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Sepsis is associated with acute respiratory distress syndrome, which has a significant impact on the
prognosis of patients. Several studies have shown that the microbiota plays a significant role in sepsis-
induced acute respiratory distress syndrome, but the relationship between the microbiota and sepsis-
induced acute respiratory distress syndrome is not fully understood. We conducted a case-control and
single-center study in 19 sepsis-induced acute respiratory distress syndrome patients and 36 sepsis-non-
induced acute respiratory distress syndrome patients to investigate the clinical features and microbiota
expression. There were 55 subjects enrolled, 19 of whom suffered acute respiratory distress syndrome
due to sepsis. A significant increase in the abundance of Pseudomonas aeruginosa, leptospiral virus,
Cytomegalovirus, Klebsiella pneumoniae, Streptococcus pneumoniae, Candida albicans, Escherichia coli,
Epstein-Barr virus and Staphylococcus aureus. Besides, expressions of peripheral T lymphocytes (cluster
of differentiation 3*, cluster of differentiation 4" and cluster of differentiation 3, cluster of differentiation
8%) was much higher in the sepsis-induced acute respiratory distress syndrome group than that in the
sepsis non-induced acute respiratory distress syndrome group. The acute physiology and chronic health
evaluation II scores, duration of mechanical ventilation and mortality with 28 d and 90 d were much
higher in the sepsis-induced acute respiratory distress syndrome group. Patients with sepsis-induced
acute respiratory distress syndrome had worse clinical outcomes and a higher expression of peripheral T

lymphocytes, as well as the relative abundance of microbiota dysbiosis.
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Acute Respiratory Distress Syndrome (ARDS)
or Acute Lung Injury (ALI) is a life-threatening
condition characterized by respiratory failurel'l. As
one of the primary causes of death in critically ill
patients, ALI/ARDS is one of the most common
clinical critical illnesses with rapid onset and high
mortality®. Tt is estimated that more than three
million patients are diagnosed with ARDS worldwide
every year, accounting for 10 % of the entire number
of people who are admitted to Intensive Care Unit
(ICU)B.. While major advances have been made
in the treatment of ARDS, including the use of
Extracorporeal Membrane Oxygenation (ECMO),
protective lung ventilation maneuvers and statins,
the mortality from ARDS remains high!*. A primary
cause of ALI/ARDS in the ICU is sepsis and the
lung is the most vulnerable organ during the course
of sepsist®. The direct cause of sepsis-induced ALI/
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ARDS is pulmonary infection, while the indirect
cause is extra pulmonary infection!. Although the
mechanism by which sepsis induces ALI and ARDS
is complex and multifactorial, we understand that gut
microbiome plays a significant role!”.

A microbiome is a community of microorganisms
including bacteria, viruses, fungi and archaea, that
colonize the body™. A number of recent studies
have demonstrated the close relationship between
microbiota dysbiosis and multiple diseases, such as
cardiovascular, digestive, and respiratory diseases®.
It has also been discovered that the microbiota
and its metabolites contribute to the occurrence,
development, treatment and prognosis of sepsis!!®
A potential therapeutic target in sepsis is the
microbiome, which modulates several responses
to sepsis!'l. An individual's gut microbiome can
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be colonized with an entire donor microbiome
by fecal microbiota transplant. As a result, fecal
microbiota transplantation may enhance microbiome
reconstitution and impact sepsis outcomes in several
ways, including through the stimulation of short-
chain fatty acid production and the modulation of
the immune system!'?. It was found that healthy
lungs also contain microbiomes and the microbiome
of the lungs changes depending on the severity of
the disease. After passing through the gut-lung axis,
the intestinal and pulmonary microbiomes of severe
patients exhibit obvious changes. These changes have
an impact on sepsis-associated ARDS!'3. In spite of
this, there is a lack of understanding regarding the
relationship between microbiota and ARDS caused
by sepsis.

In this study, we examined whether the
sepsis induced ARDS group differed in clinical
characteristics and microbiota at the time of diagnosis
from the sepsis induced ARDS group, and to provide
valuable evidence to help prevent and treat sepsis-
induced ARDS.

MATERIALS AND METHODS
General information:

We conducted a single-center case-control study at
Panyu Central Hospital between September 1% 2020
and December 315 2021. The study was conducted
in accordance with the Declaration of Helsinki and
was approved by the Hospital's Ethics Committee.
Informed consent was obtained from all included
patients before participation in the study.

Inclusion criteria: Age >18 y; a diagnosis of sepsis
3.0 criteria and ARDS was made.

Exclusion criteria: Terminal stage of chronic
disease; acute pancreatitis but no definite infection;
pregnant and lactating women; diagnosis of
hematological, immunological diseases; treatment
with immunosuppressant’s and chemotherapy agents.

The diagnostic criteria of sepsis associated ARDS:

Sepsis and ARDS were required criteria for
enrollment!'. According to the 3™ International
Consensus Definitions for Sepsis and Septic Shock
(sepsis-3), patients were diagnosed with sepsis!(!®,
ARDS is defined as acute onset of illness that
meets all of the three criteria; an arterial partial
Pressure of Oxygen (Pa0O,) to Fraction of inspired
Oxygen (FiO,) ratio of not more than 300; the chest

193 Indian Journal of Pharmaceutical Sciences

radiograph showed bilateral infiltrates consistent
with pulmonary edema, without evidence of left
atrial hypertension; and using an endotracheal tube to
receive positive pressure mechanical ventilation!!®,
To identify potential study participants and study
researcher screen participating ICUs.

Collecting data:

Data were extracted as follows; demographics such
as gender and age, Acute Physiology and Chronic
Health Evaluation II (APACHE II) score, Sequential
Organ Failure Assessment (SOFA) score, infection
sites, history of smoking, history of drinking,
tracheotomy, mechanical ventilation, duration of
mechanical ventilation, comorbidity, infection
sites, mortality within 28 d or 90 d medications.
Expressions of peripheral T lymphocytes (Cluster of
Differentiation (CD) 3%, CD4*, CD3", CD8" and ThTs)
and metagenomic next-generation sequencing for the
detection of pathogens in bronchoalveolar lavage
fluid. APACHE II and SOFA score was calculated
using variables obtained 24 h prior to admission.

Macrogenome and

sequencing:

extraction, preservation

Deoxyribonucleic Acid (DNA) was extracted from
pretreated sputum samples using the FastDNA™
SPIN kit (see kit instructions for extraction steps).
DNA was preserved by elution with 80 pl Drug-
Eluting Stents (DES) and the extracted DNA was
subjected to electrophoresis and DNA extraction
was successful if bright bands were produced by
electrophoresis. Store the extracted DNA at -20° in
the refrigerator. The DNA stored at -20° is sequenced
simultaneously: Primers are designed according to
the conserved regions and the sequencing junction
is added at the end of the primers, Polymerase Chain
Reaction (PCR) amplification is performed and the
products are purified, quantified and homogenized
to form a sequencing library. The raw image data
files obtained from high-throughput sequencing are
transformed into raw sequencing sequences by base
identification analysis, and the results are stored in
FASTAQ file format.

Statistics analysis:

Statistical Package for the Social Sciences (SPSS)
22.0 was used to process the statistics of all data.
Frequencies and percentages (n, %) were used to
express categorical variables, and a comparison
between groups was performed using either the Chi-
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Square (y*) test or Fisher's exact test. Continuous
variables were expressed as mean+standard deviation
and two independent samples t-tests were used to
compare the two groups. As statistically significant,
p<0.05 was considered.

RESULTS AND DISCUSSION

Study participants included 55 patients, with
19 suffering from sepsis-induced ARDS and 36
suffering from non-induced sepsis-induced ARDS.
There was no statistical difference in age, gender,
SOFA score, history of smoking and drinking,
comorbidity, infection sites, hospitalization time
and medications. However, the APACHE 1II score,
the rate of tracheotomy and mechanical ventilation,
and mortality within 28 d or 90 d were higher in
the sepsis-induced ARDS group compared with the
sepsis non-induced ARDS group as shown in Table
1.

Only 12 sepsis-induced ARDS patients and 15
sepsis non-induced ARDS patients have detected
the peripheral T lymphocytes. We next compared
the expression of peripheral T lymphocytes of sepsis
patients with or without ARDS. As shown in Table
2, the expression of peripheral T lymphocytes of
sepsis patients with ARDS differed from those of
patients without ARDS. The percentage of CD3",

CD4", CD37, CD8" and ThTs were much higher in
the patients with ARDS.

Then, the differences in lung microbiota between
the sepsis-induced ARDS group and the sepsis-non-
induced ARDS group were investigated. Based on
the abundance of Stenotrophomonas maltophilia,
there were no significant differences between the
two groups (fig. lA). Asshowninfig. 1B-fig. 1J, the
relative abundance of Pseudomonas aeruginosa,
leptospiral virus, Cytomegalovirus, Klebsiella
pneumoniae, Streptococcus pneumoniae, Candida
albicans, Escherichia coli, Epstein-Barr virus and
Staphylococcus aureus were significantly higher
in the sepsis-induced ARDS group than in the
sepsis-non-induced ARDS group.

This case-control study analyzed factors related
to sepsis-induced ARDS based on the clinical
characteristics and abundance of lung microflora.
There were a total of 19 cases with sepsis-induced
ARDS and 36 cases with sepsis-non-induced
ARDS. The results of this research have revealed
that there were several factors independently
associated with an increased risk of sepsis-induced
ARDS, including lung microorganism, peripheral
T lymphocytes, APACHE II scores, duration of
mechanical ventilation and mortality with 28 d and
90 d.

TABLE 1: THE CHARACTERISTICS OF PATIENTS ENROLLED IN OUR STUDY

Sepsis non-induced ARDS

Characteristics Sepsis-induced ARDS (n=19) (n=36) p
Age (years) 67.00£15.04 69.02+15.67 0.64
Males 14 19 0.13
APACHE Il score 30.31£7.75 24.14+6.37 0.002
SOFA score 10.42+3.04 10.63+3.51 0.82
History of smoking 9 11 0.21
History of drinking 5 6 0.39
Tracheotomy 10 5 0.002
Mechanical ventilation 17 16 0.001
Duration of (’:j“ae;;‘a“ical 11.4216.03 7.8045.61 0.02
Comorbidity

Cancer 3 0.62
Diabetes 3 9 0.51
Cardiovascular disease 9 21 0.56
Respiratory disorders 3 6

Liver cirrhosis 1 3

Autoimmune diseases 1 3

Others 10 22
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Infection sites

Pulmonary infection 16 28 0.57
Abdominal infection 10

Blood infection 5

Urinary tract infection 3 0.27
Clinical outcomes

Mortality within 28 d 11 7 0.004
Mortality within 90 d 11 8 0.008
Hospitalization time (days) 22.66+19.89 19.41+15.21 0.51

Medications

Glucocorticoids 5 10 0.9

Immunomodulation drugs 3 1 0.07

TABLE 2: THE CHARACTERISTICS OF PATIENTS ENROLLED IN OUR STUDY

Sepsis non- induced ARDS

Characteristics Sepsis-induced ARDS (n=12) (n=15) p
CD3* CD4* (%) 62.72+5.81 50.65+16.28 0.01
CD3* CD8* (%) 42.62+11.54 31.72+14.07 0.005
ThTs (%) 2.05+1.39 2.29+1.54 0.02
A . B c D E
100 . = 1504 50 40+ 150
% ¢ 5% 5 - 5 5
8§ o 3§ rs ggaqi $85] o= 5
E Esmn— . E'g 5% - ggm_ e
E 60+ E® E = 304 . 'g o T=J 3
Z 3 35 H 35 T
s 404 . QE 504 -ggzo- . 2510 -g% wl T .
29 a0l . g £80] L1 EH107 o . £a . .
NI | I B { : ]
o % 0 uf—o—ﬁ— o J I E——— -
F G H | J
100+ - 40+ 100 iu] 100 - 60
%5 * . s / 5 : 5 ¢ 52
i R 22 o §§ E
E e 2s . 2% : 2% 23
° oel gim_ 22 40 . g.g .g‘gz" o §
4 . 4 3 : x T [+ .

Fig. 1: Different expression of gut microbiota in the sepsis-induced ALI and sepsis-non-induced ALI patients, (A-J): The relative abundance of
Pseudomonas aeruginosa, Stenotrophomonas maltophilia, Leptospira virus, Cytomegalovirus, Klebsiella pneumoniae, Streptococcus pneumoniae,
Candida albicans, Escherichia coli, Epstein-Barr virus and Staphylococcus aureus were detected by RT-PCR

Note: *p<0.05; **p<0.01; ***p<0.001 and nsp>0.05, (@ ): Sepsis-induced ARDS and ( [l] ): Sepsis non-induced ARDS

In a seminal study by Johanson ef al., decades
before the dawn of high-throughput sequencing,
they showed that critical illness alters the
ecosystem of the body's microbiota, confirming
what was shown in previous studies!'”l. As a result
of their illness, patients staying in hospitals will
have a different microbiota than those who are
not in hospitals. In the event of a critical illness,
the physiology of the host is substantially altered,
which alters the conditions in the environment,
as well as the structure of the communities of
microbes that reside there.
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Previous culture-dependent studies suggest a
relationship between respiratory tract bacteria
and ARDS pathophysiology. Pneumonia occurs
far more frequently in ARDS patients than in
other mechanically ventilated patients!'®!. There
is evidence that pulmonary exposure to bacterial
factors (e.g. Lipopolysaccharide (LPS) and
flagellin) contributes to ARDS-type inflammation
and injury. In studies conducted on mechanically
ventilated patients without culture, the previously
unappreciated complexity of the respiratory
microbiome was revealed. Animal experiments
Special Issue 3, 2023
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recently showed that direct lung injury alters the
lung microbiome composition in a similar way
to culture-independent studies!'”. Earlier studies
suggested that disorder of the lung microbiome,
as identified by the presence of Proteobacteria
phylum (commonly occurring in the microbiome
of patients with inflammatory lung conditions),
was significantly associated with elevated
alveolar concentrations of Tumour Necrosis
Factor-Alpha (TNF-a)?%. By contrast, decreased
alveolar concentrations of TNF-a were associated
with increased levels of Bacteroidota in the lung
microbiomes of healthy subjects, which is the
most abundant phylum in the lung microbiomes of
healthy individuals?'.

According to a study published in 2016, 10.4 %
of all patients who were admitted to an ICU and
23.4 % of all patients who were ventilated in
an ICU suffered from ARDSP2. Although there
is still no consensus as to what a healthy lung
microbiome is, there does seem to be an increased
mortality rate linked to ARDS, with as many
as 43 % of patients dying due to the illness[?*,
Patients with healthy lungs are often found to
have specific microorganisms residing in their
lungs®, Nonetheless, in clinical practice, it
seems to be difficult for microorganisms of this
type to be detected. There were almost 40 % of
bronchoalveolar lavage cultures that were negative
in critically ill patients who underwent mechanical
ventilation. However, NGS showed a positive result
in patients undergoing mechanical ventilation®!.
A lower alpha diversity not only indicates poor
lung health, but it also signals that the patient will
eventually need to be ventilated invasively at some
point in their lives%. A significant difference was
found between patients with ventilated ARDS
and patients without ventilated ARDS when the
alpha diversity of their Bronchoalveolar Lavage
(BAL) cultures was also positive, as well as a high
dominance of one bacterial species (>50 %)P7. In a
study by Kyo et al.,”® it was demonstrated that in
ARDS patients, there is a decrease in alpha diversity
of the lung microbiome, which is associated with
increased mortality in the hospital. A study also
revealed that patients with ARDS frequently
had Betaproteobacteria, Staphylococcus,
Streptococcus and  Enterobacteriaceae in
abundance, which may play a crucial role in the
pathophysiology of patients with ARDSE®. An
ARDS is more likely to occur in patients who have
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suffered a trauma caused by smoking cigarettes.
As compared to non-smokers, smokers have a
microbiome that contains a higher abundance of
bacteria such as Streptococcus, Fusobacterium,
Prevotella, Haemophilus and Treponema™®. The
microbiome of the lungs has been significantly
altered by smoking. An experiment carried out on
mice showed that mice exposed to smoke for 2 h
every day for 90 d were more likely to have higher
levels of Staphylococcus, Acinetobacter and
Bacillus, all of which are considered pathogenic
microorganisms?’, Lastbutnotleast, itis extremely
important to distinguish between microorganisms
that cause diseases and those that are only a
part of the infection process. It has been shown
that in pneumonia patients with a positive BAL
culture for Methicillin-Resistant Staphylococcus
aureus (MRSA), often this is just colonization
without disease value, as it was shown in the case
of pneumonia patients. In a clinical setting, it is
much harder to interpret microbiome data due to
the complexity of the interpretation processi®.
However, our study found that no relationship
between smoking and sepsis induced ARDS.

As part of the host, the gut microbiome coexists
harmoniously with the host and contributes to
a wide range of beneficial functions, such as
influencing immunity, maintaining homeostasis
and many othersB®". It has become increasingly
evident that the gut microbiome plays an
important role in the occurrence, development and
outcome of septict*?l. The gut barrier integrity is
significantly compromised during sepsis'”, As a
result, intact microbes and microbiota products
are able to translocate, contributing to exacerbated
systemic inflammation and multi-organ failure™!.
By deteriorating the systemic inflammatory
response and by potentiating ALI/ARDS, this
imbalanced interaction between the gut barrier,
immune system, endogenous microorganisms,
and lung may result in a systemic inflammatory
response. This means that a better understanding
of gut microbiome in sepsis-related ALI/ARDS
is likely to contribute to the development of new
therapeutic approaches. There has been evidence
published that patients with sepsis have a greater
abundance of intestinal microbiota, which
is closely related to inflammation caused by
Parabacteroides, Clostridium, Bilophila and other
organisms. Additionally, researchers have found
an increased number of Enterococcus and other
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pathogenic bacteria in sepsis patients who have
died, suggesting that these bacteria may be useful
biomarkers for ICU management®. Moreover,
septic patients have a reduced abundance of
Faecalibacteriumwhichisassociatedwithareduced
degree of intestinal inflammation?¥. According
to a case control study conducted at a single
center, the abundance of the following 13 bacteria
was significantly higher among septic children
than among healthy control children. A positive
correlation was observed between C-Reactive
Protein (CRP) and White Blood Cell (WBC) levels
and the abundance of several bacteria, including
Enterococcaceae, Enterococcus and Enterococcus
duranst®. Besides, an earlier study found that
sepsis-induced cardiomyopathy was associated
with higher levels of Cronobacter and Cronobacter
phage abundance, and both Cronobacter and
Cronobacter phage had a good predictive ability
for sepsis-induced cardiomyopathy, according to
the receiver operating characteristic curvel”. In
this study, we revealed the different species of
gut bacteria between the sepsis-induced ARDS
group and the sepsis non-induced ARDS group and
proposed that the abundance of Escherichia coli
associated with an increased risk of sepsis-induced
ARDS.

It is important to note, however, that this study has
some limitations. The study was conducted at a
single center with a small sample size and a large
multicenter cohort study is needed to confirm
our findings in more detail. Due to the dynamic
and temporally heterogeneous clinical and
biological profiles of sepsis and ARDS, our study
of BAL specimens from patients with established
ARDS may not be able to accurately predict the
microbiology of the ARDS early stages as well
as developing stages based on the microbiology
of the specimens from patients with established
ARDS. Additionally, the role of microbiota and its
metabolites on the sepsis need to be investigated in
the future. It remains unknown whether ubiquitous
antibiotic exposure will affect the lung microbiota
in humans with ARDS. The dysregulation of the
host’s response to critical illness can only be
understood in its complex context. There will
need to be further studies conducted to determine
whether lung microbiota play a role in the onset,
augmentation and perpetuation of ARDS.

In conclusion, we have found that there were several
factors independently associated with sepsis-
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induced ARDS, including a higher expression of
peripheral T lymphocytes, as well as the relative
abundance of microbiota dysbiosis.
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