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Objectives. Few studies have reported combined analyses of the microbiome of the adenoids and tonsils in pediatric pa-
tients with snoring, and correlations of the adenotonsillar microbiome with clinical characteristics have not been eval-
uated to date. The aim of this study was to characterize the adenotonsillar microbiome and to determine its correla-
tions with the subjective symptoms of pediatric patients with snoring and with levels of regional mucosal immune

molecules.

Methods. Twenty-four children who underwent tonsillectomy with adenoidectomy owing to snoring were enrolled in this
cross-sectional study conducted between August 2017 and December 2018. The microbiome of the adenoids and
tonsils was characterized, and its alpha- and beta-diversity was determined. Clinical characteristics, including subjec-
tive discomfort during sleep (assessed using the obstructive sleep apnea-18 questionnaire), the presence of allergic
rhinitis, concentrations of heat shock protein (Hsp)27, Hsp70, and interleukin-8 (IL-8) in lavage fluids, and white

blood cell (WBC) counts, were measured.

Results. At the phylum level, the microbiome was not significantly different between the adenoids and tonsils; the alpha and
beta indices were likewise not significantly different between these two regions. The alpha-diversity of the entire ade-
notonsillar microbiome was associated with sex, emotional stress, and IL-8 levels in the tonsil lavage fluids. Beta-di-
versity was associated with Hsp27 levels in the tonsil lavage fluids and WBC counts. Multiple allergen simultaneous
test results were not significant, although total serum immunoglobulin E levels were significantly associated with the

beta-diversity of the adenotonsillar microbiome.

Conclusion. The data reported herein suggest, for the first time, that the adenotonsillar microbiome interacts with the re-
gional mucosal immune system. The observed association of the microbiome with subjective discomfort is a novel

finding that warrants further investigation.
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INTRODUCTION

Pathogenic hyperplasia of the tonsils and adenoids is one of the
most frequently encountered diseases in the pediatric popula-
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tion. The incidence of adenoidectomy has been reported to be
740 per 100,000 in children under the age of 10 years, while
that of tonsillectomy is 129.4 per 100,000 [1,2]. Hyperplasia of
the tonsils and adenoids is known to be associated with infec-
tious diseases, such as recurrent tonsillitis and otitis media with
effusion [3,4]. Recently, several culture-independent molecular
assays based on 16S rRNA gene sequencing have shown com-
plex, diverse, and highly variable bacterial communities to be
present in the tonsil and adenoid tissues.

Adenotonsillar hypertrophy is an independent risk factor for
snoring in children [5]. Although there is no definitive consensus
regarding the mechanisms of adenotonsillar hypertrophy in

Copyright © 2021 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

295


https://orcid.org/0000-0003-2637-0555
https://orcid.org/0000-0003-3075-1350
http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2020.01634&domain=pdf&date_stamp=2021-08-01

296 Clinical and Experimental Otorhinolaryngology Vol. 14, No. 3: 295-302, August 2021

snoring and obstructive sleep apnea (OSA), the immunological
mechanisms of adenotonsillar hypertrophy in OSA are suspect-
ed to be different from those in recurrent infection-associated
conditions, such as tonsillitis. The local immune responses of
lymphocytes have been reported to be remarkably different in
patients with recurrent tonsillitis than in those with OSA [6,7].
In tonsils from patients with recurrent tonsillitis, large micro-col-
onies of bacteria have been observed, and large numbers of B
and T lymphocytes have been reported immediately adjacent to
the tonsil crypt itself. In contrast, no bacteria or significant skew-
ing of the distribution of lymphocytes based on the site (such as
the follicles or crypts) was observed in tonsils from patients with
OSA [6]. Therefore, it is reasonable to suspect that the microbi-
ome of the tonsil and adenoid tissues may be different between
patients with infective hyperplasia and those with OSA. Howev-
er, to date, studies on the tonsil and adenoid microbiomes have
mainly described associations with recurrent tonsillitis or ade-
noids related to middle ear infection.

The palatine tonsils (generalized as tonsils here), lingual ton-
sils, and adenoids comprise the Waldeyer’s lymphatic ring, a well-
known origin of recurrent upper respiratory tract infections dur-
ing infancy. Although the tonsils and adenoids share structural
similarities and are anatomically close to each other, they have
different characteristics. The tonsils are located within the oropha-
ryngeal cavity, while the adenoids are connected to the nasopha-
ryngeal airway. The tonsils are covered with stratified squamous
epithelium, with the crypts arranged in a lacunar manner; in con-
trast, the adenoids are covered with respiratory epithelium, with
the crypts located in longitudinal folds [8]. Unlike adenoidecto-
my, tonsillectomy has no therapeutic effect on middle ear effusion
[9]. Therefore, the tonsil and adenoid microbiomes might differ.

In our previous study, we found several damage-associated
molecular patterns (host molecules involved in innate immunity)
expressed in tissues and present in the lavage fluids (LFs) of pe-
diatric adenoids [10]. In this study, first, we compared the micro-
biome of tonsils and adenoids in pediatric patients with snoring
not associated with recurrent infections. Next, we compared
features of the microbiome with clinical characteristics, including
subjective discomfort during sleep. Finally, we evaluated the cor
relations of the adenotonsillar microbiome with regional con-
centrations of innate immunity-associated molecules.
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= Association between microbiome profiles and clinical charac-
teristics of pediatrics with snoring was evaluated.

= Association between microbiome profiles and mucosal im-
mune molecules was investigated.

= We suggest that adenotonsillar microbiome interacts with the
regional mucosal immune system and subjective discomfort of
pediatrics with snoring.

MATERIALS AND METHODS

Study design and sample collection

This study was approved by the Institutional Review Board of
the Chung-Ang University Hospital, and written informed con-
sent was obtained from the caregivers of all participants. The
study was cross-sectional, comprising of 24 pediatric patients
who underwent tonsillectomy with adenoidectomy. Patients
with snoring or symptoms of sleep apnea were enrolled in this
study, and those with recurrent tonsillitis or antibiotic medica-
tion history within the previous 4 weeks were excluded. Fur-
ther, patients with underlying conditions, such as immunodefi-
ciency, malignancy, or allergic asthma, were excluded from the
study. Medical records, including results of the multiple aller-
gen simultaneous test (MAST, LG Life Sciences, Seoul, Korea)
[11,12], total serum immunoglobulin E (IgE) levels (group 1,
negative; group 2, low titer (<2 positivity; <0.70 IU/mL); and
group 3, high titer (=2 positivity; 0.70 IU/mL) [13], and white
blood cell (WBC) counts, and the OSA-18 questionnaire were
reviewed.

The OSA-18 questionnaire assessed the quality of life, and
disordered breathing and discomfort in pediatric sleep; it com-
prised of the following five domains: sleep disturbances, physical
suffering, emotional distress, daytime problems, and parent or
caretaker concern [14]. Blood tests and OSA-18 questionnaire
were conducted a day before the surgery. Tonsillectomy with ad-
enoidectomy was performed under general anesthesia by an
otorhinolaryngologist, and LFs from the tonsils and adenoids
(collected separately from each tissue), as well as the tonsil and
adenoid tissues, including the surface mucosa and submucosal
lymphoid tissues, were obtained as described previously [10].
Approximately 5 mL of regular saline was instilled onto the ton-
sil (under direct visualization) and adenoid (using a 30° endo-
scope) surfaces, and approximately 4 mL retrieved after 3 sec-
onds. Next, the tonsil and adenoid tissues, including the surface
mucosa and submucosal lymphoid tissues, were sampled using
cutting forceps before surgery. The tissue samples were placed in
a sterile container, stored on ice, and transferred to the laborato-
ry within 1 hour. All samples were stored at —20°C until further
analysis.

DNA extraction, 16S rRNA gene amplification, and
pyrosequencing

Total genomic DNA was extracted as described previously [15].
Microbial genomic DNA was extracted from the tonsil and ade-
noid biopsy specimens using the repeated-bead-beating method
[16]. The barcoded forward primer 27F (5'-XXXXXXXXXX-
GAGTTTGATCMTGGCTCAG-3', where “X” represents the
barcode sequence) and reverse primer 338R (5-TGCTGCCT-
CCCGTAGGAGT-3'), both ligated to an FLX Titanium adapter,
were used for amplifying the V1-V2 region of the 16S rRNA gene.
Diluted DNA template (8 pL, 1:7), primer mix (2 pL, 0.2 pM),



and 2X Ex Taq polymerase premix (TaKaRa Bio, Shiga, Japan)
were mixed for the polymerase chain reaction (PCR, total reac-
tion volume, 50 pL). PCR conditions were set as previously de-
scribed [13]. QIAquick PCR purification kit (Qiagen, Hilden,
Germany) was used to purify amplicons, prepared as eight rep-
licates. Quant-iT PicoGreen double-stranded DNA kit (Invitro-
gen, Carlsbad, CA, USA) was used to determine the concentra-
tion of DNA. Equimolar concentrations of the prepared ampli-
cons for 48 tonsil and adenoid samples were subjected to pyro-
sequencing on the 454 GS-FLX Titanium sequencing platform
(Roche Diagnostics, Manheim, Germany).

Analysis of microbiota in the tonsil and adenoid tissue samples
Analysis of tissue microbiota was performed as described previ-
ously [13]. Briefly, the reads were analyzed on the Quantitative
Insights Into Microbial Ecology (QIIME) platform [16], and op-
erational taxonomic units (OTUs) (=97 % identity) were select-
ed using the Greengenes database [17]. After excluding unas-
signed or non-bacterial kingdom-assigned sequences and single-
tons, 6,015,107 reads were obtained (125,314 128,769 reads
per sample). Alpha-diversity was measured using Shannon di-
versity index, Chaol, and observed OTUs. Beta-diversity was
evaluated using principal component analysis (PCoA) based on
weighted and unweighted UniFrac and Bray-Curtis distances.

Measurement of heat shock protein and interleukin-8 levels in
the tonsil and adenoid LFs

The amounts of extracellular heat shock protein (Hsp)27,
Hsp70, and interleukin-8 (IL-8) in the LFs were determined us-
ing a commercial enzyme-linked immunosorbent assay kit
(R&D Systems, Minneapolis, MN, USA), according to the manu-
facturer’s instructions.

Statistical analysis

Mann-Whitney U-test and Spearman’s rank correlation were
performed using GraphPad Prism software ver. 5.0 (GraphPad,
San Diego, CA, USA). Linear discriminant analysis (LDA) cou-
pled with an effect size measurement (LEfSe) was employed to
distinguish the taxonomic characteristics between groups [18].
Alpha-diversity (within-sample diversity; Shannon diversity in-
dex, Chaol, and observed OTUs) was calculated for each sam-
ple in the QIIME pipeline. Beta-diversity (between-sample di-
versity) was calculated using the phylogenetic metrics (UniFrac)
for microbial community and non-phylogenetic metrics (Bray-
Curtis) for microbial gene community in the QIIME pipeline.
The calculated distance matrices were used to perform PCoA.
The analysis of similarities (ANOSIM) method was used to pre-
dict the differences in microbial communities between groups,
whereas permutational multivariate analysis of variance (PER-
MANOVA) was used to evaluate the dissimilarities based on site
(adenoid and tonsil), sex, MAST, and total serum IgE levels.
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RESULTS

Patient demographics

Twenty-four patients were enrolled in this study (mean age, 6.29
years; standard deviation [SD], 6.29 years; age range, 4-12 years).
Sixteen were boys and eight were girls. Nine (37.5%) had aller-
gic rhinitis (AR). Among the OSA-18 questionnaire domains,
sleep disturbance, physical suffering, and caregiver concerns were
the highest-rated, followed by daytime problems and emotional
distress. The mean £ SD levels of IL-8, Hsp27, and Hsp70 detect-
ed in the adenoid LFs were 216.97+77.61,328.39+222.47, and
4,023.94£2,708.82 pg/mL, respectively, whereas those detected
in the tonsil LFs were 189.68+80.07, 438.77+£204.17, and
4,756.17 £2,747.32 pg/mL, respectively (Table 1).

Bacterial community composition in the tonsils and adenoids
Tissue samples from the tonsils revealed a predominance of Pro-
teobacteria (mostly the genus Haemophilus), Firmicutes (domi-
nated by the genus Streptococcus), and Bacteroidetes (dominat-
ed by the genus Prevotella). Tissue samples from the adenoids
were dominated by Proteobacteria (mostly the genus Haemoph-
ilus), Firmicutes (dominated by the genus Streptococcus), and
Fusobacteria (dominated by the genus Fusobacterium). At the
genus level, Streptococcus was abundant, while Neisseria was
present to a lesser extent in the adenoids than in the tonsils (Fig.
1A and B). LEfSe was performed to obtain the cladogram rep-
resentation and to identify the predominant bacteria in tonsils
and adenoids. We found Neisseria to be more abundant in the
tonsils than in the adenoids (Fig. 1C).

Table 1. Clinical characteristics of the patients enrolled in the study

Variable Value
Number 24

Sex (male:female) 16:8

Age (yr) 6.29+2.34 (4-12)
Body mass index (kg/m?) 17.52+3.05
Positivity of MAST (%) 9(37.5)
OSA-18 (sleep disturbance) 13.08£4.48
OSA-18 (physical suffering) 14.79+4.65
OSA-18 (emotional stress) 9.58+4.65
OSA-18 (daytime problems) 9.62+4.19
OSA-18 (caregiver concern) 13.00£5.23
Adenoid IL-8 (pg/mL) 216.97+77.61
Adenoid Hsp27 (pg/mL) 328.39+222.47
Adenoid Hsp70 (pg/mL) 4,023.94+2,708.82
Tonsil IL-8 (pg/mL) 189.68+80.07

Tonsil Hsp27 (pg/mL)
Tonsil Hsp70 (pg/mL)
White blood cells (10%L)
Eosinophil count (10%/L)

438.77+204.17
4,756.17£2,747.32
7,752.08+2,272.84

226.05+121.85

Values are presented as mean+SD (range), mean+SD, or number (%).
MAST, multiple allergen simultaneous test; OSA, obstructive sleep apnea;
IL-8, interleukin-8; Hsp, heat shock protein; SD, standard deviation.
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Fig. 1. Bacterial community composition of the tonsils and adenoids of 24 patients at the phylum level (A) and genus level (B). The dominant
phyla and genera within the samples are shown. (C) Linear discriminant analysis (LDA) score. Histogram of the LDA scores for genera that
were differentially abundant between the tonsils and adenoids. Negative (blue bars) and positive (gray bars) LDA scores represent bacterial
groups in the adenoids and tonsils, respectively.
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Fig. 2. Alpha-diversity in the adenoid and tonsil samples. No significant difference was observed between the adenoid and tonsil samples
based on the Chao 1 (A), observed operational taxonomic units (OTUs) (B), and Shannon diversity index (C) measures.

Alpha-diversity of the adenotonsillar microbiome and its
correlations with clinical characteristics

Chaol, observed OTUs, and the Shannon diversity index were
used to compare the alpha-diversity of the microbiome between
the adenoids and tonsils. Neither bacterial community richness
nor diversity was significantly different between the adenoid
and tonsil microbiomes (P=0.219 for Chaol, P=0.323 for ob-
served OTUs, and P=0.584 for Shannon diversity) (Fig. 2). We
evaluated the correlations of the alpha-diversity of the entire
adenotonsillar microbiome with clinical characteristics. Bacterial
diversity, as represented by Shannon diversity, differed signifi-
cantly between males and females; males had a more diverse
adenotonsillar microbiome than females (P=0.045). The score
of the emotional stress domain in the OSA-18 questionnaire
(P=0.047, rho=-0.287 for Chaol; P=0.014, rho=-0.350 for
observed OTUs) and the IL-8 concentration in the tonsil LFs
(P=0.028, rho=-0.310 for Chaol; P=0.001, rho=-0.438 for
observed OTUs) were negatively correlated with the alpha-di-
versity of the adenotonsillar microbiome. This suggested that
higher levels of emotional stress in OSA or IL-8 concentrations
in the tonsil LFs were associated with lower richness of the ade-
notonsillar bacterial community (Table 2). However, the alpha-
diversity of the adenotonsillar microbiome based on MAST pos-
itivity or total serum IgE levels revealed no significant difference
in Chaol, observed OTUs, and Shannon diversity (Supplemen-
tary Fig. 1).

Beta-diversity of the adenotonsillar microbiome and its
correlations with clinical characteristics

Since the UniFrac distance considers the phylogenetic related-
ness of OTUs with the Bray-Curtis distance, which quantifies
the compositional dissimilarity between two different sites based
on the counts at each site, it is only a measure of abundance [19].
We generated PCoA plots for the Bray-Curtis, unweighted Uni-
Frac, and weighted UniFrac distances of the phylogenetic tree.

Table 2. Correlations between alpha-diversity indices and clinical
characteristics

P-value

Characteristics Observed  Shannon
Chaot N

OTUs diversity
Sex 0.991 0.947 0.045
Age 0.655 0.810 0.495
Positivity of MAST 0.529 0.496 0.475
OSA-18 (sleep disturbance) 0.903 0.869 0.438
OSA-18 (physical suffering) 0.636 0.319 0.264
OSA-18 (emotional stress) 0.047 0.014 0.588
(rho=-0.287) (rho=-0.350)  0.583
OSA-18 (daytime problems) 0.217 0.030 0.548

(rho=-0.310)
OSA-18 (caregiver concern) 0.448 0.164 0.844
Adenoid IL-8 (pg/mL) 0.322 0.206 0.070
Adenoid Hsp27 (pg/mL) 0.079 0.220 0.115
Adenoid Hsp70 (pg/mL) 0.536 0.421 0.862
Tonsil IL-8 (pg/mL) 0.028 0.001 0.129
(rho=-0.310) (rho=-0.438)

Tonsil Hsp27 (pg/mL) 0.218 0.568 0.396
Tonsil Hsp70 (pg/mL) 0512 0.294 0.352
White blood cells (10%/L) 0.053 0.063 0.745
Eosinophil count (10%/L) 0.988 0.602 0.300

OTU, operational taxonomic unit; MAST, multiple allergen simultaneous
test; OSA, obstructive sleep apnea; IL-8, interleukin-8; Hsp, heat shock
protein.

PCoA, which showed a dissimilarity between the adenoids and
tonsils, was not significant (P=0.167 for Bray-Curtis, P=0.607
for unweighted UniFrac, and P=0.281 for weighted UniFrac)
(Fig. 3). Next, we performed ANOSIM and PERMANOVA to
identify the characteristics responsible for beta-diversity, and
found that the total serum IgE levels were a significant factor
(Supplementary Table 1). When the tonsils or adenoids were in-
dividually evaluated to explore possible correlations between
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Fig. 3. Beta-diversity (dissimilarity of intra-individual adenotonsillar microbiomes) in the adenoid and tonsil samples. Principal component anal-
ysis of Bray-Curtis (A), unweighted UniFrac (B), and weighted UniFrac (C) distances. Each point represents an individual’s microbiota. ANO-
SIM, analysis of similarities.

Table 3. Correlations between beta-diversity indices and clinical beta-diversity (Table 3).
characteristics
P-value
Characteristics Weighted ~ Unweighted . DISCUSSION
UniFrac Unifrag  Dray-Curts

PERMANOVA To the best of our knowledge, this is the first study to evaluate
Sex 0.408 0.585 0.470 the associations of the adenotonsillar microbiome with clinical
Positivity of MAST 0.185 0.174 0.186 characteristics, including extracellular immune response-associ-
Distance analysis ated protein concentrations and subjective quality of life, in pe-
OSA-18 (sleep disturbance)  0.663 0813 0.714 diatric patients with snoring. Our findings supported the hy-
SEale (physical Sllieln) 0.750 0.284 0.296 pothesis that mucosal microbes and host mucosal immune re-
OSA-18 (emotional stress) 0.265 0.079 0.852 . .
OSA-18 (daylime problems) 0,855 OBAE 0,463 sponses exhibit mutual effects and correlate closely with each
OSA-18 (caregiver concern)  0.898 0.356 0.430 other.
Adenoid IL-8 (pg/mL) 0.253 0.183 0.160 Only two studies have evaluated the paired microbiome from
Adenoid Hsp27 (pg/mL) 0.386 0.083 0.267 the tonsils and adenoids in pediatric patients without infections.
Adenoid Hsp70 (pg/mL) 0.519 0.348 0.722 One study evaluated microbiome variation based on sampling
Tonsil IL-8 (pg/mL) 0.316 0.131 0.074 sites (surface swab and tissue biopsy samples); however, it did
Tonsil Hsp27 (pg/mL) 0.545 0226 0.038 not find different compositions between the tonsils and adenoids
Tonsil Hsp70 (pg/mil) 0093 0.849 (rho;;g.;%) [4]. The.o.ther study suggested an ove{rlap between the bacterial
White blood cell (10°1L) 0134 0.001 0,037 composition of the tonsils and adenoids, although they showed

(ho=0.610)  (tho=0.426) an overall dissimilarity [8]. Our study showed that the general
Eosinophil count (10°/L) 0.817 0.779 0.792 microbiome composition was not meaningfully different between
PERMANOVA, permutational multivariate analysis of variance; MAST, mul- the adenoids and tonsils, although differences were found in sev-
tiple allergen simultaneous test; OSA, obstructive sleep apnea; IL-8, inter- eral genera. Therefore, we consider our current comparative study
leukin-8; Hsp, heat shock protein. to be inconclusive, and recommend further studies using a larger

patient population.

beta-diversity and clinical characteristics, no significant factor We hypothesized that the microbiome of tonsils and adenoids
was identified, with the exception of the total IgE level (data not might be related to the severity of subjective symptoms in pedi-
shown). The relationship of clinical characteristics with the beta- atric patients with snoring. When comparing the tonsil or ade-
diversity of the entire adenotonsillar microbiome was further noid microbiome with clinical characteristics, we could not find
analyzed based on the average weighted UniFrac, unweighted any significant factors, except the total serum IgE level (data not
UniFrac, and Bray-Curtis distances, which represented intra- shown). However, we found that a domain of the OSA-18 ques-
individual dissimilarities in the adenotonsillar microbiota. The tionnaire (emotional stress) was negatively associated with the

Hsp27 level in the tonsil LFs (P=0.038, tho=0.288 for Bray-Cur- alpha-diversity of the adenotonsillar microbiome, suggesting
tis) and WBC counts (P=0.001, rho=0.610 for unweighted Uni- that lower alpha-diversity of the microbiome was linked to high-
Frac; P=0.037, rho=0.426 for Bray-Curtis) were responsible for er levels of emotional stress. IL-8, which was correlated with al-



pha-diversity in this study, has been reported to be present at
higher levels in the pharyngeal LFs of patients with OSA than
in healthy controls, and IL-8 levels were found to be associated
with the apnea-hypopnea index in patients with OSA [20]. Re-
duced bacterial diversity affects disease pathogenesis and is as-
sociated with inflammatory conditions in the nasal cavity [21].
The clinical severity of Alzheimer disease is closely correlated
with gut bacterial diversity [22]. Consistent with our finding that
subjective discomfort was associated with regional microbiome
diversity, mood disorders have also been associated with reduced
diversity of the gut microbiome [23]. Although the mechanisms
are unclear, our data suggest that microbiome diversity might be
associated with the subjective severity and pathogenesis of snor-
ing in pediatric patients.

The surface of adenoids and tonsils is composed of folds and
crypts, which are colonized by microbiota. These microbes influ-
ence the development of the innate mucosal immune system,
which plays an important role in protecting against mucosal in-
fection [24,25]. Hsp27 and Hsp70 have been reported to be ex-
pressed in the pediatric adenoid tissues and occur in the extra-
cellular areas, where they can function as immune mediators by
regulating bacterial population [10]. The possibility that Hsp70
might play an important role in the pathogenesis of adenoid hy-
perplasia has also been suggested [26]. Therefore, we evaluated
the correlations between the adenotonsillar microbiome and
immunity-associated molecules on the mucosal surface. Beta-di-
versity analysis showed significant differences in the microbial
composition of adenotonsillar tissues depending on the level of
Hsp27 in the LF and WBC counts. In the cytoplasm, Hsp27 (a
small Hsp) responds to stress and acts as a chaperone to facili-
tate appropriate protein folding. Outside the cell, Hsp27 is in-
volved in modulating the inflammatory response by interacting
with certain receptors [27]. Hsp27 is present in the adenoid tis-
sue and LFs, and is associated with the microbiome [10]. Thus,
our findings support the hypothesis that the regional microbial
composition interacts with components of the host mucosal im-
munity, and we demonstrated this interaction at the mucosal
surface of tonsils and adenoids.

We previously evaluated the association between AR and the
nasal mucosal microbiome [13]. When we evaluated the adeno-
tonsillar microbiome based on the presence of AR or total se-
rum IgE levels, only the total serum IgE levels were found to be
associated with dissimilarity in the intra-individual adenotonsil-
lar microbiome (Supplementary Fig. 1). However, the presence
of AR is considered to be correlated with adenotonsillar hyper-
trophy. For example, the presence of adenoid hypertrophy was
demonstrated to increase the severity and duration of AR, sug-
gesting a correlation between adenoid hypertrophy and AR [28].
Since AR is an important factor that affects the local regional
microbiome, this issue requires further evaluation.

Our study had several limitations. First, we analyzed a relatively
small cohort of pediatric patients with snoring, which should be
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taken into consideration while interpreting the findings. Second,
we used biopsy samples, including the surface mucosa and sub-
mucosal areas. The sampling site is an important factor that de-
termines the variability of the microbiome in the adenotonsillar
area [25]. Therefore, a different method or sampling location
could produce different findings. Third, although the regional
microbiome diversity and dissimilarities were associated with
surface immune molecules, this was an observational study, and
further research to evaluate the presence of a causal relationship
is warranted. Finally, since our participants did not undergo poly-
somnography, we could not evaluate correlations of the adeno-
tonsillar microbiome with the objective degree of sleep apnea
or oxygen concentration. The relationship between the adeno-
tonsillar microbiome and severity of sleep apnea therefore needs
to be evaluated in future studies.

Our study demonstrated that adenotonsillar microbial diversi-
ty and intra-individual dissimilarity were associated with muco-
sal surface immune molecules and subjective discomfort in pe-
diatric patients with snoring. The findings suggest that the region-
al microbiome might functionally affect the subjective severity
of snoring in pediatric patients and closely interact with compo-
nents of the regional immune responses at the mucosal surface
of the adenoids and tonsils in pediatric patients. This could have
important implications for understanding the pathogenesis of
pediatric snoring and OSA.
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