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Background: Wheezing is one of the most common respiratory symptoms in childhood especially in
infants. In recent years, the incidence of recurrent wheezing is on the rise worldwide. To investigate the
lower airway microbiota in patients with recurrent wheezing and provide insights into clinical diagnosis and
treatment.

Methods: This study initially enrolled 45 hospitalised children with recurrent wheezing symptoms awaiting
complete fiberoptic bronchoscopy. Of these, 13 children with tracheobronchomalacia were excluded. The
final population included 32 participants (group A). The control group comprised 23 children who inhaled
a foreign body and were admitted to the hospital for fiberoptic bronchoscopy within 24 hours (group B).
Deoxyribonucleic acid (DNA) was extracted from the bronchoalveolar lavage fluid (BALF) and amplified for
the 16S ribosomal Ribonucleic Acid (rRNA) gene, and sequencing of the microbiome was performed using
the Illumina Nova Seq 6000 system.

Results: There were significant differences in the gestational duration (P=0.0458), mode of delivery
(P=0.0261), and allergy status (P=0.0000) between groups A and B, but they had similar richness (P=0.8574).
There was also a marked difference in the diversity of flora composition between the two groups (P=0.0095).
The three most common phyla of microbiota in the two groups were Proteobacteria, Firmicutes, and
Bacteroidetes. Species with notably different phyla included Proteobacteria, Bacteroidota, Fusobacteriota, and
Acidobacteriota. There was a significant enrichment in the of Proteobacteria and lower levels of Bacteroidota,
Fusobacteriota, and Acidobacteriota in group A compared to that in group B.

Conclusions: Significant changes occur in the lower airway microbiota during recurrent wheezing in
children. The discovery of beneficial airway bacteria may facilitate the prevention and treatment of recurrent

wheezing or asthma in children.
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Introduction

Asthma is a common chronic disease in childhood, with
a prevalence of 5-10% (1). Studies have shown that the
development of childhood asthma occurs early in life and
often manifests as recurrent wheezing (2,3). The syndrome
results from a complex interplay between genetic and
environmental factors (1). Viral infections have been
repeatedly and consistently associated with wheezing
episodes, together with factors such as allergy and genetic
susceptibility (3).

With the advancement of microbiome detection
technologies, the composition of complex microbial
communities can be determined by Deoxyribonucleic
acid (DNA) sequencing of the conserved bacterial 16S
ribosomal Ribonucleic Acid (rRNA) gene, which cannot
be detected through traditional bacterial culturing. Hence,
several studies have focused on airway microorganisms and
demonstrated that a regular lung microbiome exists without
any inflammatory or infectious background (4-6). In recent
years, comparisons between healthy and wheezing infants
have revealed significant differences in several bacterial
phylotypes in the upper airways (7). Wheezing episodes are
significantly associated with the presence of Haemophilus
influenzae and Moraxella catarrbalis in sputum samples, but
are independent of viral infections (8). The composition of
the microbiota in the upper airways differs from that in the
lower airways (9-11), and there is still a paucity of data on
the microbial environment of the lower airway of children
with recurrent wheezing.

Thus, in this study, we sought to investigate the bacterial
flora profile in the lower airways of different patients in
Chengdu, Southwest of China, analyse their diversity at a
taxonomic level, and investigate the dominant interactions.
We tested the hypothesis that the characteristics of the
airway microbiome are different in patients with wheezing.
Considering that the relationship between the microbiome
and the human host has not yet been clarified (12),
identifying the risk factors of early recurrent wheezing
is of hugely important to the prevention and treatment
of childhood asthma. We present the following article in
accordance with the MDAR reporting checklist (available
at https://tp.amegroups.com/article/view/10.21037/tp-22-
165/rc).

Methods

The study was conducted in accordance with the
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Declaration of Helsinki (as revised in 2013). The study
was approved by ethics committee of Chengdu Women’s
and Children’s Central Hospital [No. 2016(22)]. Informed
consent was taken from all the patients’ guardians between
January 2019 and December 2020.

The study population consisted of children aged
1-3 years with different wheezing symptoms (wheezing
frequency > two times or persistent wheezing >1 month)
who had not used inhaled corticosteroids or antibiotics
within 1 week prior to the study, and had been diagnosed
by a physician specializing in paediatric pulmonology. The
control group comprised children admitted to Chengdu
Women and Children’s Central Hospital for the surgical
removal of an inhaled bronchial foreign body within
24 hours. Children with known underlying chronic
conditions, such as congenital heart diseases, cystic
fibrosis, immune deficiency, bronchopulmonary
dysplasia, and neuromuscular disorders, were excluded.
For children without any apparent explanation for
persistent wheezing and without abnormalities on X-ray
or computed tomography (CT), a workup including
fiberoptic bronchoscopic bronchoalveolar lavage (BAL)
was conducted. For these cases, BAL was always performed
under stable conditions, avoiding episodes of acute infection
or exacerbation of respiratory symptoms (such as fever,
polypnea, or dyspnoea)

Alveolar lavage was performed with a fiberoptic
bronchoscope (Japan Olympus BF-XP 260 Type F) through
a laryngeal mask airway (LMA). The bronchoscope was
inserted into one of the segments of the lower lung lobe,
and was tightly confined in the sub-segment bronchial
opening to prevent the atmospheric mixture of tract
secretions and the extravasation of lavage fluid. The
BAL samples were snap-frozen on dry ice, shipped to the
laboratory, and stored at -80 °C for >6 months prior to
DNA extraction.

Twelve kinds of allergen skin prick liquids (including
dust mites, house dust mites, cockroaches, cat hair, dog hair,
mug wort, yeast, egg white, egg yolk, milk, peanuts, and sea
shrimp) obtained from Aroger (Germany) were used for the
skin prick test (also from Aroger (Germany). Patients were
allergic to a specific substance if the wheal induced by that
allergen had a diameter that was at least 25% that of the
histamine-induced wheal.

16S rRNA sequencing

The total genomic DNA from the samples was extracted
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Table 1 Epidemiologic characteristics of the 55 children investigated in this study

Parameters Group A Group B P value
Number 32 23

Age (month) 15.96+5.8 18.52+6.14 0.124*
Sex (male/female) (number) 19/13 14/9 0.804"
Gestational weeks (=37/<37 weeks) (number) 22/10 21/2 0.0458"
Mode of delivery (Natural childbirth/Caesarean) (number) 14/18 17/6 0.0261"
Allergy status (+/-) (number) 20/12 1/22 0.0000*
Bronchoalveolar lavage eosinophils (%) 0.625+1.707 0.294+1.212 0.4296"
Bronchoalveolar lavage neutrophils (%) 35.5+£31.9 24.05+20.84 0.1194~
Blood eosinophils (%) 2.05+1.7 1.84+1.21 0.6147~
Neutrophil count x10%g 9.53+3.19 9.37+2.5 0.8421*
Respiratory rate (rate/min) 32.00+7.03 31+4.03 0.5427*

Data are presented as n, n (%), mean + SD, and median (quartile 1, quartile 3) unless otherwise indicated. *, t-test; *, Chi-square test.

using the CTAB/SDS (Cetyltrimethylammonium Bromide
/Sodium dodecyl sulfate) method. The 16S rRNA
community profiles were characterised by sequencing
(Illumina NovaSeq 6000 system, Novogene Co., Ltd.,
Beijing, China) of the V3 and V4 regions (insert size 300
bp, read length 250 bp). The sequencing data were filtered
to allow each sample to have valid data for 87,349 tags.
The effective tags of all the samples were clustered, and
sequences with similarities above 97% were considered
to be one operational taxonomic unit (OTU). Sequence
identities and chimeras were removed using UPARSE. For
each representative sequence, the GreenGene database
was used to annotate the taxonomic information (13,14).

Bacterial diversity analysis

The DNA was extracted from 5 mL of BALF using the
SDS method. The DNA was diluted to 1 ng/pL using
sterile water. The 16S ribosomal RNA (rRNA) gene was
analysed for bacterial diversity using Illumina Novaseq
6000Alpha diversity rarefactions were calculated by
observed species diversity estimates and compared using
a two sample 7-test. Individual samples were raried based
on alpha-diversity estimates, to ensure even sequencing
depth for diversity and relative abundance measurements.
Beta diversity metrics were calculated using Unweighted
UniFrac, and Wilcoxon test for visualization of bacterial
communities.

© Translational Pediatrics. All rights reserved.

Statistical analysis

All data were analysed using a one-way analysis of variance
(ANOVA), followed by a Newman-Keuls multiple
comparison test for independent experiments. The results
were expressed as the mean = standard deviation (SD).
Statistical differences between the experimental and control
groups were examined, and statistical significance was set at
P<0.05. SPSS version 20.0 (IBM, Armonk, NY, USA) was
used for statistical analysis. Curve-fitting was performed

using GraphPad Prism 5 (GraphPad, San Diego, CA, USA).

Results
Patient characteristics

Forty-five hospitalised children with different wheezing
symptoms requiring fibreoptic bronchoscopy were initially
enrolled. Of these, 13 patients with trachea bronchomalacia
were excluded. The final study population included
32 participants (group A). The control group included
23 children who were admitted to the hospital for fibreoptic
bronchoscopy within 24 hours following the inhalation
of a foreign body (group B). The clinical data showed no
significant differences in age, sex, bronchoalveolar lavage
neutrophils and eosinophil counts, blood neutrophils and
eosinophil counts, and respiratory rate (rate/min) between
groups A and B (P>0.05, Table I). There were marked
differences in the gestational duration, mode of delivery,
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Figure 1 According to the results of species annotations, we selected the top 10 species with the largest abundance of each sample (A

Phylum, B Genus), and generated a columnar accumulation chart to visually represent the relative abundance of each sample at different

taxonomic levels.

and allergy status between the two groups.

Overview of species annotation

The Illumina MiSeq sequencing platform was used to
sequence the V4 hypervariable region of the 16S rRNA
for the microbial community in the BAL sample. The
sequencing data were filtered to allow each sample to
have valid data for 87,349 tags. The effective tags of all
samples were clustered, and sequences with similarities
above 97% were considered to be one OTU. On average,
6,644 OTUs were detected in every sample. Based on the
annotation results, 2,608 (39.25%) OTUs were annotated
at the genus level. The dominant phyla were Proteobacteria,
Firmicutes, and Bacteroidetes. The dominant classes were
Bacilli, Gammaproteobacteria, and Alphaproteobacteria. The
dominant orders were Lactobacillales, Xanthomonadales, and

© Translational Pediatrics. All rights reserved.

Enterobacterales. The dominant families were Streptococcaceae,
Xanthomonadaceae, and Morganellaceae. The dominant
genera were Streprococcus, Stenotrophomonas, and Proteus.
Figure 1 shows a histogram of the relative abundance of
species at the phylum and genus levels.

a diversity of the lower airway microbial community

Figure 2 shows the scattered distribution and richness
of all species in the two patient groups. A Wilcoxon
test revealed that the number of species did not differ
significantly between groups A and B (P=0.8574). Figure 3
shows a comparison chart for the Shannon index (diversity
index), which reflects differences in the species diversity
and their distribution among the different samples.
There were marked differences between groups A and B
(P=0.0095).
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Figure 3 Community diversity about Group A and Group B. *,
P<0.05.

P diversity of the lower airway microbial community

Principal component analysis, Unweighted UniFrac, and
Wilcoxon test were conducted to eliminate the individual
differences in both groups. Figure 4 displays a box plot
based on the diversity of the Unweighted UniFrac Beta,
which showed significant differences in B diversity between

groups A and B (P=0.00001).

Composition of the lower airway microbial community

B diversity refers to the comparison of the composition
of microbial communities, and the evaluation of the
differences between microbial communities. Regarding the

© Translational Pediatrics. All rights reserved.
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Figure 4 Box plot based on the diversity of unweighted UniFrac
Beta. **, P<0.001.

species abundance at different levels, different species can
be detected using conventional tests. At the phylum level,
Proteobacteria accounted for 46.7% of the microbiome of
group A and an average of 25.5% of that of group B. We
found that the P value for the difference in the species
composition of the lung microbiome between the two
groups was 0.003. The species with notable differences
related to their phyla were Proteobacteria (P=0.003),
Bacteroidota (P<0.001), Fusobacteriota (P=0.004), and
Acidobacteriota (P=0.019). The species with significant
differences related to their genus were Stenotrophomonas
(P=0.015), Prevotella (P=0.001), Sphingomonas (P=0.001),
Phyllobacterium (P<0.001), Neisseria (P=0.014), and
Haemophilus (P=0.002) (Figure 5).

Discussion

Approximately 50% of children experience wheezing
within the first year of life, and wheezing phenotypes have
been used to identify the characteristics and risk factors
associated with wheezing in children (15). Some children
suffer from wheezing until late childhood, while others
have continuous wheezing throughout adolescence and
adulthood. However, the relationship between the risk
factors and subsequent development of asthma during later
childhood and adult life remains unclear. The important
research question being addressed in the current study
is the possible correlation between specific patterns of
microbial colonization in the respiratory tract and recurrent

wheezing/asthma (16). Studies on 16S rRNA and shotgun
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Figure 5 Difference species analysis between groups. (A) The species with significant differences related to their phyla were Proteobacteria
(P=0.003), Bacteroidota (P<0.001), Fusobacteriota (P=0.004), and Acidobacteriota (P=0.019). (B) The species with significant differences related
to their class were Alphaproteobacteria (P<0.001), Bacteroidia (P<0.001), and Clostridia (P=0.038). (C) The species with significant differences
related to their order were Xanthomonadales (P=0.022), Bacteroidales (P<0.001), Sphingomonadales (P=0.001), and Rhbizobiales (P<0.001). (D)
The species with significant differences related to their family were Xanthomonadaceae (P=0.016), Prevotellaceae (P=0.001), Sphingomonadaceae

(P=0.001), and Rhizobiaceae (P<0.001). (E) The species with significant differences related to their genus were Stenotrophomonas (P=0.015),
Prevotella (P=0.001), Sphingomonas (P=0.001), Phyllobacterium (P<0.001), Neisseria (P=0.014), and Haemophilus (P=0.002).

metagenomics have revealed that a resilient microbiome
is present in the upper and lower respiratory tracts, and
plays a key role in respiratory diseases (6,7,17). Therefore,
the lungs are not considered sterile, and lung diseases have

© Translational Pediatrics. All rights reserved.

not been exclusively studied in the context of bacterial
pathogenesis (17). The density of bacterial communities
reduces from the upper respiratory tract to the lower
respiratory tract (18,19).
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Our study analysed bacterial communities using BAL
without the influence of the upper respiratory tract,
which only few studies have conducted in the past. We
performed this study because the bacterial topographies
of the airways of healthy and wheezing children need to
be compared. This study demonstrated that the three
dominant phyla routinely found in the lower airway of
both healthy and wheezing children were Proteobacteria,
Firmicutes, and Bacteroides, which are also the dominant
phyla of the intestinal microbiome species (20). Consistent
with the previous report on healthy airways (19), mature
gastrointestinal and respiratory tracts have different
environments and functions; however, they have the
same embryonic origin and similar structures, and thus,
similar changes may also occur. Several chronic diseases
of the respiratory tract and intestines have been studied.
Although, lung axis disorders are related, the source of lung
microecology has not been established, as species may reach
the lungs through respiration and oral aspiration.

This study also confirmed that the intestinal lung
microecology is consistent. There were differences in the
bacterial flora of the two groups based on class, order,
family, and genus. Therefore, community richness did
not differ between groups A and B (P>0.05). However,
there was a marked difference (P<0.05) in the community
diversity; o and B diversity were lower in group A than
in group B. A previous study also reported that there is a
lower a diversity in the flora of untreated asthma patients
compared to healthy controls (21). This suggests that flora
composition disorders have an impact on the development
and progression of recurrent wheezing in children.

Changes in various factors associated with the life course
of the host can cause changes in the body’s microecology.
"This study showed that there were no differences in sex, age,
routine blood examination results, and airway inflammatory
cells between children with recurrent wheezing and the
control group. However, the rate of premature birth in
children with recurrent wheezing was higher than those of
group B. Several microbial groups have been observed in
the placenta, lungs, and intestines in foetuses at 10-18 weeks
of gestation through 16S rRNA sequencing, and the foetal
lung microbiota matures as the gestational age increases
(17,22), suggesting that the airway microecology of
newborns at different gestational weeks may differ. A study
on the airway microecology of premature infants suggested
that the early airway microbiome may prime the developing
pulmonary immune system, and the dysbiosis of the
microbiome in the airway may set the stage for subsequent

© Translational Pediatrics. All rights reserved.
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lung disease (23). The innate and adaptive immunity of
children born via caesarean section is lower than that of
normal children, mainly due to the decrease in Th1 (Helper
T cell 1) cytokines (24). Differences in immunity may occur
due to variations in the microecological compositions of
the host (25). We hypothesised that dysbiosis of the lower
airway microecology might be a risk factor for recurrent
wheezing and asthma in premature infants. Infants born
via caesarean section are more likely to have recurrent
wheezing than normal infants, which is also related to the
variations in lower airway microecology. However, this
result should be confirmed by further clinical research.

We also observed enrichment of organisms belonging
to the phylum Proteobacteria in patients with recurrent
wheezing, including organisms belonging to the
Alphaproteobacteria and Bacteroidia classes. Proteobacteria have
also been shown to be present in higher proportions in the
asthmatic airways of adults (26,27); this bacterial phylum
includes common gram-negative respiratory pathogens,
such as Haemophilus and Klebsiella pneumonia, which are
consistently associated with an increased risk of developing
asthma (28). Patients with recurrent wheezing showed
a decrease in the number of species belonging to the
Bacteroidia (P<0.01), Fusobacteria (P=0.04), and Actinobacteria
(P=0.019) phyla. It has been reported that Actinobacteria in
the bronchial airway may be protective against bronchial
inflammation (29). Our findings also support this notion.
Furthermore, a higher abundance of Fusobacteria was
previously detected among the bronchial bacterial
microbiota in adult asthma patients (30), but a lower
abundance of Fusobacteria was detected in the recurrent
wheezing group in this study.

Given the anatomical differences in microbiota
composition between the upper and lower airway
compartments, it is possible to identify several differences
between young children and adults (31,32). Therefore the
discovery of beneficial airway bacteria may facilitate better
treatment of recurrent wheezing in children and aid in the
prevention of asthma progression in older children and
adults, for example, supplementing with beneficial bacteria.
We also found that children in the recurrent wheezing
group had a higher incidence of allergic symptoms than
those in the control group, which is consistent with previous
research (33). This may confirm the similarity between
atopic patients with wheezing and asthmatic patients (34),
which is beneficial to accurately diagnose wheezing.
Toll-like receptor 5 (TLRS) promotes allergic asthma
development related to the strong allergic airway response
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stimulated by bacterial flagellin (35). Our study suggested
that an imbalanced bacterial microecology may be one of
the reasons for recurrent wheezing. The absence of specific
bacterial species early in life could influence appropriate
regulatory mechanisms later in life and subsequently shift
the immunological balance towards allergy instead of
tolerance. Patients in group A were more likely to have
asthma and airway hyperresponsiveness than those in group
B. Microbiota dysbiosis in the human airway can cause
allergy and airway hyperresponsiveness (35). However, the
pathogenic mechanism is not fully understood (36).

There were several limitations in this study that could
affect the interpretation of our findings. Firstly, both
premature birth and caesarean section have been shown
to change the microbiome, but since our research sample
size was slightly insufficient, further subgroup analysis
was of little significance. In future, the sample size needs
to be further expanded to confirm the current data.
Furthermore, healthy children cannot be used as a control
group for ethical reasons. Other limitations of this study
include environmental factors such as breastfeeding,
number of siblings, attendance of day care, and presence
of pets at home, all of which can affect the respiratory
microbiome.

Clinical wheezing phenotypes can overlap and change
over time. Maintaining a balanced bacterial microecology
may be conducive to the prevention of asthma. However,
longitudinal studies are required to determine the true
nature of the relationship between the microbiome and
recurrent wheezing and asthma.
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