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Features of the oral microbiome
in Japanese elderly people with
20 or more teeth and a
non-severe periodontal
condition during periodontal
maintenance treatment:
A cross-sectional study

Naoki Toyama1*, Daisuke Ekuni1, Aya Yokoi1, Daiki Fukuhara2,
Md Monirul Islam1, Nanami Sawada1, Yukiho Nakashima2,
Momoko Nakahara1, Ichiro Sumita1 and Manabu Morita1

1Department of Preventive Dentistry, Faculty of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama University, Okayama, Japan, 2Department of Preventive Dentistry, Okayama University
Hospital, Okayama, Japan
Introduction: The aim of the present study was to characterize the profile and

diversity of the oral microbiome of a periodontally non-severe group with ≥20

teeth in comparison with a severe periodontitis group of elderly Japanese people.

Methods: A total of 50 patients who had ≥20 teeth and aged ≥60 years were

recruited, and 34 participants (13 non-severe participants) were analyzed. After

oral rinse (saliva after rinsing) sample collection, the V3–V4 regions of the 16S

rRNA gene were sequenced to investigate microbiome composition, alpha

diversity (Shannon index, Simpson index, richness, and evenness), and beta

diversity using principal coordinate analysis (PCoA) based on weighted and

unweighted UniFrac distances. A linear discriminant analysis effect size was

calculated to identify bacterial species in the periodontally non-severe group.

Results: The periodontally non-severe group showed lower alpha diversity

than that of the severe periodontitis group (p <0.05); however, the beta

diversities were not significantly different. A higher relative abundance of four

bacterial species (Prevotella nanceiensis, Gemella sanguinis, Fusobacterium

periodonticum, and Haemophilus parainfluenzae) was observed in the non-

severe group than that in the severe periodontitis group.

Conclusion: The oral microbiome in elderly Japanese people with ≥20 teeth

and a non-severe periodontal condition was characterized by low alpha

diversity and the presence of four bacterial species.
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1 Introduction

Prevention of tooth loss is important for maintaining a good

quality of life in elderly people. The number of remaining teeth

affects dietary intake (Yoshihara et al., 2005). Since the number

of remaining teeth is associated with successful aging in older

Japanese people (Tanji et al., 2020), the 8020 Campaign (keeping

20 teeth or more at 80 years of age) was proposed (8020

Promotion Foundation, 2021). The 8020 Campaign is based

on data showing that elderly people with ≥20 teeth can eat food

without difficulty (Yoshihara et al., 2005). The proportion of

elderly people with ≥20 teeth is increasing.

The next challenge is to increase the number of teeth with

good periodontal condition. The prevalence of periodontitis is

about 20%–50% in the global population (Nazir, 2017), and

severe periodontitis has increased over the past 30 years (Chen

et al., 2021). In Japan, the National Survey of Dental Diseases in

2016 showed that the prevalence of pocket depth ≥4 mm was

44.1%–57.9% in elderly people (≥60 years old) (Survey of Dental

Diseases, 2017). Periodontitis can lead to the worsening of

diabetes mellitus, coronary heart disease, stroke, rheumatoid

arthritis, cancer, chronic kidney disease, and respiratory disease

and increase the risk of preterm delivery (Nazir, 2017). In

addition, the loss of periodontal support structures has a

negative impact on masticatory cycle efficiency and molar bite

force (Palinkas et al., 2019). Nielsen et al. (2016) showed the

negative effects of periodontitis on dietary intake regardless of

the number of remaining teeth. Therefore, to maintain the

quality of life of the elderly, it is important for the remaining

teeth to have good periodontal health.

Understanding the characteristics of the oral microbiome is

important for understanding periodontitis. Periodontitis is

caused by oral bacteria. The oral microbiome is a bacterial

community that consists of over 600 bacterial species

(Dewhirst et al., 2010). Of all the bacteria in humans, 26% are

present in the mouth (Peterson et al., 2009). The characteristics

of the oral microbiome, including microbial profile and

diversity, critically affect the maintenance of good health or

progression toward disease (Mark Welch et al., 2016; Deo and

Deshmukh, 2019). Recent microbiome studies have examined

the diversity of bacterial communities using pyrosequencing of

the 16S rRNA gene and have compared their functional profiles

(Esberg et al., 2022; Narita and Kodama, 2022). Therefore, such

sequencing can comprehensively investigate the characteristics

of the oral microbiome and help us to understand the nature of

periodontitis in elderly individuals.

The oral microbiome composition differs among various

microhabitats (Caselli et al., 2020; Li et al., 2022). The prevalence

of the most abundant bacterial genera differs in microbial

distribution among sites [saliva, oral rinse (saliva after

rinsing), tongue, and supra- and subgingival plaque] (Caselli

et al., 2020; Li et al., 2022). As saliva samples are in contact with
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most surfaces (oral cavity) (Marsh et al., 2016; Saito et al., 2021),

they may be suitable for evaluating the entire oral condition. As

dental plaque induces oral inflammation, plaque samples are

advantageous for assessment of site specificity. The tongue is the

largest microbial habitat in the oral cavity, and various kinds of

microbial species, both aerobic and anaerobic, inhabit the

tongue coating. Tongue samples can be assessed using tongue

coatings. The oral rinse microbiome is similar to the saliva

sample but it is more representative of the whole site-specific

microbiome than saliva samples (Caselli et al., 2020). Caselli

et al. showed that several highly prevalent bacterial genera

(Streptococcus , Candidatus , Cutibacterium , Gemella ,

Pseudomonas , Actinomyces , Pseudopropionibacterium ,

Aggregatibacter, Corynebacterium, Staphylococcus, Veillonella,

Parvimonas, and Micrococcus) were more abundantly detected

in oral rinse than in saliva (Caselli et al., 2020). Therefore, a

representative oral microbiome may be suitable for assessment

using oral rinse samples.

Previous studies have investigated the characteristics of the

microbiome based on the presence or progression of

periodontitis. However, there is insufficient information

regarding the oral microbiome associated with the severity of

periodontal conditions. First, the features of the oral

microbiome in elderly Japanese individuals with ≥20 related

with severity of periodontal condition are unclear. In

particular, the features of the oral microbiome in elderly

people who can achieve the goals of the 8020 Campaign

(keeping 20 teeth or more at 80 years of age) associated with

the severity of periodontal disease are not known. Second, only

a few studies have assessed the oral microbiome by considering

the number of teeth. Takeshita et al. showed that the number of

teeth is related to the saliva microbiome (Takeshita et al.,

2016). The number of teeth should be considered in the

saliva and oral rinse microbiome surveys. Third, the method

of assessment of the periodontal condition changed in July

2018 (Papapanou et al., 2018; Tonetti et al., 2018). The severity

and complexity of periodontitis are divided into four stages

(stage I/II is non-severe, and stage III/IV is severe

periodontitis). Other large-scale studies of periodontal

microbiota in the elderly used the 1999 classification system,

which assessed only probing depth (PD) and clinical

attachment level (CAL) (Papapanou et al., 2018). Therefore,

we focused on the characteristics of the microbiome associated

with non-severe periodontal conditions in subjects with ≥20

teeth. We hypothesized that certain characteristics of the oral

microbiome could result in the maintenance of a substantial

number of remaining teeth with a non-severe periodontal

condition. The purpose of the present study was to compare

the oral microbiome profile and diversity between elderly

Japanese individuals (≥20 teeth) with a non-severe

periodontal condition (stage I or II periodontitis) and a

severe periodontal condition (stage III or IV periodontitis).
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2 Methods

2.1 Study population

This cross-sectional study included patients who were receiving

periodontal maintenance treatment every three months at the

Clinic of Preventive Dentistry at Okayama University Hospital

between December 2020 and January 2021. The participants had

periodontitis and received periodontal maintenance treatment

every three months for a minimum of 2 years (mean ± standard

deviation, 10.2 ± 4.3 years). All participants underwent oral

examination and oral rinse sampling, completed self-reported

questionnaires, and had their body mass index (BMI) and body

fat percentage determined. The inclusion criteria were age ≥60 years

and ≥20 teeth. The exclusion criteria were the use of antibiotics

within six months and regular use of mouthwash.
2.2 Ethical procedures and
informed consent

The study was approved by the ethics committees of the

Okayama University Graduate School of Medicine, Dentistry,

and Pharmaceutical Sciences and Okayama University Hospital

(no. 2104-017). All participants provided verbal and written

informed consent to participate in this study.
2.3 Oral examination

Periodontitis was classified into four stages using the World

Workshop on the Classification of Periodontal and Peri-Implant

Diseases and Conditions (Papapanou et al., 2018; Tonetti et al.,

2018). Well-experienced dentists investigated the probing depth,

mobility, clinical attachment levels, and furcation involvement

(Lindhe and Nyman, 1975; Nyman et al., 1975). Two dentists

(NT and YN) checked the degree of bone loss on the X-rays.

Medical records were used to check for tooth extraction for

periodontitis. One dentist (NT) determined the stage of

periodontitis (Supplemental Table S1). Following the classification

of periodontitis, stages I and II were defined as the non-severe

group, and stages III and IV were defined as the severe group

(Supplemental Table S1). Stages I and II do not have tooth loss

caused by periodontitis, interdental clinical attachment level at the

site of greatest loss >4 mm, radiographic bone loss >33% root

length, or maximum probing depth >5mm (Papapanou et al., 2018;

Tonetti et al., 2018).
2.4 Questionnaires

Self-reported questionnaires were used to investigate age,

sex, smoking and alcohol status, number of snacks, use of
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interdental brushes and dental floss, mental stress, drugs,

medical history, last instance of tooth brushing, and final

intake of food, which are factors that can affect the

composition of the oral microbiome (Cornejo Ulloa et al.,

2019). Participants were also asked if they had used antibiotics

within 6 months and if they regularly used mouthwash.
2.5 Oral rinse microbiome analysis

Oral rinse samples were collected to investigate the oral

microbiome composition. To reduce the effects of food intake

and tooth brushing, samples were collected at 10:00 AM–12:00

PM or 2:00 PM–4:00 PM, 1 h or more after food intake and

tooth brushing. The participants rinsed with 3 ml of sterilized

water for 10 s and then spat into a sterilized tube (Jo et al., 2019)

to prevent contamination. After sampling, the samples were

stored at –80°C.

DNA sequencing was performed according to the 16S

metagenomics sequencing library preparation protocol (16s-

metagenomic-library-prep-guide-15044223-b.pdf, 2021) of the

Oral Microbiome Center (Taniguchi Dental Clinic, Kagawa,

Japan). First, the V3 and V4 regions of the 16S rDNA were

amplified using the primers 341F (5’-TCGTCGGCAGCG

TCAGATGTGTATAAGAGACAGNNNCCTACGGGNGGC

WGCAG-3’) and 806R (5’-GTCTCGTGGGCTCGGAGATGT

GTATAAGAGACAGNNNGACTACHVGGGTATCTAATCC-

3’). Next, adapter and index arrays were added to both sides of the

DNA. The concentrations of the products were adjusted to be the

same. Next-generation sequencing (NGS) was performed using the

obtained sequences and the MiSeq platform (MiSeq Reagent V3

600 cycles, Illumina, San Diego, CA, USA). The read length was 300

bp × 2 paired ends. The obtained reads showed a cluster density of

923 K/mm2, a passing filter of 89.53%, and an average Q30 of

70.5%. After sequencing, the reads were refined using UPARSE

(Edgar, 2013). The quality of the reads was checked using the

FastQC software (The Babraham Institute, Babraham,

Cambridgeshire, UK). Then, we removed low-quality portions of

the lead ends (trimming) and combined the high-quality reads

using Usearch. Then, NNN, which was inserted into the first PCR

primer, was trimmed for improved cluster identification. Low-

quality reads were removed using a qc filter (e-value >2.0; read

length >200 bp). The refined reads were then clustered at 97%

identity using UCLUST (Edgar, 2010), and chimera sequences were

eliminated (Haas et al., 2011). Finally, the arrangements were

collated using the Human Oral Microbiome Database (HOMD)

(Chen et al., 2010), and bacterial species were identified.
2.6 Other factors

As BMI and body fat percentage are related to periodontitis,

BMI and body fat percentage were measured using a body
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composition meter with a stature meter (BH-300A-N, TANITA,

Tokyo, Japan).
2.7 Statistical analysis

To analyze the oral rinse microbiome, alpha (richness and

evenness of bacterial taxa within a community) and beta (the

ecological distance between samples) diversities were analyzed.

Alpha diversities were assessed using Shannon and Simpson

indices. Beta diversities were assessed using principal coordinate

analysis (PCoA) based on weighted and unweighted UniFrac

distances. Adonis and Anosim were used to assess differences in

composition between the non-severe and severe groups.

Permdisp2 was used to assess the differences in dispersion.

Network analysis was performed to investigate correlations

among bacterial species at the species level. Correlations were

evaluated using Pearson’s correlation coefficients, and

correlation coefficients ≤|0.55| were shown (Sisk-Hackworth

et al., 2021). Taxa are represented as nodes, with taxa

abundance as node size, and edges as positive and negative

associations. Blue nodes indicate the bacterial species related to

the non-severe group, and red nodes are those related to the

severe group. Positive correlations are represented by blue lines

and negative correlations are indicated by yellow lines. The

diversity indices and network analysis were analyzed using

Calypso (http://cgenome.net:8080/calypso-8.84/faces/

uploadFiles.xhtml; accessed on July 15, 2021).

To identify bacterial species in the non-severe group, the

linear discriminant analysis effect size (LDA score) was

calculated, with a cut-off value of 3.0. Galaxy (https://

huttenhower.sph.harvard.edu/galaxy/; accessed on July 15,

2021) was used to calculate the LDA score.

Fisher’s exact test was used to examine differences in the

presence of bacterial species between the non-severe and

severe groups.

Statistical analyses were conducted using SPSS version 22

(IBM, Tokyo, Japan) for Fisher’s exact test and the Mann–

Whitney U test. Statistical significance was set at P <0.05. To

adjust for multiple comparisons, the q-value was calculated

using the Benjamini and Hochberg false discovery rate based

on the results of the p-value; all q-values <0.05 were

considered significant.
3 Results

3.1 Participants’ characteristics

Figure 1 shows the flowchart of the present study. Fifty

patients were included in this study. As 16 patients met the

exclusion criteria, 34 patients (13 periodontally non-severe and

21 severe) were analyzed. No parameters were significantly
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different between the two groups (Table 1). The durations of

periodontal maintenance treatment were not different between

the two groups (non-severe group, 10.6 ± 4.4 years; severe group,

10.0 ± 4.3 years; p = 0.649 on the Mann–Whitney U test, data

not shown).
3.2 Oral rinse microbiota

3.2.1 Diversity
A total of 2,941,777 reads were merged, and 2,806,083 reads

were filtered from 34 oral rinse samples. A total of 463

operational taxonomic units (OTUs) were obtained based on

97% sequence similarity, and 11 phyla, 23 classes, 34 orders, 54

families, 100 genera, and 353 species were identified. In alpha

diversity, the Shannon and Simpson’s indices were significantly

greater in the periodontitis group than those in the non-severe

group (Figure 2). Evenness, but not richness, was significantly

lower in the non-severe group than that in the severe group

(Figure 2). All parameters of beta diversity were not

significantly different between the non-severe and severe

groups (weighted UniFrac distance (Anosim, P = 0.77;

Adonis, P = 0.459; Permdisp2, P = 0.71); unweighted

UniFrac distance (Anosim, P = 0.151; Adonis, P = 0.0583;

Permdisp2, P = 0.588)) (Figure 3).
3.2.2 Difference in relative abundance
Figure 4 shows the results of the LDA effect size (comparison

of relative abundances). One class, two orders, two families, two

genera, and five species in the non-severe group had LDA scores

>3.0. Four of the five species were significantly more common in

the non-severe group than in the severe group (Prevotella

nanceiensis (P. nanceiensis), Gemella sanguinis (G. sanguinis),

Fusobacterium periodonticum (F. periodonticum), and

Haemophilus parainfluenzae (H. parainfluenzae)) (Table 2).

3.2.3 Difference in existence
Supplemental Figure S1 shows the bacterial species with a

prevalence of >70% in the non-severe or severe group. Seven

bacterial species (Actinomyces sp. oral taxon 170,

Lachnospiraceae [G-2] sp. oral taxon 096, Stomatobaculum sp.

oral taxon 097, Leptotrichia sp. oral taxon 215, Leptotrichia sp.

oral taxon 221, Haemophilus sputorum, and TM7 [G-1] sp. oral

taxon 347) with a prevalence of >70% were observed only in the

non-severe group. However, the prevalence of the seven bacterial

species was not significantly different between the two groups

(Supplemental Table S2). These results indicate that the presence

of bacterial species did not differ between the two groups.

3.2.4 Network analysis
Figure 5 shows the correlations between the bacterial species.

The three network groups were as follows: Group 1, P.
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FIGURE 1

Flow chart.
TABLE 1 Differences in parameters between the non-severe and severe groups.

Non-severe group Severe group P
N = 13 N = 21

Sex Male 5 (38.5)a 8 (38.1) 1b

Female 8 (61.5) 13 (61.9)

Diabetes mellitus No 11 (84.6) 19 (90.5) 0.627

Yes 2 (15.4) 2 (9.5)

Smoking status No 5 (38.5) 7 (33.3) 1

Past 8 (61.5) 14 (66.7)

Alcohol No 6 (46.2) 12 (57.1) 0.756

Past 1 (7.7) 2 (9.5)

Current 6 (46.2) 7 (33.3)

Snack No 6 (46.2) 5 (23.8) 0.288

1 time/day 4 (30.8) 12 (57.1)

≥2 times/day 3 (23.1) 4 (19.0)

Interdental brushes No 2 (15.4) 1 (4.8) 0.518

Sometimes 3 (23.1) 7 (33.3)

Everyday 8 (61.5) 13 (61.9)

Dental floss No 9 (69.2) 13 (61.9) 0.910

Sometimes 3 (23.1) 6 (28.6)

Everyday 1 (7.7) 2 (9.5)

Mental stress No 4 (30.8) 11 (52.4) 0.086

Sometimes 9 (69.2) 7 (33.3)

Always 0 (0) 3 (14.3)

Age, y 71 (66, 74)c 73 (67, 79) 0.400d

Remaining teeth 27 (26, 28) 26 (24, 27) 0.112

Body mass index, kg/m2 23.3 (18.4, 25.0) 22.3 (20.7, 23.6) 0.897

Body fat percentage 25.2 (14.4, 37.1) 28.9 (21.8, 32.8) 0.982

Time from last tooth brushing (min) 145 (60, 225) 120 (60, 180) 0.576

Time from last food intake (min) 180 (135, 225) 180 (125, 205) 0.889
Frontiers in Cellular and Infection Microbiology
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nanceiensis, F. periodonticum, Neisseria subflava, Streptococcus

sp. oral taxon 058, Bergeyella sp. oral taxon 322, Porphyromonas

pasteri, and Veillonella rogosae; Group 2, Prevotella oris,

Fusobacterium nucleatum subsp. vincentii, Fusobacterium

nucleatum subsp. polymorphum, Bacteroidales [G-2] sp. oral

taxon 274, Tannerella forsythia , and Porphyromonas
Frontiers in Cellular and Infection Microbiology 06
endodontalis; and Group 3, Prevotella pallens, Prevotella sp.

oral taxon 306, Actionomyces sp. oral taxon 180, Megasphaera

micronuciformis, Prevotella salivae, Veillonella disper,

Actinomyces graevenitzii , Alloprevotella tannerae, and

Prevotella histicola. A negative correlation was observed

between Groups 1 and 2.
FIGURE 2

The difference in the alpha diversity index between the non-severe group and the severe group. N, non-severe group; S, severe group; OTU,
operational taxonomic unit.
A B

FIGURE 3

Principal coordinate analysis of the non-severe group and the severe group based on weighted (A) and unweighted (B) UniFrac distances. The
plots are based on weighted (A) and unweighted (B) UniFrac distances and the relative abundances of bacterial OTUs. Red and blue plots
indicate the non-severe and severe groups, respectively. N, non-severe group; S, severe group; PCoA, principal coordinate analysis.
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4 Discussion

To the best of our knowledge, this is the first study to investigate

the characteristics of the oralmicrobiome in elderly Japanese people

with ≥20 teeth with a non-severe periodontal condition and

compare them to those with severe periodontitis. The present

study focused on the diversity and specific species of bacteria in

non-severe periodontal conditions. Evenness differed significantly

between the non-severe and severe groups. The relative abundances

of four bacterial species (P. nanceiensis, G. sanguinis, F.

periodonticum, and H. parainfluenzae) were found to be greater

in the non-severe group than those in the severe group. Seven

bacterial species with a prevalence of >70% were found only in the

non-severe group. However, the prevalence of the seven bacterial

species was not significantly different between the two groups.
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In the present study, the alpha diversity was significantly lower

in the non-severe group than in the severe group. Some studies have

shown higher alpha diversity in patients with severe periodontal

disease than in non-severe and healthy controls (Griffen et al., 2012;

López-Martıńez et al., 2020). Saito et al. showed that alpha diversity

was correlated with periodontitis severity in the saliva and plaque

(Saito et al., 2021). However, Plachokova et al. showed that the

alpha diversity of plaque was not associated with the severity of

periodontitis (Plachokova et al., 2021). Previous studies did not

incorporate the association between alpha diversity and periodontal

status because the techniques used, standardization methods, and

sample sizes varied (Deo and Deshmukh, 2019). Although the

findings remain controversial, the major trends of previous studies

support the present study showing that alpha diversity was low in

the non-severe group and suggested that elderly people with ≥20
FIGURE 4

Graphics of linear discriminant analysis (LDA) effect size (LEfSe) for non-severe and severe groups. The horizontal bars indicate the effect size of
each taxon. The length of the bar shows the log10 transformed LDA score, as indicated by the vertical dotted lines. The green and red bars
indicate the non-severe and severe groups, respectively. The threshold of the logarithmic LDA score for the discriminative features was set to
3.0. The taxon of bacteria with a significant change (p <0.05) in relative abundance is shown along the horizontal lines. The taxon level is
abbreviated as p, phylum; c, class; o, order; f, family; g, genus; and s, species; N, non-severe group; S, severe group.
TABLE 2 Comparison of the relative abundance of bacterial species between the non-severe and severe groups.

Non-severe group (n = 13) Severe group (n = 21) pa qb

Prevotella nanceiensis 0.0064 (0.0029, 0.0221)c 0.0018 (0.0002, 0.0039) 0.005 0.025

Gemella sanguinis 0.0074 (0.0036, 0.0096) 0.0034 (0.0022, 0.0054) 0.014 0.035

Streptococcus sp. oral taxon 058 0.0837 (0.0656, 0.1000) 0.0581 (0.0500, 0.0756) 0.050 0.050

Fusobacterium periodonticum 0.0549 (0.0262, 0.0810) 0.0215 (0.0131, 0.0519) 0.035 0.044

Haemophilus parainfluenzae 0.0534 (0.0294, 0.0898) 0.0246 (0.0139, 0.0544) 0.029 0.048
frontiersi
aMann–Whitney U test, badjusted p-value by Benjamini–Hochberg’s false discovery rate (FDR), cMedian (25th percentile, 75th percentile).
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teeth and a non-severe periodontal condition had lower

alpha diversity.

Microbiome structure (beta diversity) did not differ between

the non-severe and severe groups. This result suggests that the

microbial community composition in the oral rinse did not differ in

the severity of periodontitis. Saito et al. (2021) showed no difference

in beta diversity by severity of periodontitis. The present

observation supports that of previous studies and indicates that

microbial community composition might not differ between non-

severe and severe groups in elderly Japanese people.

P. nanceiensis was isolated in 2007 (Alauzet et al., 2007) and

is related to a healthy airway (Hilty et al., 2010); and is a

representative bacterium of healthy airways (Hilty et al., 2010).

However, it is unclear whether P. nanceiensis affects periodontal

conditions. P. nanceiensis has saccharolytic effects and produces

acid as a major metabolic end-product (Alauzet et al., 2007). P.

gingivalis does not increase under acidic conditions (Takahashi

and Schachtele, 1990). In the present study, P. nanceiensis was

negatively correlated with P. gingivalis (Spearman’s correlation

coefficient, −0.403; p = 0.018; data not shown). It is possible that

P. nanceiensis inhibits the growth of P. gingivalis.

G. sanguinis was more common in the non-severe group

than in the severe group.G. sanguinis produces alkaline
Frontiers in Cellular and Infection Microbiology 08
phosphatases (Ulger-Toprak et al., 2010). Alkaline phosphatase

hydrolyzes non-organic pyrophosphate, which inhibits the

mineralization process (Coleman, 1992). Alkaline phosphatase

activity is upregulated in regenerating human periodontal cells

(Kuru et al., 1999). G. sanguinis tends to inhibit the growth of P.

gingivalis (Miyoshi et al., 2021), because it decreases the pH due

to acid production, which inhibits the growth of P. gingivalis

(Miyoshi et al., 2021). Thus, the genus Gemella may also

inhibit periodontitis.

F. periodonticum was more common in the non-severe

group than in the severe group. F. periodonticum belongs to

the so-called “orange complex,” which is thought to include the

precursor pathogens in the establishment of a “red complex”

ecology, which leads to periodontal destruction (Socransky and

Haffajee, 2005). A previous study showed that F. periodonticum

was present in subjects with chronic periodontitis (Ximenez-

Fyvie et al., 2006). Recently, F. periodonticum has been

considered as a potential commensal with opportunistic

disease potential (Park et al., 2010). Fusobacterium is a middle

colonizer found in the gingival sulcus and periodontal pockets

(Periasamy and Kolenbrander, 2010). The non-severe group

included stages I and II, so it is possible that the relative

abundance of F. periodonticum, which belongs to the “orange
FIGURE 5

The interaction of bacteria using network analysis. Taxa and explanatory variables are represented as nodes, taxa abundance as node size, and
edges as positive and negative associations. The networks were generated using Spearman’s rho. The nodes of positively or negatively
correlated taxa are connected with yellow and blue edges, respectively. The blue and red nodes indicate the bacteria related to the non-severe
and severe groups, respectively. Positive and negative correlations as edges are indicated by yellow and blue lines, respectively.
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complex,” was greater than that in the severe group, which

included stages III and IV. Therefore, F. periodonticum may not

be associated with the severity of periodontal conditions.

H. parainfluenzae in a non-severe periodontal condition are

more abundant than in a severe condition (Relvas et al., 2021). Van

Hoogmoed et al. (2008) showed that H. parainfluenzae reduces the

adhesion of P. gingivalis. P. gingivalis, which is a late colonizer,

adheres to other bacterial species to upregulate periodontitis

(Periasamy and Kolenbrander, 2009), but H. parainfluenzae can

inhibit this adhesion. Thus, H. parainfluenzae may contribute to

non-severe periodontal conditions.

These four bacterial species may interact to regulate the

severity of periodontal conditions. Abusleme et al. (2021) and

Relvas et al. (2021) showed a network analysis of health-

associated communities. Both studies showed that bacteria

related to the severity of periodontitis interact. In the present

study, network analysis confirmed the interaction between the

bacterial species in the non-severe group (Figure 5). The results

indicated that the four bacterial species co-occurred and led to

the non-severe periodontal condition.

The results of this study are therefore clinically relevant. First,

the present results are useful for estimating ideal periodontal

status. The participants in the present study had ≥20 teeth

(average number of teeth: 25.9) and were aged ≥60 years.

Therefore, the present results show the pattern of a non-severe

microbiome in elderly people. Secondly, an oral rinsemicrobiome

was observed in the two groups. Since oral rinse samples are easy

to collect, clinicians may be able to easily determine whether their

patients are at risk of periodontitis and tooth loss.

The strength of the present study was that confounders were

controlled. Several factors affect the oral microbiome (Cornejo

Ulloa et al., 2019). It was possible to control for some of the

factors that affect the oral microbiome, including age, sex, diet,

smoking, drugs, stress, access to dental care, and oral hygiene habits

(Table 1). The present study may have reduced the effects of

confounders that affected the composition of the oral microbiome.

Some limitations of this study must be considered when

interpreting the results. First, it was not possible to adjust for

nutritional factors, salivary cortisol, buffer capacity, salivary pH,

attachment surfaces, or body temperature (Cornejo Ulloa et al.,

2019). All participants were ≥60 years old, and most people in

this age category had a chronic disease. However, the effects of

medical history (other than diabetes mellitus) were not

evaluated. These factors may affect the salivary microbiome.

Second, since the present study was a cross-sectional study, it is

unclear whether health-related bacterial species can improve or

prevent periodontitis. Third, evaluation of the oral microbiome

may be underestimated in periodontitis. As all participants

received treatments every three months, the oral health

conditions of the participants might be better than those of

the general population. However, since the saliva microbiome

recovers one month after periodontal treatment (Greenwood

et al., 2020), oral rinse sample collection at 3 months following
Frontiers in Cellular and Infection Microbiology 09
periodontal treatment might not have affected the present

results. Fourth, since the sample size was small, it is possible

that the power of statistical testing was low (type 2 error might

be large). A future study with a larger sample size might show

that more bacterial species are related to non-severe

periodontal conditions.

In conclusion, the oral microbiome of elderly Japanese

individuals showed lower alpha diversity in the non-severe

group than in the severe group. Additionally, P. nanceiensis,

G. sanguinis, F. periodonticum, and H. parainfluenzae were

significantly more abundant in the non-severe group than

those in the severe group. These bacterial species may interact

to regulate non-severe periodontal conditions. However, the beta

diversity did not differ between the two groups.
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