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Abstract
Exploring the "lung-intestine"axis of gut microbiota is a hot spot in recent years. There

have been few studies on the correlation between gut microbiota and asthma and allergies, of
which gut microbiota-mediated molecular regulation of the pathogenesis of infectious
pathogens is a blind area. Therefore, we investigated gut microecological changes in MPP
patients and the gut microecological characteristics of wheezing MPP pediatric patients.30
healthy children, 50 nonwheezing MPP pediatric patients, and 50 wheezing MPP pediatric
patients were collected. 16srDNA gene sequencing results showed that there are differences in
gut microbiota abundances between MPP pediatric patients and healthy children. Quantitative
real-time polymerase chain reaction (QRT - PCR) validation showed that the abundances of
Ruminococcus flavefaciens, Clostridium butyricum, Lactobacillus, and Bifidobacterium in the
guts of MPP children decreased compared with healthy children. Compared with
nonwheezing MPP children, the abundances of Ruminococcus flavefaciens and Clostridium
butyricum were significantly decreased in the guts of wheezing MPP children. This indicates
that Ruminococcus flavefaciens and Clostridium butyricum are significantly decreased in
nonwheezing MPP children and could be potential risk factors for wheezing in MPP children.

Keywords: Mycoplasma pneumoniae; gut microbiota; 16srDNA gene sequencing; gut–lung
axis

1. Introduction
Mycoplasma pneumoniae (MP) is a small non-living microorganism classified between

bacteria and viruses. It is one of the common respiratory tract infection pathogens in children.
MP infection accounts for 20%–40% of community acquired pneumonia[1,2]. In recent years,
the number of MP infections has increased and there has been a significant increase in severe
MPP. MPP has a complex clinical presentation. In addition to pneumonia, MPP is often
accompanied by intra-pulmonary and extra-pulmonary damage. In severe cases, respiratory
failure and cardiac failure may occur, and patients may even die[3,4]. Furthermore, MP is one
of the main pathogens causing acute wheezing attacks and it can cause a chronic cough. Its
pathogenesis is complex and autoimmune disease, genetics, environmental factors, and
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intestinal bacteria flora disturbance are all correlated with wheezing in MP infections[5,6].
The gut–lung axis has obtained widespread recognition in recent years. More than 100

trillion microorganisms are present in human guts. These microorganisms remain in the
human body from birth until death and regulate several important physiological processes,
such as protection, metabolism, nutrition, and immunity[7-9]. The gut microbiota can control
host immunity to control lung infections[10]. Even though much progress has been achieved
in gut microbiota research in the last decade, there have been few studies on the correlation
between gut microbiota and asthma and allergies, of which gut microbiota-mediated
molecular regulation of the pathogenesis of infectious pathogens is a blind area. Therefore, we
investigated gut microecological changes in MPP patients and the gut microecological
characteristics of wheezing MPP pediatric patients.
2. Data and methods

This study was conducted at the pediatrics department of Longhua Hospital affiliated to
the Shanghai University of Traditional Chinese Medicine. This study was approved by the
ethics committee of Longhua Hospital affiliated to the Shanghai University of Traditional
Chinese Medicine, and the ethics approval number is 2019LCSY018. All participating staff
underwent relevant training before the trial, including the stool collection method and
inclusion criteria and exclusion criteria to ensure data accuracy. The parents of all pediatric
patients signed the informed consent forms, and all study tasks were carried out in accordance
with the Declaration of Helsinki (1964).
2.1 General information

From September 2018 to January 2020, there were 100 hospitalized children with a
definitive diagnosis of MPP in Longhua Hospital affiliated to the Shanghai University of
Traditional Chinese Medicine who were enrolled in the study, of which 50 had nonwheezing
MPP and 50 had wheezing MPP. Thirty healthy children who met the criteria were enrolled in
the study from Fenglin Road and Xietu Road communities in Xuhui District, Shanghai,
China.
2.2 Diagnostic criteria

The diagnostic criteria for mycoplasmal pneumonia in the 7th edition of Zhu Futang
Practice of Pediatrics edited by Yamei Hu and Zaifang Jiang were used as the reference[11]:
(1) Persistent severe cough. (2) Few lung signs, early and apparent chest X-ray changes. (3)
Penicillin, streptomycin, and sulfonamides ineffective for treatment. (4) Normal or slightly
elevated white blood cell count. (5) Antibody positive for mycoplasma pneumoniae
immunoglobulin M in the serum or serum cold agglutinin titer >1:32 or mycoplasma-positive
pharyngeal swabs, which can be used as a basis for definitive diagnosis.
2.3 Inclusion criteria and exclusion criteria
2.3.1 Inclusion criteria

Human gut microbiota composition and function are greatly affected by genetics,
nutrition, environment, and geographical factors, particularly age, diet, obesity, and drugs[12].
Therefore, the inclusion criteria of this study were the following: (1) Met diagnostic criteria
for MPP. (2) Aged 3–6 years, no gender restrictions. (3) Normal BMI. (4) Not receiving any
treatment at present. (5) The subject's parents signed the informed consent form and were
willing to cooperate with the investigator.
2.3.2 Exclusion criteria
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(1) Received antibiotics in the last two weeks. (2) Received probiotics in the last two
weeks. (3) Children with high-fat and high-glucose diet, obesity, or malnutrition. (4) Children
with other immune disorders and/or on immunomodulatory drugs. (5) Pediatric patients with
asthma or allergy. (6) Pediatric patients with cardiac failure, respiratory failure, hypoxic
encephalopathy, and other severe complications. (7) Pediatric patients with severe liver,
kidney, cardiovascular, endocrine, hematologic, nervous system, and psychiatric disorders. (8)
Patients who are currently participating in or participated in other clinical trials in the last
three months. (9) Subjects who were prone to lost-to-follow-up based on the physician's
judgment.
2.4 Sample collection

Fresh stool samples were collected from 130 study subjects, frozen, and stored in a -80℃
freezer. The detailed sample collection method and precautions were as follows:

(1) Sampling bag instructions: 1) Sampling bag inventory was carried out. The product
box was opened and sampling bags were inventoried, including sampling tubes, disposable
disinfection cotton swabs, disposable disinfection gloves, instructions for use, and personal
information form. 2) Completion of personal information form and informed consent form. 3)
Disposable disinfection gloves were removed and worn. 4) The sampling tube was taken out,
and the cap was slowly pulled out for sampling. 5) The disposable disinfection cotton swab
was used to scoop around 2 g of uncontaminated stools, which were added to the sampling
tube. The cap was recapped, and the tube was not opened again. 6) The disposable
disinfection cotton swab and disposable disinfection gloves were discarded. The sampling
tube, personal information form, and informed consent form were inserted into the sampling
bag and submitted to the staff.

(2) Precautions: 1) During toileting, the subject sat at the front of the toilet seat as much
as possible or hand towels were placed in the toilet bowl to prevent the stool from being
soaked in water for a long time, which could affect the accuracy of the results. 2) Results
obtained from old stools were considered inaccurate and stool samples were required to be
immediately collected after bowel movements.

(3) Transportation requirements
Samples were sealed in self-sealing bags, and the bags were placed in a constant

temperature box with ice bags. The temperature of the box was maintained at around -2℃ to
prevent gut microbiota destruction due to high sample temperatures.
2.5 DNA extraction, PCR amplification, and sequencing

Microbial total genomic DNA was extracted from fecal samples using a QIAamp Fast
DNA Stool Mini Kit (Qiagen) according to the manufacturer’s instructions. The DNA
concentration and purity were monitored with 1% agarose gels. DNA was diluted to 1 ng/μl
according to the concentration. The V3–V4 hypervariable region of the microbial 16S rDNA
gene was amplified using 343F (5'-TACGGRAGGCAGCAG-3') and 798R
(5'-AGGGTATCTAATCCT-3'). Samples with a length between 400 and 430 bp were chosen
for further detection. Sequencing libraries were generated using the NEB Next Ultra DNA
Library Prep Kit for Illumina (NEB, USA, Ipswich, MA, USA) following the manufacturer's
recommendations. The library quality was assessed with a Qubit@ 2.0 Fluorometer (Thermo
Scientific) and Agilent Bioanalyzer 2100 system. Finally, the library was sequenced on an
Illumina MiSeq platform and 200 bp paired-end reads were generated. DNA copy numbers of
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Ruminococcus flavefaciens, Clostridium butyricum, Lactobacillus, and Bifidobacterium was
measured with quantitative real-time polymerase chain reaction (qRT-PCR) using the
SYBR Green PCR Master Mix (Agilent Technologies, Santa Clara, CA, USA) and then
analyzed with the ABI7300 System (Applied Biosystems, Carlsbad, CA, USA). The
sequences of primers used were as follows: Clostridium butyricum-F
(5'-TAAAGGAGTAATCCGCTATG-3') and Clostridium butyricum-R
(5'-CGTCCCTAAAGACAGAGC-3'), Ruminococcus flavefaciens-F
(5'-GATGCCGCGTGGAGGAAGAAG-3') and Ruminococcus flavefaciens-R
(5'-CATTTCACCGCTACACCAGGAA-3'), Lactobacillus-F
(5'-ACGGGAGGCAGCAGTAGGGA-3') and Lactobacillus-R
(5'-AGCCGTGACTTTCTGGTTGATT-3') and Bifidobacterium-F
(5'-GATTCTGGCTCAGGATGAACGC-3') and Bifidobacterium-R
(5'-CTGATAGGACGCGACCCCAT-3').
2.6 Function prediction

16S rDNA function prediction was carried out using PICRUSt software for
standardization of operational taxonomic unit (OTU) abundance; i.e., removal of the effects of
the 16S marker gene copy number in the species genome. Following that, the corresponding
Greengene IDs of each OTU were aligned to the Clusters of Orthologous Groups (COG) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) databases to obtain the COG family
information and KEGG Ortholog (KO) information corresponding to the OTU. The
abundance of each identified COG and KO were calculated. Description and functional
information of each COG were obtained from the Evolutionary Genealogy of Genes:
Non-supervised Orthologous Groups (EggNOG) based on COG database information to
obtain the function abundance spectrum. Information in the KEGG database was used to
obtain KO and pathway information, and OTU abundance was used to calculate the
abundance of each functional category. The PICRUSt software was used to obtain three levels
of metabolic pathway information and abundance at various levels.
3. Statistical analysis

SPSS24.0 (IBM, Chicago, IL, USA) was used for statistical analysis. A difference of
P<0.05 was considered to be statistically significant. The variables data were statistically
described by means and standard deviation, and those with normal distribution and
homogeneous variance were compared among the three groups by one-way ANOVA, while
those with uneven variance were tested by rank sum test; The counting data were statistically
described by frequency and chi square test.
4. Results
4.1 Baseline characteristics of MPP children and healthy children

One hundred thirty study subjects were enrolled, including 30 healthy children (Group
A), 50 nonwheezing MPP children (Group B), and 50 wheezing MPP children (Group C).
There were no statistically significant differences in baseline characteristics between MPP
children and healthy children, and the three groups were comparable (Table 1).
4.2 Sample OTU classification

Statistical analysis of OTUs was carried out based on a 97% similarity level. In the 130
stool samples, the distribution of clean tags after quality control was between 49,196 and
89,260. The number of valid tags (i.e., data used for final analysis) after chimeras were
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removed from clean tags was between 45,689 and 86,157. The mean length of valid tags was
405.75–425.1 bp, and the number of OTUs per sample was 422–3,152.
4.3 Species classification and abundance analysis

At the genus level, a total of 1,056 genera were detected in samples from the three
groups. Figure 1a shows the top 15 genera by abundance, of which genera with a relative
abundance of >1% include Bacteroides (38.78%), Faecalibacterium (7.07%),
Parabacteroides (6.06%), Escherichia-Shigella (5.22%), Bifidobacterium (3.17%), Blautia
(2.35%), Ruminococcus gnavus (2.18%), Alistipes (1.83%), Enterococcus (1.80%), Prevotella
9 (1.52%), and Parasutterella (1.32%).

In healthy children samples, 808 genera were common to all 30 samples, and genera with
a relative abundance of >1% included: Bacteroides (35.67%), Faecalibacterium (8.64%),
Parabacteroides (4.42%), Bifidobacterium (3.98%), Blautia (3.70%), Prevotella 9 (3.50%),
Escherichia-Shigella (32.6%), Ruminococcus 1 (2.67%), Dysgonomonas (2.17%), Alistipes
(1.83%), Ruminococcus gnavus (1.38%), Dialister (1.29%), and Streptococcus (1.14%), and
Parasutterella (1.04%). In samples from nonwheezing MPP children, 939 genera were
common to 50 samples and genera with a relative abundance of >1% included: Bacteroides
(41.88%), Faecalibacterium (6.92%), Parabacteroides (6.09%), Escherichia-Shigella
(4.72%), Enterococcus (3.64%), Bifidobacterium (2.29%), Blautia (1.91%), Prevotella 9
(1.58%), Ruminococcus gnavus (1.31%), Parasutterella (1.22%), and Lachnoclostridium
(1.01%). In samples from wheezing MPP children, 898 genera were common to 50 samples
and genera with a relative abundance of >1% included: Bacteroides (37.54%),
Parabacteroides (7.03%), Escherichia-Shigella (6.90%), Faecalibacterium (6.27%),
Bifidobacterium (3.71%), Ruminococcus gnavus (3.53%), Alistipes (2.03%), Blautia (1.99%),
Parasutterella (1.60%), Collinsella (1.42%), Roseburia (1.29%), Anaerostipes (1.11%),
Lachnoclostridium (1.04%), Enterococcus (1.02%), and Eubacterium coprostanoligenes
(1.01%).

At the species level, 301 species were detected in total. Figure 1b shows the top 15
species by abundance, of which species with a relative abundance of >1% included:
Bacteroides ovatus V975 (4.22%), Bacteroides thetaiotaomicron (2.64%), and Bacteroides
fragilis (1.93%).

In samples from healthy children, 204 species were common to the 30 samples, and
species with a relative abundance of >1% included: Ambiguous taxa (11.76%), uncultured
bacteria (10.96%), Bacteroides ovatus V975 (2.84%), uncultured Ruminococcus sp. (2.52%),
Bacteroides thetaiotaomicron (2.31%), and Bacteroides fragilis (1.78%). In samples from
nonwheezing MPP children, 261 samples were common to the 50 samples and species with a
relative abundance of >1% included: Ambiguous taxa (9.87%), uncultured bacterium (9.09%),
Bacteroides ovatus V975 (5.31%), Bacteroides thetaiotaomicron (3.02%), and Bacteroides
fragilis (1.60%). In samples from wheezing MPP children, 233 species were common to the
50 samples and species with a relative abundance of >1% included: Ambiguous taxa (14.61%),
uncultured bacterium (8.76%), Bacteroides ovatus V975 (3.96%), Bacteroides
thetaiotaomicron (2.44%), Bacteroides fragilis (2.36%), Alistipes (2.03%), Blautia (1.99%),
Parasutterella (1.60%), Collinsella (1.42%), Roseburia (1.29%), Anaerostipes (1.11%),
Lachnoclostridium (1.04%), Enterococcus (1.02%), and Eubacterium coprostanoligenes
(1.01%).
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4.4 Multivariate statistical analysis of microorganisms
Figure 2a shows the top 10 differential genera by abundance based on an analysis of

variance (ANOVA). Compared with healthy children, the abundances of Agathobacter,
Dialister, Dorea, Eggerthella, Haemophilus, Ruminococcus 1, and Dysgonomonas were
decreased in nonwheezing MPP children. In addition, the abundances of Ruminococcus 1,
Dorea, Dysgonomonas, and Butyricimonas were decreased in wheezing MPP children
compared with nonwheezing MPP children.

Figure 2b shows the top 10 differential species by abundance based on an ANOVA.
Compared with healthy children, the abundances of Ruminococcus flavefaciens, uncultured
Ruminococcus sp., uncultured Desulfovibrio sp., Ruminococcus sp. UNK.MGS-30, uncultured
Chloroflexi bacterium, and Clostridium butyricum were decreased, whereas the abundances of
Bacillus cereus, Sphingobacterium multivorum, uncultured Bacteroidetes bacterium, and
Flavobacteriaceae bacterium HG732 were increased in nonwheezing MPP children. In
addition, the abundances of uncultured Ruminococcus sp., Ruminococcus sp. UNK.MGS-30,
Clostridium butyricum, Bacillus cereus, Sphingobacterium multivorum, uncultured
Bacteroidetes bacterium, and Flavobacteriaceae bacterium HG732 were decreased in
wheezing MPP children compared with nonwheezing MPP children.
4.5 PICRUSt analysis

There were 10 metabolic pathways in KEGG level 2 abundance analysis, including
glycan biosynthesis and metabolism, cell communication, neurodegenerative diseases,
transport and catabolism, signal transduction, carbohydrate metabolism, metabolism, cellular
processes and signaling, genetic information processing, and enzyme families (Figure 3a).
There were 83 metabolic pathways in KEGG level 3 abundance analysis, of which top 10
metabolic pathways, including various types of N-glycan biosynthesis, Huntington's disease,
CAM ligands, ECM-receptor interaction, mRNA surveillance pathway, electron transfer
carriers, biosynthesis, and biodegradation of secondary metabolites, focal adhesion,
nucleotide metabolism, and caffeine metabolism were identified (Figure 3b). Compared with
healthy children, the abundances of four metabolic pathways were decreased in nonwheezing
MPP children, including various types of N-glycan biosynthesis, caffeine metabolism,
biosynthesis of type II polyketide backbone, and sesquiterpenoid biosynthesis. Compared
with nonwheezing MPP children, the abundances of 27 metabolic pathways decreased in
wheezing MPP children, of which the top 10 metabolic pathways included caffeine
metabolism, vibrio cholerae infection, biosynthesis of type II polyketide backbone,
sesquiterpenoid biosynthesis, CAM ligands, ECM-receptor interaction, lipopolysaccharide
biosynthesis proteins, steroid hormone biosynthesis, ubiquinone and other terpenoid-quinone
biosynthesis, and bile secretion.

COG function prediction showed that the COG function composition was highly similar
in samples from the three groups, and the functional annotation results could be divided into
24 categories. The top five categories of high functionality were general function prediction
only, carbohydrate transport and metabolism, transcription, amino acid transport and
metabolism, and cell wall/membrane/envelope biogenesis (Figure 4). In addition, 4,112,853
genes with unknown function were found, which will be studied in the future. Compared with
healthy children, the abundances of six COG categories were decreased in nonwheezing MPP
children, including replication, recombination and repair; translation, ribosomal structure and



7

biogenesis; defense mechanisms; cell cycle control, cell division, chromosome partitioning;
chromatin structure and dynamics; and extracellular structures. Compared with nonwheezing
MPP children, the abundance of the cytoskeleton was decreased in wheezing MPP children.
4.6 qRT-PCR validation of DNA copy numbers of Ruminococcus flavefaciens, Clostridium
butyricum, Lactobacillus and Bifidobacterium

Among the three groups, the levels of four species were decreased in MPP children
compared with healthy children, of which the decrease in Ruminococcus flavefaciens and
Clostridium butyricum was more significant in wheezing MPP children (Figure 5a-d), but the
differences in DNA copy numbers of Lactobacillus and Bifidobacterium between wheezing
MPP children and nonwheezing MPP children were not significant.
5. Discussion
5.1 MP infection and wheezing

MP is an extracellular pathogen that lacks cell walls and is an important pathogen for
respiratory tract infection in children. A total of 10%–40% of community acquired pneumonia
cases in children are caused by MP[13]. Recent studies have shown that MP infection occurs
in infants as well as children of school age, and the prevalence of illness in infants is
increasing[14]. Wheezing is a common respiratory tract disorder in infants, and at least
one-third of children will develop wheezing symptoms before the age of three. Wheezing
recurs in some patients and ultimately progresses to asthma[15].

MP is one of the important pathogens causing wheezing and asthma in children. MP can
cause acute episodes of bronchial asthma, exacerbate bronchial hyperreactivity, or even lead
to severe or refractory asthma[16]. A study on infantile wheezing and Mycoplasma
pneumoniae infection showed that MP infection is closely associated with wheezing in infants
and young children[17]. A study showed that the incidence of MP infection-induced wheezing
in infants is 51.3%, suggesting that MP infection is an important inducing factor of acute
attacks in childhood asthma[18]. Yeh et al. [19] showed that the risk of MP infected wheezing
pediatric patients progressing to asthma is 3.35 times that of non-MP-infected pediatric
patients and pediatric patients with the atopic sickness (allergic coryza, atopic flare-up, and
allergic conjunctivitis) are high-risk populations for MP infection-induced wheezing.

The specific role and pathogenesis of MP in asthma are still unclear. A recent study
reported that T lymphocyte subset disturbance and allergic constitution are present in children
with MP infection-induced wheezing[20]. A study found that MP infection may result in an
imbalance in Th1/Th2 cell ratios, resulting in Th2 cytokine dominance, and this can stimulate
the release of cytokines and inflammatory mediators, such as TGF-β1, vascular endothelial
growth factors, endothelin-1, and TNF-α, eosinophil cationic protein to participate in asthma
and airway remodeling, thereby inducing wheezing or exacerbating asthma[21,22].

Gut microbiota are considered key environmental factors that regulate the severity of
allergies. A study on the correlation between gut microbiota and allergies showed that
measures that affect microbial colonization in infants within the first month of birth may
affect the development of childhood asthma[23]. A study reported that a decrease in gut
microbiota diversity increases the risk of allergies in school children[24]. The Canadian
Healthy Infant Longitudinal Development (CHILD) Study found that transient changes in gut
microbiota in the first 100 days of birth in infants, which is associated with a reduction in
Lachnospira, Veillonella, Faecalibacterium, and Rothia counts, will increase the risk of
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asthma. The view that changes in gut immunization reactions can directly affect the
development of lung allergies is widely accepted.

In this study, MPP pediatric patients were divided into wheezing and nonwheezing
groups. 16srDNA sequencing and qRT-PCR validation of gut microbiota showed that there
were some differences in gut microbiota counts; Ruminococcus flavefaciens and Clostridium
butyricum in the guts of MPP pediatric patients were significantly decreased compared with
healthy children, and this reduction was significant in MPP pediatric patients with wheezing.
This suggested that Ruminococcus flavefaciens and Clostridium butyricum may be important
risk factors for wheezing and requires further study and examination.
5.2 “Gut-lung axis” theory

The gut is the largest immune organ in the body, and changes in the gut microbiota
composition and function affect the respiratory tract through the mucosal immune system.
Disturbances in the respiratory tract microflora also affect the digestive tract through immune
regulation. The mutual effects of the gut and lungs are termed the “gut–lung axis”. Current
technologies can be used to culture more than 400 bacterial species from the gut and the
balance of this huge microflora can affect the occurrence, progression, and prognosis of lung
disorders[25]. A study showed that the gut microbiota of infants may affect future pulmonary
health[26]. Microflora enters infants through the gut and respiratory tract epithelium for
colonization, thereby enabling infants to develop resistance against pathogens. Therefore,
intestinal miscolonization can result in changes in immunization reactions and thereby affect
the development of lung disorders, such as cystic fibrosis lung through the “gut–lung axis”.

In this study, we employed 16srDNA sequencing and found that there were significant
differences in gut microorganism abundance and diversity between MPP pediatric patients
and healthy children. The top 10 species with the most significant differences were
Ruminococcus flavefaciens, uncultured Ruminococcus sp, uncultured Desulfovibrio sp,
Bacillus cereus, Sphingobacterium multivorum, Ruminococcus sp. UNK.MGS-30, uncultured
Bacteroidetes bacterium, Flavobacteriaceae bacterium HG732, uncultured Chloroflexi
bacterium, and Clostridium butyricum. This showed that intestinal miscolonization is
correlated with lung MP infection, which may be achieved via the “gut–lung axis”.

PICRUSt functional prediction and analysis are based on annotated 16S sequencing data
in the Greengenes database. PICRUSt was used to predict the composition of known
microbial gene functions and to calculate the differences in functions between different
samples and groups. KEGG function prediction based on 16S data showed that the
abundances of metabolic pathways, such as various types of N-glycan biosynthesis, caffeine
metabolism, biosynthesis of type II polyketide backbone, and sesquiterpenoid biosynthesis,
were decreased in nonwheezing MPP children compared with healthy children. Compared
with nonwheezing MPP children, the abundance of metabolic pathways in the guts of
wheezing MPP children, such as caffeine metabolism, vibrio cholerae infection, biosynthesis
of type II polyketide backbones, sesquiterpenoid biosynthesis, CAM ligands, ECM-receptor
interactions, lipopolysaccharide biosynthesis proteins, steroid hormone biosynthesis,
ubiquinone and other terpenoid-quinone biosynthesis, and bile secretion were decreased.
COG function prediction found that the abundances of replication, recombination, and repair;
translation, ribosomal structure, and biogenesis; defense mechanisms; cell cycle control, cell
division, chromosome partitioning; chromatin structure and dynamics; and extracellular
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structures were decreased in nonwheezing MPP children compared with healthy children.
Compared with nonwheezing MPP children, the abundance of cytoskeleton was decreased in
wheezing MPP children.
5.3 Respiratory tract infection and gut microorganisms

Complex interactions are present between respiratory tract microorganisms and gut
microorganisms, affecting each other's stable balance. For example, flu viral infection
increases Enterobacteriaceae counts in mouse guts but decreases Lactobacillus and
Lactococcus counts[27]. Acute infusion of lipopolysaccharides to mouse lungs will result in
lung dysbacteriosis while simultaneously causing intestinal bacteria flora disturbances[28].
Lung infection caused by bacteria, viruses, and mycoplasma will change the microecological
environment in respiratory tract and this results in changes and loss of balance in gut
microbiota in the host. At the same time, disruption to the mucosal barrier and immune
function will further promote the occurrence and progression of lung infections[29].

On January 27, 2020, the latest diagnosis and treatment protocol for pulmonitis with
coronavirus infection (interim 4th edition) released by the National Health Commission of
China particularly emphasized the use of probiotics to maintain a gut microecological
balance[30]. Li et al. found that microecological loss of balance usually occurs after
coronavirus infection, which causes secondary bacterial infections. Therefore,
microecological balance helps to decrease secondary infections[31]. A study on the gut
microbiota characteristics of patients with high SARS-CoV2 viral loads found that there was
an increase in pathogenic bacterial and a decrease in beneficial bacteria. In addition, the
transcriptional activity of SARS-CoV-2 in coronavirus-infected patients is associated with
longitudinal changes in fecal microbiota[32].

The gut microbiota plays a vital role in immune responses to respiratory tract infections.
Recent studies were mostly focused on probiotics, of which Lactobacillus and Bifidobacteria
were the most common. The protective effects of these two bacteria in viral respiratory tract
infections have been verified in animal models[33]. For example, oral administration of
Lactobacillus, such as Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus gasseri,
Lactobacillus pentosus, Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus
johnsonni, Bifidobacterium breve 155, or Bifidobacterium longum 180 could protect mice
from flu virus-induced pathology and mortality. The primary mechanisms include increasing
antibody production, enhancing natural killer cell activity, and increasing IFN-γ and IL-10
levels by probiotics[34]. These results are consistent with the results of our experiment. Our
study showed that the DNA copy numbers of Lactobacillus and Bifidobacteria were
decreased in the guts of MPP pediatric patients compared with healthy children. However,
there were no significant differences between the guts of nonwheezing and wheezing MPP
pediatric patients. Therefore, the effects of Lactobacillus and Bifidobacteria in wheezing MPP
require further study.

A study pointed out that Clostridium butyricum can regulate the gut microbiota balance
as it can inhibit pathogenic bacteria in the gut and promote the growth of beneficial bacteria,
such as Bifidobacteria and Lactobacillus[35]. Zhang et al. proved that the counts of
Bifidobacteria and Lactobacillus are decreased in patients with irritable bowel syndrome, but
treatment with Clostridium butyricum resulted in no significant differences in Bifidobacteria,
non-spore forming anaerobes, E. coli, enterococcus, and lactic acid bacteria in the stools of
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such patients and healthy subjects, and there was a significant improvement in clinical
symptoms[36]. Beyond the positive effects on the intestinal tract, Clostridium butyricum
addition was recently reported to regulate lipid metabolism in various tissues of broiler
chickens[37]. In addition, Clostridium butyricum has been shown to promote intestinal
motility by regulation of TLR2 in the interstitial cells of Cajal[38]. 16srDNA results showed
that Clostridium butyricum counts were significantly decreased in the guts of MPP pediatric
patients compared with healthy children, particularly in wheezing pediatric patients. This is
consistent with the decrease in Clostridium butyricum DNA copy number in our qRT-PCR
results, suggesting that Clostridium butyricum may be an important risk factor for wheezing.
In addition, COG function prediction found that the abundance of lipid transport and
metabolism and cell motility were increased in MPP children compared with healthy children,
of which the increase in abundance in these two metabolic pathways was more significant in
the guts of wheezing MPP pediatric patients. This showed that there may be bacterial species
other than Clostridium butyricum that affect lipid transport and metabolism and cell motility.
Argonaute protein from the mesophilic bacterium Clostridium butyricum can utilize siDNA
guides to cleave both ssDNA and dsDNA targets at moderate temperatures, mediating host
defenses against invading nucleic acids[39]. This is consistent with the results of our
experiment. Our study showed that the abundance of defense mechanisms was significantly
decreased in the guts of MPP pediatric patients compared with healthy children, which is
consistent with the reduction in Clostridium butyricum abundance.

The genus Ruminococcus belongs to the order Clostridia and is known to synthesize
short-chain fatty acids (SCFAs), acetate, and butyrate. A recent paper demonstrated that
SCFAs play a crucial role in the regulation of respiratory tract disorders in humans[40].
SCFAs include acetate, butyrate, and propionate, which are the end-products of commensal
gut microbiota fermentation and are regarded as an important link between microbiota and
different host organ systems[41]. In addition to local effects on the gut, SCFAs can enter the
circulation and regulate bone marrow hematopoiesis, thereby promoting lung regulation or
pro-inflammatory reactions[42, 43]. Therefore, SCFAs aid in the maintenance of the immune
environment in the respiratory tract and affect the severity of lung infections. Ruminococcus
has been shown to negatively affect the development of respiratory allergies in an animal
model of respiratory tract disorders[44]. A study on gut microbiota in pigs after mycoplasma
infection showed that the abundance and diversity of gut microbiota are potential factors
determining susceptibility to mycoplasmal pneumonia in pigs. Specific groups of bacteria in
the gut that might predict decreased severity of Mycoplasma hyopneumoniae associated
lesions were identified. The microbial shift at three weeks of age was observed to be driven
by the increase in abundance of the indicator family Ruminococcaceae in piglets with low
lesion scores. These findings suggested that early life gut microbiota can be a potential
determinant for Mycoplasma hyopneumoniae susceptibility in pigs[45]. These results are
consistent with the results of our experiment. Our study showed that the abundance of gut
microorganisms was decreased in MPP pediatric patients compared with healthy children.
16srDNA results showed that Ruminococcus counts were significantly decreased in the guts
of MPP pediatric patients compared with healthy children, particularly in wheezing pediatric
patients. This is consistent with the decrease in Ruminococcus DNA copy number in our
qRT-PCR results, suggesting that Ruminococcus may be another important risk factor for
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wheezing. COG function prediction showed that the abundance of fatty acid metabolism
pathways was increased in the guts of MPP children compared with healthy children, of
which the increase in abundance was more significant in pediatric patients with wheezing
MPP. This was consistent with the decrease in Ruminococcus flavefaciens abundance. This
showed that there may be bacterial species other than Ruminococcus flavefaciens that may
affect fatty acid metabolism.
6. Conclusions

We believe that our study provided a role for the prevention and treatment of MP
infection and maturation of the microbial “gut–lung axis” theory. There are differences in gut
microbiota abundance and diversity between MPP pediatric patients and healthy children. We
found that Ruminococcus and Clostridium butyricum counts were significantly decreased in
the guts of wheezing MP pediatric patients and they may be risk factors for MP-induced
wheezing. We suggest that the diversity of beneficial bacteria in the gut and microflora counts
determines the gut microecological balance in children and affects children's future health.
The mutual regulatory effects of the “gut–lung axis” may be due to the metabolites produced
by gut microbiota; however, there are few studies on relevant metabolites and immune
regulation. Future studies on gut microbiota and further research on immune and metabolic
interactions between gut microbiota that produce SCFAs and MP colonizing the lung should
be carried out. Research on gut microecology, regulation of gut microbiota, and maintenance
of the gut microecological environment in children may prevent asthma in MPP pediatric
patients in the future and may be of importance in all respiratory tract disorders.
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Figures

Figure 1

Relative abundance of genus and species in healthy and MPP child. Relative abundance of (a) genus and
(b) species in healthy (A, n=30), non asthmatic MPP (B, n=50) and asthmatic MPP (C, n=50) child.



Figure 2

Abundance of top ten different genus and species in healthy and MPP child. Abundance of top ten
different (a) genus and (b) species in healthy (A, n=30), non asthmatic MPP (B, n=50) and asthmatic
MPP (C, n=50) child.



Figure 3

Abundance of pathways in KEGG database. Abundance of different pathways based on KEGG (a) level 2
and (b) level 3 in healthy (A, n=30), non asthmatic MPP (B, n=50) and asthmatic MPP (C, n=50) child.



Figure 4

Relative abundance of COG functional classi�cation. Relative abundance of different COG functional
classi�cation in healthy (A, n=30), non asthmatic MPP (B, n=50) and asthmatic MPP (C, n=50) child.



Figure 5

DNA copy numbers of Ruminococcus �avefaciens, Clostridium butyricum, Lactobacillus and
Bi�dobacterium. DNA copy numbers of (a) Ruminococcus �avefaciens, (b) Clostridium butyricum, (c)
Lactobacillus and (d) Bi�dobacterium in healthy (A, n=30), non asthmatic MPP (B, n=50) and asthmatic
MPP (C, n=50) child were measured by qRT-PCR. **P<0.01, ***P<0.001.
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