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Background: To investigate the value of metagenomic next-generation sequencing (mNGS) in the 
diagnosis of focal pulmonary infections by using radial ultrasound bronchoscopic “cocktail” specimens.
Methods: From March 2019 to May 2020, 90 patients with focal pulmonary infections [locatable by a 
radial probe endobronchial ultrasound (RP-EBUS)] treated by the Department of Respiratory and Critical 
Care Medicine at the Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Municipal Hospital 
(Suzhou, China) were randomly allocated to the “cocktail” group, transbronchial brushing (TBBr) group or 
bronchoalveolar lavage fluid (BALF) group; 30 patients were assigned to each group. Using the extracted 
material, the diagnostic efficacy of the mNGS test for pathogen detection was compared across the three 
groups, and the effect of an antibiotic treatment on detection rate was assessed.
Results: The sensitivity of mNGS analysis in cocktail group, TBBr group and BALF group was 90% 
(27/30), 66.7 (20/30) and 50% (15/30), respectively. The analysis of the sensitivity of the positive test, the 
detection rate of multiple pathogens, and the effect of antibiotics on the detection rate by mMGS indicated 
that the “cocktail” group was significantly higher number of samples positive for pathogens than the TBBr 
group (P<0.05), and the TBBr group was significantly higher number of samples positive for pathogens than 
the BALF group (P<0.05).
Conclusions: “Cocktail” specimens had high sensitivity in the identification of focal pathogens, and the 
use of antibiotics had little effect on the results of the mNGS analysis. These clinically valuable results can 
be used in the diagnosis and treatment of patients with focal pulmonary infections.
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Introduction

The radial probe endobronchial ultrasound (RP-EBUS) is a 
new type of assisted detection method that enables biopsies 
to be taken under the non-real-time guidance of ultrasound 
instrumentation. The RP-EBUS is able to clearly 
demonstrate local lesions on the pathway, and accurately 
obtain lesion specimens. It is convenient, fast, and safe (1). 
Clinical studies have found that as many as 100 pathogens 
are associated with lung infections. However, as focal 
infections caused by a ribonucleic acid (RNA) virus were 
rarely, the present study only selected deoxyribonucleic 
acid (DNA) for metagenomic sequencing to analyze the 
pathogen.

The early and rapid identification of pathogens and the 
rational selection of anti-infective drugs is key to improving 
clinical outcomes (2). Traditional microbial pathogen 
detection techniques, such as polymerase chain reactions 
(PCRs) and microbial cultures, have been widely used to 
diagnose pulmonary infections. However, as the detection 
rate of these methods is low and time-consuming, and 
it is difficult to achieve a highly efficient diagnosis using 
these methods, these methods can no longer meet clinical  
needs (3). Based on the continuous development of 
sequencing technology and bioinformatics, mature 
metagenomic next-generation sequencing (mNGS) has 
been developed that requires only a small number of 
samples from lesion tissues for a sequencing analysis. The 
identification of pathogens can be achieved by comparing 
the sequencing results of mNGS to an accurate reference 
genomic database (4). This emerging approach is changing 
how physicians diagnose and treat infectious disease, with 
applications spanning a wide range of areas, including 
antimicrobial resistance, the microbiome, human host gene 
expression (transcriptomics) and oncology (5). Pulmonary 
infection is a leading cause of death and morbidity 
worldwide (6). However, its diagnosis is challenging due to 
the multitude of possible pathogens. Hundreds of pathogens 
have been associated with pulmonary infections, including 
bacterial, viral, or fungal pathogens (7). Thus, mNGS can 
be a key driver for precision diagnosis of infectious diseases, 
advancing precision medicine efforts to personalize patient 
care in this field (8). As mNGS has a number of advantages, 
including that it has a high pathogen detection rate, is time 
saving, and can provide accurate information for clinical 
diagnosis, it has been gradually applied to the diagnosis of 
infectious diseases (9).

The main intrapulmonary interventional sampling 

methods for mNGS analysis include transbronchial 
lung biopsy (TBLB), transbronchial brushing (TBBr), 
and bronchoalveolar lavage (BAL) (10). The method for 
extracting genetic material from pathological specimens 
obtained by different extraction methods and combining 
them for mNGS detection is referred to as the “cocktail” 
method. This method helps to reduce detection costs, 
increases the detection rate and has been applied to clinical 
diagnoses (11). The sample obtained by TBLB is a tissue 
pellet. If the sample obtained is a representative lesion (i.e., 
a deep tissue infection), the sensitivity and specificity of 
the analysis is optimal, and it is easy to determine whether 
the lesion is infected or colonized. TBLB is especially 
advantageous for the diagnoses of Yersinia pneumoniae 
infections and cytomegalovirus infections. TBLB can 
assist in diagnosis and has the advantages of rapid on-
site evaluation (ROSE) and histopathology. However, 
the sampling range of TBLB is limited to one or several 
points in the lung; thus, if representative foci are not 
obtained, false negatives may occur. It should be noted 
that the false negative rate of TBLB is higher than that of 
TBBr and BALF. Additionally, TBLB tissue biopsies are 
prone to cause complications, and have a complication 
rate of approximately 14% (12,13). Performing multiple 
TBLBs on patients who are continuously mechanically 
ventilated is also likely to give rise to complications, such as 
pneumothorax, intra-bronchial hemorrhage, and persistent 
oxygen desaturation. Conversely, the complication rates of 
TBBr (8%) (14) and BALF (6.8%) (15) are lower than that 
of TBLB. As the pathological range of specimens obtained 
by focal infection TBLB is small, and the psychological 
acceptance of bronchoscopic complications is low in 
patients, TBLB was abandoned as a means of sampling in 
this study. In this study, the cocktail specimen referred to 
the mixture of TBBr brush head and BALF collected from 
target site. According to the results of a “cocktail sampling” 
combined with a mNGS analysis, only a very small number 
of patients need TBLB once again if necessary. In the 
present study, we performed RP-EBUS on patients with 
focal pulmonary infections admitted to the Respiratory 
Department at our Hospital from March 2019 to May 2020, 
and we used “cocktail” samples, TBBr samples and BALF 
samples as the delivering samples for DNA sequencing 
analysis by mNGS. We also analyzed the positive diagnosis 
rates of different sampling methods to comprehensively 
evaluate their diagnostic value in focal pulmonary infections. 
Metagenome second-generation sequencing (mNGS) using 
radial bronchoscopy cocktail specimens has a high pathogen 
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Table 1 Clinical characteristic statistics of the 3 groups of patients with focal pneumonia (n)

Groups Fever Cough
WBC count 
abnormal

Neutrophil percentage 
abnormal

Calcineurin 
abnormal

CRP  
abnormal

Antibiotic use before 
mNGS

“Cocktail” group 8 17 16 14 3 21 26

TBBr group 10 18 15 16 2 22 25

BALF group 9 20 17 15 2 21 26

TBBr, transbronchial brushing; BALF, bronchoalveolar lavage fluid; WBC, white blood cell; CRP, C-reactive protein.

detection rate, is time saving, and can provide accurate 
information for clinical diagnosis, and the use of antibiotics 
had little effect on the results of the mNGS analysis. These 
clinically valuable results can be used in the diagnosis and 
treatment of patients with focal pulmonary infections.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2578).

Methods

General Information

From March 2019 to May 2020, 90 patients with focal 
pulmonary infections locatable by RP-EBUS were admitted 
to the Respiratory and Critical Care Medicine Department at 
our Hospital. These patients were allocated to the “cocktail” 
group, TBBr group, or BALF group using a random number 
table; 30 patients were assigned to each group. The “cocktail” 
group comprised 19 males and 11 females, aged 22 to  
73 years, with an average age of 46.7±3.4 years; the TBBr 
group comprised 20 males and 10 females, aged 24 to  
75 years, with an average age of 45.8±4.6 years; and the 
BALF group comprised 22 males and 8 females, aged 23 to 
74 years, with an average age of 46.9±5.1years. The clinical 
data is set out in Table 1. Clinical characteristic data between 
the three groups were analyzed by chi-square test, which 
show no significant difference (P>0.05).

Inclusion and exclusion criteria

To be eligible to participate in the study, participants had 
to meet the following inclusion criteria: (I) be aged from 
18 to 80; (II) display suspicious lesions in clinical tests; 
and (III) have no contraindications to bronchoscopy. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
Ethical Committee of Suzhou Municipal Hospital (No.: 

KL901157). All the patients and their families were informed 
of and agreed to participate in the study and signed the 
informed consent form.

Participants were not eligible to participate in the study, 
if they met any of the following exclusion criteria: (I) had a 
non-infectious disease(s); (II) had respiratory tract bleeding 
or a tendency to bleed; (III) had severe cardiopulmonary 
dysfunction; (IV) had a clear pathological diagnosis or 
had received an effective empirical treatment; (V) based 
on clinical judgment, did not require a bronchoscopy to 
further diagnose the etiology of the disease; and/or (VI) 
demonstrated poor compliance or an inability to cooperate 
with treatment.

Sampling method

The pre-operative evaluation of patients in the three groups 
included routine blood work, an electrocardiogram, and 
an assessment of basic vital signs. Patients’ tolerability 
was analyzed. Based on the computerized tomography 
(CT) images of the chests of the patients, the course of 
the bronchus, the location and size of the lesion, and the 
bronchus reaching the lesion were ascertained Patients 
fasted for 6 hours before surgery. In surgery, patients 
were placed in a horizontal position, local anesthesia was 
administered to the nasal cavity and pharynx, and airway 
surface anesthesia was continued during the surgery to 
monitor patients’ vital signs, such as heart rate, blood 
pressure, and oxygen saturation.

Patients received RP-EBUS treatment. According to 
the computerized tomography (CT) image results, the 
ultrasound probe was extended to the target bronchial 
lumen with the help of the bronchoscopic biopsy channel, 
and the surgeon opened the probe for scanning when he/she 
felt resistance. The scanning direction was perpendicular to 
the long axis of a patient’s bronchus and was slowly rotated 
to achieve 360° real-time images, during which, the image 
changes were observed until a lesion signal appeared; the 

http://dx.doi.org/10.21037/apm-20-2578
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EBUS was then repeated in the adjacent bronchus to obtain 
clear images. After identifying the lesion site, the ultrasound 
probe was removed, and TBBr and BALF operations were 
performed along the path (the distance of which had been 
determined by the probe). The brush head taken by TBBr 
represents one or more sampling lines in the lung, while the 
BALF represents one or more sampling sectors or clusters 
in the lung.

In the TBBr group, only individual brush heads were 
collected from patients. The brush heads were cut into 
a sterile collection tube pre-filled with 1 mL of sterile 
saline with sterile scissors. In the BALF group, only lavage 
solution was collected from patients. No less than 5 mL of 
lavage solution was collected in a sterile collection tube. 
In the “cocktail” group, brush heads were first cut into a 
sterile collection tube with sterile scissors, 5 mL of lavage 
solution was then collected and poured into the same sterile 
collection tube (see Figure 1). All of the samples were stored 
at a low temperature (4 ℃) for later use.

Sequencing methods

A respiratory tract sample (600 μL) was taken from each 
patient (the viscous samples were liquefied by adding 
enzyme liquefaction solution). Each sample was processed 

using the pre-set procedure of the wall breaker. A DNA 
sample (of 300 μL) was extracted using TIANamp Micro 
DNA Kit (DP316, TIANGEN BIOTECH, Beijing, China) 
according to the kit instructions. The extracted DNA 
was transposonized to add adapter and establish libraries, 
which were prepared and then purified, amplified, and 
repurified. Qsep1 and Qubit were used to quantify the 
library fragment size and library concentration, respectively 
(Micro Far Cry Library Building Kit). The libraries were 
then mixed according to the preset onboard data volume 
and sequenced using the Nextseq 550Dx from Illumina, 
USA. At the same time, the pathogens were identified by 
combining clinical characteristics and excluding suspected 
human respiratory microflora. The scope of detection 
mainly included the database of the following known 
pathogens: 9,945 bacteria (including 144 mycobacteria and 
107 mycoplasma or chlamydia), 6,760 viruses, 1,551 fungi, 
and 305 parasites. The mNGS test results of the specimens 
were analyzed comprehensively to identify the infectious 
pathogenic microorganisms. In the “cocktail” group, 
microbial DNA was extracted from TBBr and BALF, and 
then sequenced jointly on the machine in accordance with 
the “cocktail” mixing method. Specifically, the following 
mixing scheme was used: the TBBr brush head and the 
BALF collected from the target site was mixed and poured 
into a sterile collection tube, and the BALF group sent the 
bronchoalveolar lavage fluid collected from the target site 
were sent for mNGS analysis; the sterile brush heads taken 
from the target site in the TBBr group were sent for mNGS 
analysis.

Criteria for a positive mNGS result

When the coverage rate of bacteria (except Mycobacterium), 
virus or parasites was 10 times higher than that of any 
other microorganism, they were considered as positive  
pathogens (16). Mycobacteria were considered positive 
when at least 1 read or the mapping read number (genus or 
species level) was in the top 10 in the bacteria list (17,18). 
mNGS identified fungi when its coverage rate scored 5-fold 
higher than that of any other fun-gus (19).

Data analysis

Data were analyzed using SPSS 20.0 software, and counts 
were expressed as percentages (%). Fisher’s exact probability 
method was used to draw comparisons among the groups. 
The difference between the two tests was tested by 

Figure 1 The “cocktail” sampling.

cocktail specimen
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Table 2 Comparison of the types of pathogens detected by mNGS in the 3 samples [n (%)]

Pathogen type (n) “Cocktail” group TBBr group BALF group

0 3 (10.0)* 11 (36.7)# 15 (50.0)

1 13 (43.3)* 9 (30.0)# 5 (16.7)

Multiple pathogens (≥2) 14 (46.7)* 10 (33.3) 10 (33.3)

Positive samples 27 (90.0)# 19 (63.3)# 15 (50.0)

*, there was a significant difference between the “cocktail” group and the TBBr group (P<0.05); #, there was significant difference 
between the TBBr and BALF groups (P<0.05). mNGS, metagenomic next-generation sequencing; TBBr, transbronchial brushing; BALF, 
bronchoalveolar lavage fluid.

McNemar’s test. A P<0.05 indicated a statistically significant 
difference.

Results

Comparison of pathogen detection

The mNGS analysis showed that the number of samples 
positive for pathogens in the “cocktail”, TBBr, and BALF 
groups was 27 (90.0%), 19 (63.3%), and 15 (50.0%) 
respectively. The sensitivity analysis showed that the 
“cocktail” group had a significantly higher than the TBBr 
group (P<0.05), and the TBBr group had a significantly 
higher than the BALF group (P<0.05). The detection of 
single pathogens was significantly higher in the “cocktail” 
group than in the TBBr group (P<0.05); and the detection 
of single pathogens was significantly higher in TBBr 
group than the BALF group (P<0.05). Multiple pathogen 
detection (≥2) revealed that the “cocktail” group had a 
significantly higher number of multiple pathogens than the 
TBBr and the BALF groups (P<0.05); however, no such 
statistically significant difference was found between the 
TBBr and the BALF groups (P<0.05) (see Table 2).

Pathogen detection situation analysis

Figure 2 shows the chest computerized tomography 
(CT) scans, EBUS images, and the results of the mNGS 
detection for four patients in the “cocktail” group. With a 
90% positive rate (and 27 cases), a wide variety of pathogens 
were detected by mNGS in the patients in the “cocktail” 
group. Further, a significantly higher number of multiple 
pathogens were detected in the “cocktail” group than in 
the TBBr and BALF groups (for details, see Table 3). Thus, 
the “cocktail” mix approach appears to have a number of 
advantages in the diagnosis of mixed infections. 

Effect of antibiotic exposure on pathogen detection

The effect of antibiotic use on pathogen detection rate 
before mNGS testing was analyzed. The results showed 
that the positive rate of the groups using antibiotics and 
those without antibiotics had no significant effect (P>0.05), 
indicating that antibiotics had no significant effect on the 
detection rates of different sampling methods. However, 
given prior antibiotic patients, the positive rate of mNGS 
analysis was significantly higher in the “cocktail” group 
than in the TBBr group, P<0.05; the TBBr group was 
significantly higher than the BALF group, P<0.05 (see  
Table 4).

Discussion

Pulmonary infections have a high prevalence worldwide. 
Focal infection sites in the lung cannot be clearly observed; 
however, RP-EBUS is now used to localize local lesions, 
and thus provides great advantages for biopsies (20). The 
early identification of pathogens in patients provides an 
important reference that can be used to guide clinical 
medication, reduce high-risk factors, and develop accurate 
and effective treatment plans. Traditional etiological 
detection methods include biochemical, immunological, 
and sample culture methods; however, these methods are 
less sensitive, and the testing process is time-consuming 
and laborious (21). In addition, the pathogen detection 
rate is also affected by antibiotic treatments, which further 
increases the difficulty of detection. The mNGS technology 
can obtain accurate pathogen information based on a small 
number of pathological samples, which greatly improves 
the accuracy and efficiency of pathogen identification. In 
addition, the current mNGS samples are mostly TBBr 
single brush head or BALF lavage solution, which have a 
higher detection rate than traditional detection methods. 
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Figure 2 The chest computerized tomography (CT) scans, EBUS images and the results of mNGS detection of 4 patients in the “cocktail” 
specimen. (A) The mycobacterium tuberculosis complex was detected on the posterior apical foci of the left lung by mNGS with detectable 
sequence number 169. (B) Human herpes virus type 6A, human herpes virus type 6A, human herpes virus type 5 (CMV) were detected 
by mNGS in the posterior basal segment of the right lower lobe of the lung with detection sequences of 275, 8 and 4, respectively. (C) 
Mycobacterium abscessus (CMV) was detected by mNGS in anterior basal segment lesions of right lower lung with detection sequence 
number 39158. (D) Mycobacterium tuberculosis complex was detected by mNGS in the anterior basal segment of the left upper lung lesion 
with detected sequence number 818. EBUS, endobronchial ultrasonography; mNGS, metagenomic next-generation sequencing.

A

B

C

D

It should be noted that the specimen range obtained by 
the transbronchial brushing (TBBr) group is smaller, the 
number of shedding cells obtained from bronchoalveolar 
lavage fluid (BALF) group are less, however the cost of 
multiple target detection samples will increase (22). To 
compensate for the above-mentioned shortcomings, this 
study chose a “cocktail” sample mixture for the mNGS 
analysis, which provides a reference for the application of 
mNGS in focal lung infections.

In this study, we systematically compared the diagnostic 
performance of mNGS with the “cocktail” mixture, 
individual brush-head sequencing, and lavage solution 
sequencing for pathogens. The results revealed that the 
sensitivity and positivity rate of multiple pathogen detection 
were as follows: “cocktail” mixture followed by TBBr brush 
followed by BALF lavage solution (i.e., the results showed 
that “cocktail” specimens have more advantages than other 
specimens in pathogen diagnosis). The “cocktail” mixture 
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Table 4 The effect of antibiotics on the detection rate of the mNGS analysis across the 3 samples

Group (n)
“Cocktail” group TBBr group BALF group

Positive Negative Positive Negative Positive Negative

Prior antibiotics [77] 24 2 18 7 13 13

No prior antibiotics [13] 4 1 3 1 2 2

The positive rate of the groups using antibiotics and those without antibiotics had no significant effect (P>0.05), antibiotics had no 
significant effect on the detection rates of different sampling methods. mNGS, metagenomic next-generation sequencing.

Table 3 Types of pathogens detected by mNGS in the 3 groups of patients

Pathogens “Cocktail” group TBBr group BALF group

Germs

Haemophilus parainfluenzae 8 5 4

Mycobacterium tuberculosis 7 1 1

Mycobacterium tuberculosis 4 2 2

Streptococcus pneumoniae 2 2 1

Klebsiella pneumoniae 2 1 1

Pseudomonas aeruginosa (bacterium causing sickle cell death) 2 1 1

Escherichia coli (E. coli) 1 1

Enterococcus faecalis 1

Nocardia (bacterium causing death) 1

Klebsiella gas-producing bacteria 1 1

Maltophilus (bacterium known as maltophagus) 1 1

Pythium pseudomallei 1

Prevotella intermedia 1

Fungi

Candida albicans 2 2 2

Candida tropicalis 2 1

Aspergillus fumigatus 1 1

Viruses

Human herpes virus type 5 4 2 1

Human adenovirus type 6A 1 1

human herpes virus type 6B 1 1 1

human herpesvirus type 4 1 1

Plural pathogens 14 9 5

mNGS, metagenomic next-generation sequencing; TBBr, transbronchial brushing; BALF, bronchoalveolar lavage fluid.
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(followed by mNGS) had a high sensitivity to pathogen 
detection. These results have significant implications for 
the clinical formulation of targeted therapy. Additionally, 
Compared to patients who didn’t receive antibiotics, 
antibiotic treatment has less influence on sequencing results, 
which can provide a reference for pathogen diagnoses in 
patients treated with antibiotics in clinical practice. The 
discrepancy in test results may be due to the smaller scope 
of pathology obtained by individual brush heads, and the 
fact that individual lavage fluid contains fewer exfoliated 
cells, which results in a lower mNGS positive detection rate. 
Similar to other reports (23), the pathogen identification 
analysis revealed that the predominant causative organism 
in the patients with focal lung infection was Gram-
negative bacteria. It should be noted that the prevalence 
of mycobacterium tuberculosis infection in patients with 
pulmonary infection was approximately 40% (24), which 
was significantly higher than the results of this test. Thus, 
it appears that mNGS may be defective in the diagnosis 
of mycobacterium tuberculosis infection. Indeed, it may 
that insufficient mycobacterium tuberculosis wall breaking 
affects DNA extraction and results in a high false-negative 
bias (25). Metagenome second-generation sequencing 
(mNGS) using radial bronchoscopy cocktail specimens has 
a high pathogen detection rate, helps to reduce detection 
costs, is time saving, and can provide accurate information 
for clinical diagnosis, and the use of antibiotics had little 
effect on the results of the mNGS analysis. These clinically 
valuable results can be used in the diagnosis and treatment 
of patients with focal pulmonary infections.

This study had a number of shortcomings. First, 
detection efficiency may be affected by microbial adhesion 
to brush heads or tube walls during sample transportation. 
Second, as this was a retrospective study with a small sample 
size, there may be biases in the results. To further verify our 
conclusion, a well-designed prospective study with a larger 
sample size should be conducted.

Conclusions

Overall, the radial probe endobronchial ultrasound (RP-
EBUS) is able to clearly demonstrate local lesions on the 
pathway, and accurately obtain lesion specimens. mNGS 
has a number of advantages, including that it has a high 
pathogen detection rate, is time saving, and can provide 
accurate information for clinical diagnosis. The clinical 
value of the mNGS analysis of “cocktail” samples be 

taken under the non-real-time guidance of ultrasound 
instrumentation in the identification of pathogens, 
especially multiple pathogens, was higher than that of 
brush and lavage tests alone. In addition, the “cocktail” of 
mNGS has the unique advantage of providing a reference 
for the clinical application of mNGS in cases of pathogenic 
infections that are difficult to detect clinically, or in cases in 
which broad-spectrum antibiotics are widely used.
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