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ABSTRACT

Introduction Patients with frequent acute exacerbation
phenotype chronic obstructive pulmonary disease
(AECOPD) have a higher hospitalisation rate than
infrequent exacerbation, the disease progresses

quickly and treatment is more difficult. At present, it is
impossible to predict patients with COPD with frequent
acute exacerbation phenotypes. The composition of the
lower respiratory tract flora and the intestinal flora is
closely related to AECOPD, but the specific association
mechanism between them is not very clear. This study
used metagenomic next-generation sequencing (mNGS)
technology to explore the microbial characteristics of the
intestinal tract and airways of patients with COPD, and
analyse the correlation between the sequencing results
and inflammatory factors, immune factors and nutritional
factors.

Methods and analysis This will be a prospective cohort
study. We intend to recruit 152 patients with stable COPD.
In the baseline, we will detect the participants’ induced
sputum and faecal flora through mNGS, and changes

in blood immune levels, and the patient’s condition is
evaluated. Every 2 months, we will check the number of
acute exacerbation through the phone range. After 12
months, we will check again the changes in the blood
immune level, evaluate the patient’s condition and count
the number of episodes.

Ethics and dissemination This study has been approved
by the ethics committee of Guangdong Provincial Hospital
of Traditional Chinese Medicine (approval number ZF2019-
219-03). The results of the study will be published in peer-
reviewed journals.

Trial registration number ClinicalTrials.gov Registry
(ChiCTR2000032870).

INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is one of the diseases with the
highest morbidity and mortality in the world.
Chronic and progressive dyspnoea is the most
characteristic symptom of COPD. COPD exac-
erbation is defined by worsening symptoms
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Strengths and limitations of this study

» This is a prospective study that uses the different
phenotypes of chronic obstructive pulmonary dis-
ease (COPD) as an entry point. Metagenomic next-
generation sequencing will be used to explore the
microbial characteristics of the airways and gut of
patients with COPD; the correlation between the se-
quencing results and inflammatory factors and nu-
tritional factors will be conjointly analysed to predict
the frequency of acute COPD attacks in the future.

» The influence and correlation of the intestinal flora
on the lower respiratory tract flora will be discussed
for the first time on acute exacerbation COPD
(AECOPD).

» Phenotypical information of AECOPD includes data
from CT scan, biosamples and clinical data from
medical records.

» The outcome chosen, exacerbation frequency of
AECOPD, is intuitive and objective.

» Participants are recruited from a single centre.

(shortness of breath, cough) requiring
steroids and antibiotics.! Acute exacerbation
of COPD (AECOPD) can be precipitated by
several factors. The most common causes are
respiratory tract infections. COPD exacerba-
tion is a complex event usually associated with
increased airway inflammation, increased
mucus production and marked gas trap-
ping.? These changes contribute to increased
dyspnoea that is the key symptom of exacer-
bation. Other symptoms include increased
sputum purulence and volume, together with
increased cough and wheeze.” * AECOPD
can cause systemic inflammatory reactions in
patients, with a significant decrease in respi-
ratory function, skeletal muscle function
decline and a significant decrease in mobility,
which seriously affects the quality of life and
has a poor prognosis.”
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The COPD phenotype reflects the differences between
individuals with COPD,’ and the COPD phenotype was
associated with patients’ symptoms, severity, treatment
response, disease progression or mortality. The purpose of
studying the COPD phenotype is to divide it into different
subgroups to guide treatment so as to improve the prog-
nosis of the disease, reduce the burden of the disease and
improve the quality of life of patients. Clinically, patients
with frequent acute exacerbation have a higher hospital-
isation rate than those with infrequent exacerbation, and
their disease progresses quickly, making treatment more
difficult.

The susceptibility and frequent occurrence of COPD
are based on multiple factors. Sometimes antibiotics are
needed to fight infections that make COPD worse. One
common side effect of antibiotic treatment for AECOPD
is collateral damage to the gut microbiota composi-
tion, resulting in a possible overgrowth of opportunistic
pathogenic bacteria. Pathogenic bacteria can disrupt the
mucosal barrier by secretion of toxins, transfer of effector
proteins into host cells, invasion of epithelial cells, translo-
cation across the epithelial monolayer or by disruption of
intercellular junctions, which further increase local and
systemic inflammation. It has been demonstrated that
intestinal dysfunction is present in COPD, worsens with
increasing disease severity and is associated with reduced
quality of life.” In addition, individuals with COPD have
functional and structural alterations in their intestinal
mucosa, and patients with COPD typically have increased
intestinal permeability.*'? Increasing evidence has indi-
cated the intimate relationship between the gastrointes-
tinal tract and respiratory tract.'" The gut microbiota
interacts with the host immune system in ways that influ-
ence disease development.'’ On the other hand, sputum,
alveolar lavage fluid, etc also contain specific components
of respiratory tract microorganisms, which can cause the
immune system to produce different immune responses.
Through the evaluation of the airway microorganisms
and their immune function, it can provide new ideas for
more accurate targeting of antibiotics and enhancing the
efficacy of immune responses. However, few studies have
evaluated these important pathophysiological compo-
nents of COPD to predict exacerbation risk. There are
also few studies to observe the relationship between
the changes in the intestinal flora of AECOPD and the
changes in the lung flora.

The gut microbiota influences the AECOPD, but the
mechanism between the gut microbiota and the devel-
opment of COPD is not yet clear. Whether the changes
in the gut microbiota and the changes in the pulmonary
flora are related has not yet been studied. We hypothe-
sise that the frequent exacerbation phenotype of COPD
may be driven by a variety of gut microbiota and metab-
olites, and that the gut microbiota affects the changes in
lung flora and is related to specific biomarkers. In this
study, we will use metagenomic sequencing to clarify the
relationship between gut microbiota, intestinal fungi and
lung flora, and use metabonomics to analyse qualitatively

Box 1 Study inclusion and exclusion criteria

Eligibility criteria

» Patients diagnosed with chronic obstructive pulmonary disease
(COPD). The diagnostic criteria for COPD are based on the 2020
Global Initiative for the Diagnosis, Treatment and Prevention of
Chronic Obstructive Pulmonary Disease (GOLD Guidelines 2020)."2
The diagnostic criteria for acute exacerbation of COPD (AECOPD)
refer to the Chinese Expert Consensus on the Diagnosis and
Treatment of AECOPD.*° Incompletely reversible airflow limitation is
a prerequisite for COPD diagnosis. After inhaling bronchodilators,
forced expiratory volume in 1 s (FEV,)/forced vital capacity <70%
and FEV, <80% predicted value can be determined as incompletely
reversible airflow limitation.

» No antibiotics have been used in the past month.

» The patient has informed consent and signed an informed consent
form, and can accept observation and clinical data collection.

Exclusion criteria

» Suffer from chronic wasting diseases such as tumour, tuberculosis
and bronchiectasis at the same time.

» Combined with ulcerative colitis, Crohn’s disease or other intestinal
diseases.

» Those who have taken systemic glucocorticoids or immunosuppres-
sants within 3 months.

» Those who have taken probiotics, prebiotics, and other microbial
preparations regularly or vitamin supplements in the past.

» Poor compliance and unable to cooperate with clinical observation
and specimen collection.

and quantitatively the metabolites of intestinal microbes
in the blood. This study will establish a specific marker for
exacerbation frequency of AECOPD, combine metage-
nomics data, and use systems biology methods to evaluate
multiple specific intestinal flora representing multiple
pathobiological mechanisms of COPD, especially for the
evaluation of the impact of the gut and respiratory micro-
biome on prediction of exacerbation frequency of COPD.

METHODS AND ANALYSIS
Study design
The programme follows the guidelines of ‘2020 Global
Initiative for the Diagnosis, Treatment and Prevention
of Chronic Obstructive Pulmonary Disease (GOLD)"."?
The diagnostic criteria for COPD are based on the GOLD
Guidelines 2020. Participants will participate in a baseline
inpatient visit and follow-up every 2 months thereafter for
a period of 12 months. The influence of host genetics,
airway inflammation and respiratory microbiome on
predicting the onset of COPD will be examined. The
study inclusion and exclusion criteria are shown in box 1.
At the end of the clinical trial, the group with
common moderate-to-severe exacerbation and that with
uncommon (less than two episodes of moderate-to-severe
exacerbation) episodes will be compared. The primary
outcomes are total number of exacerbation, acute exacer-
bation and time to first exacerbation, and the secondary
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outcomes are changes in lung function and symptom
scores.

In this study, acute exacerbation is identified as patients
diagnosed with COPD who have the following symp-
toms within a period of time: cough; sputum produc-
tion; shortness of breath and/or wheezing worsened,
increased sputum volume, purulent or mucopurulent,
with or without fever. The total number of exacerbation
is defined as the number of acute exacerbation in the
next 12 months after being included in the trial. Time to
first exacerbation is defined as the time from the first day
when the patient is enrolled in the trial until the patient’s
first appearance of acute exacerbation. The definition
of moderate exacerbation and severe exacerbation is
based on the ‘Chinese Experts’ Chronic Consensus on
Anti-infection Treatment in the Acute Exacerbation of
Obstructive Pulmonary Disease’ according to the patient’s
need for additional treatment measures to determine
whether it is moderate exacerbation or severe exacerba-
tion. COPD exacerbation is defined as acute worsening
of respiratory symptoms that result in additional therapy.
These events are classified as mild (treated with short-
acting bronchodilators (SABDs) only), moderate (treated
with SABDs plus antibiotics and/or oral corticosteroids)
or severe (patient requires hospitalisation or visits the
emergency room). Severe exacerbation may also be asso-
ciated with acute respiratory failure. When the patient
had acute exacerbation, the participant was asked to
contact the research assistant and would be referred to
the respiratory doctor in our hospital to assess the severity
of the patient’s onset. All patients will study the process as
shown in figure 1.

Study settings
This study will be completed in Guangdong Provincial
Hospital of Traditional Chinese Medicine.

Ethical approval

This study was approved by the ethics committee of
Guangdong Provincial Hospital of Traditional Chinese
Medicine (approval number ZF2019-219-03). Patients
who met the inclusion criteria will be enrolled after
obtaining signed informed consent.

Patient and public involvement
Patients and the public were not and will not be involved
in the design, conduct and reporting of the research.

Clinical assessments

Baseline visit

1. General data collection: name, gender, age, height,
weight, occupation, place of residence, contact infor-
mation, education level, marital status, medical history,
family history, etc.

2. COPD-related data collection: spirometry, COPD stag-
ing, number of acute exacerbation before admission in
the past 12 months, whether they have been exposed
to risk factors, smoking history, current medication,

( Patients with stable COPD )

Assess for eligibility

Meet the inclusion
criteria and sign the
informed consent

Meet the exclusion
criteria and do not sign
the informed consent

(Lung Microbiome) CGut Microbiome) @Way inﬂammatioD
Follow-up of exacerbations
for 12 months
v
Tatal numb_er o [CT scan results, mMMRC

axaErbations, spnea scale, CAT scale,
severe exacerbations, dysp
MNA scale

moderate exacerbations

ANALYSIS

Figure 1 Flow chart of the study. CAT, COPD Assessment
Test; COPD, chronic obstructive pulmonary disease; mMMRC,
modified Medical Research Council; MNA, Micro-Nutrition
Assessment.

_ Y

oxygen therapy, whether their disease is combined
with other diseases, lung function, etc.

3. Imaging data collection: including chest radiograph,
high-resolution CT scan, etc.

4. Information collection of scales: modified Medical
Research Council (mMRC) dyspnoea scale, COPD
Assessment Test (CAT) scale, Micro-Nutrition
Assessment.

Follow-up and acute exacerbation

Patients with COPD have increased airway mucus secre-
tion and increased airflow obstruction due to airway
infection or non-infectious factors, which are manifested
as increased dyspnoea, increased sputum volume and
purulent sputum, often accompanied by increased cough
and wheezing. When the degree of aggravation of the
above symptoms exceeds the daily variation and reaches
the level that requires intensive treatment or even medical
treatment, itis AECOPD. After the patient was discharged
from the hospital for the first time, the research assistant
will be responsible for each patient’s initial visit and tele-
phone follow-up every 2 months. When the patient had
acute exacerbation, the participant was asked to contact
the research assistant and would be referred to the respi-
ratory doctor in our hospital to assess the severity of the
patient’s onset.
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Table 1 Data collection schedule

Phone Phone

Phone Phone Phone

interview 1 interview 2 interview 3 interview 4 interview 5 Visit2 (12

Stage visit and follow-up timeline

Visit 1 (2 months) (4 months) (6 months) (8 months) (10 months) months)

Collection of basic information \
informed consent

Inclusion and exclusion criteria \V
COPD staging \
Smoking history N
Current medication \

v

Chest radiograph and high-resolution
CT scan

Information collection of scales \
(MMRC, CAT, MNA)

Exacerbation \ \

mNGS for induced sputum, \
pharyngeal swab and stool

Blood sampling
Inflammatory cell counting
Blood routine examination
Arterial blood gas analysis
T lymphocyte subsets
IgA, IgG, IgM, C3, C4

= <22 =

v
v
v v v v
v
v
v v v v
Vv
v
Vv
v
Vv

CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; mMRC, modified Medical Research Council; MNA, Micro-

Nutrition Assessment; MNGS, metagenomic next-generation sequencing.

The data collection schedule is shown in table 1. The
definition of moderate exacerbation and severe exacerba-
tion is based on the ‘Chinese Experts’ Chronic Consensus
on Anti-infection Treatment in the Acute Exacerbation of
Obstructive Pulmonary Disease’ according to the patient’s
need for additional treatment measures to determine
whether it is moderate exacerbation or severe exacerba-
tion. For moderate exacerbation, use SABDs and anti-
biotics and/or oral hormones. It is severe exacerbation
when hospitalisation or emergency treatment is required,
and it may be accompanied by acute respiratory failure.

Specimen collection

1. Induced sputum: after being assessed by the attend-
ing physician, it will be collected by a specialist in the
Department of Respiratory Medicine of Guangdong
Provincial Hospital of Traditional Chinese Medicine.
The collection and preparation of induced sputum re-
fer to the improved method."” '* Before induction, the
patient would rinse his mouth thoroughly with saline,
swallow an appropriate amount of saline, and clear
the mouth and nose secretions. Sputum induction was
preceded by premedication with 400 pg of inhaled sal-
butamol. After post-bronchodilator spirometry, the pa-
tient would inhale sterile hypertonic saline (NaCl) at
increasing concentrations (3%, 4% and 5% solutions,
10 min per inhalation) via an ultrasonic nebuliser
(ULTRA-NEB TM 2000, DeVilbiss, USA). After each

inhalation, spirometry was performed to detect a po-
tential forced expiratory volume in 1 s (FEV)) decrease.
The procedure was stopped when a significant (=20%)
FEV, decline as compared with post-bronchodilator
baseline value was noted. After the nebulisation, a ster-
ile container was used to collect the induced sputum
and quickly store it in a —80°C refrigerator within 1
hour. The net weight of sputum should be greater than
0.1 g. A part of the sputum should be used to com-
plete the sputum smear microscopy. Giemsa staining
method was used to observe the number of squamous
epithelial cells in each low-power field. If the ratio of
squamous epithelial cells is more than 20%, the spec-
imen is deemed unqualified. If qualified, cell classifi-
cation and counting is possible; another part of the
sputum is sent to Beijing Boao Inspection Company,
and the sample storage container must indicate the
sampling date and sample number, and it must be
consistent with the information on the test application
form. Specimens should be collected on the day of ad-
mission or the next day.

. Pharyngeal swab: the specimen was collected by the

Department of Respiratory Medicine of Guangdong
Provincial Hospital of Traditional Chinese Medicine,
in a special container for throat swab. Before the col-
lection, the patient can rinse their mouth with normal
saline. Gently scrape the patient’s posterior pharynx,
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tonsil crypts, etc, repeatedly wipe three to five times.
A total of five tubes is needed to collect mucosal cells.
Avoid contact with tongue, oral mucus and saliva when
taking it out. After the specimens are collected, they
are stored in a refrigerator at —20°C and delivered to-
gether with the induced sputum. Specimens should be
collected on the day of admission.

3. Stool: the subject keeps two stool specimens by him-
self. After defecation, the patient is instructed to avoid
picking the part that is in contact with the bottom and
edge of the bedpan, placing it in the stool collection
tube, and flicking the stool to the bottom of the stool
collection tube. There should be three tubes. In ad-
dition, a common stool collection tube was used to
collect one stool, stored in the refrigerator at —4°C,
and sent to the laboratory of our hospital. Three tubes
of stool collection were stored in the refrigerator at
-20°C, and delivered together with the induced spu-
tum and throat swabs. Specimens should be collected
within 1-3 days after admission as far as possible. The
patient should eat more foods with high water content
and drink more water before defecation to help the
smooth discharge of stool.

4. Blood: an appropriate amount of blood samples (ar-
terial blood +venous blood) should be sent to the
laboratory of our hospital immediately after being
collected by the Department of Respiratory Medicine
of Guangdong Provincial Hospital of Traditional
Chinese Medicine. If the sample cannot be sent with-
in 1-2 hours, the sample should be placed in the re-
frigerator for storage time but must not exceed 24
hours.

Metagenomic sequencing

DNA extraction

Induced sputum, pharyngeal swab and stool samples
were collected from patients according to standard
procedures. The process of metagenomic sequencing
consisted of sample processing, nucleic acid extraction,
library generation and bioinformatic pipeline analysis as
described previously."” '° Total bacterial DNA was isolated
and purified using QIAamp DNA Stool Mini Kit (Qiagen,
Valencia, California, USA).

Library construction and sequencing

A sequencing library was constructed following the
BGISEQ-500 instruction and using the standard protocol
with minor modification. In brief, the genomic DNA was
fragmented and DNA fragments between 100 bp and
~300 bp were selected. The selected DNA fragments
were repaired and modified. A dTTP tailed adapter
sequence was ligated to both ends of the DNA frag-
ments, and the fragments were further amplified and
subjected to single-strand circularisation. Two types of
sequencing strategies, paired-end (PE) and single-end
(SE), were followed using the BGISEQ-500 platform with
read length of 50 bp and 100 bp, respectively (insert size
~250 bp).

Metagenomic sequences de novo assembly

High-quality reads from each DNA sample were selected
for de novo assembly of each sample. High-quality reads
of PE50 and SE100 from each sample were assembled
into longer contigs using the IDBA-UD (V.1.1.3) by iter-
ated Kmer. Contigs constructed at each round of iteration
were used as long reads for the next iteration.

Establishment of a gene catalogue of microbiome

The assembled sequences of each of the samples were
filtered with a length exceeding 500 bases. These contigs
were used for prediction of open reading frames (ORFs)
using Prodigal (V.2.6.1) with the procedure ‘meta’. In
order to bin orthologues and avoid inflation of possible
sequencing errors, shared ORFs were grouped using
CD-HIT with a criterion of 95% identity >90% of the
shorter ORF length with default parameter except ‘-G 0
-n 8-aS 0.9 —c 0.95-d 0 —g 1’ . The longest ORF in each
group was selected to represent the group, and other
members of the group were considered redundant.

T lymphocyte subset detection

Related methods are described in our previous article.'”
Briefly, peripheral blood mononuclear cells (PBMCs) are
separated and then stained with antibodies. T lymphocyte
subsets were detected by flow cytometry.

CAT score
The evaluation of CAT score and severity of illness is
as follows: CAT score <10: mild; 10<CAT score <20:
moderate; 20<CAT score <30: severe; CAT score >30: very
serious.'®

mMRC dyspnoea score

The evaluation of mMRC dyspnoea score is as follows:
grade 1, not troubled with breathlessness except with
strenuous exercise; grade 2, troubled by shortness of
breath when hurrying on the level or walking up a slight
hill; grade 3, walks slower than people of the same age
on the level because of breathlessness or has to stop for
breath when walking at own pace on the level; grade 4,
stops for breath after walking about 100 yards or after a
few minutes on the level; grade 5, too breathless to leave
the house or breathless when dressing or undressing."

Sample size calculation

Sample size was calculated based on the primary outcome
of exacerbation frequency. According to previous
studies® 2! and our clinical observations, the probability
of acute exacerbation of two or more times is 35%, and
the probability of acute exacerbation or no recurrence is
65%.

By using the PASS software, we set the 0=0.05 and the
power 1-B=0.9. The ratio of cases among each group is
1:2, the number of cases calculated is 129 in total. We
suppose a 30% of lost in the follow-up of the study, thus,
the ultimately needed case is 168.
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Safety evaluation

Before the induced sputum examination, prepare
rescue equipment and medicines, and fully explain the
whole process and precautions of the induced sputum
examination, so that the patient can maintain as much
understanding and comfort as possible. During the
induced sputum examination, closely monitor FEV,. If
the decrease of FEV, exceeds the baseline value 20%, the
operation should be stopped immediately. During the
operation, if the patient develops chest tightness, cough
or dyspnoea, the operation should be stopped immedi-
ately and bronchodilation drugs should be given. The
induced sputum should be tested as soon as possible after
treatment, usually within 2 hours.

Statistical analysis

For data collection and entry, we use Epidata V.3.1 soft-
ware to establish a database. All data are entered in two
copies. After logical inspection, verification, cleaning and
blind review, the database is locked. A statistical analysis
plan is developed at the beginning of the trial design
and the statistical analyst uses SPSS V.22.0 for analysis.
The descriptiveness of the subjects’ baseline and clinical
characteristics is as follows: the measurement data use
the mean and SD, and the count data use the component
ratio and rate. For observation indicators, the following
statistical methods are used:

Measurement data: calculate the mean and SD of
each functional test index, and carry out normal inspec-
tion at the same time. For comparison between groups,
independent-sample t-test was used for data conforming
to normal distribution, and rank-sum test was used for
non-normally distributed data. For intragroup compar-
ison, paired t-test was used for data conforming to normal
distribution, and rank-sum test was used for non-normal
distribution data. When the variance is homogeneous,
single-factor analysis of variance is used for comparison
between multiple groups, and the Welch test is used when
the variance is uneven. When p<0.05, the difference is
considered to be statistically significant.

Enumeration data: calculate the constituent ratios and
rates of each index. The total effective rate is compared
with the foursquare table test (or exact probability
method) between groups, and the Fisher's exact test
(2xC) is used for the comparison of the constituent
ratios between groups. The rank-sum test (Mann-Whitney
method) was used to compare the rank data between
groups. When p<0.05, the difference is considered to be
statistically significant.

DISCUSSION

COPD is a clinical syndrome comprised of chronic bron-
chitis and emphysema, and the total number of patients
with COPD in China is about 100 million.” Among them,
the prevalence rate of COPD in people over 40 years
old is 13.7%, while the prevalence rate in people over
60 years old is over 27%. The number of male patients

is 22 times that of female patients. COPD exacerbation
is one of the most common reasons for acute hospital
admissions, imposing a large burden on health resources.
AECOPD is an independent risk factor for death in most
patients with COPD, and its prevention and treatment
level directly affect the survival of patients.”” Therefore, it
is very important to optimise the diagnosis and treatment
strategy of AECOPD, and the rational use of antibacte-
rial drugs is the top priority. Patients with COPD have
increased airway mucus secretion and increased airflow
obstruction due to airway infection or non-infectious
factors, manifested as increased dyspnoea, increased
sputum volume and purulent sputum, often accom-
panied by increased cough and wheezing.** When the
degree of aggravation of the above symptoms exceeds the
daily variation and reaches the level that requires inten-
sive treatment or even medical treatment, it is AECOPD.

Although the reports of different researchers are quite
different, more consistent results include: 60%~80% of
AECOPD are caused by infection. About 50% of them can
prove that the virus can be detected in its early stage; 50%
of patients have bacteria detected; 5%—-10% are infected
by atypical pathogens; and 20%-40% of AECOPD may be
caused by non-infectious factors, most of which are diffi-
cult to determine a single cause. Therefore, determining
whether there is an infection and its pathogen is the basis
for successful treatment. On the first to second day in
the early stage of COPD exacerbation, upper respiratory
tract infection-like symptoms occur first, manifested as
fever, general malaise, increased cough, slightly increased
sputum volume, accompanied by a certain degree of
shortness of breath but rarely purulent sputum. Then the
expectoration of sputum increased, the sputum gradually
became thicker and the dyspnoea was obviously aggra-
vated, accompanied by obvious wheezing.

Gut microbiota imbalance is now considered not only
a potential cause of many digestive tract diseases, but also
a potential cause of non-digestive tract diseases, such as
obesity and neurological diseases.”” ** The lung is actu-
ally not sterile, but contains obvious microbial communi-
ties.”” Lung flora imbalance can cause many respiratory
diseases, such as COPD.?® The interaction between the
intestine and lungs is called the ‘gut-lung axis’.*’ *
Under stress conditions such as trauma and infection, the
disturbance in gut microbiota can release a large amount
of active oxygen, and the intestinal barrier function will
be disrupted. The bacteria enter the blood and spread
through the blood to other tissues or organs of the host,
and finally cause inflammation. The lung microbes are
connected with intestinal bacteria.”’ Gut microbiota can
provide extensive protection for respiratory infections
to a certain extent. Mice with reduced intestinal flora
can lead to impaired immune responses and bacterial
or viral infections in the respiratory tract.”® The flora
can clear the lung infection of Escherichia coli through
the expression of TLR4.”® Studies have confirmed that
the imbalance of intestinal flora can activate the LPS/
TLR4 pathway, thereby upregulating the lung tissue
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inflammation caused by influenza virus and aggravating
the pathological state of lung tissue caused by influenza
virus.”* The symbiotic bacteria in the human intestines
such as bifidobacteria and lactobacilli are of great signif-
icance to the immune response of the body. Studies have
found that the number of bifidobacteria and lactobacilli
in the faeces of patients with COPD is significantly less
than that of normal people, and the imbalance of intes-
tinal flora is related to the incidence of acute COPD.'" *°
Most patients with COPD are long-term smokers, and
studies have shown that chronic smoke exposure can
change the structure of intestinal microbes.”” Although
the biological mechanism between smoking and the
intestinal environment is not clear, it is likely to be the
result of comprehensive effects such as changes in the
environment, host and microorganisms, such as intestinal
immune damage, antigen clearance failure, acidification
of gastric contents, etc.”® *” Patients with COPD often
have repeated lung infections and require long-term use
of large amounts of antibiotics. Overdose of antibiotics
can easily lead to imbalance of the intestinal flora. As the
growth of some parasitic bacteria and yeasts in the intes-
tine (such as Candida albicans) is inhibited, the number
of bacteria (such as Proteus, Staphylococcus and Clostridium
difficile)y would increase.” The use of broad-spectrum
antibiotics causes collateral damage, including over-
growth of potentially pathogenic intestinal flora, which
can impact the inflammatory immune responses. Patients
with AECOPD frequently receive antibiotic treatment
and are often subjected to mechanical ventilation, which
may induce local and systemic inflammatory responses.
A healthy gut microbiome produces chemical signals
that can inhibit inflammation in the intestines and even
the whole body, while a damaged gut microbiome may
produce pro-inflammatory factors. When certain micro-
organisms metabolise dietary fibre, they produce large
amounts of short-chain fatty acids (SCFAs). SCFAs can be
transported to different places through the blood circu-
lation to affect the recruitment and vitality of immune
cells in the body (including the lungs), thereby reducing
inflammation. Increased systemic inflammation is a risk
factor for COPD exacerbation. Microbes also produce
other messenger molecules. For example, endotoxin can
stimulate immune cells to release cytokines to promote
inflammation. Although the exact causes and effects are
still unclear, the study of the influence of the microbiome
on inflammation has been considered an important link.

Although pathogenic bacteria can be detected in the
lung of a patient with AECOPD, it is difficult for some
patients with AECOPD to obtain valuable lower respi-
ratory tract secretions, and it is impossible to identify
the pathogenic bacteria. Many patients have detected
multiple bacteria in the sputum successively or even
simultaneously, and it is difficult to determine the true
pathogenic bacteria. There is a view that new strategies
for COPD antibacterial treatment require attention not
only to the short-term efficacy of patients, but also to the
long-term prognosis of patients, including reducing the

frequency of AECOPD, extending the interval between
two episodes and delaying the progression of the disease.
Lung dysbiosis can promote airway inflammation and
reduce local immunity, and may play a role in the patho-
genesis of AECOPD. Studies have shown that the micro-
biome profile of sputum in patients with AECOPD is
related to l-year mortality and can be used to predict
prognosis. The relative abundance of Veillonococcus in the
sputum of survivors is higher, while the abundance of
Staphylococcus in the sputum of non-survivors is higher.”
In this study, we used metagenomic sequencing for the
analysis of sputum. Metagenomic sequencing is benefi-
cial to increase the number and proportion of pathogens
read in the sequence data, and can improve the detec-
tion sensitivity of target microorganisms. The sputum
microbiome may provide prognostic features, which may
be used to identify patients with COPD who may benefit
from close clinical monitoring after discharge following a
COPD-related hospitalisation.

COPD is a chronic disease that seriously endangers
human health. In recent years, with the increasingly stan-
dardised management of chronic diseases, the clinical
symptoms and the number of patients with AECOPD have
been effectively controlled, but the progressive decline
in lung function is still not well controlled. The industry
urgently needs to carry out research on new methods
and new approaches for the treatment of COPD. Under
the premise that the mechanism of action of pulmonary
flora and intestinal flora has not been fully elucidated,
this study focuses on the close relationship between intes-
tinal flora imbalance and COPD, and reveals the relation-
ship between intestinal microbes and lung microbes. The
mechanism of action between the ‘gut-lung axis’ may
become a new entry point for the treatment of COPD.
A comprehensive understanding of the intestinal micro-
environment of patients with COPD may be a prom-
ising measure for the development of effective drugs to
improve the intestinal flora of patients with COPD.

Trial status
The trial was registered on 14 May 2020 and is currently
in the early stage of recruitment.

Ethics and dissemination

This study has been approved by the ethics committee of
Guangdong Provincial Hospital of Traditional Chinese
Medicine (approval number ZF2019-219-03). We will
publish and present our results at national and interna-
tional conferences and in peer-reviewed journals.
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