
Study on the Structure of Sputum Flora in Silicosis Patients with  
Different Stages

Abstract

Silicosis is a serious respiratory disease, which causes great harm to human health. Silicosis patients due to long-term ex-
posure to silica dust particles, may lead to the imbalance of bacterial flora in the respiratory tract, thereby increasing the risk 
of respiratory infection. In this study, sputum samples from inpatients with silicosis at different stages in a hospital in Chengdu 
were collected, the genome was extracted, the sputum sample genome was sequenced by high-throughput sequencing tech-
nology, and the microflora composition of sputum samples was obtained by using QIIME 1.8.0 for analysis, including OTUs 
analysis, Alpha diversity analysis, Beta diversity analysis, etc. Then, the structure of respiratory microflora in silicosis patients 
was analyzed, and the composition, distribution and diversity of microflora in sputum of silicosis patients with different stages 
were compared. The results showed that the sputum flora of silicosis patients were firmicutes, Proteobacteria, Bacteroidetes, 
actinobacteria and clostridium, which were consistent with those of healthy people. However, there were differences in the 
placement of dominant bacteria in silicosis patients with different stages. Therefore, the study of sputum flora structure of 
silicosis patients with different stages is helpful to further understand the pathophysiological process of silicosis, and provide a 
more in-depth theoretical basis for the prevention, early diagnosis and treatment of silicosis.
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Introduction

Pneumoconiosis (pneumoconiosis) is a long-term inhalation 
of productive dust in occupational production activities, and re-
tention in the lung, resulting in diffuse fibrosis of lung tissue 
based systemic disease, also known as pneumoconiosis. silico-
sis is one of the most common pneumoconiosis, which is a dis-
ease in which people breathe a large amount of dust containing 
free silica in production and life, leading to extensive nodules 
fibrosis in the lungs and causing lesions in other parts of the 
body. Silicosis has a long course of disease and is very harmful 
to human health and quality of life. Although the prevention 
and control of silicosis has been strengthened, its incidence is 
still not optimistic.

The pathogenesis of silicosis is related to many factors, such 
as dust concentration, contact time and body status, etc. The 
pathogenesis is not very clear at present, and whether the 
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change of respiratory tract flora structure is related to the dis-
ease has attracted wide attention. In the study of respiratory 
bacteria in silicosis patients, the traditional culture method was 
used to isolate and culture bacteria, but due to the long cul-
ture time, and there are many kinds of respiratory bacteria, and 
many bacteria can not be cultured, can not fully grasp the types 
and quantities of respiratory bacteria. With the emergence of 
new techniques and methods in modern molecular biology, es-
pecially the development and popularization of high-through-
put sequencing technology, it is possible to study the structure 
of bacterial flora.

Hilty et al. National Heart and Lung Institute of Imperial 
College London, were the first to use sequencing technology 
to study respiratory tract flora. In 2010, they used 16sRNA se-
quencing technology to analyze specimens obtained in the lung 
bronchus and proved for the first time that a large number and 
variety of microbial colonies existed in the lower respiratory 
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tract of the human body [1]. Then in 2011, Charlson et al. from 
the University of Pennsylvania in the United States used DNA 
barcoding, Q-PCR, and 454 sequencing technology to systemati-
cally analyze the structure of microbial flora at the vertical level 
of the entire respiratory tract for the first time [2]. According 
to the study of Blainey et al. the main microbial groups in the 
respiratory tract of healthy people include Firmicutes, Bacteroi-
des, Proteobacteria, actinobacteria and clostridium [3]. Subse-
quently, scholars began to explore the structural differences of 
respiratory tract flora in disease states.

In recent years, studies on the structural differences of re-
spiratory tract microflora under disease conditions have in-
cluded studies on the microflora structure of pulmonary cystic 
fibrosis, COPD, asthma and other diseases, and found that the 
structure of respiratory tract microflora of these diseases is dif-
ferent from that of healthy people [4-7]. However, how does 
the structure of respiratory tract microflora of silicosis patients 
change? Is there any difference in the structure of respiratory 
tract flora in people with different stages of silicosis? No reports 
have been reported at home and abroad. Therefore, sputum 
samples of patients with respiratory tract infection in different 
stages of silicosis and non-silicosis will be collected for study. Al-
though sputum, nasopharyngeal aspirates and bronchoalveolar 
lavage fluids can be used in the study of respiratory microflora 
structure, sputum samples are the easiest to collect, and many 
studies have collected sputum for analysis, such as Molyneaux 
P L et al. ‘s study of respiratory microflora structure in patients 
with chronic obstructive pulmonary disease and pulmonary 
cystic fibrosis. It was the sputum bacteria analyzed, and it was 
found that the biological characteristics of microbial flora in the 
lower respiratory tract were basically not affected by bacterial 
pollution in the upper respiratory tract [8-11]. Therefore, spu-
tum samples were still used in this study to extract DNA for se-
quence determination.

In this study, a certain amount of samples were selected 
from sputum samples of silicosis patients according to differ-
ent stages to extract DNA, and 16sRNA gene sequence analy-
sis was carried out to obtain the structure of sputum flora of 
silicosis patients with different stages, and the differences were 
analyzed in order to understand the characteristics of respira-
tory flora of silicosis patients with different stages. In addition, 
a preliminary comparison was made with the microflora of 
non-silicosis patients with respiratory tract infection, and the 
comparative analysis of the differences in microflora structure 
may find the effect of the changes in the microflora of these 
patients with respiratory tract infection. In recent years, there 
have been many reports on the effect of using microbial therapy 
to treat diseases. For example, children with asthma improved 
their lung function by taking probiotic capsules containing lac-
tobacillus and bifidobacterium. Intake of probiotics can reduce 
the infection rate of the upper respiratory tract. Therefore, it is 
worth discussing whether the health status of silicosis patients 
can be improved by regulating respiratory flora. The study on 
the structure of respiratory flora of patients can provide scien-
tific basis for this treatment. Therefore, this study studied the 
structure of respiratory tract microflora in patients with differ-
ent stages of silicosis, understood the biological characteristics 
of silicosis from different angles, and actively explored the role 
of related factors, in an attempt to accumulate data for reduc-
ing the harm of respiratory tract infection to silicosis patients by 
regulating microbial flora.

Materials and methods

Material source

Sputum samples and related clinical data of silicosis patients 
with different stages in a hospital in Chengdu of China.

Collection of sputum samples

Natural sputum sputum was used for specimen collection: 
morning sputum was used. After the patient got up in the 
morning, he rinsed with water, and then forcibly coughed out 
the sputum deep in the trachea, which was directly stored in a 
sterile sputum cup at -80OC.

Collection of relevant clinical information

The patient’s clinical data include: name, gender, home ad-
dress, occupation, symptoms, signs, laboratory tests, prelimi-
nary diagnosis results, etc.

Screening of experimental specimens

Sputum samples of silicosis patients with different stages 
and samples used in control group were selected from silicosis 
patients. The selection factors included gender, age, antibiotic 
use and other diseases. The structure of respiratory tract mi-
croflora is diverse [12-14]. Changes in the structure of respira-
tory tract microflora have also been reported in many respira-
tory diseases [15-17]. Not only the disease itself has an impact 
on the structure of respiratory tract microflora, but also some 
other factors, such as age, smoking, host genes, time changes, 
etc. Use of antibiotics, etc. [18-25]. Therefore, this study will 
try its best to exclude the influence of these factors in sample 
screening.

Genome extraction of sputum specimen 

A PowerSoil DNA Isolation Kit (MOBIO) was used for genome 
extraction of sputum samples. 500µL sputum sample was add-
ed into Powerbead Tube and then mixed with swirls. Add 60 µL 
Solution C1 (cracking buffer) and swirl well. Install the vortex 
adapter and swirl at the maximum speed for 10 min. Centri-
fuge at 10,000 g for 30 s and transfer 500 µL supernatant to a 2 
mL centrifuge tube. Add 250 µL Solution C2 (inhibitor removal 
liquid-1), swirl for 5 s, and place at 40OC for 5 min. Centrifuge 
at 10,000 g for 1 min and transfer 400 µL of supernatant to a 2 
mL centrifuge tube. Add 200 µL Solution C3 (inhibitor removal 
liquid-2), swirl and place at 40OC for 5 min. Centrifuge at 10,000 
g for 1 min and transfer no more than 500 µL of supernatant 
to a 2 mL centrifuge tube. Add 1200 µL of shaken Solution C4 
(high salt solution) and swirl for 5 s. 600 µL supernatant was 
transferred to the Spin Filter, centrifuged at 10,000 g for 1 min, 
and the filtrate was poured out and the remaining liquid was 
transferred and centrifuged. Add 500 µL Solution C5 (leaching 
buffer), centrifuge at 10,000 g for 30 s, drain the leach solution, 
centrifuge at 10,000 g for 1 min. Put the Spin Filter into a new 
collection tube and add 100 µL Solution C6 (DNA eluent) to the 
center of the white filter. Centrifuge at 10,000 g for 30 s, DNA 
was collected and stored at -20OC.

Sequencing analysis of 16sRNA V3V4 gene in sputum ge-
nome

Genome quality detection: A microspectrophotometer 
(Nanodrop2000c, Thermo) was used to detect the concentra-
tion and purity of the extracted sputum genome.
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16sRNA library preparation: Take 10 ng DNA template and 
amplify the target region: V3+V4 region primer 341F-805R, 
primer sequence is as follows:

341F primer:

CCCTACACGACGCTCTTCCGATCTGCCTACGGGNGGCWGCAG

805R primer:

GACTGGAGTTCCTTGGCACCCGAGAATTCCAGACTACHVGGG-
TATCTAATCC

Library detection: After the library construction was com-
pleted, Qubit2.0 was used for preliminary quantification, and 
the library was diluted to 1 ng/µL. Then Agilent 2100 was used 
to detect the insert size of the library. After the insert size met 
the expectation, Bio-RAD CFX 96 fluorescent quantitative PCR 
instrument was used. Bio-RAD KIT iQ SYBR GRN performs QPCR 
to accurately quantify the effective concentration of the library 
to ensure the quality of the library.

Sequencing: Qualified libraries were sequenced by Miseq, 
and the sequencing strategy was PE250. The experimental pro-
cess was as follows: extraction of genomic DNA of sample - am-
plification of highly variable region and purification of product - 
enrichment of target fragment and purification of product - end 
repair, addition of splice - library check - sequencing.

Gene information analysis: For the sequence obtained by 
sequencing, the process of removing low-quality base, Ns, and 
joint contamination sequence was completed to filter the data, 
and the target sequence was obtained for subsequent analy-
sis. The filtered sequences are called Clean Reads. First, the 
corresponding Read1 and Read2 of double-ended sequencing 
(Read1 and Read2 refer to the sequence fragments sequenced 
from the 5 ‘and 3’ ends, respectively) were spliced using the 
sequence splicing method PEAR. Then, the spliced sequences 
were analyzed using software QIIME 1.8.0 [26-28], including 
OTUs cluster analysis, Lefse analysis, Alpha diversity analysis, 
Beta diversity analysis, etc. [29].

Results

Information about included silicosis patients

A total of 24 patient samples were included in this study, in-
cluding 6 cases of stage I silicosis (G1-G1-6), 6 cases of stage 
II silicosis (G2-1-G2-6), 7 cases of stage III silicosis (G3-1-G3-7), 
and 5 cases of control group (C1-C5). The relevant information 
of the specimens of 24 patients is as follows [1-3]: 

The quality of genomic DNA

NanoDrop 2000 measures the concentration and purity of a 
sample’s genome. It can be seen that the quality of the samples 
meets the requirements of sequencing. As shown in Table 4:

Table 1: Patient related information.

Sample Sex Age Diagnosis Cigarette and Wine

G1-1 Male 50 Stage I silicosis; Lung infection; Emphysema Cigarettes: 20 cigarettes/day, 30 years, Wine: None

G1-2 Male 56 Stage I silicosis; Lung infection; Emphysema Cigarettes: 10 cigarettes/day, 30 years, Wine: 250 mL/day

G1-3 Male 39 Stage I silicosis; Lung infection; Emphysema Cigarettes: Seven years, Wine: 4 years

G1-4 Male 46 Stage I silicosis; Lung infection; Emphysema Cigarettes:20-30 cigarettes/day, 20 years, Wine: 300 ml/ day, 20 years

G1-5 Male 50 Stage I silicosis; Lung infection; Emphysema Cigarettes: 20 cigarettes/day, 20 years, Wine: Less, 20 years

G1-6 Male 65 Stage I silicosis; Lung infection; Emphysema Cigarettes: 20 cigarettes/day, 40 years, Wine: Less

G2-1 Male 77 Stage II silicosis; Lung infection; emphysema None

G2-2 Male 50 Stage II silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 10 years, Wine: None

G2-3 Male 48 Stage II silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 20 years, Wine: 150 ml/ day, 20 years

G2-4 Male 66 Stage II silicosis; Lung infection; emphysema None

G2-5 Male 39 Stage II silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 10 years, Wine: Less

G2-6 Male 67 Stage II silicosis; Lung infection; emphysema Cigarettes: 30 cigarettes/day, 20 years, Wine: 150 ml/ day, 10 years

G3-1 Male 41 Stage III silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 10 years, Wine: None

G3-2 Male 59 Stage III silicosis; Lung infection; emphysema Cigarettes: 10 cigarettes/day, 10 years, Wine: None

G3-3 Male 49 Stage III silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 11 years, Wine: None

G3-4 Male 46 Stage III silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 10 years, Wine: None

G3-5 Male 51 Stage III silicosis; Lung infection; emphysema Cigarettes: None, Wine: Less

G3-6 Male 46 Stage III silicosis; Lung infection; emphysema Cigarettes: 20 cigarettes/day, 20 years, Wine: Less

G3-7 Male 40 Stage III silicosis; Lung infection; emphysema None

C-1 Male 78 Lung infection Cigarettes: 20 cigarettes/day, 10 years, Wine: 150 ml/ day, 10 years

C-2 Male 72 Lung infection Cigarettes: 10 cigarettes/day, 20 years, Wine: None

C-3 Male 83 Lung infection None

C-4 Male 61 Lung infection None

C-5 Male 60 Lung infection Cigarettes: 4 cigarettes/day, 10 years, Wine: Less
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Table 2: Patient related clinical information.

Sample Symptom Physical Examination

    Temperature (OC) Respiratory rate 
(Times/minute)  

Blood pressure 
(mmHg) 

Blood pressure (Times/
minute)  

G1-1 Cough, phlegm, shortness of breath 36.5 21 115/73       89

G1-2 Cough, phlegm, shortness of breath 36.6 21 124/77        67

G1-3 Cough, chest pain 36.8 21 136/88       79

G1-4 Cough, phlegm 36.8 21 106/73  73

G1-5 Cough, phlegm 36.5 21 112/76       74

G1-6 Cough, phlegm, shortness of breath 37.1 22 85/53 78

G2-1 Cough, phlegm, shortness of breath 36.7 21 119/79      107

G2-2 Chest pain, heart fatigue, tight breath        37 21 128/87 85

G2-3 Cough, phlegm, shortness of breath     36.7 20 102/67       98

G2-4 Cough, phlegm                     36.5 22 121/55      133

G2-5 Cough, phlegm, shortness of breath 36.3 22 104/73      122

G2-6 Cough, phlegm, shortness of breath 36 21 96/60 88

G3-1 Cough, phlegm, shortness of breath 36.2 21 124/82       86

G3-2 Cough, phlegm, shortness of breath 36.7 23 187/107      84

G3-3 Shortness of breath              36.5 22 112/85       85

G3-4 Cough, phlegm, shortness of breath 36.7 21 122/82       68

G3-5 Cough, phlegm, shortness of breath 36.6 21 120/91 69

G3-6 Cough, phlegm, shortness of breath 36.6 21 104/50 81

G3-7 Cough, phlegm, shortness of breath, chest tightness 36.6 20 124/90      109

C-1 Cough, phlegm, heart tired, tight breath 37 20 90/60       88

C-2 Fever, cough 38 22 124/73       84

C-3 Left hemiplegia, disturbance of consciousness     36.4 22 106/68       79

C-4 disturbance of consciousness    36.4 20 104/78       98

C-5 Cough, phlegm, shortness of breath 36.7 21 145/63 108

Table 3: Patient laboratory test information.

Sample Laboratory tests (blood)

WBC (x1012/L) RBC (x109%L) L (x109%L) N (%) L(%) Hb (g/L) PLT (x109%L) Microbial infection

G1-1 9.9 4.57 1.7 72.5 17.3 144 183 None

G1-2 4.9 4.64 1.71 52.3 34.7 148 136 None

G1-3 4.9 4.71 1.6 5.3 13.4 132 59 Rhinovirus PIV2

G1-4 6.4 5.3 2.08 54.2 32.6 167 227 None

G1-5 3.7 4.56 0.78 69.0 21.4 146 117 None

G1-6 6.5 4.07 0.65 80.6 9.9 113 159 None

G2-1 4.5 3.71 1.27 58.7 28.4 114 158 None

G2-2 5.6 5.5 2.4 50.3 43.1 165 201 None

G2-3 6.1 5.2 0.97 71.3 16.0 144 311 None

G2-4 10.6 5.19 2.05 71.7 19.3 157 214 Candida albicans

G2-5 5.9 5.44 1.77 60.5 30.0 169 151 None

G2-6 7.6 5.09 1.4 64.9 18.4 147 145 None

G3-1 4.8 5.42 1.43 61.3 30.0 151 228 None

G3-2 4.9 5.25 1.21 62.0 24.6 157 206 None

G3-3 7.5 4.6 1.93 67.2 25.8 131 193 Klebsiella pneumoniae

G3-4 6.3 4.94 2.05 57.1 32.7 152 224 None

G3-5 4.4 4.39 1.5 55.0 34.5 136 144 Adenovirus

G3-6 7.8 5.24 1.26 74.5 16.3 134 373 Rhinovirus

G3-7 4.8 5.09 0.91 69.8 18.9 142 154 None

C-1 10.5 3.64 2.7 66.7 25.7 110 253 E. coli

C-2 4.8 3.96 0.98 63.8 20.0 128 114 None
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Table 4: Sample quality.

Sample Concentration (ng/μL) OD260/280

G1-1 202.00 1.85

G1-2 177.20 1.87

G1-3 349.56 1.92

G1-4 390.00 1.90

G1-5 478.60 1.88

G1-6 300.00 1.79

G2-1 410.24 1.90

G2-2 255.88 1.80

G2-3 334.90 1.78

G2-4 457.00 1.95

G2-5 336.87 1.90

G2-6 266.45 1.89

G3-1 347.80 1.84

G3-2 400.50 1.88

G3-3 427.20 1.90

G3-4 320.24 2.00

G3-5 354.66 1.89

G3-6 405.20 1.85

G3-7 330.21 1.99

C-1 385.40 1.87

C-2 260.70 1.81

C-3 277.58 1.89

C-4 410.90 1.78

C-5 270.00 1.80

OTUs analysis

OTUs statistics: OTUs, that is, classification operation unit, 
represents a set of similar sequences. Tags with sequence simi-
larity greater than 97% are classified into a class of OTUs, be-
lieving that they have the same species origin. Representative 
sequences selected from them can simplify the data set for fur-
ther analysis. The method of selecting OTUs is to compare the 
obtained sequences with the OTUs sequences in the reference 

Table 5: Summary statistics of OTUs numbers.

Sample
Normalized 

Tags
Total  

Aligned Tags
Aligned Rate (%)

Total OTUs  
Number

G1-1 48001 35536 74.03 104

G1-2 48001 28671 59.73 138

G1-3 48001 31542 65.71 129

G1-4 48001 26313 54.82 143

G1-5 48001 23733 49.44 129

G1-6 48001 25510 53.14 146

G2-1 48001 28373 59.11 47

G2-2 48001 28134 58.61 120

G2-3 48001 30659 63.87 117

G2-4 48001 25393 52.9 51

G2-5 48001 28259 58.87 130

G2-6 48001 27263 56.8 64

G3-1 48001 25784 53.72 124

G3-2 48001 27305 56.88 146

G3-3 48001 23423 48.8 135

G3-4 48001 23593 49.15 139

G3-5 48001 28543 59.46 132

G3-6 48001 29319 61.08 119

G3-7 48001 27583 57.46 145

C-1 48001 38365 79.93 54

C-2 48001 27562 57.42 84

C-3 48001 27968 58.27 68

C-4 48001 31722 66.09 44

C-5 48001 28305 58.97 101
Note: (1) Normalized Tags: The number of normalized sequences after 
normalization. (2) Total Aligned Tags: The total number of sequences 
aligned with the reference database; (3) Aligned Rate(%): Alignment 
rate, that is, the proportion of aligned sequences to the total spliced 
sequences; (4) Total OTUs Number: indicates the number of all OTUs.

Figure 1: Variation of OTUs between samples.

Note: The first list of detailed species names, k is the abbreviation of boundary, p is the abbreviation of phylum, c is the abbreviation of class, 
o is the abbreviation of purpose, f is the abbreviation of family, g is the abbreviation of genus, s is the abbreviation of species; The darker the 
color, the larger the number.

database, and select the sequences whose similarity is greater 
than 97% to belong to a class of OTUs. Species identification 
is based on the corresponding identification sequence of each 
species in the database and the results of the selected OTUs. 
OTUs whose sequence number is less than 2 in all samples will 
be excluded to eliminate the influence of some OTUs with low 
reliability on subsequent analysis. The summary statistics of 
OTUs numbers are shown in Table 5:
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OTUs statistical heat map: The number of sequences be-

longing to different OTUs in each sample was counted, and the 
result was displayed by heat map, which can show the OTUs 
changes among samples, as shown in Figure 1.

Species distribution: Since there are many different OTUs of 
the same species, combining OTUs with the same species classi-
fication and counting the species composition changes between 
different samples can understand the flora diversity of different 
samples. The following bar chart (Figure 2) shows the species 
distribution in each sample at the phylum level and the main 
phyla of silicosis in different stages:

Figure 2: Distribution of species in samples at phylum level (A) and 
major phyla at different stages of silicosis (B).

 

A 

B 

It can be seen that Firmicutes, Bacteroides, Proteobacte-
ria, actinomycetes and clostridium are the five main bacte-
rial groups in the respiratory tract of silicosis patients, and 
Firmicutes are still the main bacterial groups in the respiratory 
tract of silicosis patients. 1) Compared with the control group, 
the proportion of Firmicutes in stage I and III silicosis patients 
is lower (P<0.01). The proportion of bacteroidetes in the third 
stage silicosis patients was higher (P<0.01). The proportion of 
Proteobacteria in stage II silicosis patients was higher (P<0.01). 
2) The firmicutes content in stage II silicosis patients was high-
er than that in stage I and Stage III silicosis patients (P<0.01); 
The incidence of Bacteroidetes in stage III silicosis patients was 
higher than that in stage II silicosis patients (P<0.01). The con-
tent of Proteobacteria in stage I silicosis was higher than that 
in Stage III silicosis (P<0.01), Stage III silicosis was higher than 
that in stage II silicosis (P<0.01). Actinomycetes and clostridium 
showed little change in silicosis patients (P=0.169, P=0.167).

At the class level, the species distribution of samples and the 
main bacterial classes of silicosis in different stages are shown 
below (Figure 3).

It can be concluded that: 1) Compared with the control 
group, the proportion of bacillus in Firmicutes in stage I and 
III silicosis patients was lower (P<0.01); Bacteroidetes in Bac-
teroidetes accounted for a higher proportion in the third stage 
silicosis patients (P<0.01). The level of α-Proteobacteria in sili-

Figure 3: Species distribution of samples at class level (A) and the 
main bacterial classes at different stages of silicosis (B).

 

       

A 

B 

cosis patients was higher than that in control group (P<0.01). 
2) Compared with the silicosis patients of different periods, 
the spore-type bacteria of the first and third stage silicosis pa-
tients were lower than that of the second stage silicosis patients 
(P<0.01); The content of γ-Proteobacteria in Stage I silicosis was 
higher than that in stage II and III silicosis (P<0.01). The content 
of β-Proteobacteria in stage II silicosis patients was lower than 
that in stage I and III silicosis patients (P<0.01). There were no 
changes in actinomycetes and clostridium bacteria in Actinomy-
cetes (P=0.169, P=0.167). The species distribution of samples at 
the order level and the main bacteriales of silicosis in different 
stages are shown below (Figure 4).

Figure 4: Species distribution of samples at the order level (A) and 
main bacteriales in different stages of silicosis (B).

 

       

           

A 

B 
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The results showed that: 1) Compared with the control 
population, the proportion of bacillus orders in stage I and III 
silicosis patients was lower (P<0.01); The twinobacteriales 
were increased in the patients with stage III silicosis (P<0.01). 
The proportion of Bacteroidees in the third stage silicosis pa-
tients was higher (P<0.01). The Neisseria of β-Proteobacteria 
accounted for a higher proportion in the third stage silicosis 
patients (P<0.01). Among the gamma-Proteobacteria, the pro-
portion of Pasteurella in the first stage silicosis patients was 
higher (P<0.01), while the proportion of xanthosphaera in the 
third stage silicosis patients was lower (P<0.01). The propor-
tion of pseudomonas in stage II and III silicosis patients was low 
(P<0.01). 2) The level of Lactobacilli in stage II silicosis patients 
was higher than that in stage I and Stage III silicosis patients 
(P<0.01); The patients with stage II silicosis were higher than 
those with stage I (P<0.01). The incidence of Neisseria in stage I 
and III silicosis patients was higher than that in stage II silicosis 
patients (P<0.01). The content of pseudomonas gamma-proteo-
bacteria in primary silicosis patients was higher than that in sec-
ondary and tertiary silicosis patients (P<0.01). Actinomycetes 
and Fusobacteriales did not change much in silicosis patients 
(P=0.169, P=0.167).

The distribution of sample species at the family level and the 
main bacteriaceae in different stages of silicosis (Figure 5).

Figure 5: Distribution of sample species at family level (A) and ma-
jor bacterial families at different stages of silicosis (B).

 

       

           

                    

A 

B 

It can be concluded that, 1) Compared with the control 
group, the proportion of bacillaceae in stage I and III Silicosis 
patients was lower (P<0.01), while the proportion of Veillona-
ceae in Clostridium groups was lower in stage II silicosis patients 
(P<0.01), and the proportion of bacteroideoideae in Stage III sil-
icosis patients was higher (P<0.01). The proportion of Neissera-
ceae bacteria in stage III silicosis patients was higher (P<0.01), 
the proportion of Pasteurella bacteria in stage I silicosis patients 
was higher (P<0.01), the proportion of Moraxeaceae in stage 
I silicosis patients was higher (P<0.01), and the proportion of 
acticococcaceae bacteria in stage II silicosis and Stage III silicosis 
patients was increased (P<0.01). 2) Compared with silicosis pa-

tients of different periods, the content of Veillonaceae in stage 
I silicosis and Stage III Silicosis patients was higher than that in 
stage II silicosis patients (P<0.01), the content of neisseraceae in 
stage III silicosis patients was higher than that in stage II silicosis 
patients (P<0.01), and the content of Pasteurelliaceae in stage I 
silicosis patients was higher than that in stage II silicosis patients 
(P<0.01). The incidence of Moraxella in stage I silicosis patients 
was higher than that in stage II and III silicosis patients (P<0.01), 
and the incidence of motococcaceae in stage I silicosis patients 
was lower than that in stage II and III silicosis patients (P<0.01).

The species distribution of samples at the genus level and 
the main bacterial genera of silicosis in different stages (Figure 
6).

Figure 6: Sample species distribution at genus level (A) and main 
bacterial genera at different stages of silicosis (B).
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It can be concluded that, 1) Compared with the control 
group, the proportion of Bacillus bacteria in stage I silicosis 
patients was lower (P<0.01), the proportion of purpuromonas 
and Neisseria bacteria in stage III silicosis patients was higher 
(P<0.01), and the proportion of haemophilus bacteria in stage I 
silicosis patients was higher (P<0.01). The content of Moraxella 
was higher in stage I silicosis patients (P<0.01). 2) The content 
of Neisseria in stage III silicosis patients was higher than that in 
stage II silicosis patients (P<0.01), and the content of Moraxella 
in stage I silicosis patients was higher than that in stage II and III 
silicosis patients (P<0.01).

Sample clustering tree diagram: After the species distribu-
tion data of the obtained samples were standardized, the Bray-
Curtis distance value was calculated, and the hierarchical clus-
tering algorithm was used to cluster the samples. The similarity 
between samples and the existence of outliers can be seen by 
cluster analysis. The sample clustering tree obtained by calcu-
lating this distance is shown below (Figure 7). It can be seen 
that the Bray-Curtis distance value of the sample in this study is 
about 0.2-0.7, and no extreme situation occurs. The 24 samples 
were divided into two categories, while G1 and G3 were closer, 
G2 and C were more similar.
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Figure 7: Sample clustering tree.
Note: The horizontal coordinate indicates the sample, the vertical 
coordinate indicates the distance value, the vertical coordinate at 
the branch point indicates the distance between the classes of the 
branch, and different colors indicate different groups.

Diversity analysis

Alpha diversity analysis: Alpha diversity shows the diversity 
of the flora in the sample, including the richness of the species 
and the evenness of the number of species. The higher the Al-
pha diversity, the more abundant the bacterial species, and the 
more uniform the bacterial number, the more stable the com-
munity. Shannon Index: It is a diversity Index calculated accord-
ing to the species in the sample and the proportion of each spe-
cies. The relationship between Shannon Index value and sample 
depth is shown in the figure below (Figure 8). It can be seen that 
the sample strains used for sequencing in this study are evenly 
distributed and of good quality. In addition, the Shannon Index 
of the four groups was 4.0, 3.1, 4.2, and 3.3, respectively, with 
no statistical significance.

Figure 8: Shannon Index.
Note: The horizontal coordinate in the figure above indicates the 
sampling depth, i.e. the number of sequences, and the vertical co-
ordinate indicates the Shannon Index value. The more evenly dis-
tributed the strains, the larger the Shannon value.

Beta diversity analysis

LefSe analysis: LefSe analysis combined linear discriminant 
analysis with KW rank sum test and Wilcox test to determine 
the effect size of different species on the difference between 
groups. Finally, linear discriminant analysis was used to reduce 
the data and evaluate the influence of species with significant 

differences. The LDA SCORE (LDA Score) is used to find out some 
species that are specific between groups or have a greater im-
pact on community structure. It can be seen that the bacte-
rial community types of the third stage silicosis patients have 
a great impact on the difference between groups; The different 
groups of bacteria were Neisseria, Twinella, Pasteurella, Vio-
lonadaceae, Veillonaceae, Motococcaceae, Neisseria, Pasteu-
rella, Hemophilus, Veisseria, Violonadella, Neisseria, etc. The 
histogram of LDA value distribution is as follows (Figure 9):

Figure 9: Histogram of LDA value distribution.
Note: The horizontal coordinate represents the LDA SCORE of the 
species, where the LDA score for significant differences is set to 4, 
and each column represents a species.

PCA principal component analysis: Beta diversity shows 
the difference of flora between samples. Principal Component 
Analysis (PCA) is a method of analyzing and simplifying data. It 
is often used to reduce the dimension of a data set, while main-
taining the features that contribute the most to the difference 

Figure 10: Principal component analysis diagram.
Note: According to the species distribution of the samples, the cor-
relation coefficient matrix between the samples was calculated, 
and then the principal component analysis was carried out to make 
the PCA diagram. The distance between the samples indicates the 
similarity of the samples, where PC1 and PC2 represent the first 
and second principal components respectively, and the numbers in 
brackets represent the contribution rate of this principal compo-
nent.
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in the data set, so as to extract the most important elements 
and structures in the data. The results of PCA are used to extract 
a few axes that can reflect the differences between samples to 
the greatest extent, and the differences of multidimensional 
data can be reflected on the two-dimensional coordinate map 
by mapping. If the community composition of the samples is 
more similar, the distance between them in the PCA diagram is 
closer. The distribution of the samples in principal component 
1 and 2 is shown in the figure below (Figure 10). It can be seen 
that the consistency of the groups is not high, the difference 
between the groups is not very obvious, and the number of 
samples needs to be improved.

Discussion

In this study, for the first time, the differences in microflora 
structure between silicosis patients with different stages and 
control patients were preliminically discussed. 19 silicosis pa-
tients with different stages and 5 control patients were selected 
as research objects. Although the top five microflora of these 
patients were Firmicutes, Proteobacteria, Clostridium, bacteroi-
des and actinomyces, the ranking of their dominant microflora 
was different: Firmicutes and Proteobacteria are the dominant 
bacteria groups in stage I silicosis patients; Firmicutes and bac-
teroides are the dominant bacteria groups in stage II silicosis 
patients; Firmicutes and Proteobacteria are the dominant bac-
teria groups in stage III silicosis patients; and Firmicutes occupy 
a greater advantage in stage II silicosis patients, accounting for 
65.7381%. Interestingly, The bacteria structure of stage II sili-
cosis patients was similar to that of the control group, and fir-
micutes also had a greater advantage in the control group, ac-
counting for 62.2172%. It can be seen that compared with the 
control group, the rank of Bacteroidetes in the second and third 
stages was advanced, from the third to the second. The major 
change was in secondary silicosis patients, whose firmicutes 
increased while proteobacteria decreased. In addition, com-
pared with the bacterial community structure in the sputum of 
silicosis patients and CF patients, Bacteroidetes accounted for a 
higher proportion, while actinobacteria accounted for a lower 
proportion. In addition, this study also found no difference in 
the proportion of actinobacteria and clostridium in each stage 
of silicosis patients. 

After analyzing the structure of sputum bacteriae in silicosis 
patients of different stages, it was found that the dominant bac-
teriae in silicosis patients of different stages were spore-bacilli 
and Bacteroideae. Compared with the control group, the pro-
portion of spore-bacilli in silicosis patients of stage I and III was 
lower. Bacteroides accounted for a high proportion of patients 
with stage III silicosis. Compared with the silicosis patients of 
different periods, the spore-type bacteria of the first and third 
stage silicosis patients were lower than that of the second stage 
silicosis patients. The content of γ-Proteobacteria in stage I sili-
cosis patients was higher than that in stage II and III silicosis 
patients. In this study, it was found that the dominant bacte-
riae in silicosis patients were mainly Bacillus, Bacteroideae and 
gamma-Proteobacteria. In addition, it was also found that there 
was no difference in the proportion of actinomycetes and Fuso-
bacteriae in any stage silicosis patients.

After analyzing the structure of sputum bacteriales in pa-
tients with different stages of silicosis, it was found that differ-
ent bacteriales had different predominance in patients with dif-
ferent stages of silicosis. The dominant bacteriales in patients 
with stage I silicosis were Lactobacilli, Bacteroidei and Pseudo-
monas, while the dominant bacteriales in Stage II silicosis were 

Lactobacilli, Bacteroidei and Bacillus, and the dominant bacte-
riales in Stage III silicosis were Lactobacilli. Bacteroidei and Ba-
cillus, so it is speculated that Lactobacilli may be the dominant 
bacteriales in silicosis patients. Similarly, there was no differ-
ence in the proportion of actinomycetes and Fusobacteriaceae 
in any stage of silicosis.

The analysis of the structure of sputum bacteriaceae in pa-
tients with different stages of silicosis showed that different 
bacteriaceae had different predominance in patients with dif-
ferent stages of silicosis. The dominant bacteriaceae in patients 
with stage I silicosis were Streptococcaceae, Purvoisaceae and 
Moraxella; the dominant bacteriaceae in Stage II silicosis were 
Streptococcaceae, Bacillus bacteriaceae and Enterococcaceae; 
and streptococcaceae in Stage III silicosis. Therefore, it is spec-
ulated that Streptococcaceae may be the dominant bacteria-
ceae in silicosis patients. Compared with the control group, the 
dominant bacteriaceae and Streptococcaceae are the dominant 
bacteriaceae. Similarly, there was no difference in the propor-
tion of silicosis patients in each stage of actinomycetes and Fu-
sobacteriaceae.

After analyzing the sputum bacteria structure of patients 
with different stages of silicosis, it was found that different bac-
teria genera were dominant in patients with different stages of 
silicosis. Among them, the dominant bacteria genera in patients 
with stage I silicosis were Streptococcus, Pramella and Morax-
ella, and the content of Moraxella was much higher than that 
of patients with other stages of silicosis. Therefore, Moraxella 
may be the dominant bacteria genus in patients with Stage I 
silicosis. The dominant bacteria genera in the second stage of 
silicosis are Streptococcus, Enterococcus and Bacillus, while 
the dominant bacteria genera in the third stage of silicosis are 
Streptococcus, Prevotella and Enterococcus. In addition, there 
was no difference in the proportion of actinomycetes and Fuso-
bacteriaceae in any stage silicosis patients.

Changes in phyla, class, order and family are often caused 
by changes in lower microflora, and targeted observation and 
treatment are necessary in clinical practice. Therefore, for stage 
I silicosis patients, the microflora that should be focused on 
include the increase of hemophilus, Neisseria, and Moraxella. 
For stage II silicosis patients, it is the decrease of Prevotella 
and Wechtella. For the third stage of silicosis patients, it is the 
increase of Neisseria and violomonas. In the study of clinical 
treatment, it is necessary to properly consider the influence of 
microbial flora structure change, in order to provide a basis for 
the prevention and treatment of silicosis.

In the analysis of sample diversity, the changes of microflora 
in each group were not clearly shown, especially in the analysis 
of POC, which may be due to the small sample size and poor 
consistency within and between silicosis groups. Therefore, fur-
ther research should increase the number of samples to reduce 
the impact of differences between samples on the results.

To sum up, this study collected sputum samples from silicosis 
patients, extracted genomes and analyzed the structure of their 
respiratory tract microflora. It was found that the microflora of 
silicosis patients was different from that of the control group, 
as well as different stages of silicosis, suggesting that more and 
more extensive studies should be conducted to explore the re-
lationship between the occurrence and development of silicosis 
and respiratory tract microflora. It is expected to provide new 
ideas for prevention and treatment of silicosis.
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Conclusion

The sputum flora of silicosis patients is mainly firmicutes, Pro-
teobacteria, Bacteroidetes, actinobacteria, clostridium, which is 
consistent with the main flora of healthy people. However, the 
dominant bacterial groups were different in silicosis patients 
of different stages. For stage I silicosis patients, we should pay 
more attention to the increase of hemophilus, Neisseria, and 
Moraxella. For stage II silicosis patients, it is the decrease of Pre-
votella and Wechtella. For the third stage of silicosis patients, 
it is the increase of Neisseria and violomonas. In the diversity 
analysis, through Alpha diversity analysis, the sample strains 
used for sequencing in this study were evenly distributed and 
of good quality. By LefSe analysis, the microflora of stage III sili-
cosis patients had a great influence on the difference between 
groups. By PCA principal component analysis, the differences 
among all groups were not obvious, and the sample size should 
be further increased.
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