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Purpose: The aim of this study was to evaluate the value of metagenomic next-generation

sequencing (mNGS) in peripheral pulmonary infection management by comparing the

diagnostic yield of mNGS and traditional pathogen detection methods on interventional

specimens obtained by bronchoscopy.

Patients and Methods: This study enrolled patients suspected with pulmonary infection

who were admitted to Tianjin Medical University General Hospital from June 2018 to

August 2019. Specimens were obtained from bronchoscopy for mNGS analysis and tradi-

tional pathogen detection (including bronchoalveolar lavage fluid microbial culture, smear

microscopy, and lung biopsy histopathology), and the diagnostic yields were compared

between mNGS and traditional methods to evaluate the diagnostic value of mNGS in

peripheral pulmonary infection diagnosis.

Results: In this study, by comparing mNGS with traditional pathogen detection, the results

indicated that, first, mNGS identified at least one microbial species in almost 89% of the

patients with pulmonary infection; second, mNGS detected microbes related to human

diseases in 94.49% of samples from pulmonary infection patients who had received negative

results from traditional pathogen detection; third, the accuracy and sensitivity of mNGS are

higher than those of traditional pathogen detection; and, finally, mNGS could simultaneously

detect and identify a large variety of pathogens.

Conclusion: Metagenomic NGS analysis provided fast and precise pathogen detection and

identification, contributing to prompt and accurate treatment of peripheral pulmonary

infection.

Keywords: pulmonary infection, metagenomic next-generation sequencing, bronchoscopy,

bronchoalveolar lavage, smear microscopy, transbronchial lung biopsy

Introduction
Pulmonary infection is prevalent worldwide with high morbidity and mortality,

especially in elder and immunocompromised populations.1,2 While fast diagnosis of

pulmonary infection is important for prompt disease management and better out-

come, accurate detection and identification of pathogens is challenging. Particularly

in immunocompromised hosts, almost all bacteria or fungi may be considered

potential pathogens responsible for pulmonary infections.3,4 Early detection of

pathogens can optimize antibiotic management, shorten hospital stays, and improve

survival rates. Delaying diagnosis may impede targeted therapies and lead to poor

prognosis.5
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Traditional pathogen detection methods of bronchoscopy

specimens include bronchoalveolar lavage fluid (BALF)

microbial culture, smear microscopy, and histopathology.

However, due to the current limitation in microbial cultivating

techniques,6 the impact of lesions surrounded by fibrous tissue

and antibiotic application history, the positive rate of culture is

lower. On the other hand, histopathology analysis is favorable

for fungi and cryptococcus detection,7 but has no advantage in

the diagnosis of other pathogens. Patients with negative tradi-

tional pathogen detection results often undergo empirical anti-

biotic treatments, which may not cover the real pathogen and

lead to reinfection.8,9 This widespread use of antibiotics is

likely contributing to the accumulation and dissemination of

antibiotic resistance and multidrug-resistant pathogens.10 The

traditional pathogen detection methods have low yield and are

time-consuming. As these methods are unable to satisfy the

current need for fast and precise infection diagnosis, as a result,

metagenomic sequencing has emerged as needed.11,12

Metagenomic next-generation sequencing (mNGS), also

known as shotgun deep-sequencing, is a high-throughput

sequencing approach with high efficiency and short turn-

around time. Nowadays mNGS is widely used in but not

limited to whole genome sequencing and resequencing,

transcriptome sequencing, small ribonucleic acid (RNA)

sequencing, deoxyribonucleic acid (DNA) and protein inter-

actions, and DNAmethylation analysis.13,15 Pathogen detec-

tion and identification by mNGS is an emerging clinical

practice, which only needs small amounts of DNA extracted

from the sample and simultaneously detects and identifies

pathogens. Owing to its high positive rate in pathogen

detection, mNGS has already been successfully applied in

several clinical trials for infection diagnosis.16,18 In addition,

It has been reported that mNGS improved the detection

efficiency in culture negative samples.19 However,

reports on mNGS application in diagnosis respiratory tract

pulmonary infections, particularly by using bronchoscopy

samples, remains rare. The aim of this study was to evaluate

the value of mNGS in peripheral pulmonary infection diag-

nosis by comparing the efficiency of mNGS and traditional

pathogen detection methods (BALF microbial culture, smear

microscopy, and lung biopsy histopathology) in specimens

obtained by bronchoscopy.

Materials and Methods

Ethics Statement
This study was carried out in accord with the principles of

the Declaration of Helsinki and approved by the Ethics

Review Committee of Tianjin Medical University General

Hospital. Patients’ approval and informed consent were

waived because the study involved a retrospective review

of patient records.

Specimen Collection
Our study retrospectively reviewed 240 patients suspected of

pulmonary infections, who were admitted to Tianjin Medical

University General Hospital between June 2018 and

August 2019. Eleven patients were excluded from the study

due to missing critical data. Among the patients enrolled, 213

patients had underlying disease, including 155 cases of

hematological malignancies and 19 cases of rheumatic

immune diseases (Figure 1). After confirming no risk of

bleeding (platelets (PLT)<50×109/L, activated partial throm-

boplastin time (APTT)≥50 s, fibrinogen (FIB) ≤1.5 g/L),20

bronchoscopy was performed by the chief physician of the

Respiratory Endoscopy Center to obtain specimens including

lung tissue, BALF, and brush. The endobronchial ultrasound

system (K201/K203, Olympus, Tokyo, Japan) and the virtual

bronchoscope navigation system (DirectPath V1.0, Cybernet

systems, Olympus) were applied in all patients to precisely

locate the lesion, then an ultrathin bronchoscope (BF-P-260F,

Olympus) was used to reach the region of the lesion and

obtain the specimens. The categories of interventional speci-

mens include lung tissue, BALF, and protected-specimen

brush. The average number of tissue samples was 6–10

pieces for lung biopsy, 20 mL for BALF, and two protected-

specimen brushes. Each specimen was equally divided into

two parts for mNGS analysis and traditional pathogen detec-

tion. Although all three different categories of sample were

collected in most patients, some patients only went through

one or two sampling strategies due to long-term intolerance

to bronchoscopy or difficulty in obtaining samples.

Specimen Processing
All samples were promptly stored in sterile containers and

transported to the laboratory for mNGS, ensuring that the

samples were placed at 4°C before analysis. The lung biop-

sies were fixed with 4% formaldehyde (Fengchuan, Tianjin,

China) and were sent within 2 hours of collection to the

histopathology laboratory, where they were dehydrated,

embedded in paraffin (Haotian Craft Wax, Suzhou, China),

sectioned, and stained with hematoxylin and eosin (H&E,

Solarbio, Beijing, China) to examine inflammatory cell infil-

tration and the presence of visible pathogens (fungal hyphae).

In addition, all samples underwent special pathological stain-

ing, including Ziehl-Neelsen acid-fast staining (after initial
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dyeing, decolorization and counterstaining, red dyed, unre-

flective, slender, and slightly curved acid-fast positive

Mycobacterium tuberculosis observed under high magnifica-

tion) and hexamine silver staining (through periodate oxida-

tion, silver solution, and gold chloride staining, sodium

thiosulfate washing, bright green solution staining, and the

brown and dark brown fungal hyphae can be observed after

sealing). The protected-specimen brush (Jingrui, Hangzhou,

China) was smeared evenly on a slide (FeiZhou, Jiangsu,

China), which was sent to the histopathology laboratory for

acid-fast staining after transbronchial brushing. BALF was

sent to the microbiology laboratory for microbial culture and

microscopic examination smeared with centrifugal sediment.

After BALFwas centrifuged at 3,000 rpm for 10minutes, the

sediment was smeared on a slide for gram staining (Baso,

Zhuhai, China), Ziehl-Neelsen acid-fast staining (Baso), and

hexamine silver staining (the reagents needed for the dye

were purchased from Yingda Rare, Sinopharm, and Kemiou

from China) to distinguish bacteria, fungi, Mycobacterium

tuberculosis, and Pneumocystis carinii. BALF culture was

performed in a sterile environment, where the collected

lavage fluid was centrifuged and the precipitate was inocu-

lated on blood agar plates (bioMérieux, Marcy l’Etoile,

France) and sabouraud agar plates (bioMérieux) for culture

of bacteria and fungi, respectively, and incubated at 35°C for

24–48 hours for bacteria and 7 days for fungi according to

Figure 1 Detailing the characteristic of patient samples.
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conventional culture method for respiratory specimens. If

a typical colony grew, microscopy analysis was performed

after colony staining.21Gram stain, hexamine silver staining,

and Ziehl-Neelsen acid-fast stain were used to identify bac-

teria, fungi, Pneumocystis carinii, andMycobacterium tuber-

culosis under a microscope.21

Metagenomic Next-Generation Sequencing
The specimens to be tested were divided into two types. One

was used to extract DNA directly from each sample collected

from the same patient and sequenced separately. If the patient

had poor tolerance to sampling procedure and the volume of

BALF was less than 20 mL, DNA from BALF and protected-

specimen brush were extracted and sequenced together while

lung biopsieswere processed separately, at this point themixed

specimen was called a “cocktail specimen”. The sequencing

method was performed as previously described.21,22We added

0.5 mL of BALF sample and 1 g of 0.5 mm glass beads

(TUOTAINUO, Shenzhen, China) to a 1.5 mL centrifuge

tube (KIRGEN, Shanghai, China), placed on a horizontal

plate of the vortex (Kylin-Bell Vortex-5, Haimen, China) at

2,800–3,200 rpm for 30 minutes, and separated 0.3 mL of

BALF into a new 1.5 mL centrifugal tube. The tissue was

homogenized using a tissue homogenizer (NewZongKe,

Shenzhen, China), and the DNAwas extracted. The protected-

specimen brushwas placed on the horizontal plate of the vortex

to oscillate for 30 minutes at 2,800–3,200 rpm for subsequent

operations. The TIANamp Micro DNA Kit (TIANGEN

BIOTECH, Beijing, China) was used to extract DNA from

the three samples. The extracted DNA samples were used to

construct a DNA library based on the Beijing Genomics

Institute sequencer-100; the library construction process

included DNA end repairing, adapter connection, polymerase

chain reaction (PCR) amplification, and amplification product

purification by magnetic beads (MGI, Shenzhen, China). The

Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,

Canada) and quantitative polymerase chain reaction (qPCR)

were used for library quality control. The quality control

qualified DNA library was sequenced on the Beijing

Genomics Institute sequencer-100 platform (BGI, Shenzhen,

China).

Metagenomic Next-Generation Sequencing

Analyses
High-quality sequencing data were generated by removing

low-quality reads, adapter contamination, duplicated reads,

and reads shorter than 35 bp. By Burrows-Wheeler

Alignment (BWA), human genome sequence data was

deleted. The remaining data was compared with four

microbial genome reference sequence databases down-

loaded from the National Center for Biotechnology

Information, which included the whole genome sequence

of 2,700 viruses, 1,494 bacteria, 73 fungal and 47 parasite

genome sequences associated with human infection.21 The

criteria for a positive mNGS test result included: 1) the

relative abundance of bacteria (Mycobacterium tuberculo-

sis excluded) and fungi was greater than 30% at the genus

level;21 2) Mycobacterium tuberculosis was considered to

be positively detected if at least one read was aligned to

the reference genome at species or genus level;23 3) posi-

tive virus detection was considered when the stringent map

read number (SMRN) was no less than 3; and 4) when the

pathogen was detected by traditional pathogen detection

methods and the mNGS reads number was more than 50,

this pathogen can also be considered as positively detected

by mNGS.21

Data Analyses
Although histopathology, BALF culture, and smear

microscopy were used as traditional pathogen detection

methods in our study, the final clinical diagnosis was

confirmed by comprehensive evaluation of traditional

pathogen detection, mNGS results, other clinical exam-

ination results (including X-pert and GM tests of BALF,

and relevant tests of blood samples such as Epstein-Barr

virus nucleic acid detection, human cytomegalovirus

nucleic acid detection, Cryptococcus neoformans capsular

polysaccharide detection, Chlamydia pneumoniae, and

Mycoplasma pneumoniae serological antibody detection,

which was considered viable when a four-fold rise in the

paired serum antibody titer was detected between 2–3

weeks, and blood culture), imaging analysis, and prog-

nosis. A mNGS or traditional test result was considered

positive only if the pathogen(s) detected was in consis-

tence with the final clinical diagnosis, in that case, even

if mNGS or traditional test of only one out of three

specimens from one patient was positive, the result of

that type of test was considered positive. If the patient’s

final clinical diagnosis was non-pulmonary infectious dis-

ease, the tests with positive results were considered as

false positives. If the patient’s final clinical diagnosis was

pulmonary infectious disease, the tests with positive

results were considered as true positives, while the tests

with negative results were considered as false negatives.
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Follow-Up
The patients enrolled in the study were followed up in

September 2019, and separated into three groups

(Improvement, Non-Change, and Death) according to the

outcomes. The Improvement group had significant relief

clinical symptoms and absorption of lesion. The Non-

Change group had no obvious relief of clinical symptoms

and imaging lesions, while the Death group contained all

the patients who died due to respiratory events.

Statistical Analyses
With the final clinical diagnosis as the gold standard, the

patients were divided into pulmonary infection group and

non-pulmonary infection group, and the pulmonary infection

groupwas the positive reference group. The student t-test and

χ
2 test were used to calculate differences in continuous vari-

ables between groups. P-values <0.05 were considered to be

statistically significant. Sensitivity, specificity, positive pre-

dictive value (PPV), negative predictive value (NPV), and

accuracy (ACC) were calculated, and sensitivity and specifi-

city were compared between mNGS and traditional pathogen

detection methods using the χ
2 test. All statistics were

reported as absolute values with their 95% confidence inter-

val (95% CI) and all statistics were calculated by SPSS 19.0

software.

Results

Patient Demographics
In our study, the most prevalent hematological malignan-

cies were acute lymphoblastic leukemia (n=47, 30.32%),

acute myelocytic leukemia (n=44, 28.39%), myelodysplas-

tic syndromes (n=16, 10.32%), and aplastic anemia (n=11,

7.10%). Vasculitis (n=7, 36.84%), systemic lupus erythe-

matosus (n=5, 26.32%), and rheumatoid arthritis (n=4,

21.05%) accounted for the majority of autoimmune dis-

eases. Among the other underlying diseases, hypertension

(n=19, 48.72%) and diabetes (n=13, 33.33%) were most

prevalent, and seven patients had hypertension and dia-

betes simultaneously. The immune function was normal in

73 patients, while the other 167 had immune deficiency.

For the final clinical diagnosis, 171 patients were diag-

nosed with pulmonary infection, and 69 were diagnosed

with non-pulmonary infection (Table 1).

Bioinformatics Information
A total of 467 mNGS results were collected, including

data from 170 BALF samples, 160 lung tissue samples,

94 bronchoscopic protected-specimen brushes, and 43

cocktail specimens.

Among the patients with pulmonary infections, the per-

centage with mNGS-positive result was 151/171 (88.30%).

Among the patients with non-pulmonary infection, the per-

centage with mNGS-positive results was 13/69 (18.84%)

(Figure 2), the ACC of mNGS was 86.25%. Among the

patients diagnosed with fungal pneumonia, the most preva-

lent pathogenic fungi were Aspergillus (n=32, 45.07%),

Pneumocystis carinii (n=22, 30.99%), and Rhizopus (n=7,

9.86%). When analyzed by mNGS, Aspergillus fumigatus

was the major species detected in Aspergillus, followed by

Aspergillus oryzae, Aspergillus niger. The number of patients

co-infected by Aspergillus flavus and Aspergillus oryzae was

Table 1 Demographic Characteristics of Pulmonary Infection

and Non-Pulmonary Infection

Characteristic Pulmonary

Infection

Non-Pulmonary

Infection

P-value

Age (years)* 42.00±18.60 42.30±16.50 0.897

Sexa 0.88

Male 112 (65.50%) 44 (63.77%)

Female 59 (34.50%) 25 (36.23%)

Immune functiona 0.03

Immune function

deficiency

126 (73.70%) 41 (59.42%)

Immune function

normal

45 (26.30%) 28 (40.58%)

Inflammatory index*

Serum WBC (10^9

mmol/L)

7.40±5.54 11.60±39.90 0.39

Serum N% 67.30±15.90 65.20±17.20 0.38

Serum CRP (mg/dL) 2.91±5.88 2.35±6.33 0.57

Notes: *The values are given as the mean and the standard deviation. aThe values

are given as the number of cases, with the percentage in parentheses.

Figure 2 The bar chart shows the comparison of positive results between meta-

genomic next-generation sequencing and traditional pathogen detection in the

pulmonary infection group and non-pulmonary infection group.
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four, while co-infection of Aspergillus fumigatus and

Aspergillus oryzae was one. In patients with a positive

mNGS result, the bacteria most frequently detected were

Mycobacterium tuberculosis (n=19, 26.39%), Pseudomonas

aeruginosa (n=16, 22.22%), Acinetobacter baumannii (n=9,

12.50%), and Klebsiella pneumoniae (n=7, 9.72%). And the

viruses most frequently detected were human herpesvirus

type 5 (HSV-5, n=26, 43.33%), human herpesvirus type 4

(HSV-4, n=19, 31.67%), human parvovirus B19 (HPV B19,

n=4, 6.67%), and Torque teno virus (TTV, n=4, 6.67%), the

number of cases of co-infection of HSV-5 and HSV-4 was

six. The pathogen detection yield of mNGS analysis and

traditional detection methods in patients with pulmonary

infection is shown in Table 2. In the specimens analyzed by

mNGS, Prevotella, Streptococcus, Porphyromonas, and

Veillonella were detected in both groups. Among the 171

patients with pulmonary infection, the number of patients

who had positive mNGS results in all three samples was 40,

the number for two positive samples was 63, and 48 patients

only had positive detection in one sample sent for analysis.

Among the patients with pulmonary infections, the

positive results of traditional pathogen detection methods

were obtained from 44 (25.73%) patients, and the most

commonly detected pathogen was mold (the classification

of mold could not be clearly identified by traditional

culture and histology). Among the patients with non-

pulmonary infection, positive results of traditional patho-

gen detection were achieved in eight (11.59%) patients,

and the most commonly detected pathogen was

Stenotrophomonas maltophilia. The ACC of traditional

pathogen detection was 43.75%.

The most commonly detected pathogens (bacteria, fungi,

and viruses) in immunocompromised patients with pulmonary

infection were Pseudomonas aeruginosa (n=15, 11.90%),

Aspergillus (n=30, 23.81%), and HSV-5 (n=26, 20.63%),

respectively. The most commonly detected pathogens (bac-

teria, fungi, and viruses) in immunocompetent patients with

pulmonary infection wereMycobacterium tuberculosis (n=10,

22.22%),Cryptococcus neoformans (n=4, 8.89%), and HSV-4

(n=4, 8.89%), respectively.

Identification of Pathogen in Negative

Traditional Pathogen Detection Samples

by mNGS
A total of 127 specimens received negative or non-specific

detected results from traditional pathogen detection tests, of

which 120 had positive results from mNGS, and seven had

negative or non-specific detected results from mNGS. In

patients with pulmonary infections, the pathogens which

traditional pathogen detection generally failed to detect

included many fungi (such as the Pneumocystis jirovecii,

Aspergillus) and almost all of the viruses, while the common

bacteria such as Pseudomonas aeruginosa, Mycobacterium

tuberculosis, and Acinetobacter baumannii were easily

detected by both traditional methods and mNGS.

Performance of mNGS and Compare

with Traditional Pathogen Detection
The sensitivity and specificity of mNGS were compared to

that of traditional pathogen detection methods (Table 3).

mNGS was more sensitive (88.30%) compared to tradi-

tional pathogen detection (25.73%), with a difference of

62.57% (P<0.001), However, mNGS was less specific

(81.16%) than traditional methods (88.41%), with

a difference of 7.25% (P=0.639). The PPV and NPV of

mNGS were 92.07% and 73.68%, respectively. The ACC

of mNGS was 86.25%, while the ACC of traditional

detection methods was 43.75%. The PPV and NPV of

traditional pathogen detection were 84.62% and 32.45%,

respectively. The follow-up results of all patients after 1

month are shown in Table 4. After the follow-up, 158

patients improved, of which 145 had positive results

from mNGS and 42 had positive results from traditional

pathogen detection. The number of patients without sig-

nificant changes or who died from respiratory events were

11 and 2, respectively.

Discussion
Our study retrospectively evaluated the value of mNGS in

peripheral pulmonary infection by performing mNGS and

traditional pathogen detection in specimens obtained by

bronchoscopy. The mNGS analysis was relatively unbiased

and highly sensitive for simultaneous detection of hundreds

of known pathogens, providing great potential for pathogens

Table 2 Detection Rate of Organism of Pulmonary Infection in

mNGS Compared with Traditional Detection Method

Pathogen mNGSa Traditionala

Bacteria 72 (42.11%) 30 (17.54%)

Fungi 66 (38.60%) 14 (8.19%)

Virus 60 (35.09%) —

Mycoplasma 4 (2.34%) —

Chlamydia 1 (0.58%) —

Note: aThe values are given as the number of patients, with the percentage in

parentheses.
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analysis in clinical specimens.18Most of the patients enrolled

in this study had hematologic malignancy or rheumatic

immune diseases. These patients were chronically immuno-

compromised due to long-term use of large doses of anti-

tumor drugs, cytotoxic drugs, or glucocorticoids, and

were prone to complicating diseases, especially pulmonary

complications.24,25

When pulmonary lesions occur, the lesions should be

judged quickly and accurately to guide the proper follow-up

treatment. Since the clinical manifestations of some infectious

diseases and non-infectious diseases are very similar, this is

more difficult to distinguish by routine laboratory examination

and imaging analysis, where there are often overlap character-

istics between diseases. In addition, the condition of immuno-

compromised patients is generally critical, the identification of

the pathogens is important for precise diagnosis and necessary

for proper treatment,18 while a delay in the diagnosis may

impede the targeted treatment and lead to a poor prognosis.

So, it is essential to optimize diagnosis efficiency with early

and precise management as well as interdisciplinary

teamwork.26,27 Although these patients are at high risk with

bronchoscopy due to their poor health state and rapid disease

progress, studies have pointed out that the risk of complica-

tions and the condition of the patients should be evaluated

based on the location of the lesion. With the exception of

contraindications, an early invasive bronchoscopy examina-

tion should be performed to determine the etiology of the

lesion.25,28 For patients who are immunocompetent, if the

clinical and imaging analysis indicate a suspicion of pulmon-

ary infectious diseases, and the response to initial empirical

treatment is poor, timely intervention is also required to obtain

lesion samples to identify the pathogen. Currently, the most

common detection methods for pathogens in the specimens

are microbial culture, histopathology, and smear

microscopy.29,30 Microbial culture in bronchoscopy includes

tissue culture and BALF culture, but the sensitivity is low and

the positive rate is related tomany factors, such as sample type

and patient’s condition.31 Histopathology and smear micro-

scopy are merely able to identify limited fungal species or

Mycobacterium tuberculosis. For virus detection, the above

test methods are not applicable. Real-time PCR can be used to

detect the virus, but it requires a proper hypothesis of patho-

gens to synthesize specific primers.18With the development of

diagnostic technology, there has been a rise of some precise

detection methods, such as GM test (Aspergillus galactoman-

nan test),32,33 or X-pert (Mycobacterium tuberculosis/rifampi-

cin resistance test).34 These methods are able to improve the

diagnostic yield of Aspergillus and Mycobacterium tubercu-

losis. Real-time PCR also has high sensitivity and specificity

for the detection of Pneumocystis jirovecii.35 Although the

above detection methods may improve the diagnostic yield of

pathogens, their sensitivity is considerably impacted by patho-

gen load, former antibiotic use, source of samples, and other

aspects.21,36,37

Our study obtained interventional specimens from

patients with suspected pulmonary infection by broncho-

scopy and sent them for mNGS analysis. The results

indicated that: first, mNGS was able to identify nearly

89% of patients with pulmonary infection, which was

higher than traditional pathogen detection, at 25.73%

(P<0.001). However, mNGS was less specific, with

a specificity of 81.16%, while the specificity of traditional

methods was 88.41% (P=0.639), which may be due to the

Table 3 Comparison of Sensitivity and Specificity Between

mNGS and Traditional Detection Method

Infecteda Noninfecteda Sensitivityb Specificityb

mNGS 88.30%

(82.29–92.54%)

81.16%

(69.57–89.21%)

mNGS-

positive

151 13

mNGS-

negative

20 56

Traditional 25.73%

(19.50–33.08%)

88.41%

(77.89–94.51%)

Traditional-

positive

44 8

Traditional-

negative

127 61

Note: aThe values are given as the number of patients. bThe values are given as the

estimate, with the 95% CI in parentheses.

Table 4 Infection Status of All Patients at a 1-Month Follow-Up

According to the Metagenomic Next-Generation Sequencing

Result

Infection Status No. of Patients

Improve Non-Change Death

Traditional-positive infection

(n=44)

mNGS-positive 30 0 1

mNGS-negative 12 1 0

Traditional-negative infection

(n=127)

mNGS-positive 115 5 0

mNGS-negative 1 5 1

Abbreviation: mNGS, metagenomic next-generation sequencing.
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fact that traditional pathogen detection methods cannot

detect more microorganisms, resulting in a higher true

negative in non-pulmonary infection; second, and more

importantly, mNGS detected microbes related to human

diseases in 94.49% of samples from pulmonary infections

patients who had received negative results from traditional

pathogen detection; third, the ACC of mNGS was 86.25%,

while the ACC of traditional pathogen detection was

43.75%; finally, mNGS could simultaneously detect and

identify a large variety of pathogens, among which 42.11%

were bacteria, 38.60% were fungi, 35.09% were virus,

2.34% were Mycoplasma, and 0.58% were Chlamydia.

After a follow-up of 1 month, 158 patients improved

after diagnosis and treatment, among whom 145 had posi-

tive detection by mNGS analysis and 42 had positive

detection by traditional detection methods. However,

there were still five patients who had no significant

changes after the application of mNGS analysis, which

might be due to the high toxicity of the pathogens, the

immune deficiency state of patients and drug-resistant.

One patient died of massive hemoptysis due to fungal

invasion of bronchial arteries in the lungs, another patient

died from deteriorative respiratory event. In conclusion,

mNGS was superior to traditional pathogen detection in

etiological diagnosis of peripheral pulmonary infection.

Metagenomic NGS can generate tens of thousands of

individual sequences,19while detecting hundreds of common

and uncommon pathogens which may evade traditional

detection,38 providing comprehensive information on pul-

monary microbiota. It has been reported that the core genera

of pulmonary microbiota include Prevotella, Pseudomonas,

Streptococcus, Fusobacterium, Haemophilus, Veillonella,

and Porphyromonas.39,40 In some patients, mNGS could

detect Prevotella, Streptococcus, Porphyromonas, and

Veillonella in both groups, similar to the core genera of

pulmonary microbiota reported previously. In addition to

bacterial infection, there was a high percentage of fungal

infection in our study. This result might due to the fact that

most patients enrolled in our study were immunocompro-

mised or immunodeficient, and fungi such as Aspergillus,

Rhizopus, Mucor, and Pneumocystis carinii had become the

main opportunistic pathogens in these patients. This was

similar to previously research.41,43 The positive rate of

mNGS analysis for fungi was 66/71 (92.96%), whereas

only 14 cases (19.72%) had positive detection from tradi-

tional pathogenic detection methods. According to reports,

combined analysis of mNGS and smear can reduce detection

time, provide accurate identification of the strain, and serve

as a conventional diagnostic tool for invasive fungal

infection.19 Since mNGS analysis often detected more than

one pathogen in a single test, therefore, clinicians need to

have a comprehensive understanding of these infections, in

order to diagnose mixed infection and/or distinguish the

causative pathogen(s).19

Limitations
Despite the encouraging results of our research, there were

still some limitations. First, the interventional specimens

obtained by bronchoscopy might not contain valuable patho-

gens DNA due to the location of the lesion and the tolerance

of the patient, which could have contributed to false negative

detections. In this case, it is suggested to use a large sum of

pooled sample in the future study to improve the detection

efficiency. In subsequent studies, standardized procedures

should also be developed to further improve detection yield

of mNGS. Second, the sample processing procedures used in

this study underestimated the possibility of RNAvirus infec-

tion. As fungal and intracellular bacteria have thicker cell

walls, wall-breaking treatments were applied in the DNA

extracting procedure, which might affect the detection of

RNA viruses. Therefore, DNA extraction procedures pre-

sented in this study are not fit for the detection of RNA

virus. RNA extraction and reverse transcription procedures

should be applied if RNA virus infection is suspected. In

addition, although 1/3 positive mNGS samples were inter-

preted as mNGS positive only if the pathogen(s) detected

was in consistence with the final clinical diagnosis, the co-

detection of several pathogens inter-sample could have sug-

gested the possibility of false positive detections or the pre-

sence of environmental contamination. Despite the

increasing use of mNGS, the limitations of this technique

need to be noted. Metagenomic NGS analysis is unable to

differentiate colonization and pathogenic strains. Also, the

precision of mNGS is prone to the impacts of background

microbiome and contamination of nucleic acids in reaction

kits. Sample processing procedures, bioinformatic analysis,

and interpretation of sequencing results are also affecting

aspects to the final detection.44 Furthermore, the economy

cost is also a problem. The average cost of mNGS is 2,500–-

3,000 RMB (Ren Min Bi) per specimen, so the costs of 2–3

specimens per patient tend to be a large economic burden

compared to traditional pathogenic tests (1,000–1,500

RMB). Last, but not least, our study was a single-center

retrospective study, which still requires more prospective

and multicenter data to accurately determine the accuracy

of mNGS analysis.
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Conclusion
At present, there have been few studies on the value of

mNGS in etiological detection for pulmonary infection.

Our study introduced mNGS into the pathogen detection

and identification of specimens obtained by bronchoscopy,

and compared its detection yield with the traditional patho-

gen detection methods, demonstrating that mNGS was

able to quickly and accurately detect and identify patho-

gens. In addition, as most of the patients enrolled in our

study had severe underlying disease, obtaining specimens

for mNGS testing by bronchoscopy contributed to safe and

earlier infection diagnosis, saving precious time for the

treatment of critical diseases.
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