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Objective: To evaluate the diagnostic performance and clinical impact of targeted next-generation sequencing (tNGS) in patients with
suspected lower respiratory tract infections.

Methods: Following propensity score matching, we compared the diagnostic performances of tNGS and metagenomic next-
generation sequencing (mNGS). Furthermore, the diagnostic performance of tNGS was compared with that of culture, and its clinical
impact was assessed.

Results: After propensity score matching, the coincidence rate of tNGS was comparable to that of mNGS (82.9% vs 73.9%, P=0.079). The
detection rates for bacterial, viral, fungal, and mixed infections were not significantly different (P>0.05). Bacterial-viral co-infection
(16.7%) was the most common mixed infection detected by tNGS. tINGS showed a higher detection rate than culture (75.2% vs 19.0%,
P<0.01). The positive detection rate by tNGS was not significantly different between immunocompromised and immunocompetent patients
(88.6% vs 80.5%, P=0.202), but was significantly higher than that by culture (P<0.001). Moreover, 65 patients (44.5%) had their
medications modified based on the tNGS results, and the majority exhibited notable improvement regardless of treatment adjustment.
Conclusion: tNGS performs comparably to mNGS and surpasses culture in detecting lower respiratory tract infections. Nevertheless,
tNGS is faster and more cost-effective than mNGS, making it highly significant for guiding rational treatment.

Keywords: targeted next-generation sequencing, metagenomic next-generation sequencing, lower respiratory tract infections,
diagnosis, antibiotic treatment

Introduction

Lower respiratory tract infections (LRTIs) are the fourth leading cause of death worldwide, affecting approximately
489 million people annually and causing a significant economic burden.'* LRTIs are predominantly caused by various
pathogens, including bacteria, fungi, viruses, atypical pathogens, and parasites. Prompt and precise etiological identifica-
tion is important for effective disease management.

Traditional methods are time-consuming, have a low positive detection rate, and limited detection range, thus failing
to meet clinical needs.>* Clinicians often use broad-spectrum antibiotics before identifying the pathogen, which may
amplify the associated negative effects, healthcare expenses and bacterial resistance.” Next-generation sequencing
(NGS) offers new possibilities for precise diagnosis of infectious diseases. Our previous study underscored the
significance of metagenomic next-generation sequencing (mNGS) for the accurate diagnosis and management of

LRTIs.” However, mNGS is costly, vulnerable to human sequence interference, and cannot process DNA and RNA

Infection and Drug Resistance 2025:18 329-340 329
Received: 4 September 2024 © 2025 Qin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 10 January 2025
Published: 17 January 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Qin et al

simultaneously.® In contrast, targeted next-generation sequencing (tNGS) uses multiplexed targeted amplification and
high-throughput sequencing to identify numerous clinically significant pathogens and drug-resistance genes.” The
benefits of dual DNA and RNA detection include enhanced detection speed and reduced cost.'® The potential of tNGS
has been emphasized in infectious diseases of the central nervous system, periprosthetic joints, and mycobacterial
infections.'''* However, the diagnostic performance of tNGS for LRTIs has rarely been studied.

This study aimed to compare the diagnostic effectiveness of tINGS, mNGS, and culture in identifying pathogens, focusing
on the diagnostic performance and clinical impact of tNGS in LRTIs to support its clinical application and wider adoption.

Methods
Study Design and Participants

This retrospective observational study included patients with suspected LRTIs admitted to Wuhan Union Hospital
between January 2020 and November 2023. Demographic and clinical data, including age, sex, underlying diseases,
clinical symptoms, laboratory and imaging results, NGS results, antibiotic treatment before and after NGS, and disease
outcomes, were collected. Additionally, the CURB-65 score (respiratory rate, age, blood pressure, consciousness
disturbance, and blood urea nitrogen level) was calculated upon admission to assess LRTIs severity.'

The inclusion criteria were as follows: 1) age > 18 years, 2) suspected LRTIs, 3) NGS (mNGS or tNGS) during
hospitalization, and 4) complete clinical information. This study was conducted in accordance with the Declaration of
Helsinki and was approved by the Research Ethics Committee of Wuhan Union Hospital (2023—-0818). Written informed
consent from patients was waived due to the retrospective nature of this study and the fact that no personal identifiers
were used in either the analysis or the reporting of study results.

Definition

Suspected LRTIs diagnosis was established based on (1) new or worsening focal or diffuse infiltrative lesions on chest
imaging; (2) at least one of the following clinical manifestations consistent with LRTIs: (1) newly developed cough,
sputum production, or worsening of pre-existing respiratory symptoms, with or without purulent sputum, chest pain,
dyspnea, or hemoptysis; (2) fever; (3 signs of pulmonary consolidation or auscultation of moist rales; (4) peripheral
blood white blood cell count >10x10%/L or <4x10%/L.'%!

Immunocompromised status was defined as (1) primary immune deficiency diseases; (2) HIV infection with a CD4
T-lymphocyte count < 200 cells/uL or percentage < 14%; (3) active malignant tumors; (4) undergoing cancer
chemotherapy; (5) recipients of solid organ transplant or hematopoietic stem cell transplant; (6) long-term use of steroids
(dose > 20mg prednisone or equivalent daily for > 14 days or a cumulative dose > 600 mg of prednisone) or other
immunosuppressive drugs.'®

The final LRTIs diagnosis was based on a comprehensive analysis by two experienced clinicians, considering the
patient’s medical history, clinical symptoms, laboratory and imaging results, conventional etiological test, NGS results,
and response to antibiotic treatment.

mNGS Process

mNGS was performed on 268 specimens from 249 patients (243 bronchoalveolar lavage fluid (BALF) samples, 18 blood
samples, four pleural effusion samples, two sputum samples, and one tissue sample). Firstly, the samples were subjected
to cell wall lysis treatment through an internally developed method, and then 1000uL of supernatant was collected for
subsequent DNA extraction. The DNA was extracted using a positive broad-spectrum enrichment kit specifically
designed for pathogenic microorganisms. Secondly, sequencing libraries were prepared by DNA fragmentation, end-
repair, adaptor ligation, and PCR amplification utilizing an NGS library preparation kit. The quality and concentration of
the DNA libraries were assessed using an NGS library quantification kit in conjunction with a real-time fluorescent
quantitative PCR instrument. The pooled libraries were sequenced on an Illumina sequencer using a single-end 50-bp
sequencing strategy.
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The raw data were preprocessed to remove low-quality reads, contaminated adapters, and duplicate reads.
Subsequently, host sequences were identified and filtered out by aligning them to the human reference genome (hg38
and T2T), and only high-quality sequencing data were retained. The remaining sequences were aligned to
a comprehensive reference database that includes GenBank, NCBI RefSeq, and NCBI nt, and the aligned data were
classified according to viruses, bacteria, fungi, and parasites. The database contains 11,027 bacteria, 1,324 fungi, 11,704
viruses, 135 mycoplasmas/chlamydias/rickettsias/spirochetes, and 229 parasites.

tNGS Process

146 specimens (consisting of 139 BALF samples, four blood samples, two sputum samples, and one tissue sample) were
submitted for tNGS. Initially, 300 puL of each sample was transferred into a grinding tube preloaded with glass beads
(0.1mm and 0.5mm). The tube cap was tightened, and the tube was securely attached to the adapter (Jinxin brand). The
instrument was operated at 70Hz for 10 minutes. Following grinding, the supernatant was utilized for the extraction and
purification of DNA/RNA using the Magnetic Bead-based Liquid Sample Pathogenic Microorganism Total Nucleic Acid
Extraction Kit (Bingyuan-CJ0003).

Subsequently, a library was constructed using the Pathogeno One 400+ Library Preparation Kit (manufactured by Hebei
Bingyuan Shengkang Medical Technology Co., Ltd., product code SJ0009). This process involves two rounds of PCR
amplification. The sample nucleic acid and cDNA served as templates and 288 microbial-specific primers were selected for
multiplex PCR amplification to enrich the target pathogen sequences. The PCR products were purified using DNA purification
magnetic beads and then amplified using primers that incorporated sequencing adapters and unique barcode sequences. After
purification, the quality and quantity of the resulting library were assessed and quantified using a Qubit 4.0 fluorometer.

The denatured library was sequenced on the Illumina MiSeq platform using a MiSeq Reagent Nano Kit with a sequencing
read length of PE75 and an average of 0.1 million sequencing reads per sample. Following sequencing, the raw data were
identified and counted through adapter recognition, followed by the filtering of low-quality reads and the identification of high-
quality data with primers. Reads with correctly aligned ends were retained and compared against a pathogen database to
determine the species and abundance of pathogens in the sample. The detection scope encompassed 86 drug-resistance genes, 41
virulence genes, and at least 288 pathogens, including 113 bacteria, 82 viruses, 57 fungi, 12 parasites, and 12 mycoplasmas/
chlamydias/rickettsias.

Interpretation of mMNGS/tNGS Results
The mNGS and tNGS results were interpreted following the methodologies stated in our previous research and the
“Expert Consensus on Clinical Interpretation Pathway for Metagenomic Next-Generation Sequencing Reports in Lower

Respiratory Tract Infections™.”"

Statistical Analysis

Normally distributed data were represented using the mean and standard deviation, while the median and interquartile range were
used for non-normally distributed data. The independent sample #-test and Pearson’s chi-square test or Fisher’s exact test were
used to compare continuous and categorical variables, respectively. Furthermore, to ensure that patients in the mNGS and tNGS
groups had similar clinical baseline characteristics, we performed propensity score matching (PSM) with 1:1 matching and
a caliper value of 0.02 on the two groups. Matching factors included sex, age, smoking history, underlying disease, and CURB-65
score. All statistical analyses were performed using SPSS software version 25.0, and P < 0.05 was considered statistically
significant.

Results

Comparison of Demographic Information and Clinical Data
Between January 2020 and November 2023, 463 patients with suspected LRTIs consented to sample collection and NGS.
Among them, three patients < 18 years were excluded, and 65 patients were excluded due to incomplete clinical data.

Infection and Drug Resistance 2025:18 heeps: 331



Qin et al

Ultimately, 395 patients were included in the study and categorized into infectious disease, non-infectious disease, and
unknown etiology based on their final diagnoses (Figure 1).

Among the included participants, 249 (63.0%) underwent mNGS and 146 (37.0%) underwent tNGS. The proportion
of patients with rheumatic immune system diseases was significantly higher in the mNGS group, while the remaining
indicators, including age, sex, smoking history, and CURB-65 score, showed no statistically significant differences
between the two groups. To achieve comparability between the two groups, we matched subjects from both groups using
propensity analysis (1:1 matching), resulting in the successful matching of 292 patients, including 146 patients from each
of the mNGS and tNGS groups. No statistically significant differences were observed in baseline characteristics between
the two groups (all P>0.05, Table 1).

Comparison of Diagnostic Performance Between tNGS and mNGS After PSM
Following PSM, the overall microbial detection rate of tNGS was significantly higher than that of mNGS (86.3% vs
70.3%; P<0.05) (Table S1). Based on the composite diagnosis, the total coincidence rate (TCR) (82.9% vs 73.9%,
P=0.079) and negative predictive value (NPV) (10.0% vs 2.9%, P=0.546) between tNGS and mNGS were not different.
However, the positive predictive value (PPV) of mNGS was significantly higher than that of tNGS (99.0% vs 95.0%,
P=0.034) (Figure 2A).

In the tNGS group, 46 microbes were identified, with bacteria accounting for 47.5% (126/265), viruses (85/265,
32.1%), fungi (49/265, 18.5%), and other pathogens (5/265, 1.9%) (Figure 2B). Conversely, the mNGS group identified
66 pathogens, including bacteria, fungi, viruses, and other pathogens, accounting for 46.2% (110/238), 24.4% (58/238),
25.2% (60/238), and 4.2% (10/238), respectively (Figure 2B). The predominant five bacteria identified in the tNGS group
were Haemophilus influenzae, Streptococcus pneumoniae, Mycobacterium tuberculosis, Pseudomonas aeruginosa, and
Enterococcus faecium. In contrast, the predominant five bacteria detected in the mNGS group were M. tuberculosis,
Acinetobacter baumannii, P. aeruginosa, Klebsiella pneumoniae, and S. pneumoniae. The most prevalent fungi in both
groups were candida albicans, Aspergillus fumigatus, Pneumocystis jirovecii, Aspergillus flavus, and Candida tropicalis.
Epstein-Barr virus and Cytomegalovirus were the predominant viruses detected (Figure 2C). Subsequently, we evaluated
the efficiencies of mNGS and tNGS in detecting bacterial, fungal, and viral infections; however, no significant
differences were observed between the two methods in detecting bacteria, fungi, or viruses (all P>0.05) (Figure 2B).

Notably, in the tNGS group, a single potential pathogen was identified in 72 patients, two in 41 patients, and three in
13 patients. The most prevalent types were bacterial-viral co-infections (21/126, 16.7%), bacterial-fungal-viral co-

For January 1, 2020 to November 30, 2023 in Wuhan Union
Hospital, 463 patients with LRTIs were included in the study

Excluded (n=68)
1) Under 18 years of age (n=3)
2) Incomplete clinical data (n=65)

Y

395 patients were enrolled in the study

Before PSM After PSM
(N=395) (N=292)
I |
Definitive infection Non-infection Uncertain diagnosis | |Definitive infection Non-infection Uncertain diagnosis
tNGS=132 tNGS=8 tNGS=6 tNGS=132 tNGS=8 tNGS=6
mNGS=226 mNGS=4 mNGS=19 mNGS=132 mNGS=2 mNGS=12

Figure | Flow chart of patient selection.
Abbreviations: LRTls, lower respiratory tract infections; PSM, propensity score matching; mNGS, metagenomic next-generation sequencing; tNGS, targeted next-
generation sequencing.

Infection and Drug Resistance 2025:18

3 3 2 https:


https://www.dovepress.com/get_supplementary_file.php?f=494558.docx

Qin et al

Table | Demographic and Clinical Characteristics at Baseline for Patients With LRTIs in the Entire Cohort and the PSM

Cohorts
Characteristics Total Entire Cohort PSM Cohort
(n=395)

mNGS tNGS P value mNGS tNGS P value

(n=249) (n=146) (n=146) (n=146)
Age (yr, median, IQR) 60 (50-69) 59 (50-69) 60 (50-70) 0.909 59.5 (49-68) 60 (50-70) 0.492
Sex
Male (n, %) 133 (33.7) 88 (35.3) 45 (30.8) 0.359 48 (32.9) 45 (30.8) 0.706
Current Smoker (n, %) 133 (33.7) 83 (33.3) 50 (34.2) 0.853 49 (33.6) 50 (34.2) 0.902
Complications (n, %)
Hypertension 95 (24.1) 59 (23.7) 36 (24.7) 0.829 37 (25.3) 36 (24.7) 0.892
Diabetes disease 41 (10.4) 23 (9.2) 18 (12.3) 0.331 19 (13.0) 18 (12.3) 0.860
Malignant tumor 64 (16.2) 37 (14.9) 27 (18.5) 0.344 23 (15.8) 27 (18.5) 0.543
Cardiovascular disease 31 (7.8) 20 (8.0) Il (7.5) 0.859 10 (6.8) Il (7.5) 0.821
Chronic pulmonary disease 64 (16.2) 41 (16.5) 23 (15.8) 0.853 26 (17.8) 23 (15.8) 0.638
Chronic renal disease 17 (4.3) 13 (5.2) 4(2.7) 0.241 3 (2.1 4(2.7) 1.000
Chronic liver disease 13 (3.3) 9 (3.6) 4(2.7) 0.775 4(2.7) 4(2.7) 1.000
Rheumatic immune disease 24 (6.1) 22 (8.8) 2 (1.4 0.003 2 (1.4) 2 (1.4 1.000
CURB-65 (n,%) 1 (0-1) 0 (0-1) I (0-1) 0.143 0 (0-1) I (0-1) 0.123
0 194 (49.1) 126 (50.6) 68 (46.6) 75 (51.4) 68 (46.6)
| 125 (31.6) 71 (28.5) 54 (37.0) 38 (26.0) 54 (37.0)
2 62 (15.7) 39 (15.7) 23 (15.8) 27 (18.5) 23 (15.8)
3 7 (1.8) 7 (2.8) 0 (0.0) 2 (1.4 0 (0.0)
4 7(1.8) 6 (24) 1 (0.7) 4 (2.7) 1 (0.7)

Abbreviations: LRTIs, lower respiratory tract infections; mNGS, metagenomic next-generation sequencing; tNGS, targeted next-generation sequencing;
PSM, propensity score matching; IQR, interquartile range.

infections (11/126, 8.7%), and bacterial-fungal co-infections (10/126, 7.9%) (Figure 3A). Conversely, in the mNGS
group, we identified a single potential pathogen in 61 patients, two in 30 patients, three in 11 patients, and four in one
patient. The three most prevalent forms were viral-fungal co-infection (14/103, 13.6%), bacterial-fungal-viral co-
infection (11/103, 10.7%), and bacterial-fungal co-infection (8/103, 7.8%) (Figure 3B). mNGS and tNGS showed
comparable detection rates for mixed infections (40.8% vs 42.9%, P =0.751) (Figure 3C).

Diagnostic Performance of tNGS and Culture

A total of 134 patients underwent culture testing within 48h prior to and after tNGS, including 121 cases of infection,
six non-infection cases, and seven cases with unclear diagnosis. The pathogen detection rate with tNGS was
significantly higher than that with traditional culture (91/121, 75.2% vs 23/121, 19.0%, P < 0.01) (Figure 4A).
Using a composite diagnosis as the criterion, the TCR of tNGS significantly surpassed that of culture (74.8% vs
22.8%, P<0.001). The PPV (97.8% vs 100%, P=1.00) and NPV (11.8% vs 5.8%, P=0.262) of tNGS and mNGS were
comparable (Figure 4B).

Of the 134 patients, 21 (15.7%) had positive results for both tNGS and culture, 33 (24.6%) had negative results for
both, 78 (58.2%) were positive only for tNGS, and two (1.5%) positive only for culture. Among the double-positive
cases, three exhibited complete matching, five exhibited complete mismatching, and the remaining thirteen showed
partial matching. Among the tNGS-positive/culturing-negative patients, tNGS identified pathogens that were challenging
to detect under culture conditions, such as M. tuberculosis, Mycolicibacterium fortuitum, Rhizomucor, P. jirovecii, and

Tropheryma whipplei (Figure 4C).
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Figure 2 Comparison of diagnostic performance between tNGS and mNGS. (A). Contingency tables for the clinical diagnosis with tNGS and mNGS. (B) Comparison of the
sensitivities for tNGS and mNGS in different types of pathogens. (C) Distribution of pathogens identified by tNGS and mNGS.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; TCR, the total coincidence rate; mNGS, metagenomic next-generation sequencing; tNGS,
targeted next-generation sequencing.

Performance of tNGS in Immunocompromised Patients
To evaluate the efficacy of tNGS in immunocompromised patients with LRTIs, the tNGS group was further divided into
immunocompromised (n=41) and immunocompetent (n=105) groups based on their immune states. No statistically
significant differences were observed in the positivity rate of tNGS between immunocompetent and immunocompro-
mised patients (93/105, 88.6% vs 33/41, 80.5%, P=0.202) (Figure 5A). According to the tNGS results, 17 cases (41.5%)
of immunocompromised patients exhibited mixed infections, while 37 cases (35.2%) of immunocompetent patients
exhibited mixed infections (P=0.484) (Figure 5A). Furthermore, among the immunocompetent patients, the most
common pathogens were H. influenzae (18.1%), S. pneumoniae (16.2%), Epstein-Barr virus (16.2%), M. tuberculosis
(11.4%), and P. aeruginosa (10.5%). In contrast, Cytomegalovirus (26.8%) was the most common pathogen in the
immunocompromised group, followed by Epstein-Barr virus (22.0%), P. jirovecii (17.1%), C. albicans (17.1%), and
H. influenzae (14.6%).

Among the 134 patients who underwent culture testing within 48h before and after tNGS, there was no statistically
significant difference in the positive culture rate between immunocompromised and immunocompetent patients (8/37,
21.6% vs 15/97, 15.5%, P=0.398) (Figure 5B). Similarly, no significant difference was observed in the positivity rate of

334 https: Infection and Drug Resistance 2025:18



Qin et al

B I single infection
I single infection [ other
[0 Other
Viral-fungal coinfection
Bacterial-fungal coinfection

Bacterial-fungal-viral coinfection
Bacteria-viral coinfection

Viral-fungal coinfection
Bacterial-fungal coinfection

\Q
&
o

&

¥

Bacterial-viral coinfection

o
o

w.s-g\uowa““”
Buny1eBeRee

&

%o,
ey

ns
C [ 1
100 s single infection
7 === mixed infection
50—
o—
tNGS mNGS

Figure 3 Percentage of patients with mixed infections for various pathogens. (A) Mixed infections for various pathogens detected by tNGS. (B) Mixed infections for various
pathogens detected by mNGS. (C) Comparison of the detection rate of mixed pathogen infection based on tNGS and mNGS. ns: P>0.05.
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tNGS between immunocompromised and immunocompetent patients (23/37, 62.2% vs 76/97, 78.4%, P=0.056). The
positive rates of tNGS in both groups were significantly higher than those in culture (P<0.001) (Figure 5B).

Clinical Impact of tNGS

Prior to tNGS, empirical antibiotic therapy was administered to 86.3% of patients. Antibacterial therapy was the

predominant antibiotic treatment (92/146, 63.0%), followed by antibacterial-antifungal (24/146, 16.4%), antibacterial-

antiviral (6/146, 4.1%), antifungal (2/146, 1.4%), and antibacterial-antifungal-antiviral therapies (2/146, 1.4%) (Table 2).
Based on the tNGS results, 13 patients (8.9%) underwent empirical antibiotic de-escalation therapy (reduction in type or
scope), 52 patients (35.6%) underwent empirical antibiotic escalation therapy (addition of types or expansion of scope),

and 66 patients (45.2%) maintained their current treatment (Table 2). Additionally, 15 patients (10.3%) were referred to
specialized hospitals for treatment following the detection of Mycobacterium tuberculosis through tNGS (Table 2).
Notably, the majority of cases without adjustment were related to the fact that the previously administered empirical
drugs had already effectively covered the detected pathogens.

Regardless of antibiotic escalation, de-escalation, or no change, most patients showed clinical improvement, mainly
manifesting as normalization of body temperature and significant improvement in respiratory symptoms, such as cough,
sputum production, and dyspnea (P<0.001). In addition to lymphocyte counts, the patient’s inflammatory markers, such
as white blood cell count, neutrophil count, and CRP levels improved significantly (all P<0.05) (Table 3).
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(B) Contingency tables for the clinical diagnosis with tNGS and culture. (C) Discrepant results between tNGS and culture.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; TCR, the total coincidence rate, tNGS, targeted next-generation sequencing.

Percentage of patients( % )

B
ns immunocompetent
100 | w== immunocompromised
80
ns
601
88.6 |

40

209 352

0 T T
positivity rate mixed infection

Detection rate (%)

ns
ns
P<0.001 Iiml
I_I h w=s negative

mm=  positive

tNGS Culture

tNGS Culture

promised
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of mixed pathogen infection based on tNGS in immunocompetent and immunocompromised patients with LRTIs. (B) The positive rate comparison in immunocompetent
and immunocompromised patients with LRTIs. ns: P>0.05.

Abbreviations: tNGS, targeted next-generation sequencing; LRTls, lower respiratory tract infections.
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Table 2 The Estimated Potential Impact of tNGS
Testing on the Application of Antimicrobial Agents

Characteristics Total (n)

Pre-examination medication

Unused 20 (13.7%)
Antibacterial therapy 92 (63.0%)
Antifungal treatment 2 (1.4%)
Antibacterial-antifungal therapy 24 (16.4%)
Antibacterial-antiviral therapy 6 (4.1%)

Antibacterial-antifungal-antiviral therapy 2 (1.4%)
Post-examination medication adjustments

No change 66 (45.2%)
Escalation 52 (35.6%)
De-escalation 13 (8.9%)

Transfer to Wuhan Pulmonary Hospital 15 (10.3%)

Abbreviation: tNGS, targeted next-generation sequencing.

Table 3 The Symptoms and Laboratory Tests Before and After Adjusting Treatment
According to tNGS

Variables Before After P value | Normal range
Symptoms

Fever (n,%) 49 (33.6) 3210 0.000 NA
Cough (n,%) 88 (60.3) 8 (5.5) 0.000 NA
Sputum (n,%) 69 (47.3) 8 (5.5) 0.000 NA
Chest distress (n,%) | 39 (26.7) 0 (0.0) 0.000 NA
Laboratory tests

*WBC (g/l) 8.0 (5.1-11.4) 7.2 (4.7-8.8) 0.001 3.5-95
2NE (h/l) 5.6 (3.4-9.7) 4.7 (2.9-6.3) 0.000 1.8-6.3
Lym (g/l) 1.2 (0.7-1.8) 1.4 (0.9-1.9) 0.347 1.1-3.2
#PLT (g/l) 238 (146-309) 265 (197-328) | 0.018 125-350
*CRP (mg/l) 56.6 (15.2-125.9) | 10.7 (4.4-32.9) | 0.000 <8

Notes: *77 patients completed blood routine examination and CRP examination.
Abbreviations: tNGS, targeted next-generation sequencing; WBC, white blood cell; NE, neutrophil;
Lym, lymphocyte; PLT, platelet; CRP, C-reaction protein.

Discussion

In this study, we conducted a retrospective analysis of the clinical data of 292 patients with suspected LRTIs from
multiple campuses at Wuhan Union Hospital. Our findings revealed that tNGS is a rapid and accurate tool for the
etiological diagnosis of LRTIs, exhibiting a diagnostic performance comparable to that of mNGS. However, tNGS may
be more suitable for the rapid screening and diagnosis of common or known pathogens, while mNGS is more suitable for
identifying unknown or rare pathogens. In addition, this study highlights the diagnostic value of tNGS in immunocom-
promised patients with LRTIs. Furthermore, the results of tNGS have significant value in guiding antibiotic treatment,
potentially leading to significant improvements in patient clinical outcomes.

The prompt and precise identification of microorganisms in LRTIs is essential to guide antibiotic treatment, mitigate
drug resistance, and improve patient outcomes.”* In this study, the positive detection rate of tNGS in LRTIs was higher
than that of mNGS (86.3% vs 70.3%, P <0.05), while the TCR (82.9% vs 73.9%, P=0.079) and NPV (10.0% vs 2.9%,
P=0.546) of tNGS and mNGS were not significantly different. Additionally, the PPV of mNGS was significantly higher
than that of tNGS (99.0% vs 95.0%, P=0.034). However. A study of 102 adult patients with pneumonia using both
mNGS and tNGS to analyze LRTIs specimens revealed that the overall microbial detection rates of tNGS and mNGS
were 82.17% and 86.51% (P>0.05), respectively, with no significant difference in the microbial detection rates between
the two methods for different specimens.'® Another study reported an overall accuracy of 65.6% for tNGS detection with
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a PPV of 45.9% and an NPV of 85.7%. The overall accuracy of the mNGS detection was 67.1%, with a PPV of 56.6%
and an NPV of 77.2%.' These variations may be attributed to disparities in patient populations and physicians’ clinical
experience. Furthermore, consistent with previous studies, mNGS and tNGS showed comparable detection rates for
bacteria, fungi, and viruses, with bacteria being the most commonly detected pathogen using both techniques.?' These
findings emphasize the potential of tNGS for pathogen detection.

The competition between different types of microorganisms makes it difficult for traditional detection methods to
detect multiple pathogens simultaneously.”> This study demonstrated that tNGS ultimately confirmed 54 cases and
mNGS confirmed 42 cases of mixed infections (P>0.05). Additionally, tNGS consistently identified bacterial-viral co-
infection as the predominant form of mixed infection, which is consistent with previous research findings.”* In contrast,
the most common mixed infection detected by mNGS and a separate investigation was viral-fungal co-infection.** In
another study, the prevailing mixed infections consisted of bacterial-fungal and bacterial-bacterial co-infections.?®
A recent study attributes these contradictory findings in the prevalence of common mixed infection types to the changes
in immunological state across various populations.*®

Compared to traditional culture methods, tNGS can detect more pathogens, demonstrate superior diagnostic performance,
and provide results promptly. Similar results have been reported in other studies. For example, INGS demonstrated complete or
partial concordance with culture in 90.9% of prospective studies on respiratory tract infections in preterm infants, resulting in
a 105.9% improvement in the detection rate.”” Another study examined sputum samples from 209 patients with confirmed LRTIs
and observed that tNGS detected more potential pathogens (45 vs 23) and achieved a higher positive detection rate (96.7% vs
34.0%) compared to conventional microbiological tests.”® Overall, tNGS improved the diagnostic efficiency for LRTIs.

Further investigations into the utility of tNGS in immunocompromised patients with LRTIs are still lacking. The data
presented in this study indicated that the positive detection rate of tNGS was similar between immunocompetent and
immunocompromised patients with LRTIs. Additionally, this rate was approximately three times greater than that of
culture (P<0.01), demonstrating the potential of tNGS as a primary diagnostic instrument. Furthermore, immunocom-
promised individuals exhibited a greater prevalence of mixed infections, with the most frequently identified pathogens
being Cytomegalovirus, Epstein-Barr virus, P. jirovecii, C. albicans, and H. influenzae. These findings are consistent with
prior research.”>° In immunocompromised patients, prolonged hospital stays and an increased risk of mortality are
associated with the opportunistic infections caused by Cytomegalovirus, P. jirovecii, Candida.>'>* Therefore, early and
accurate identification of pathogens is critical, and tNGS can potentially reduce the time required to detect opportunistic
pathogen infections and mixed infections in these patients. However, our conclusions have limitations due to the limited
number of immunocompromised patients included in our study. Therefore, extensive multicenter trials are needed to
validate the diagnostic efficacy of tNGS in immunocompromised individuals with LRTIs.

Targeted antimicrobial therapy was predicted based on drug sensitivity and pathogen testing and pathogen results.
Excessive or belated administration of antimicrobial therapy may result in extended hospital stays, increased drug resistance,
escalated medical expenses, and mortality.>** Culturing pathogens can take an average of 3—7 days to obtain results and drug-
resistance information. Although most research highlights the diagnostic efficacy of mNGS (average of 24 hours), it is
comparatively expensive (average of $440) and lacks the ability to identify drug-resistance completely.® In contrast, tNGS has
a faster turnaround time (average 15 hours) and lower cost (average $160), and provides reliable drug resistance
information.*'*> In this study, approximately 44.5% of the patients’ empirical antimicrobial therapy was modified based on
tNGS results. A substantial proportion of patients exhibited noteworthy improvement after treatment modifications, whether
through escalation, de-escalation, or maintaining the current regimen. Therefore, tNGS may be advantageous in facilitating
targeted therapy and expediting clinical decision-making, thereby decreasing the medical burden.

This study has several limitations. Firstly, as this is a retrospective study, it is not feasible to conduct both tNGS and
mNGS on the same individual, which contradicts clinical practice. Nevertheless, we have endeavored to match the two
patient groups as closely as possible to ensure the comparability of our study. Secondly, antibiotic treatment was
administered to the majority of patients prior to pathogen detection, which may have lowered the culture positivity
rate. Lastly, general guidelines for analyzing tNGS and mNGS results are currently lacking, which may result in the
misinterpretation or overinterpretation of the findings. Consequently, well-designed prospective multicenter studies with
large sample sizes are needed to further evaluate the practical utility of tNGS in LRTIs.
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Conclusion

In summary, compared to culture, tNGS demonstrates a higher diagnostic efficacy for LRTIs, similar to that of mNGS.
However, tNGS is more cost-effective and has a quicker turnaround time than mNGS. Additionally, the expeditiousness
with which tNGS completes its analyses contributes substantially to advancements in precision.
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