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Plaque accumulation is the initial cause of periodontal 
infection1. Persistent gingival inflammation is regarded 
as a risk factor for the development of periodontitis2, and 
subgingival plaque is crucial in this process3. Numer-
ous studies have investigated the subgingival microbiota 
using various techniques ranging from bacteria culture to 
polymerase chain reaction (PCR), DNA-DNA hybridisa-
tion, gene probes and high-throughput sequencing. Ear-
lier studies using targeted techniques have demonstrated 
that periodontal disease is associated with the change of 
bacteria composition4, and some periodontal pathogens 
have been well established, namely Tanner ella forsythia 
(T. forsythia), Porphyromonas gingivalis (P. gingivalis) 
and Treponema denticola, known as “red complex”3. The 
function and virulence factors of these bacteria have been 
intensively studied both in vitro and in animal models5.
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Objective: To analyse the subgingival microbiota of Stage I/II periodontitis, gingivitis with 
different degrees of severity, and periodontal health in subjects in a Chinese young adult 
population.
Methods: Subgingival plaque samples were collected from 15 Stage I/II periodontitis patients, 
38 gingivitis patients and 15 periodontally healthy individuals, all aged from 18 to 21 years. 
Gingivitis patients were divided into two subgroups according to the Bleeding Index (BI) of 
their sampled teeth: gingivitis with above median BI (G-HBI) and below median BI (G-LBI). 
The subgingival plaque samples were collected from teeth 16, 26, 36, 46, 11 and 31 according 
to FDI notation. The V3-V4 region of the 16S rRNA gene of all the samples was sequenced 
and analysed. 
Results: The Stage I/II periodontitis, gingivitis and periodontal health groups showed dis-
tinct subgingival microbiota profiles. When the gingivitis patients were stratified into two 
subgroups, the community structure of G-HBI showed no significant difference from early-
stage periodontitis, but differed from G-LBI and the healthy group. Most periodontitis-related 
taxa were most abundant in Stage I/II periodontitis, followed by G-HBI, G-LBI and the peri-
odontally healthy group. Porphyromonas gingivalis, Filifactor alocis, Tannerella forsythia, 
Saccharibacteria TM7 G-5 356, Lachnospiraceae G-8 500, Peptostreptococcaceae spp. and 
Syntrophomonadaceae VIIIG-1 435 were associated with Stage I/II periodontitis. Porphyro-
monas 275, Leptotrichia 417 and Saccharibacteria TM7 G-2 350 were associated with gin-
givitis. Porphyromonas gingivalis was significantly more abundant in G-HBI than in G-LBI. 
Conclusion: Within the limitations of this preliminary study, gingivitis and early-stage peri-
odontitis were associated with an increased degree of dysbiosis in the subgingival microbiota 
in a Chinese young adult population. 
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It has been estimated that there are approximately 
700 species of bacteria in the human oral micro-
biome6. Within the limitations of targeted techniques, 
only a subset of microbes could be detected. Recently, 
the advent of next-generation sequencing (NGS) has 
en abled a global view of the oral microbiome. Multiple 
studies have investigated the subgingival bacterial com-
munity under various periodontal conditions in different 
populations and revealed that the shift of the subgingi-
val microbiota from health to disease is characterised 
by increased bacterial biomass, alteration of diversity 
and the change of composition from symbiosis to dys-
biosis7-19. Although certain periodontitis-associated 
microorganisms may contribute more effectively to 
the shift of the subgingival community, the whole 
microbial community rather than an individual mem-
ber plays a more important role in the pathogenesis of 
periodontal disease20. However, most previous studies 
using NGS have focused on the comparison of the 
subgingival microbiota between health and moderate 
to severe periodontitis8-10,12,13,15-17. Fewer studies have 
examined gingivitis7,10,11,13,14,21 and early-stage peri-
odontitis18,19. Moreover, comparisons of gingivitis and 
early-stage periodontitis are scarce22. In addition, data 
from previous studies on gingivitis using NGS have 
revealed that some of the members of the core micro-
biota in gingivitis show an overlap with both health 
and periodontitis10,13,14, indicating that the microbial 
community of gingivitis may represent a transition state 
between health and periodontitis. However, some other 
gingivitis-enriched taxa were not strongly associated 
with periodontitis or health, suggesting that the profile 
of the gingivitis community structure might be some-
what unique7,10,11,13,23. The different degrees of sever-
ity of gingivitis may be a confounding factor in inter-
preting these results, and there has been less evidence 
of the association of the subgingival microbiota with 
different degrees of severity of gingivitis10,11. 

It is therefore particularly important to investigate 
the subgingival microbiota in health, gingivitis and 
early-stage periodontitis. In addition, microbiota of 
gingivitis of different degrees of severity need to be 
compared with periodontitis and health separately. The 
present study therefore aimed to analyse the subgingival 
microbial community in health, gingivitis of different 
degrees of severity and early-stage periodontitis in a 
young adult Chinese population. 

Materials and methods

This was a cross-sectional study. The participants were all 
recruited from Cangzhou Technical College, Cangzhou, 

Hebei Province, China, and provided written informed 
consent. The examination and sample collection were 
completed at a dental clinic in Cangzhou, with approval 
from the Ethics Committee of Peking University School 
and Hospital of Stomatology (PKUSSIRB-201944054). 

The participants were young adults aged 18 to 21 
years. The inclusion criteria for Stage I/II periodontitis 
patients were as follows: 
• diagnosis of periodontitis according to the new clas-

sification scheme for periodontal diseases and condi-
tions introduced in 201824;

• maximum interdental clinical attachment loss (CAL) 
24. 

The inclusion criteria for the gingivitis group were as 
follows: 
• intact periodontium;
• 
• no CAL25. 

The inclusion criteria for healthy individuals were as 
follows: 
• 
• 
• no CAL25. 

The exclusion criteria were as follows: 
• fewer than 20 natural teeth;
• smoking;
• systemic disease;
• presence of orthodontic appliances;
• presence of caries or prostheses in sampled teeth;
• patients having received periodontal treatment within 

the previous 6 months;
• use of antibiotic, anti-inflammatory or anticoagulant 

therapy within the previous 3 months;
• self-reported pregnancy or lactation.

After a brief screening, the enrolled participants received 
a full-mouth periodontal examination, including full-
mouth PD, CAL, BOP and PD of the sampled teeth, 
Bleeding Index (BI)26 and Plaque Index (PI)27. All the 
examinations and sample collections were conducted 
by a single calibrated periodontist. To examine the 
inter examiner reproducibility of measurements, 10 par-
ticipants were randomly selected and reexamined. The 
kappa values for PD and BI were 0.89 and 0.81, respect-
ively. A total of 15 periodontitis patients, 38 gingivitis 
patients and 15 periodontally healthy individuals aged 
18 to 21 years were enrolled in the study.

The subgingival plaque was collected 1 week after 
the clinical examination. The samples were collected 
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from the mesiobuccal and mesiolingual sites of teeth 
16, 26, 36, 46, 11 and 31. After isolation of the sam-
pled teeth from saliva and removal of supragingival 
plaque, sterile Gracey curettes (Hu-Friedy, Chicago, IL, 
USA) were inserted in the subgingival area to collect 
the samples. The 12 samples from each subject were 
pooled and transferred into a sterile Eppendorf tube 

until being used.
DNA was extracted from the subgingival plaque sam-

ples using MoBio PowerSoil DNA Isolation Kit (100) 
(MoBio Laboratories, Carlsbad, CA, USA) according 
to the manufacturer’s protocol. The extracted DNA was 
amplified via PCR using primers targeting the V3-V4 
regions of the bacterial 16S rRNA gene. The PCR 
products were purified using AMPure beads (Beckman 
Coulter, Brea, CA, USA) and quantified using quan-
titative PCR (qPCR), then sequenced on the MiSeq 
PE300 (Illumina, San Diego, CA, USA) at Allwegene 
Technology (Beijing, China). 

The raw sequencing data were quality-filtered, and 
short sequences, primers and chimeric sequences were 
removed to obtain high-quality sequences. The clean 
tags of all the samples were clustered into operational 
taxonomic units (OTUs) using QIIME (version 1.8.0)28 

29. Taxonomies 
were assigned using the Ribosomal Database Project 
(RDP) Classifier (Michigan State University, East 
Lansing, MI, USA) based on the SILVA (release 128, 
http://www.arb-silva.de) 16S rRNA database30. 

For each subject, the BI score was calculated as the 
mean BI of the sampled teeth. Gingivitis patients were 
divided into two subgroups according to the median BI 
score. Individuals with a BI score above the median 
(51st to 100th percentile) were categorised as gingi-
vitis with higher BI (G-HBI), and those with a below 
median BI score (0 to 50th percentile) were categorised 
as gingivitis with lower BI (G-LBI). The clinical par-
ameters and alpha diversity among the periodontitis, 

G-HBI, G-LBI and health groups were assessed using 
an analysis of variance (ANOVA) or Kruskal-Wallis 
test. Analysis of beta-diversity utilised principal coord-
inate analysis (PCoA) of the Bray-Curtis distance 
based on OTUs using the R packages vegan (ver-
sion 2.5-6) and ape (version 5.3) (both R Core Team, 
Vienna, Austria). Permutational multivariate analysis of 
variance (PERMANOVA) was used to test significance 
across the groups. The multiple testing P values were 
corrected using the false discovery rate (FDR) method. 
For differential abundance comparisons among groups, 
analysis of composition of microbiomes (ANCOM, 
version 3.6.2, R Core Team) was used. ANCOM was 
based on log ratios, accounting for compositionality 
of microbiome data, and greatly controlled the FDR 
while maintaining high statistical power. The results 
for the 0.7 detection level were considered significant, 
and a medium stringent multiple comparison correc-
tion option (multicorr = 2) was chosen31,32. Since the 
ANCOM results only provided a list of taxa that dif-
fered in composition, bar charts were plotted for mean 
relative abundance to show the abundance of taxa that 
varied in composition among the groups. 

Results

The participants included 15 periodontitis patients, 38 
gingivitis patients and 15 periodontally healthy subjects 
aged 18 to 21 years. The two gingivitis subgroups (G-HBI 
and G-LBI) had 19 participants. The demographic infor-
mation and clinical variables for the sampled teeth are 
presented in Table 1. The age and sex of the participants 
in the four groups did not differ significantly. 

For each periodontitis patient, the maximum CAL 

-
ameters showed the highest mean value in the peri-
odontitis group, followed by the G-HBI, G-LBI and 
health groups. A statistically significant difference was 

Table 1  Demographic information and clinical variables for sampled teeth (mean ± standard deviation or median [interquartile 
range]) for periodontitis, gingivitis and health groups.

Variable Periodontitis  

(n = 15)

G-HBI (n = 19) G-LBI (n = 19) Health (n = 15) P value

Age (y) 19.0 [0.0] 19.0 [1.0] 19.0 [1.5] 19.2 ± 0.9 0.696*

Sex (% female) 80.0 63.2 57.9 60.0 0.554†

Clinical variables for 
sampled teeth

PI 2.2 ± 0.4‡ 1.8 ± 0.3‡ 1.7 (0.7)§ 1.4 ± 0.4§ < 0.001*

BI 2.5 ± 0.7‡ 1.8 [0.4] ‡ 1.4 [0.2]‡§ 0.3 [0.2]§ < 0.001*

PD (mm) 2.5 ± 0.2‡ 2.3 ± 0.2‡§ 2.2 ± 0.2‡§ 1.9 ± 0.2§ < 0.001¶

*Kruskal-Wallis test, and the post hoc test was a Nemenyi test. †Chi-square test. ‡Significantly different compared with health group,  
P < 0.05. §Significantly different compared with periodontitis group, P < 0.05. Significantly different between G-HBI and G-LBI, P < 0.05. 
¶ANOVA test, and the post hoc test was a Tukey test.
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observed for all clinical parameters between periodon-
titis and health, G-HBI and health, and between peri-
odontitis and G-LBI. Patients with periodontitis showed 
deeper PD in sampled teeth than those in the G-HBI 
group. PI was not significantly different between the 
G-HBI and G-LBI groups, while G-HBI patients exhib-
ited higher BI than G-LBI patients.

A total of 4,546,228 high-quality sequences were 
obtained, with a mean of 66,856 sequences per sam-
ple (ranging from 25,443 to 248,933). Clustering of all 

OTUs (275 to 1105 OTUs per sample, mean 490 ± 179). 
In total, 13 phyla, 28 classes, 50 orders, 95 families, 202 
genera and 574 species were detected in the subgingival 
microbiota. 

The most abundant phyla of all the samples 
were Fusobacteria, Bacteroidetes, Firmicutes, 
Proteobacteria, Saccharibacteria TM7, Actinobacteria 
and Spirochaetes
the bacteria (Fig 1a). The distribution of genera with 

is shown in Fig 1b. Fusobacterium was the most pre-
dominant component with a mean relative abundance 

 genus of 
Leptotrichia, Streptococcus, Neisseria, Porphyromonas 

and Prevotella, all of which showed mean abundance 

were Fusobacterium polymorphum, Streptococcus 071, 
Neisseria subflava, Corynebacterium matruchotii and 
Saccharibacteria TM7 G-5 356, which accounted for 

Alpha diversity measured using the Shannon index 
is shown in Fig 2a. G-LBI had the highest Shannon 
index, followed by G-HBI, periodontitis and the healthy 
group, but no statistical significance was observed 
among the four groups (P = 0.081). When G-LBI and 
G-HBI were combined as a whole gingivitis group, 
the Shannon index was significantly higher than in the 
healthy group (P = 0.026).

Regarding beta diversity, the community structure 
of periodontitis, gingivitis and health was significantly 
distinct (Fig 2b). G-HBI displayed a significantly dif-
ferent community structure compared with G-LBI 
(P = 0.028) (Fig 2c). When comparing G-HBI and 
G-LBI with periodontitis and health separately, the two 
gingivitis groups showed different results. In G-HBI, 
the community structure showed no significant differ-
ence with periodontitis (P = 0.052) but differed sig-
nificantly from health (P = 0.006) (Fig 2d); however, 
the community structure of G-LBI was significantly 

Fig 1  Composition of 
subgingival microbiota 
in each group. (a) Phy-
lum level. The seven most 
abundant phyla are shown. 
(b) Genus level. Genera 
with mean relative abun-
dance ≥ 0.5% in at least 
one group are shown.  
(c) Species level. Species 
with mean relative abun-
dance ≥ 1% in at least one 
group are shown. The rela-
tive abundances in (b) and 

(c) were log2 transformed. 
G-HBI, gingivitis group with 
above median BI; G-LBI, 
gingivitis group with below 
median BI; H, health group; 
P, periodontitis group.
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Fig 3  Taxa with differen-
tial abundance among the 
periodontitis, G-HBI, G-LBI 
and health groups. (a) Gen-
era with significant differ-
ence in abundance among 
the four groups (ANCOM). 
(b) Species with significant 
difference in abundance 
among the four groups 
(ANCOM). *, Significant 
between groups (ANCOM).

Fig 2  Alpha and beta diversity. (a) Shannon index of periodontitis, G-HBI, G-LBI and health. To compare gingivitis, health and 
periodontitis, communities from G-HBI and G-LBI were combined. P values were obtained with a Nemenyi test. (b) to (e) Beta diver-
sity of periodontitis, G-HBI, G-LBI and health assessed by PCoA plots. (b) Samples in periodontitis, gingivitis and health groups.  
(c) Samples in G-HBI and G-LBI groups. (d) Samples in periodontitis, G-HBI and health groups. (e) Samples in periodontitis, G-LBI 
and health groups. P values were obtained with a PERMANOVA test with FDR correction.
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different from both periodontitis (P = 0.010) and health 
(P = 0.042) (Fig 2e). 

The differential abundance of taxa among the four 
groups at phylum, genus and species level was analysed 
by ANCOM. At phylum level, no significant difference 
in taxa abundance was detected among the four groups. 
The differential abundance of taxa at genus and species 
level are shown in Figs 3a and b, respectively. 

At genus level, 12 genera were detected with sig-
nificantly different abundance across the four groups 
(Fig 3a). Six genera were significantly enriched in 
periodontitis compared to in health, including 
Saccharibacteria TM7 G-5, Filifactor, Lachnospiraceae 
G-8, Peptostreptococcaceae XIG-1, XIG-4 and XIG-5. 
The low-abundance genus Clostridiales F-3G-1 was 
more abundant in health than in periodontitis. Between 
G-HBI and periodontitis, only Syntrophomonadaceae 
VIIIG-1 showed differential abundance, whereas eight 
genera exhibited significantly different abundance 
between G-LBI and periodontitis. When G-HBI and 
G-LBI were compared, no genus was detected with 
significantly different abundance. The abundance of 
Saccharibacteria TM7 G-5 and Saccharibacteria TM7 
G-2 was greater in G-HBI than in health, while in 
G-LBI, only Saccharibacteria TM7 G-2 was more 
abundant than in health.

At the species level, 24 species were detected with 
significantly different abundance among the four groups 
(Fig 3b). The abundance of 15 species differed signifi-
cantly between periodontitis and health. Of the 15 spe-
cies, 13 were enriched in the periodontitis group, includ-
ing P. gingivalis, Filifactor alocis (F. alocis) and T. for-
sythia, and two were more abundant in the healthy group. 
Between G-HBI and periodontitis, there were only two 
differentially abundant species, Syntrophomonadaceae 
VIIIG-1 435 and Porphyromonas 275. The abundance of 
Syntrophomonadaceae VIIIG-1 435 was greater in peri-
odontitis, while Porphyromonas 275 was more abundant 
in G-HBI. However, between G-LBI and periodontitis, 
eight species showed significantly higher abundance in 
periodontitis. When comparing G-HBI and the healthy 
group, five species showed greater abundance in G-HBI, 
including Saccharibacteria TM7 G-5 356, Leptotrichia 
498, Porphyromonas 275, Saccharibacteria TM7 G-2 
350 and Capnocytophaga 863. As for G-LBI, only 
Leptotrichia 417 and Saccharibacteria TM7 G-2 350 
showed greater abundance than in the healthy group. In 
health, Prevotella nigrescens (P. nigrescens) was signifi-
cantly more abundant than G-HBI and G-LBI. Between 
G-HBI and G-LBI, only P. gingivalis showed substan-
tially higher abundance in G-HBI; no other differential 
abundant taxa were detected.

Discussion

Most previous studies have focused on the subgingival 
microbiome in moderate to severe periodontitis com-
pared with health. Research on the subgingival micro-
biome from health and gingivitis to early-stage peri-
odontitis is scarce. In the present study, the subgingival 
microbiota in Stage I/II periodontitis, mild gingivitis, 
severe gingivitis and periodontal health in young adults 
were investigated by 16S rRNA gene sequencing. To 
our knowledge, the present study is the first to report the 
subgingival microbiota results from four such groups 
using high-throughput sequencing. Our findings showed 
that even at a very early stage, the subgingival bacterial 
community of periodontitis revealed a profile distinct 
from gingivitis and health. When gingivitis patients were 
stratified into two subgroups based on BI and compared 
with early-stage periodontitis and health separately, 
the community structure of G-HBI showed no signifi-
cant difference from periodontitis, but differed from the 
G-LBI and health groups, indicating a more similar sub-
gingival microbial profile between severe gingivitis and 
periodontitis. Most periodontitis-related taxa showed 
the highest abundance in Stage I/II periodontitis, fol-
lowed by G-HBI, G-LBI and health. The present study 
provided a comprehensive picture of the subgingival 
microbiota from health and gingivitis to early-stage peri-
odontitis. Although our study was cross-sectional, the 
data may represent different stages of dysbiosis from 
health to initial periodontal destruction, which may help 
to better understand the aetiology of initial periodon-
titis. The results also implied that severe gingivitis may 
increase susceptibility to periodontitis, and should be 
paid more attention in clinical practice (for example, 
through more frequent recall appointments).

In the present study, the periodontitis patients were 
different from those in most previous studies apply-
ing a NGS approach. In previous studies, periodontitis 
cases were more severe8-10,13,15. All the periodontitis 
cases in the present study were in early adulthood and 

-
onstrating an initial stage of periodontitis. Even at this 
early stage, their subgingival community structure still 
showed a profile distinct from gingivitis and health. 
This finding was supported by a recent study on the 
subgingival microbiome in an elderly cohort, in which 
the mild periodontitis and health groups also exhibited 
different community structures19. In our data, we found 
13 species with significantly higher abundance in peri-
odontitis than in health. P. gingivalis and T. forsythia 
were among these species. They were also reported with 
increased abundance in initial periodontitis in earlier 
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studies using a non-NGS approach22,33. Other species in 
our data, such as F. alocis, Saccharibacteria TM7 G-5 
356, Saccharibacteria TM7 G-1 349, Leptotrichia 498, 
Lachnospiraceae G-8 500 and Peptostreptococcaceae 
spp., were reported to be associated with moderate to 
severe periodontitis and with increased PD in previ-
ous studies8-10,13,15,19. Interestingly, we found them to 
be enriched in this young cohort with very early-stage 
periodontitis, indicating that these species had already 
been implicated in the initial process associated with 
periodontal destruction. 

Between severe gingivitis (G-HBI) and periodontitis, 
Syntrophomonadaceae VIIIG-1 435 was the only dif-
ferential taxon with significantly higher abundance in 
periodontitis. Although its abundance was very low, it 
was present in 11 out of 15 subjects in the periodontitis 
group, while in other groups, it was detected in only two 
subjects. Syntrophomonadaceae-affiliated species were 
reported to be active in syntrophic butyrate degradation 
in anaerobic natural environments, such as paddy field 
soil34 and eutrophic lake sediment35, but it was rarely 
reported in human oral microbiota. Gomes et al36 found 
it to be prevalent in deep pockets from combined peri-
odontic-endodontic lesions. We inferred that the pres-
ence of Syntrophomonadaceae VIIIG-1 might be asso-
ciated with the higher levels of butyrate in periodontitis 
sites produced by periodontal pathogens37. 

In our study, the gingivitis patients were stratified 
into two subgroups according to BI, and their subgin-
gival microbiota were first compared separately with 
the periodontitis and health groups. After stratification, 
the results of alpha and beta diversity and differential 
abundant taxa all suggested that the subgingival com-
munity signature of G-HBI seemed more similar to 
early-stage periodontitis, while G-LBI showed a com-
munity profile more similar to health. These results 
indicated that the whole community of severe naturally 
occurring gingivitis, G-HBI, may have shifted more 
towards early periodontitis than G-LBI. The dysbiosis 
state of the subgingival community may already exist 
in severe gingivitis before the periodontal lesion is 
established. 

Furthermore, the community structure of G-LBI and 
G-HBI was significantly different even though they 
had a similar PI, indicating that in gingivitis, the sever-
ity of disease (BI) is associated with the subgingival 
microbial community. Previous studies on experimental 
gingivitis also found community shifts correlating with 
clinical signs of gingivitis10,11,21. In our data, the only 
detected differential abundant taxon between these 
two subgroups was P. gingivalis. Emerging evidence 
has supported that P. gingivalis, acting as a ‘keystone 

pathogen’, can modulate the host response by impair-
ing immune surveillance and altering the balance 
from symbiosis to dysbiosis38. P. gingivalis can also 
increase the virulence of the whole microbial com-
munity through interaction with commensals39. On the 
other hand, the local environmental factors of gingival 
tissue, such as temperature and hemin concentrations, 
also modulate the virulence structures of P. gingivalis, 
thus influencing its capability to modulate immune 
response40,41. Collectively, in our data, the difference in 
severity of gingivitis accompanied by the distinct com-
munity signature in gingivitis patients may reflect the 
interaction between the disease-provoking community 
and host immune response. Importantly, the distinct 
abundance of P. gingivalis in G-LBI and G-HBI may 
suggest that even in gingivitis, P. gingivalis may have 
already played its role as a keystone pathogen and may 
increase susceptibility to periodontitis in patients with 
severe gingivitis.

In our study, healthy individuals harboured a higher 
proportion of P. nigrescens than the other groups. 
An increase in P. nigrescens was also found in the 
periodontally healthy group in an elderly population19 
and naturally occurring gingivitis after intervention42. 
However, P. nigrescens was a member of the “orange 
complex” correlating with periodontitis3. A recent study 
found that P. nigrescens from diseased samples had dif-
ferent virulence factors from healthy samples43, which 
may partly explain this discrepancy. 

In the present study, we chose the interproximal 
sites of teeth 16, 26, 36, 46, 11 and 31 as sites to be 
sampled. Previous epidemiological studies in young 
adults demonstrated that first molars and incisors were 
more affected by periodontitis than other teeth44,45. 
The community periodontal index of treatment needs 
(CPITN) recommended teeth 16, 26, 36, 46, 11 and 
31 for peri odontitis screening for individuals aged 
under 20 years46. In the present study, due to funding 
limitations and the relatively small amount of plaque 
from the subgingival area, the samples from each par-
ticipant were pooled. Potential bias may have arisen 
from a dilution effect from healthy sites in the pooled 
samples, and this could be considered a limitation of 
the present study; however, even though potential dilu-
tion was considered, the microbial features of early 
periodontitis still differed from the gingivitis and health 
groups. Furthermore, in order to control the potential 
influence of age and geographic factors on the oral 
microbiome47,48, all the participants were aged between 
18 and 21 years and were from the same geographic 
area; however, such a convenient sample might give 
rise to difficulties in extrapolating the conclusions to 
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other populations. In addition, the sample size of the 
present study was relatively small, especially in the 
periodontitis and health groups. Further larger-scale 
studies examining different age groups and geographi-
cal areas are necessary.

Conclusion

Within the limitations of the present study, gingivitis 
and early-stage periodontitis were associated with an 
increased degree of dysbiosis of subgingival microbiota 
in a Chinese young adult population. Future longitudinal 
studies combining bacterial function and host immune 
response in such a population would further elucidate 
the pathogenesis of initial periodontitis.
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