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Abstract
AIM: To implement high-throughput 16S rDNA sequenc-
ing to study microbial diversity in the fecal matter of rats 
with acute lung injury/acute respiratory distress syn-
drome (ALI/ARDS).

METHODS: Intratracheal instillation of lipopolysac-
charide was used to induce ALI, and the pathological 
changes in the lungs and intestines were observed. 
D-lactate levels and diamine oxidase (DAO) activities 
were determined by enzymatic spectrophotometry. The 
fragments encompassing V4 16S rDNA hypervariable 
regions were PCR amplified from fecal samples, and the 
PCR products of V4 were sequenced by Illumina MiSeq. 

RESULTS: Increased D-lactate levels and DAO activi-
ties were observed in the model group (P  < 0.01). 
Sequencing results revealed the presence of 3780 and 
4142 species in the control and model groups, respec-
tively. The percentage of shared species was 18.8419%. 
Compared with the control group, the model group had 
a higher diversity index and a lower number of species 
of Fusobacteria  (at the phylum level), Helicobacter  and 
Roseburia  (at the genus level) (P  < 0.01). Differences in 
species diversity, structure, distribution and composition 
were found between the control group and early ARDS 
group.

CONCLUSION: The detection of specific bacteria al-
lows early detection and diagnosis of ALI/ARDS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This experimental study evaluated the possi-
ble association between acute respiratory distress syn-
drome (ARDS) and intestinal microflora using an animal 
model and high-throughput sequencing analysis. Dif-
ferences in species diversity, structure, distribution and 
composition were found between the control group and 
early ARDS group. This study contributes to a better 
understanding of the mechanisms by which changes in 
the intestinal mucosal barrier and host microflora may 
be involved in the pathogenesis of ARDS.
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INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a continu-
ous pathological process, with acute lung injury (ALI) at 
its early stage. According to Ashbaugh et al[1], ARDS is 
characterized by alveolar epithelial and endothelial bar-
rier disruption, significant inflammation, gas exchange 
dysfunction and severe respiratory failure. Despite re-
markable progress in the pathophysiology and standard 
treatment (i.e., supportive mechanical ventilation) of  
ARDS, the mortality rate remains high at approximately 
40%-60%[2,3], making it the leading factor contributing 
to the high morbidity and mortality of  patients in the 
intensive care unit[4,5]. ARDS results from sepsis, trauma, 
gastric aspiration, and pneumonia[6]. The most common pre-
cipitating factor of  ARDS is sepsis. In 1988, Wilmore et al[7] 

proposed that the intestine is the target organ of  ARDS. 
The intestine is considered to be the largest repository of  
bacteria and endotoxins. A weak or damaged intestinal 
barrier triggers the translocation of  intestinal bacteria or 
endotoxins, leading to sepsis. Multiple organ dysfunction 
syndrome (MODS) is triggered by the chain reaction of  
cytokines and other inflammatory mediators. The serum 
level of  endotoxic lipopolysaccharides (LPS) from Gram-
negative bacteria is a predictive or prognostic factor for 
ARDS. Intratracheal LPS instillation has been used to 
induce sepsis-related ALI/ARDS[8] in animal models.

Approximately 1013-1014 microbes thrive in the in-
testine and cohabit discretely with the mucosal immune 
system[9]. About 1000 species of  bacteria live in the hu-
man intestine. This number of  bacteria is 10 times that 
found in cells in the body; in addition, the number of  
bacterial genes is 100 times higher than the genes of  the 
human host[10,11]. The effects of  bacterial genes in the 
large intestine have become a central issue among micro-
biologists. Normal intestinal flora can prevent infections 
caused by pathogens, provide nutrients, such as vitamin 
B and vitamin K, participate in the metabolism of  carbo-
hydrates and proteins, shape the mucosal immune system 
and serve as a biological barrier[12-14]. High-throughput se-
quencing greatly contributes to research on the diversity 
of  environmental microbes, including uncultured micro-
organisms and trace amounts of  bacteria.

Intestinal damage triggers or aggravates ARDS or 
MODS. However, the mechanism by which the intestine 
changes its mucosal barrier and microflora during ARDS 
remains unclear. High-throughput sequencing has con-
tributed greatly to the research on intestinal flora. Recent 
studies have employed high-throughput sequencing to 
reveal the specific relationship between diseases and in-
testinal flora[15-18]. The present study aimed to determine 
the relationship between ARDS and intestinal flora using 
high-throughput sequencing. This study will provide new 
insights and a possible experimental basis for the early 
detection and diagnosis of  ARDS in the future.

MATERIALS AND METHODS
Animals and reagents
Sixteen male Sprague-Dawley rats weighing approxi-

mately 230 g were randomly divided into two groups 
(n = 8 for each group): a control/normal group and a 
LPS/model group. All animals were housed in autoclaved 
cages with free access to laboratory food and water, and 
were exposed to alternate cycles of  12 h of  light and 
darkness at room temperature (25 ℃). All experimental 
procedures complied with the Declaration of  Helsinki of  
the World Medical Association and the protocols were 
approved by the Institutional Animal Care and Use Com-
mittee of  Binzhou Medical University. LPS (Escherichia coli 
LPS, 055:B5), D-lactate and diamine oxidase (DAO) kits 
were purchased from the Sigma Chemical Company (St. 
Louis, MO, United States).

LPS-induced ALI animal model
The rats were fasted overnight and given ad libitum ac-
cess to water. The rats were anesthetized with 40 mg/kg 
of  chloral hydrate and then fixed on an operating table. 
LPS (10 mg/kg body weight) in phosphate-buffered sa-
line (PBS) was instilled intratracheally to induce ALI[19]. 
The normal group underwent the same procedure, but 
with intratracheal instillation of  PBS. All rats were anes-
thetized and killed after 24 h.

Wet/dry ratio
The water content of  the lungs was evaluated by calcu-
lating the wet/dry weight ratio. The left cranial lobe was 
excised, rinsed in PBS, blotted and then weighed to ob-
tain the wet weight. The lung was dried at 80 ℃ for 72 h 
to constant weight to obtain the dry weight. The wet/dry 
ratio was calculated by dividing the wet weight by the dry 
weight.

Pulmonary histopathology
The rats were perfused with PBS via the pulmonary ar-
tery. As soon as the chest and abdominal cavities were 
excised, portions of  the lungs were immediately removed 
and immersed in 4% paraformaldehyde for 72 h at room 
temperature. These portions were then processed and 
embedded in paraffin. Tissue sections (4 μm thick) were 
prepared by embedding in paraffin. After hematoxylin 
and eosin (HE) staining, the slides were observed under 
a light microscope. Six visual fields were randomly ob-
served on a slide under × 400 magnification. The lung in-
jury score (LIS) was assessed using the method described 
by Nishina et al[20]. Lung injury was assessed by alveolar 
congestion, hemorrhage, infiltration or aggregation of  
neutrophils in the airspace or vessel wall and thickness of  
the alveolar wall or hyaline membrane. The severity of  
lung injury was scored as follows: 0, minimum; 1, mild; 
2, moderate; 3, severe; and 4, maximum. Six high-magni-
fication fields were randomly selected and graded for the 
average LIS for each stained sample.

Intestinal histopathology and electron microscopy
The intestines, from the ileum to 5 cm above the cecum, 
were acquired immediately after the rats were killed. Tis-
sues for histopathology were fixed with 4% formalde-
hyde. Paraffin-embedded samples were cut and stained 

5850 May 21, 2014|Volume 20|Issue 19|WJG|www.wjgnet.com

Li Y et al . Changed intestinal microflora in ARDS rats



using HE to detect histopathological changes. Another 
set of  paraffin-embedded samples was used to observe 
ultrastructural changes. The samples were cut into 1 mm 
× 1 mm × 1 mm sections, pre-fixed with 3% glutaralde-
hyde, fixed with 1% osmium tetroxide, dehydrated in ac-
etone (50%, 70%, 90% and 100%) and then embedded in 
Epon 812. Semi-thin sections were used for optical posi-
tioning, whereas ultra-thin sections were used for double 
staining with uranyl acetate and lead citrate. The sections 
were observed by electron microscopy.

DAO activity and D-lactate levels in serum
Plasma was harvested from the collected abdominal 
aortic blood and kept at -20 ℃. Permeability of  the in-
testinal mucosa was assayed by measuring D-lactate and 
DAO levels in the plasma. Plasma D-lactate levels were 
measured by enzymatic spectrophotometric assay as pre-
viously described[21]. Plasma DAO activities were also de-
termined by enzymatic spectrophotometry as previously 
described[22].

Fecal collection and bacterial DNA extraction
Rat colons were immediately excised and fecal samples 
were harvested for microbial DNA extraction using a 
QIAamp DNA stool minikit (Qiagen, West Sussex, Unit-
ed Kingdom) following the manufacturer’s instructions. 
The quality and quantity of  genomic DNA were assessed 
with a Nanodrop spectrophotometer, with the A260/
A280 ratio between 1.8 and 2.0 considered a criterion for 
quality control. No obvious RNA banding was shown by 
gel electrophoresis, and genomic bands were clear and 
complete. DNA was frozen at -80 ℃ prior to PCR ampli-
fication.

Partido comunista revolucionario amplification of 16S 
rDNA V4 hypervariable regions
Fragments encompassing V4 16S rDNA hypervariable 
regions were PCR amplified from each of  the 6 DNA 
samples using fusion primers (forward: 5’-Index + 
AYTGGGYDTAAAGNG-3’, reverse: 5’-TACNVGGG-
TATCTAATCC-3’) and universal primers (forward: 5’-AYT-
GGGYDTAAAGNG-3’, reverse: 5’-TACNVGGGTATC-
TAATCC-3’). 

The annealing temperature and extension time were 

50 ℃ and 30 s, respectively. The PCR conditions were as 
follows: 94 ℃ for 5 min, 25 cycles of  94 ℃ for 30 s, an-
nealing temperature for 30 s and 72 ℃ for 30 s, 72 ℃ for 
7 min and holding at 4 ℃. PCR products were excised 
from 1% agarose gels and purified using a QIA quick Gel 
Extraction Kit. The PCR products of  V4 were sequenced 
by Illumina MiSeq.

Statistical analysis
Quantitative data are reported as mean ± standard error 
of  the mean. Statistical differences in basal characteristics 
between the groups were calculated by one-way analysis 
of  variance and t test for continuous variables. P < 0.05 
was considered statistically significant. All statistical analy-
ses were performed using the SPSS 16.0 software.

RESULTS
Lung macroscopic view and histopathology
The lung tissue in the control group was pale pink with 
a smooth surface, good expansion, soft texture and no 
obvious abnormalities (Figure 1A). The lung tissue in the 
injury group appeared dark with sub-capsular hemor-
rhage, reddish liquid overflowing from the tangent plane 
and atelectasis (Figure 1B). The rats in the control group 
had slight pulmonary histological changes (Figure 2A), 
whereas those in the LPS group had the typical symp-
toms of  ALI, with marked recruitment of  neutrophils, 
alveolar hemorrhage and obvious alveolar wall thickening 
(Figure 2B).

Intestinal histopathology and electron microscopy 
The epithelial cells of  rats in the control group showed 
normal morphological characteristics, including a neatly 
arranged brush border, alternating cup-shaped cells and 
uniform cell size as observed under an optical micro-
scope (Figure 3A). Ultrastructure was visible with normal 
mitochondria and endoplasmic reticulum (Figure 4A). In 
contrast, the epithelial cells of  rats in the model group 
showed disorganized intestinal villi under a light micro-
scope (Figure 3B) and slightly swollen mitochondria with 
a non-compact structure, expanded endoplasmic reticu-
lum, structurally disordered cells and other cell damage, 
as observed by electron microscopy (Figure 4B).
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Figure 1  Macroscopic observation of lung morphology in rats. 
The chest was opened and the lungs were dissociated 24 h after 
phosphate buffer saline or lipopolysaccharide instillation. A: Lung of 
normal rats; B: Lung of model rats.
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1). The wet/dry ratio significantly increased in the model 
group compared with the control group (P < 0.05) (Table 
1). These two factors, together with pulmonary histopa-
thology, demonstrated the successful ALI modeling.

DAO and D-lactate in serum
Plasma D-lactate and DAO levels can reflect the presence 
of  intestinal injuries, including intestinal mucosal barrier 
damage after ARDS. The levels of  DAO and D-lactate 
significantly increased in the ALI group (11.79 ± 2.542 
U/L and 619 ± 31.46 µg/L) compared with those in the 
normal group (3.14 ± 1.193 U/L and 561 ± 18.22 µg/L) 
(P < 0.01) (Table 1). These data suggest that the mucosal 

LIS and wet-dry ratio
The average LIS in the model group was significantly 
higher than that in the control group (P < 0.01) (Table 

  Group LIS Wet-dry 
ratio

Vitality of DAO 
(U/L)

Content of D-lactic 
acid (μg/L)

  Normal 2.33 ± 0.52 2.62 ± 0.316   3.14 ± 1.193 561 ± 18.22
  Model  9.00 ± 0.28b  3.38 ± 0.399a   11.79 ± 2.542b   619 ± 31.46b

Table 1  Indicators of injury in the lung and intestinal tissues (n   
= 16)

Figure 2  Pulmonary histopathological changes in rats. Lung tissue specimens were obtained from the normal group (A) and model group (B). Magnification × 400. 

aP < 0.05 for Normal group vs Model group; bP < 0.01 for Normal group vs 
Model group.

25 μm 25 μm

A B

Figure 3  Intestinal histopathological changes in rats. Intestinal tissue specimens were obtained from the ileum to 5 cm above the cecum in the normal group (A) 
and model group (B). Magnification × 100.

A B

100 μm 100 μm

Figure 4  Ultra-structural analysis of intestinal mucosa in 
rats. Tissue samples were fixed, cut, stained and examined 
by transmission electron microscopy. Images are representa-
tive electron micrographs of the normal (A) and the model (B) 
groups. Cell organelles: ER: Endoplasmic reticulum; M: Mito-
chondria.

M

ER
M

ER

1 μm 1 μm

A B
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barrier was damaged.

Filtering and quality evaluation of original data
Flash software was used to control the quality of  the raw 
data by truncating or abandoning low-quality sequences. 
The ends of  the corresponding sequences were connect-
ed. The sequences which were unable to connect were 
abandoned. According to the experimental requirements, 
the connected sequences were filtered for analysis. A 
total of  104 742 V4 16S rDNA sequence reads from the 
six samples, with an average of  17 457 sequence reads 
for each sample (the minimum and maximum numbers 
of  reads per sample were 9170 and 29700, respectively), 
were used in this analysis. The average length of  the se-
quence reads was 225 bp, and they were classified into 
different taxonomic categories using MGRAST[15].

Operational taxonomic unit
According to the sequence similarity (> 97%), high-
quality sequences were classified into multiple operational 
taxonomic units (OTUs) using Qiime to facilitate analysis. 
The OTU in each sample and the number of  sequences 
in each OTU were counted to obtain the taxonomic in-
formation of  the OTU. The taxon abundance of  each 
sample was generated into 15 phyla, 27 classes, 48 orders, 
71 families and 120 genera using mainly the RDP, Green-
genes and SSU databases. Up to 3780 and 4142 species 
were found in the normal and model groups, respectively. 
The two groups shared 1256 (18.8419%) species, and the 
total richness for all groups was 6666.

Alpha diversity analysis
Alpha diversity refers to the diversity in a specific area 
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Figure 6  Microbial distributions at phylum level in 
the samples from the normal and model groups. 
Percentages are based on proportions of assignable 
tags.
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or ecosystem in terms of  species richness. According to 
species richness in the list of  OTUs in the sample, di-
versity, richness, coverage and evenness estimations were 
calculated for all data sets using Mother software. The 
Chao/Ace calculation is an estimator of  phylotype rich-
ness, and the Shannon index of  diversity reflects both the 
richness and community evenness. The model group had 
a higher richness index (Chao, 4940.6 and ACE, 9400.3) 
and lower diversity index (4.97) than the normal group 
(Chao, 4860.3, ACE, 8761.6 and Shannon, 5.09). These 
results suggested that the model group had higher lev-
els of  biodiversity and unevenness estimations than the 
normal group. Good’s coverage, a measure of  sampling 
completeness, ranged between 92.1% and 92.7% for the 
data sets at a 97% similarity level (Table 2).

Variance analysis of species abundance
Fifteen phyla and 120 genera in total were found between 
the two groups. Compared with the normal group, the 
model group had a two-fold lower number of  species of  
Spirochaetes, Fusobacteria and Deinococcus-Thermus [log2(DN/
DM) > 1], but a higher number of  species of  Verruco-
microbia, Actinobacteria, Planctomycetes and Euryarchaeota 
[log2(DN/DM)< -1]. A significant difference in the num-
ber of  species of  Fusobacteria was found between the two 
groups (P < 0.05) (Table 3 and Figure 5A). Compared 
with the control group, the model group had more than a 
two-fold lower number of  species of  25 genera, including 
Anaeroplasma, Desulfovibrio, Fusobacterium, Helicobacter, Rose-
buria and Sporobacter, but more than twice the number of  
species of  32 genera, including Aerococcus, Bifidobacterium, 
Coprococcus, Escherichia, Lactobacillus and Proteus. Significant 
differences in the number of  species of  Helicobacter and 
Roseburia were found between the two groups (P < 0.05) 
(Table 4 and Figure 5B). In the model group, the percent-
ages of  species that was more than two-fold lower and 
higher were 20% and 27% at the phylum level and 32% 
and 41% at the genus level compared with the normal 
group, while the percentages of  species that was less than 
twice were 53% and 27% at the phylum and genus levels, 
respectively (Figure 5C).

Single sample species distribution
The information on classification and abundance in the 
OTU list and the map pie chart on each species distri-
bution were sorted. At the phylum level, 15 phyla were 
found in both groups. In the normal group, Firmicutes, 
Bacteroidetes, Proteobacteria, Tenericutes, Deferribacteres, TM7, 
Actinobacteria, Lentisphaerae, Aquificae, Fusobacteria, Deino-
coccus-Thermus and Spirochaetes were found, whereas in the 
model group, Euryarchaeota, Verrucomicrobia and Planctomy-

cetes with trace amounts of  Fusobacteria, Deinococcus-Thermus 
and Spirochaetes were found. The percentage distribu-
tions of  the microbiome community in the normal and 
model rats were 47 and 48 for Firmicutes, 38 and 37 for 
Bacteroidetes and 14 and 14 for Proteobacteria, respectively. 
Both groups had less than 1 for Tenericutes, Actinobacteria, 
Deinococcus-Thermus, Euryarchaeota and Fusobacteria (Figure 
6). At the genus level, the percentage distributions of  the 
microbiome community in the normal and model rats 
were 30 and 6 for Helicobacter, 12 and 1 for Roseburia, 10 
and 13 for Lactobacillus, 8 and 7 for Parasutterella, 7 and 7 
for Oscillibacter, 4 and 1 for Desulfovibrio, 4 and 19 for Alis-
tipes, 2 and 9 for Ruminococcus and 1 and 21 for Escherichia, 
respectively (Figure 7).

β-diversity analysis
UniFrac β-diversity analysis represents the extent of  
similarity between different microbial communities. 
UniFrac PCoA (principal co-ordinate analysis) of  6666 
OTUs (grouped at 97% sequence identity) showed a clear 
separation between the normal and model samples using 
weighted analysis (Figure 8). Percentage values at the axes 
indicate contribution of  the principal components to the 
explanation of  total variance in the dataset. The figure 
showed that the percentages of  variation explained by 
PC1 and PC2 were 48.41% and 23.35%, respectively. The 
samples in the model group were well separated from 
those in the normal group based on the weighted Uni-
Frac distances measured at the OTU level.

DISCUSSION
Intestinal barrier dysfunction can cause bacterial and 
endotoxin translocation, resulting in sepsis and eventu-
ally lung injury, the most important factor that initiates 
ARDS. However, the mechanism by which the intestine 
changes its mucosal barrier and microflora during ARDS 
remains unclear. The mucosa is an important aspect of  
bowel function, and the intestinal mucosal epithelial cells 
form a critical defensive barrier system against foreign 
bacteria. Disruption of  the epithelial barrier results in 
bacterial recruitment and activation of  mucosal immune 
cells, which initiate acute inflammation[23]. DAO activ-
ity is particularly high in the upper portion of  the small 
intestinal villi; therefore, DAO level has been used as a 
marker of  intestinal mucosal integrity[24]. Mammals only 

  Group Chao Ace Shannon Coverage

  Normal 4860.3 8761.6 5.09 0.921
  Model 4940.6 9400.3 4.97 0.927

Table 2  Estimation of diversity within the normal and model 
groups

  Log2 (N/M) Taxon

  Log2 (N/M)> 1
  3

Bacteria; Deinococcus-Thermus
Bacteria; Fusobacteriaa

Bacteria; Spirochaetes
  Log2 (N/M)<-1
  4

Archaea; Euryarchaeota
Bacteria; Actinobacteria
Bacteria; Planctomycetes

Bacteria; Verrucomicrobia

Table 3  Variance analysis of species abundance at the phylum 
level

For bacteria; Fusobacteria; aP < 0.05 vs control (P = 0.0222).

Li Y et al . Changed intestinal microflora in ARDS rats
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have L-lactate dehydrogenase and L-lactate as markers 
of  cell hypoxemia, and the levels of  these markers have 
been shown to correlate with the survival of  septic shock 
patients[25,26]. However, bacteria have D-lactate dehydro-
genase and produce D-lactate during fermentation. Thus, 
D-lactate levels in the blood not only reflect the status 
of  intestinal mucosal damage, but also correspond to 
changes in intestinal mucosa permeability[27-28].

Intestinal flora generally does not change in healthy 
individuals, but can be affected by diseases. Scientists 
have studied the abundance and biodiversity of  bacteria 
under healthy and disease conditions using high-through-
put sequencing. An imbalance in gut microflora is also 
evident in diabetes[29], cancer[30-31] and obese patients[32]. 
Animal models provide the possibility of  controlling 
these factors, a mechanistic understanding of  host-mi-
crobial interactions and potentially allowing the rational 
design of  future human studies. In this study, rats were 
killed within 24 h after intratracheal instillation of  LPS. 
We investigated the characteristics of  microflora in the 

fecal matter of  rats using 16S rDNA-based molecular se-
quencing and found significant differences in the species 
and distribution between the model and control groups. 
The results showed higher biodiversity and species rich-
ness in the model group than in the control group. Com-
pared with the model group, the control group had a 
significantly higher number of  species of  Fusobacteria (at 
the phylum level), Helicobacter and Roseburia, as determined 
by abundance difference analysis. This study is the first 
to reveal that the abundance of  Helicobacter and Roseburia 
species significantly decreased in early ARDS, which may 
be the result of  stress response. Increased microbial di-
versity and abundance were observed in the model group, 
but it is unknown whether these changes are due to pas-
sive damage to the body or a positive protective response 
mechanism. However, a close relationship was confirmed 
between the microflora and ARDS. ARDS can occur due 
to hypoxemia, activation of  the systemic inflammatory 
response, injury to inflammatory mediators, damage by 
free radicals, immune destruction and irritation of  the 
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Figure 7  Microbial distributions at genus level in the samples from the normal and model groups. Percentages are based on proportions of assignable reads.
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intestinal mucosa barrier, leading to intestinal bacterial 
translocation and changes in the intestinal environment. 
These mechanisms affect the distribution of  intestinal flora.

In conclusion, research on the structure and function 
of  intestinal microflora in ALI/ARDS can help to under-

stand the close relationship between the lungs and the in-
testines and to provide a valid experimental basis for the 
important function of  intestinal microflora in preventing 
and treating ALI/ARDS. We found that these microbes 
were involved in the pathogenesis of  ARDS. This study 
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is the first to employ high-throughput sequencing tech-
nology to determine changes in gut microbes in a rat 
ARDS model, and to reveal the pathogenesis of  ARDS 
in this model. The results of  this study may be used as a 
basis for improving the clinical treatment of  ARDS. The 
detection of  specific bacteria allows early detection and 
diagnosis of  ALI/ARDS.
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Intestinal barrier dysfunction can cause bacterial and endotoxin translocation, 
resulting in sepsis and eventually lung injury, the most important factor that 
initiates acute respiratory distress syndrome (ARDS). However, the mechanism 
by which the intestine changes its mucosal barrier and microflora during ARDS 
remains unclear. The intestinal flora generally does not change in healthy indi-
viduals, but it can be affected by diseases, such as ARDS.
Research frontiers
Scientists have studied the abundance and biodiversity of bacteria under 
healthy and disease conditions using high-throughput sequencing. Recent stud-
ies have employed high-throughput sequencing to reveal the specific relation-
ship between diseases and intestinal flora. Imbalance of gut microflora is also 
evident in diabetes, cancer and obese patients.
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The results of this study may serve as a reference for elucidating the relation-
ship between the lungs and intestines. This study is the first to employ high-
throughput sequencing technology to determine changes in the gut microbes of 
rat models with ARDS and to further reveal the pathogenesis of ARDS.
Applications
The results of this study may be used as a basis for improving the clinical treat-
ment of ARDS. Overall, the detection of specific bacteria allows early detection 
and diagnosis of acute lung injury (ALI)/ARDS in the future.
Terminology
ARDS is a continuous pathological process, with ALI at its early stage. High-
throughput sequencing is a technology used to sequence thousands to millions 
of DNA molecules, thus making a detailed and overall analysis of the transcrip-
tome and the genome of a species possible, therefore it is also known as deep 

sequencing. High-throughput sequencing greatly contributes to the research on 
the diversity of environmental microbes, including uncultured microorganisms 
and trace amounts of bacteria.
Peer review
This is an experimental study for evaluation of the possible association between 
ARDS and intestinal microflora using an animal model and the high-throughput 
sequencing analysis. The study contributes to a better understanding of mecha-
nisms by which the changes in intestinal mucosa barrier and host microflora 
could be involved in the pathogenesis of ARDS. The investigational significance 
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Figure 8 16S rDNA high-throughput sequencing revealed changes in mi-
crobial diversity in normal and acute respiratory distress syndrome rats. 
Clustering of microbial communities using PCoA of the weighted UniFrac matrix 
from six samples. The percentage of variation explained by the principal coor-
dinates is indicated on the axes. Subject color coding: blue, samples from the 
normal group; red, samples from the model group. PCoA: Principal co-ordinate 
analysis.
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