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Abstract 
Objective: 120 patients with severe pneumonia who were kept in the com-
prehensive ICU of our hospital in 2018 were selected, and 16s rDNA se-
quencing was performed to analyze the composition of pathogenic bacteria in 
the sputum of severe pneumonia. Methods: The sputum samples of patients 
with severe bacterial pneumonia were collected, and the diversity of patho-
gens in the samples was analyzed by polymerase chain reaction (PCR) ampli-
fication and high-throughput sequencing (16s rDNA PCR-DGGE). Results: 
Sequence showed that sputum samples contained a relatively large number of 
species, and there were many species that were not detected by sequencing. 
The dominant bacteria were Streptococcus, Sphingomonas, Corynebacte-
rium, Denatobacteria, Aquobacteria, Acinetobacteria, Prevotella, Klebsiella, 
Pseudomonas, etc. Conclusion: Bacteria caused by sputum of severe bacterial 
pneumonia are complex and diverse, which provides new methods and ideas 
for individualized treatment of patients with severe pneumonia. 
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1. Introduction 

The diagnosis of pathogenic bacteria in severe pneumonia is difficult and the 
prognosis is poor. Its outcome is closely related to bacterial pathogenicity and 
the timeliness and pertinence of antibiotic treatment, so early diagnosis is of 
great significance to the prognosis of patients [1]. The sputum samples of pa-
tients in the lower respiratory tract were collected by bronchoalveolar lavage, 
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and the bacterial population in the sputum of patients with severe pneumonia 
was monitored and analyzed by 16s rDNA PCR-DGGE technology, so as to ex-
plore the differences of bacterial species in patients with different degrees of se-
vere pneumonia, and provide an important index reference for the diagnosis, 
precise treatment and prognosis of patients [2]. In this paper, the composition of 
bacteria in the respiratory tract of patients with bacterial infection pneumonia 
was prospectively studied by using the above methods, so as to understand the 
characteristics and interrelationship of bacteria in the respiratory tract and bet-
ter detect the pathogenic bacteria. The 16s rDNA PCR-DGGE technology was 
used to identify and classify the bacteria in the sputum of pneumonia, and a new 
method of etiological diagnosis was explored [3] [4] [5] [6]. 

2. Materials and Methods 
2.1. Subjects and Sample Collection 

A total of 120 patients with severe pneumonia (10 normal controls) who were 
hospitalized in the comprehensive ICU of the Fourth People’s Hospital of Hai-
kou City and Hainan People’s Hospital from January 2018 to December 2018 
were selected as subjects. This study was approved by the Medical Ethics Com-
mittee of the Fourth People’s Hospital of Haikou City, and the patients signed 
the informed consent. 

Inclusion criteria: chest pain, dyspnea and other symptoms. The alveolar la-
vage fluid was positive. Age ≤ 50 years old; Patients signed informed consent. 
Exclusion criteria: those who could not be tested with fiberoptic bronchoscopy; 
Combined with respiratory or heart failure; Patients with other serious infec-
tious diseases; Patients with other pulmonary diseases; Complicated with sys-
temic diseases; Complicated with heart, liver, kidney and other important organ 
dysfunction; No previous history of mental illness. 

Sample collection: The sputum samples of the lower respiratory tract were 
collected by bronchoalveolar lavage. The lavage site was selected in the lung 
segment where the CT showed the heaviest inflammatory exudation. If the tight 
wedge at the top of the bronchoscope or the subsegmental bronchial opening 
cannot be absorbed due to the viscous sputum, 1 - 2 mL of normal saline should 
be quickly injected through the silicone tube through the re-biopsy hole. Each 
time 25 - 50 ml of lavage fluid was recovered by suction of negative pressure into 
a sterile sputum collector, and 2 tubes of 2 ml each were collected at the same 
time. One tube was immediately sent to the bacteria laboratory for bacterial and 
fungal culture, and the other tube was immediately stored in the refrigerator at 
−80˚C for later intensive extraction of bacterial genomic DNA for sequencing 
analysis. 

2.2. Methods 
2.2.1. Bacterial Culture 
The sputum oscillating liquid was prepared and inoculated with Columbia blood 
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plate and Haemophilus influenzae isolation plate, respectively, and cultured at 
37˚C for 18 - 48 h. The positive bacterial colonies were stained by Gram, and the 
bacterial species were identified by MicroscanWalkAway 40 (Siemens) automat-
ic bacterial identification/drug sensitivity tester. Another sputum sample from a 
patient whose sputum was cultured with pathogenic bacteria was performed as 
follows. 

2.2.2. Main Reagents 
DNEasy Bloodand Tissus μE Kit (Qiagen, Germany); PCR amplification kit, 
Dream Taq PCR Master Mix (Fermentas, Canada) [7]. The sputum samples 
should be centrifuged at 4˚C for 10,000 r/min for 1 min, and the supernatant 
should be discarded. Then add 2 mL of sterilized saline to the precipitate and 
mix. Repeat the centrifugation operation as above. The above cleaning needs to 
be repeated twice. Take the sediment and extract the bacterial DNA according to 
the instructions of the microbacteria extraction kit. 

2.2.3. PCR 
The upstream primer sequence was 5’-CGC CCG GGG CGC GCC CCG GGC 
GCA GGG G CCTACG GGA GGC AGC Ag-3, and the downstream primer se-
quence was 5’-ATT ACC GCG GCT GCT GCT GG-3. The extracted bacterial 
DNA was amplified using a gradient PCR device (Eppendoff) [8]. 16S RDNAPCR 
procedure: pre-denaturation at 94˚C for 5 min; The denaturation at 94˚C for 30 
s, annealing at 61˚C - 56˚C, 0.5˚C for each cycle, 72˚C for 1 min, a total of 10 
cycles; It was denatured at 94˚C for 30 s, annealed at 56˚C for 30 s, and extended 
at 72˚C for 1 min. A total of 25 cycles; it was extended at 72˚C for 7 min. The 
detection method of 16s rDNA PCR amplification product was to take 5 uL of 
the amplification product and add it into the preprepared 2% agarose gel for 
electrophoresis, the voltage was 110 V, the time was 30 min. Standard DNA is 
DL500 (Takara Company) [9]. After electrophoresis, the agarose gel was placed 
on the gel imager to detect and record the results. The number of nucleic acid 
sequence of the target band was about 195 bp. The remaining amplification 
products were stored at −20˚C. 

2.2.4. Recovery and Amplification of DGG and Bacterial DNA 
The deCODE system (Bio. Rad Corporation) was used for DGGE. 25 uL am-
plified products were absorbed and added to preformulated 8% polyacryla-
mide gel [10]. The denaturation gradient was 35% - 65%, 60˚C, 110 V electro-
phoresis for 6 h. After the electrophoresis was completed, the gel was stained 
with SYBR Green I (Tektronix), and imaging was performed with a gel imager 
and recorded. All the strips in the DGGE gel were cut off, washed twice with 
500 uL sterilized DDH20, mashed the gel, added 30 uL DDH20 with nuclease 
removal, and then isolated out at 4˚C overnight. Supernatant (containing tar-
get DNA) was absorbed and amplified with upstream and downstream primers 
without “GC” cap. The reaction system and conditions were the same as 1. 2. 

https://doi.org/10.4236/aim.2021.112008


J. Zheng et al. 
 

 

DOI: 10.4236/aim.2021.112008 112 Advances in Microbiology 
 

3. 5 uL of the amplified product was added into the preprepared 2% agarose 
gel for electrophoresis at 110 V and 20 min. Standard DNA is DL500. After the 
electrophoresis, the AGAR was placed on the gel imager for detection and the 
results were recorded. DNA in the bands was recovered and purified by Aga-
rose Gel DNA Purification Kit Ver2.0. TAKARA Company, and stored at 
−20˚C [11]. 

2.2.5. Cloning and Sequencing 
The amplified product was transferred into the plasmid using pMDL8-T Vector 
system (Takara Company), and then the cloned product was transferred into 
Escherichia coli DH50T competent cells (Tiangen Biochemical Technology Co., 
Ltd.). The cloned single colonies were selected and inoculated into a plate con-
taining ampicillin (LB/AMP). The bacteria were shaken overnight at 37˚C at 200 
r/min, and 2 mL of bacterial liquid was absorbed and sent to Shanghai Sangon 
Bioengineering Company for sequencing. Sequencing results in the national 
center for biotechnology information (NCBI) database for Blast ratio. 

2.3. Statistical Treatment 

SPSSL 7.0 statistical software was used for data analysis. Measurement data con-
forming to the normal distribution are expressed as (x ± s). Independent sample 
t test was used for comparison between two groups when variance was homoge-
neous, one-way analysis of variance was used for comparison between multiple 
groups, and LSD-t test was used for pair comparison. If the variance is not uni-
form and still does not meet the requirements of ANOVA after correction, 
non-parametric test will be used. Measurement data that do not conform to 
normal distribution are represented by P50 (P25 - P75), and non-parametric test 
method is adopted. Pairwise comparison of several groups of enumeration data 
was performed after correction test level. P < 0.05 was considered statistically 
significant. 

3. The Results 
3.1. Results of Sputum Specimen Culture 

There was no bacterial growth in 56 of 130 sputum samples. Normal flora was 
detected in 25 cases (including 10 normal controls). Fifty-nine pathogenic bacte-
ria (including 38 Klebsiella pneumoniae, 16 Acinetobacter baumannii and 5 
Pseudomonas aeruginosa) were detected. The detection rate of pathogenic bac-
teria was 45.2%. 

3.2. Bacterial DNA Extraction, PCR and DGGE 

Thirty-five pre-stored sputum specimens corresponding to the samples of pa-
thogenic bacteria were collected. Bacterial DNA was extracted, amplified and 
electrophoresis was performed, and then DGGE was performed. No target DNA 
was extracted from the negative control group (Figure 1). 
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Figure 1. DGGE view of PCR product. 

3.3. Sequencing 

A total of 19 bacterial species were detected by DNA cloning and sequencing of 
each band after DGGE extraction. They are Photorhabdus, Serratia, Klebsiella, 
Staphylococcus, Acinetobacter, Streptococcus, Pelagibacter ubique, Pseudomo-
nas, Pseudomonadaceae, Enterobacter sp, Bacillus Subtilis, Rothia, Nevskia, D. 
acidovorans, Stenotrophomonas and Dyella, and three genera of inculturable 
bacteria. 

3.4. Composition of Bacteria 

The composition and composition ratio of bacteria in sputum are shown in Ta-
ble 1. Table 1 shows that: 1) Comparison of bacterial species in upper and lower 
respiratory tract and composition ratio of each bacterial genus. The differences 
were statistically significant (P < 0.05); 2) A total of 12 species of bacteria were 
detected in sputum. The number of bacteria genera detected in upper respiratory 
tract was more than that in lower respiratory tract, and the difference in the 
composition ratio of bacteria genera between upper and lower respiratory tracts 
was statistically significant (P < 0.05). 3) Seven identical bacterial genera were 
detected in the upper and lower respiratory tracts, including Klebsiella, Achro-
mobacter, Serratia, Acinetobacter, Streptococcus, Staphylococcus and Pelago-
bacter. The total composition ratio of common bacterial genera in the upper 
respiratory tract was 82.1%, and that in the lower respiratory tract was 92.6%. 

4. Discussion 

The 16s rDNA PCR-DGGE cloning and sequencing method was used to deter-
mine the bacteria in the respiratory tract of neonates with bacterial infection 
pneumonia. It was found that there were a lot of bacteria species detected in the 
upper and lower respiratory tracts. A total of 19 bacteria genera were detected in 
the upper respiratory tract and 13 bacteria genera in the lower respiratory tract.  
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Table 1. Bacteria and composition ratio in sputum (%). 

The serial number Bacterial species Detection of sputum (%) 

1 Klebsiella 23.4 

2 Serratia 41.5 

3 Photorhabdus 7.4 

4 Streptococcus 8.9 

5 Acinetobacter 6.2 

6 Staphylococcus 4.7 

7 Pelagibacter ubique 1.7 

8 Pseudomonas 0.0 

9 Pseudomonadaceae 0.0 

10 Enterobacter sp 0.0 

11 Bacillus subtilis 0.0 

12 Rothia 0.0 

13 Nevskia 0.0 

14 D.acidovorans 0.0 

15 Stenotrophomonas 0.0 

16 Dyella 0.0 

17 Bacteria that cannot be cultured A 1.6 

18 Bacteria that cannot be cultured B 1.2 

19 Bacteria that cannot be cultured C 0.5 

 
Bacteria in the upper respiratory tract are more diverse than those in the lower 
respiratory tract. This may have to do with the fact that the pharynx is more ex-
posed to the environment and less affected by antibiotics. In this study, the bac-
terial species of upper and lower respiratory tract and the composition ratio of 
each genus were compared. The difference was statistically significant (P < 0.05). 
Therefore, it seems impossible to predict bacterial infection of the lower respi-
ratory tract directly from the composition and variation of pharyngeal bacteria. 
Considering the indirect effect of pharyngeal flora on pneumonia, this is consis-
tent with previous reports [12]. In this study, there were 7 common bacterial 
genera in the upper and lower respiratory tract, and the sequencing results of the 
same genus were consistent. Meanwhile, the bacterial composition of the com-
mon detected bacteria in the lower respiratory tract accounted for 92.6%. It 
shows that the bacteria in the lower respiratory tract share a great deal of ho-
mology with the bacteria in the upper respiratory tract, and they mainly come 
from the upper respiratory tract. That is to say, the bacteria in the lower respira-
tory tract are still affected by the upper respiratory tract to a large extent. In this 
study, the pathogenic bacteria cultured in sputum were Klebsiella pneumoniae 
subspecies, Acinetobacter baumannii and Pseudomonas aeruginosa. These three 
bacteria belong to the genus Klebsiella, Acinetobacter and Pseudomonas, just the 
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upper and lower respiratory tract of the common bacteria. In this study, 16s 
rDNA Acer genomic sequencing technology was applied to the etiological analy-
sis of the sputum of severe pneumonia, and it was found that the pathogenic 
bacteria of severe pneumonia sputum were complex and rich in species, and a 
variety of multi-drug resistant strains were colonized in the sputum. Compared 
with common bacterial culture, the positive rate of pathogens detected by se-
quencing method is higher, with the cost of high-throughput sequencing tech-
nology gradually decreasing. This research group will make more use of this 
technique to reduce the experimental flow, increase the accuracy of sequencing 
and reduce information loss. By designing longer general primers to determine 
the species of bacteria, and improving the investigation of common bacterial 
strains and endemic bacteria in the upper and lower respiratory tract of bacterial 
infectious pneumonia in ICU ward, the clinical treatment can be better guided. 
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