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Abstract
Background In this study, we aimed to evaluate the clinical utility of Metagenomic Next-Generation sequencing 
(mNGS) on bronchoalveolar lavage fluid (BALF) in diagnosis of Lower Respiratory Tract Infections (LRTIs).

Methods In this study, we retrospectively analyzed 186 hospitalized patients who were suspected with LRTIs and 
performed mNGS (DNA) test of BALF simultaneously at The Fifth Affiliated Hospital of Sun Yat-Sen University from 
March 2023 to August 2023. Suspected LRTI was based on LRTI related clinical manifestations or imaging examination. 
Among them, 155 patients had undergone conventional culture and mNGS (DNA) testing simultaneously. Finally, 
138 cases (89.03%,138/155) were diagnosed as LRTI and 17 cases (10.97%,17/155) were diagnosed as non-LRTI. Both 
detecting rate and diagnostic efficacy of mNGS and conventional culture were compared.

Results The positive detection rates of pathogens between mNGS and conventional culture were significant 
different (81.29% VS 39.35%, P < 0.05). Compared with paired conventional culture result, the sensitivity of mNGS in 
diagnosis of LRTIs was more superior (88.41% VS 43.48%; P < 0.05), the specificity was opposite (76.47% VS 94.12%; 
P > 0.05). Furthermore, 77.54% and 35.51% of LRTI cases were being etiologically diagnosed by mNGS and culture 
respectively. Importantly, mNGS directly led to a change of treatment regimen in 58 (37.42%) cases, including 
antibiotic adjustment (29.68%) and ruling out active infection (7.74%). Moreover, treatment regimen remained 
unchanged in 97 (62.58%) cases, considering the current antibiotic therapy already covered the detected pathogens 
(36.13%) or empirical treatment was effective (11.61%).

Conclusions mNGS can identify a wide range of pathogens in LRTIs, with improved sensitivity and being more 
superior at diagnosing LRTIs etiologically. mNGS has the potential to enhance clinical outcomes by optimizing the 
treatment regimens.
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Background
Lower Respiratory Tract Infections (LRTIs) continue to 
be a leading cause of death worldwide [1, 2]. Globally, 
a large-scale study estimated that 2.18  million deaths 
caused by LRTIs in 2021 [3, 4]. A variety of pathogens can 
be causes of LRTIs [3, 5], but the similar clinical manifes-
tations among the patients infected by various pathogens 
keep the clinicians from making the accurate and timely 
etiological diagnosis, which will delay the administration 
of proper antibiotics, causing crucial effect on the out-
comes of patients [6]. On the other hand, due to underly-
ing diseases, compromised immune status, and abuse of 
wide-spectrum antibiotics in patients, especially elderly 
patients, the spectrum of the pathogens in the lower 
respiratory tract have been changed significantly and 
continuously which undoubtedly will be obstacles to seek 
for the causative pathogens.

Pathogen diagnosis for LRTIs has relied on conven-
tional culture which limit to bacteria and fungi. How-
ever, it is a time-consuming procedure taking several 
days to complete. And the detection sensitivity can be 
seriously affected by the previous antibiotic use [7]. On 
the other hand, polymerase chain reaction (PCR) and 
immunology techniques are supplement tools for identi-
fication of microorganisms when culture fails. However, 
both of them are limited to specific pathogens, there-
fore the unexpected, rare or novel pathogens would be 
overlooked. In China, it is reported that only 30–60% 
of patients with LRTIs were diagnosed by conventional 
methods etiologically including culture, PCR testing and 
immunology testing [8]. Hence, new diagnostic methods 
for early and accurate etiological detection in LRTIs are 
in need urgently.

The emergence of Metagenomic Next-generation 
sequencing (mNGS) can be a promising technique to 
solve the problem. mNGS is an untargeted molecular 
method that can theoretically detect all pathogens unbi-
asedly in a single test and has revolutionized pathogen 
detection in clinical settings [9]. mNGS has the abil-
ity to detect a wide range of pathogens including bacte-
ria, fungi, viruses, and parasites simultaneously and is 
less affected by prior antibiotic use [10]. There are many 
studies have explored the microbiological diagnostic 
performance of mNGS in LRTIs using BALF or sputum, 
especially for detection of atypical pathogens [11–14] 
and mix infections [15–17]. However, the high sensitiv-
ity of mNGS is accompanied by high false positive rate, 
which means not all detected pathogens are causative for 
the patient’s infection. Thus, accurate etiological diag-
nosis relies on the cautious interpretation of the mNGS 

result. However, there is no uniform standard to date for 
interpreting the mNGS result, and it is still a problem 
need to be solved [6, 17–19].

In this study, we retrospectively reviewed the mNGS 
results of the BALF samples from 186 adult patients with 
suspected LRTIs. The result of mNGS was compared 
with the paired culture performed concurrently. The 
diagnostic efficacy of BALF-mNGS was compared with 
the conventional culture. Additionally, the adjustment of 
clinical strategy based on the mNGS result were also ana-
lyzed to evaluate the clinical efficacy.

Methods
Patients and sample collection
We retrospectively summarized those patients suspected 
with Lower Respiratory Tract Infections (LRTIs) and per-
formed BALF mNGS test simultaneously from March 
2023 to August 2023 at The Fifth Affiliated Hospital of 
Sun Yat-Sen university. Suspected LRTIs were based on 
the clinical manifestations such as cough, chest pain, 
dyspnea, worsening of existing respiratory symptoms 
or infectious lesion indicated by imaging examination 
results judged by the physician. The inclusion criteria 
were as following: (1) Patients who were suspected with 
LRTIs; (2) Patients who performed the mNGS examina-
tion of BALF; (3) Patients with complete medical infor-
mation. The exclusion criteria were as following: (1) 
Patients who refused to conduct the mNGS examination; 
(2) Aged under 18 years old; (3) Patients with incomplete 
medical information; (4) Samples from the same patients, 
the first sampling result was included, others were 
excluded. Finally, 186 patients were included in the study. 
The patients were from department of Respiratory(N = 53, 
28.49%), Infectious disease(N = 51, 27.42%), ICU(N = 44, 
23.66%), Thoracic surgery(N = 16, 8.60%), Hematology 
(N = 4, 2.15%), Rheumatology (N = 4, 2.15%), Transplan-
tation (N = 4, 2.15%), Thoracic oncology (N = 3,1.61%), 
Geriatrics (N = 2, 1.08%), Neurology (N = 1, 0.54%), Breast 
disease (N = 1, 0.54%), Neurointerventional (N = 1, 0.54%), 
Cerebrovascular disease (N = 1, 0.54%), General medicine 
(N = 1, 0.54%), as shown in Table 1. All the outcomes were 
measured within a week after bronchoscopy.

Metagenomic next-generation sequencing and analysis
Sample processing and DNA extraction 1.5-3mL BALF 
was collected from each patient according to standard 
procedures. We extracted the DNA from 0.5 ml sample.
Construction of DNA libraries: DNA libraries were con-
structed through DNA fragmentation (about 200  bp), 
end repair, adapter ligation, PCR amplification, and DNB 
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(DNA nanoballs) construction. DNB construction is con-
ducted as following: the pooling DNA is denatured under 
95℃ to form single-strand DNA, the single-strand DNA 
is cycled under 37℃. The cycle DNA is further ampli-
fied to make DNB. DNBs was qualified by Qubit ssDNA 
Assay Kit. Then, libraries with confirmed quality were 
sequenced by the MGISEQ-2000 platform (BGI Co.,Ltd, 
Shenzhen, China).

Sequencing and bioinformatic analysis
High-quality sequencing data were generated by remov-
ing low-quality reads, followed by computational sub-
traction of human host sequences mapped to the human 
reference genome (hg19). The remaining data by removal 
of low-complexity reads were classified by simultane-
ously aligning to PMDB Database, including 10,989 bac-
teria (196 Mycobacterium, Mycoplasma, Chlamydia and 
Rickettsia 159 in all), 1179 Fungi, 5050 viruses and 282 
parasites.

Threshold criteria for interpretation of mNGS result
SMRN: number of sequences strictly mapped at spe-
cies level. The raw result is mapped to the background 
microbiology database which consists of two parts: com-
mon contaminant microorganisms reported by clini-
cal investigation and those microorganisms frequently 
detected in more than 50% samples in one month, the 
latter part is updated routinely. For different types of 
microorganisms, the thresholds were set as following: 
Bacterial/fungus/mycoplasma/chlamydia/Rickettsia/
Virus: SMRN ≥ 3; Parasite: SMRN ≥ 100; Mycobacterium: 
SMRN ≥ 1. For microorganisms judged as candidate after 
the former step, SMRN of candidate microorganisms in 
sample is compared to the negative control group, only 
those higher than in the negative control group were 
retained. Furthermore, for SMRN ≤ 50, only those higher 
than 5 times in negative control group are reported, for 
SMRN > 50, only those higher than 3 times in negative 
control group are reported.

Defining the causative pathogens for LRTIs by mNGS
As reported in previous report [20]: we searched all 
micro-organisms detected by mNGS against PubMed 
to determine whether they caused pneumonia. Micro-
organisms that could not cause pneumonia, including 
Corynebacterium, coagulase-negative Staphylococci, 
Neisseria, and anaerobic bacteria, which are considered 
normally parasitic in the human oropharynx in most 
cases in this study. After excluding the normal flora of 
the respiratory tract, pathogens detected by mNGS were 
categorized into four groups: (1) definite, BALF mNGS 
result is concordant with results from microbiologic 
tests (BALF culture, nucleic acid-based testing) per-
formed within 7 days of BALF collection; (2) probable, 

Table 1 Baseline characteristics of patients
Characteristic Value
Age, N (%)
≤ 40 29 (15.59)
40–70 114 (61.29)
≥ 70 43 (23.12)
Sex, N (%)
Male 107 (57.53)
Female 79 (42.47)
Underlying disease, N (%)
Yes 136 (73.12)
No 50 (26.88)
Primary disease, N (%)
Cardiovascular disease 76 (40.86)
Respiratory disease 31 (16.67)
Diabetes 36 (19.35)
Rheumatic disease 16 (8.60)
Solid cancer 24 (12.90)
Hematology disease 12 (6.45)
AIDS 7 (3.76)
Organ transplantation 8 (4.30)
Immune status, N (%)
Competent 138 (74.19)
Compromised 48 (25.81)
Lower respiratory tract infections (LRTIs) symptom, N (%)
Yes 159 (85.48)
No 27 (14.52)
Image examination, N (%)
Inflammation infiltration 167 (89.78)
Without inflammation infiltration 19 (10.22)
Diagnosis, N (%)
LRTI 159 (85.48)
Non-LRTI 27 (14.52)
Baseline lab test
WBC (*10^9/L) 8.06 

(7.35,8.77)
NEU (*10^9/L) 6.21 

(5.52,6.90)
LYM (*10^9/L) 1.19 

(1.09,1.29)
CRP (mg/L) 53.17 

(45.24,61.09)
PCT (ng/L) 1.68 

(1.13,2.23)
Department, N (%)
Respiratory 53 (28.49)
Infectious disease 51 (27.42)
ICU 44 (23.66)
Thoracic surgery 16 (8.60)
Other 22 (11.83)
Data are presented as N (%) or means (95% Confidence Interval, 95%CI). 
Abbreviations: WBC, white blood cell count; NEU, neutrophil count; LYM, 
lymphocyte count; CRP, C-reactive protein; PCT, procalcitonin. Other: 
Department of Hematology (N = 4, 2.15%), Rheumatology (N = 4, 2.15%), 
Transplantation (N = 4, 2.15%), Thoracic oncology (N = 3,1.61%), Geriatrics 
(N = 2, 1.08%), Neurology (N = 1, 0.54%), Breast disease (N = 1, 0.54%), 
Neurointerventional (N = 1, 0.54%), Cerebrovascular disease (N = 1, 0.54%), 
General medicine (N = 1, 0.54%).
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BALF mNGS-based pathogen is likely the cause of Lower 
Respiratory Tract Infection based on clinical, radiologic, 
or laboratory findings; (3) possible, BALF mNGS-based 
pathogen has pathogenic potential and is consistent 
with clinical presentation but an alternate explanation 
is more likely; (4) unlikely, BALF mNGS-based patho-
gen has pathogenic potential but is not consistent with 
clinical presentation. As for culture, pathogens detected 
by culture were categorized into three groups: (1) defi-
nite, BALF culture-based pathogen is likely the cause 
of Lower Respiratory Tract Infection based on clinical, 
radiologic, or laboratory findings; (2) false positive: BALF 
culture-based pathogen has pathogenic potential but is 
not likely the cause of Lower Respiratory Tract Infec-
tion based on clinical, radiologic, or laboratory findings; 
(3) negative: BALF culture failed to detect any pathogen. 
The diagnosis of Lower Respiratory Tract Infection was 
made by doctor-in-charge based on a composite refer-
ence standard incorporating all testing results and clini-
cal adjudication.

Statistical analysis
Categorical variables were compared using the chi-
square test or Fisher’s exact test. P < 0.05 was consid-
ered significant. Continuous variables were presented as 
mean ± SEM. Statistical analyses were performed using 
GraphPad Prism 9 and SPSS statistics 26.

Results
Baseline features of patients
A total of 186 patients (107 male,57.53%;79 
female,42.47%) with suspected Lower Respiratory Tract 
Infections (LRTIs) were included in this study (Table 1). 
The mean age was 58.59 ± 1.15 years old and the majority 
of patients were aged between 40-70 years old (61.29%). 
Among them, majority patients (73.12%) had underly-
ing diseases, including 31(16.67%) cases with respiratory 
disease such as COPD and bronchiectasis, 36 (19.35%) 
cases with diabetes, 76 (40.86%) cases with cardiovas-
cular disease such as hypertension, coronary heart dis-
ease and cerebral infarction, and 24(12.90%) cases with 
solid cancer. Moreover, in terms of immune status, 48 
(25.81%) cases were immune-compromised, including 
condition with Rheumatic disease, Hematology disease, 
AIDS, Organ transplantation and Solid cancer. 159 cases 
(85.48%) were presented with LRTIs symptoms, while 
27 cases (14.52%) were presented solely with abnormal 
image result without any symptom. 167 cases (89.78%) 
were reported with inflammation infiltration, while 19 
cases (10.22%) were reported to be normal according to 
image examination result. 166 (89.25%) cases were diag-
nosed with LRTI. The baseline laboratory test including 
WBC, NEU, LYM, CRP and PCT were listed as follows, 
the average value of WBC, NEU, LYM are in the normal 

range while the average of CRP and PCT are above nor-
mal range. The patients were mainly from department of 
Respiratory, Infectious disease, ICU and Thoracic sur-
gery. (Table 1)

Pathogen detection spectrum identified by mNGS
According to the mNGS result, 148 cases (148/186, 
79.57%) were reported positive for at least one patho-
gen while 38 cases (38/186, 20.43%) were negative for all 
detected pathogens. Among the positive cases, 54 cases 
(54/148, 36.49%) were identified as single infection and 
94 cases (94/148, 63.51%) were identified as mix infec-
tion categorized by pathogen species. Among the 155 
cases with paired result of conventional culture, 24 and 
28 cases were positive for bacteria and fungi respectively, 
9 cases were detected with bacteria and fungi, while 94 
cases were negative by culture (Fig. 1a). Among the mix 
infection detected by mNGS, “Bacteria + Virus”, “Bacte-
ria + Fungi”, and “Bacteria + Fungi + Virus” accounted for 
87.23% (82/94) of the mix infection cases. The frequently 
detected pathogens were also listed (Fig.  1b). Among 
positive result detected by mNGS, 113 cases (113/148, 
76.35%) were positive for bacteria, 66 cases (66/148, 
44.59%) were positive for fungi, 86 cases (86/148, 58.11%) 
were positive for virus. 6 cases of mycoplasma and 2 
cases of chlamydia were identified by mNGS. For con-
ventional culture, 33 cases and 37 cases were identified 
as positive for bacteria and fungi respectively (Fig. 1c). In 
a word, mix infection is more common than single infec-
tion and tend to be recognized by mNGS.

Among pathogens detected by mNGS, Pseudomonas 
aeruginosa (n = 22) was the most frequently detected 
Gram-negative bacteria, followed by Acinetobacter bau-
mannii (n = 17), Klebsiella pneumoniae (n = 17), Ste-
notrophomonas maltophilia (n = 12) and Haemophilus 
influenzae (n = 10). As for Gram-positive bacteria, Myco-
bacterium tuberculosis was most frequently detected 
(n = 18), followed by Staphylococcus aureus (n = 16), 
Enterococcus faecium (n = 12), Enterococcus faecalis 
(n = 12), Corynebacterium striatum (n = 12). Moreover, 
6 cases were detected with Nontuberculosis Mycobacte-
ria (NTM), including Mycobacterium abscessus (n = 3), 
Mycobacterium Kansasii (n = 1), Mycobacterium colom-
biense (n = 1) and Mycobacterium Simiae (n = 1) (Fig. 2a). 
As for Fungi, Candida albicans (n = 28) ranked first, fol-
lowed by Pneumocystis jirovecii (n = 15), Candida parap-
silosis (n = 9), Aspergillus fumigatus (n = 7), and Candida 
glabrata (n = 6). As for virus, Human gammaherpesvirus 
4 (EBV) was the most frequently detected virus (n = 42), 
followed by Torque teno virus (n = 29), Human betaher-
pesvirus 7 (n = 24), Human betaherpesvirus 5 (CMV) 
(n = 24), and Human alphaherpesvirus 1 (HSV-1) (n = 13). 
Additonally, 6 cases were detected with Mycoplasma 
including Mycoplasma hominis (n = 3), Mycoplasma 
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pneumoniae (n = 2), Ureaplasma Urealyticum (n = 1). 2 
cases were detected with Chlamydia including Myco-
plasma Pneumoniae (n = 1) and Chlamydia psittaci 
(n = 1) (Fig. 2b). Generally, mNGS exhibits a much wider 
detection spectrum than conventional culture.

Comparison between mNGS and conventional culture 
testing
Among the 186 patients, both BALF-mNGS and conven-
tional culture were conducted for 155 patients (155/186, 
83.33%) while for another 31 patients (31/186, 16.7%), 
the BALF culture were not conducted or the result were 
incomplete. We focus on the 155 cases with both result 

of mNGS and conventional culture. When compared the 
results of these two detecting tools, 69 cases (69/155, 
44.52%) were only positively detected by mNGS, 57 cases 
(57/155, 36.77%) were positive for both mNGS and con-
ventional culture, 4 cases (4/155,2.58%) were only posi-
tively detected by conventional culture, and 25 cases 
(25/155, 16.13%) were negative for both tools (Fig.  3a). 
There was no wonder that the positive rate was higher in 
mNGS (81.29% VS 39.35%) as it detected more pathogens 
such as virus, Mycoplasma and Chlamydia. However, 
similar tendency (70.32% VS 39.35%) was also observed 
when limited to bacteria and fungi (Fig.  3b, middle 
panel), among the 53 cases positive for both mNGS and 

Fig. 1 Infection type identified by mNGS and conventional culture. (a) Distribution of single and mix infection in 186 patients detected by mNGS and 
155 patients with paired conventional culture result. (b) Comparison of pathogen detection of mix infection by mNGS. (c) Distribution of infection types 
sorting by species in 148 patients positive detected by mNGS and 61 patients positive detected by conventional culture
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conventional culture, we compared the concordance of 
detected bacteria and fungi by these tools. The result of 
mNGS and conventional culture were perfect matched 
in 6 cases (6/53, 11.32%) and 8 cases (8/53, 15.09%) were 
totally unmatched. 39 cases (39/53, 73.58%) were found 
to be partial matched which means at least one detected 
pathogen was overlapped between the result of mNGS 
and conventional culture (Fig.  3b, right panel). On the 
other hand, 38 cases were detected negative for bacte-
ria and fungi by both tools, 25 cases were negative for 
all detected pathogens, but 13 cases were detected with 
virus and atypical pathogens, including Mycoplasma and 
Chlamydia (Fig. 3b, left panel).

Comparison of clinical utility between mNGS and 
conventional culture
Among the 155 cases with result of both mNGS and 
conventional culture, 138 cases (138/155, 89.03%) were 
diagnosed as LRTI and 17 cases were not considered as 
LRTI (non-LRTI). The sensitivity and specificity of diag-
nosing Lower Respiratory Tract Infection by mNGS were 
88.41% and 76.47%, respectively, with PPV and NPV 
being 96.83% and 44.83%. As for conventional culture, 
the sensitivity and specificity of diagnosing LRTI were 
43.48% and 94.12%, respectively, with PPV and NPV 
being 98.36% and 17.02%. The combined test achieved a 

sensitivity of 90.58% and a specificity of 70.59%, with PPV 
and NPV being 96.15% and 48.00% (Table 2).

However, the detected pathogens are not equal to 
pathogens causing the infection, the discovery of the 
exact pathogens relies on interpreting the mNGS result 
combined with imaging examination, symptom and labo-
ratory results. Among the 138 cases diagnosed as LRTI 
with results of mNGS and conventional culture, BALF 
mNGS detected 107 (77.54%) cases with define or prob-
able pathogens which were likely the causative patho-
gens for the infection, while the causative pathogens of 
49 (35.51%) cases were detected by conventional culture. 
However, mNGS failed to detected the specific caus-
ative pathogens in 16 (11.59%) cases with LRTI and 15 
(10.87%) cases though being positive detected by mNGS, 
the detected pathogens were not considered the causative 
pathogens (Table 3).

Additionally, we further evaluate the treatment adjust-
ment based on the decision made by the doctor in charge 
after interpreting the mNGS result. The treatment strat-
egies were maintained in 97 (62.58%) cases. Among the 
97 cases, the medical team decided to maintain the ini-
tial treatment because the symptoms were relieved after 
the empirical therapy though the specific pathogens was 
not defined in 18 cases. The antibiotic regimens were also 
continued in 56 cases as the current regimens already 

Fig. 2 Pathogenic detection of mNGS and conventional culture. (a-b) Species distribution of bacteria, fungi, viruses and other pathogens (Mycoplasma, 
Chlamydia) detected by mNGS
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covered the causative pathogens detected by mNGS. 
On the other hand, the antibiotic use were altered in 58 
(37.42%) cases, including antibiotic adjustment to tar-
get specific pathogens (N = 46, 29.68%) or rule out LRTIs 
(N = 12, 7.74%) (Table 4).

Table 2 Performance of of BALF-mNGS and BALF culture for 
lower respiratory tract infections (LRTIs)
Diagnostic testing Sensitivity 

(%)
Specificity 
(%)

PPV (%) NPV 
(%)

mNGS 88.41 76.47 96.83 44.83
Culture 43.48 94.12 98.36 17.02
mNGS & Culture 90.58 70.59 96.15 48.00

Table 3 Performance of of BALF-mNGS and BALF culture in 
etiological diagnosis of lower respiratory tract infections (LRTIs)
Diagnostic testing Pathogens integration Case (%) P
mNGS, N (%) Definite or probable 107 (77.54) < 0.01

Possible or unlikely 15 (10.87)
Negative 16 (11.59)

Culture, N (%)
Definite 49 (35.51)
False positive 11 (7.97)
Negative 78 (56.52)

Fig. 3 Comparison of pathogenic detection between mNGS and conventional culture. a. Pie chart showing the positive distribution of mNGS (including 
all detected pathogens by mNGS) and culture for 155 cases with paired testing result. b. Concordance between mNGS and conventional culture. Middle 
panel: Pie chart showing the positive distribution of mNGS (including bacteria and Fungi) and culture for 155 cases with paired testing result. Left panel: For 
the double-negative cases, 25(65.79%) cases were negative for all detected pathogens and 13 (34.21%) cases were detected with virus or atypical patho-
gens. Right panel: For the double-positive cases, majority cases (N = 39, 73.58%) were partial matching between the mNGS and culture result (at least one 
pathogen identified in the test was confirmed by the other), 6 cases (N = 6, 11.32%) were complete matched and 8 cases (N = 8, 15.09%) were unmatched
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Discussion
In this study, we retrospectively analyzed 186 patients 
who were suspected with Lower Respiratory Tract Infec-
tions (LRTIs) and with available mNGS result of BALF. 
The spectrum of pathogens being recognized was much 
more diverse than conventional culture. Among the 
double positive cases detected by both tools, majority 
(73.58%) of them were partial matched, indicating the 
necessity to analyze all species detected by both tools to 
identify the causative pathogens.

In terms of diagnostic efficacy, the sensitivity of mNGS 
in diagnosis of LRTIs was more superior than that of con-
ventional culture (88.41% VS 43.48%; P < 0.05), the speci-
ficity was opposite (76.47% VS 94.12%; P > 0.05), which 
were similar as reported previously [21]. Furthermore, 
among 138 patients diagnosed with LRTI, 107 (77.54%) 
cases and 49 (35.51%) cases were etiologically diagnosed 
by mNGS and culture respectively. However, there were 
16 and 15 LRTI cases were negative or being difficult to 
identify the causative pathogens by mNGS. Importantly, 
mNGS directly led to alteration of treatment regimen 
in 58 (37.42%) cases but treatment regimens were not 
altered in 97 (62.58%) cases. Although the outcome in 
patients with treatment adjustment seems better than 
those without treatment adjustment, it should be noticed 
that the latter group consists of more patients with criti-
cal illness, the severe pneumonia accounts for 27.84% 
(27/97), the poor outcome were inevitable.

The present study has certain limitations. Firstly, RNA 
virus was not detected. Secondly, nearly all patients were 
given empirical antibiotic treatment before sampling, 
the positive detection of conventional culture might be 
affected. Thirdly, this retrospective study was limited by 
the nonrandom patient selection, not all patients sus-
pected with LRTIs were performed with BALF mNGS 
test and the sample size was relatively small. The patho-
gen spectrum presented here might different from that of 
suspected LRTI population in real world.

To sum up, mNGS exhibited better capability on 
pathogen detection than conventional culture in clinical 
setting. Moreover, mNGS have shown great advantages 
in making etiology diagnosis and provide valuable infor-
mation to guide antibiotic use.
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Table 4 Clinical efficacy of mNGS result
Group Treatment adjustment 

based on mNGS
Outcome

No Change 
(N = 97, 
62.58%)

Empirical treatment 
continued
(N = 18, 11.61%)

Improved (N = 17)
Not improved (N = 1)
Death (N = 0)
Lost to follow-up (N = 0)

Considering the current 
treatment cover the detected 
pathogens
(N = 56, 36.13%)

Improved (N = 33)
Not improved (N = 8)
Death (N = 13)
Lost to follow-up (N = 2)

Patient died before the result 
available (N = 5, 3.23%)

Death (N = 5)

Earlier discharge (N = 18, 
11.61%)

Improved (N = 1)
Not improved (N = 3)
Death (N = 0)
Lost to follow-up (N = 14)

Change
(N = 58, 
37.42%)

Early definitive diagnosis 
and initiation of appropriate 
therapy (N = 46, 29.68%)

Improved (N = 36)
Not improved (N = 5)
Death (N = 4)
Lost to follow-up (N = 1)

Rule out active infection
(N = 12, 7.74%)

Improved (N = 9)
Not improved (N = 0)
Death (N = 0)
Lost to follow-up (N = 3)
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