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Abstract 
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. Therefore, early diag-
nosis is of great significance to the prognosis of patients. Sputum examination 
and culture is the gold standard for the diagnosis of pathogens of severe 
pneumonia. However, due to the long time of bacterial culture, the early use 
of antibiotics, the change of bacteria species, mixed infection and other prob-
lems, the results of bacterial culture in sputum are often false negative. With 
the continuous application of new molecular biology techniques in clinical 
detection, the classification of bacteria and microorganisms has deepened 
from the identification of phenotypic characteristics to the classification of 
gene characteristics. Sequencing analysis with 16S rDNA sequencing tech-
nology has the characteristics of high sequencing flux, large amount of data 
obtained, short cycle, and can more comprehensively reflect the species 
composition of microbial community, real species distribution and abun-
dance information. In this paper, 16S rDNA sequencing technology was used 
to analyze the bacterial population composition in the sputum of severe 
pneumonia, and to explore a new method of etiological diagnosis. 
 

Keywords 
Bacterial Severe Pneumonia, Sputum, The Pathogenic Bacterium, 16S rDNA 
Sequencing 

 

1. Introduction 

Pneumonia is one of the clinical very common respiratory infectious diseases, 
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due to the lack of typical symptoms and signs in the early diagnosis of expe-
rience after antibiotic treatment inappropriate often makes pneumonia in delay 
no more waiting for a reason, and gradually develops severe pneumonia (severe 
root, SP), also called toxic pneumonia or explosive pneumonia, which is the 
highest rates of pneumonia types [1]. 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 
[2]. Therefore, there is an urgent need for new clinical detection techniques in 
early diagnosis of pneumonia to change the status quo. 16S rDNA is the gene 
encoding the small subunit rRNA (16S rRNA) of the prokaryotic ribosome. The 
length of 16S rRNA is about 1500 bp, and it is often used as the basis for bacteri-
al taxonomy studies. 16S rDNA sequencing analysis is characterized by high se-
quencing flux, large amount of data obtained, short cycle, and more comprehen-
sive reflection of microbial community species composition, real species distri-
bution and abundance information [3]. 16S rDNA sequencing technology is a 
bright spot in the development of modern molecular biology technology. In this 
paper, 16S rDNA sequencing technology was used to analyze the bacterial popu-
lation composition in the sputum of patients with severe pneumonia. The spu-
tum samples with positive 16S rDNA sequence were classified and identified by 
high-throughput sequencing technology, so as to find the common pathogenic 
bacteria of clinical infection of severe pneumonia and explore the new thinking 
of etiological diagnosis of severe pneumonia. 

2. 16S rDNA Amplification and Sequencing Technology 

Bacteria detection includes traditional morphological examination, isolation and 
culture, biochemical identification, immunoanalysis and other methods, among 
which the isolation and culture of bacteria is the most important, but the isola-
tion and culture of caustic bacteria and slow-growing bacteria can achieve ideal 
detection effect. In recent years, a variety of gene diagnosis technologies have 
been developed and used in bacterial detection, especially the polymerase chain 
reaction (PCR) based gene diagnosis technology has played an increasingly im-
portant role. 

Amplifier sequencing, PCR amplification involving a specific sequence site, 
usually 16S/18S rDNA. Metagenomic species classification is generally represented 
by OUT (operational taxonomic unit). 16S rDNA is usually used to measure 
prokaryotes. Its sequencing analysis has the characteristics of high sequencing 
flux, large amount of data obtained, short cycle, and can more comprehensively 
reflect the species composition of microbial community, real species distribution 
and abundance information. The purpose of this project is to use 16S RNA gene 
sequencing technology of bacterial ribosome small subunit (16S rDNA) to iden-
tify and classify bacteria in pneumonic sputum, and to explore a new method of 
etiological diagnosis. 

16S rDNA is the gene encoding 16S rRNA of prokaryotes, with a length of 
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about 1500 bp. It is found in the genomes of all prokaryotes such as bacteria, 
chlamydia, mycoplasma, rickettsia, spirochetes and actinomycetes, and is com-
posed of multiple Conserved regions and Variable regions intersperse with 
them. The conserved zone is common to all bacteria, and there is no significant 
difference among bacteria [4]. The variable region varies among different bacte-
ria to a certain extent and is specific for bacteria genus or species. The use of 
PCR technology to amplify 16S rDNA contains two meanings: the design of 
universal PCR primer in the conserved region, which can theoretically amplify 
all kinds of bacteria existing in the sample to be tested; If the variable region is 
selected to design PCR-specific primers, the bacteria in the samples can be iden-
tified to the level of genus, species and even strain. Therefore, 16S rDNA has 
become an ideal target sequence for bacterial identification and classification re-
search [5]. 

Bacterial 16S rDNA contains 9 variable regions, named V1-V9 regions [6]. 
Identifying bacterial species-specific sequences in a variable region may lead to 
useful targets for bacterial laboratory diagnosis. Except for regions V2, V3 and 
V4, which are slightly longer, the sequence of other hypervariable regions is very 
short, and no hypervariable region can distinguish all bacteria [7]. Related stu-
dies have reported that region V1 can distinguish Staphylococcus aureus from 
plasma coagulase-negative Staphylococcus aureus. Regions V2 and V3 can iden-
tify all bacteria except Enterobacteriaceae to the genus level. Region V2 is partic-
ularly suitable for the identification of Mycobacterium species. Region V3 can 
well distinguish all bacteria in Haemophilus genus. Most species except Entero-
bacteriaceae can be distinguished by V6 region, and Bacillus anthracis can be 
distinguished from Bacillus cereus with similar biological characters by single 
nucleotide polymorphism (SNP) analysis. However, it is not possible to identify 
bacterial genus or species by V4, V5, V7 and V8 region sequences [8]. 

3. Applications Based on Partial or Full-Length 16S rDNA  
Sequences 

The development of 16S rDNA PCR based broad-spectrum bacterial detection 
technology has brought the study of microbial molecular biology to a new level. 
Bacterial species-specific PCR can only use a specific bacterial primer to detect 
specific bacteria, while 16S rDNA PCR uses 16S rDNA primer for all bacteria to 
efficiently and unbiased simultaneously analyze all bacterial species in the sam-
ple flora [9] At present, this technology has been applied in many aspects of 
clinical classification detection: 

(Recommending primer sequence description): High variability region se-
quencing technology of 16S rDNA was used to add sample Tag sequence 
(Barcode) to PCR products for mixed sequencing, and species classification, 
operational taxonomic unit (OTU) analysis, diversity analysis, etc., were 
performed according to gene expression Tag (TAG). The commonly used 
sequencing strategy is 454 pyrosequencing of V3-V5 region. 
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3.1. Identification of Difficult-to-Culture Bacteria 

In the early 1990s, against bacillus sexual hemangioma (bacillary angiomatosis) 
of bacterial culture and identification have been unsuccessful, Relman, etc. [10] 
with polymerase chain reaction (PCR) amplification in tissue samples from pa-
tients bacterial 16S rDNA fragment, and by sequencing and comparative analy-
sis, the first successful identified the hemangioma of the pathogen to FuErXi 
rickettsia (Rochalimaea quintana). In the bacteriological diagnosis of endocardi-
tis, the positive rate of traditional blood culture or heart valve culture is very low. 
Based on 16S rDNA technology, 177 specimens of heart valve for bacterial 16 s 
rDNA universal primers quantitative PCR amplification and sequencing, the re-
sults show that quantitative PCR detection sensitivity, specific, negative and pos-
itive predicted value expected value reached 96%, 95.3%, 98.4% and 88.5% re-
spectively, and the method for the timely processing of endocarditis and antibio-
tics provided a reference for the rational selection of [11]. 

3.2. Distinguishment of Closely Evolutionarily Related Bacteria 

The genetic sequences of Bacillus anthracis, Bacillus cereus and Bacillus thurin-
giensis are 99% homologous, which makes it difficult to identify each other. It is 
called Bacillus cereus group, and some scholars even believe that the three be-
long to the same species. The 16S rDNA sequencing method can not only accu-
rately distinguish the three kinds of similar Bacillus, but also directly detect clin-
ical specimens, which is suitable for rapid identification of Bacillus anthracis in 
bioterrorism events [12] [13]. 

3.3. Identification of Bacteria in Blood Culture 

The 16S rDNA sequencing method has the advantages of rapid and accurate in 
pathogen diagnosis and antibiotic selection. As reported in related studies [14], 
the blood culture of a patient identified by the RapID automatic bacterial identi-
fication instrument for the second hospitalization was all Bacillus pallus, but the 
Vitek automatic bacterial identification instrument was used to test, and the re-
sults showed that the patient was Brucella aminii. The full-length 16S rDNA was 
amplified and sequenced, and the sequence was 100% homologous to 25 Brucel-
la sequences in the SmartGene database. The serotype was identified as Brucella 
suis by the U.S. Centers for Disease Control and Prevention. The Maastricht 
university medical center in the research of real-time quantitative 16S rDNA 
PCR amplification system, using the general probe plus species or genus specific 
probe more probe method (multiprobe assay), Several common bacteria in 
blood infections, including Gram-negative Pseudomonas and Escherichia coli 
and Gram-positive Staphylococcus, Enterococcus and Streptococcus, can be 
quickly identified within 2 h [15]. 

3.4. New Species of Bacteria Were Discovered 

Clinically, it is easy to encounter some new bacteria, and it is difficult to evaluate 
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their potential pathogenicity because the species is not clear. Generally, if the 
homology of full length 16S rDNA between two strains is ≥ 99%, they are consi-
dered to be the same bacteria. If it is 97% ~ 98.9%, it is generally considered to 
be a different species of the same genus. If < 95%, it is considered to be a differ-
ent genus. Studies have reported that from 2001 to 2007, up to 215 new species 
of bacteria have been found by 16S rDNA sequencing globally, belonging to 29 
bacterial genera, 15 of which are new bacterial genera, including 100 new species 
[16]. In terms of source, the new species were found in oral and dental speci-
mens and gastrointestinal specimens. 

In the Human Microbiome Project (HMP) led by the National Institutes of 
Health (NIH) in 2007, 16S rDNA sequencing is one of the commonly used me-
thods. By analyzing the microbial communities in different parts of the oral cav-
ity, nose cavity, digestive tract, skin and genitourine tract of volunteers. The re-
search team has published 5177 16S rDNA sequences obtained from 242 adult 
volunteers. As a systematic method for bacterial classification, 16S rDNA se-
quencing plays an important role in the HMP program. 

3.5. The Microsep 500 16S rDNA Bacterial Identification System 

The system developed by American Applied Biosystems, is based on the ampli-
fication of 527 bp fragment of end of bacterial 16S rDNA. The primer de sign is 
targeted at all bacteria, and it is a universal bacterial identification system. After 
amplification and sequencing, 16S rDNA of bacteria in the samples can be com-
pared with the database of the system, which can realize the rapid identification 
of bacteria such as Mycobacterium, Corynebacterium and Nocardia. Besides the 
system database MicroSeq ID, bacterial 16 s rDNA sequence database also in-
cludes RDP-II, RIDOM and SmartGene IDNS. 

4. 16S rDNA Sequencing and Denaturing Gradient Gel  
Electrophoresis PCR-DGGE 

Conventional polyacrylamide gel electrophoresis can only separate different 
DNA fragments by different fragment sizes and different electrophoretic mobil-
ity on the same concentration of glue, but it cannot effectively separate DNA 
fragments with similar or the same fragment sizes. DGGE (denaturing gradient 
gel electrophoresis) refers to denaturing gradient gel electrophoresis, which 
changes the electrophoretic mobility due to the different chain unwinding beha-
viors of DNA in denaturing agents with different concentrations, so as to sepa-
rate DNA fragments with the same size but different base composition. 

PCR-DGGE can well identify complex 16S rDNA samples. Usually, a single 
band is an OUT (operational taxonomic unit). The number of bands can reflect 
the diversity of bacterial community, and the signal strength of bands can reflect 
the relative number. Therefore, the relationship of microbial OUT and quantity 
in sputum of patients with different severe pneumonia can be determined ac-
cording to the stripe information, and the bacterial diversity information can be 
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obtained, and the bacterial population closely related to severe pneumonia can 
be further analyzed. 

Limitations should be described: the 16S rDNA clone library method used in 
the study of Pandey et al. may have certain limitations in the study of bacterial 
diversity due to insufficient number of clone selections or selection bias [17]. 
The introduction of molecular biological methods has created a new situation 
for the pathogen diagnosis of sepsis, which has made the pathogen diagnosis of 
sepsis more sensitive, efficient and convenient, and solved some difficult prob-
lems in blood culture. However, molecular biological methods still have some 
limitations, which need to be further optimized and improved in the practical 
application. Traditional blood culture methods may be more sensitive to detect 
certain bacteria that require less growth conditions: in theory, only one living 
bacterium can be observed in the culture. However, molecular biological me-
thods may not perform well in detecting small blood samples due to problems 
such as the efficiency of bacterial DNA extraction methods and exogenous bac-
terial DNA contamination. Although molecular methods can guide sepsis treat-
ment by simultaneously detecting bacterial resistance genes, blood culture me-
thods are more suitable for practical clinical needs by combining simultaneous 
drug sensitivity tests in culture [18]. 

5. Analysis of Clinical and Prognostic Factors for Severe 
Pneumonia 

Severe pneumonia is characterized by rapid onset, multiple complications and 
multiple organ damage, which promote the rapid deterioration of the disease 
and even directly lead to the death of patients. Therefore, the diagnosis and cor-
rect treatment of severe pneumonia is still one of the difficult problems in clini-
cal treatment. Severe pneumonia can be divided into severe community acquired 
pneumonia (SCAP) and severe hospital acquired pneumonia (SHAP) according 
to different acquired environment. Both SCAP and SHAP have high morbidity 
and fatality rates. According to the epidemiological survey, the fatality rate of 
SCAP patients can be as high as 50%, while HAP can reach 70% [19] [20] [21]. 

6. Conclusions 

In recent years, due to the increase of high-risk host infection, the phenomenon 
of bacterial resistance and even multi-drug resistance is becoming more and 
more serious. Despite the continuous emergence of new antimicrobial agents, 
severe pneumonia is still an infectious disease with difficult diagnosis and treat-
ment and poor prognosis. One of the key factors is the rational use of antibiotics. 

The rational use of antibiotics for severe pneumonia should follow the “3R” 
principle: 

1) Right time, i.e. the Right time (early treatment and appropriate course of 
treatment); 

2) The Right drug; 

https://doi.org/10.4236/aim.2021.113011


J. Zheng et al. 
 

 

DOI: 10.4236/aim.2021.113011 163 Advances in Microbiology 
 

3) The patient is Right. 
To achieve the 3R principle, first of all, we should master the drug resistance 

of the main pathogenic bacteria infected in the local area and the hospital. Se-
condly, it is necessary to understand the activity, pharmacokinetic characteristics 
and adverse reactions of various antibacterial drugs, so as to maximize the effect 
of antibacterial drugs. Finally, to severe pneumonia should distinguish serious 
degree. In this project, the 16S rDNA PCR-DGGE technology was used to mon-
itor and analyze the bacterial population in the sputum of patients with severe 
pneumonia, to explore the differences of bacterial species in patients with severe 
pneumonia of different degrees, and to provide an important reference for the 
diagnosis, precise treatment and prognosis of patients. 
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