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OBJECTIVES: The adenoid pad, which is located between the orifice of the Eustachian tube (ET) and posterior nasal cavity, can affect the devel-
opment of otitis media with effusion (OME) because of its anatomical location. The aim of the present study was to evaluate adenoid microbial
colonization through 16S ribosomal RNA (rRNA) pyrosequencing, an advanced molecular technique, and to document the relationship with OME.

MATERIALS and METHODS: Adenoid samples were collected using sterile cotton from 32 children during ventilation tube insertion. Sixteen
children with OME who underwent tonsillectomy and adenoidectomy due to obstructive symptoms were assigned to the OME group and sixteen
children without OME were assigned to the control group. We performed a 165 rRNA-based culture-independent survey of bacterial communities
using the MiSeq platform.

RESULTS: The diversity index, mean operational taxonomic units, and Shannon index were lower in the OME group than those in the control
group. A taxonomic analysis showed differences in microbiota distribution between the OME and control groups at the phylum, genus, and spe-
cies levels. The analysis, which was based on weighted UniFrac distances, revealed differences in microbial composition between the two groups.

CONCLUSION: Bacterial community analysis using 16S rRNA pyrosequencing allows us to understand the relationship between the microbial
communities of adenoids and the development of OME better.
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INTRODUCTION

Otitis media with effusion (OME) is one of the most common diseases in early infancy and childhood and represents a major dis-
ease burden worldwide. OME is defined as the presence of middle ear effusion without acute inflammation. In the United States,
approximately 90% of children develop OME before reaching school age. Unlike acute otitis media (AOM), OME has no subjective
symptoms, and it is difficult to determine the exact incidence. OME can cause acquired conductive hearing loss and subsequent
developmental delays in childhood ™. Causative host factors of OME are associated with age, sex, Eustachian tube (ET) dysfunction,
allergies, abnormalities of the systemic mucosal immune system for the inflammatory response, and breastfeeding. Recently, gas-
troesophageal reflux and the role of biofilms have been recognized as causes of OME 2. Among these factors, adenoid vegetation
or hypertrophy is associated with ET dysfunction, which causes mechanical obstruction of the ET orifice and problems with the reg-
ulation of middle ear pressure and mucus drainage . In addition, microorganisms in the adenoids are potential sources of infection
and may spread infection to the adjacent middle ear ¥\,

Detection of bacteria and virus in the middle ear fluid is essential for the effective treatment of OME. Although there are differences
in the bacterial and viral species identified in culture- and PCR-based assays by host factors, Moraxella catarrhalis, Haemophilus influ-
enzae, and Streptococcus pneumoniae (among bacteria) and rhinovirus, respiratory syncytial virus, and human coronavirus (among
viruses) are the most commonly identified microbiome in the middle ear fluid .

This study was presented at the “32th Politzer Society meeting; 28 May-1 June 2019, Warsaw, Poland.
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A microbiological association between adenoids and OME has also
been demonstrated in culture-based studies. These results suggest
that bacteria go through the ET and that adenoidectomy is an effec-
tive treatment for recurrent OME. However, culture- and PCR-based
studies do not represent the diversity of bacteria because they focus
on a limited number of bacteria and viruses ©.

The 16S ribosomal RNA (rRNA) pyrosequencing assay is a diagnostic
technique that can identify a broader spectrum of bacteria than cul-
ture-based bacterial profiles by analyzing the nucleotide sequences
of prokaryotes . The National Institutes of Health Human Micro-
biome Project has initiated research into the human microbiome,
which has been linked to various diseases, including infectious and
immune diseases and cancer . Additionally, several studies have re-
ported that the microbiome is associated with infectious and inflam-
matory diseases as well as non-infectious diseases such as obesity
and diabetes ©. Although OME is controversial in that it is an infec-
tious disease, the occurrence of OME can be predicted by the direct
identification of pathogens from the middle ear, as well as by altering
the composition and distribution of the microbiome in the adjacent
adenoids.

Microbiome studies of the adenoids using 16S rRNA pyrosequencing
have recently begun but have shown varying results ©1%.

In this prospective study, we analyzed the microbiome of the ade-
noids in Korean patients with OME requiring ventilator tube insertion
and in those without OME requiring tonsillectomy and adenoidecto-
my for snoring using 16S rRNA pyrosequencing. Thus, we investigat-
ed whether the adenoid microbiome is associated with the develop-
ment of OME by comparing the bacterial communities between the
two groups.

MATERIALS AND METHODS

Ethical Approval

We received informed consents from the parents of patients. The
study was approved by the Institutional Review Board (2016-158-I).
All procedures were conducted in accordance with the Declaration of
Helsinki on biomedical studies involving human subjects.

Study Design and Inclusion Criteria

The present study was carried out as a prospective study from May
2016 to April 2017. Children who required ventilation tube insertion
alone or ventilation tube insertion and adenoidectomy were selected
as the experimental group. The inclusion criteria of ventilation tube
insertion were as follows: (1) chronic OME persisting for >3 months
from the date of onset or diagnosis, (2) an irreversible change in the
tympanic membrane (retraction pocket, ossicular abnormalities,
and/or adhesive otitis), (3) a speech or developmental delay, and (4)
a threshold of air-conduction hearing >40 dB. Criteria (2) through (4)
were included because ventilation tube insertion is necessary even if
the duration of OME is less than 3 months. If the children who had a
history of previous ventilation tube insertion with recurrent OME had
radiologic or physical evidence of adenoid vegetation, adenoidecto-
my was performed with ventilation tube insertion. The control group
consisted of children undergoing tonsillectomy and adenoidectomy
due to obstructive symptoms such as snoring and mouth breathing.

Sample Collection

All adenoid samples were collected during surgery under general an-
esthesia at the Dongtan Sacred Heart1 Hospital. To prevent contami-
nation of the adenoid samples, we observed the adenoids with direct
vision using a 70° rigid telescope (KARL STORZ, Tuttlingen, Germany)
during ventilation tube insertion. Swabs were obtained through an
intraoral approach using sterile cotton (3M™, Maplewood, MN, USA).
When the sterile cotton touched the adenoid surface, the cotton was
rotated 180° and removed. When adenoidectomy was performed
with ventilation tube insertion or tonsillectomy, samples were ob-
tained by placing and rotating the sterile cotton in the removed
adenoid tissues. After the adenoid samples were collected, the cot-
ton was immediately placed in the broth and transferred to a —80 °C
freezer after the operation was complete.

DNA Extraction

DNA was extracted using a DNeasy Blood &Tissue Kit (Qiagen, Hilden,
Germany). The contents of the swab tube were carefully poured into
a 1 mL sterile tube and centrifuged for 3 min. Next, total DNA from
all collected samples was extracted using an enzymatic and mechan-
ical protocol. The concentration and purity of DNA were measured
using a UV-VIS spectrophotometer (Quawell, San Jose, CA, USA). The
extracted DNA was stored at —70 °C until sequencing.

PCR Amplification of the 16S rRNA Gene and Sequencing

Each sequenced sample was prepared according to the lllumina 165
Metagenomic Sequencing Library protocol. The quantity and quality
of the DNA were measured by PicoGreen (PerkinElmer, Waltham, MA,
USA) and NanoDrop spectrophotometry, respectively. The 16S rRNA
genes were amplified using 165 V3-V4 primers for 1-155 samples and
ITS3-ITS4 primers for 153-156 samples. The primer sequences were
as follows:

16S Amplicon PCR Forward Primer
5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGG-
CWGCAG-3';

16S Amplicon PCR Reverse Primer
5'-TCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGG-
TATCTAATCC-3';

ITS3 Amplicon PCR Forward Primer
5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCATCGAT-
GAAGAACGCAGC-3';and

ITS4 Amplicon PCR Forward Primer
5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCCTCCGCTTATT-
GATATGC-3"

Input genomic DNA (12.5 ng) was amplified with the 16S V3-V4 or
ITS3-ITS4 primers, and a subsequent limited-cycle amplification step
was performed to add multiplexing indices and lllumina sequencing
adapters. The final products were normalized and pooled using a Pi-
coGreen (PerkinElmer) kit, and the size of the library was verified us-
ing a LabChip GX HT DNA High Sensitivity kit (PerkinElmer). Samples
were sequenced using the MiSeq™ platform (lllumina, San Diego, CA,
USA).

Bioinformatic Pipeline and Statistical Analyses
MiSeq™ raw data for 32 samples were clustered among sequences
with more than 97% sequence similarity after eliminating sequences



considered to be errors to form an operational taxonomic unit (OTU) at
the species level. A representative sequence of each OTU was obtained
for taxonomic assignment using a reference database (NCBI 16S). OTU
abundance and taxonomy information were used to obtain the Shan-
non index (SI) and Simpson index using QIIME v1.8.0, and diversity in-
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Figure 1 a-c. Box plot comparison of the OTUs (a), Sl (b), and inverse Simpson
index (c). The diversity of the bacterial microbiome and SI was lower in the
OME group than that in the control group. The inverse Simpson index was
lower in the OME group; therefore, the OME group had fewer species, and
specific microbiomes tended to dominate in the OME group. Boxes represent
third quartiles and red boxes indicate second quartiles. Whiskers represent
the minimum and maximum scores of each index.

OTU: operational taxonomic unit; SI: Shannon index; OME: otitis media with
effusion.
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formation was confirmed by generating a rarefaction curve and the
Chao1 value. Based on the weighted UniFrac distance, we confirmed
the beta diversity between samples. The relationships and differences
in bacterial composition between the two groups were visualized by
reconstruction using principal coordinates analysis (PCoA) and the un-
weighted pair group method with an arithmetic mean (UPGMA) tree.

Statistical Analysis

Statistical tests were carried out using R version 3.1.2. The Wilcox-
on rank-sum test was performed at the phylum and species levels
to confirm differences in the microbiomes between the two groups.
p<0.05 were considered statistically significant.

RESULTS

Patient Demographics

Thirty-two patients were recruited for this study. Their ages ranged
from 19 months to 15 years (mean=5.8 years, standard deviation=3.2
years). The OME and control groups were distributed equally (16 pa-
tients each). The mean duration of disease in the OME group was 12.5
weeks. Ten children in the OME group had bilateral OME and six had
unilateral OME. No patient received an antibiotic within 4 weeks prior
to surgery. All patients received full pneumococcal vaccination be-
fore starting the study. In the control group, patients with tonsillitis
more than four times per year and symptoms of an upper respiratory
infection within 4 weeks before surgery were excluded.

Bacterial Diversity and Composition in the Adenoids

PCR and 16S rRNA sequencing were performed on adenoid samples

of 32 patients. A total of 1,367,587 high-quality reads were obtained

after excluding low-quality reads (657,313), chimeric reads (167,142),

ambiguous reads (81,498), and other errors (2,583,793). The average
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Figure 2. The phylum with more than 1% of all strains. Proteobacteria ac-
counted for the highest percentage in both groups and was 10.5% higher in
the OME group than in the control group. Cyanobacteria, Bacteroidetes, and
Firmicutes were also identified in the control group. Firmicutes and Bacteroi-
detes were detected at the next highest level in the OME group. There was no
significant difference in phylum between the two groups.

OME: otitis media with effusion.
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read count was 42,737, and the gamma diversity (alpha+beta diver-
sity) was 1,203. The OTU value per sample was at least 18; the maxi-
mum was 339.

The diversity index of the OME group was lower than that of the con-
trol group. The mean OTU value was 75 in the OME group and 141 in
the control group. The mean Sl was 2.853 in the OME group and 4.316
in the control group, indicating that the OME group had lower diver-
sity than the control group. The inverse Simpson index was 0.694 in
the OME group and 0.864 in the control group (Figure 1).

Taxonomic analysis revealed that Proteobacteria was the most com-
mon phylum in both groups. The OME group showed a 10.05% high-
er rate than the control group, although the difference was not sig-
nificant (p=0.239). Proteobacteria (45.06%), Cyanobacteria (13.81%),
Bacteroidetes (12.85%), and Firmicutes (7.23%) were frequently de-
tected in the control group, whereas Proteobacteria (55.11%), Fir-
micutes (15.20%), Bacteroidetes (15.06%), and Actinobacteria (5.75%)
were frequently detected in the OME group (Figure 2).
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Taxonomic analysis at the genus level identified 286 taxa in the con-
trol group and 127 taxa in the OME group. Haemophilus was the most
frequently identified genus in both the control (13.7%) and OME
(28.4%) groups, and there were 13 taxa in each group, accounting for
more than 1% in both groups. Among the 13 taxa that accounted for
more than 1% of the OME group, the genera that were significantly
higher than those in the control group were Haemophilus (p=0.014),
Prevotella (p=0.032), Streptococcus (p=0.017), Delftia (p=0.000), Cory-
nebacterium (p=0.029), Veillonella (p=0.021), Niastella (p=0.011), and
Streptobacillus (p=0.024). In the control group, Loriellopsis (p=0.000),
Burkholderia (p=0.000), Pantoea (p=0.000), Chlamydia (p=0.000),
Pseudomonas (p=0.023), and Xanthomonas (p=0.006), were signifi-
cantly higher than those in the OME group (Figure 3).

At the species level, Haemophilus aegyptius (27.6%), Moraxella non-
liquefaciens (13.7%), and Streptococcus pseudopneumoniae (6.4%)
were the most abundant in the OME group, and Haemophilus aegyp-
tius (13.0%), Loriellopsis cavernicola (12.3%), and Burkholderia plan-
tarii (10.2%) were abundant in the control group. Fifty-five species
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Figure 3 a, b. TList of genera with more than 1% of all strains in each group. (a) In the control group, 13 taxa with more than 1% were detected, and Loriellopsis,
Burkholderia, Pantoea, Chlamydia, Pseudomonas, and Xanthomonas were more abundant than those in the OME group. (b) In the OME group, 13 taxa with more
than 1% were detected, and Haemophilus, Prevotella, Streptococcus, Delftia, Corynebacterium, Veillonella, Niastella, and Streptobacillus were more abundant than

those in the control group (*p<0.05, **p<0.01).
OME: otitis media with effusion.
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Figure 4 a, b. Taxonomic analysis at the species level (microbiomes showing a significant difference in each group). Fifteen species with more than 1% in each
group are listed in order. (a) Dolosigranulum pigrum, Megasphaera micronuciformis, Clostridium disporicum, and Stomatobaculum longum were significantly high-
er in the OME group than in the control group. However, Dolosigranulum pigrum was the only species with more than 1% composition. (b) Of the 51 species that
were significantly higher in the control group, five species (Loriellopsis cavernicola, Burkholderia plantarii, Pantoea deleyi, Curtobacterium albidum, and Xanthomo-

nas theicola) showed more than 1% composition on average (*p<0.05, **p<0.01).

OME: otitis media with effusion.
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Figure 5. A three-dimensional PCoA based on the weighted UniFrac distance
matrix. These three components explain 67% of the variance among samples.
The differences in similarity between the two groups can be observed on the
PC2 axis but are not completely separated. Red spheres indicate the control
group and blue spheres indicate the OME group. PC1-3 indicate the percent
similarity explained by each axis.

PCoA: principal coordinates analysis; OME: otitis media with effusion.
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showed a significant difference when comparing the microbiome
composition of the OME group with that of the control group. The
microbiomes that were significantly higher in the OME group were
Dolosigranulum pigrum (p=0.035), Megasphaera micronuciformis
(p=0.004), Clostridium disporicum (p=0.039), and Stomatobaculum
longum (p=0.019). Of the 51 species that were significantly higher in
the control group than in the OME group, five had more than 1% of
the species on average; these were Loriellopsis cavernicola (p=0.000),
Burkholderia plantarii (p=0.000), Pantoea deleyi (p=0.000), Curtobac-
terium albidum (p=0.000), and Xanthomonas theicola (p=0.000) (Fig-
ure 4).

The diversity and association of bacterial composition between the
OME and control groups were reconstructed by various methods.
Using PCoA, it is possible to determine whether there is a tenden-
cy to show a difference between groups depending on the degree
of grouping of samples located in the coordinate plane. These three
components (PC1-3) can explain 67% of the variance among sam-
ples. The similarity difference between the two groups can be seen
on the PC2 axis, but they did not form completely separate clusters
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Figure 6. UPGMA tree between the OME and control groups. The degree of similarity between the groups was visualized, and the similarity among samples was
confirmed by the phylogenetic differences and diversity. Similarity within the group between samples was observed but was not completely separated. The

number between each tree indicates the UniFrac distance.
UPGMA: unweighted pair group method with an arithmetic mean.
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(Figure 5). The UPGMA tree shows a hierarchical structure by forming
a cluster of samples with high similarity using the distance between
samples. The UniFrac distance is used in UPGMA tree analysis to cal-
culate the distance between samples considering not only the quan-
titative comparison of OTUs, but also the phylogenetic differences of
the microbiome. Of 16 samples in the control group, 15 formed clus-
ter branches. In the OME group, 10 samples clustered on an indepen-
dent branch and four samples constituted the cluster but belonged
to another branch. Although some samples were located close to
other groups, similar to the PCoA analysis, most samples were closer
together within each group (Figure 6).

DISCUSSION

Our study differs from other studies in that we performed sampling
of adenoid tissue without contamination by using an endoscope to
ensure a clear visual field and greater accessibility under general an-
esthesia. Our samples were not mixed with the microbiome from the
nasal cavity, nasopharynx, or oral cavity and thus serve as a basis for
obtaining reliable results.

The adenoid microbiomes observed in this study were more complex
and diverse than the culture-based reports known to date . A cul-
ture-based microbial analysis of adenoid samples at the genus level
showed that Haemophilus, Streptococcus, and Staphylococcus were
the most abundant "', Streptococcus is common in infectious cases,
whereas Staphylococcus is a nasopharyngeal commensal bacterium;
therefore, it is highly identified in non-infectious cases. In this study,
Haemophilus was the most common genus in both groups, and the
proportion of Streptococcus in the OME group was higher than thatin
the control group, but that of Staphylococcus was low.

The microbial diversity of adenoids associated with infection, such as
adenoiditis, sinusitis, and tonsillitis, was lower than that of non-infec-
tious adenoids '". The Sl and inverse Simpson index indicate that the
dominance of specific microbiomes in the control group was higher
than that in the OME group. Changes in the microbiome diversity for
inflammation and infection are observed not only in adenoids, but
also in other organs. It has been reported that the diversity of the
fecal microbiome in Crohn’s disease and ulcerative colitis is lower
than that in healthy controls 2. A similar study showed that naso-
pharyngeal microbial diversity in children with AOM evaluated via
16S pyrosequencing is lower than non-infectious nasopharyngeal
microbiomes [,

The reason for the low OTU in the OME group can be explained by
the bacterial interference hypothesis. Bacterial interference is an im-
portant mechanism used to maintain the normal flora of the skin and
mucosal surface. Commensal bacteria interfere with bacterial patho-
gens by competing for resources or by producing antagonistic nu-
tritional substances ", Therefore, if various commensal bacteria are
not present, pathogen-induced inflammation may be likely to occur.

The microbial composition at the phylum level was slightly different
between the two groups, and Actinobacteria identified in the OME
group was highly dominant only in one specimen (61.75%); thus, it
cannot be regarded as a high proportion in the entire OME group.
The microbial composition of the adenoids in this study differed from
previous studies in that the most abundant phylum species were dif-

ferent and Cyanobacteria was the second-most identified phylum in
the control group 1",

Liu et al. ® and Ren et al. " reported that the microbiomes identi-
fied in the adenoids were in the order of Firmicutes, Proteobacteria,
and Fusobacteria. Bogaert et al. '® reported that Proteobacteria was
the most abundant in the nasopharynx, followed by Firmicutes and
Bacteroidetes. Because Cyanobacteria are difficult to identify using
conventional culture methods, their roles in the human body have
not yet been studied. Cyanobacteria are beginning to be detected
in the mammalian gut through culture-independent 16S rRNA gene
surveys 7. A small percentage of Cyanobacteria has been identified
in previous adenoid microbiome studies, but not as much as in this
study . To define them as commensal bacteria of the adenoids,
it will be necessary to analyze pyrosequencing data from a greater
number of adenoid samples in the future.

The four dominant species in the OME group were strains that were
rarely cultured in a traditional culture-based study of adenoids. How-
ever, D. pigrum was the only species that accounted for more than 1%
of the OME group, and the remaining three species were rare in both
groups. Therefore, it is difficult to conclude that M. micronuciformis,
C. disporicum, and S. longum are dominant pathogenic species in the
OME group. Of the 51 species that were more frequently identified in
the control group, 15 taxa were present only in the control group. All
15 species were found after the initiation of 16S rRNA pyrosequenc-
ing and have not been identified in the nasopharynx or oral cavity
until now. However, species with more than 1% of all strains among
the 15 taxa identified in the control group were Chlamydia pneumo-
niae and Streptococcus dysgalactiae.

At the genus level, Haemophilus was the most abundant in the OME
group. In addition, Prevotella, Delftia, and Corynebacterium were the
dominant genera in the OME group. This is noteworthy because this
result was not observed in a traditional culture-based study.

Chonmaitree et al. " found that the fluctuation of nasopharyngeal
microbiota in infants could involve viral respiratory tract infection
and AOM. They suggested that the stability of the microbiome in na-
sopharynx during asymptomatic viral infection might play a role in
the prevention of disease progression.

In a case-controlled study, Lappan et al. reported that Corynebacteri-
um and Dolosigranulum are significantly higher in the control group
than in patients with recurrent AOM and these two genera are char-
acteristic of a healthy nasopharyngeal microbiome %),

The composition of the dominant adenoid microbiome in OME and
control groups in our study was similar to those seen in studies per-
formed in other countries and on other races 1% 2%, However, the
non-dominant microbiomes detected in the adenoids of the control
group varied from study to study. This might be due to differences in
race and age, and environmental factors would affect it.

In the present study, it was difficult to determine whether the pre-
dominant bacteria in the OME group caused the occurrence of oti-
tis media or whether the predominant bacteria in the control group
inhibited the occurrence of otitis media. However, the results of the



sequence similarity-based analysis study such as PCoA and UPGMA
tree analysis revealed differences in microbial composition between
the OME and control groups. The results of this study suggest that
the compositional variability of the microbiome in adenoids is asso-
ciated with the development of OME.

In addition, because the microbiota protects the host from incoming
pathogens, changes in the microbiota might lead to the dysregula-

tion of immune homeostasis and increased susceptibility to disease
[21]

It is necessary to investigate the influence of dominant species on
mucosal or systemic immunity in various otitis media conditions, in-
cluding AOM, COM, and recurrent otitis media in future studies.

CONCLUSION

We identified a difference in bacterial diversity and microbial com-
position between the OME and control groups through 16S rRNA
pyrosequencing. Our results provide basic data for identifying a new
pathologic mechanism and will aid in the treatment of otitis media.
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