American
Journal
of

Case
Reports

Received: 2025.10.17
Accepted: 2026.02.09
Available online: 2026.03.09
Published: 2026.04.22

e-ISSN 1941-5923
© Am ) Case Rep, 2026; 27: €951840
DOI: 10.12659/AJCR.951840

Spinal Tuberculosis Diagnosed by Metagenomics
Capture (MetaCAP) in a Patient Undergoing
Maintenance Hemodialysis: A Case Report

Authors’ Contribution: CDEFG 1 Mengyao Song 1 Department Four of Internal Medicine, People’s Hospital of Chenggong District,
Study Design A BF 2 Zheng Zhang Kunming, Yunnan, PR China
Data Collection B Hai H 2 Department of Surgery, Yunnan Provincial Hospital of Integrated Traditional Chinese and
Statistical Analysis C DF 3 alyan uang Western Medicine, Kunming, Yunnan, PR China
Data Interpretation D B 4 Zhizhen Zou 3 Department of Endocrinology, Metabolism and Nephrology, Affiliated Tumor Hospital of
Manuscript Preparation E ACDEF 5 Sichun Wen Guangxi Medical University, Nanning, Guangxi Zhuang, PR China
Literature Search F Yanhai Cui 4 Department of Pathology, Guangdong Provincial People’s Hospital (Guangdong Academy
Funds Collection G A6 anhai Cul of Medical Sciences), Southern Medical University, Guangzhou, Guangdong, PR China
A7 Shuangxm Liu 5 Department of General Practice, Guangdong Provincial People’s Hospital (Guangdong

Corresponding Authors:
Financial support:
Conflict of interest:

Academy of Medical Sciences), Southern Medical University,
Guangzhou, Guangdong, PR China

6 Department of Radiology, Guangdong Provincial People’s Hospital (Guangdong Academy
of Medical Sciences), Southern Medical University, Guangzhou, Guangdong, PR China

7 Department of Nephrology, Guangdong Provincial People’s Hospital (Guangdong
Academy of Medical Sciences), Southern Medical University,
Guangzhou, Guangdong, PR China

Sichun Wen, e-mail: 18320406@qq.com, Yanhai Cui, e-mail: yanhai_cui@126.com, Shuangxin Liu, e-mail: 13543456446@139.com
Kunming Municipal “Non-Ten-Hundred-Thousand” Health Research Project (2023-03-05-012)

None declared

Patient: Female, 64-year-old
Final Diagnosis: Spinal tuberculosis
Symptoms: Low back pain

Clinical Procedure:

Specialty: Laboratory Diagnostics
Objective: Unusual clinical course
Background: Spinal tuberculosis is difficult to diagnose in patients undergoing maintenance hemodialysis (MHD) because of im-
munosuppression, atypical clinical manifestations, and the limited sensitivity of conventional microbiological assays.
Rapid and accurate pathogen identification is essential to distinguish spinal tuberculosis from other causes of verte-
bral destruction, including metastatic malignancy and bacterial spondylitis. This report aims to illustrate the diagnos-
tic value of capture-based targeted sequencing for detecting Mycobacterium tuberculosis in extrapulmonary infection
when routine tests and metagenomic next-generation sequencing (mNGS) yield inconclusive or misleading results.
Case Report: A 64-year-old woman with end-stage renal disease secondary to IgA nephropathy, receiving long-term MHD, present-
ed with progressive low back pain. Imaging revealed multilevel vertebral involvement with pathological fractures, rais-
ing suspicion of metastatic disease or infectious spondylitis. Histopathological examination demonstrated granuloma-
tous inflammation, while acid-fast staining and routine cultures were negative. Initial mNGS of spinal tissue identified
Staphylococcus aureus, leading to targeted antibacterial therapy. Although inflammatory markers declined, the pa-
tient’s symptoms worsened and pancytopenia developed. Subsequent analysis of spinal pus using metagenomic cap-
ture (MetaCAP)-based targeted sequencing detected the Mycobacterium tuberculosis complex with high confidence.
Anti-tuberculosis therapy was promptly initiated, resulting in rapid clinical improvement and radiological resolution.
Conclusions: This case shows the limitations of conventional microbiological methods and unbiased mNGS in diagnosing
extrapulmonary tuberculosis in immunocompromised patients. Capture-based targeted sequencing offers en-
hanced sensitivity for Mycobacterium tuberculosis detection and may facilitate timely diagnosis and appropri-
ate treatment of spinal tuberculosis in patients undergoing MHD.
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Introduction

Patients with end-stage renal disease (ESRD) frequently are
immunocompromised, which markedly increases their suscep-
tibility to tuberculosis (TB) [1-3]. According to a recent meta-
analysis, the incidence of TB among dialysis patients world-
wide is 5611 per 100 000 individuals, an almost 20-fold increase
compared with rates reported for the general population in
the World Health Organization Southeast Asia Region [4-6]. TB
is traditionally classified as pulmonary or extrapulmonary [7].
In extrapulmonary TB, osteoarticular involvement is particu-
larly common; spinal TB constitutes roughly half of these cas-
es, most often affecting the lumbar vertebrae [8,9]. Spinal TB
in patients with ESRD often presents with non-specific clini-
cal features; coupled with the low sensitivity of conventional
microbiological tests, this considerably complicates pathogen
identification. In this report, we present a case of spinal TB
in a patient undergoing maintenance hemodialysis (MHD) in
whom the diagnosis was established by metagenomic capture
(MetaCAP) technology. This method is based on probe hybrid-
ization capture combined with high-throughput sequencing
and bioinformatic analysis, allowing precise pathogen iden-
tification within 24 h while offering exceptionally high sensi-
tivity and an unbiased detection profile, which translates into
timely and reliable diagnostic outcomes.

Case Report

A 64-year-old woman with ESRD secondary to IgA nephropa-
thy was receiving MHD 3 times a week. She was admitted to
our hospital on March 7, 2024, after experiencing lumbar pain
following a fall. The complete process of diagnosis and treat-
ment is presented in Figure 1.

She had multiple comorbid conditions, including grade 3 hy-
pertension, inactive hepatitis B virus carriage, and a previous
diagnosis of clear cell renal cell carcinoma, for which she un-
derwent right nephrectomy and adrenalectomy in January 2020.
The pathological staging was pT2NOMO, Fuhrman grade Il, and
no adjuvant therapy was administered; there had been no ev-
idence of recurrence. She also had a history of hysterectomy.
Before admission, her medications included levofloxacin (0.5
g administered intravenously on dialysis days for a total of 17
days), metoprolol tartrate, and erythropoietin. She had no his-
tory of immunosuppressive therapy, no known exposure to TB,
and no history of smoking or alcohol consumption. Her fami-
ly history was unremarkable for TB or autoimmune diseases.

On admission, her vital signs were stable. Physical examina-
tion revealed localized tenderness on palpation over the lum-
bar spinous processes, while spinal alignment, range of mo-
tion, and overlying skin appeared normal. The straight leg
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raise test was negative bilaterally. Motor strength, muscle
tone, and sensory function in the lower extremities were in-
tact. Deep and superficial tendon reflexes were symmetric and
within normal limits, and no pathological reflexes, including
Hoffmann or Babinski signs, were elicited. Initial laboratory
tests revealed anemia and hypoalbuminemia, accompanied
by markedly elevated inflammatory markers, including procal-
citonin (PCT), high-sensitivity C-reactive protein (hs-CRP), and
erythrocyte sedimentation rate (ESR). In contrast, the white
blood cell count, platelet count, liver function tests, and co-
agulation parameters were within normal ranges (Table 1). A
repeat complete blood count on March 11 demonstrated con-
comitant increases in total leukocyte and neutrophil counts
along with rising hs-CRP levels, whereas lymphocyte counts,
PCT, and ESR had declined (Table 1). Magnetic resonance im-
aging (MRI) of the thoracic and lumbosacral spine revealed ab-
normal signal intensities involving the left spinal canal at T9
and the T11 vertebral body, raising suspicion for metastatic
disease. Additional findings included a pathological compres-
sion fracture of the L2 vertebral body, wedge deformity of L5,
disc bulging from L2/3 to L4/5, and spinal canal narrowing at
the L2 level (Figure 1A, 1B).

The patient underwent L2 vertebral body puncture biopsy un-
der C-arm-guided fluoroscopy. Microscopic histological eval-
uation demonstrated fragmented bone tissue with fibrous
proliferation between trabeculae, accompanied by epitheli-
oid cell hyperplasia and infiltration of plasma cells, lympho-
cytes, and neutrophils. Occasional aggregates of multinucleat-
ed giant cells forming granulomatous nodules were observed,
consistent with granulomatous inflammation (Figure 1C, 1D).
Immunohistochemical analysis showed no evidence of ma-
lignancy. Special stains failed to identify any specific patho-
gens, and bacterial cultures and acid-fast bacilli (AFB) staining
were negative. Initial untargeted metagenomic next-gen-
eration sequencing (MNGS) of the biopsy specimen detect-
ed Staphylococcus aureus and hepatitis B virus (Table 2). In
view of the patient’s symptoms, physical findings, laboratory
abnormalities, imaging features, and mNGS results, we sus-
pected she had Staphylococcus aureus spinal osteomyelitis.
Accordingly, targeted antimicrobial therapy was initiated with
cefoperazone-sulbactam (3.0 g intravenous glucose tolerance
test [IVGTT]) combined with vancomycin (0.5 g IVGTT on he-
modialysis days), in addition to supportive therapy with eryth-
ropoietin and albumin.

Despite 30 days of continuous therapy and a documented de-
cline in inflammatory markers (Figure 2B), her clinical condition
continued to deteriorate, accompanied by the development of
pancytopenia (Figure 2A). Given this discordance between lab-
oratory improvement and clinical progression, she was referred
to another institution on April 24, 2024, for advanced spinal
imaging and multidisciplinary evaluation. MetaCAP analysis
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March7,2024 @ The patient was admitted to the hospital due to low back pain
March 8,2024 | MPRI~fthe thoracic and lumbar spir: »2re| A and B

>

March 11,2024 @ Initial mNGS: Staphylotoccb; areus 312 sequences
March 14, 2024 E Pathologic diagnosis: granulomatous inflammation: panel C

March 16,2024 | Anti-infective drugs: cefoperazone-sulbactam 3.0 g -+ vancomycin 0.5 g

I

1
March 28,2024 @ Etiological studies: Acid-fast bacillus staining of the biopsy tissue was negative: panel D
Microbiological culture of the tissue specimen: Negative

April 18,2024 @ The symptoms worsened and the complete blood count indicated pancytopenia

April 24, 2024

¢
i
! Transfer to another hospital
1
1

May 10,2024 @ Pus MetaCap: MTBC 600 sequences, confidence 99%
! Anti-TB drugs: isoniazid rifampin, pyrazinamide, ethambutol

1
May 20,2024 @ The latest follow-up
Post-treatment MRI shows resolution of the abnormal signal intensity in T11-LS vertebral bodies

Figure 1. Timeline of the diagnosis and treatment process. (A) Before treatment, TIWI shows hyper-intensity in T11-L5 vertebral
bodies (red arrow); hypo-intensity in the L2 vertebral body (red arrow). (B) Before treatment, T2WI shows hyper-intensity in
T11, L2, and L5 vertebral bodies (red arrow); mild flattening of the L2 vertebral body (red arrow). (C) L2 vertebral body biopsy
pathology: fibrous and epithelial cell hyperplasia with mixed inflammatory infiltration and occasional multinucleated giant
cells forming granulomas (black arrow). (D) Acid-fast staining of pathological tissue was negative. (E) After treatment, T2WI
shows resolution of the prior hyper-intensity (red arrow). The hypo-intensity in the L2 vertebral body (red arrow) indicates
reparative calcification. (F) After treatment, MRI shows resolution of the abnormal signal intensity in T11-L5 vertebral bodies
(red arrow). The hypo-intensity in L2 (red arrow) is reparative calcification.
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Table 1. Laboratory examination results of the patient.

Normal range Mar 7 Mar 11 Mar 23 Apr 18
WBC (x10°/L) 3.50-9.50 9.3 18.79 8.93 2.85
NEUGIO) 180630 &5 1659 637 180
WMoy 110320 0 o1 079 s 062
AT 125350 72 w2 06 6
CRBCGa0) 430580 33 30 208 208
Wby 130175 o % 1 &
ChsCRP (mg/) os 79 149 si7 159
CPCT(ng/m) 00000046 so70 2870 140 057
CESR(emb) <1 o 7
ABEL 355 200 220 -

WBC — white blood cell; NEU — neutrophil; LYM — lymphocyte; PLT — platelet; RBC — red blood cell; Hb — hemoglobin; hs-CRP — high-
sensitivity C-reactive protein; PCT — procalcitonin; ESR — erythrocyte sedimentation rate; ALB — serum albumin; ‘- — none.

Table 2. mNGS result of spinal surgical specimen.

Species
Sequence Relative Sequence
number abundance number
Staphylococcus 1823 5.02% Staphylococcus 312 0.96%
aureus
Orthohepadnavirus 1 - Hepatitis B virus 1 -
‘- —none.
A B
-o- WBC (normal range: 3.50-9.5010°/L) -e- hs-CRP (normal range: 0-5 mg/L)
-= NEU (normal range: 1.80-6.30x10°/L) -m- PCT (normal range: 0.000-0.046 ng/mL)
LYM (normal range: 1.10-3.20x10%/L) -a- ESR (normal range: <21 mm/h)
—o— PLT (normal range: 125-350x10°/L)
— Hb (normal range: 130-175 g/L)
200 - 20 150 -5
= 150 - 15 = e
= £ 100 =
= = -3 E
= 100 - 10 = £
=) E -2 5
= 50+ - 5 A -
0 0 0 T I T I 0
7-Mar-24  11-Mar-24  23-Mar-24 18-Apr-24 7-Mar-24  11-Mar-24  23-Mar-24 18-Apr-24
Follow-up Follow-up

Figure 2. (A, B) Changes in clinical indicators during treatment with anti-infective drugs. WBC — white blood cell; NEU — neutrophil;
LYM — lymphocyte; PLT — platelet; RBC — red blood cell; Hb — hemoglobin; hs-CRP — high-sensitivity C-reactive protein;
PCT - procalcitonin; ESR — erythrocyte sedimentation rate.
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Table 3. MetaCAP result of spinal pus specimens.

Sequence Confidence
Name o
number coefficient
Torque teno virus 26 99%
Mycobacterium 600 99%

tuberculosis complex

of spinal pus specimens identified 600 sequence reads corre-
sponding to the Mycobacterium tuberculosis complex (MTBC),
with a confidence coefficient of 99% (Table 3). On this ba-
sis, she was diagnosed with spinal TB, and the antimicrobial
regimen was immediately revised to anti-TB therapy. Doses
were adjusted for her ESRD (estimated glomerular filtration
rate <10 mL/min/1.73 m?): isoniazid 200 mg daily, rifampin
450 mg daily, pyrazinamide 1.0 g 3 times weekly, and etham-
butol 750 mg 3 times weekly, all administered after hemodi-
alysis. Vitamin B6 25 mg daily was co-administered to ame-
liorate the adverse effects of the anti-TB drugs.

Following the initiation of anti-tuberculous therapy, the pa-
tient demonstrated substantial clinical improvement. Serial
imaging showed a marked reduction in lesion size without ev-
idence of progressive spinal deformity (Figure 1E, 1F), there-
by reinforcing the diagnosis of TB. Although radiographic evi-
dence of vertebral damage was present, surgical intervention
was initially deferred because there was no progression of
neurological deficits and she had a favorable early response
to medical treatment. During the 6-month follow-up period,
she experienced complete pain relief and regained indepen-
dent ambulation. Subsequent neurological examinations con-
firmed normal muscle strength, tone, and sensory function in
the lower extremities. Deep tendon reflexes remained intact,
and no pathological reflexes, including Hoffmann or Babinski
signs, were elicited.

Discussion

Spinal TB frequently presents insidiously, with non-specific im-
aging and laboratory findings that complicate timely and ac-
curate diagnosis; this diagnostic ambiguity commonly leads to
misdiagnosis or inappropriate management [10]. In our case,
the patient had been receiving long-term MHD and had a his-
tory of right renal clear cell carcinoma, yet presented solely
with lower back pain and without classical systemic or neu-
rological symptoms. For most clinicians, metastatic bone dis-
ease, osteoporotic vertebral fractures, and spinal infections
would be the primary considerations within the broad differ-
ential diagnosis. Moreover, spinal MRI revealed multilevel verte-
bral involvement accompanied by disc bulging (Figure 1A, 1B).
Although these features are compatible with spinal TB, they
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substantially overlap with the imaging characteristics of met-
astatic disease, indicating that imaging studies alone cannot
establish a definitive diagnosis.

Currently, established diagnostic strategies for TB primarily in-
clude Mycobacterium tuberculosis (MTB) culture, histopatho-
logical examination, tuberculin skin testing (TST), AFB smear
microscopy, and related phenotypic assays [11]. Although MTB
culture remains the standard diagnostic method, its prolonged
turnaround time of 4 to 8 weeks and limited sensitivity sub-
stantially restrict its value in time-sensitive clinical settings.
Histopathological findings may reveal granulomatous inflam-
mation without caseous necrosis, a pattern that lacks suffi-
cient specificity for definitive TB diagnosis. Immunological and
microscopic methods are similarly constrained. TST, while sim-
ple to perform, is prone to false-positive and false-negative re-
sults due to host and environmental factors [12]. AFB smear
microscopy is rapid and cost-effective but has low sensitivity
and cannot distinguish viable from nonviable organisms; its
performance is further diminished in extrapulmonary, pediat-
ric, and HIV-associated TB [13]. Although T-SPOT testing im-
proves sensitivity compared with acid-fast staining, its limit-
ed specificity and inability to differentiate active from latent
infection reduce its diagnostic reliability [14].

Molecular assays have partially addressed these shortcomings.
Polymerase chain reaction (PCR)-based methods are an impor-
tant advance but require predefined targets, limiting their ca-
pacity to detect rare pathogens or mixed infections. Similarly,
Xpert MTB/RIF provides rapid and automated detection of MTB
and rifampicin resistance, but its diagnostic sensitivity varies
considerably depending on the type of extrapulmonary speci-
men analyzed [15]. These constraints are persistent challeng-
es in accurately diagnosing extrapulmonary TB using conven-
tional diagnostic modalities alone.

To overcome the limited sensitivity and diagnostic uncertainty
associated with conventional assays, high-throughput sequenc-
ing-based approaches for pathogen detection have emerged,
most notably mNGS and targeted next-generation sequenc-
ing (tINGS). Among these, MetaCAP is a tNGS-based strategy
that utilizes pathogen-specific probe hybridization to enrich
target nucleic acids prior to high-throughput sequencing [16].

The mNGS directly sequences all nucleic acids present in clin-
ical specimens without prior selection, allowing comprehen-
sive detection of both known and previously unrecognized
pathogens [8]. The standard workflow includes nucleic acid
extraction, library preparation, high-throughput sequencing,
and extensive bioinformatic analysis. The principal advantage
of mNGS is its hypothesis-free detection, obviating the need
to predefine suspected pathogens. As a result, mNGS can
identify a wide array of pathogens — bacterial, viral, fungal,
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and parasitic — within a single specimen [17], offering par-
ticular utility in cases of rare or clinically non-specific infec-
tions. Moreover, mNGS is especially advantageous in immu-
nocompromised individuals, who are prone to infections by
a diverse range of organisms. In comparison, traditional cul-
ture techniques generally take 2 to 3 days to produce results,
while mNGS can deliver findings in an average of 48 h [18].
Accordingly, mNGS has been successfully applied in the eti-
ological diagnosis of respiratory [9,19], central nervous sys-
tem [20], bloodstream [21], and osteoarticular infections [22],
with good potential for clinical application in infectious dis-
ease diagnosis and management [23,24].

Despite these advantages, mNGS exhibited notable limita-
tions in the present case. A major challenge arises from the
overwhelming host nucleic acid background. In blood or tis-
sue specimens, host sequences frequently account for more
than 95% of the total nucleic acid pool, causing pathogen se-
quences to be heavily diluted, reducing sensitivity and increas-
ing the risk of false-negative results. In addition, result inter-
pretation remains intrinsically complex. Detected sequences
may derive from pathogens, colonizing organisms, or environ-
mental contaminants, making it challenging to differentiate
between colonization and active infection. Consequently, di-
agnostic conclusions based on mNGS are highly dependent on
clinical correlation and expert judgment [8,25,26].

tNGS differs from mNGS by focusing high-throughput sequenc-
ing on predefined genomic regions, thereby improving sensitiv-
ity for pathogen detection. MetaCAP is a representative tNGS
platform that integrates probe-based hybrid capture with next-
generation sequencing and offers several distinct advantag-
es. Its primary innovation lies in workflow optimization: fol-
lowing nucleic acid extraction, sequencing is not performed
in a random manner. Instead, a large panel of pathogen-spe-
cific probes is employed to hybridize with target nucleic acids
in the sample, enabling forward enrichment of pathogen se-
quences. The captured targets are subsequently subjected to
high-throughput sequencing and bioinformatic analysis [27].

Compared with mNGS, MetaCAP achieves bidirectional patho-
gen enrichment and supports whole-genome capture, includ-
ing resistance-associated and independent functional genes,
which markedly reduces interference from host-derived back-
ground sequences. In addition, the platform allows simultane-
ous detection of both DNA and RNA, further enhancing diag-
nostic sensitivity [28]. Owing to its targeted design, MetaCAP
substantially reduces sequencing data volume, resulting in low-
er costs and shorter turnaround times, while improving the
accuracy and efficiency of pathogen identification. The clin-
ical utility of tNGS has been demonstrated in infectious dis-
ease surveillance and genomic typing during the COVID-19
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pandemic [29]. Notably, studies have reported a diagnostic pos-
itivity rate of up to 95.6% for tNGS in patients with acute low-
er respiratory tract infections [30]. Beyondcommon pathogens,
tNGS has also shown robust performance in the detection of
rare and atypical organisms, including Legionella pneumoph-
ila, Chlamydia species, Tropheryma whipplei, Scedosporium,
and Cryptococcus neoformans [31-33].

Within this methodological context, the diagnostic course ob-
served in our patient becomes more readily interpretable. The
initial mMNGS analysis failed to detect MTB, likely owing to a
low pathogen burden and overwhelming host-derived nucle-
ic acid background. In contrast, MetaCAP achieved efficient
enrichment of pathogen-derived sequences and successful-
ly identified the MTBC, enabling the timely initiation of anti-
tuberculous therapy.

Conclusions

This case illustrates that spinal TB exhibits atypical presen-
tations in immunocompromised patients, and that traditional
diagnostic methods have limited sensitivity. MetaCAP signifi-
cantly enhances diagnostic yield through efficient bidirection-
al pathogen enrichment, providing a valuable tool for early eti-
ological diagnosis of extrapulmonary TB, particularly in cases
with negative results using traditional methods. Clinicians can
adopt an integrated approach that combines imaging, micro-
biological detection, and pathomorphology, which serves as a
novel diagnostic strategy.

Acknowledgments

The authors thank the patient for providing informed con-
sent for publication of this case. We are grateful to the clini-
cal staff of the Department of Nephrology and the Department
of Orthopedics for their dedicated patient care and assistance
in data collection. We also thank the laboratory team for their
technical support in metagenomic and capture-based sequenc-
ing analyses. Their contributions were essential to the com-
pletion of this work.

Institution Where Work Was Done

Guangdong Provincial People’s Hospital, Guangzhou,
Guangdong, PR China.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Song M. et al:
Spinal tuberculosis diagnosed by MetaCAP
© Am J Case Rep, 2026; 27: €951840

References:

—_

N

w

»

wvi

(=)}

~

o=}

o

10.

11

12.

13.

14.

15.

16.

17.

. Leowattana W, Leowattana P, Leowattana T. Tuberculosis of the spine. World

J Orthop. 2023;14(5):275-93

. Syed-Ahmed M, Narayanan M. Immune dysfunction and risk of infection

in chronic kidney disease. Adv Chronic Kidney Dis. 2019;26(1):8-15

. Espi M, Koppe L, Fouque D, Thaunat O. Chronic kidney disease-associated

immune dysfunctions: Impact of protein-bound uremic retention solutes
on immune cells. Toxins (Basel). 2020;12(5):300

. Chandra S, Devassy TV. Epidemiological, and management challenges in

tuberculosis with chronic kidney disease. Indian J Tuberc. 2025;72(Suppl.
1):564-S67

. Bagcchi S. WHO’s Global Tuberculosis Report 2022. Lancet Microbe.

2022;4(1):e20

. Moule MG, Cirillo JD. Mycobacterium tuberculosis dissemination plays a crit-

ical role in pathogenesis. Front Cell Infect Microbiol. 2020;10:65

. Bafuls A-L, Sanou A, Van Anh NT, Godreuil S. Mycobacterium tubercu-

losis: Ecology and evolution of a human bacterium. ] Med Microbiol.
2015;64(11):1261-69

. Chen Q, YiJ, Liu, et al. Clinical diagnostic value of targeted next-generation

sequencing for infectious diseases (Review). Mol Med Rep. 2024;30(3):153

. Lai LM, Dai Q-B, Cao ML, et al. Clinical utility of metagenomic next-gener-

ation sequencing in pathogen detection for lower respiratory tract infec-
tions. Sci Rep. 2025;15(1):19039

Gouliamos AD, Kehagias DT, Lahanis S, et al. MR imaging of tuberculous
vertebral osteomyelitis: pictorial review. Eur Radiol. 2001;11(4):575-79

Harding E. WHO global progress report on tuberculosis elimination. Lancet
Respir Med. 2019;8(1):19

Priyanto H, Chua E, Hutchinson P, et al. A decrease in PPD specific CD4 T
cell CD38 and HLA-DR expression in pulmonary tuberculosis patients after
8 weeks of therapy correlates with successful anti-tuberculosis treatment.
J Clin Tuberc Other Mycobact Dis. 2021;22:100214

Mendelsohn SC, Fiore-Gartland A, Penn-Nicholson A, et al. Validation of a
host blood transcriptomic biomarker for pulmonary tuberculosis in people
living with HIV: A prospective diagnostic and prognostic accuracy study.
Lancet Glob Health. 2021;9(6):e841-e53

Luo Y, Xue Y, Guo X, et al. Diagnostic value of pleural fluid T-SPOT for
tuberculous pleurisy: An updated meta-analysis. Tuberculosis (Edinb).
2020;122:101941

Ghosh M, Lahiri M, Dalal A, Parida KK, Kalia NP. Advancements in tubercu-
losis diagnostics: An update. Microb Pathog. 2025;207:107843

Zhou X, Wu H, Ruan Q, et al. Clinical evaluation of diagnosis efficacy of ac-
tive mycobacterium tuberculosis complex infection via metagenomic next-
generation sequencing of direct clinical samples. Front Cell Infect Microbiol.
2019;9:351

Rodino KG, Simner PJ. Status check: Next-generation sequencing for infec-
tious-disease diagnostics. J Clin Invest. 2024;134(4):e178003

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

€951840-7

Mu S, Hu L, Zhang Y, et al. Prospective evaluation of a rapid clinical
metagenomics test for bacterial pneumonia. Front Cell Infect Microbiol.
2021;11:684965

Liu H, Zhang Y, Yang J, et al. Application of mNGS in the etiological anal-
ysis of lower respiratory tract infections and the prediction of drug resis-
tance. Microbiol Spectr. 2022;10(1):e0250221

Yuan L, Zhu XY, Lai LM, et al. Clinical application and evaluation of metage-
nomic next-generation sequencing in pathogen detection for suspected
central nervous system infections. Sci Rep. 2024;14(1):16961

Popescu CR, Tembo B, Chifisi R, et al. Whole blood genome-wide transcrip-
tome profiling and metagenomics next-generation sequencing in young in-
fants with suspected sepsis in a low-and middle-income country: A study
protocol. Gates Open Res. 2020;4:139

Zhang C, Lin Y, Huang C, et al. Metagenomic next-generation sequencing
assists the diagnosis treatment of fungal osteoarticular infections. Front
Cell Infect Microbiol. 2022;12:1072539

Li C, Xiao N-S, Ke B-Y, et al. Application of metagenomic next-generation
sequencing in suspected spinal infectious diseases. World Neurosurg.
2024;185:e542-e48

Fu M, Cao L-J, Xia H-L, et al. The performance of detecting Mycobacterium
tuberculosis complex in lung biopsy tissue by metagenomic next-genera-
tion sequencing. BMC Pulm Med. 2022;22(1):288

Huang H, Shi J, Zheng M, et al. Pathogen detection in suspected spinal in-
fection: Metagenomic next-generation sequencing versus culture. Eur Spine
J. 2023;32(12):4220-28

Zhang G, Zhang H, Hu X, et al. Clinical application value of metagenom-
ic next-generation sequencing in the diagnosis of spinal infections and its
impact on clinical outcomes. Front Cell Infect Microbiol. 2023;13:1076525

Zhao Y, Zhang W, Zhang X. Application of metagenomic next-generation se-
quencing in the diagnosis of infectious diseases. Front Cell Infect Microbiol.
2024;14:1458316

He Y, Gong Z, Zhao X, et al. Comprehensive determination of Mycobacterium
tuberculosis and nontuberculous mycobacteria from targeted capture se-
quencing. Front Cell Infect Microbiol. 2020;10:449

Cheng LL, Li SY, Zhong NS. [New characteristics of COVID-19 caused by
the Omicron variant in Guangzhou.] Zhonghua Jie He He Hu Xi Za Zhi.
2023;46(5):441-43 [in Chinese]

Chao L, Li J, Zhang Yn, Pu H, Yan X. Application of next generation sequenc-
ing-based rapid detection platform for microbiological diagnosis and drug
resistance prediction in acute lower respiratory infection. Ann Trans| Med.
2020;8(24):1644

Du Z-M, Chen P. Co-infection of Chlamydia psittaci and Tropheryma whip-
plei: A case report. World J Clin Cases. 2023;11(29):7144-49

Li S, Tong J, Li H, et al. L. pneumophila infection diagnosed by tNGS in a
lady with lymphadenopathy. Infect Drug Resist. 2023;16:4435-42

Zhang C, Cheng H, Zhao Y, et al. Evaluation of cell-free DNA-based next-
generation sequencing for identifying pathogens in bacteremia patients.
Pol J Microbiol. 2022;71(4):499-507

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



