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Tonsillar hypertrophy is a common disease in 3-to-6-year-old children, which may cause
serve symptoms like airway obstruction. Microbiological factors play an important role in the
etiology of tonsillar hypertrophy. As the starting point of digestive and respiratory tracts,
the microbial composition of the oral cavity is not only unique but also closely related to
the resident microbiota in other body sites. Here we reported a correlation study of the
microbiota between oral cavity and tonsils in children with tonsillar hypertrophy. Saliva,
supragingival plaque, and wiped samples from the tonsil surface were collected from both
tonsillar hypertrophy patients and participants with healthy tonsils and were then analyzed
using Illumina Miseq Sequencing of the 16S rRNA gene. In the tonsillar hypertrophic state,
more genera were detected on the tonsil surface than in the tonsil parenchyma, with more
intra-microbiota correlations. When tonsillar hypertrophy occurred, both the oral cavity and
tonsil surface endured microbiome shift with increased genera category and more active
bacterial interactions. Over half of the newly detected genera from the tonsillar hypertrophic
state were associated with infection and inflammation process or exhibited antibiotic-
resistant characters. Of each individual, the microbial composition and structure of saliva
seemed more similar to that of the tonsil surface, compared with the supragingival plaque.
In salivary microbiota, genus Johnsonella might be relative with the healthy state of tonsils,
while Pseudoxanthomonas might be relative with tonsillar hypertrophy. Our study
supported the link between oral microbiota with the healthy and hypertrophic states of
tonsils and may provide new directions for future researches in the specific role of oral
microbiota in the etiology of tonsil diseases.

Keywords: tonsillar hypertrophy, saliva, supragingival plaque, microbiota, Illumina sequencing, 16S rRNA gene,
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INTRODUCTION

As the starting point of both digestive and respiratory tracts, the
microbiota of the oral cavity is not only unique but also closely
related with the resident microbiota in other body sites. Previous
studies documented that the oral microbiota was closely
associated with the etiology of multiple infectious diseases and
systemic diseases, such as inflammatory bowel disease (Xun
et al., 2018), bacterial endocarditis (Kuwabara et al., 2016), and
diabetes (Riviere et al., 2002; Spahr et al., 2006; de Smit et al.,
2011; Casarin et al., 2013; Han and Wang, 2013; Zhang et al.,
2013). Generally, oral microorganisms can impact systemic
health through approaches of metastatic infection, bacteremia
or toxemia, or immune response (Li et al., 2000). Based on these,
oral microbiota was proposed as a potential candidate to screen
and monitor some of these particular diseases, such as in
inflammatory bowel disease (Xun et al., 2018)

Palatine tonsils are a pair of oblate oval lymphoid organs that
are located in the tonsil fossa, which are anatomically adjacent to
the oral cavity. During swallowing, saliva passes through the
pharynx and brings oral microorganisms over the surface of
tonsils. Previous studies indicated certain correlations between
oral microbiota and tonsil surface microbiota in both healthy and
disease conditions. In healthy people, saliva and tonsil surface
shared a majority of microbiota composition (Segata et al., 2012;
Wang et al., 2018). Moreover, anaerobes on the tonsil surface
were detected significantly increased when the third mandibular
molar developed pericoronitis (Rajasuo et al., 1996); while the
oral rinse microbiome composition was significantly altered in
patients with tonsillitis (Yeoh et al., 2019).

Tonsillar hypertrophy is a common disease with a morbidity
of 1%–3% in 2-to-6-year-old Chinese children (Gao Shuwei and
Xu, 2020). Enlarged tonsils may cause airway obstruction,
snoring, mouth breathing, and other symptoms, while
prolonged mouth breathing may lead to oromandibular
deformities (Mora et al., 2003). Therefore, the management of
tonsillar hypertrophy is of great importance to children (Souza
et al., 2013; Soylu et al., 2016). The common etiology of tonsillar
hypertrophy is currently considered to be long-term
inflammatory stimulation and is closely associated with
microbiota (Xue et al., 2014). However, the exact pathogenesis
of tonsillar hypertrophy has not been identified. Studies of
tonsillar microbiota may provide deeper insight into the
pathogenesis of tonsillar hypertrophy and may help screen out
the pathogenetic bacteria. Nevertheless, as tonsils are located in
the pharynx, it is scarcely possible to acquire uncontaminated
tonsillar microbial samples from children during wakefulness
due to the extreme discomfort during sample collection. On the
contrary, collection of oral microbial samples is non-invasive and
is much easier.

Therefore, in this study, we aimed to investigate the
relationship between oral microbiota and tonsillar microbiota
in both tonsillar healthy and tonsillar hypertrophy state, and to
seek for bacteria that may be related with tonsillar health or
hypertrophy. Also, we hope to gain more insight into the
influence of oral microbiota on the body’s general situation.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
MATERIALS AND METHODS

Inclusion and Exclusion Criteria
Three-to-six-year-old inpatients with complete primary dentition
were recruited from the surgery ward of the Department of
Otolaryngology in Peking University Third Hospital and Beijing
Children’s Hospital, Capital Medical University, from October
2018 to September 2020. The status of palatine tonsils was
appraised by professional otolaryngologists. Participants in the
tonsillar hypertrophy group (T group) were inpatients that were
diagnosed as palatine tonsillar hypertrophy and had been
scheduled for tonsillectomy under general anesthesia.
Participants in the control group (H group) were inpatients with
healthy tonsils and needed surgical treatment under general
anesthesia because of other otolaryngological diseases expect for
tonsillar hypertrophy.

The exclusion criteria were (1) history of acute tonsillitis;
(2) history of antibiotic administration within the previous 1
month; (3) use of immunosuppressive agents; (4) presence of
suspicious malignant lesions; (5) presence of residual crowns or
roots in the oral cavity; (6) presence of abscess or fistula in the oral
cavity; (7) oral diseases other than caries; and (8) eruption of
permanent teeth.

Clinical Examination and Sample
Collection
Oral examination of all the participants was performed by one
pediatric dentist under natural light in the otolaryngology ward.
Consistency in oral examination and caries diagnosis for this
specular dentist was ensured by training with two other
attending dentists prior to the initiation of the study. The k
value for intra-examiner agreement in the diagnosis of caries was
0.89. Caries was recorded according to the 1997 WHO caries
diagnosis criteria (WHO, 1997). A questionnaire about general
condition and oral hygiene habits was filled out by the
participant’s parents.

Participants were asked to refrain from toothbrushing for at
least 12 h and fast for 2 h before the sample collection. Oral
samples were collected by the same pediatric dentist prior to the
otolaryngology surgery, including 2 ml non-irritating saliva and
supragingival plaque from all sound smooth surfaces which were
collected using a sterilized disposable micro-applicator. After
sampling of plaque, the tip of the applicator was cut off using
sterilized scissors and transferred into a sterile 1.5-ml centrifuge
tube containing 1 ml TE buffer (50 mM Tris–HCl, 1 mM EDTA;
pH = 8) (Xu et al., 2018).

The collection of tonsillar samples was performed by
otolaryngologists. Cotton swabs were used to acquire biological
film samples from the surface of tonsils when the patient was
already under general anesthesia, but before intraoral rinsing and
disinfection. During the whole process of sampling, the swab
should not touch oral mucosa, pharyngeal cavity mucosa, or
saliva. After collection, the front end of the swab was cut off with
sterilized scissors and placed in a sterile 1.5-ml centrifuge tube
containing 1 ml TE buffer. In the T group, when the tonsillectomy
was done, the upper 1/3 of the removed tonsillar tissue was cut off
January 2022 | Volume 11 | Article 724142
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using sterile tissue scissors and the internal tonsil tissue was
obtained using a sterile surgical blade. The excised tonsil tissue
was placed in a centrifuge tube with 10 ml of sterile saline. All the
samples were placed in an ice box and placed in a -20°C
environment for temporary storage within 2 h and transferred
to a -80°C environment within 1 week (Jensen et al., 2013).

Total Genomic DNA Extraction and
Illumina Sequencing Analysis of 16S rRNA
Gene Amplicons
The total bacterial DNA was extracted using the QIAamp® DNA
Micro Kit (Chen et al., 2016) from saliva, supragingival plaque,
and tonsil surface swabs, while bacterial DNA extraction from
the tonsil tissue was performed using the PowerSoil DNA
Isolation Kit (Cheng et al., 2018).The quantity and quality of
the extracted DNA were evaluated using a NanoDrop 8,000
spectrophotometer (Thermo Fisher Scientific, Waltham, MA,
United States). The V3–V4 hypervariable region of the 16S
rRNA gene was PCR amplified and then sequenced by an
Illumina Miseq Sequencing platform (paired-end 300).

Bioinformatics Analysis
Quality control of Fastq data was performed using Trimmomatic
(v 0.36) and Pear (v 0.9.6). For Trimmomatic, a sliding window
strategy was used with the window size set to 50 bp, the average
quality value of 20, and the minimum retained sequence length
of 120 bp (Zhang et al., 2014). Pear was used to remove
sequences with N. According to the overlap relation between
paired end (PE) reads, the sequences were merged using Pear and
Flash (v 1.2.0) (Bolger et al., 2014). Chimera was removed using
the UCHIME method based on GOLD database (Edgar et al.,
2011). The operational taxonomic unit (OTU) was generated by
the UPARSE pipeline (Edgar, 2013).

According to sampling sites and health status of tonsils, the
samples were divided into seven subgroups: tonsil surface
microbiota in the H group (H_T) and the T group (T_T),
salivary microbiota in the H group (H_B) and the T group
(T_B), supragingival plaque microbiota in the H group (H_P)
and the T group (T_P), and the internal tonsil tissue microbiota
in the T group (T_Th). The Kruskal–Wallis test (KW test) was
used to compare the differences in questionnaire results between
the T group and the H group, with p < 0.05 considered to be
significantly different. Alpha and beta diversity analyses were
performed using Quantitative Insights into Microbial Ecology
(QIIME) (Caporaso et al., 2010). Alpha diversity was estimated
using richness index (Chao1), phylogenetic diversity index (PD
whole tree), evenness index (Pielou), and Shannon–Weiner
index. Beta diversity was measured with the Bray–Curtis
distance matrix. Non-parametric multivariate analysis of
variance (PERMANOVA analysis) was performed using the
vegan package in R studio (v 1.3.1093) for comparison of
differences between subgroups, with p-value correction using
the Bonferroni method. Taxonomies were assigned by using
BLAST against eHOMD database (v 15.1) using the RDP
classifier, with a confidence threshold of 0.7. Metastats analysis
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
was used to compare the differences of relative abundances with
p < 0.05 considered as significantly different. Spearman
correlation was calculated using R studio software and
visualized with Cytoscape (v 3.8.2). Spearman correlation
coefficient |r| > 0.6 was considered as a strong correlation.

Screening of Potential “Related Bacteria”
in the Oral Microbiota for the Hypertrophic
or Healthy Status of Tonsils
Random forest classification models were performed across
subgroups of the tonsil surface, plaque, and salivary microbiota
in order to search for “related bacteria” that were closely related
with the healthy or hypertrophic status of tonsils. A 10-fold cross-
validation with five replications was performed to determine the
number of “related bacteria.” Six candidate genera from the tonsil
surface microbiota were screened out as indicators for the health
status of the tonsils. Then, these six genera were located and
compared across subgroups of the saliva and supragingival plaque
microbiome. Genera that met both the following two criteria were
defined as the “related bacteria” for the hypertrophic or healthy
status of tonsils in oral microbiota: (1) the changing trend of
relative abundance of the bacteria between healthy and disease
states in oral microbiota was the same as that in tonsil surface
microbiota and (2) the importance index within the top 25% in
the corresponding random forest model.
RESULTS

Participants
A total of 17 children in the T group and 18 children in the H
group were recruited initially in this study. Due to the limitations
of research conditions, tonsillar samples were failed to obtain
from 3 children in the T group and 6 children in the H group.
Finally, 14 children in the T group and 12 children in the H
group were recruited. There were 12 boys and 2 girls in the T
group with a mean age of 4.7 years, and 6 boys and 6 girls in the
H group with a mean age of 4.5 years. The KW test showed no
significant difference in gender, age, the decayed, missing, or
filled teeth (dmft) index, or the decayed, missing, or filled surface
(dmfs) index (p > 0.05). Statistical analysis of the questionnaire
showed no significant differences between groups in terms of
maternal gestation, delivery, general health, family background,
or oral hygiene practices (p > 0.05) (Supplementary Table 1
and 2).

General Information From Sequencing
A total of 7,451,223 high-quality reads were generated from a
total of 92 samples in this study. On average, 80,991 reads per
sample were obtained for analysis; good coverage was 80.69%–
99.29%. The high-quality reads were concentrated in the range of
400–440 bp in length. After OTU clustering, a total of 1,320
OTUs were generated. A mean of 244.94 OTUs were obtained
per sample, with a minimum value of 84 OTUs and a maximum
value of 420 OTUs. A total of 461, 485, and 494 OTUs were
January 2022 | Volume 11 | Article 724142

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Xu et al. Correlation of Oral and Tonsillar Microbiota
obtained in the H group and 740, 765, and 719 OTUs in the T
group, respectively, in the microbiota of tonsil surface, saliva, and
supragingival plaque. In addition, 469 OTUs were obtained in
the internal tonsil tissue. Species annotation results showed that
a total of 22 phyla, 55 classes, 89 orders, 155 families, and 312
genera were obtained.

Of all the samples in each subgroup, five phyla of
Bacteroidetes, Proteobacteria, Fusobacteria, Firmicutes, and
Actinobacteria constituted about 98.27%–99.19% of all the
microbiota (Supplementary Figure 1). At the genus level, ten
genera exhibited relatively high abundances in all the subgroups,
including Streptococcus, Neisseria, Prevotella_7, Veillonella,
Gemel la , Haemophi lus , Porphyromonas , Prevote l la ,
Fusobacterium, and Leptotrichia (Supplementary Table 3).

Variation of Oral and Tonsillar Microbiota
From Tonsillar Healthy Status to Tonsillar
Hypertrophic Status
Comparison was made between the control group and tonsillar
hypertrophy group to identify the variation of microbiome in
saliva, supragingival plaque, and tonsil surface, respectively. No
significant differences were found in alpha or beta diversity
between the two health states (p > 0.05) (Figure 1 and
Supplementary Table 4).

At the phylum level, the relative abundance of Chloroflexi was
significantly higher in tonsillar hypertrophic status both on tonsil
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
surface (p < 0.01) and in supragingival plaque (p < 0.01), while
the relative abundance of Verrucomicrobia was significantly
higher on the tonsil surface (p < 0.01). No significant variation
was detected at the phylum level in the salivary microbiota
between the two different healthy statuses of tonsils (p > 0.05).

The number of genera increased in all the three niches from
healthy to tonsillar hypertrophic state (Figure 2 and
Supplementary Table 5). The microbial composition in the
tonsillar hypertrophic status included most of the genera that
are detected in tonsillar healthy status; these shared genera
constituted the majority of tonsil surface microbiota with
relative abundance of 99.72%–99.87%; 89–103 additional genera
were detected only in tonsillar hypertrophic status but at relatively
low relative abundances (0.13%–0.28%). Among them, 30 genera
were detected across all the three niches, including Sphingopyxis,
Nocardioides, Pseudonocardia, Lachnospiraceae NK3A20 group,
Ruminococcus 2, Chitinophaga, Gaiella, Peptoniphilus, RB41,
Ramlibacter, Promicromonospora, Flavobacterium, Flavitalea,
Ruminococcaceae NK4A214 group, Escherichia-Shigella,
Anaerococcus, Gardnerella, Pediococcus, Roseiarcus, Kribbella,
Methylosinus, Acetitomaculum, Brachymona, Iamia, Aerococcus,
Nakamurella, Reyranella,Weissella,Moryella, and Shinella. On the
contrary, about 20 genera were detected only in tonsillar healthy
status with sum relative abundance of 0.01%–0.03%. In addition,
more active intra-microbiota correlations were found within all
the three niches in tonsillar hypertrophy patients (Figure 3),
A B

C D

FIGURE 1 | Alpha diversity comparison in Chao1 (A), PD_whole_tree (B), Pielou (C), and Shannon (D) indexes within all the subgroups. *p < 0.05, **p < 0.01,
***p < 0.001.
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reflected in both more positive and negative interactions among
bacteria and more intense bacterial complex formation.

Relationship Among Microbiota of
Supragingival Plaque, Saliva, and Tonsil
Surface Within Each Participant
Comparison of microbial diversities and compositions was made
among the saliva, supragingival plaque, and tonsil surface
microbiota in both tonsillar hypertrophic and healthy states, in
order to gain insight into the microbiota of which niche in the
oral cavity was more similar with the tonsil surface microbiota at
different healthy states.

Results of alpha diversity analysis showed that the Shannon
diversity of supragingival plaque microbiota was higher than that
of tonsil surface microbiota in both healthy (p = 0.004) and
tonsillar hypertrophic states (p = 0.037), while the Shannon
diversity of salivary microbiota was higher than that of tonsil
surface microbiota only in healthy condition (p = 0.011). No
significant differences in other alpha diversity indexes were found
in both conditions (Figure 1). PERMANOVA analysis of diversity
based on the Bray–Curtis distance matrix showed significant
differences among the microbiota of all the three niches (p <
0.01) in both healthy and tonsillar hypertrophic statuses
(Supplementary Table 4). The F-model index of saliva and
tonsil surface subgroups was smaller than that of supragingival
plaque and tonsil surface subgroups in both healthy and tonsillar
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
hypertrophic conditions, indicating that the microbiota
construction of the tonsil surface was more similar with salivary
microbiota, other than supragingival plaque microbiota. In
addition, PCoA analysis showed that the dots representing the
microbial composition of the salivary microbiota located closer to
those of the tonsil surface microbiota in both states, compared
with the supragingival plaque microbiota (Figure 4).

When coming to the microbial composition, the tonsil surface
shared 76.9% and 81.3% of genera types with saliva in tonsillar
healthy and hypertrophic statuses, respectively, with a total
relative abundance of 99.92%–99.99%, while it shared 71.0%
and 71.6% of genera types with supragingival plaque in the two
states, respectively, with a total relative abundance of 99.86%–
99.98% (Figure 2). These results indicated that the tonsil surface
shared the most abundant content of microbiota with the oral
cavity, no matter whether the tonsils are healthy or under
hypertrophy conditions.

Comparison of Microbiota of Tonsil
Surface and Internal Tonsil Tissue Under
the Condition of Tonsillar Hypertrophy
The diversity and composition of microbiota from the tonsil
surface and internal tonsil tissue were compared in the tonsillar
hypertrophy group in order to understand how representative
the tonsil surface microbiota was of the overall tonsillar
microbiota. The Chao1 and PD whole tree index were
A B C

D E F

FIGURE 2 | Venn diagrams of the number of genera common/unique within different subgroups. (A) Salivary microbiota within the H_B and T_B subgroups. (B) Supragingival
plaque microbiota within the H_P and T_P subgroups. (C) Tonsil surface microbiota within the H_T and T_T subgroups. (D) Microbiota of three niches in tonsil healthy
participants. (E) Microbiota of three niches in tonsillar hypertrophy patients. (F) Microbiota within tonsil surface and parenchyma in tonsillar hypertrophy patients, which were the
T_T and T_Th subgroups.
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significantly higher in the tonsil surface than in the internal
tonsil tissue microbiota (Chao1: p < 0.001, PD whole tree: p =
0.001). No significant differences were found in other alpha
diversity indexes or any beta diversity indexes (p > 0.05)
(Figures 1, 4, and Supplemental Table 4).

About half of all the genera (104 in 241) that were detected
from the tonsils were shared in both the tonsil surface and
parenchyma, accounting for the majority of the tonsillar
microbiota (99.60%–99.83%). However, the variety of genera
on the tonsil surface was almost twice as many as that in the
tonsil parenchyma. However, the particular genera in both sites
only count for a minority of the total abundance (104 genera on
the tonsil surface with total abundance of 0.40%; 33 in tonsil
parenchyma with total abundance of 0.17%). Among the shared
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
genera, Rothia and Corynebacterium exhibited significantly
higher relative abundances in the microbiota of the tonsil
surface than internal tonsil tissue (p < 0.01). (Figure 2) Less
active within-microbiota interactions were detected in the
internal tonsil tissue, with less active genera and less both
positive and negative correlations. Moreover, the majority
(83%) of the active genera were shared between both
parenchyma and tonsil surface (Figure 3).

Potential “Related Bacteria” in the Oral
Microbiota for the Hypertrophic or Healthy
Status of Tonsils
Genera of all three niches were ranked by importance index in
random forest classification models. According to the result of
A B C

D

G

E F

FIGURE 3 | Co-occurring network and corresponding OTUs within each subgroup. (A) H_T, (B) H_B, (C) H_P, (D) T_T, (E) T_B, (F) T_P, and (G) T_Th. Correlations with
Spearman correlation coefficient |r| > 0.6 and p < 0.01 are shown. Red and blue edges indicate positive and negative correlations. The width of each edge is proportional
to the absolute value of Spearman’s correlation coefficients. The area of each node is proportional to the corresponding OUT’s relative abundance.
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ten-fold cross-validation, the top six genera in the microbiota of
the tonsil surface were selected as candidate “related bacteria” for
tonsil status, including Johnsonella, Caulobacter, Staphylococcus,
Peptostreptococcus, Sphingobacterium, and Pseudoxanthomonas
(Figure 5). Among them, Johnsonella and Caulobacter were
significantly enriched in healthy condition (p < 0.05), while the
other four genera exhibited the opposite trend of distribution
(p < 0.05). In addition, Pseudoxanthomonas was significantly
enriched on the tonsil surface than in the internal tonsil tissue
(p = 0.034), while the relative abundances of other five genera
exhibited no significant difference (p > 0.05).

The “related bacteria” in oral microbiota were then screened
based on both relative abundance and importance index criteria.
Pseudoxanthomonas was significantly enriched in the tonsillar
hypertrophic condition in both salivary (p < 0.05) and
supragingival plaque microbiota (p < 0.01), with importance
indexes ranking within the top 22% and top 10% within the two
niches, respectively. Johnsonella was significantly enriched in
healthy condition in salivary microbiota (p < 0.05), with an
importance index ranking within the top 1% (Figure 5). Based
on these, we propose Pseudoxanthomonas as a potential “related
bacteria” in both salivary and supragingival plaque microbiota
for the condition of tonsillar hypertrophy and Johnsonella as a
potential “related bacteria” in salivary microbiota for
healthy tonsils.
DISCUSSION

In this study, we investigated the composition and relationship of
oral and tonsillar microbiota in both healthy and tonsillar
hypertrophic conditions in 3-to-6-year-old Chinese children.
Variations of microbiota in saliva, in supragingival plaque, and
on the tonsil surface were detected when tonsillar hypertrophy
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
occurred. The microbial comparison of these three niches was
also made to explore the similarity between oral and tonsillar
microbiota within each participant. In addition, two genera in
the oral cavity were screened out as potential “related bacteria”
for healthy and hypertrophic status of the tonsils.

Selection of Participants and
Quality Control
Tonsils are the biggest peripheral immune organs in the
oropharynx. The local immune function of tonsils becomes
important after 3 years of age and will last until 10 years of age
(Richardson, 1999). Tonsillar hypertrophy is a common disease
among children. However, according to previous research, the
composition and structure of oral microbiota vary a lot across
ages and dentition stages (Crielaard et al., 2011). Around 6 years
of age, the oral microbiota shifts markedly when the first
permanent molars erupt, as the dentition stage changes from
primary dentition to mixed dentition (Shi et al., 2016). In this
study, we defined 3-to-6-year-old children with complete
primary dentition as the inclusion criteria in order to minimize
the impact of dentition variation on oral microbiota.

On the other hand, in accordance with the otolaryngological
clinical guidelines, tonsillar hypertrophy is mainly treated by
surgery of tonsillectomy, while a simple application of antibiotics
is not recommended (Mitchell et al., 2019). However, misuse of
antibiotics in children by parents or physicians cannot be
completely avoided because the symptoms of tonsillitis
sometimes are similar with upper respiratory tract infections
(Bi et al., 2000; Chang et al., 2018). Antibiotics abuse can cause
an increased risk of infection with drug-resistant bacteria and
alteration in systemic microbiological structure (Chang et al.,
2018). Considering these factors, we recruited children with no
previous history of acute episodes of tonsillitis and no history of
antibiotics use within the previous 1 month as the participants,
A B

FIGURE 4 | Principal coordinates analysis (PCoA) plot of microbiota community structure across different niches within tonsil healthy participants and tonsillar hypertrophy
patients. (A) Microbiota community structure distribution in tonsil healthy participants. (B) Microbiota community structure distribution in tonsillar hypertrophy patients.
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in order to minimize the potential impact of previous antibiotics
use on both oral and tonsillar microbiota.

In addition, results of questionnaire survey showed that
tonsillar healthy children and tonsillar hypertrophy patients
were well matched in terms of age, gender, maternal gestation
and delivery, general health, family background, and oral hygiene
habits. Oral examination revealed that caries morbidity and
severity in both groups were of no significant difference and
were similar to the average value at the particular age according
to the results of 4th National Oral Health Survey in mainland
China in 2018 (Wu Xiaoyan et al., 2019). Therefore, we consider
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
that this study matched out well with the possible covariate
impact factors, so as to focus on the characters of microbiota
between oral cavity and tonsils in different health states.

Comparison of the Tonsil Surface
Microbiota With the Internal Tonsil
Tissue Microbiota
In anatomy, the tonsils composed of lymphoid tissue that tightly
bound to the epithelium and the internal epithelium of the tonsil
descend into the tonsil parenchyma, forming cryptic foci within
the tonsils. Swidsinski et al. (Swidsinski et al., 2007) found that
A B

C D E

F G H

FIGURE 5 | Screening of candidate “related bacteria” for the hypertrophic or healthy status of tonsils within the tonsil surface microbiota and their distribution in
different niches. (A) The result of ten-fold cross-validations of the random forest model analysis within the tonsil surface microbiota. The ordinate is the prediction
error rate, and the abscissa is the variable numbers; the thinner broken line is the result of each cross-check, and the thicker broken line is the average of the five
repetitive cross-check results. In the figure, the abscissa value that meets criteria of greater than 1 and corresponds to the lowest error rate of the random forest
model is six. That is, the number of bacteria that exert the greatest impact on the accuracy of the classified random forest model is six. (B) Top six genera of Mean
Decrease Accuracy within the tonsil surface microbiota. Higher Mean Decrease Accuracy indicates higher the importance of the particular genus in the classification
random forest model. The top 6 genera in the ranking of the Mean Decrease Accuracy value were selected as the candidate “related bacteria” for tonsillar
hypertrophy and health status in the tonsil surface microbiota. (C–H) Distribution of the six candidate “related bacteria” in niches of tonsil surface, in saliva, and in
supragingival plaque. *p < 0.05, **p < 0.01.
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bacteria within the tonsil parenchyma were mainly attached to
the epithelial surface of the crypt and barely invaded the basal
layer. For the convenience of sample collecting, microbial
samples taken from the tonsil surface were widely used in
previous studies of tonsillar microbiota (Khadilkar and Ankle,
2016; Wang et al., 2017; Galli et al., 2020; Katkowska et al., 2020).

In this study, in order to protect participants’ health interests
and for ethical reasons, internal tissue of tonsils in healthy state
could not be obtained. Therefore, we compared the surface and
internal microbiota of tonsils in patients with tonsillar
hypertrophy who needed tonsillectomy. Genera that existed in
both surface and parenchyma of tonsils accounted for the
majority of the tonsillar microbiota. The particular genera that
were detected only in the parenchyma did not contribute much
to the within-microbiota interactions. Based on these, we
propose that the tonsil surface microbiota might be considered
as a target sample source to represent the overall tonsillar
microbiota when it comes to research that focus on the major
microbial composition of tonsils.

Relationship Between Oral Microbiota and
Tonsil Surface Microbiota
The variation of oral and tonsil surface microbiota in tonsil
hypertrophic state and the relationship among microbiota in
different niches were the main focus of this study. The microbial
diversity and dominant genera in the three niches all stayed stable
when tonsillar hypertrophy occurred. More genera were detected
in tonsillar hypertrophic status, but the additional genera
constituted very low relative abundances. Among them, eleven
genera were newly detected across all the three niches, most of
which had been reported to be associated with infection or
inflammation process. For instance, Ruminococcus and
Escherichia-Shigella were detected in the inflammatory gut (Hall
et al., 2017; Zhang et al., 2020), Peptoniphilus was detected in
postoperative infected lesions in the oral cavity (Cho et al., 2015),
Gardnerellawas found to be associated with biofilm formation and
bacterial vaginitis (Machado and Cerca, 2015), Flavobacterium
and Weissella were thought to be opportunistic pathogens for
bacteremia (Kamboj et al., 2015; Park and Ryoo, 2016), and
Bryobacter was found to be associated with the accumulation of
antibiotic resistance genes in vitro (Wan et al., 2021).

In addition, some other specific genera in the tonsillar
hypertrophy participants had been reported to possess certain
degree of antibiotics resistance, including Herbaspirillum (Bloise
et a l . , 2020) , Chryseobacter ium (Im et a l . , 2020) ,
Sphingobacterium (Barahona and Slim, 2015) , and
Pseudoxanthomonas (Chen Z. et al., 2018), which were
detected on the tonsil surface, and Stenotrophomonas (Zhang
et al., 2000), Pseudohongiella (Lv et al., 2020), and Bryobacter
(Wan et al., 2021), which were detected in the oral microbiota.
These results further indicated the potential role of antibiotic-
resistant bacteria in the occurrence of tonsillar hypertrophy. It is
possible that these specific bacteria may participate in the
inflammation process and immune response in tonsillar
hypertrophy. Moreover, more importantly, these results
supported that a possible correlation might exist between shift
in oral microbiota and the etiology of tonsillar hypertrophy.
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Within each individual, the microbiota structure within each
niche was relatively independent, among which the microbiota of
saliva and tonsil surface seemed more similar. This result was in
accordance with research of Segata et al. (Segata et al., 2012) and
may be related with the swallow path. During swallowing, saliva
passes through the tonsils, and the bacteria within saliva may
migrate onto the tonsil surface, leading to the similarity of the
salivary microbiota and tonsil surface microbiota.

The main purpose of the co-occurrence analysis was to
investigate the characters of bacterial interactions within each
niche under both healthy and tonsil hypertrophy statuses.
Previous studies have documented that when oral diseases
such as caries and periodontal disease occur, the interactions
within oral microbiota would increase markedly, with formation
of bacterial complexes which exhibited strong correlations with
each other, such as the “red” and “orange” complex that is found
in patients of periodontal diseases (Socransky et al., 1998; Xu
et al., 2018). Moreover, these microbial complexes were proposed
to be considered as a driver for variations in community
composition as well as indicators for the presence of diseases
(Jakubovics, 2015; Gomez and Nelson, 2017). In this study, the
bacterial correlations in the three niches all exhibited similar
variation patterns from health to tonsil hypertrophy status, with
more interactions and microbial complex formation. At the same
time, the bacteria in complexes of each subgroup were all
different, which also verified the independence of microbiota in
each microenvironment. However, whether the bacterial genera
in these complexes are representative or predictive for the disease
state of the host still needs verification in further researches.

Multiple potential pathogenic bacteria were used to be
detected in hyperplastic adenoids and palatine tonsils, but no
causal link between the presence of these bacteria and
hyperplasia has been established (Johnston and Douglas, 2018)
Researchers found that certain species, such as Streptococcus
pyogenes, Haemophilus influenzae, and Moraxella catarrhalis,
generally colonized in the tonsillar crypts, and their interactions
with other species played a determining role in their pathogenic
actions (Galli et al., 2020). In our study, in order to further
explore the relationship of oral microbiota with tonsil status, the
random forest method (Breiman, 2001) was used, and according
to the screening results, Johnsonella might be related with the
healthy status of tonsils, and Pseudoxanthomonas might be
related with the hypertrophic status of tonsils.

Johnsonella is a genus of anaerobic gram-negative bacteria
that were originally detected in the human gingival sulcus in
1994, named after the American microbiologist John L. Johnson
(Moore and Moore, 1994; Willems and Collins, 1995).
Johnsonella can colonize in the oral cavity and on the tonsil
surface as early as childhood and is a resident genus in both oral
microbiota and tonsil surface microbiota (Jensen et al., 2013).
Chen et al. found that Johnsonella was one of the resident genera
in saliva and supragingival plaque in children aged 6–8 years
(Chen et al., 2020). Jensen et al. found that Johnsonella was
among the core genera of the tonsil surface microbiota in both
healthy children aged 2–4 years and in children with recurrent
tonsillitis (Jensen et al., 2013). Studies also showed that
Johnsonella might be associated with periodontal disease in
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adults and oral squamous epithelial carcinoma (Huang et al.,
2011; Chen C. et al., 2018) (Pushalkar et al., 2012). Up to now, no
correlation between Johnsonella and tonsillar disease has been
recorded, and its role in the inflammatory and immune response
of the tonsils is still unclear.

Pseudoxanthomonas is often detected in the natural
environment such as water, soil, compost, and plants (Kim
et al., 2015; Lee et al., 2017; Mohapatra et al., 2018; Lin et al.,
2019). It has also been reported in the bladder and intestine of
children (Kispal et al., 2019). One study reported that
Pseudoxanthomonas sp. DIN-3 was effective in degrading non-
steroidal anti-inflammatory drugs, including diclofenac,
ibuprofen, and naproxen, in bioactive carbon filters (Lu et al.,
2019). One in vitro mixed culture study found that
Pseudoxanthomonas was associated with the degradation of
ciprofloxacin (Liao et al., 2016). Pseudoxanthomonas may have
the ability to spread antibiotic resistance genes (ARGs) in
bacterial communities in vitro (Chen Z. et al., 2018). In 2018, a
case report reported a chronic pericarditis in an adult patient
caused by Pseudoxanthomonas kaohsiungensis, suggesting that
this genus may have pathogenic ability under certain
circumstances (Kuo and Lee, 2018).

In all, our study preliminarily explored the relationship
between oral microbiome and tonsillar health states and
screened out two candidate bacteria that may be closely related
with the state of tonsils. Our findings may provide new directions
for further research in the specific role of oral microbiota in the
etiology of tonsillar hypertrophy and the tonsil immune response.
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