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Abstract

Objectives: This study aimed to investigate the relationship between microbial com-
munities and the severity of peri-implant mucosal bleeding in peri-implant mucositis.
Materials and Methods: Submucosal plaque samples were collected from 54 implants
divided into the healthy implant (HI) group, peri-implant mucositis (PM) group, and
peri-implantitis (PI) group. Sequencing of 16S rRNA was performed using the lllumina
MiSeq platform. Alpha diversity (i.e., Shannon and Chao index) and beta diversity
were used to measure microbial diversity within and between microbial communities,
respectively. Differences in microbial taxa between groups were assessed via linear
discriminate analysis effect size. Correlation between the modified sulcus bleeding
index (mSBI) and microbial dysbiosis index (MDI) was examined using Spearman cor-
relation analysis and linear models.

Results: The submucosal bacterial richness (Chao index) was positively correlated
with the mean mSBI in the PM group. As the mean mSBI increased in the PM group,
the beta diversity became closer to that of the Pl group. In the PM group, the abun-
dances of 47 genera were significantly correlated with the mean mSBI, and the MDI
was positively associated with the mean mSBI. Fourteen of the forty-seven genera
were discriminative taxa between the HI and PI groups, and the abundances of these
biomarkers became closer to those in the Pl group in the progression of peri-implant
disease.

Conclusions: A higher mSBI value corresponded to a higher risk of microbial dysbiosis
in peri-implant mucositis. The biomarkers identified may be useful for monitoring the

progression of peri-implant disease.
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1 | INTRODUCTION

Dental implants are widely used owing to their favorable performance
in prosthetic rehabilitation (Buser et al., 2017). With the increasing
use of implants, peri-implant disease, a biological complication after
implant insertion, has received much attention worldwide (Karlsson
etal., 2020; Shimchuk et al., 2021; Tsigarida et al., 2020). Peri-implant
disease is classified into two clinical conditions: peri-implant mucositis
(PM) and peri-implantitis (PI) (Caton et al., 2018). Per-implant mucosi-
tis (PM) is a reversible inflammatory condition limited to peri-implant
soft tissue, while peri-implantitis (Pl) is characterized by mucosal in-
flammation signs and supporting bone loss (Buser et al., 2017; Caton
et al., 2018). Peri-implant disease requires time-consuming and costly
treatment; if uncontrolled, it can result in implant loss (Abrahamsson
et al.,, 2017; Marcantonio Junior et al., 2019). As an intermediate
stage, PM can revert to healthy status after appropriate treatment,
but the untreated PM may progress to Pl (Schwarz et al., 2018). Thus,
a better understanding of PM may help relieve this burden.

The microbiota of plague is a well-established contributing factor
for peri-implant disease (Carcuac et al., 2013; Caton et al., 2018). In
recent years, 16S ribosomal RNA (rRNA) gene sequencing analysis has
contributed to understanding the detailed characterization of micro-
bial communities. Numerous studies have been conducted to investi-
gate peri-implant submucosal microbial profiles. Most of these studies
focused on the peri-implant microbial community features associated
with the healthy implant (HI) and PI conditions (Apatzidou et al., 2017,
Gao et al.,, 2018; Sanz-Martin et al., 2017). Controversies existed in the
microbiome of peri-implant mucositis. Polymeri et al. (2021) suggested
that the microbial profiles of PM were more similar to those found in
HI rather than PI. In contrast, the occurrence of disease is accompanied
by obvious changes in the microbial community (Ghensi et al., 2020;
Tsigarida et al., 2015). A study showed that the microbiome charac-
teristics were similar in PM and PI (Shi et al., 2022). Thus, further work
is needed to explore the structure of the PM-associated microbiome.

Peri-implant mucositis (PM) is mainly caused by the disruption of
host-microbial homeostasis at the implant-mucosa interface (Salvi
et al., 2012; Zitzmann et al., 2001). ldentifying the severity of PM
through clinical examination is important to monitor the host inflam-
matory reaction to microbial infection. Erythema, swelling, bleed-
ing, and/or suppuration are typical clinical manifestations (Caton
et al., 2018). Various researchers have sought to determine the cor-
relation between peri-implant mucosal inflammation and the micro-
biome. Submucosal microbial dysbiosis in PM was not found to be
related to peri-implant probing depth (PPD) or bleeding on probing
(Shi et al., 2022). PM sites with suppuration had more unbalanced
microbial community composition with more pathogenic microor-
ganisms (Wang et al., 2020). Regrettably, studies to date have not
established a relationship between the grade of bleeding on probing
and the submucosal microbiome in PM.

The present study aimed to investigate the association between
microbial community profiles and peri-implant mucosal inflamma-
tion, as well as to explore the role of the PM microbiome in the pro-
gression of peri-implant disease.

2 | MATERIALS AND METHODS
2.1 | Design and participant selection

This study was conducted as a case-control study. The research
adhered to the Declaration of Helsinki and was approved by the
Ethics Committee of Peking University School and the Hospital of
Stomatology (PKUSSIRB-201946080). Written informed consent
was obtained from all participants prior to their participation.

Participants who met the inclusion criteria were recruited at
the Department of Periodontology in Peking University School and
Hospital of Stomatology from September 2019 to September 2020.
The inclusion criteria were defined as follows: (i) age = 18 years, (ii)
at least 1 implant, (iii) implants with at least 6 months, and (iv) a his-
tory of periodontitis. The exclusion criteria were defined as follows:
(i) edentulous patients, (ii) used antibiotics in the 6 months before
enrollment, (iii) treatment of peri-implant disease in the preceding
6 months, (iv) pregnancy or lactation, and (v) systemic diseases (car-
diovascular disease, kidney disease, uncontrolled diabetes, autoim-
mune deficiency syndrome, hepatitis, etc.).

Diagnostic criteria were based on the consensus report of the
2017 World Workshop on the classification of periodontal and peri-
implant diseases and conditions (Berglundh et al., 2018). If more
than one implant was present in a subject, the implant with the most
severe condition was included in the study. Based on that crite-
rion, one implant was randomly selected when there were multiple

healthy implants in a participant.

2.2 | Sampling and clinical evaluation

To prevent influencing the microbial communities, peri-implant sub-
mucosal plaque sampling was conducted prior to the clinical examina-
tion. The sampling sites were isolated with cotton rolls and air dried.
After removing the supramucosal plaque, six sterile paper points (ISO
#35) were gently inserted into the bottom of the peri-implant sulcus
to collect plaque from six sites (mesiobuccal, midbuccal, distobuccal,
mesiolingual, midlingual, and distolingual) for 30s. All paper points
were pooled in a sterile Eppendorf tube. The approach of plaque elu-
tion was consistent with the method described by Lu et al. (2022).
Then, the samples were stored at -80°C for further processing.

The modified sulcus bleeding index (mSBI) (Mombelli et al., 1987),
PPD, and suppuration (SUP) were evaluated with a light force (approx-
imately 0.25 N) at six sampling sites for each implant. We used mSBI as
ameasure of bleeding degree (score 0-3) to reflect the severity of peri-
implant mucosal inflammation according to the standard previously
described by Mombelli et al. (1987). The plaque index (PLI) was also
evaluated. Periapical radiographs acquired with the parallel technique
were obtained to assess the peri-implant marginal bone level (MBL).

Clinical examination of each patient was performed inde-
pendently by a single calibrated examiner. The intra-examiner re-
producibility was determined through repeated examinations of 10
implants with a 1-hour interval. The data consistency was evaluated
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by the Kappa (x) value. The k-value for intra-observer agreement on

clinical parameters was 0.92, indicating high agreement.

2.3 | DNA extraction and sequencing

Microbial community genomic DNA was extracted using FastDNA®
Spin Kit for Soil (MP Biomedicals) according to the manufacturer's in-
structions. The extracted DNA was checked by 1% agarose gel elec-
trophoresis, and DNA concentration and purity were determined with
a NanoDrop 2000 UV-vis spectrophotometer (Thermo Scientific). The
hypervariable V3-V4 region of the bacterial 16S rRNA gene was ampli-
fied with the primer pairs 338F (5-ACTCCTACGGGAGGCAGCAG-3')
and 806R (5-GGACTACHVGGGTWTCTAAT-3') by an ABI GeneAmp®
9700 PCR thermocycler (ABI). PCR amplification of the 16S rRNA gene
was performed as follows: initial denaturation at 95°C for 3min, fol-
lowed by 27 cycles of denaturing at 95°C for 30s, annealing at 55°C for
30s, and extension at 72°C for 45, with a single extension at 72°C for
10min, ending with a hold at 10°C. The PCR mixtures containing 4 pL
of 5xTransStart FastPfu buffer, 2pL of 2.5mM dNTPs, 0.8 uL of for-
ward primer (5uM), 0.8 uL of reverse primer (5uM), 0.4 uL of TransStart
FastPfu DNA Polymerase, 10ng of template DNA, and ddH,O up to
20pL. PCRs were performed in triplicate. The PCR product was ex-
tracted from a 2% agarose gel, purified using an AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences) according to the manufacturer's
instructions, and quantified using a Quantus™ Fluorometer (Promega).

Purified amplicons were pooled in equimolar amounts and
paired-end sequenced on an lllumina MiSeq PE300 platform
(Ilumina) according to the standard protocols by Majorbio Bio-
Pharm Technology Co., Ltd. The raw reads of amplicon sequencing
were uploaded to the NCBI Sequence Read Archive (SRA) database
(BioProject ID: PRINA887606).

2.4 | 16SrRNA sequencing data analysis

The raw 16S rRNA gene sequencing reads were demultiplexed and
processed using the QIIME2 pipeline (v2019.7) (Bolyen et al., 2019).
The primer sequences and barcodes were removed using Cutadapt
(Martin, 2011). Sequence denoising and clustering into amplicon
sequence variants (ASVs) were conducted using DADA?2 (Callahan
et al., 2016). Taxonomic classification of the ASVs was achieved
using the Silva-138-99-nb classifier (Yilmaz et al., 2014). ASVs clas-
sified as mitochondria or chloroplasts were eliminated. Singleton
ASVs were also discarded. Alpha diversity and beta diversity were
determined using the ‘core-metrics-phylogenetic’ plugin. All samples
were rarefied to an even depth of 21,185 sequences.

2.5 | Statistical analysis

One-way ANOVA, Chi-square analysis, Kruskal-Wallis H test, or
Fisher exact test was used as appropriate for the clinical parameter

analyses. p<.05 was the threshold for statistical significance. The
microbial alpha diversity of each sample was measured using the
Shannon index and Chao index (Chao, 1984; Shannon, 1997). The
Shannon index was calculated to evaluate microbial community
richness and evenness. The Chao index estimates microbial rich-
ness. Student's t-test was used to compare significant differences
between different groups. The beta diversity was estimated based
on Bray-Curtis distance among samples. Statistical significance
between groups was confirmed using permutational multivari-
ate analysis of variance (PERMANOVA); p values <.05 were sig-
nificantly different. Linear discriminate analysis effect size (LEfSe)
analysis was used to identify statistically different biomarkers be-
tween groups (Segata et al., 2011). A size-effect threshold of 3.0 on
the logarithmic linear discriminant analysis (LDA) score was used
to identify discriminating taxa from the phylum to the genus level.
We calculated the microbial relative abundance, that is, the pro-
portion of a specific taxon's abundance over the total taxon abun-
dance at the same taxonomic level. Associations between the mean
mSBI and abundances of discriminating taxa were calculated using
Spearman correlation analysis. The microbial dysbiosis index (MDI)
was calculated to assess microbiome dysbiosis (Gevers et al., 2014).
Microbial abundances were presented in the form of a heatmap.
Analyses were performed using IBM SPSS Statistics (version 23.0)
and R4.2.1.

3 | RESULTS

3.1 | Characteristics of the participants and
implants

A total of 54 implants from 54 participants were included in this
study. The demographic and clinical characteristics of these sam-
ples are presented in Table 1. Pairwise comparisons between groups
revealed that there were no significant differences in gender, age,
smoking status, location of sampled site, and suppuration. The HI
group showed a lower PPD than the PM and PI groups (p <.05). The
PM and PI groups showed significantly higher mSBI (p <.05) in com-
parison with the HI group, and there was no significant difference in
mSBI between PM and PI (p>.05). The Pl group showed higher PLI
than the HI group (p <.05). The PI group showed significantly higher
MBL in comparison with the HI and PM groups (p <.05).

3.2 | Sequencing results

Sequencing yielded 2,046,118 sequences from peri-implant submu-
cosal plaque. To correct for variations in sequencing depth, all samples
were randomly sampled to 21,185 sequences. Each sample's rarefac-
tion curve (Figure S1) was examined, and it was discovered to approach
saturation, proving that the sequencing depth was sufficient. We
found a total of 3435 bacterial ASVs taxonomically classified into 25
phyla, 58 classes, 134 orders, 219 families, and 452 genera.

85U80|7 SUOWWIOD dAeaID 8|qedl|dde ays Aq peusenob a1e Ssplife YO ‘8sn JO S9N 1o} A%iqi8UlIUO /8|1 UO (SUORIPUOD-pUe-SW.e W00 A3 1M Afelq Ul |UO//:SANY) SUORIPUOD pue swie | au18es *[€20z/0T/ST] uo AriqiTauliuo Ae|im ‘YieeH AiseAlun Bubed Aq 0ZTYT 4R/TTTT OT/I0p/Wo0 A 1M Ak jeul|uoy/sdny wolj pepeojumoq ‘6 ‘€202 ‘TOS0009T



950
_I_Wl LE Y— CLINICAL ORAL IMPLANTS RESEARCH

LI ET AL.

Gender: female/male
Age, years [mean +SD]

Smoking status:
Nonsmoker/smoker

Location of sampled site
Maxillary/Mandibular
Anterior/Posterior
PPD, mm [mean=+SD]
mSBI [mean+SD]

PLI [mean+SD]
SUP: Non-SUP/SUP
MBL, mm [mean=+SD]

HI (h=10)
6/4
49.20+12.72
10/0

5/5

0/10
2.43+0.35%
0.00+0.00°
0.15+0.24°
10/0
1.02+0.87°

PM (n=29)
15/14

53.79 +10.67
27/2

19/10
2/27
4.00+1.25"°
1.71+1.10"
0.72+0.69
26/3
1.03+0.72°

TABLE 1 Demographic and clinical

ROsE p-value characteristics of the 54 individuals.
6/9 .596
52.60+13.56 469
11/4 074
8/7 .593
3/12 296
7.39+1.56°¢ <.001
2.67+0.49° <.001
1.27+1.13° 014
10/5 047
5.29+2.38" <.001

Abbreviations: HI, healthy implant group; MBL, marginal bone level; mSBI, modified sulcus bleeding
index; PI, peri-implantitis group; PLI, plaque index; PM, peri-implant mucositis group; PPD, peri-

implant probing depth; SUP, suppuration.

Note: Means with no letter or with the same letter indicate no significant differences (p>.05).
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3.3 | Correlation of bleeding severity and that of the HI group (p =.006) in Figure 2b. When compared to PM,

submucosal microbiome diversity in
peri-implant mucositis

There was no significant difference on the alpha diversity of the mi-
crobial community among the groups, as indicated by the Shannon
and Chao indices (Table S1). To better understand PM, the mean
mSBI was used to assess the overall inflammation of peri-implant
soft tissue. Notably, Figure 1 showed the Chao index had a signif-
icant positive correlation with the mean mSBI (p=.012), and the
Shannon index was not found to be correlated with the mean mSBI
(p=.061).

To assess the variation in microbial profiles between peri-
implant health and peri-implant disease, we calculated the beta
diversity. Principal coordinate analysis (PCoA) showed significant
differences (p=.012) among the three conditions, as shown in
Figure 2a. Interestingly, samples of the PM group were scattered
between those of the HI and Pl groups. Pairwise PERMANOVA
results showed the beta diversity of the Pl group was higher than

neither condition showed significant differences (p>.05), but as
the mean mSBI value increased, the microbial profile of PM trans-

formed from being Hl-like to Pl-like.

3.4 | Taxarelated to disease severity and dysbiosis
evaluation in peri-implant mucositis

The bar plot (Figure 3a) shows the distribution of the top 10 phyla
in the 54 samples. The peri-implant submucosal bacterial commu-
nities were dominated by representatives of Firmicutes (32.53% in
HI, 34.68% in PM, and 32.24% in PI), Proteobacteria (32.11% in HI,
23.79% in PM, and16.34% in PI), Actinobacteriota (14.46% in HlI,
10.58% in PM, and 8.66% in Pl), Fusobacteriota (9.74% in HI, 7.29%
in PM, and 9.85% in PIl), and Bacteroidota (6.76% in HI, 14.94% in PM,
and 20.30% in Pl). At the phylum level, Desulfobacterota, Bacteroidota,
Spirochaetota, and Synergistota showed higher abundance in the PI
group compared to the HI group, while Proteobacteria showed lower
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abundance in the Pl group (Figure 4a). The relative abundances of
Patescibacteria, Desulfobacterota, Spirochaetota, Synergistota, and
Bacteroidota were significantly positively correlated with the mean
mSBI in PM, while the relative abundance of Proteobacteria was sig-
nificantly negatively correlated with the mean mSBI (Figure 4b).

At the genus level, the 20 most abundant genera were identi-
fied, accounting for 76.18% in HI, 75.97% in PM, and 75.08% in PI
(Figure 3b). We investigated 23 significantly different genera be-
tween the HI and Pl groups (Figure 4a). Filifactor, Fretibacterium,
Haemophilus, Neisseria, Parvimonas, Porphyromonas, Rothia, and
Treponema were the top 20 most abundant genera (Figure 3b). We

further explored the relationship between the relative abundances
of genera and the mean mSBI in the PM samples. We found that
the relative abundances of 47 genera were significantly correlated
with the mean mSBI (Figure 4c). Based on these genera, the MDI in
PM was calculated to evaluate microbial dysbiosis. The formula was
established as follows:

MDI = | [total abundance of taxa positively associated with mean mSBI]
=lo
[total abundance of taxa negatively associated with mean mSBI]

The results showed that the MDI was positively correlated with
the mean mSBI in the PM group (Figure 5).
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FIGURE 4 Biomarkers in the three peri-implant conditions. (a) LEfSe analysis between the HI and Pl groups. The cladogram plots show
differential taxa at different levels of taxonomic classification (phylum, class, order, family, and genus). Only taxa with LDA values 23.0

are shown. (b) Relationship between the relative abundances of microbial community composition at the phylum level and mean mSBl in

PM based on Spearman correlation analysis (p <.05). Differentially abundant phyla in the HI and PI groups are marked with asterisks. (c)
Relationship between the relative abundances of microbial community composition at the genus level and mean mSBI in PM based on
Spearman correlation analysis (p <.05). Differentially abundant genera in the HI and Pl groups are marked with asterisks. The red and green
colors indicate positive and negative correlations, respectively, and the heights of the columns represent Spearman's correlation coefficients.
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3.5 | Changes in biomarkers during peri-implant
disease progression

Of the 47 genera observed in Figure 4c, 14 genera were the discrimi-
native taxa between Hl and PI, as indicated by asterisks. The relative
abundances of Peptostreptococcus, W5053, [Eubacterium]_saphe-
num_group, Rikenellaceae_RC9_gut_group, Treponema, Tannerella,
Filifactor, Phocaeicola, Desulfobulbus, Fretibacterium, [Eubacterium]_
nodatum_group, Defluviitaleaceae_UCG-011, and Porphyromonas
were positively correlated with the mean mSBI, while that of Rothia
was negatively correlated with the mean mSBI (Figure 6).

To gain further insight into the characteristics of microbial
changes in the progression of peri-implant disease, a heatmap in-
cluding the above 14 differential genera in the three groups was
created in Figure 7. The abundances of these genera in the PM sam-
ples with less severe mucosal inflammation were similar to those in
the HI samples. PM samples with more severe mucosal inflamma-
tion showed microbial abundances were similar to those of the Pl

samples.

4 | DISCUSSION

To our knowledge, this is the first study to explore the relationship
between the mucosal bleeding severity and the submucosal micro-
biome in peri-implant mucositis. The submucosal microbiome of
PM exhibited different microbial structures based on the degree of
mucosal inflammation. Mucosal inflammation was associated with
microbial dysbiosis in PM. These findings emphasize the critical role
of peri-implant mucositis in the progression of peri-implant disease.

r=0.76 :
p=1.7e-06
1
0
&)
=
-1
[ ]
-2 ®
_3 °
1 2 3
mean mSBI

FIGURE 5 Correlation between the microbial dysbiosis index
(MDI) of submucosal microbiome and the mean mSBI in the PM
group.

The key pathogenic microbes in PM may be beneficial for our under-
standing of the disease progression.

The presence of soft tissue inflammation is the typical clini-
cal indication of peri-implant mucositis. The microbial community
structure of sites with suppuration was different from that of sites
without suppuration (Wang et al., 2020). A strong relationship was
observed between bleeding on probing and the subgingival micro-
biome, but it was not observed in the peri-implant submucosal mi-
crobiome (Camelo-Castillo et al., 2015; Polymeri et al., 2021). The
sensitivity of bleeding on probing is lower compared to a graded
bleeding index such as the mSBI (Newbrun, 1996). In the current
study, we found that the richness of the microbial profile increased
with the mean mSBI in PM. This correlation could be attributed to
the weak attachment between the mucosa and the implant (Atsuta
et al., 2016). Disruption of the soft tissue seal around dental implants
might facilitate bacterial invasion.

In agreement with previous studies (Apatzidou et al., 2017; Gao
et al., 2018; Ghensi et al., 2020; Sanz-Martin et al., 2017), the sub-
mucosal microbial communities between HI and Pl sites were signifi-
cantly different in our study. The beta diversity in the Pl group was
higher than the HI group in our study identifying more variability in
the microbial communities of Pl group. However, this result is con-
trary to previous studies (Ghensi et al., 2020; Zheng et al., 2015),
which may be due to the different metagenomic sequencing depths
(16S rRNA vs. shotgun sequencing) or to the difference in the
sampling procedure. Previous studies have in fact sampled at the
deepest probing site of each implant (Ghensi et al., 2020; Zheng
etal.,, 2015). While we collected the submucosal plague from six sites
around each implant, this method may allow a different overview of
the peri-implant microbial profile. We deduced the occurrence of
these results resulted from high amplitude of variation in the peri-
implant microenvironment. The products related to the inflamma-
tory response in peri-implant disease could be used as nutrients for
microbes, which may induce a greater number of ecological niches.

The signature of the submucosal microbiome in peri-implant mu-
cositis is still debatable. The microbiome structure of PM was similar
to that of PI (Shi et al., 2022), while Polymeri et al. (2021) observed
that the microbiome structure of PM was similar to that of HI. A wide
distribution of PM samples was observed in our study. We found
that PM samples with lighter bleeding showed a microbial commu-
nity structure similar to the HI group, while the microbiome of PM
samples with severe bleeding was similar to that in the Pl samples.
This highlights the importance of conducting comprehensive sam-
pling at PM sites with varying degrees of severity to study the mi-
crobiome characteristics of PM. Additionally, it is a reminder that it
is better to separate PM samples in future analysis, especially when
investigating the microbiome.

Different PPD, disease status, dentition status, and implant lo-
cation were associated with distinct microbial profiles (Polymeri
et al., 2021; Shi et al., 2018). Research (Kréger et al., 2018) showed
that deeper peri-implant pockets showed a more dysfunctional mi-
crobial pattern in peri-implantitis. However, Shi et al. (2022) found
that only marginal bone loss was correlated with microbial dysbiosis
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FIGURE 6 Correlation analysis of the mean mSBI in PM and differentially abundant 14 genera, which were observed comparing the HI
group with the Pl group (p<.05).
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FIGURE 7 Transition pattern of biomarkers from healthy implants to peri-implant disease. The heatmap shows the abundances of
bacterial taxa (log2-transformed); red indicates high abundance, and blue indicates low abundance.

in peri-implant disease. We observed a correlation between mucosal
inflammation and microbiome imbalance in PM for the first time.
Through investigating the microbial composition under peri-
implant health and disease, we found that Firmicutes, Proteobacteria,
Actinobacteriota, Fusobacteriota, and Bacteroidota were generally the

most abundant phyla, as previously stated (Al-Ahmad et al., 2018;
Sousa et al., 2017; Wang et al., 2020). Previous research has shown
distinct biomarkers at the genus level under different peri-implant
conditions (Belibasakis & Manoil, 2020; de Melo et al., 2020; Kumar
etal., 2012; Shi et al., 2022). In our study, LEfSe was used to identify
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discriminative phyla and genera between HI and PI, and most of the
differentially abundant genera were significantly correlated with
the mean mSBI in PM, which might indicate that this change during
PM contribute to microbial dysbiosis.

Numerous taxa were associated with mucosal bleeding.
The enrichment of Porphyromonas, Defluviitaleaceae_UCG-011,
Desulfobulbus,

Phocaeicola, Filifactor, Tannerella, Treponema, Peptostreptococcus,

[Eubacterium]_nodatum_group, Fretibacterium,
W5053, Rikenellaceae_RC9_gut_group, and [Eubacterium]_saphe-
num_group was correlated with increasing mean mSBI. These genera
could serve as indicators of disease progression. Some of these gen-
era have been regarded as pathogenic peri-implant microbes, such
as Filifactor (Barbagallo et al., 2021); Treponema, Fretibacterium, and
Desulfobulbus (Korsch et al., 2021; Polymeri et al., 2021); Tannerella
(Wang et al., 2020); Porphyromonas (Yu et al., 2019). Additionally, we
observed several genera that were not reported in peri-implant dis-
ease previously. Defluviitaleaceae_UCG-011was related to salivary
microbiota dysbiosis, which was a potential biological predictor of
high risk for rheumatoid arthritis (Tong et al., 2020). Phocaeicola ex-
isted predominantly in the saliva of periodontitis subjects (Lundmark
et al., 2019). W5053 and Rikenellaceae_RC9_gut_group were associ-
ated with mental illness and Parkinson's disease (Arikan et al., 2022;
Yan et al., 2021). Moreover, abundance alteration could happen to
part of the 14 genera screened after the treatment of peri-implant
disease. The relative abundance of Tannerella and Porphyromonas
decreased after nonsurgical treatment for peri-implantitis, whereas
the relative abundance of Rothia increased (Shiba et al., 2021). A
study found Porphyromonas and Treponema could be influenced by
peri-implantitis treatment (Nie et al., 2020). Bacterial species be-
longing to the genera Porphyromonas, Tannerella, Peptostreptococcus,
Filifactor, and Desulfobulbus, such as Porphyromonas gingivalis,
Tannerella forsythia, Peptostreptococcaceae XIG-6 nodatum, Filifactor
alocis, and Desulfobulbus sp. HMT 041, decreased after mechanical
debridement treatment (Sun et al., 2022).

Sequencing of 16S rRNA amplicons has been widely used, and
most studies adopt operational taxonomic unit (OTU) clustering for
data analysis. ASVs make marker gene sequencing more precise, re-
usable, and reproducible than OTUs (Callahan et al., 2017). Analyzing
data in this way ensures the acquisition of more high-quality, reliable
results.

However, our results must be considered in light of several lim-
itations. A limitation of this study is the heterogeneity in inclusion
criteria. This study enrolled subjects with a history of periodontitis,
six of them were smokers. These may lead to potential effects on the
peri-implant submucosal microbiome. Future studies with adequate
control of confounding factors are required to confirm our findings.
The sampling method in the study was based on the use of sterile
paper points. Compared to using sterile curettes, this approach may
lead to a higher risk of contamination with exogenous DNA (van der
Horst et al., 2013). It is advisable to sample with sterile curettes for
further research. Moreover, our study has a sample size limitation,
and the proportions of many clinical features are relatively low. So,
we could not explore the relationship between the mucosal bleeding

and the microbiome in Pl and the contribution of multiple clinical
parameters or factors on peri-implant submucosal microbiome pre-
cisely. Future studies with larger sample sizes are needed to explore
the features of peri-implant conditions from a microbial perspective.
More research on host-microbe interactions needs to be under-
taken to gain further insights into peri-implant disease pathogenesis
mechanisms.

5 | CONCLUSION

This study contributes to our understanding of the microbiome in
peri-implant mucositis and its role in the progression of peri-implant
disease. The mSBl is a clinical risk indicator for the change in the sub-
mucosal microbial community and microbial dysbiosis in peri-implant
mucositis. The 14 biomarkers found in this study may be beneficial
for the monitoring and treatment of peri-implant disease.
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