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Abstract
Background  Accurate identification of the etiology of lower respiratory tract infections (LRTI) is crucial, particularly 
for immunocompromised patients with more complex etiologies. The advent of next-generation sequencing (NGS) 
has enhanced the effectiveness of pathogen detection. However, assessments of the clinical diagnostic value of 
targeted NGS (tNGS) in immunocompromised patients with LRTI are limited.

Methods  To evaluate the diagnostic value of tNGS in immunocompromised patients with LRTI, a total of 88 patients, 
of whom 54 were immunocompromised, were enrolled. These patients underwent tNGS testing of bronchoalveolar 
lavage fluid (BALF). Results from both metagenomic next-generation sequencing (mNGS) and conventional 
microbiological tests (CMT) were also available for all participants. The performance of tNGS was assessed by 
comparing its findings against mNGS, CMT, and the clinical composite diagnosis.

Results  In the cohort of 88 patients, tNGS showed comparable diagnostic value to mNGS and was significantly 
superior to CMT. Compared to CMT and composite reference standard, tNGS showed sensitivity of 94.55% and 
90.48%, respectively. In immunocompromised patients, despite a more diverse pathogen variety, tNGS maintained 
similar sensitivity to mNGS and outperformed CMT. tNGS positively influenced etiologic diagnosis and antibiotic 
decision-making in 72.72% of cases, leading to a change in antibiotic regimen in 17.05% of cases. We also compared 
the detection of microbial nucleic acids by tNGS with mNGS and found that tNGS could identify 87.99% of the 
microbial nucleic acids identified by mNGS.
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Introduction
With the increased use of immunosuppressive agents, 
an escalating number of individuals are experiencing 
immune dysfunction, leading to a heightened risk of life-
threatening events, particularly infections [1]. Lower 
respiratory tract infections (LRTIs) was a leading cause of 
death globally among immunocompromised individuals 
[1]. Conventional microbiological testing (CMT) is time-
consuming and had low detection rates, falling short in 
meeting the diagnostic demands for complex pathogen 
infections in immunocompromised patients [2]. Due to 
the intricate nature of pathogens infecting such patients, 
a combination of various detection methods might be 
needed; however, these may still fail to identify fastidious 
pathogens, uncommon atypical organisms, or pathogens 
that have lost viability following antimicrobial therapy 
[3]. The diagnostic and therapeutic management of LRTIs 
thus presents formidable challenges [4]. Under these cir-
cumstances, the precise identification of pathogens and 
subsequent targeted therapies are of utmost importance.

NGS is a high-throughput method that directly detects 
nucleic acids in clinical samples, allowing for the recogni-
tion of millions of reads in a single assay. Metagenomic 
NGS(mNGS) is one of the most widely applied uses of 
NGS, which had gradually transitioned into clinical prac-
tice for the identification of unknown, rare, and atypical 
pathogens in cases of infections [5, 6]. mNGS serve as 
a novel tool that can overcome the limitations of tradi-
tional diagnostic approaches [7]. Multiple studies have 
explored the advantages of mNGS in pathogen detection 
for immunocompromised patients and LRTIs, reveal-
ing that mNGS can improve pathogen detection rates by 
15–30% and shorten diagnostic timelines [8–12]. How-
ever, due to its relatively high cost, mNGS is currently 
more commonly utilized in Intensive Care Units (ICUs) 
and for critically ill patients.

Recently, tNGS has emerged as a method that targets 
a range of pathogens by enriching them through primer 
amplification or probe capture techniques, followed by 
sequencing. Several studies have emerged comparing 
the detection performance of mNGS and tNGS, with 
tNGS demonstrating similar sensitivity and specific-
ity to mNGS in the identification of LRTI pathogens 
[13, 14]. However, a dearth of studies has been evident 
thoroughly investigating the diagnostic performance of 
tNGS in immunocompromised patients. Our study aims 
to assess the utility of tNGS in the diagnosis of LRTIs in 

immunocompromised patients by comparing its perfor-
mance with mNGS and CMT.

Methods
Patients and sample collection
To assess the diagnostic utility of tNGS in immunocom-
promised patients, we aimed to include patients diag-
nosed with LRTI [15] and who have recently undergone 
mNGS. We retrospectively reviewed 197 suspected cases 
of LRTI at Renji Hospital, School of Medicine, Shanghai 
Jiao Tong University between April 2023 and December 
2023 (Fig.  1). A total of 88 patients with recent mNGS 
results available and remaining BALF samples were 
included in the analysis and divided into two groups: 
immunocompromised and immunocompetent. The 
determination of LRTI was based on clinical criteria and 
etiological results. Clinical criteria included the presence 
of new or progressive pulmonary infiltration on chest 
radiographs, and at least two of the following: body tem-
perature > 38 °C or < 36 °C; leukocytosis > 12,000/mm³ or 
leukopenia < 4,000/mm³; or purulent respiratory secre-
tions. The determination of etiological results primarily 
considered a combination of factors including patient 
symptoms, various etiological test results (including cul-
ture and NGS test) within seven days, and the patient’s 
response to antibiotics that cover the identified patho-
gen [16]. The final diagnosis of patients serves as the 
composite reference standard for follow comparison. 
CMT results encompassed a variety of detection meth-
ods including culture for bacteria and fungi, culture and 
GeneXpert MTB/RIF system (GeneXpert; Cepheid, Inc., 
Sunnyvale, CA, USA) for Mycobacterium tuberculosis, 
and PCR for severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) and influenza virus. The results of 
CMT were collected at the time of patient diagnosis, with 
cultures originating from the same batch of BALF. Other 
tests might have been derived from different specimens, 
such as viral PCR. The results of culture for bacteria and 
fungi and PCR were available for all samples, and other 
tests were selected based on patient symptoms.

Immunocompromised status is defined by the pres-
ence of one or more of the following risk factors [17]: (A) 
hematologic cancer; (B) chemotherapy wothin the last 
three months; (C) chronic steroid (> 0.3  mg/kg/day of 
prednisone-equivalent for ≥ 3 weeks) or biologic drug use 
for autoimmune diseases or other immunosuppressive 
therapies; (D) solid organ transplant within the last six 

Conclusion  In summary, our study demonstrated that tNGS offers promising clinical diagnostic accuracy in 
immunocompromised patients, as evidenced by its favorable comparison with CMT, the composite reference 
standard, and mNGS.
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months; (E) neutropenia; (F) acquired or inherited severe 
immunodeficiency.

The workflow of targeted NGS
A 400 µl volume of BALF samples was taken for extrac-
tion. The samples were extracted according to the 
extraction procedure of previous studies [18]. The 
samples were then prepared into a library using the 
HieffNGS®C37P4OnePotcDNA&gDNA Library Prep Kit 
(Yeasen, Shanghai, China) according to the manufactur-
er’s protocol. Subsequently, the samples were incubated 
with Geneplus-designed probes for 4  h to complete the 
probe capture, which were subsequently prepared into 
DNA nanoballs (DNBs). Sequencing was performed on 
the Gene + Seq-100 sequencing platform (GenePlus-Bei-
jing) using 100-bp single-end read sequencing, target-
ing a depth of 5  million reads. The sequenced data was 
analyzed using the GenePlus’s self-built database, which 

covers 1,872 pathogens identified by tNGS (Supplemen-
tary Table 1). Reads aligning to the target capture inter-
val of the probe for corresponding species were defined 
as target-reads and normalized to the number of reads 
per million (RPM). The reporting threshold was set at 
RPM ≥ 6 for common pathogens (excluding mycobacte-
ria) and ≥ 0.5 for fungi and mycobacteria [19]. A manual 
review is conducted. Typically, bacteria (excluding myco-
bacteria), fungi (excluding aspergillus), and viruses were 
reported if they are within the top 30% of RPM. Patho-
gens with abnormal genomic coverage will be filtered out.

The workflow of metagenomic NGS
The mNGS process was conducted following previ-
ous reports [10]. Genomic DNA was extracted from the 
specimens using the TIANamp Micro DNA Kit after 
enzymatic treatment and mechanical disruption with 
beads. Sequencing libraries were prepared through DNA 

Fig. 1  Flowchart of screening of patients with lower respiratory tract infections and detections results of difference methods
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fragmentation, end-repair, and adaptor ligation. Sequenc-
ing was performed on MGISEQ-2000. Short (< 35 base 
pairs), low-quality reads and human sequences were fil-
tered out, and the remaining reads were aligned to an 
in-house database for identifying microbial species. The 
reporting of pathogenic microorganisms mainly followed 
to previous research [10]. Briefly, for common species 
or genera, an RPM value ≥ 3 was considered reportable. 
For difficult-to-extract microorganisms, such as Aspergil-
lus and Mycobacterium tuberculosis, reporting was made 
when at least one read is detected.

Statistical analysis
The scoring structure for comparing NGS with clini-
cal testing referred to Karius method [20]. For con-
tinuous variables, report the results as the median and 
interquartile range(Q1, Q3). Categorical variables are 
represented by frequency and percentage. Inter-group 
comparisons are made using the unpaired t-test or the 
Mann-Whitney U test. For comparisons between groups 
of categorical variables, the chi-square test is used. The 
diagnostic value of difference methods was compared 
using the Kappa test. All statistical tests were two-sided 

with a significance level set at 5%. Graphs were generated 
using GraphPad Prism version 9.5.0 (GraphPad Software 
LLC., San Diego, CA, USA). Analyses were conducted 
using Windows SPSS version 22.0(SPSS Inc., Chicago, 
Illinois, USA). Statistical significance was set at a p-value 
of < 0.05.

Results
Patient characteristics
A cohort comprising 197 patients was enrolled, with 88 
of these patients having accessible mNGS results, clini-
cal information, and residual BALF samples, which were 
included in the ultimate analysis. This cohort comprised 
54 immunocompromised individuals and 34 immu-
nocompetent patients. The median age was 64 years, 
with 47 (53.41%) males enrolled. Twenty-four patients 
(27.27%) received long-term corticosteroid therapy for 
solid-organ transplantation or autoimmune diseases, and 
nine patients (10.2%) were treated with chemotherapy for 
solid tumors or hematologic malignancies. Demographic 
features and baselines characteristic are detailed in 
Table 1. There were no significant differences between the 
two groups in terms of gender, age, history of antibiotic 

Table 1  Characteristics of patients and baseline of two groups
Characteristic All patients Immunocompetent patients Immunocompromised patients P-value
Number, n(%) 88(100.00) 34(38.64) 54(61.36)
Male gender, n (%) 47(53.41) 19(55.88) 28(51.85) 0.247
Age (year), median (Q1, Q3) 64(55, 69) 61(55, 68) 65(56, 69) 0.833
Laboratory findings
WBC (109/L), median (Q1, Q3) 8.29(5.51, 11.16) 7.46 (5.16,9.79) 8.64(6.10, 13.50) 0.965
Monocyte count(109/L), median (Q1, Q3) 0.52(0.35, 0.69) 0.52(0.33, 0.61) 0.52(0.37,0.72) 0.965
Comorbidities, n (%) 0.043
Type 2 diabetes 14(15.91) 5(14.71) 9(16.67)
cardiovascular and cerebrovascular diseases 24(27.27) 12(35.29) 12(22.22)
COPD 7(7.95) 5(14.71) 2(3.70)
Immunocompromised status, n (%)
Hematologic malignancy 4(4.55) NA 4(7.41)
Solid-organ transplantation 31(35.22) NA 31(57.41)
Solid tumor receiving chemotherapy 5(5.68) NA 5(9.26)
Immunosuppressive therapy 25(28.41) NA 25(46.30)
Prolonged corticosteroid therapya 24(27.27) NA 24(44.44)
Autoimmune disease 4(4.55) NA 4(7.41)
Antibiotics therapy 0.483
No prior antibiotics 15(17.04) 7(20.59) 8(14.81)
Prior antibiotics 73(82.95) 27(79.41) 46(85.19)
Disease severity 0.075
Septic shock, n (%) 4(4.54) 0(0) 4(7.41)
Invasive mechanical ventilation, n (%) 21(23.86) 6(17.65) 15(27.78)
Outcome 0.965
Death 13(14.77) 5(14.71) 8(14.81)
survival 74(84.09) 28(82.35) 46(85.19)
unknown 1(1.13) 1(2.94) 0(0)
Abbreviations Q1 and Q3, interquartile range; WBC, White blood cell; NA, not available. The difference based on the t-test was calculated. a Defined as > 0.3 mg/kg/d 
of prednisone-equivalent for ≥ 3 weeks
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therapy, or outcome (p > 0.05). However, immunocompe-
tent patients group had a higher incidence of comorbidi-
ties than immunocompromised patients group (64.71% 
vs. 42.59%, p = 0.04), and a lower proportion of severe 
disease than immunocompromised patients (17.65% vs. 
35.19%, p = 0.07).

Comparing the diagnostic value of tNGS, mNGS, and CMT 
in all patients
To assess the diagnostic value of tNGS, it was compared 
with culture, CMT (all samples included culture for bac-
teria and fungi, and PCR for virus), composite reference 
standard, and mNGS. Among the 88 patients, tNGS 
showed a similar diagnostic agreement rate to mNGS 

(88.64% and 87.50%), but higher than CMT and culture 
(60.23% and 44.32%) (Fig. 2A). In 85.23% of the patients, 
at least two methods demonstrated diagnostic concor-
dance, while 7.95% of the patients showed concordance 
only with one NGS method (Fig. 2B). Using culture as a 
reference, tNGS had a sensitivity of 94.87% and specific-
ity of 10.20%, with an overall concordance rate of 47.73%. 
When compared to CMT, tNGS demonstrated a sen-
sitivity of 94.55% and a specificity of 15.15%, with an 
agreement rate of 64.77%. Compared to the composite 
reference standard, tNGS demonstrated a sensitivity of 
90.48%, specificity of 50.00%, and an 88.64% agreement 
rate (Table 2). Similarly, mNGS demonstrated an 87.50% 
consistency with the composite reference standard, with 

Fig. 2  Diagnostic performance of tNGS in 88 samples. (A) Diagnostic agreement rate of tNGS, mNGS, CMT, and culture. (B) Pie chart showing the pro-
portion of diagnoses determined by different methods. CMT, conventional microbiological testing. (C) Comparison of detection sensitivity of mixed 
pathogens and various pathogens infections between tNGS, mNGS, and CMT. (D) Comparison of pathogen spectrum detected between CMT and tNGS. 
(E) Comparison of pathogen spectrum detected between mNGS and tNGS. (F) Comparison of pathogens detected between tNGS, mNGS, and CMT. G+: 
Gram-positive bacteria; G-: Gram-negative bacteria. *: p < 0.05, **: p < 0.01,***: p < 0.001
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a sensitivity of 88.09% and specificity of 75.00% (Supple-
mentary Table 2). tNGS detected pathogens in 28/33 
samples that were negative in CMT, showing an 78.79% 
consistency rate with the composite reference standard 
(Table  2). Then, tNGS compared with mNGS demon-
strated a sensitivity of 96.43% and specificity of 75.00%, 
with an agreement rate of 95.45%. The kappa value 
between tNGS and mNGS was 0.58. The comparative 
assessment of mixed infection detection capability across 
the three methodologies showed that tNGS and mNGS 
had sensitivities of 80.56% and 61.11%, respectively, 
significantly surpassing the sensitivity rate of 36.11% 
demonstrated by CMT (Fig. 2C). This superiority in sen-
sitivity for detecting mixed infections was also observed 
in cases of single-pathogen infections (tNGS vs. mNGS 
vs. CMT: 83.33% vs. 79.17% vs. 58.33%). Both tNGS and 
mNGS showed high sensitivity for detecting bacterial 
(92.06% and 84.13%) and fungal (86.64% and  92.11%) 
infection samples, while tNGS exhibited higher sensitiv-
ity for detecting viral infections (95.83% vs. 50.00%). Both 
tNGS and mNGS methods demonstrated higher sensitiv-
ity than CMT for bacterial and fungal infection samples 
(Fig. 2C).

The pathogens detection was compared between tNGS 
with mNGS and CMT. In total, 130 causative patho-
gens were confirmed, with tNGS detecting 123 of them, 
mNGS identifying 111, and CMT finding 58. tNGS and 
mNGS showed comparable and significantly higher 
detection rates for pathogens than CMT, regardless of 
whether the pathogens were fungi, DNA viruses, or bac-
teria (Fig. 2D-F). The most prevalent bacteria were Aci-
netobacter baumannii, Pseudomonas aeruginosa, and 
Klebsiella pneumoniae, while the most common fungi 
were Pneumocystis jirovecii and Aspergillus fumiga-
tus. SARS-CoV-2 and Influenza A virus were common 
viruses, however, mNGS did not detect them as it only 
identified DNA. tNGS not only detected SARS-CoV-2 
and Influenza A virus but also successfully identified 
the subtypes for all 12 pathogens, with subtypes that are 
completely consistent with PCR (Supplementary Table 
3). While both tNGS and CMT concurrently detected 

57 pathogens, tNGS identified an additional 66. Nota-
bly, tNGS detected a higher prevalence of DNA viruses 
than CMT, due to the absence of appropriate testing for 
these pathogens in CMT. Concurrently, six pathogens, 
comprising three fungi and three bacteria, remained 
undetected by both methods but were detected by 
mNGS. Compared to mNGS, tNGS revealed an addi-
tional 19 pathogens. When comparing the fungi and bac-
teria not detected by tNGS with those detected by both 
NGS methods, it was found that the Reads Per Million 
(RPM), an important indicator of the relative abundance 
of microbial nucleic acids in NGS detection, was lower in 
mNGS for fungi (p = 0.07), while there was no significant 
difference for bacteria (p = 0.54). Meanwhile, the RPM 
of bacteria additional detected by tNGS was lower than 
those detected by both methods (Supplementary Fig. 1).

Comparing diagnostic value of tNGS, CMT and mNGS in 
immunocompromised patients
We compared the diagnostic agreement rates of differ-
ence methods in immunocompromised and immuno-
competent patients. The rates are illustrated in Fig.  3A. 
There were significant differences in the diagnostic agree-
ment rates between NGS methods and CMT (p < 0.001). 
However, no difference was found between tNGS and 
mNGS. Higher mixed pathogens rates and higher pro-
portion of fungi infections was found in immunocom-
promised patients (44.44% vs. 32.35%, p > 0.05; 46.30% vs. 
32.35%, p > 0.05, Supplementary Fig. 2). Then, we evalu-
ated the diagnostic performance of tNGS in two groups. 
Compared to the composite reference standard, tNGS 
demonstrated sensitivity of 83.87% and 94.34% in both 
immunocompetent and immunocompromised groups 
(Table 3), respectively, while mNGS showed 80.65% and 
92.45% sensitivity. Furthermore, the pathogen spectrum 
varied between immunocompetent and immunocompro-
mised individuals (Fig. 3B). The most common pathogens 
in immunocompetent patients were Acinetobacter bau-
mannii, Influenza A virus, and Klebsiella pneumoniae, 
whereas immunocompromised patients more frequently 
exhibited Pneumocystis jirovecii, Aspergillus fumigatus, 

Table 2  Performance characteristics of targeted NGS in 88 clinic samples
Patients characteristics (n = 88) tNGS 

positive
tNGS 
negative

Sensitiv-
ity (%)

Specific-
ity (%)

PPV (%) NPV (%) Agree-
ment (%)

Kappa 
value

Positive by culture 37 2 94.87 10.20 45.68 71.43 47.73 0.06
Negative by culture 44 5
Positive by CMT 52 3 94.55 15.15 65.00 62.50 64.77 0.06
Negative by CMT 28 5
Positive by composite reference standard 76 8 90.48 50.00 97.43 20.00 88.64 0.21
Negative by composite reference standard 2 2
Positive by mNGS 81 3 96.43 75.00 98.78 50.00 94.32 0.58
Negative by mNGS 2 2
Abbreviations CMT: Conventional microbiological test; tNGS: Targeted Next-generation sequencing; mNGS: Metagenomic next-generation sequencing; PPV: Positive 
predictive value; NPV: Negative predictive value
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Table 3  Diagnostic performance of NGS in difference groups compared with composite reference standard
Ptients characteristics tNGS mNGS

Positive Negative Sensitivity(%) Specificity(%) Positive Negative Sensitivity(%) Specificity(%)
immunocompromised Positive by 

composite 
reference 
standard

50 3 94.33 0 49 4 92.45 100

Negative by 
composite 
reference 
standard

1 0 0 1

immunocompetent Positive by 
composite 
reference 
standard

26 5 83.87 66.67 25 6 80.65 66.67

Negative by 
composite 
reference 
standard

1 2 1 2

Abbreviations tNGS: Targeted Next-generation sequencing; mNGS: Metagenomic next-generation sequencing; PPV: Positive predictive value; NPV: Negative 
predictive value

Fig. 3  Comparison diagnosis of tNGS with mNGS and CMT in immunocompromised patients. (A) The comparisons of diagnostic accuracy between three 
methods in immunocompetent patients and immunocompromised patients. (B) Pathogen spectrum of immunocompetent and immunocompromised 
patients. (C) Comparison between tNGS with CMT and mNGS in the detection of pathogens in immunocompromised patients. (D) Comparison between 
tNGS with CMT and mNGS in the detection of pathogens in immunocompetent patients. The pathogen detection rate is depicted in the figure. *: p < 0.05, 
**: p < 0.01,***: p < 0.001
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Candida albicans, and non-tuberculous mycobacteria. 
In the immunocompromised group, a higher number 
of fungal species were detected (29 vs. 11), including an 
increased prevalence of Aspergillus spp (12 vs. 5). and 
Pneumocystis jirovecii (7 vs. 1).

We conducted a further comparative analysis of the 
pathogen detection among immunocompromised and 
immunocompetent individuals using tNGS, mNGS, and 
CMT (Fig.  3C&D). Consistent with the aforementioned 
findings, tNGS demonstrated higher pathogen detec-
tion rates compared to CMT across both immunocom-
promised and immunocompetent patients (97.62% vs. 
44.05%, p < 0.0001; 89.13% vs. 45.65%, p < 0.0001). Partic-
ularly in immunocompromised patients, tNGS showed a 
higher detection rate for all types of pathogens (Fig. 3C). 
In immunocompromised patients, tNGS demonstrated a 
higher pathogen detection rate than mNGS (97.62% vs. 
86.90%, p = 0.009), primarily due to its detected for RNA 
viruses. tNGS almost identified all pathogens detected 
by mNGS, with the exception of one Nocardia farcinica 
and one Leuconostoc pseudenterum not within the cover-
age range. In immunocompetent individuals, the patho-
gen detection rates were comparable (89.13% vs. 82.61%, 
p = 0.36), with tNGS detecting more RNA viruses while 
mNGS had a higher detection rate for fungi.

Clinical impacts of NGS on etiological diagnosis and 
antibiotic adjustment
Based on the retrospective impact of mNGS testing on 
etiologic diagnosis and antibiotic decision-making, the 
effect of NGS was categorized into three groups. As 
shown in Tables 4, 73.86% (65/88) of mNGS and 72.72% 

(64/88) of tNGS had a positive impact on etiologic diag-
nosis and antibiotic decision-making, with 17.05% lead-
ing to appropriate antibiotic adjustments. Based on the 
results of mNGS, 12 patients underwent escalation of 
therapy, one patient underwent de-escalation of therapy, 
and two patients had their antibiotic treatment discontin-
ued after infection was ruled out. Compared to mNGS, 
tNGS could also lead to similar adjustments for these 15 
patients. Furthermore, the effectiveness and prognos-
tic outcomes of antibiotic treatments were compared. 
In patients with positive impact from mNGS, 88.71% 
(55/62) improved after treatment, and 85.71% in the anti-
biotic adjustment group showed improvement. The same 
result was observed in the tNGS assay.

Comparison tNGS with mNGS in the detection of microbial 
nucleic acids
Given the unbiased nature and ultra-sensitivity of NGS 
testing, the detection of non-pathogenic microorganisms 
in BALF samples was inevitable. Among the 88 patients, 
mNGS detected 283 microorganisms, while tNGS iden-
tified 402 microorganisms. In comparison of the RPM 
between pathogens and other microorganisms of tNGS, 
no significant differences were observed. The consis-
tency of microbial nucleic acid reporting between mNGS 
and tNGS was analyzed. Both NGS methods shared the 
detection of 249 microorganisms, accounting for 87.99% 
of those identified by mNGS. The positive predictive 
value for the shared microorganisms was 41.77%, while 
the positive predictive values for microorganisms exclu-
sively detected by mNGS or tNGS were 20.59% and 
12.42%, respectively. Thirty-four microorganisms only 

Table 4  Clinical impacts on antibiotic adjustment and prognosis
Groups mNGS tNGS

N Rate N of 
prognosis

Improved Deterioration N Rate N of 
prognosis

Improved Deteri-
oration

No Impact Total 23 26.14% 22 77.27% 22.73% 24 27.27% 19 73.68% 26.32%
Not meet the 
hypothesis

17 19.32% 18 20.45%

Withdrawal 
from treatment

6 6.82% 6 6.82%

Meet expected Total 50 56.82% 48 89.58% 10.42% 49 55.68% 43 88.37% 11.63%
Meet the 
hypothesis

50 56.82% 49 55.68%

Antibi-
otic therapy 
adjustment

Total 15 17.05% 14 85.71% 14.29% 15 17.05% 11 90.91% 9.09%
Escalation of 
treatment

12 13.64% 12 13.64%

De-escalation of 
treatment

1 1.14% 1 1.14%

Ruled out 
infection

2 2.27% 2 2.27%

The “No Impact” group refers to cases where the mNGS results did not affect the antibiotic decision-making. The main reasons were that the mNGS results did not 
match the clinical hypotheses or the patients withdrawal from treatment. The other two groups are the Positive Impact on Antibiotic Decision group, where “Meet 
expected” refers to cases where the mNGS results were consistent with clinical expectations, maintaining the empirical treatment plan. Patients who underwent 
antibiotic escalation, de-escalation, or ruled out infection were assigned to the third group
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detected by mNGS, and 20.59% (7/34) were not covered 
in the tNGS assay. Among them, 7/34(20.59%) were iden-
tified as causal pathogens, including three of fungi and 
four of bacteria. Comparing the RPM of these microor-
ganisms with those shared by both NGS, it was found 
that the RPM for Gram-positive bacteria and fungi in 
the group detected only by mNGS was lower (Supple-
mentary Fig. 3). One hundred fifty-three microorganisms 
were detected exclusively by tNGS, including 39.87% 
bacteria, 9.80% fungi, 33.99% DNA viruses, and 16.34% 
RNA viruses (Fig.  4C). Among them, 19/153(12.42%) 
were identified as causal pathogens, including 15 viruses 
and 4 bacteria. It is worth noting that the majority of 
these microorganisms are composed of common respira-
tory tract colonizing microorganisms. (Fig. 4D). Further 
comparison of the RPM of these additional microor-
ganisms detected by tNGS with those shared by both 
NGS revealed that the RPM of the shared microorgan-
ism group was higher, a trend observed across bacteria, 
viruses, and fungi.

Discussion
NGS testing offers a rapid, comprehensive pathogen 
detection in clinical settings [21]. Adoption of various 
NGS technologies in clinical diagnostics is growing, 
showing promising sensitivity. However, there is cur-
rently a lack of research exploring whether tNGS is a 
clinically suitable diagnostic aid, particularly for immu-
nocompromised patients with LRTI [3, 8, 22]. We retro-
spectively analyzed the efficacy of tNGS method based 
on BALF samples in diagnostic value for immunocom-
promised patients with LRTI.

Previous studies have reported the application of 
tNGS in LRTI patients, with sensitivity agreeing with 
our findings [3, 23]. Chao et al. evaluated t a multiplex 
PCR amplification-based tNGS method for LRTI diagno-
sis, achieving 60–90% sensitivity and 60-80% specificity 
across different pathogens [24]. Lin et al. used the respi-
ratory pathogen ID/AMR enrichment sequencing (RPIP) 
on BALF samples from children with respiratory infec-
tions [25], demonstrating diagnostic performance with 
sensitivities and specificities of 84.4% and 97.7%, respec-
tively, compared to culture-based standards. In our study, 
tNGS demonstrated a sensitivity and specificity of 90.48% 
and 50.00%, respectively. Meanwhile, tNGS and mNGS 
demonstrated comparable diagnostic performance for 
patients with LRTI. Prior studies have substantiated that 
tNGS has diagnostic capabilities comparable to mNGS 
[3, 22]. In our study, comparing tNGS and mNGS yielded 
a 95.45% concordance rate and a kappa value of 0.58. In 
terms of cost, the cost for mNGS services to detect DNA 
pathogens was around $500, while the tNGS method was 
approximately $200-$300, roughly half that of the mNGS 
service.

Although the diagnostic performance of mNGS in 
immunocompromised patients has been studied [10–12], 
there is a lack of research on the utility of tNGS in this 
population. In this study, tNGS demonstrated compara-
ble sensitivity in both immunocompromised and immu-
nocompetent patients, with rates of 94.34% and 83.87%, 
respectively (p > 0.05). Additionally, a higher proportion 
of mixed infections and fungal infections was noted in 
immunocompromised patients, although this difference 
was not statistically significant. The spectrum of patho-
gens in immunocompromised patients was quite dif-
ferent from that in immunocompetent patients, but the 
diagnostic value of tNGS was similar in two populations 
[1, 26, 27]. Further, tNGS has demonstrated comparable 
diagnostic performance with mNGS in both immuno-
compromised and immunocompetent populations. In a 
multicenter prospective study reported a higher detec-
tion rate (up to 90.3%) and earlier pathogen detection by 
mNGS of BALF compared to CMTs in 101 immunocom-
promised patients, [28]. Peng et al. reported similar diag-
nostic performance of mNGS on BALF and CMTs in 60 
immunocompromised patients [10].

The tNGS method offers the advantage of concurrent 
DNA and RNA detection, providing a convenience over 
mNGS. In our study of 13 patients, we detected RNA 
viruses and subtyped 12 of these due to tNGS enrich-
ment. However, this enhancement also had potential 
drawbacks. In the comparative analysis (Supplementary 
Figs.  1&3), fungi that were not detected by tNGS were 
found to exhibit lower RPM, suggesting that tNGS might 
have missed fungal present at lower concentrations. This 
could be attributed to the fact that tNGS necessitates the 
simultaneous extraction of both DNA and RNA from 
microorganism. To preserve the integrity of nucleic acids 
of some microorganisms such as virus, this may lead to 
incomplete cell wall disruption in fungi and other micro-
organisms present at low concentrations. In the analysis 
of microorganisms that only detected by mNGS, it was 
observed that the RPM of Gram-positive bacteria and 
fungi were lower than those detected by both NGS meth-
ods, supporting the notion. Furthermore, this heightened 
sensitivity may identify colonizing or non-pathogenic 
microorganisms [3]. In the comparative analysis of tNGS 
and mNGS, it was found that tNGS can additionally 
detect microorganisms with low RPM values. However, 
the positive predictive value of these microorganisms was 
relatively low, mainly consisting of some respiratory tract 
commensal microorganisms. Prior research has reported 
that both mNGS and tNGS typically identify 3–4 micro-
organisms per sample [3, 8]. This necessitates the gradual 
optimization of these methods in clinical practice and 
serves as a reminder to clinical experts to interpret NGS 
results in conjunction with patients’ symptoms for fur-
ther assessment and diagnosis.
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Fig. 4  Comparison between tNGS and mNGS in microorganisms detections. (A) Venn diagram showing the results of microorganisms detected in 
tNGS and mNGS. (B) Microorganisms positive predictive values of different groups. (C) The proportion of microorganisms types in different groups. G+: 
Gram-positive bacteria; G-: Gram-negative bacteria. (D) The proportion of common microorganisms among the additional detections by tNGS includes 
Candida species as the common fungi, Human herpesvirus1/4/5 among DNA-viruses, Streptococcus pneumoniae among G+, and Escherichia coli, Acineto-
bacter baumannii, Klebsiella pneumoniae, Stenotrophomonas maltophilia, Burkholderia cepacian, and Pseudomonas aeruginosa among G-. (E) Comparisons 
the RPM of difference microorganisms in tNGS grouped in consistently detection (detected by both NGS) and tNGS additional detection. RPM: read per 
million. *: p < 0.05, **: p < 0.01,***: p < 0.001
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Several studies have discussed the impact of mNGS on 
etiological diagnosis and antibiotic adjustment. Sun et al. 
reported that mNGS could guide antibiotic adjustments 
in 87% of immunocompromised patients with severe 
pneumonia [29]. Xu et al. showed a positive impact of 
mNGS on pathogen diagnosis in nearly 45.00% of cases 
and antibiotic adjustments in 24.31% of cases [11]. In our 
study, tNGS positively influenced etiological diagnosis 
and antibiotic decision-making in 72.73% patients and 
potentially enabled antibiotic adjustments in 17%. Addi-
tionally, the improvement rate was higher in the groups 
where antibiotic decisions were positively influenced by 
either mNGS or tNGS, as compared to the groups that 
were not impacted, although these differences were 
not statistically significant (88.71% vs. 77.27%, p = 0.10; 
88.89% vs. 73.68%, p = 0.22). Further investigation is war-
ranted to elucidate the effects of NGS methodologies on 
therapeutic outcomes. Our study had limitations that 
should be carefully considered. Firstly, its retrospective 
and single-center design with a small sample size could 
lead to participant selection bias. Secondly, selection of 
patients with mNGS test results for analysis may result in 
compromised patient randomization. Finally, the omis-
sion of supplementary mNGS testing for RNA pathogens 
in our study precludes a direct comparison of the detec-
tion capabilities of tNGS and mNGS for RNA viruses. 
Additionally, this absence may give the impression that 
tNGS yields more incidental findings.

Conclusion
In summary, our study suggested that tNGS had great 
potential for pathogen diagnosis in immunocompro-
mised patients. With comparable diagnostic performance 
to mNGS but cost reduction, tNGS can serve as a valu-
able tool in addition to CMT.
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