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A B S T R A C T

Objectives: The aim of this study was to assess the clinical utility of metagenomic next-generation sequencing 
(mNGS) and metagenomic third-generation sequencing (mTGS) in diagnosing cervical lymph node tuberculosis 
through analysis of lymph node tissue.
Methods: This study recruited 101 patients with suspected cervical lymph node tuberculosis and took samples 
under ultrasound guidance. Parallel culture, X-pert, mNGS and mTGS workflows to each sample were performed. 
Taking clinical diagnosis as the gold standard, We comparatively compared diagnosis performance of the four 
methods.
Results: Clinically, 76 cases were diagnosed as lymph node tuberculosis and 20 cases were non-lymph node 
tuberculosis. Compared with clinical diagnosis, the sensitivities of mNGS and mTGS were 89.47 % and 82.89 %, 
respectively, significantly higher than those of culture and X-pert which were 43.28 % and 68.42 %, respectively 
(P < 0.05). The specificity of mNGS and X-pert reached 100 %, while those of culture and mTGS were 93.75 % 
and 95 %, respectively. And mNGS alone identified 7 species of bacteria, 3 species of viruses, and 5 species of 
fungi, and identified more mixed infections. Particularly, besides Mycobacterium tuberculosis detection, mNGS 
may be superior to mTGS for the detection of fungi. Pathogen identification of mNGS and mTGS is less affected 
by previous anti-tuberculosis drug usage.
Conclusion: mNGS and mTGS play a crucial role in the rapid diagnosis and accurate treatment on Cervical lymph 
node tuberculosis.

1. Introduction

The Global Tuberculosis Report 2023 indicated that Mycobacterium 
tuberculosis (M.tuberculosis, TB) maintains the second leading cause of 
infectious disease-causing death globally.1 It is highlighted that over 10 
million people became infected with TB every year. Additionally, the 
number of TB patients has increased from 10.3 million in 2021 to 10.6 
million in 2022, further exacerbating the financial payments.1

Tuberculosis, commonly known as pulmonary tuberculosis, may also 
affect other bodily organs, which is referred to as extrapulmonary 
tuberculosis (EPTB). It is noteworthy that EPTB account for about 15 % 
of all individuals infected with TB.1 Lymph node tuberculosis, a type of 
EPTB, which has the highest incidence rate, usually poses a significant 
challenge to accurately diagnose based on the presentation of clinical 
symptoms and imaging findings alone,2 which can result in the delayed 
diagnosis and poor prognosis.
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Several tools have been applied to diagnosis for TB infection in 
clinical. Microbial culture remains the gold standard method. However, 
the cultivation cycle of M. tuberculosis is too long (about 2–6 weeks in 
liquid media), and the result of cultivation highly dependent upon the 
skill and experience of expert, which increase the possibility of delay 
and misdiagnosis.3 The X-pert MTB is a culture-independent diagnostic 
tool that can provide results for a specific microorganism within 2 h. 
Despite the reported increased diagnostic efficiency of X-pert in cervical 
tuberculous lymphadenitis by Meng et al.,4 the sensitivity of X-pert is not 
entirely satisfactory. When the load of M. tuberculosis in the sample is 
low, it may be lower than the threshold that X-pert can effectively 
detect, thus leading to a false negative result. Therefore, there is an 
urgent need for a rapid and accurate method for the differential diag-
nosis of lymph node tuberculosis.

In recent years, rapid advancement has been observed in high- 
throughput sequencing technology, particularly in terms of its culture- 
independent and unbiased nature.5,6 Such technologies, including 
metagenomic next-generation sequencing (mNGS) and metagenomic 
third-generation sequencing (mTGS), are now being increasingly uti-
lized in clinical settings for a wide range of applications.7–9 Reviewing 
literature, mNGS can reliably identify emerging or causative microbes in 
unexplained infectious diseases, assisting in clinical precision diagnosis 
and successful treatment.10–13 In addition, mTGS with long-sequencing 
on Nanopore platform represented a suitable alternative and/or com-
plement in a clinical setting.14 It was a feasibility tool for pathogen 
detection and species identification of M. tuberculosis.15 At present, there 
have been many studies reporting its clinical application in tuberculosis. 
However, there is still a lack of large-scale clinical validation in cervical 
lymph node tuberculosis. Besides, there is no study comparing the per-
formance differences between mNGS and mTGS in cervical lymph node 
tuberculosis.

In our study, 101 patients suspected of cervical lymph node tuber-
culosis were enrolled. By comparing with traditional pathogen diag-
nostic methods including culture and X-pert tests, we clarify the clinical 
significance of mNGS and mTGS in the diagnosis of cervical lymph node 
tuberculosis, and explore their differences in diagnostic performance, in 
order to lay the foundation for the application of metagenomics in this 
field.

2. Method

2.1. Participants and study design

Lymph node tissue specimens used in the study were obtained from 
101 patients with suspected cervical lymph node tuberculosis through 
ultrasound-guided puncture, which were enrolled from Hangzhou Red 
Cross Hospital between December 2022 to November 2023. Samples 
that met the inclusion criteria were detected for pathogens through four 
methods, including Mycobacterium tuberculosis culture, X-pert, meta-
genomic next-generation sequencing (mNGS) and metagenomic third- 
generation sequencing (mTGS). Inclusion criteria were as below: 1) 
Clinicians highly suspected that the patient had lymph node tuberculosis 
based on clinical characteristics and imaging; 2) lymph node tissue. 
Exclusion criteria: 1) Patients with incomplete clinical information; 2) 
Patients with insufficient sample volume; 3) Patients with co-infection 
with HIV; 4) Patients who did not agree to participate.

Combining the criteria of Expert consensus on the diagnosis and 
treatment of superficial lymph node tuberculosis and medical records, 
76 patients was classified as cervical lymph node tuberculosis and 20 
were lymph node enlargement or tumor-related diseases. Remaining 
five patients were identified as uncertain diseases. The diagnosis criteria 
was followed as below: 1) Any patient with symptoms and signs of su-
perficial lymph node tuberculosis and a positive microbiological diag-
nosis of Mycobacterium tuberculosis can be diagnosed as lymph node 
tuberculosis; 2) If the ultrasound examination of the patient is consistent 
with the relevant manifestations of lymph node tuberculosis, 

accompanied by confirmation through immunological examination and 
effective diagnostic anti-tuberculosis treatment, superficial lymph node 
tuberculosis can be clinically diagnosed. This study was approved by the 
Medical Ethics Committee of Hangzhou Red Cross Hospital and was 
conducted according to the principles of the Helsinki Declaration.

2.2. Ultrasound-guided puncture sampling and specimen fixation

The patients were required to be in a supine position with full 
exposure of the focal side of the neck, and the all examinations were 
performed by a sonographer with >10 years of experience. Grayscale 
imaging, color doppler imaging and contrast-enhanced ultrasound were 
performed for each patient. The contrast agent used for CEUS was 
SonoVue. Firstly, the target lymph nodes were located through a two- 
dimensional ultrasound scan of the neck, and the blood flow of the 
lymph nodes was observed. Then a nurse injected contrast agent (2.4 
mL) intravenously, and the probe was fixed to observe the filling of the 
focal lymph nodes with contrast agent. Dynamic CEUS images were 
maintained for 2 min. According to the CEUS image, the puncture site 
was selected to fill the lesion tissue with contrast agent. The patient’s 
local skin was routinely disinfected 3 times, then local stratified anes-
thesia was administered with 2 % lidocaine hydrochloride, and needle 
biopsy was performed when ready. The biopsy was performed by a 
qualified interventional sonographer and the biopsy sampling equip-
ment (Bard, Covington, KY, USA) was 18G (the diameter of the cutting 
needle was 1.2 mm; In real-time monitoring of 2D ultrasound, the length 
of the sampling notch should be 1 or 2 cm depending on the size of the 
lesion). Major blood vessels and tissues should be avoided during 
puncture biopsy. A coarse needle biopsy was performed on the enhanced 
area. From each case, 2–4 tissue samples are taken.

The tissues were placed in specimen cups and submitted respectively 
to the laboratory for fully automated Mycobacterium tuberculosis culture, 
X-pert detection, mNGS, and mTGS.

2.3. Mycobacterium tuberculosis culture assay

Mycobacterium tuberculosis was cultured by utilizing the BACTEC 
MGIT960 liquid culture reagents and system. The specimens collected 
were subjected to decontamination with 1 % N-acetyl-L-cysteine 
(NALC)/sodium hydroxide (NaOH) followed by centrifugation. Tissues 
were homogenized mechanically and then floated in sterile saline so-
lution. Thereafter, the resultant suspension was adopted for mycobac-
terium culture via the BACTEC MGIT960 mycobacterium liquid culture 
system.

2.4. X-pert assay

Took 1 ml of the ground tissue fluid and put it into the pretreatment 
tube. Added 2 mL of the pretreatment solution to it. Shook it for 20 s and 
then let it stand for 15 min. Aspirated 2 mL of the treated sample so-
lution and injected it into the reaction box through the sample injection 
port. Placed the reaction box in the automated detection module for 
detection. The system could automatically read the detection results 
after 2 h.

2.5. mNGS and mTGS assays

2.5.1. Sample processing
Tissue samples were subjected to a pre-treatment protocol to facili-

tate subsequent DNA extraction and sequencing. These frozen tissue 
samples were sectioned into fragments and soaked in a PBS solution for 
thorough grinding. Then effective host DNA removal was performed as 
below, 100 μl of the tissue slurry was mixed evenly with 60 μL of a 
treatment solution (PNA:PNB = 0.5:20) and 440 μL of PTD, the resulting 
mixture was incubated at 37 ◦C at 1000 rpm for 20 min. Subsequently, 6 
μL of PPT was added into the mixture. After thorough broken, the 
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mixture was centrifuged and the supernatant was aspirated into a 1.5 mL 
sterile centrifuge tube.

2.5.2. DNA extraction, mNGS test and bioinformatic analysis
Basically, according to the manufacturer’s instructions, the super-

natant from tissue pretreatment was used to isolate DNA using magnetic 
beads method (Genskey Co., Ltd, China). After calibrating DNA con-
centration, DNA library was constructed by DNA enzyme digestion, end- 
repair, barcode ligation, library purification, and PCR amplification 
according to the manufacturer’s instructions ((NEBNext Ultra II DNA 
Library Prep Kit for Illumina), New England Biolabs Inc.).16 The quality 
of DNA library was assessed using the Qubit dsDNA High-Sensitivity 
(HS) Assay Kit (Thermo Fisher Scientific, USA). Subsequently, the 
qualified DNA library was sequenced on MGISEQ-200RS sequencing 
platform (MGI, China), using MGISEQ-200RS high-through sequencing 
regents kit (FCL SE50).17 Among the raw data, low-quality reads, 
adaptor contamination, duplicate reads, and those shorter than 50bp 
were all filtered through fastp software. Host DNA sequences that 
aligned to human genome reference sequence hg38 were removed.18

The remaining data were multisequence aligned and standardized at 20 
million (M) for each sample. Microorganism identification of filtered 
data aligned to in-house genomic database (Dian diagnostics pathogenic 
microorganism genome database).

2.5.3. DNA extraction, mTGS test and bioinformatic analysis
DNA extraction, library construction and sequencing were conducted 

in accordance with previously reported methods.19 Briefly, DNA 
extraction was performed according to the manufacture’s instructions 
((TIANamp Bacteria DNA Kit), TIANGEN, China). Qubit reagent (Ther-
moFisher Scientific, Invitrogen, USA) was utilized to accurately cali-
brate DNA concentration. Following fragmentation, barcode ligation, 
library purification, and PCR amplification according to the manufac-
ture’s instructions (SQK-RPB004 Rapid PCR Barcoding Kit (Nanopore), 
Oxford Nanopore Technologies, UK), the quality of DNA library was 
assessed using Qubit detection. Eventually, the qualified DNA library 
was sequenced based on GridION platform (Oxford Nanopore Technol-
ogies, UK) as previously described (MGI Tech Co., Ltd., Shenzhen, 
China).19,20

Raw data was sequenced through MinION sequencer (Oxford 
Nanopore Technologies, UK), a real-time identification and the fastq 
files was generated using MinKnow software. MinKnow software was 
applied to filter out low-quality sequences, subsequently eliminating 
host DNA that aligned to human genome reference sequence Hg38 using 
Minimap2 Software. Filtered data was multisequence aligned and 
standard as 20 million (M) for each sample. Microorganism identifica-
tion of the filtered data was carried out at the National Center for 
Biotechnology Information, which was a nonredundant nucleic acid 
database (https://www.ncbi.nlm.nih.gov/).19

2.5.4. Pathogen identification criteria
As reported previously, the reported criteria of pathogens were 

established following the type of clinical samples and detected micro-
organisms.19–21 Considering the original blast results would contain 
redundant micro-ecosystem microorganisms, the reported criteria of 
pathogens were created within lymph node. For the clinical core path-
ogens, such as tuberculosis (TB), whose sequences no less than one 
would be considered as positive. For the clinical-relevant microbes, 
whose sequences no less than three would be reported. Others that never 
isolated from clinical infections would be reported with more than 
twenty sequences.

2.5.5. Statistical analysis
Continuous variables were expressed as median and interquartile 

range, and continuous variables that did not conform to a normal dis-
tribution were tested for significance by Mann-Whitney test. Binary 
variables were expressed as counts, and the results of sensitivity and 

specificity were expressed as 95 % confidence intervals, and the signif-
icance of sensitivity was tested by McNemar test. The significance of the 
positive rate among different detection was tested by chi-square test. All 
data were statistically analyzed using SPSS 27.0. P < 0.05 is considered 
as significant statistically.

3. Results

3.1. Clinical characteristics of patients

A total of 101 patients suspected of lymph node tuberculosis were 
enrolled in this study. Among them, approximately 72 % (73/101) of the 
individuals were female. The median age of the patients was 39 years 
old. A smaller proportion of patients received drug treatment before 
consultation, including 18 (17.8 %) cases of anti-tuberculosis therapy 
and 3 (3.0 %) cases of antibacterial usage. Among the underlying dis-
eases, pulmonary tuberculosis is the most common, which accounts for 
about one-third of the proportion (Table .1).

3.2. The diagnostic ability of four methodologies for M. tuberculosis

Among these individuals, 76 patients were classified as lymph node 
tuberculosis, lymph node enlargement or tumor-related diseases were 
finally diagnosed in 20 cases, remaining 5 patients failed to obtained a 
certain clinical diagnosis (Fig. 1).

We analyzed the performance in the Mycobacterium tuberculosis 
detection of four methodologies (Culture, X-pert, mNGS and mTGS) 
(Fig. 2). In terms of seventy-six cases with lymph node tuberculosis, 
compared to culture and X-pert tests, the rate of Mycobacterium tuber-
culosis detection through mNGS (89.47 %) was higher, which was 
similar to that through mTGS (82.89 %). In terms of twenty individual 
with lymph node enlargement or tumor-related diseases, X-pert and 
mNGS was negative for Mycobacterium tuberculosis detection, while 
culture and mTGS were positive for only one cases, respectively. Though 
Mycobacterium tuberculosis was detected in more cases through mNGS 
and mTGS, the consistency of Mycobacterium tuberculosis detection 
through different methodologies for each case was further compared.

The concordance between mNGS assay and traditional tests for 
Mycobacterium tuberculosis detection is displayed in Fig. 3A. Seventeen 
cases were both positive for culture, X-pert, and mNGS assays. besides, 
and 5 cases were both negative for culture, X-pert, and mNGS assays. For 
the 10 cases with no overlapping in the Mycobacterium tuberculosis 
detection, including only mNGS positive (8 cases), only X-pert positive 
(2 cases).

The concordance between mTGS assay and traditional tests for 
Mycobacterium tuberculosis detection is displayed in Fig. 3B. Seventeen 
cases were both positive for culture, X-pert, and mTGS assays. besides, 
and 8 cases were both negative for culture, X-pert, and mTGS assays. For 

Table 1 
Clinical characteristics of 101 patients suspected of lymph node 
tuberculosis.

Characteristics value

Female, n (%) 73 (72.3 %)
Age, median (IQR) 39 (28–54.5)
Anti-tuberculosis therapy, n (%) 18 (17.8 %)
Antibacterial therapy, n (%) 3 (3.0 %)
Underlying disease, n (%) ​
Hypertension 6 (5.9 %)
Diabetes 4 (4.0 %)
Pulmonary tuberculosis 30 (29.7 %)
Tumor 2 (2.0 %)
Chronic liver disease 5 (5.0 %)
Chronic kidney disease 1 (1.0 %)
Digestive system diseases 1 (1.0 %)
Thyroid diseases 2 (2.0 %)

IQR, interquartile range.
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the 9 cases with no overlapping in the Mycobacterium tuberculosis 
detection, including only mTGS positive (5 cases), only X-pert positive 
(2 cases), only culture positive (2 cases). These results indicated that the 
performance of mNGS and mTGS was similar. Their false negative re-
sults may be due to sampling. The amount of pus in the lesion of most 
lymph node tuberculosis patients is difficult to support a one-time high- 
throughput sequencing. Ultrasound-guided needle aspiration biopsy 
becomes a feasible approach. In this case, whether the puncture sample 
is close enough to the lesion directly determines the positive or negative 
result of high-throughput sequencing.

Taking clinical diagnosis as gold standard, the sensitivity and spec-
ificity of each methodology were analyzed (Table .2 and Table .3). The 
sensitivity of X-pert was significantly higher than that of culture (68.42 
% vs 43.28 %) (p p < 0.001). The specificities of X-pert and mNGS 
reached 100 %, while those of culture and mTGS were 93.75 % and 95 
%, respectively. Due to the high sensitivity demonstrated by both X-pert 
and high-throughput sequencing, the combination of these two methods 

Fig. 1. Clinical diagnosis.

Fig. 2. Heatmap of the diagnostic ability of different methodologies for Mycobacterium tuberculosis.

Fig. 3. Venn diagram of Detection of different methods in patients with lymph node tuberculosis.

Table 2 
Diagnostic performance of the Culture, X-pert, mNGS and mTGS compared to 
clinical diagnosis.

Detection 
method

Sensitivity (95%CI, n/N) Specificity (95%CI, n/N)

Culture 43.28 % (0.314–0.559, 29/ 
67)

93.75 % (0.677–0.997, 15/16)

X-pert 68.42 % (0.566–0.783, 52/ 
76)

100.00 % (0.791–1.000, 19/ 
19)

mNGS 89.47 % (0.798–0.950, 68/ 
76)

100.00 % (0.800–1.000, 20/ 
20)

mTGS 82.89 % (0.722–0.902, 63/ 
76)

95.00 % (0.731–0.997, 19/20)

X-pert + mNGS 93.42 % (0.847–0.976, 71/ 
76)

100.0 % (0.800–1.000, 20/20)

X-pert + mTGS 86.84 % (0.767–0.932, 66/ 
76)

95.00 % (0.731–0.997, 19/20)

T. Lin et al.                                                                                                                                                                                                                                       Journal of Microbiology, Immunology and Infection 58 (2025) 340–346 

343 



effectively improved the identification ability of Mycobacterium tuber-
culosis. The sensitivity of X-pert + mNGS reached 93.42 %. Therefore, 
the diagnostic ability of mNGS and mTGS for M. tuberculosis was com-
parable and significantly better than traditional pathogenic detection 
methods.

3.3. Overview of pathogenic detection through mNGS and tNGS

Since our hospital is a tuberculosis specialist hospital, traditional 
pathogenic methods mainly target M. tuberculosis. Therefore, besides 
M. tuberculosis, we also compared pathogen identification between 
mNGS and mTGS (Fig. 4). Among the 101 enrolled patients, the positive 
rates in pathogen detection of mNGS and mTGS were 89.11 % (90/101) 
and 81.19 % (82/101), respectively. Among them, 9 kinds of bacteria, 5 
kinds of viruses, and 5 kinds of fungus, mainly including M. tuberculosis 
(69/90), K. pneumoniae (4/90), Human herpesvirus 4 (30/90), and Torque 
teno virus (13/90). While, mTGS detected 6 kinds of bacteria and 3 kinds 
of viruses, mainly including M. tuberculosis (66/82), Human herpesvirus 4 
(20/82), Human herpesvirus 7 (5/82). The mNGS alone detected 7 kinds 
of bacteria, including 1 strain of M. chelonae, 1 strain of M. gadium, 1 
strain of M. avium, 2 strains of M. abscessus, 1 strain of M. kansasii, 1 
strain of Enterococcus faecalis, and 1 strain of Bacteroides vulgatus were 
only detected by mNGS And 3 kinds of bacteria, including 2 strain of 
Stenotrophomonas maltophilia, 1 strain of Legionella maceachernii and 1 
strain of Haemophilus influenzae were only detected by mTGS. As for 
viral, mNGS alone detected 14 strains of Torque teno virus, 3 strains of 
Human herpesvirus 6, and 1 strain of Human herpesvirus 5, while mTGS 
only detected 1 strain of Human parvovirus B19 alone. All fungus were 
detected by mNGS. In terms of infection type, single infection was 
mainly bacterial infection (mNGS, 44/90; mTGS, 57/82). However, the 
mNGS detected more coinfections, including bacterial-viral coinfection 
(29 cases vs 13 cases), bacterial-fungal coinfection (1 case vs 0), and 
bacterial-viral-fungal coinfection (1 case vs 0). The mNGS detected more 

potential pathogenic microorganisms.

3.4. Effect of anti-tuberculosis therapy on high-throughput sequencing 
results

We screened the enrolled patients who underwent all four tests and 
divided them into two groups according to whether or not they used 
anti-tuberculosis drugs before the test, anti-tuberculosis therapy group 
(n = 15) and no anti-tuberculosis therapy group (n = 72). We analyzed 
that the impact of anti-tuberculosis drugs on the results of the detection 
and the number of high-throughput sequencing reads (Table .4). Obvi-
ously, the use of anti-tuberculosis drugs significantly reduced the posi-
tive rate of culture (40.28 % vs 6.67 %, X2 = 6.207, p = 0.013). 
However, the use of drugs increased the positive rate of high-throughput 
sequencing, but it was not statistically significant (86.67 % vs 68.06 %, 
X2 = 1.289, p = 0.256; 80.00 % vs 65.28 %, X2 = 0.651, p = 0.420). 
Meanwhile, anti-tuberculosis treatment did not have a significant 
impact on the reads of high-throughput sequencing (p = 0.815; p =
0.578). The increase in the positive rates of X-pert and high-throughput 
sequencing may be due to patient referrals and rechecks, therefore, the 
pathogen has not been completely eliminated.

4. Discussion

As we all know, China ranks among the top in the global burden of 
tuberculosis.1 Lymph node tuberculosis, as the second most common 
tuberculosis after pulmonary tuberculosis,22 still has a rising incidence 
rate in China. At present, surgical resection of the lesion has been the 
gold standard for diagnosing lymph node lesions,4 however, this stan-
dard itself has great limitations for diagnosis. Therefore, in our study, we 
recruited 101 patients with suspected cervical lymph node tuberculosis. 
Lesion tissues were obtained by ultrasound-guided puncture biopsy for 
traditional pathogen detection and high-throughput sequencing. We 
attempted to elucidate the diagnostic capabilities of clinical meta-
genomic next-generation sequencing and metagenomic third-generation 
sequencing in cervical lymph node tuberculosis.

We systematically evaluated the performance of culture, X-pert, 
metagenomic next-generation sequencing and metagenomic third- 
generation sequencing in the diagnosis of M. tuberculosis. Similar to 
many studies, culture showed low sensitivity (43.28 %).23,24 X-pert, as 
one of the mainstream diagnostic methods currently, has higher 

Table 3 
P value of the McNemar test on the sensitivity between different methodologies.

method Culture X-pert mNGS mTGS

Culture ​ ​ ​ ​
X-pert 0.017 ​ ​ ​
mNGS <0.001 <0.001 ​ ​
mTGS <0.001 0.008 0.344 ​

Fig. 4. Overview of pathogenic detection by high-throughput sequencing. (A) Distribution of bacteria; (B) Distribution of virus; (C) Distribution of fungus; (D) 
Distribution of infection type.
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sensitivity (68.42 %). Because M. tuberculosis is an intracellular bacte-
rium, its detection threshold is very low, even if only one read maps to 
this species.9 In addition, lymph nodes are different from organs such as 
the lungs and are not exposed to the external environment, so it is 
naturally free from the colonization of microorganisms. In this case, as a 
non-biased detection method, mNGS and mTGS, not surprisingly, 
showed more excellent diagnostic performance (89.74 % and 82.89 %, 
Separately), both are significantly higher than X-pert and culture, which 
is consistent with previous reports.12,25,26 Compare to mTGS, mNGS 
showed better sensitivity and specificity (100 % vs 95 %), but it was not 
statistically significant. mNGS and mTGS showed comparable ability in 
the diagnosis of cervical lymph node tuberculosis.

Although, in this study, combined with high-throughput sequencing 
and X-pert, we further improved the identification ability of tubercu-
losis, there are inevitably cases of false positives and false negatives. 
How to accurately identify active tissue and necrotized areas under ul-
trasound guidance may be the most influential factor in cervical lymph 
node tuberculosis. Besides, sample preprocessing, host removal 
methods, and library construction capabilities are all influencing fac-
tors.27 By increasing the sequencing depth, it undoubtedly improves the 
quality of sequencing, but it will inevitably further increase the eco-
nomic burden.28

Coinfections of M. tuberculosis and fungi often increase the difficulty 
of diagnosis and treatment in tuberculosis.29,30 In this study, all 5 fungi 
were detected alone by mNGS. And M. tuberculosis and viral coinfection 
is the most common coinfection, which is similar to previous 
studies.31,32 Most bacterial-viral coinfections are defined by mNGS 
(29/90). The accuracy of the Illumina platform may be higher than that 
of the Nanopore platform.33 Third-generation sequencing, due to its 
longer read length, inevitably brings a higher probability of misreading, 
which may require deeper sequencing depth or more careful library 
preparation to compensate for it.34

Because Hangzhou Red Cross Hospital is a tuberculosis specialist 
hospital, more patients are referred to us. In addition, the treatment 
cycle of tuberculosis is relatively long. Therefore, many tuberculosis 
patients have used or are taking anti-tuberculosis drugs when they visit 
the hospital. Due to the fact that culture can only identify viable bac-
teria, the use of anti-tuberculosis drugs significantly reduces the positive 
rate of culture. However, it has no significant effect on the positive rate 
of X-pert and high-throughput sequencing, as found in previous 
studies.25,35 For these patients, high-throughput sequencing avoids 
delaying treatment due to misdiagnosis.

In our study, we identified several cases of drug-resistant 
M. tuberculosis through culture-antimicrobial susceptibility test and X- 
pert, however, high-throughput sequencing did not report the drug 
resistance. To achieve this goal, it is necessary to increase sequencing 
depth,36 improve the analysis process,37 and increase the database 
related to drug resistance (The mechanism of tuberculosis resistance is 
different from that of the vast majority of pathogens).33 Through tech-
nological optimization, developing targeted high-throughput 
sequencing may be the most cost-effective measure.

Although we have demonstrated the excellent diagnostic perfor-
mance of metagenomic sequencing in cervical lymph node tuberculosis, 
this study still has some limitations. Due to the nature of Hangzhou Red 
Cross Hospital, our patients are mainly tuberculosis patients, and the 
range of pathogens is relatively small, so it is impossible to verify the 
diagnostic performance of metagenomic sequencing in a more complex 

pathogenic background. The sampling method of ultrasound-guided 
puncture biopsy greatly challenge the experience and skill of the oper-
ator and becomes the key factor directly affecting the final sequencing 
result. The sample type is relatively simple, and more sample types 
should be evaluated.

In conclusion, compared to traditional detection methods, mNGS and 
mTGS have better detection performance in cervical lymph node 
tuberculosis and show considerable diagnostic value, as well as, are less 
affected by previous drug use. mNGS identifies more potential patho-
genic microorganisms than mTGS. All of these contribute to patients’ 
access to rapid diagnosis and accurate treatment.
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