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Abstract

Background Periodontitis is the sixth-most common disease worldwide. The oral microbiome composition and
its association with Periodontal disease (PD) have been largely explored; however, limited studies have explored
the microbial profiles of both oral and toothbrushes in patients with PD. Thus, this study aimed to ascertain the oral
and toothbrushes microbial composition in high-altitude populations, hypothesizing that their correlation with
periodontal health would differ from those at lower altitudes, potentially indicating links between environmental
factors, microbial colonization patterns, and periodontal health in distinct geographic contexts.

Methods In the present study, we enrolled 35 individuals including 21 healthy and 14 diagnosed with PD from
the Lhasa region of Tibet, China. Saliva and toothbrush samples were collected from each participant to assess the
association between toothbrush usage and oral microbiome with PD using 16 S rRNA gene-specific V3-V4 regions
sequencing. To assess the oral and toothbrush microbiome composition and diversity and its possible link to PD.

Results Significantly higher Alpha diversity (Shannon index) was observed between the PD group and PD
toothbrushes (p=0.00021) and between the PD group and Healthy toothbrushes (p=0.00041). The predominant
species were Proteobacteria, Bacteroidota, Firmicutes, Actinobacteria, and Fusobacteria, with genera Pseudomonas,
Veillonella, Neisseria, Acinetobacter, and Haemophilus. In addition, PICRUST2 analysis unveiled 44 significant pathways
differentiating the disease and healthy groups, along with 29 pathways showing significant differences between their
respective toothbrush microbial profiles. The distinct oral and toothbrush microbial composition among high-altitude
populations suggests potential adaptations to the challenges of high-altitude environments.

Conclusion This study emphasizes the importance of tailored dental care strategies, accounting for altitude and
racial factors, to effectively manage periodontal health in these communities. Further research is warranted to
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investigate the specific microbial mechanisms and develop targeted interventions for optimizing oral health in

populations across varying altitudes.

Keywords Periodontal disease, Oral microbiota, Toothbrush microbiota, Bacteria, High-altitude

Introduction

The mouth is the second richest microbiome after the
gastrointestinal tract and is an important part of the
human digestive system [1]. Periodontal disease [2], den-
tal caries [3], pulp disease [4], periapical disease [5], oral
mucosal disease [6], and oral cancer [7] are all related
to oral microbiota. The effects of the oral microbiome
extend beyond oral health, and these microbes can also
cause a variety of systemic diseases, including cardio-
vascular diseases (CVD) [8], digestive diseases [9], lung
diseases [10], autism [11], obesity [12], obstetric com-
plications [13], Alzheimer’s disease [14], rheumatoid
arthritis [15], etc. Periodontal disease, characterized by
chronic inflammation leading to progressive attachment
and alveolar bone loss, is one of the most important oral
diseases after caries and one of the major causes of the
global burden of chronic disease [16]. Periodontal disease
is multifactorial and is the result of unbalanced tissue loss
and increase driven by infection, chronic inflammation,
and reduced healing [17]. Severe periodontitis is wide-
spread, affecting more than 50% of adults and 11% of
adults, and is the sixth most prevalent disease worldwide
[18]. Periodontitis can seriously impair an individual’s
oral health-related quality of life [19], self-esteem [20],
and general well-being [21]. In addition, a large number
of studies have linked periodontal disease to a variety
of systemic diseases, including cardiovascular diseases,
diabetes, osteoporosis, obesity, neurodegenerative dis-
eases, infertility, adverse pregnancy outcomes, etc. [22].
The cost of treating Parkinson’s disease is high [23]. Tra-
ditional risk factors such as smoking [24], alcohol con-
sumption [25], poor diet [26], lack of exercise [27], stress
[28], distress, and psychological coping resistance [29]
have been extensively discussed. However, the specific
interactions between the oral and toothbrush microbiota
and their role in the occurrence and progression of PD
are largely uncharted territory in current research.

The toothbrush acts as a reservoir for a variety of
microorganisms, originating from both humans and the
surrounding environment [30]. The microbial diversity
found on a used toothbrush may be linked to other char-
acteristics of the microbiome within the built environ-
ment. Specifically, the diverse array of microorganisms
on a toothbrush includes Enterococcus, Porphyromonas,
Parvomona, Escherichia, Pseudomonas, Lactobacillus,
Staphylococcus, Klebsiella, Clostridium, and Streptococ-
cus, with contributions from both human-related and
environmental taxa. Several factors, particularly those
influencing the potential source microbiome, shape the

composition of this diverse microbiome. Notably, fac-
tors such as age, oral hygiene practices, and overall clini-
cal health, including conditions like periodontal disease,
dental caries, and even oral cancer, are associated with
the human oral microbiome [30]. We currently lack a
comprehensive understanding of the key factors that
shape the microbiome of toothbrushes. Additionally, the
impact of the toothbrush microbiome on the structure
and function of the oral microbiome, as well as its poten-
tial contribution to the development of periodontal dis-
ease (PD), remains unclear.

To date, there have been limited studies examining
the diversity of oral and toothbrush microbial commu-
nities in high-altitude environments and investigating
their potential influence on human periodontal health.
This has prompted our interest in understanding varia-
tions in the characteristics of oral and toothbrush micro-
biota among PD patients and healthy individuals from
the same ethnic group residing at high altitudes. Con-
sider paying attention to how these modifications will
affect the development of PD and the control of dysbio-
sis in the oral microbiome, both in the present and future
scenarios.

Materials and methods

Statement of ethics

This study was approved by Northwest Minzu Uni-
versity’s Research Ethics Committee in Gansu, China
(Approval No: XBMU20230074). After being informed
of the study’s objectives, each participant gave their
informed consent in accordance with the Declaration of
Helsinki’s tenets.

Study participants

We recruited 35 people for this study, including 21
healthy individuals and 14 people with PD. Participants
were selected based on the following criteria: They were
between the ages of 18 and 60 and belonged to the same
ethnic group at high altitudes. The inclusion criteria of
the participants were the following: age range 18 to 60
belonging to the same racial group in a high-altitude
area. Inclusion criteria for the health group: Good oral
health confirmed by oral examination, absence of sys-
temic diseases like diabetes or cardiovascular conditions,
and no recent major illnesses. Age and sex distribution
should match the periodontal disease group for sample
representation. Volunteers must fully understand the
study, participate voluntarily, and sign informed consent
forms. Exclusion criteria for the healthy group: History
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of periodontitis, gingivitis, or other oral diseases; sys-
temic diseases affecting oral health such as diabetes or
rheumatic diseases; long-term or recent use of medica-
tions affecting oral health like antibiotics or immunosup-
pressants; habits like long-term smoking, drinking, or
chewing betel nut; and inability to comply with sample
collection requests.

Inclusion criteria for patients with periodontal dis-
ease: Diagnosed with untreated chronic periodontitis,
having at least 16 evaluable teeth including 4 molars, at
least 2 sites with probe depth>5 mm, and loss of attach-
ment (AL)>2 mm across different quadrants. Patients
should not have had dental cleaning within the past year
or periodontal treatment within the last 6 months. Even
distribution in age and gender is sought for sample rep-
resentation. Participants must fully understand the study
and provide voluntary informed consent. Exclusion cri-
teria for patients with periodontal disease: Presence of
other oral diseases such as oral ulcers or oral cancer, sys-
temic diseases like diabetes or cardiovascular conditions,
intake of medications affecting study results (e.g., antibi-
otics, immunosuppressants), and inability to comply with
sample collection requirements.

Saliva and toothbrush sample collection

Saliva sample collection: Before collection, the patient
should rinse his mouth with water. The patient then
breathes with their mouth closed for a period of time
(e.g. 30 s) to reduce contamination of the sample by
microorganisms and food debris in the mouth. Next, a
sterile collection device (such as a straw or bottle) is used
to collect the patient’s naturally flowing saliva, about 3
to 5 ml. During the collection process, it is necessary to
ensure the sterility of the collection instrument to avoid
contamination of the sample. After collection, the saliva
sample was placed in a sterile centrifuge tube and stored
at -80°C for subsequent analysis [31].

Toothbrush sample collection: Before taking a tooth-
brush sample, the patient should use a special toothbrush
for daily brushing and use the toothbrush for at least 1
month. After brushing, place the toothbrush in a sterile
collection bag. During the collection process, it is nec-
essary to ensure that the toothbrush is dry and clean to
avoid contamination by other substances. After collec-
tion, the toothbrushes are stored in a slatted sterile sam-
pling bag at -80 °C for subsequent analysis.

In the process of sample collection, the aseptic opera-
tion principle should be strictly observed to ensure the
accuracy and reliability of samples. At the same time, the
patient is fully explained and instructed to ensure that
they can properly cooperate with the sample collection.
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DNA extraction and amplicon profiling

Following the manufacturer’s instructions, DNA was
extracted using Tiangen Biotech (Beijing) Co., Ltd's
TGuide S96 Magnetic Soil/Stool DNA Kit. Then, using
the Qubit dsDNA HS Assay Kit and the Qubit 4.0 Fluo-
rometer from Invitrogen, Thermo Fisher Scientific, with
headquarters in Oregon, USA, the concentration of DNA
in the samples was ascertained.

The V3-V4 region of the 16 S rRNA gene was ampli-
fied using genomic DNA extracted from each sample. A
universal primer set, including the Forward primer ACT
CCTACGGGAGGCAGCA and Reverse primer GGAC-
TACHVGGGTWTCTAAT, was employed for this pur-
pose. Both forward and reverse primers were extended
with sample-specific Illumina index sequences to facili-
tate deep sequencing. The PCR reaction occurred in a
10 pl total volume, with components such as 5-50 ng
DNA template, 0.3 pl *Vn F (10uM), 0.3 pl *Vn R (10uM),
5 ul KOD FX Neo Buffer, 2 ul ANTP (2 mM each), 0.2 pl
KOD FX Neo, and ddH20O up to 10 pl. The selection
of Vn F and Vn R was based on the amplification area.
The PCR protocol consisted of an initial denaturation at
95 °C for 5 min, followed by 25 cycles of denaturation at
95 °C for 30 s, annealing at 50 °C for 30 s, and extension
at 72 °C for 40 s, concluding with a final step at 72 °C for
7 min. Subsequently, PCR amplicons underwent purifica-
tion using Agencourt AMPure XP Beads (Beckman Coul-
ter, Indianapolis, IN) and quantification using the Qubit
dsDNA HS Assay Kit and Qubit 4.0 Fluorometer (Invi-
trogen, Thermo-Fisher Scientific, Oregon, USA). After
individual quantification, the amplicons were amalgam-
ated in equal proportions for library construction, and
[llumina Novaseq 6000 was employed for sequencing.

Bioinformatics and statistical interpretation

To do quality filtering on the raw data, Trimmomatic ver-
sion 0.33 was used (Bolger et al., 2014). Using Cutadapt
version 1.9.1, primer sequences were found and elimi-
nated (Martin, 2011), Utilising FLASH version 1.2.11, ter-
minal reads were eliminated (Magoc¢ and Salzberg, 2011),
Chimeric sequences were eliminated using UCHIME
version 8.1 (Edgar et al, 2011), Following the afore-
mentioned procedures, we eventually had high-quality
sequences for additional study. USEARCH (version 10.0)
was used to filter out sequences with lengths fewer than
100 base pairs and an error rate greater than 2. The Data-
base Project of Ribosomes was utilized to classify sam-
ple sequences (Cole et al., 2009). After data quality was
improved, operational taxonomic units (OTUs) were
created by combining more than 97% of identical clus-
ters. R Studio version 3.2 was used to compute rarefac-
tion curves at the OTU level and perform VENN analysis
(Colwell et al., 2012). Analysis of alpha diversity indices,
including the Chaol index, Shannon-Wiener Diversity
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Index, Simpson Diversity Index, Phylogenetic Diversity
index, Abundance-based Coverage Estimator (ACE), and
Coverage, was undertaken using the QIIME2 program
(https://qiime2.org/). Using the R language platform (ver-
sion 3.2.1), Principal Coordinate Analysis (PCoA) based
on the Bray-Curtis distance matrix was carried out to
measure beta diversity. Using the Bray-Curtis similar-
ity index, Permutational Multivariate Analysis of Vari-
ance (PERMANOVA) was used to evaluate community
variance. The effect size of linear discriminant analysis
(LEfSe) was used to determine the biomarker species
that differentiated the two groups (Segata et al., 2011).
Enhancing the information link between species is Lin-
ear Discriminant Analysis (LDA), which is further sup-
ported by significant difference tests such as pairwise
Wilcoxon and Kruskal-Walli tests. Moreover, the micro-
bial communities in both saliva and toothbrushes from
both groups are predicted by Phylogenetic Investigation
of Communities by Reconstruction of Unobserved States
(PICRUSt2).

Results

Characteristics of the patients

A total of 35 individuals participated in this study, com-
prising 21 healthy individuals and 14 patients with PD.
Saliva and toothbrush samples were collected from each
participant. Table 1 provides a full description of the clin-
ical characteristics.

OTUs distribution

A total of 5,599,311 paired-end sequencing reads were
generated from 70 samples. After paired-end read qual-
ity control and assembly, 4,935,111 clean reads were
obtained. Each sample yielded a minimum of 67,883 and
an average of 70,502 clean reads. In total, 19,107 opera-
tional taxonomic units (OTUs) were observed. Among
them, 3,010 OTUs were shared across all groups, with
2,938 unique to the PD Saliva (PDS) group, 3,458 to the
PD toothbrush (PTB) group, 5,561 to the Healthy Saliva
(HS) group, and 4,140 to the Healthy Individuals Tooth-
brush (HTB) group, as depicted in the Venn diagram
(Fig. 1).

Table 1 The characteristics of both the healthy and patient
groups are summarized below
Characteristics Healthy individuals

Periodontal patients

Number of individuals 21 14

Gender (Male/Female)  11/10 4/10

Age (mean, STD) 4258 £13.57 4471 +£15.04
BMI (mean, STD) 2227 £8.69 2293 £2.80
Smokers (yes/no) 6/15 2/12
Drinkers (yes/no) 4/17 4/10
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Alpha diversity

Initially, alpha diversity across all groups was assessed
using Chaol, Shannon, and Simpson indices. The alpha
diversity of the saliva and toothbrush microbiome did
not exhibit significant differences among the four groups,
as indicated by the Chaol index (p=0.008). Similarly, no
significant differences were observed in Simpson indi-
ces (Fig. 2A and B). Notably, a significantly higher diver-
sity, as measured by the Shannon index, was observed
between the PD Saliva (PDS) and PD Toothbrush (PDT)
groups (p=0.00021) and between PDS and Healthy Indi-
viduals Toothbrush (HIT) groups (p=0.00041) (Fig. 2C,
Supplementary Table 1). The rarefaction curves in
Fig. 2D demonstrated a plateau in species richness, sug-
gesting that the sample numbers and sequencing depth
covered sufficient information for subsequent analyses. A
p-value less than 0.005 was considered significant.

Beta diversity

To investigate structural variations in the bacterial com-
munity between the PD Saliva (PDS) and Healthy Saliva
(HS) groups, beta diversity was assessed. The overall
differences were visualized through a principal coor-
dinate analysis (PCoA) plot, with the top two principal
coordinates contributing to the diversity (PC1=16.01%
and PC2=4.94%). The Bray-Curtis distance-based plot
(Fig. 3A) depicted a total variation of 20.95%. Further-
more, PERMANOVA results indicated a significant
difference in microbial composition between the two
groups (R2=0.149, p=0.001), as shown in Fig. 3B. In
summary, notable changes were observed in microbial
taxa between saliva and toothbrush samples.

Comparison of microbial taxa at phylum and genus levels
At the phylum and genus levels, the relative abundance of
the top 10 operational taxonomic units (OTUs) was cat-
egorized. Proteobacteria, Bacteroidota, Firmicutes, Acti-
nobacteria, and Fusobacteria were the main phyla that
were found at the phylum level, which dominated in the
PD Saliva (PDS), PD Toothbrush (PDT), Healthy Saliva
(HS), and Healthy Individuals Toothbrush (HTB) groups.
Specifically, Phylum Proteobacteria (70%, 28%, 27%, and
57%) showed enrichment in the PDS group compared to
HS, PTB, and HTB, respectively. Other phyla, including
Bacteroidota (9%, 3%, 9%, and 2%) and Firmicutes (7%,
2%, 1%, and 2%), exhibited slight variations among all
groups (Fig. 4A).

Figure 4B illustrates the overall composition of saliva
and toothbrush microbial communities in both groups
at the genus level. Of them, Pseudomonas followed by
Veillonella, Neisseria, Acinetobacter, Haemophilus, Strep-
tococcus, Prevotella_7, Prevotella, Alloprevotella, and
Brevundimonas were the dominant genera in PDS, PDT,
HS, and HTB groups. Of them, the genus Pseudomonas
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HTB

Fig. 1 AVenn diagram represents the overlaps (shared and unique OTUs) among all groups

(21%, 3%, 9%, and 1%), Veillonella (4%, 9%, 3%, and 14%)
followed by Neisseria, Acinetobacter, Haemophilus,
Streptococcus, Prevotella_7, Prevotella, Alloprevotella,
and Brevundimonas were slightly different among PDS,
PDT, HIS, and HIT groups. No significant difference
was observed in saliva and toothbrush microbial taxa
between PDS and Healthy groups at the genus and phy-
lum level (p<0.05).

Distinct bacterial taxa between both groups

Using a logarithmic LDA score cutoff of 10, LEfSe mod-
elling was used to validate the taxonomic and statistical
differences between the saliva and toothbrush microbi-
omes in people with periodontal disease and those who
are healthy. Upon examining each participant’s taxo-
nomic profile, LEfSe determined significant differences
between the four groups at the phylum, class, order,
family, genus, and genus levels, with a threshold score
of LDA>10. Using linear discriminant analysis, it was
discovered that 26 taxa exhibited significant differences
across all groupings. Notably, Class_Gammaproteobac-
teria: Orders_Pseudomonadales, and Corynebacterales:

Families_Moraxellaceae, Enterobacteriaceae, and Alca-
ligenaceae: Genus_Emticicia, and Achromobacter in the
PDS group; Families Pasteurellaceae, Neisseriaceae,
and Fusobacteriaceae: Genus_Neisseria, Alloprevotella,
and Fusobacterium in PDT; Orders_Sphingomonad-
ales: Families_Comamonadaceae, and Sphingomonada-
ceae: Genus_Comamonas in the HS group; and
Genus_Haemophilus in HTB were found to be signifi-
cantly distinct among all groups (Fig. 5A). Furthermore,
Fig. 5B uses a cladogram to show how the microbiomes
of the four groups differ at different evolutionary levels.

Functional analysis (KEGG annotated pathway)

Predictions of bacterial gene functions were made using
the PICRUSt2 algorithm, which utilizes 16 S rRNA
gene-based microbial compositions to infer information
from KEGG annotated databases. Significant differences
among the 44 KEGG pathways were observed between
the PD Saliva (PDS) and control groups (Fig. 6A). In the
PDS group, variations were noted in pathways related to
aging, cancer-specific types, metabolism of other amino
acids, signal transduction, neurodegenerative diseases,
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metabolism of terpenoids and polyketides, drug resis-
tance (antineoplastic), amino acid metabolism, transport
and catabolism, circulatory system, immune system, sub-
stance dependence, infectious diseases (viral), cardiovas-
cular disease, cancer (overview), cell motility, infectious
diseases (parasitic), nervous system, development, xeno-
biotics biodegradation and metabolism, and infectious
diseases (bacterial). On the other hand, pathways asso-
ciated with immune diseases, endocrine and metabolic
diseases, signaling molecules and interaction, glycan bio-
synthesis and metabolism, excretory system, translation,
folding, sorting and degradation, global and overview
maps, sensory system, cell growth and death, metabo-
lism of cofactors and vitamins, transcription, replication
and repair, drug resistance (antimicrobial), biosynthesis

of other secondary metabolites, cellular community-pro-
karyotes, nucleotide metabolism, and energy metabolism
were down-regulated in the Healthy Saliva (HS) group
compared to the PDS group.

Similarly, comparing the PTB and HTB exhibited
significant differences among the 29 KEGG path-
ways (Fig. 6B). The functional pathways of the patient’s
toothbrush showed differences in aging, cell growth,
and death, immune diseases, nervous system, signal-
ing molecules, and interaction, cancer: specific types,
neurodegenerative diseases, carbohydrates metabolism,
cardiovascular diseases, infectious disease: viral, drug
resistance: antineoplastic, metabolism of other amino
acids, drug resistance antimicrobial, biosynthesis of
other secondary metabolites, signal transduction, glycan
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biosynthesis and metabolism, infectious disease bac-
terial, energy metabolism and nucleotide metabolism
were down-regulated while folding, sorting and degrada-
tion, metabolism of cofactors and vitamins, cell motility,
amino acids and metabolism, translation, environmental
adaptation, member transport, replication and repair,
cellular community-prokaryotes and circulatory system
were up-regulated in HTB group. These findings sug-
gest a significant dysregulation of functional pathways in

patients, primarily exhibiting downregulation, contrasted
with a notable down-regulation of functional pathways in
their toothbrushes. These results underscore the poten-
tial interplay between host health and the microbial envi-
ronment, highlighting the need for further investigation
into the implications of these dysregulated pathways on
overall oral health and disease progression.
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Fig.6a Functional pathways between the disease and healthy groups are depicted as follows: (A) lllustrates the significant differences in saliva functional
pathways between the healthy group and patients. (B) Demonstrates significant changes in toothbrush functional pathways between patients' tooth-

brush samples and those of the healthy group
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pathways between the healthy group and patients. (B) Demonstrates significant changes in toothbrush functional pathways between patients' tooth-

brush samples and those of the healthy group

RDA analysis

We assessed the influence of age, weight, hygiene, venti-
lation, and usage time on the composition of oral micro-
biota and periodontal disease using RDA analysis. Our
findings showed that hygiene, Vent, and age have a great
impact on periodontal disease see Fig. 7A. We further
examined the correlation between clinical characteristics
and microbiological taxa. Where three genera namely,
Veillonella, Streptococcus, and Actinomyces showed a
positive correlation with hygiene while only Streptococ-
cus showed a positive correlation with Vent, depicted in
Fig. 7B. Therefore, this implies that hygiene, Vent, and
oral microbiota may significantly influence oral health
and promote the development and progression of peri-
odontal disease.

Discussion

In this study, the salivary and toothbrush microbiome
of the healthy (21 subjects), and periodontal (14 sub-
jects) groups were compared to PDS, PDT, HS, and HTB
groups to ascertain the oral and toothbrush microbiome
composition and their association with PD. A previous
study reported significant alterations in oral microbi-
ome profiles in patients with PDs [32]. However, the link
between oral and toothbrush microbiome signatures
with PD is an emerging research area. To understand the
association between oral and toothbrush microbiome
with PD, we compared the oral and toothbrush microbial
signatures of healthy Tibetans who lived in the same geo-
graphical environment for a long time, had the same life-
style and similar dietary habits, and Tibetans with PDs to
minimize the influence of genetic background. We aimed
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Fig. 7 (A) shows the correlation between demographic variables and oral microbial genera. (B) indicates the heatmap of the correlation and their sig-

nificant status

to explore the oral and toothbrush microbiome composi-
tion and its potential link to PD.

In this study, we employed high-throughput sequenc-
ing to investigate the microbial diversity in both the sali-
vary and toothbrush microbiomes. Notably, a reduced
alpha diversity, as measured by the Shannon index,
was observed in both the oral and toothbrush microbi-
omes when comparing PDS vs. PDT (p=0.0002) and
PDS vs. HTB (p=0.0004). However, no significant dif-
ferences were identified in the oral microbiome signa-
tures between individuals with periodontal disease and
those who were healthy. These findings are consistent
with a study conducted by Blaustein, which also com-
pared toothbrushes and human oral microbiomes. Fur-
thermore, a different study found that toothbrush alpha
diversity was greater than skin and vaginal microbiota
diversity but lower than oral and gut microbiota diversity
[30]. However, our results are different from these find-
ings, therefore our findings suggest the potential adap-
tation to the challenges of high-altitude environments.
Therefore, the study highlights the importance of devel-
oping tailored dental care strategies based on altitude and
ethnic factors to effectively manage periodontal health in
these communities. Additionally, beta diversity between
both groups was found significantly altered. Evidence
recently accumulated from the Tibetan Plateau suggests
that the diversity of oral microbiota living at different
elevations changes and the associated ecological mecha-
nisms respond differently compared to lower elevations
[33]. Therefore, we hypothesized that high altitude could
play a crucial role in the causation of PDs. Further study
is needed to specific microbial mechanisms and develop

targeted interventions to optimize the oral health of pop-
ulations at different altitudes.

At the phylum level, the Proteobacteria level increased
in the PDS group. Proteobacteria includes a variety of
human pathogens, including Brucella, Neisseria, Rick-
ettsia, and Helicobacter pylori, which are known to be
closely associated with diseases such as lung disease,
inflammatory bowel disease, and metabolic disorders
[34]. Notably, the toothbrush microbiome includes key
members shared with the oral microbiome, establish-
ing a link between the two. The microbial community on
your toothbrush may contribute to a variety of diseases.
However, there has been limited research into the micro-
bial diversity of toothbrushes and the potential effects of
these bacteria on human health. Our findings highlight
the prevalence of Haemophilus, Neisseria, and Strepto-
coccus in all groups. Because the microbial species com-
monly found in the oral microbiome are quite common,
the toothbrush acts as an interface between the human
host and the surrounding environmental microbiome
[35]. A previous study had similar findings, suggesting
that conserved oral-related taxa, including Haemophilus,
Neisseria, and Streptococcus, play an important role in
biofilm adhesion and supringival plaque formation [36].
Interestingly, our study identified two distinct genera
in the PDS group, Emticicia, and Achromobacter, while
Neisseria, Alloprevotella, and Fusobacterium dominated
on their toothbrushes. They found that broad differences
in microbial trends in toothbrushes are similar to differ-
ences in dust or on surfaces in the built environment,
which act as additional “sinks” for microbes of human
origin [37, 38]. Some of the less niche-specific taxa found
on toothbrushes, including Enterobacteria, Kocuria,
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Pseudomonas, and Stenotrophomonas, are commonly
found in indoor environments [39, 40]. As an early colo-
nizer and species bridge, Veillonella played an important
role in organizing the creation of complex multi-species
communities in the human oral environment. Its ability
to form strong bonds with other components of the oral
microbiome is a key component in maintaining a bal-
anced and healthy oral environment. Leptococcus may
function as an “auxiliary pathogen” that promotes the
development of other pathogenic species in oral biofilms
and highlights the complex link between these bacteria
and biofilm-induced periodontitis [41]. Neisseria and
Leptococcus are well-known indicators of dental health.
Specifically, Leptococcus can absorb lactic acid produced
by Streptococcus mutans, helping to prevent tooth decay
[42]. Neisseria is a biomarker of a good periodontal envi-
ronment because its number in the periodontal pocket is
reduced from hc and the surface layer to the deep layer
[43]. In clinical studies of periodontal therapy, it has
been found that the relationship between leptococcus and
treatment results is stronger [44].

Remarkably, we also discovered that toothbrushes had
less Prevotella and Streptococcus than the oral cavity
did. According to a recent study, Prevotella and Strep-
tococcus are the main microorganisms that cause oral
illnesses [45], Because of the oral cavity’s high fluidity,
toothbrushes have more antimicrobial chemicals than
the oral cavity, which makes the remaining components
in toothbrushes more effective at preventing bacteria
development. Significant improvements were also found
in pathways like the Two-component system, Bacterial
secretion system, Glyoxylate and dicarboxylate metabo-
lism, Microbial metabolism in diverse environments,
Glycine, serine, and threonine metabolism, and Oxida-
tive phosphorylation, according to our functional predic-
tion analysis. However, the PD group showed evidence of
various metabolic pathways, including pyruvate metabo-
lism, ribosome, purine, and cysteine metabolism, pyrimi-
dine metabolism, amino acid biosynthesis, antibiotic
biosynthesis, biosynthesis of secondary metabolites, gly-
colysis/gluconeogenesis, carbon metabolism, purine and
cysteine metabolism, quorum sensing, ABC transport-
ers, and purine metabolism (Fig. 4B). However, the shot-
gun metagenomic approach must be used to corroborate
these findings further because high throughput sequenc-
ing only yields a limited amount of data. To summarize,
the microbial communities found in toothbrushes dis-
play a range of characteristics, from strong subsets of the
oral microbiota to mixed assemblages that contain more
common strains that are particular to a given habitat or
situation.

To characterize the saliva and toothbrush microbiome
in the healthy and periodontal groups, our pilot analysis
was limited by a small sample size (#=35) and a lack of
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paired donor samples. Weak but potentially important
trends identified in this pilot study, such as the relation-
ship between oral hygiene habits and the microbiome,
tooth loss, adenoids and tonsillectomy, the presence
of bathroom Windows, and the location of toothbrush
storage, may benefit from a larger cohort. Ultimately,
although environmental factors have a significant influ-
ence on indoor microbial communities, correlations
between these characteristics and community measures
are often weak or nonexistent [46]. In addition, the com-
parison between the toothbrush microbiome and its
human-related and built environment counterparts was
“high” due to site-specific microbial strains and poten-
tially confusable variables across the dataset (e.g., differ-
ences in treatment of actual washbasin water versus tap
water in the reference dataset for subjects’ households,
batch effects in sequencing preparation). For example,
some so-called oral microbiota may be exaggerated
and come from other parts of the human body. Source
Tracker’s human score predictions are based on the most
prevalent members of the toothbrush microbiome in the
oral metagenome and are thought to be generated by
the human microbiome [47]. The gut, vaginal, and skin
microbiota all include many of the same microbial species
(e.g., Leptococcus and Streptococcus). In the future, lon-
gitudinal studies of the microbiome of toothbrushes and
donors may be needed to draw more definitive conclu-
sions about community clustering of oral and toothbrush
microbiome characteristics. This tracking may involve a
comparison of sequence variations at the genome level.
However, given that differences between the toothbrush
microbiota and the human microbiota may indicate local
selection, these microbiotas appear to be important res-
ervoirs of periodontal disease. Whether this tap water in
turn leads to the spread of harmful bacteria in the human
oral niche is unknown. It is recommended to brush your
teeth at least three to four times a day, for three to five
minutes after each meal [48]. Frequent brushing is ben-
eficial to oral health, and oral microorganisms and tooth-
brush microorganisms can better maintain ecological
balance, which may have an impact on oral diseases and
other systemic diseases [49]. Therefore, brushing your
teeth at night is very important to reduce the risk of car-
diovascular disease and related diseases. There is a need
to raise public awareness of proper brushing times [50].
It is vital to encourage individuals to consistently change
their toothbrushes regularly at intervals of no more than
three to four months.

Limitations

This study was limited by sample size and may not ade-
quately represent the overall microbial characteristics of
populations at high altitudes. In addition, in addition to
the single factor of altitude, other environmental, dietary,
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genetic, or behavioral variables should be considered
that may contribute to the observed microbial diversity.
Follow-up studies will expand the sample size and fully
consider the influencing factors.

Conclusions

In conclusion, this study compared the microbial diver-
sity found in toothbrush and oral samples from those in
good health and those who have been diagnosed with
periodontal disease (PD). The study found that tooth-
brushes included many bacteria, including several dis-
eases. The results point to the possibility that these
bacteria enter the oral cavity through toothbrushes and
spread, raising the risk of cardiovascular disease, can-
cer, and periodontal illnesses. The study reveals unique
microbial compositions in toothbrush and oral samples
from communities living at high altitudes, suggesting
possible adaptations to difficulties encountered in these
settings. As such, the study highlights how crucial it is
to customize dental care plans according to ethnicity
and altitude to effectively maintain periodontal health in
these communities. It also emphasizes the necessity of
greater investigation into certain microbial pathways and
the creation of focused therapies to maximize oral health
outcomes for populations living in various altitudes.
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