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Changes in the nasopharyngeal

and oropharyngeal microbiota in pediatric
obstructive sleep apnea before and after
surgery: a prospective study
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Abstract

Objective To explore the changes and potential mechanisms of microbiome in different parts of the upper airway in
the development of pediatric OSA and observe the impact of surgical intervention on oral microbiome for pediatric
OSA.

Methods Before adeno-tonsillectomy, we collected throat swab samples from different parts of the oropharynx and
nasopharynx of 30 OSA patients and 10 non-OSA patients and collected throat swab samples from the oropharynx of
the above patients one month after the adeno-tonsillectomy. The 16 S rRNA V3-V4 region was sequenced to identify
the microbial communities. The correlation analysis was conducted based on clinical characteristics.

Results There was a significant difference of alpha diversity in different parts of the upper airway of pediatric OSA,
but this difference was not found in children with non-OSA. Beta diversity was significantly different between
non-OSA and pediatric OSA. At the genus level, the composition of flora in different parts is different between non-
OSA and pediatric OSA. The correlation analysis revealed that the relative abundance of Neisseria was significantly
correlated with obstructive apnea hypopnea index. Furthermore, the functional prediction revealed that pathways
related to cell proliferation and material metabolism were significantly different between non-OSA and pediatric OSA.
Besides, the adeno-tonsillectomy has minimal impact on oral microbiota composition in short term.

Conclusion The changes in upper airway microbiome are highly associated with pediatric OSA. The relative
abundance of some bacteria was significantly different between OSA and non-OSA. These bacteria have the potential
to become new diagnostic and early warning biomarkers.
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Introduction

Pediatric obstructive sleep apnea (OSA) is characterized
by the recurrent incidence of either partial or complete
obstruction of the upper airway during sleep, which
disturbs the normal sleep quality and sleep architec-
ture, leads to long-term sleep hypoxia and hypercapnia
in children, and causes a series of pathophysiological
changes, including growth retardation, behavioral cogni-
tive impairment, memory and intellectual decline in chil-
dren, mainly manifested as snoring, suffocation, mouth
opening breathing with the high incidence rate among
children(1.2%-5.7%) [1, 2]. To some extent, OSA is more
harmful to children than adults. Hence, the timely detec-
tion and intervention of pediatric OSA holds substantial
importance in improving the prognosis.

Different from OSA in adult, the main cause of upper
airway obstruction in children is adenoid and/or tonsil-
lar hypertrophy [3]. The adenoids and tonsils, as integral
components of the immune system, exert a significant
influence on the body’s immune response to infectious
pathogens within the upper respiratory tract [4]. There
are many folds and recesses on the surface of adenoids
and tonsils, which are occupied by symbiotic microor-
ganisms shortly after birth [5]. These microorganisms
subsequently affect the development of innate mucosal
immune response, which may be an important factor in
protecting or inducing individuals to produce mucosal
immune response during infection [5]. It is reported that
most patients with chronic tonsillitis have a layer of “bac-
terial biofilm” attached to the surface of the tonsils [6].
This biofilm is formed by bacteria adhering to the surface
of the body to produce various polysaccharide matri-
ces, proteins, and other complex substances that aggre-
gate with each other, causing various bacteria to adhere
to form microbiota colonies, resulting in membrane like
substances.

Prior research has established a significant association
between the oral microbiota and the development of var-
ious systemic ailments, including cardiovascular disease,
rheumatoid arthritis, and complications arising from
HIV [7]. Presently, the investigation of the upper respira-
tory microbiota in pediatric patients with OSA primarily
centers on the microbiota in the vicinity of the tonsils and
adenoids. Certain scholars have posited the “pathogen
reservoir hypothesis,” which proposes that the adenoids
serve as the origin of pathogens in the tonsils and middle
ear; however, additional substantiation of this hypothesis
is required [8, 9]. Furthermore, the “bacterial interference
theory” has been proposed by certain individuals, which
posits that oral symbiotic bacteria impede the growth of
pathogens by engaging in resource competition or gen-
erating antagonistic nutrients [10]. Recent investiga-
tion also demonstrated a significant correlation between
adenoid hypertrophy and alterations in the microbiota
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composition of the upper airways compared to healthy
subjects [11]. As a result, the alterations in upper air-
way microbiota may be closely related to the presence of
pediatric OSA, and in-depth research on the correlation
between upper airway microbiota and pediatric OSA has
important reference value.

In this study, we collected swab samples from different
parts of the participants’ nasopharynx and oropharynx.
In addition, we also collected oral swab samples from
participants after adeno-tonsillectomy. 16 S rRNA pyro-
sequencing was used to investigate the diversity of upper
airway microbiome in pediatric OSA. The objective of
this study is (1) to examine the microbial community
characteristics of various regions within the upper airway
in pediatric patients with OSA; (2) to study whether there
are differences in the composition and diversity of micro-
bial communities between pediatric patients with OSA
and pediatric patients with non-OSA; (3) to observe the
impact of adeno-tonsillectomy on the oral microbiome of
pediatric patients with OSA.

Methods

Study participant

This study was designed and performed based on the
Helsinki Declaration and the prospective specimen col-
lection [12]. Ethical clearance was approved by the Ethi-
cal Review Board of the Zhongnan Hospital of Wuhan
University (No.2,021,056). The written consent of every
participant was obtained prior to the commencement
of the study. All samples were collected exclusively from
the Zhongnan Hospital of Wuhan University. Each par-
ticipant exhibited symptoms of snoring and underwent
standard polysomnography. All participants were diag-
nosed with adenoid and tonsillar hypertrophy through
nasopharyngeal endoscopy. Severity of sleep apnea was
categorized by Society of Otorhinolaryngology Head
and Neck Surgery in Chinese Medical Association cri-
teria [13]: non-OSA (obstructive apnea hypopnea index
[OAHI], <1 events/h), mild OSA (OAHI, 1-5 events/h),
moderate OSA (OAHI, 6-10 events/h), and severe OSA
(OAHI>10 events/h). Participants were excluded if they
met any of the following criteria: (1) There are infected
lesions in the oral cavity; (2) People or their family mem-
bers with acute respiratory infectious diseases; (3)People
with nose, pharynx, throat diseases and chronic respira-
tory diseases that affect sleep; (4)Patients with dental
caries and periodontal disease; (5)Abnormal preopera-
tive biochemical examination results. The participants
were categorized into four groups, namely the non-OSA
group, mild OSA group, moderate OSA group, and
severe OSA group, based on the results obtained from
polysomnography.
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Sample collection and DNA extraction

All subjects were forbidden to brush their teeth, rinse
their mouth and eat the preceding night before collec-
tion. The trained professionals collected samples during
adenotonsillectomy. Sterile throat swab shall be used to
wipe the mucosa of the patient’s tongue base (orophar-
ynx site)(Part A), surface of palatine tonsil (Part B), pala-
tine tonsillar capsule after tonsillectomy (Part C) and
adenoid (nasopharynx site) (Part D). The detailed col-
lection location is shown in supplementary Figure S1. At
the same time, it shall be noted that the throat swab shall
not contact the mucosa of both sides of the mouth and
cheek, hard palate teeth and other parts. Similarly, dur-
ing a follow-up one month after adeno-tonsillectomy,
swab samples from the participants’ tongue base were
collected. After collection, put the sample into the liquid
nitrogen tank for quick freezing and quickly transfer it to
the laboratory (Fig. 1).

After placing swab samples in TENS buffer (5 M
Sodium Chloride, 10% SDS, Triton X-1000, Tris-HCI,
EDTA), 10% SDS and 20 mg/mL proteinase K, the sam-
ples were incubated overnight at 55°C. Proteins were
eliminated through phenol/chloroform/isoamyl alcohol
extractions, and DNA was subsequently precipitated
using isopropanol on the following day. After being
washed in 75% ethanol, the DNA was then resuspended
in TE buffer. The quantification of DNA was conducted
using the Qubit Fluorometer, employing the Qubit
dsDNA BR Assay kit (Invitrogen, USA), while the quality
assessment involved running an aliquot on a 1% agarose
gel. The amplification of the variable regions V3-V4 of
the bacterial 16S rRNA gene was achieved using degen-
erate PCR primers, namely 341F (5-ACTCCTACGGG
AGGCAGCAG-3) and 806R (5-GGACTACHVGGGT-
WTCTAAT-3’). Both the forward and reverse primers
were modified with Illumina adapter, pad, and linker
sequences. PCR enrichment was conducted in a 50 pL
reaction mixture containing 30ng of template, fusion
PCR primer, and PCR master mix. The PCR cycling con-
ditions consisted of an initial denaturation step at 94 °C
for 3 min, followed by 30 cycles of denaturation at 94 °C
for 30 s, annealing at 56 °C for 45 s, extension at 72 °C
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for 45 s, and a final extension step at 72 °C for 10 min.
The resulting PCR products were purified using Ampur-
eXP beads and eluted in Elution buffer. The quality of the
libraries was assessed using the Agilent 2100 bioanalyzer
(Agilent, USA). The sequencing process on the Illumina
MiSeq platform (BGI, Shenzhen, China) utilized vali-
dated libraries and adhered to the standard pipelines of
[llumina, resulting in the production of 2x300 bp paired-
end reads.

Bacterial 16 rDNA sequencing and bioinformatic analysis
The raw reads underwent filtration to eliminate adap-
tors, low-quality, and ambiguous bases. Subsequently,
the paired-end reads were merged with tags using the
Fast Length Adjustment of Short reads program (FLASH,
v1.2.11) [14] to obtain the tags. These tags were then
clustered into operational taxonomic units (OTUs) using
the UPARSE software (v7.0.1090) [15] with a 97% cutoff
value. Additionally, chimera sequences were identified by
comparing them with the Gold database using UCHIME
(v4.2.40) [16]. Subsequently, the taxonomic classifica-
tion of OTU representative sequences was conducted
using the Ribosomal Database Project (RDP) Classifier
v.2.2, employing a minimum confidence threshold of 0.6.
The classifier was trained on the Greengenes database
v201305 by QIIME v1.8.0 [17]. To obtain the OTU abun-
dance statistics table for each sample, the USEARCH_
global [18] was employed to compare all Tags back to
OTU. At the OTU level, MOTHUR (v1.31.2) [19] and
QIIME (v1.8.0) [17] were utilized to estimate alpha and
beta diversity, respectively. Principal Coordinate Analy-
sis (PCoA) was conducted using QIIME (v1.8.0) [17].
Sample clustering was performed by QIIME (v1.8.0) [15]
using the UPGMA method. LEfSe clustering and LDA
analysis were carried out using LEfSe (https://hutten-
hower.sph.harvard.edu/galaxy/). COG and KEGG func-
tions were predicted using the PICRUSt software [20].
A barplot representing different classification levels was
generated using GraphPad Prism (version 9.4.1). The raw
data of this study were deposited in the Sequence Read
Archive (https://www.ncbi.nlm.nih.gov/sra/) with the
accession numbers PRINA996776.

DNA extration DNA library

—

Data visualization analysis

165 sequencing

Fig. 1 Overview of study design. Data analysis of the microbiome was performed to explore their correlation and relevance to clinical parameters
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Statistical analysis

The Mann-Whitney test was employed to assess the pres-
ence of a significant difference between the two groups in
relation to continuous variables, while the Kruskal-Wallis
test was utilized to evaluate the existence of a significant
difference among multiple groups. In order to examine
any disparities between groups in terms of frequency dis-
tribution, the chi-square test was employed. The depen-
dent variables in this study were the clinical variables,
while the independent variables consisted of the microbi-
ota characteristics associated with OSA. Multiple linear
regression analysis was conducted to examine the inter-
nal correlation between these variables. The statistical
analysis was performed using GraphPad Prism (version
9.4.1), and p<0.05 was considered statistically significant.

Results

Characteristics of the participants

This study included a cohort of 40 participants, com-
prising 10 individuals diagnosed with non-OSA, 10
individuals with mild OSA, 10 individuals with mod-
erate OSA, and 10 individuals with severe OSA. The
average age of the patients was 7.1£2.9 years old, includ-
ing 10 female and 30 male. Except for OAHI, micro-
arousal index (MAI) and lowest blood oxygen saturation
(LSa02), there were no statistically significant differences
observed among the four groups with regards to age, sex,
BMI, mean blood oxygen saturation (MBOS), and white
blood cell count (WBCC) (P>0.05). The detailed demo-
graphic and clinical characteristics of the four groups
are presented in Table 1. Following the screening pro-
cess, 160 samples from 40 patients were subjected to 16 S
rRNA MiSeq sequencing in accordance with established
standards.

Table 1 Demographics and Clinical Characteristics

Non-OSA  Mild Moderate Severe P-
OSA OSA OSA Value
N 10 10 10 10
Age, yr 66(4-12)  66(4- 75(4-12) 8(3-13) 076
10)
Sex 0.15
Female 2 2 4 2
Male 8 8 6 8
BMI, kg/m2 17.51 16.06 1942 1718 0.32
OAHlevents/h 048 2.5 7.2 239 <0.001
LSa0,, % 90.3 88 843 83.2 <0.001
MAI 8.52 10.25 12.27 16.69 0.018
MBOS, % 96.14 9592 9582 95.69 0.65
WBCC, /1079 6.06 6.28 642 6.2 0.85

Abbreviations: BMI, Body mass index; OAHI, Obstructive apnea hypopnea
index; LSa02, lowest blood oxygen saturation; MAI, micro-arousal index; MBOS,
mean blood oxygen saturation; WBCC, white blood cell count
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Microbiome diversity analysis

The differences in microbiome between children with-
out OSA and children with various severity of OSA were
evaluated. Analysis of alpha diversity in OSA groups
showed that part B had significantly decreased shannon
index and significantly increased simpson index com-
pared with other parts (Fig. 2), while part C had signifi-
cantly increased chao index and ace index compared with
other parts (Fig. S2). However, the statistically significant
difference of alpha diversity index among four parts in
non-OSA group was different from OSA groups (Figure
S2). Among non-OSA group and various severity of OSA
groups, alpha diversity had no statistically significant dif-
ference in same parts of upper airway(P>0.05) (Figure
S3).

In order to visually represent the variation in micro-
biome composition across samples, beta diversity was
assessed using Principal Coordinate Analysis (PCoA).
PCoA of unweighted UniFrac (Fig. 3) showed that the
samples of non-OSA group and various severity of OSA
group were significantly separated, indicating that the
beta diversity of overall upper airway microbial composi-
tion was different between non-OSA group and various
severity of OSA group. On the contrary, there is no sig-
nificant difference in beta diversity among various sever-
ity of OSA group (Figure S4).

Composition and comparison of the Microbiome

Based on the annotation of OTUs, we calculated the
composition of microbiomes and plotted the microbial
relative abundance on different levels in four parts of
non-OSA group and various severity of OSA group. The
composition of upper airway microbiome was differ-
ent among different parts. At the genus level in part A,
the proportion of Prevotella and Veillonella was up to
44-57% in non-OSA group, mild OSA group and mod-
erate OSA group (Fig. 4), while in severe OSA group,
the proportion of Prevotella, Neisseria and Veillonella
was the highest (Fig. 4). At the genus level in part B, the
proportion of Prevotella and Fusobacterium was up to
45-63% in non-OSA group and various severity of OSA
group (Fig. 4). At the genus level in part C, the propor-
tion of Prevotella, Haemophilus and Fusobacterium were
the highest in non-OSA group and mild OSA group
(Fig. 4), and the proportion of Prevotella, Haemophilus
and Streptococcus were the highest in moderate OSA
group and severe OSA group (Fig. 4). At the genus level
in part D, the proportion of Prevotella and Haemophilus
were the highest in non-OSA group, and the proportion
of Prevotella, Moraxella and Haemophilus were the high-
est in mild OSA group, and the proportion of Prevotella
and Fusobacterium were the highest in moderate OSA
group, and the proportion of Prevotella and Others were
the highest in severe OSA group (Fig. 4).
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Fig. 4 The microbial relative abundance at the genus level in four parts. (A) Non-OSA; (B) Mild OSA; (C) Moderate OSA; (D) Severe OSA

At the genus level, we selected the 10 species with the
highest abundance to compare the relative abundance
differences of each species in each group. In non-OSA
group, the relative abundance of Fusobacterium, Veillon-
ella and Treponema were significantly different among
the four parts (Fig. 5A). In mild OSA group, the relative
abundance of Fusobacterium, Veillonella, Treponema
and Neisseria were significantly different among the
four parts (Fig. 5B). In moderate OSA group, the rela-
tive abundance of Veillonella was significantly different
among the four parts (Fig. 5C). In severe OSA group,
the relative abundance of Veillonella and Corynebacte-
rium were significantly different among the four parts
(Fig. 5D). Overall, the relative abundance of Haemophi-
lus, Neisseria and Alloprevotella were significantly differ-
ent between OSA group and non-OSA group (Fig. 5E),
and the relative abundance of Haemophilus and Neisse-
ria were significantly different between non-OSA group
and various severity of OSA group (Fig. 5F). In part A
and part D, there was no significant difference in the rela-
tive abundance of bacterium between non-OSA group
and various severity of OSA group (Figure S5). In part B,
the relative abundance of Haemophilus, Treponema and
Neisseria were significantly different between non-OSA
group and various severity of OSA group (Figure S5).

In part C, the relative abundance of Prevotella was sig-
nificantly different between non-OSA group and various
severity of OSA group (Figure S5).

Phylogenetic characteristics of microbial communities

Using Lefse analysis and linear discriminant analysis
(LDA) Score, we conducted a characterization of the
upper airway microbiota in both the non-OSA group
and the various severity levels of the OSA group. The
phylogenetic distribution of upper airway microbiomes
associated with non-OSA and the different severity lev-
els of OSA is visually represented in the cladogram (Fig-
ure S6). The histograms depicting the LDA scores were
computed, revealing significant difference in bacterial
composition between the non-OSA group and the differ-
ent severity levels of the OSA group (Figure S7). In Figure
S7A, 22 kinds of biomarkers were significantly enriched
in non-OSA group (P<0.05; LDA score>2), and 25 kinds
of biomarkers were significantly enriched in mild OSA
group (P<0.05; LDA score>2). In Figure S7B, 13 kinds
of biomarkers were significantly enriched in non-OSA
group (P<0.05; LDA score>2), and 16 kinds of biomark-
ers were significantly enriched in moderate OSA group
(P<0.05; LDA score>2). In Figure S7C, 5 kinds of bio-
markers were significantly enriched in non-OSA group
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(P<0.05; LDA score>2), and 30 kinds of biomarkers were
significantly enriched in severe OSA group (P<0.05; LDA
score>2).

Multivariate analysis for microbiota signatures

The clinical variables (Age, BMI, OAHI, MAIL, MBOS and
WBCC) were taken as dependent variables respectively,
and the relative abundance of the different microflora was
taken as independent variables. We mainly analyzed the
correlation between dependent variable and independent

variable in the tonsil area (Tonsil recess and Tonsillar
capsule after tonsillectomy). As shown in Table S1, the
relative abundance of various microflora was significantly
correlated with clinical characteristics. However, only the
relative abundance of Neisseria was significantly corre-
lated with OAHI (P<0.05).

Function analysis
To investigate the potential mechanisms underly-
ing the upper airway microbiome in pediatric OSA, we
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conducted an analysis utilizing Clusters of Orthologous
Groups (COG) and Kyoto Encyclopedia of Genes and
Genomes (KEGG). There were 25 functional pathwaysIn
in COG analysis (Figure S8A) and 28 functional pathways
in KEGG analysis (Figure S8B). What’s more, we com-
pared the functional pathways with significant difference
between non-OSA group and various severity of OSA
group. In COG analysis, differential functional pathways
between non-OSA group and various severity of OSA
group were mainly related to cellular processes and infor-
mation storage. In KEGG analysis, differential functional
pathways between non-OSA group and various severity
of OSA group were mainly related to metabolism. The
detailed information of functional pathways with signifi-
cant differences were showed in Table S2.
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Postoperative oral microbiota characteristics

A total of 38 patients completed the collection of oral
microbiota samples in tongue base (oropharynx site)
after surgery. One month after the patient underwent
adeno-tonsillectomy, there was no difference in alpha
diversity of microbiota in the tongue base of each group
(P>0.05), but the difference in beta diversity of microbi-
ota still existed among the groups (P<0.001) (Figure S9).
Comparison of preoperative and postoperative results,
there was no difference in alpha diversity of oral micro-
biota (£>0.05) (Figure S10), while there was a difference
in beta diversity of oral microbiota (P<0.001) (Fig. 6A).
To evaluate the differences more intuitively between
groups, we next conducted an analysis of genus abun-
dance of predominant bacterial. The differential microbi-
ota among the postoperative groups were Fusobacterium,
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Fig. 6 Postoperative oral microbiota characteristics. (A) Comparisons of beta diversity by PCoA among preoperative and postoperative groups; (B) Analy-
sis of genus abundance of predominant bacteria among postoperative groups; (C-F) Analysis of genus abundance of predominant bacteria between
preoperative and postoperative groups; C) non-OSA; (D) Mild OSA; (E) Moderate OSA,; (F) Severe OSA
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Veillonella, Streptococcus, Neisseria, and Treponema
(Fig. 6B). In addition, there was no significant differ-
ence in the relative abundance of predominant bacteria
between the preoperative and postoperative groups in
the non OSA group, mild OSA group and moderate OSA
group (Fig. 6C-E). Only in the severe OSA group, there
was a significant difference in the relative abundance of
Moraxella, Treponema, and Porphyromonas in the pre-
dominant oral microbiota between preoperative and
postoperative severe OSA patients (Fig. 6F).

Discussion

Pediatric OSA is characterized by a range of pathophysi-
ological alterations resulting from the recurrent inci-
dence of partial or complete obstruction in the upper
airway during sleep, thereby disrupting the respiratory
function and sleep patterns in children [2]. OSA is the
most serious disease in pediatric sleep disordered breath-
ing. Due to its elevated prevalence and consequential
long-term complications, OSA has garnered increasing
attention from both parents and society [1, 2]. The oral
cavity is an important part of the upper respiratory tract
of the human body. It stores a large number of biological
information substances, such as human oral microorgan-
isms, DNA, RNA, proteins, metabolites, etc., which can
reflect the physiological and pathological conditions of
the body locally and generally [21, 22]. Compared with
blood and samples from other parts of the body, the col-
lection of oral swabs has the advantages of non-invasive,
convenient collection, convenient storage and transpor-
tation, and is conducive to large-scale screening of cer-
tain diseases [21]. The research on oral biomarkers has
attracted more and more attention, and has been widely
used to study the pathogenesis, drug monitoring and effi-
cacy evaluation of various diseases, such as oral diseases
(caries, periodontal disease, oral squamous cell carci-
noma, etc.) [23, 24] and systemic diseases (autoimmune
diseases, cardiovascular diseases, HIV, etc.) [25-27]. It is
the complex interaction between the microbial flora and
the host microenvironment that maintains the dynamic
balance of the microecology of the upper airways. There-
fore, studying the changes in the microbiota of the upper
airwaysis is crucial in gaining a better comprehension of
the pathogenesis of pediatric OSA.

Based on our research findings, a notable variation in
alpha diversity was observed across distinct regions of
the upper airway among children diagnosed with OSA,
especially around the tonsils, but this difference was not
found in children with non-OSA. In addition, the PCoA
of upper airway microbiome can significantly distinguish
patients with non-OSA and patients with OSA of differ-
ent severity. The aforementioned findings suggested that
there may be alterations in the upper airway microbiome
of children diagnosed with OSA. In OSA patients, the
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fluctuation in upper airway pressure would significantly
reduce airflow, which affects the moisture and oxygen
concentration in the upper respiratory tract and could
probably lead to disorders of the upper airway microbi-
ome in patients with OSA [28].

In the previous study, Jervis et al. [29] analyzed the
middle ear effusion, nasopharyngeal swab and adenoid
biopsy samples of 11 children with secretory otitis media
in Australia, and found that there were significant differ-
ences between the middle ear effusion, nasopharyngeal
swab and adenoid flora, and Haemophilus, Streptococcus
and Moraxella existed in all samples. Ren et al. [10] ana-
lyzed the microflora in adenoids of 67 children who had
undergone surgical removal of adenoids, and found that
the microflora of adenoids were very different from that
of other parts of the human body. The microflora of ade-
noids was also different among different individuals, but
the core flora was similar, mainly including four phyla:
Firmicutes, Proteobacteria, Fusobacteria and Actinobac-
teria. Similarly, our study also found that the microbial
composition of different parts was different. Prevotella
was highly enriched in each part, while Corynebacterium
was highly enriched only in the region of nasopharynx
site of severe OSA. In addition, the relative abundance of
Prevotella, Fusobacterium, Veillonella, Treponema, Neis-
seria and Alloprevotella between OSA group and non-
OSA group was significantly different, which indicated
that the flora of upper airway is diverse, and the oral-col-
onized bacteria in different parts are quite different. Pedi-
atric OSA probably is the result of multiple symbiotic or
pathogenic bacteria and their immune responses, rather
than a single bacterium on the surface of tissues [30].
These symbiotic bacteria exist in the oral tissues of OSA
patients for a long time, which may be the reason for the
previous failure of antibiotic treatment for chronic tonsil-
litis. It also shows that our understanding of the patho-
genesis of OSA in children is not deep enough.

Currently, there is no study on the change of upper air-
way microbiome with the development of OSA and the
upper airway microbiome reflecting the severity of symp-
toms is also unclear. A previous large-scale study on nasal
microbiome of adult OSA demonstrated that there was a
significant and positive correlation observed between the
abundance of Streptococcus in the nasal mucosa and the
apnea-hypnea index in adult individuals with OSA [31].
The study by Marazzato et al. suggested that adenoid
hypertrophy is correlated with alterations in the nasal
microbiota composition when compared to individuals in
a healthy state [11]. Given that there may be involvement
of multiple bacteria in the occurrence and progression
of pediatric OSA, we conducted a correlation analy-
sis with the relative abundance of significantly different
bacteria between groups as the independent variable and
clinical characteristics as the dependent variable. It was
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found that in the tonsil area (Tonsil recess and tonsillar
capsule), only the relative abundance of Neisseria had a
significant correlation with OAHI. With the increase of
OAH]J, the relative abundance of Neisseria also increased.

Neisseria is a group of gram-negative diplococci with
oxidase positive. Neisseria gonorrhoeae and Neisseria
meningitidis in Neisseria are common pathogenic Neis-
seria causing human diseases, while other strains belong
to normal flora or conditional pathogens parasitizing
human upper airways [32]. According to report, certain
strains of Neisseria that are not gonococci or meningo-
coccal have the potential to cause primary or secondary
respiratory tract infections, thereby posing a significant
challenge to accurate clinical and laboratory diagnosis
and treatment [33]. Additionally, it is noteworthy that
symbiotic Neisseria exhibits immunosuppressive prop-
erties that can enhance the expression of host immuno-
suppressive molecules and impede the release of immune
inducible factors into the host environment [34, 35]. The
research conducted by Zhu et al. demonstrates that sym-
biotic Neisseria can prompt dendritic cells to generate
immunosuppressive IL-10, which consequently restrains
the proliferation of T cells upon antigenic stimulation
[36]. It is reported that the bacteria that cause tonsilli-
tis not only reside on the surface of the tonsils, but also
in the deep tissues of the tonsils. Therefore, the culture
results on the surface of the tonsils may not always indi-
cate the true pathogen, leading to sometimes unsuc-
cessful antibiotic treatment in clinical practice [37].
Consequently, it is reasonable to postulate that the pro-
liferation of Neisseria within the tonsil area of pediatric
patients with OSA may be intricately associated with the
hypertrophy of tonsils. Nevertheless, the causative asso-
ciation between these factors remains uncertain and war-
rants further investigation for validation.

In KEGG analysis, we found that, compared with non
OSA group, “Phosphonate and phosphinate metabo-
lism”, “Tyrosine metabolism’, “Glutathione metabolism”
and “Tryptophan metabolism” significantly increased in
severe OSA group. This result is different from that of
zhang et al.,, which indicated that the function of adenoid
flora in pediatric OSA patients was characterized by
decreased amino acid metabolism [38]. Previous study
demonstrated that Nitrotyrosine levels were positively
correlated with hypoxemia severity in OSA, and intracel-
lular Glutathione level significantly increased for OSA
patients [39, 40]. What’s more, some people hypoth-
esized the increase in Tryptophan metabolism probably
is important in OSA-related cardiovascular diseases and
might be one of the players in the relationship between
cancers and OSA [41]. All the above results indicate
that the research on upper airway microbiome should
not only focus on the change of microbial composition,
but also explore the metabolic pathway of upper airway
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microecological function genes to enable people to better
understand the pathogenesis of OSA.

To facilitate a more comprehensive analysis of the
impact of surgical interventions on the oral microbiome
of pediatric patients with OSA, oral swab samples were
collected one month post adeno-tonsillectomy. Prior
research has identified substantial alterations in the
diversity of gut microbiome among patients following
interventions such as surgical procedures or medication
administration [42, 43]. What is more, Lin et al. reported
that oral microbial diversity were significantly decreased
in postoperative thyroid cancer patients [44]. However, in
our analysis results, unexpectedly, there was no signifi-
cant alterations between preoperative and postoperative
groups in alpha diversity and relative abundance of pre-
dominant oral microflora, except for those with severe
OSA. These findings indicate that while surgery may
enhance the ventilatory function, it may not significantly
affect the homeostasis of the upper airway microenviron-
ment in short term. A prior randomized controlled trial
demonstrated that the utilization of antibiotics at varying
follow-up intervals resulted in significant alterations to
the intestinal microbiota of the subjects, while the com-
position of oral microbiome remained relatively stable
[45]. This suggests that oral microbiome may possess
robust tolerance and resistance to numerous unfavor-
able conditions, which may partially elucidate the lim-
ited fluctuations in oral microbiome after the operation
[46]. Additionally, it may also be caused by the transfer of
bacterial communities in other parts of the upper airway.
Therefore, the enduring influence of oral microbiota on
pediatric patients with OSA may potentially contribute
to the recurrence of adenoidectomy in certain children.
Nonetheless, our findings can only serve as a point of
reference, given the dearth of pertinent research on the
impact of adeno-tonsillectomy on the microbiome of the
upper airways.

Although we try to avoid the design defects of previ-
ous studies, our research still has some limitations.
Firstly, 16 S rDNA sequencing rather than metagenome
sequencing limits the further interpretation of species
precision and function analysis in this study. Secondly,
although strict inclusion and exclusion criteria were set,
individual differences were inevitable, and there were
always confounding factors such as genetics, diet, envi-
ronment, etc. Third, the subjects only included children
with OSA or non-OSA. It is necessary to further evalu-
ate the impact of upper airway microbiome on adult OSA
and include healthy people as controls. Fourth, this was
a single center study. Most of the samples were obtained
from nearby regions, and the sample size was compara-
tively limited. Consequently, it is imperative to conduct
a multi-center study encompassing a substantial sample
size to corroborate these findings. Finally, this study only
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provided evidence of correlation rather than causality. It
is necessary to further experiment to verify whether can-
didate bacteria and their functional pathways related to
pediatric OSA. Despite these limitations, our study offers
valuable insights for future research exploring floral dis-
turbances in the upper airway of pediatric patients with
OSA.

Conclusion

In summary, our study demonstrated that changes in
upper airway microbiota, especially in the tonsil area, are
highly associated with pediatric OSA. The relative abun-
dance of some bacteria were significantly different among
OSA groups and control group. The impact of adeno-
tonsillectomy on oral microbiota composition is rela-
tively small in the short term. The associations between
upper airway microbiota and OSA require further inves-
tigations to evaluate causal relationships.
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