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Abstract

Background The microbiome plays a crucial role in odontogenic sinusitis (OS); however, the bacterial characteristics
of the sinuses and connected dental regions in OS are poorly understood. In this study, nasal secretion samples were
collected from 41 OS patients and 20 simple nasal septum deviation patients, and oral mucosa samples from dental
regions were collected from 28 OS patients and 22 impacted tooth extraction patients. DNA was extracted, and 165
rRNA sequencing was performed to explore the characteristics and structure of the microbiome in the sinuses

and dental regions of OS patients.

Results The alpha diversity of the oral and nasal microbiomes in OS patients was higher than that in controls.
Principal coordinate analysis (PCoA) showed that oral samples clustered separately from nasal samples, and the beta
diversity of oral and nasal samples in OS patients was higher than that in controls. The dominant phylum was Bac-
teroidetes in OS patients and Firmicutes in controls in both the oral and nasal cavity. The dominant genera in the oral
microbiome and nasal microbiome of OS patients were similar, including Fusobacterium, Porphyromonas and Prevo-
tella. Co-occurrence network analysis showed decreased microbial connectivity in the oral mucosa and nasal secre-
tion samples of OS patients.

Conclusions Odontogenic infection promotes structural and functional disorders of the nasal microbiome in OS.
The interaction of dominant pathogens in the nasal and oral regions may promote the development of OS. Our study
provides the microbiological aetiology of the nasal and connected dental regions in OS and is expected to provide
novel insights into the diagnosis and therapeutic strategies for OS.
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Introduction

As an inflammatory disease of the nasal and paranasal
sinus mucosa, chronic rhinosinusitis (CRS) is consid-
ered a severe chronic respiratory disorder threatening
human health [1, 2]. It poses considerable challenges to
patients’ quality of life [3] and healthcare costs world-
wide [4]. Odontogenic sinusitis (OS) is a common form
of CRS caused by infection of the maxillary teeth close
to the maxillary sinus. OS is frequently encountered in
routine otolaryngology and dentistry, and more than 10%
of maxillary sinusitis is due to odontogenic causes [5].
Although the occurrence of OS is associated with some
factors and conditions, including maxillary tooth infec-
tion or trauma, tooth extraction, odontogenic disease of
the maxillary bone, or endodontic root canal treatment
for maxillary odontogenic disease, the exact pathogenesis
of OS is not fully understood [6].

Management of OS requires dealing with not only den-
tal problems but also sinus problems and often requires
endoscopic sinus surgery (ESS) [7]. However, CRS caused
by dental pathology is frequently ignored [8] and may
result in medical and surgical failure [9]. OS has been
associated with a larger microbial burden and more
microbial diversity than simple CRS, and antimicrobial
therapy should address this difference [10]. Oral infec-
tions spread rapidly through the maxillary sinus and can
also lead to peri-orbital cellulitis, blindness, and even life-
threatening cavernous sinus thrombosis [11-13]. There-
fore, identifying and eliminating the source of infection
in OS is necessary to prevent and control the persistence
of symptoms [14, 15].

Antibiotics are the mainstay of medical treatment for
OS, but the microbes linked to the occurrence of OS are
often resistant to antibiotics. In clinical trials, the choice
of appropriate therapeutic schedule depends on the dis-
crimination of the characteristics of the microorganisms
[16]. Therefore, it is very important to fully understand
the bacterial characteristics of OS for the selection of
antibiotics tailored to the specific microbiota.

The microbiome plays a crucial role in OS, and there
are differences between the microbiome associated with
OS and those of other types of rhinosinusitis [17]. The
OS microbiome is generally polymicrobial, but anaero-
bic species, namely, bacteria in the oral cavity and upper
respiratory tract, predominate [15]. The microbiome pre-
sent in pathological dental problems may be critical in
causing OS [16].

However, few studies have revealed the bacterial char-
acteristics of the sinuses and connected dental regions
in OS. Therefore, further microbiological studies are
urgently needed to investigate and clarify the bacterial
characteristics of the sinus cavities and connected den-
tal regions of OS. We aimed to identify the microbiome
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present in oral pathological mucosa and nasal secretion
samples of OS patients and controls by using 16S rRNA
sequencing to determine the cause of odontogenic dis-
eases. To our knowledge, this is the first study to demon-
strate the microbiological profile of the sinus cavities and
connected dental regions in OS patients.

Materials and methods

Subjects

From October 2020 to October 2021, 41 patients with
OS, 20 individuals with simple nasal septum devia-
tion, and 22 patients with mandibular impacted tooth
extraction who visited the Capital Medical University
Affiliated Beijing Tongren Hospital (Beijing, China) dur-
ing the same period were enrolled in this study. In this
cohort, samples from 41 OS patients were collected as
the experimental subjects, including 41 nasal secretions
(experimental group nasal secretions, EGNS) and 28
oral mucosa (experimental group oral mucosa, EGOM).
Nasal secretions (control group nasal secretions, CGNS)
from 20 patients with simple nasal septum deviation and
oral mucosa (control group oral mucosa, CGOM) from
22 patients with mandibular impacted tooth extraction
were collected as controls. Participants were excluded
if they were taking antibiotics or probiotics in the past
month. Patients with simple nasal septum deviation were
excluded from sinusitis by CT and nasal endoscopy, and
there were no clinical symptoms of sinusitis.

Sample collection

ESS and extraction of affected teeth were performed
simultaneously, and oral pathological mucosa and nasal
secretion samples were extracted in OS patients. Dis-
eased granulation tissues or infected gingival tissues were
scraped away at the depth of the extraction pit to collect
oral pathological mucosa samples for the detection of
dental bacteria (Fig. 1A). During ESS, the maxillary sinus
ostium was opened, and sterile gauze was immersed
into the maxillary sinus cavity to collect nasal secretions
(Fig. 1B). When collecting nasal secretions from patients
with deviated nasal septa, secretions from the middle
meatus were thoroughly dipped in a sterile cotton swab
and placed into a frozen tube containing DNA protection
solution. For oral samples from patients with impacted
teeth extraction, excess gum tissue was removed during
the extraction and placed in a frozen tube. The samples
were collected in sterile tubes and immediately stored
at-80 °C for further processing.

DNA extraction and 16S rRNA sequencing

Using the PowerSoil DNA Isolation Kit (MoBio Labora-
tories, Carlsbad, CA), DNA was extracted from mucosal
and secretion samples according to the instructions.
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A Oral cavity
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B Nasal cavity

Fig. 1 Sampling location. A Oral cavity extraction socket. B Nasal secretion. (The arrow points to the sampling location)

Genomic DNA purity and quality were measured on
0.8% agarose gels. The V3-4 hypervariable region of the
bacterial 16S rRNA gene was amplified with the prim-
ers 338F (ACTCCTACGGGAGGCAGCAG) and 806R
(GGACTACHVGGGTWTCTAAT) [18]. For each sam-
ple, a 10-digit barcode sequence was added to the 5’ end
of the forward and reverse primers (provided by All-
wegene Company, Beijing). Then, Mastercycler Gradi-
ent (Eppendorf, Germany) was used for PCR with 5 pl
of DNA (total template volume was 30 ng). The cycling
parameters were set at 95 °C for 5 min, followed by 28
cycles of 95 °C for 45 s, 55 °C for 50 s and 72 °C for 45 s,
and finally extended to 72 °C for 10 min. To mitigate PCR
bias at the reaction level, three PCR products from each
sample were combined. The PCR products were purified
using a QIAquick Gel Extraction Kit (QIAGEN, Ger-
many), quantified using real-time PCR, and sequenced at
the Allwegene Company (Beijing). Deep sequencing was
performed on a MiSeq platform. Images were analysed,
bases were called, and errors were estimated using Illu-
mina Analysis Pipeline Version 2.6.

Sequence analysis

The Quantitative Insights into Microbial Ecology
(QIIME) pipeline was used to trim the raw sequences
[19]. Briefly, the original sequences matching the bar
codes were identified as valid sequences and assigned to
their respective samples, and their primers and bar codes
were pruned for further quality control. The filtering cri-
teria for low-quality sequences were sequences of length
6. The remaining high-quality sequences were clustered
into operational taxonomic units (OTUs) under 97%
sequence consistency. OTUs are artificial markers for a
taxon (family and genus, etc.) that can be used to classify
identified sequences. Reads less than 150 bp in length,
containing an ambiguous base, or containing an isoform

greater than 8 bp were removed, and chimeric sequences
were identified and removed using the UCHIME tool of
the mothur software package (v.1.31.2) [20]. All clipped
sequences were normalized to the same sequence depth
using mothur.

Statistical analysis

According to the OTU clustering results, rarefaction
analysis was performed by mothur. The R language tool
was used to make dilution curve rarefaction curves. R
language tools for statistics and Venn plots were also
used [21]. QIIME V. 1.8.0 was used to measure alpha
diversity using the Shannon index and beta diversity
using unweighted UniFrac and Bray—Curtis distances
[22]. To estimate the beta diversity, PCoA was performed
using the R package vegan. Between-group variances was
evaluated using analysis of similarities (ANOSIM). RDP
Classifier, BLAST, and UCLUST consensus taxonomy
assigner were used for comparative analysis of represent-
ative OTU sequences, and the species information for
the OTU community was annotated at each level (phy-
lum, class, order, family, genus). Differences in taxonomic
composition were assessed using the Kruskal-Wallis or
Wilcoxon rank-sum test.

The linear discriminant analysis effect size (LEfSe)
method [23] was used to compare the bacterial com-
munity structures between the samples. ANOVA was
used to detect species with significant differences in
abundance between different groups, and the threshold
was set at 0.05. Linear discriminant analysis (LDA) was
used to reduce and evaluate the impact of species with
significant differences (LDA score), and the threshold
was set at 3 (P<0.05, LDA >3). To examine the cooc-
currence or mutual exclusion of the top 20 genera, a
correlation network was generated using mothur soft-
ware, and calculated C-scores and Spearman’s rank
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correlations were used to analyse cooccurrences among
genera. Only correlations with a significance of P<0.05
and a correlation of r>0.6 were included in the net-
work. Cytoscape software version 3.8.2 was used to vis-
ualize and edit the network.

Results

Demographic data

In this cohort, samples from 41 patients with odonto-
genic sinusitis (OS) were collected as the experimental
group, including 41 nasal secretions (EGNS) and 28
oral mucosa samples (EGOM). For the control group,
nasal secretions (CGNS) from 20 patients with sim-
ple nasal septum deviation and oral mucosa samples
(CGOM) from 22 patients with mandibular impacted
tooth extraction were collected. Specific demographic
information is shown in Table 1.

Valid sequencing data

In total, 50 oral pathological mucosa and 61 nasal secre-
tion samples were collected. All the rarefaction curves
(Figure S1) reached saturation at approximately 25,000
sequences per sample, suggesting that the sampling was
comprehensive and that the sequencing depth was suf-
ficient to reflect the vast majority of microbial infor-
mation. A total of 2324 operational taxonomic units
(OTUs) were detected in all samples (Fig. 2A): 1742
were detected in the oral mucosa samples, accounting
for 74.96% of all the OTUs; 1896 OTUs were found in
the nasal secretion samples, accounting for the larg-
est proportion (81.58%) of the total. Region-specific
OTUs were also demonstrated, including 428 (18.42%)
in the oral mucosa samples and 582 (25.04%) in the
nasal secretion samples. In oral-specific OTUs, 502
were in EGNS, while only 59 were in CGNS. In nasal
cavity-specific OTUs, 305 were in EGOM, while only
71 were in CGOM. Consequently, OTU counts of the
nasal microbiome were more abundant; meanwhile, the
numbers of region-specific OTUs in both pathological

Table 1 Demographic data for EGNS, EGOM, CGNS, and CGOM
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oral and nasal cavities of OS patients were higher than
those of the control group, which might be associated
with regional bacterial infections.

Bacterial diversity in oral and nasal samples

To assess the overall composition richness and struc-
tural characteristics of the oral and nasal regions in OS
patients, we analysed the alpha and beta diversity of the
microbiota. Alpha diversity measurements using the
Shannon diversity index (Fig. 2B) indicated a significant
increase in the microbial diversity of oral mucosa samples
(Tukey test, P<0.001). Comparing the alpha diversity of
nasal secretions, we found that the microbial diversity of
OS patients was significantly higher than that of controls
(P<0.05). Similarly, oral microbial diversity was higher in
OS patients, although there was no significant difference.
To further understand bacterial community structures
among oral and nasal regions, beta diversity was assessed
by PCoA. The PCoA plot (Fig. 2C) showed that the
microbiome of the oral mucosa samples clustered sepa-
rately from that of the nasal secretion samples (ANO-
SIM, P<0.001). Beta diversity analysed by unweighted
UniFrac distance of oral mucosa (ANOSIM, P<0.01)
and nasal secretion samples (ANOSIM, P<0.001) in OS
patients was also higher than that in controls (Fig. 2D).
These results indicated that the oral and nasal microbi-
omes significantly differed from each other. Moreover,
there were differences in the distribution of the oral or
nasal microbiome between OS patients and controls.

Comparison of bacterial abundance in the oral and nasal
samples

To assess bacterial abundance, we subsequently per-
formed a taxonomic analysis of the nasal and oral
microbiomes. The distribution of bacteria was charac-
terized by relative taxonomic abundance. A total of 36
phyla, 88 classes, 182 orders, 308 families, and 565 gen-
era were identified in the samples. First, to determine
if and how the microbial compositions varied between
oral mucosa and nasal secretion samples, we calculated
the relative abundances of the phyla in these regions.

Demographic data EGNS (n=41) EGOM (n=28) CGNS (n=20) CGOM (n=22) P value
Age (mean +SD years) 46.73+13.76 44.36+13.31 34.65+9.28 29.73+7.67 <0.0001
Male sex (n) 23 11 12 4 0.0140
Cause of disease 0S 0S Nasal septum deviation Impacted teeth

Smoking 13 6 3 2 0.1705
Asthma 0 0 0 0 NA
Diabetes 6 2 1 0 0.2229

EGNS Experimental group nasal secretions, CGNS Control group nasal secretions, EGOM Experimental group oral mucosa, CGOM Control group oral mucosa
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Fig. 2 Venn diagram and diversities of the microbiota. A Venn diagram showing shared and unique operational taxonomic units (OTUs) at 97%
identity among the four groups. B Alpha diversity measurements using the Shannon diversity index in each group at 97% identity. The data were
tested by Tukey's test. C Principal coordinate analysis (PCoA) based on the OTU level. D Unweighted UniFrac distance analysis of the microbiome
in each group. Data were tested by ANOSIM. * P<0.05, ** P<0.01, *** P<0.001. EGNS: experimental group nasal secretions; CGNS: control group
nasal secretions; EGOM: experimental group oral mucosa; CGOM: control group oral mucosa

The taxon compositions of the microbial communities
with a relative abundance of more than 1% according to
the tested sample groupings are provided (Fig. 3A). The
dominant phyla in EGNS mainly comprised Bacteroi-
dota, Firmicutes, Fusobacteriota, and Proteobacteria,
while Firmicutes, Actinobacteriota and Proteobacteria
were dominant in CGNS samples. The proportions of
Actinobacteriota (P<0.05), Firmicutes and Proteobac-
teria (P<0.05) were more abundant in CGNS, while
the proportions of Bacteroidota (P<0.05) and Fuso-
bacteriota were more abundant in EGNS. Additionally,

Bacteroidota, Firmicutes, Fusobacteriota and Proteobac-
teria were the dominant phyla in EGOM and CGOM.
The proportions of Firmicutes and Patescibacteria were
more abundant in CGOM, while the proportions of Bac-
teroidota, Spirochaetota and Campilobacterota were
more abundant in EGOM.

The genera in the samples were sorted from most
to least abundant (Fig. 3B). The 5 most abundant gen-
era were Fusobacterium, Porphyromonas, Prevotella,
Streptococcus and Parvimonas_micra in EGNS and
Staphylococcus,  Corynebacterium,  Cutibacterium,
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Peptoniphilus_sp._ELI1, and Ralstonia in CGNS. The
5 most abundant genera were Fusobacterium, Por-
phyromonas, Prevotella, Treponema and Neisseria in
EGOM and Fusobacterium, Streptococcus, Porphy-
romonas, Prevotella and Dialister in CGOM. Addi-
tionally, we also analysed the differential genera with
relative abundances in the top 20 in different regions of
OS patients and controls. Staphylococcus, Corynebac-
terium, Cutibacterium and Neisseria were less abun-
dant (P<0.05), while Fusobacterium, Porphyromonas,
Prevotella, Parvimonas_micra and Dialister were more
abundant (P<0.05) in EGNS than in CGNS. Strepto-
coccus, Filifactor and Veillonella were less abundant

(P<0.05), while Treponema, Neisseria, Capnocytophaga
and Campylobacter were more abundant (P<0.05) in
EGOM than in CGOM.

High-dimensional biomarkers in different regions of OS

To further clarify the differences in oral or nasal regions
between OS patients and controls, LEfSe was used to
detect high-dimensional biomarkers to identify bacterial
taxa. These differentially abundant taxa could be con-
sidered potential biomarkers (LDA Score>3, P<0.05)
(Fig. 4). Pathology-specific biomarkers, especially bio-
markers from oral mucosa and nasal secretions, could
be used for OS prediction with high fidelity. The most
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significantly increased bacteria in nasal secretion samples
were Bacteroidota and Fusobacteriota, while the most
significantly decreased bacteria were Staphylococcus and
Bacilli (Fig. 4A). The most significantly increased bacteria
were Bacteroidota, Bacteroidia, and different taxa of Spi-
rochaetota, while the most significantly decreased bacte-
ria were Streptococcaceae, Lactobacillales, and Firmicutes
in oral mucosa samples (Fig. 4B). To further analyse the
detailed information on the differential bacteria, we
employed cladograms to obtain a more comprehensive
view of the bacterial taxonomy and spatial distribution of
bacteria (Fig. 5). Among the differentially increased bac-
teria in nasal secretion samples, most were classified as
Bacteroidota, followed by Campilobacterota, Synergistia,
Spirochaetota, and Fusobacteriota; among the differen-
tially decreased bacteria, most were classified as Firmi-
cutes and Proteobacteria, followed by Actinobacteriota
(Fig. 5A). In oral mucosa samples, most of the differen-
tially increased bacteria were classified as Bacteroidota
and Campilobacterota, followed by Spirochaete and Syn-
ergistales; most of the differentially decreased bacteria
were classified as Firmicutes, and only a few were clas-
sified as Patescibacteria (Fig. 5B). These results suggest
that Bacteroidota, Fusobacteriota and Spirochaetota may
serve as significant markers of OS.

Co-occurrence network analysis between oral and nasal
samples of OS patients

To further study the interaction of bacteria between oral
and nasal samples of OS patients, Spearman’s correla-
tion coefficient of the top 20 co-occurring genera was
calculated in the two groups. Co-occurrence network
diagrams representing strong (r>0.6) and significant
(P<0.05) correlations were drawn using Cytoscape soft-
ware. In the control group, a network of these genera
in oral mucosa and nasal secretion samples was plotted
with 19 nodes displaying associations based on the cor-
relation analysis and connections (94 lines) (Fig. 6A).
Fusobacterium (15 lines), Veillonella (14 lines), Cutibac-
terium (14 lines), and Staphylococcus (14 lines) were the
main core nodes that closely interacted with other gen-
era. Interestingly, decreased microbial cooccurrence net-
work connectivity was observed in oral mucosa and nasal
secretion samples of OS patients (Fig. 6B). The network
of co-occurring genera in the oral mucosa was plotted
with 15 nodes displaying associations based on the corre-
lation analysis and connections (33 lines) in the network.

(See figure on next page.)
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Tannerella (11 lines) was the main core node that inter-
acted closely with other genera. Most correlations were
negative for oral and nasal samples within the control
cluster but were positive between genera of OS patients.
The networks of these co-occurring genera suggested
that dominant bacteria from the nasal and oral cavities
closely compete with communicate with each other and
might act as a deterrent to pathogenic bacteria in non-
OS populations, while dominant pathogens in the nasal
and oral cavities of OS patients interact with each other,
which might promote the development of disease.

Discussion

Approximately 10% of CRS cases have an odontogenic
aetiology, representing an important subset of patients in
whom a response to traditional treatment is not observed
[24]. The ecological imbalance hypothesis states that
changes in microbial composition associated with distur-
bance of the local ecological environment are one of the
pathogeneses of CRS [25]. Altered nasal microbiota com-
positions can also be used as biomarkers to predict CRS
recurrence [26]. To provide accurate diagnosis and timely
treatment of OS, utilization of microbial findings should
be performed except for routine assessment of the dental
history and status. However, the microbial characteriza-
tion of maxillary sinusitis associated with odontogenic
infection is still poorly understood. Missed diagnosis of
OS can lead to more serious infection of the maxillary
sinus and subsequent unsatisfactory treatment of dental
disease. 16S rRNA sequencing technologies and compu-
tational biology have been used to substantially enhance
our knowledge of the microbiota associated with CRS
and elucidated the pathogenesis of this disease.

From the perspective of bacterial infection, a more
diverse community represents an ecosystem with multi-
ple pathogens. Our bacterial analysis results showed that
the alpha diversities of the microbiome in both the oral
mucosa and nasal secretions of OS patients were higher
than those in controls, which might be related to severe
odontogenic infection. From the distribution of the dom-
inant bacteria at different taxonomic levels in our study,
the microbial structures of oral mucosa from patients
and controls were similar, but the microbial struc-
tures of nasal secretions from OS patients and controls
were wildly inconsistent. This suggests that the micro-
ecological imbalance caused by odontogenic infection
has a great influence on the nasal microbiome and that

Fig. 4 Linear discriminant analysis (LDA) score histogram for differential OTUs of nasal secretions (A) and oral mucosa (B) between OS and control.
LDA scores were calculated among classes (Kruskal-Wallis test) and between subclasses (Wilcoxon'’s test), and significant differences (P < 0.05) were
produced. Differential taxa were identified according to a statistical significance level of 0.05 and an LDA threshold score of >3 (g: genus, f: family,
o: order, c: class, p: phylum). EGNS: experimental group nasal secretions; CGNS: control group nasal secretions; EGOM: experimental group oral

mucosa; CGOM: control group oral mucosa
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treatment programs need to be tailored to nasal microbi-
ome disruption.

The most dominant phylum in OS patients was Bac-
teroidota, while that of the control was Firmicutes,
either in the oral or nasal cavity. These features high-
lighted changes in oral and nasal microbiome structure
that occurred during odontogenic infection. In terms of
dominant genera, the oral microbiome structure of OS
patients was similar to that of controls, including Fuso-
bacterium, Porphyromonas and Prevotella. Interestingly,
the dominant genera in the nasal microbiome of controls
were Staphylococcus, Corynebacterium and Cutibac-
terium, while those of OS patients were mainly anaero-
bic bacteria such as Fusobacterium, Porphyromonas
and Prevotella. Colonization of these anaerobic bacteria
might be due to bacterial translocation caused by odon-
togenic infection. The presence of anaerobic bacteria in
the nasal microbiome of OS patients may indicate poten-
tial tissue hypoxia or indicate that the discrete microen-
vironment within the mucus or bacterial biofilm in OS
patients may also be oxygen-limited, allowing anaerobic
bacteria to survive [27]. Therefore, antibiotic therapy for
OS patients should target anaerobic bacteria.

Moreover, Porphyromonas is a common pathogen
associated with CRS [28]. Fusobacterium infection
can also range clinically from local infections to life-
threatening infections [29]. In addition, Treponema,
Neisseria, Capnocytophaga and Campylobacter were
abnormally increased in the oral microbiome of OS
patients. Treponema is proposed to play a key role in
the development and progression of periodontal dis-
eases [30]. Neisseria is a common bacterium in the oral
microbiome, and its composition is known to impact oral
microecology, and its counts are closely related to oral
health [31]. Capnocytophaga is associated with severe
periodontitis infection [32]. Additionally, LEfSe analysis
showed that the most significantly enriched OTU in both
the oral and nasal cavities was Bacteroidetes. Increased
severity of inflammation in CRS has been shown to be
associated with the overall abundance of Bacteroidetes
[33]. Specific treatment programs for these bacteria
should also be emphasized.

We also identified genera that coexisted in the oral and
nasal cavities. Network correlation analysis was used to
identify interactions and provide a holistic view of micro-
bial ecosystems to better understand the interactions
within functional communities. Network diagrams of the
co-occurring genera had different core nodes and differ-
ent connections in control and OS patients. Odontogenic
infection affected the network relationship of the oral
and nasal microbiomes. In the control group, the bacte-
rial community structure was close, and the genera were
interrelated and mutually restricted, forming a relatively
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stable network system. However, odontogenic infection
loosened the relationships among genera, reduced the
number of relationships among bacteria, and increased
the independence of bacteria. In the bacterial relation-
ship of OS, a network system with Tannerella as the core
node was formed. As a member of the prototype polybac-
terial pathogenic consortium of periodontitis [34], Tan-
nerella has a promoting effect on the development of OS.
A positive relationship between the dominant pathogens
in the nasal and oral cavities of OS patients will further
promote the development of the disease. This further
suggests that therapies targeting the core node bacterium
may be more effective in disrupting the complex connec-
tions of OS-causing pathogens.

Our research is of unprecedented significance because
these findings provide important insights into the micro-
biological characteristics of the nasal and connected den-
tal regions in OS patients. Therefore, it is important to
select the appropriate and targeted therapy for different
regions. Our study also has implications for the clinical
setting. For example, the identification of bacteria from
the oral or nasal cavity during treatment may become
useful in routine clinical practice, as corresponding
results can help determine the presence of OS as well as
antibiotic targeted treatment. Understanding the oral and
nasal microbiomes will provide guidance for exploring
the function of the OS microbial community and imple-
menting new therapeutic strategies. We suggest that the
treatment of OS should consider balanced restoration
and strategies for modulating interactions between the
dental and nasal microbiome.

Conclusions

In general, our study has clarified the bacterial character-
istics of the sinuses and connected dental regions in OS.
Odontogenic infection promotes structural and func-
tional disorders of the nasal microbiome, and the interac-
tion of dominant pathogens in nasal and oral regions may
promote the development of OS. Our study provides the
microbiological aetiology of the nasal and connected den-
tal regions in OS and is expected to provide novel insights
into the diagnosis and therapeutic strategies for OS.
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sequences per sample (x-axis). All curves showed saturation at approxi-
mately 25,000 sequences per sample, indicating that the sequencing
depth was adequate to capture all species.

Acknowledgements
Not applicable

Authors’ contributions

XW, JL, and LZ conceived and designed the study. JW, MZ and YZ wrote

the manuscript, collected and analyzed the data, and finally approved the
manuscript. WY collected and analyzed the data, and finally approved the
manuscript. YS and JZ collected the data. All of the above authors have made
substantial and direct contributions to the work and approved its publication.

Funding

The study was funded by grants from the National Key R&D Program of China
(2022YFC2504100), the program for the Changjiang scholars and innova-
tive research team (IRT 13082), the National Natural Science Foundation of
China (81970852, 82000962 and 82171110), the CAMS Innovation Fund for
Medical Sciences (2019-12M-5-022), the Beijing Natural Science Founda-
tion (7222024), the Beijing Municipal Science & Technology Commission
(Z211100002921057), the Capital’s Funds for Health Improvement and
Research (2022-1-1091), and the Scientific Research and Cultivation Fund of
Capital Medical University (2020-1210020214).The funding bodies played no
role in the design of the study and collection, analysis, interpretation of data,
and in writing the manuscript.

Availability of data and materials

All the raw sequences have been stored in the NCBI Sequence Read Archive
(SRA) with the login number PRINA930496. The data are available through a
link: https://www.ncbi.nlm.nih.gov/sra/?term=PRINA930496

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by the
Capital Medical University Affiliated Beijing Tongren Hospital Medical Ethical
Committee (permit number: TRECKY2020-138). The patients provided written
informed consent to participate in this study. We can confirm that all methods
in this study were performed in accordance with the relevant guidelines and
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 February 2023 Accepted: 28 June 2023
Published online: 29 July 2023

References

1. Akdis CA, Bachert C, Cingi C, Dykewicz MS, Hellings PW, Naclerio RM,
Schleimer RP, Ledford D. Endotypes and phenotypes of chronic rhinosi-
nusitis: a PRACTALL document of the European Academy of Allergy and
Clinical Immunology and the American Academy of Allergy, Asthma &
Immunology. J Allergy Clin Immun. 2013;131(6):1479-90.

10.

20.

21.

22.

23.

24.

25.

Page 12 of 13

Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, Toppila-
Salmi S, Bernal-Sprekelsen M, Mullol J, Alobid |, et al. European position
paper on Rhinosinusitis and nasal polyps 2020. Rhinology. 2020;58(Suppl
S29):1-464.

Gray ST, Hoehle LP, Phillips KM, Caradonna DS, Sedaghat AR. Patient-
reported control of chronic rhinosinusitis symptoms is positively
associated with general health-related quality of life. Clin Otolaryngol.
2017:42(6):1161-6.

Rudmik L. Economics of Chronic Rhinosinusitis. CURR ALLERGY ASTHM R.
2017;17(4):20.

Lopatin AS, Sysolyatin SP, Sysolyatin PG, Melnikov MN. Chronic maxillary
sinusitis of dental origin: is external surgical approach mandatory? Laryn-
goscope. 2002;112(6):1056-9.

Kretzschmar DP, Kretzschmar JL. Rhinosinusitis: review from a den-

tal perspective. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2003;96(2):128-35.

Saibene AM, Pipolo C, Borloni R, Felisati G. ENT and dentist cooperation
in the management of odontogenic sinusitis. A review. Acta Otorhi-
nolaryngo. 2021;41(Suppl 1):116-5123.

Longhini AB, Ferguson BJ. Clinical aspects of odontogenic maxillary
sinusitis: a case series. Int Forum Allergy Rh. 2011;1(5):409-15.

Longhini AB, Branstetter BF, Ferguson BJ. Unrecognized odontogenic
maxillary sinusitis: a cause of endoscopic sinus surgery failure. Am J
Rhinol Allergy. 2010;24(4):296-300.

Saibene AM, Vassena C, Pipolo C, Trimboli M, De Vecchi E, Felisati G, Drago
L. Odontogenic and rhinogenic chronic sinusitis: a modern microbiologi-
cal comparison. Int Forum Allergy Rh. 2016;6(1):41-5.

. Albin R, Wiener J, Gordon R, Willoughby JH. Diagnosis and treatment of

pansinusitis: report of case. J Oral Surg. 1979;37(8):604-7.

. Gold RS, Sager E. Pansinusitis, orbital cellulitis, and blindness as sequelae

of delayed treatment of dental abscess. J Oral Surg. 1974;32(1):40-3.

. Jarrett WN, Gutman FA. Ocular complications of infection in the paranasal

sinuses. Arch Ophthalmol. 1969;81(5):683-8.

. Lee KC, Lee SJ. Clinical features and treatments of odontogenic sinusitis.

Yonsei Med J. 2010,51(6):932-7.

. Mehra P, Jeong D. Maxillary sinusitis of odontogenic origin. Curr Infect Dis

Rep. 2008;10(3):205-10.

. Taschieri S, Torretta S, Corbella S, Del FM, Francetti L, Lolato A, Capaccio

P Pathophysiology of sinusitis of odontogenic origin. J Investig Clin Dent
2017, 8(2).

. Brook I. Microbiology of acute and chronic maxillary sinusitis associated

with an odontogenic origin. Laryngoscope. 2005;115(5):823-5.

. Munyaka PM, Eissa N, Bernstein CN, Khafipour E, Ghia J. Antepartum

Antibiotic Treatment increases offspring susceptibility to experimental
colitis: a role of the gut microbiota. PLoS ONE. 2015;10(11):e142536.

. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD,

Costello EK, Fierer N, Pena AG, Goodrich JK, Gordon Ji, et al. QIIME allows
analysis of high-throughput community sequencing data. Nat Methods.
2010;7(5):335-6.

Edgar RC, Haas BJ, Clemente JC, Quince C, Knight R. UCHIME

improves sensitivity and speed of chimera detection. Bioinformatics.
2011,27(16):2194-200.

Fouts DE, Szpakowski S, Purushe J, Torralba M, Waterman RC, MacNeil MD,
Alexander LJ, Nelson KE. Next generation sequencing to define prokary-
otic and fungal diversity in the bovine rumen. PLoS ONE. 2012;7(11):
e48289.

Li R, ShanY, Gao L, Wang X, Wang X, Wang F. The Glp-1 Analog Liraglutide
protects against angiotensin Il and pressure Overload-Induced Cardiac
Hypertrophy via PI3K/Akt1 and AMPKa Signaling. Front Pharmacol.
2019;10: 537.

Blankenberg D, Von Kuster G, Coraor N, Ananda G, Lazarus R, Mangan

M, Nekrutenko A, Taylor J. Galaxy: a web-based genome analysis tool for
experimentalists. Curr Protoc Mol Biol. 2010;Chap 19:10-9.

Mehra P, Murad H. Maxillary sinus disease of odontogenic origin. Otolar-
yng Clin N Am. 2004;37(2):347-64.

Copeland E, Leonard K, Carney R, Kong J, Forer M, Naidoo Y, Oliver B, Sey-
mour JR, Woodcock S, Burke CM, et al. Chronic Rhinosinusitis: potential
role of Microbial Dysbiosis and Recommendations for Sampling Sites.
Front Cell Infect Mi. 2018;8:57.


https://doi.org/10.1186/s12866-023-02917-7
https://doi.org/10.1186/s12866-023-02917-7
https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA930496

Wu et al. BMC Microbiology

26.

27.
28.

29.

30.

31

32.

33.

34.

(2023) 23:201

Zhao'Y, Chen J,Hao Y, Wang B, Wang Y, Liu Q, Zhao J, Li Y, Wang P, Wang X,
et al. Predicting the recurrence of chronic rhinosinusitis with nasal polyps
using nasal microbiota. Allergy. 2022;77(2):540-9.

Brook I. The role of anaerobic bacteria in sinusitis. Anaerobe.
2006;12(1):5-12.

Brook I. Microbiology of chronic rhinosinusitis. Eur J Clin Microbiol.
2016;35(7):1059-68.

Garcia-Carretero R, Lopez-Lomba M, Carrasco-Fernandez B, Duran-Valle
MT. Clinical features and outcomes of Fusobacterium Species Infections
in a ten-year follow-up. J Crit Care Med. 2017;3(4):141-7.

Zeng H, ChanY, Gao W, Leung WK, Watt RM. Diversity of Treponema den-
ticola and other oral Treponeme Lineages in subjects with Periodontitis
and Gingivitis. Microbiol Spectr. 2021;9(2):e70121.

Yuan H, Qiu J, Zhang T, Wu X, Zhou J, Park S. Quantitative changes of
Veillonella, Streptococcus, and Neisseria in the oral cavity of patients with
recurrent aphthous stomatitis: a systematic review and meta-analysis.
ARCH ORAL BIOL. 2021;129:105198.

Zhang Y, Qiao D, Shi W, Wu D, Cai M. Capnocytophaga periodontitidis sp.
nov., isolated from subgingival plaque of periodontitis patient. Int J Syst
Evol Micr. 2021;71(8):004979.

Kuhar HN, Tajudeen BA, Mahdavinia M, Heilingoetter A, Ganti A, Gattuso
P Ghai R, Batra PS. Relative abundance of nasal microbiota in chronic
rhinosinusitis by structured histopathology. Int Forum Allergy Rh.
2018;8(12):1430-7.

Mysak J, Podzimek S, Sommerova P, Lyuya-Mi Y, Bartova J, Janatova T,
Prochazkova J, Duskova J. Porphyromonas gingivalis: major periodonto-
pathic pathogen overview. J Immunol Res. 2014;2014:476068.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Bacterial diversity and community characteristics of the sinus and dental regions in adults with odontogenic sinusitis
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Subjects
	Sample collection
	DNA extraction and 16S rRNA sequencing
	Sequence analysis
	Statistical analysis

	Results
	Demographic data
	Valid sequencing data
	Bacterial diversity in oral and nasal samples
	Comparison of bacterial abundance in the oral and nasal samples
	High-dimensional biomarkers in different regions of OS
	Co-occurrence network analysis between oral and nasal samples of OS patients

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements
	References


