuals (inter-beta diversity) with the Bray-Curtis distance (Bray & Curtis, 1957) and 

visualized with principal coordinates analysis (PCoA). For a review about diversity indexes used, see Chiarucci 

et al., Lozupone and Knight and Tuomisto (Chiarucci, Bacaro & Scheiner, 2007; Lozupone & Knight, 2008; 

Tuomisto, 2010).



Farina R., et al.: Subgingival microbiome of diabetics and non-diabetics with/without periodontitis

RESULTS

Study population

The characteristics of the study population are reported in Table 1. Diabetic subjects had received the 

diagnosis of type 2 diabetes at least 3 years before participation in the study, and their glycated haemoglobin 

level was comprised between 7.1% and 8.0%. Subjects with periodontitis had a number of sites with  5 

mm varying between 19 and 39 (T2D-P+ group) and between 18 and 29 (T2D+P+ group). The range of BoP 

score was 8%-25% in T2D-P- group, 17%-20% in T2D+P- group, 28%-49% in T2D-P+ group, and 30%-44% in 

T2D+P+ group (Table 1). The clinical characteristics of sites selected for subgingival plaque sampling are 

reported in Table 2. 

Metagenomic analysis 

Bioinformatic and Sequencing summary taxonomical profiling 

The processing details of whole metagenomic shotgun sequencing for the twelve samples are shown in Table 

3. The sequencing depth, obtained from the 12 samples, was similar among groups (Figure 1a) even after 

filtering out low-quality, chimeric, and non-bacterial sequences (Figure 1b). 

Over all samples, the 87.16% of the high-quality sequences were classified into 18 phyla, 126 genera and 259 

species. The most abundant phyla were Bacteroidetes (56.5%), followed by Actinobacteria (18.0%), 

Firmicutes (9.1%), Proteobacteria (6.6%), Spirochaetes (5.3%), Synergistetes (2.3%), and other phyla (2.2%). 

At the genus level, Porphyromonas clearly dominated (24.3%), followed by Tannerella (18.4%), Prevotella 

(13.4%), Actinomyces (7.3%), Rothia (6.9%), Treponema (5.3%), Selenomonas (2.7%), Fretibacterium (2.3%), 

Olsenella (2.2%), Streptococcus (2.1%). Other 58 genera, each showing relative abundance lower than 2%, 

accounted for the 15.1% overall. No obvious bias in the proportion of unclassifiable sequences among 

different sample groups was observed (p = 0.339). 
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All indices for diversity in microbial species (i.e. richness, evenness, alpha- and beta-diversity) did not differ 

significantly among groups (Figure 2). Microbial richness estimated by the Margalef d index was slightly higher 

in T2D-P- subjects. Moreover, the intra-subject diversity as expressed by other indices (evenness, alpha- and 

beta -diversity) showed a tendency to decrease in presence of periodontitis, and showed the lowest levels in 

T2D+P+ patients (Figure 2). 

Taxonomical profiling 

The bacterial compositions at the community level were compared between groups by PCoA of subgingival 

microbiota based on Bray-Curtis matrix distances (Figure 3, species level). Within subjects without type 2 

diabetes, the microbiomes of periodontitis patients clustered together, whereas subjects without periodontitis 

showed a more sparse distribution based on their microbiome profile (Figure 3a). In type 2 diabets patients, 

distributions of individuals with and without periodontitis were both sparse, but were separated by the second 

component, indicating different taxonomic profiles according to the presence or absence of periodontitis 

(Figure 3b). In subjects without periodontitis, diabetics and non-diabetics did not show a clearly distinct 

microbiome (Figure 3c). Differently, periodontitis patients without diabetes clustered together and were 

separated (particularly for the third dimension) from periodontitis patients with type 2 diabetes, thus indicating 

different taxonomic profiles for these two groups (Figure 3d).

The forty most abundant genera and species in each of the four study groups are shown in Figure 4a and 4b, 

respectively. The results of White’s non-parametric t-test applied to compare relative abundance between 

groups are shown in Table 4 where all genera and species with a nominal significance p-value lower than 0.01 

before FDR correction are included.

Subgingival microbiome in individuals with and without periodontitis (irrespective of type 2 diabetes) 

Figure 5a and 5b show the most abundant (> 0.5% in at least one group) genera and species, respectively, in 

individuals with periodontitis (n= 6) and without periodontitis (n= 6). The profiles of the oral microbiota showed 
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a trend (although not significant) towards more prevalent P. gingivalis, T. forsythia, P. intermedia, Actinomyces 

sp. oral taxon in P+ patients, and R. dentocariosa and Veilonella parvula in P- subjects. 

At genus level, the main significant differences were observed for Anaerolineaceae unclass., Parvimonas, 

Ottowia, Dialister, Microcella and Aggregatibacter. At species level, Anaerolineaceae bacterium sp. oral taxon 

439, Parvimonas micra, Porphyromonas asaccharolytica, Ottowia sp. oral taxon and Dialister pneumosintes 

were significantly more abundant in periodontitis patients, while, Microcella alkaliphile and 3 Actinomyces 

species were more abundant in subjects without periodontitis (Table 4). Only Anaerolineaceae bacterium oral 

taxon 439 maintained the significance of the inter-group comparison after FDR correction (adjusted p= 0.001). 

Subgingival microbiome in individuals with and without periodontitis in absence of type 2 diabetes (T2D-P+ vs 

T2D-P-)

T2D-P+ patients showed significant higher abundance of Porphyromonas, Anaerolineaceae unclass., and 

Aggregatibacter, and significant lower abundance of Microcella compared to T2D-P- subjects (Table 4). At 

species level, T2D-P+ patients showed significant higher abundance of Porphyromonas gingivalis, 

Anaerolineaceae bacterium oral taxon 439 and Campylobacter rectus, while Microcella alkaliphila was 

significantly more abundant in T2D-P- group (Table 4). None of the differences at either genus or species 

level, however, remained significant after FDR correction.

Subgingival microbiome individuals with and without periodontitis in presence of type 2 diabetes (T2D+P+ vs 

T2D+P-)

At genus level, T2D+P+ group showed significantly higher abundance of Anaerolineaceae unclass. and 

Dialister, and significantly lower abundance of Campylobacter when compared to T2D-P+ group (Table 4). 

After correction for FDR, only Anaerolineaceae and Dialister maintained their statistical significance (adjusted 

p: < 0.0001 and 0.052, respectively). Compared to T2D+P- group, T2D+P+ group showed a significantly 

higher abundance of Anaerolineaceae bacterium oral taxon 439, Dialister pneumosintes, Leptotrichia sp. oral 

taxon and Treponema maltophilum (with the last two being detected only in T2D+P+ subjects) and significantly 
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lower abundance of Campylobacter gracilis and Rothia dentocariosa. After FDR correction, only the relative 

abundance of Anaerolineaceae bacterium oral taxon 439 remained significantly different between T2D+P+ 

group (1.5880%) and T2D+P- group (0.0087%) (adjusted p< 0.001). 

 

Subgingival microbiome in individuals with and without type 2 diabetes (irrespective of the presence/absence 

of periodontitis) 

Figure 5a and 5b show the most abundant (> 0.5% in at least one group) genera and species, respectively, in 

individuals with type 2 diabetes (n= 6) and individuals without type 2 diabetes (n= 6). Filifactor (and, within this 

genus, Filifactor alocis) and Ornithobacterium (and, within this genus, Ornithobacterium rhinotracheale) were 

significantly more abundant in subjects without type 2 diabetes compared to subjects with type 2 diabetes 

(Table 4), but none of these differences remained significant after FDR correction.

Subgingival microbiome in subjects with and without type 2 diabetes in absence of periodontitis (T2D-P- vs 

T2D+P-)

No significant inter-group differences in the relative abundance of one or more species were detected between 

T2D-P- vs T2D+P- groups (Table 4).

Subgingival microbiome in subjects with and without type 2 diabetes in presence of periodontitis (T2D-P+ vs 

T2D+P+)

At genus level, T2D+P+ group showed significantly higher abundance of Dialister and significantly lower 

abundance of Filifactor when compared to T2D-P+ group (Table 4). At species level, T2D+P+ group showed 

significantly higher abundance of Dialister pneumosintes and significantly lower abundance of Filifactor alocis 

and Treponema sp. OMZ 838 when compared to T2D-P+ group (Table 4). None of the differences observed at 

either genus or species level maintained its significance after FDR correction.

DISCUSSION
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In the present study, whole metagenomic shotgun sequencing was used to comparatively evaluate the 

subgingival microbiota of patients with and without type 2 diabetes with different periodontal conditions. Based 

on the presence/absence of type 2 diabetes and moderate-severe periodontitis, twelve subjects were selected, 

each falling into one of the four study groups. For each eligible subject, subgingival plaque samples were 

collected at 4 sites, all representative of the periodontal condition of the individual (i.e., non-bleeding sulci in 

subjects without a history of periodontitis, bleeding pockets in patients with moderate-severe periodontitis). 

The present study is the first using whole metagenomic analysis to provide with new insights on the potential 

impact of type 2 diabetes and periodontitis on the subgingival microbiome. Whole metagenomic shotgun 

sequencing has been increasingly recognized as the most comprehensive and robust method 

for metagenomics research (Ng & Kirkness, 2010; Noecker, McNally, Eng, & Borenstein, 2017). 

Although all indices for diversity in microbial species did not show significant differences among study groups, 

a clear tendency of richness and diversity of the subgingival microbiome to decrease was observed in 

presence of type 2 diabetes and periodontitis, with the lowest levels being found in patients affected by both 

diseases. This finding is consistent with the existing literature, which indicates that the presence of either 

periodontitis (and also its severity, when present) or type 2 diabetes are negatively correlated with the diversity 

of the oral microbial community (Ai, Huang, Wen, Li, Zhu & Xia, 2017, Sabharwal et al. 2018). This inverse 

relationship is also common to other diseases, such as inflammatory bowel disease and obesity (Walker et al. 

2011). Our results seem to confirm that periodontitis is due to a dysbiosis in the subgingival bacterial 

community resulting from the disruption of the host-microbial homeostasis by few bacterial species 

(Hajishengallis et al. 2011), rather than a true shift from some species to others.

The inclusion of type 2 diabetics in the study was subordinated to a poorly controlled diabetic status (as 

evaluated in terms of glycated haemoglobin). Several studies have pointed out the role of hyperglycaemia in 

determining an increased risk and severity of periodontitis (Cianciola, Park, Bruck, Mosovich, & Genco, 1982; 

Emrich, Shlossman & Genco, 1991; Morita et al., 2012) and, in particular, type 2 diabetes shows a strong 

association with periodontitis incidence and severity when it is poorly controlled. (Novaes, Gutierrez & Novaes, 
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1996; Tsai, Hayes & Taylor, 2002; Chen et al., 2010; Kowall et al., 2015; Khanuja, Narula, Rajput, Sharma & 

Tewari, 2017). Interestingly, recent studies using quantitative Polymerase Chain Reaction or 16S rDNA-based 

microbial profiling suggested that this relationship may reside in some alterations of the subgingival microbiota 

that are dependent on the level of metabolic control of diabetes. Miranda et al. (Miranda et al., 2017) observed 

that the frequencies and counts of some periodontal pathogens were increased in poorly controlled type 2 

diabetes compared to well controlled type 2 diabetes. Also, Longo et al. (Longo et al., 2018) reported different 

levels of ecological diversity in the subgingival microbiome of type 2 diabetics with adequate or poor metabolic 

control, with poorly controlled type 2 diabetes showing increased levels of succinate/acetate producers and 

decreased levels of butyrate producers. Overall, these findings sustain the importance to characterize the 

subgingival microbiome of patients with poorly controlled type 2 diabetes with high-resolution techniques such 

as whole metagenomic shotgun sequencing. 

Differences in the subgingival microbiome between subjects with and without type 2 diabetes were observed 

for a limited number of genera and species, only in presence of periodontitis and not in subjects without history 

of periodontitis. In particular, in presence of moderate-severe periodontitis, poorly controlled type 2 diabetes 

was associated with higher abundance of Dialister pneumosintes and lower abundance of Filifactor alocis and 

Treponema sp. OMZ 838 compared to systemically healthy subjects. While Dialister pneumosintes and 

Filifactor alocis are two species with a well documented history of association with several forms of 

periodontal, peri-implant and endodontic infections, including periodontitis (Contreras et al., 2000; Ferraro, 

Gornic, Barbosa, Peixoto & Colombo, 2007; Colombo et al., 2009; Silva-Boghossian, Neves, Resende & 

Colombo, 2013; Aruni, Chioma, & Fletcher, 2014, Aruni et al. 2015; Gogeneni et al., 2015; Collins et al., 2016; 

Gonçalves et al., 2016; Perez-Chaparro et al., 2018), Treponema sp. OMZ 838 has been only recently 

associated with necrotizing ulcerative gingivitis lesions in an anecdotal report (Chan et al., 2014). These few 

differences, however, were not maintained after FDR correction, thus indicating that type 2 diabetes is not 

robustly associated with substantial alterations of the subgingival microbiota, but rather determines mild 

changes in the abundance of few species (which include keystone pathogens, i.e. such species that initiate the 
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cascade leading to dysbiosis and clinical manifestation of disease). Although this general finding is shared with 

previous studies, the bacterial species that showed differences between patients with and without type 2 

diabetes differed from those identified in other studies (Zhou et al., 2013; Casarin et al., 2013; Babaev et al., 

2017). Differences can be partly explained by differences in patient selection criteria (including factors such as 

smoking, see Gomes et al., 2006), case definitions and severity of type 2 diabetes and periodontitis, clinical 

characteristics of the sampled sites, and technique used for the analysis of the subgingival microbiome. 

In the present material, subgingival plaque samples were collected at non-bleeding sulci in subjects without a 

history of periodontitis, while at bleeding pockets in patients with moderate to severe periodontitis. This 

methodological approach was used due to the well-known impact of the periodontal condition (particularly in 

terms of probing depth) of the sampled site on the subgingival microbiome (Ge, Rodriguez, Trinh, Gunsolley & 

Xu, 2013; Pérez-Chaparro et al., 2018). 

When comparing the subgingival microbiome of individuals with and without periodontitis, red complex species 

(specifically, Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola) showed a tendency to 

be present in higher abundance in periodontitis patients. The difference in Porphyromonas gingivalis reached 

the statistical significance (p= 0.004) in T2D-P+ vs T2D-P-. After statistical correction, only Anaerolineaceae 

bacterium oral taxon 439 maintained its statistical significance, resulting in higher relative abundance in 

periodontitis patients vs individuals without periodontitis, both in the overall population and in the type 2 

diabetes sub-sample. Anaerolineaceae bacterium oral taxon 439 is an oral anaerobe bacterium isolated from 

pure cultures of human oral samples, but little is known about its relationship with destructive periodontal 

disease (Dewhirst et al., 2010). The Anaerolineaceae bacterium oral taxon 439 was firstly described only 

recently (Vartoukian et al. 2016). The difficulties in the isolation of Anaerolineae bacterium HOT-439 in plaque 

cultures were proven to be dependent on the need for “helper” bacteria (e.g., Fusobacterium nucleatum) for its 

growth in vitro (Vartoukian et al. 2016). Inferences from the available genomic data for this Anaerolineaceae 

sp. suggest a niche-specific adaptation for survival in host environments, with regard to the ability to evade 

host defence system and the ability to scavenge material from lysed cells/tissue (Campbell et al., 2014). 
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Anaerolineae bacterium HOT-439 represents the first oral taxon from the Chloroflexi phylum that has been 

cultivated from plaque samples obtained from deep periodontal pockets. While this strain was frequently 

isolated (three over four samples) in the study by Vartoukian et al. (2016), other studies based on molecular 

analyses suggested that the Chloroflexi taxon is a low-abundance member of the human oral cavity (Dewhirst 

et al., 2010; Campbell et al., 2014), with a prevalence of 0.003% (HOMD). A possible explanation for this 

inconsistency could come from the presence of base mismatches between the ‘universal’ bacterial primers, 

commonly used in 16S rRNA sequencing, and the Anaerolineae bacterium oral taxon 439 specific gene 

sequence, that might result in a molecular detection bias against this taxon (Camanocha & Dewhirst, 2014) 

with the 16S approach. 

Based on whole metagenomic shotgun sequencing, our analyses overcome some technical bias observed in 

16S rDNA-based microbial profiling being more effective in the detection of low-abundant taxon, such as HOT-

439. Thus, our results consolidate the existing literature (Abusleme et al., 2013; Szafranski et al., 2015) that 

assign this Chloroflexi taxon to the ‘core’ periodontitis-associated microbiome (Abusleme et al., 2013) and 

suggests it as a potential biomarker for periodontitis (Szafranski et al., 2015).

In conclusion, the results of the present study showed that: (i) the presence of type 2 diabetes and/or 

periodontitis were associated with a tendency of the subgingival microbiome to decrease in richness and 

diversity; (ii) the presence of type 2 diabetes was not associated with significant differences in the relative 

abundance of one or more species in patients either with or without periodontitis; (iii) a significantly higher 

relative abundance of Anaerolineaceae bacterium oral taxon 439 in periodontitis patients vs individuals without 

periodontitis, which was maintained when the comparison was restricted to patients with type 2 diabetes. 
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TABLES

Table 1. Characteristics of the study population. 

Table 2. Clinical characteristics of sites selected for subgingival plaque sampling.

Table 3. Statistics of whole metagenome shotgun sequencing of plaque samples.

Table 4. Bacteria genera/species having a nominal significantly difference  0.01 level at White’s non-
parametric t-test applied to compare relative abundance between groups.

FIGURE LEGENDS

Figure 1. Number of reads in each group. a. Total reads sequenced (p= 0.546). b. Total reads after filtering 
(p= 0.281). Data are represented as medians and minimum-maximum bars.

Figure 2. Intrapersonal diversity of the subgingival microbiome. a. Richness (p= 0.218). b. Evenness 
Index (J) (p= 0.838). c. alpha-diversity index (H’) (p= 0.789). d. Beta-diversity Index (p= 0.789). Data are 
represented as medians and minimum-maximum bars.

Figure 3. Plots of principal coordinates analysis (PCoA) of subgingival microbiota based on Bray-
Curtis matrix distances (species level). Each point represents the microbiota composition of one participant. 
a. T2D-P- (n= 3) and T2D-P+ (n= 3) groups; b. T2D+P- (n= 3) and T2D+P+ (n= 3) groups; c. T2D-P- (n= 3) 
and T2D+P- (n= 3) groups; d. T2D+P+ (n= 3) and T2D-P+ (n= 3) groups.

Figure 4. Forty most abundant genera (a) and species (b) in the four study groups. Bar heights correspond to 
relative abundance percentage, and are log-scaled. The error bar indicates one unit of standard error.

Figure 5. Bacterial genera and species with relative abundance > 0.5% in: a. Bacterial genera in patients 
with periodontitis (n= 6) and individuals without periodontitis (n= 6); b. Bacterial species in patients with 
periodontitis (n= 6) and individuals without periodontitis (n= 6); c. Bacterial genera in patients with type 2 
diabetes (n= 6) and individuals without type 2 diabetes (n= 6); d. Bacterial species in patients with type 2 
diabetes (n= 6) and individuals without type 2 diabetes (n= 6).













Table 1. Characteristics of the study population. 

Group Patient Gender
Age

(years)

Year of type 
2 diabetes 
diagnosis

 Glycated 
haemoglobin 

(%)

Teeth 
present

(n)

Sites with 
probing 

 5 
mm
(n)

Bleeding on 
probing score

(%)

#1 male 67 1990 7.3 24 18 30
#2 female 60 2000 8.0 24 29 36T2D+P+
#3 male 70 2003 7.4 20 26 44
#1 male 47 2012 8.0 26 0 18
#2 male 54 1995 7.8 25 0 17T2D+P-
#3 male 46 2009 7.1 28 0 20
#1 female 62 - - 24 19 49
#2 female 45 - - 24 39 49T2D-P+
#3 female 51 - - 22 23 28
#1 female 54 - - 28 0 8
#2 male 47 - - 26 0 25T2D-P-
#3 female 59 - - 32 0 12



Table 2. Clinical characteristics of sites selected for subgingival plaque sampling.

Group Patient Tooth Tooth aspect
Probing 
depth
(mm)

Bleeding 
on probing

(+/-)
1.6 distolingual 7 +
1.4 mesiolingual 6 +
4.1 mesiobuccal 6 +

#1

3.2 distobuccal 6 +
2.5 distobuccal 7 +
2.6 distobuccal 8 +
3.5 distobuccal 6 +

#2

4.5 distolingual 6 +
3.1 mesiobuccal 9 +
4.3 distobuccal 8 +
3.2 distobuccal 5 +

T2D+P+

#3

2.3 distobuccal 6 +
1.3 mesiobuccal 2 -
4.4 mesiobuccal 3 -
2.3 mesiobuccal 2 -

#1

3.4 mesiobuccal 3 -
4.4 mesiobuccal 3 -
1.6 mesiobuccal 3 -
2.6 mesiobuccal 3 -

#2

3.5 mesiobuccal 3 -
1.1 distobuccal 3 -
1.3 distolingual 3 -
4.2 mesiobuccal 3 -

T2D+P-

#3

3.4 mesiobuccal 3 -
1.4 distobuccal 6 +
2.6 distobuccal 7 +
3.3 distobuccal 7 +

#1

4.4 distolingual 6 +
2.2 mesiobuccal 5 +
2.1 distolingual 6 +
3.2 mesiobuccal 6 +

#2

4.2 mesiobuccal 6 +
4.7 mesiobuccal 5 +
1.7 mesiolingual 6 +
2.5 distolingual 6 +

T2D-P+

#3

2.6 distolingual 8 +
4.3 mesiobuccal 2 -
2.6 mesiolingual 3 -
1.6 mesiobuccal 3 -

#1

3.4 distobuccal 3 -
4.3 mesiobuccal 2 -
3.4 mesiobuccal 3 -
2.4 mesiobuccal 2 -

#2

1.2 mesiobuccal 2 -
3.2 mesiobuccal 3 -
4.2 distobuccal 3 -
2.4 mesiobuccal 3 -

T2D-P-

#3

1.3 distobuccal 3 -
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