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Purpose: The current study aimed to evaluate the diagnostic utility of targeted next-generation sequencing (tNGS) technology in detecting lymph node tuberculosis (LNTB) using ultrasound-guided puncture core needle biopsy (CNB) samples. 
Methods: This study was conducted on patients who underwent ultrasound-guided CNB operation. The samples obtained were used for the tNGS assay, mycobacterial tuberculosis (MTB) culture, Xpert MTB/RIF assay, and pathological examination. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) of these assays were calculated. Then, their diagnostic efficacy was compared with that of the composite reference standard.
Results: The sensitivity, specificity, PPV, NPV, and AUC of the tNGS assay for detecting LNTB were 95.4%, 88.9%, 98.4%, 72.7%, and 0.921, respectively. Those of the MTB culture were 26.2%, 100.0%, 100.0%, 15.8%, and 0.631, respectively. Those of the Xpert MTB/RIF assay were 72.3%, 100.0%, 100.0%, 33.3%, and 0.862, respectively. Those of the pathological examination were 80.0%, 88.9%, 98.1%, 38.1%, and 0.844, respectively. Among the tests, the tNGS assay had the highest sensitivity, and the results significantly differed among the methods.
Conclusion: The tNGS assay using CNB samples had a superior diagnostic efficacy for diagnosing LNTB. Hence, it has potential in clinical application.
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Background: Tuberculosis (TB) continues to represent a significant global health challenge, particularly due to the emergence of drug resistant strains that hinder TB control initiatives. Elucidating the mechanisms underlying the proliferation of drug-resistant strains is essential for developing effective strategies to address this public health threat.
Methods: Whole-genome sequencing was conducted on 13,525 Mycobacterium tuberculosis isolates. Genes associated with sugar  metabolism were obtained from the National Center for Biotechnology Information (NCBI) Gene database. Analytical approaches, including Random Forests, Gradient Boosting Decision Trees, and Generalized Linear Mixed Models were used to identify mutation sites in sugar  metabolism genes that contribute to transmission of Multidrug Resistant Tuberculosis (MDR-TB).
Results: Significant associations were identified between specific gene  mutations and transmission clusters in MDR-TB. Notable mutations  include Rv0650 (C113T, C316T), sugB C734A, epiA C43T, Rv151c C8G, Rv1520 (C138T, T618C, A649C), Rv2038c G282A, Rv2039c (G391T, ARTICLE IN PRESS T283G), Rv2040c G835C, Rv2316 C161G, and sugI C1268T. Additionally, mutations associated with MDR-TB transmission clusters, include Rv0650 C316T, Rv151c T809C, and Rv2039c C794T. Certain mutations, such as Rv0539 G588T and uspA G379C, were found to increase the risk of cross-regional transmission in MDR clades. The presence of Rv1512 (epiA, C462T) and Rv2038c T161G was associated with an increased the risk of developing MDR isolates compared to single drug resistant (SDR) isolates.
Conclusion: Mutations in sugar metabolism genes significantly contribute to the global transmission of MDR-TB. Identifing these genetic determinants can guide targeted interventions to control drug resistant strains and improve TB management. Further research is required to elucidate mechanism underlying mechanisms of  transmission and resistance development.
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Background: Management of pre-extensively drug-resistant tuberculosis (pre-XDR-TB) during pregnancy poses a formidable clinical challenge, particularly when complicated by tuberculous meningoencephalomyelitis (TBMEM), While the WHO operational handbook provides a general framework for drug-resistant TB, robust evidence and specific guidelines for managing severe CNS involvement in pregnancy remain limited.
Case presentation: We report the successful outcome for a mother and infant in an extremely high-risk case. The patient, at 17+6 weeks of gestation following in vitro fertilization (IVF), was diagnosed with pre-XDR-TB. Hematogenous dissemination was confirmed by chest CT showing diffuse miliary nodules, and spinal MRI confirmed meningoencephalomyelitis. Her clinical course was complicated by life-threatening conditions, including TB-associated sepsis (TB Sepsis) ARTICLE IN PRESS and severe neurological immune reconstitution inflammatory syndrome (Neuro-IRIS) presenting as an intracranial hypertensive crisis. An individualized, multidisciplinary approach centered on a bedaquiline (Bdq) and delamanid (Dlm)-based regimen was implemented. The patient’s condition was effectively controlled, and she delivered a healthy female infant at 35+1 weeks of gestation. Both mother and infant recovered well. 
Conclusions: This case demonstrates that a carefully monitored Bdq/Dlm-based regimen can be a life-saving option for severe DR-TB in pregnancy. It also underscores the critical need for systematic TB screening prior to assisted reproductive technology (ART) in high burden regions.
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Tuberculosis (TB) has high morbidity and mortality rates, and drug-resistant strains pose an increasing challenge. Traditional methods for detecting the Mycobacterium tuberculosis complex (MTBC) are insufficient for rapid clinical diagnosis. This prospective study compared the diagnostic efficacy of targeted next-generation sequencing (tNGS), metagenomic next-generation sequencing (mNGS), and Xpert MTB/RIF using bronchoalveolar lavage fluid (BALF) samples from 121 patients with suspected pulmonary TB. Against the reference standard of mycobacterial culture, tNGS demonstrated the highest sensitivity (97.44%), followed by Xpert MTB/RIF (92.31%) and mNGS (84.62%), specificities were 69.51%, 69.51%, and 75.61%, respectively. To address the limitations of culture as an imperfect reference standard and the potential bias from clinical diagnosis, Bayesian Latent Class Analysis (BLCA) was employed. BLCA, which does not assume a perfect gold standard, estimated sensitivities of 98.7%, 99.8%, and 91.0% for tNGS, Xpert MTB/RIF, and mNGS, with corresponding specificities of 89.3%, 93.3%, and 97.8%, respectively. Both tNGS and Xpert MTB/RIF consistently detected rifampicin resistance mutations (rpoB) (P = 0.219, Kappa = 0.730). In conclusion, tNGS offers comparable specificity and sensitivity to Xpert MTB/RIF for TB diagnosis, with the advantage of distinguishing between MTBC, non-tuberculous Mycobacteria (NTM), and other microorganisms. Simultaneously, it provides insights into anti-TB drug resistance. Thus, tNGS is a valuable tool for diagnosing TB in various clinical settings.
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BACKGROUND: We describe the catastrophic seven-year journey of a young man with 
drug-resistant tuberculosis (TB) in China, initially managed with empiric 
therapy without baseline molecular testing.
CASE PRESENTATION: He relapsed with rifampicin-resistant TB, complicated by 
empyema, bronchopleural fistula, and multiple failed surgeries. Management 
required prolonged, individualized therapy with severe toxicities, including 
linezolid-induced peripheral neuropathy, and staged thoracic reconstruction.
INTERPRETATION: Although microbiological cure was achieved, the patient was left 
with severe post-tuberculosis lung disease and functional disability. This case 
highlights the consequences of omitting rapid molecular diagnostics, the 
essential role of multidisciplinary collaboration, and the need to extend TB 
care beyond microbiological cure to long-term rehabilitation. This case report 
is reported in accordance with the CARE guidelines.
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BACKGROUND: Xizang (formerly known as Tibet in English) has one of the highest 
tuberculosis (TB) incidence rates in China. The region's extreme altitudes 
(≥ 3000 m) and hypoxic environment present substantial challenges for 
conventional diagnostic methods. Additionally, the clinical and biological 
characteristics of TB at high altitudes remain poorly understood.
METHOD: TB-seq, a third-generation nanopore-targeted sequencing method, was used 
to analyze sputum samples from 158 confirmed pulmonary TB patients in Xizang. 
Bacterial load was quantified, a drug-resistance gene landscape was generated, 
and these findings were correlated with clinical phenotypes. A matched 
low-altitude group (< 1000 m) was included to investigate the effects of 
altitude on Mycobacterium tuberculosis biology.
RESULT: In Xizang, retreatment cases accounted for the majority of TB patients 
(58.23%). Type I TB was the most common form (79.75%), while non-type I forms 
were observed only in retreatment patients (P < 0.01). Bacterial load decreased 
significantly with increasing age (P < 0.001), was higher in retreatment cases 
(P = 0.013), and positively correlated with white blood cell and neutrophil 
counts (P < 0.05). Drug-resistant mutations were identified in 22.78% of 
patients, primarily as mono-resistance (63.9%), with key resistance-associated 
genes being rpsL (47.2%), rpoB (38.9%), and katG (33.3%). Compared to 
low-altitude controls, the high-altitude group had a significantly lower 
bacterial load (P < 0.01), reduced overall drug resistance (23.7% vs. 38.2%, 
P < 0.01), no rrs mutations, and a significantly lower pncA mutation rate 
(P < 0.05).
CONCLUSION: Tuberculosis in Xizang is marked by a high proportion of retreatment 
cases, low pathogen burden, and a reduced rate of drug resistance-associated 
gene mutations. Altitude appears to suppress bacterial quantity and may select 
for specific resistance mechanisms. These findings support the need for targeted 
TB control strategies in Xizang and underscore the complex interactions among 
the environment, the pathogen, and the host.
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BACKGROUND AND OBJECTIVES: Tuberculosis (TB) is associated with a number of 
non-communicable diseases including hypertension. The aim of this study is to 
determine the prevalence of hypertension in TB patients and investigate its 
associated risk factors.
METHODS AND STUDY DESIGN: A hospital-based cross-sectional study was conducted 
in Qingdao, China (2011-2019). Data on demographics, medical history, and 
lifestyle were collected via questionnaire. Blood pressure was measured at 
admission. Logistic regression identified hypertension risk factors.
RESULTS: 2159 TB patients were included in total in the final analysis. Among 
them, 485 (22.5%) were hypertensive. After adjusting for dietary sodium and 
potassium intake, marital status, retreatment, physical activity and smoking 
index, multivariate logistic regression showed that hemoglobin (HGB) ≥143 (OR, 
95% CI: 1.74, 1.08~2.79) , age >35 (OR, 95% CI: 2.93, 1.87 ~ 4.59), male gender 
(OR, 95% CI: 1.77, 1.13~2.77), overweight or obesity (OR, 95% CI: 2.04, 
1.42~2.93) , heavy drinking (OR, 95% CI: 1.76, 1.19~2.59) and concurrent DM (OR, 
95% CI: 1.54, 1.09~2.17) were associated with increased risk of hypertension in 
TB patients, whereas high education level (OR, 95% CI: 0.47, 0.26~0.85) served 
as a protective factor.
CONCLUSIONS: Nearly 25% of TB patients have prevalent hypertension at admission. 
High HGB, being overweight or obese, heavy drinking, male gender and concurrent 
DM are associated with higher odds of hypertension in TB, while a higher 
education level serves as a protective factor. Our study provides important 
evidence for understanding the prevalence of hypertension in TB, underlying the 
double burden of TB and hypertension.
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Nontuberculous mycobacteria (NTM) are emerging global pathogens. This study 
aimed to analyze the clinical features, species distribution, and drug 
resistance profiles of NTM infections in a northern Chinese hospital. A 
retrospective cohort study included 1769 patients with suspected mycobacterial 
infection from August 2023 to July 2025. PCR melting curve analysis (PCR-MCA) 
was used for initial screening, with confirmation by targeted next-generation 
sequencing (tNGS). Confirmed cases were classified as localized or disseminated 
disease. Among 60 confirmed NTM cases, 48 were localized (mainly pulmonary) and 
12 were disseminated. The predominant species in localized disease were 
Mycobacterium intracellulare (35.4%) and Mycobacterium abscessus (35.4%), while 
disseminated cases were primarily caused by M. intracellulare, Mycobacterium 
avium, and Mycobacterium kansasii. Localized disease presented mainly with cough 
and expectoration (95.8%), whereas fever was common in disseminated infections 
(83.3%, p < 0.001). Key risk factors included prior tuberculosis, 
bronchiectasis, and immunodeficiency. Time to diagnosis was significantly longer 
in localized cases (10.59 ± 17.05 months) than disseminated 
(1.83 ± 1.47 months). Drug resistance rates varied significantly among species. 
The M. avium complex (MAC) predominates in NTM disease. Species identification 
and drug susceptibility testing are essential for guiding targeted therapy due 
to non-specific symptoms and species-dependent resistance patterns.
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Central nervous system tuberculosis (CNS-TB) represents a critical form of 
extrapulmonary tuberculosis, characterized by high mortality and morbidity. The 
infection of microglia by Mycobacterium tuberculosis (Mtb) is a crucial factor 
in the progression of CNS-TB. Ferroptosis plays a significant role in various 
neurological disorders. However, it remains unclear whether Mtb can induce 
ferroptosis in microglia and what mechanisms underlie this process. This study 
demonstrated that Mtb H37Rv infection can induce ferroptosis in microglia, which 
is characterized by the accumulation of ferrous ions, increased levels of lipid 
ROS, depletion of glutathione, enhanced lipid peroxidation and reduced 
expression of Slc7a11 and Gpx4. Additionally, Mtb infection upregulated Sp1 
expression, and Sp1 knockdown led to a suppression of ferroptosis induced by 
Mtb. Mechanistically, we found that Sp1 enhanced the transcription of Mettl14. 
Subsequently, the N6-methyladenosine modification mediated by Mettl14 stabilized 
the mRNA of Acsl4, ultimately inducing ferroptosis. Mettl14 also was found to 
enhance the stability of Sp1 mRNA, establishing a positive regulatory feedback 
loop. Moreover, knockdown of Acsl4 attenuated Sp1- or Mettl14-mediated 
ferroptosis in Mtb-infected microglia. Overall, our findings establish a 
connection between Mtb infection and ferroptosis and delineate a novel mechanism 
through which H37Rv induces ferroptosis in microglia via the Sp1-Mettl14-Acsl4 
axis, offering new insights into the pathogenesis of CNS-TB.

© 2026 Nordic Association for the Publication of BCPT (former Nordic 
Pharmacological Society). Published by John Wiley & Sons Ltd.

DOI: 10.1111/bcpt.70183
PMID: 41546066 [Indexed for MEDLINE]

10. Front Cell Infect Microbiol. 2026 Jan 14;15:1672862. doi: 
10.3389/fcimb.2025.1672862. eCollection 2025.

The pathological correlation between pulmonary tuberculosis and sarcoidosis 
patients and the impact of presence of nodules on pulmonary tuberculosis 
patients.

Sheng Y(1), Bao Z(1), Zhang X(2), Hua H(1), Guo Y(2), Gai W(2), Cui Y(1).

Yunfeng Sheng, Zhijian Bao, Xiaojing Zhang, Haibo Hua, Yuxin Guo, Wei Gai*, Yanfei Cui*
*CORRESPONDENCE Wei Gai，weigai@willingmed.com ；Yanfei Cui，chqq501@163.com

Author information:
(1)Tuberculosis Department, Hangzhou Red Cross Hospital, Hangzhou, China.
(2)WillingMed Technology Beijing Co., Ltd, Beijing, China.

INTRODUCTION: Both pulmonary tuberculosis (PTB) and sarcoidosis (SA) are 
chronic, systemic, granulomatous diseases. Due to their similar clinical and 
radiological features, as well as similar pathological characteristics, it is 
difficult to distinguish. This study aims to explore the pathological 
correlation between PTB and SA and the impact of nodules formation on the 
occurrence of PTB.
METHODS: We retrospective enrolled 307 patients admitted to the tuberculosis 
department between January 2022 and March 2024. After applying the inclusion and 
exclusion criteria, 170 patients were divided into three groups and analyzed: 
sarcoid tuberculosis group (TB-N, n=59), non-sarcoid tuberculosis group (TB-NoN, 
n=74), and sarcoidosis group (SA, n=37). Comparative analysis was performed on 
the clinical characteristics, pathogen profiles, and pulmonary microbial 
composition differences among the three groups.
RESULTS: Patients in the TB-N and SA group predominantly presented with multiple 
nodules. Among samples testing positive by both mNGS and conventional 
microbiological tests (CMT), the proportion of partially matched results was 
higher in the TB-N group than in the TB-NoN group, with a greater diversity of 
pathogenic bacteria detected in the TB-N group. ACE index analysis revealed 
significantly higher microbial richness in the TB-NoN group compared to both SA 
and TB-N groups. Regarding treatment regimens, combination therapy was more 
frequently administered in the TB-N group, while single drug treatment 
predominated in the TB-NoN group. Although the duration of anti-tuberculosis 
treatment was longer in the TB-N group, this difference did not reach 
statistical significance.
DISCUSSION: Significant differences in imaging manifestations were observed 
between TB-N and SA groups. The presence of nodules was associated with a more 
complex pathogen profile in PTB patients; however, the pulmonary microbial 
diversity was lower in TB-N than in TB-NoN. PTB patients with nodules 
predominantly received combination therapy.
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Tuberculosis remains a prevalent and serious chronic bacterial infection 
worldwide. Despite significant advancements in TB treatment in recent years, it 
continues to pose a major public health challenge. The onset and progression of 
TB are closely associated with individuals who are immunocompromised, as most 
patients also present comorbidities such as HIV, diabetes mellitus, and 
nutritional deficiencies. Consequently, the development of new, non-toxic 
immunomodulatory drugs or treatment strategies may offer viable solutions to 
these issues. Vitamin D not only plays a crucial role in regulating calcium and 
phosphate metabolism while maintaining bone health but is also a key regulator 
of the innate immune response against microbial infections. Furthermore, many 
tuberculosis patients exhibit low levels of vitamin D; thus, vitamin D may 
represent an important resource for enhancing immune responses against 
Mycobacterium tuberculosis infections. This review discusses the immune response 
mechanisms, vitamin D synthesis processes, and metabolic pathways activated in 
hosts following infection with M. tuberculosis. It emphasizes how vitamin D 
contributes to immune regulation and its potential role in combating M. 
tuberculosis infections within the human body. This literature review aims to 
provide theoretical support for developing new drugs and treatment strategies 
for clinical management of anti-M. tuberculosis infections.
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This is a case report of a 17-year-old female patient who presented with a 
painless, palpable swelling on the anterior chest wall. Imaging studies revealed 
osteolytic lesions involving the manubrium and adjacent ribs, along with 
multiple enlarged lymph nodes, raising a high suspicion of malignant tumour with 
metastasis. An ultrasound-guided needle biopsy revealed the pathological finding 
of "granulomatous inflammation." Multidisciplinary consultation and clinical 
indicators, including a strongly positive purified protein derivative (PPD) test 
and markedly elevated erythrocyte sedimentation rate, were taken to indicate a 
potential diagnosis of tuberculosis. Consequently, subsequent metagenomic 
next-generation sequencing (mNGS) of the biopsy specimen identified nucleic acid 
sequences belonging to the Mycobacterium tuberculosis complex, thereby 
confirming the rare diagnosis of sternal tuberculosis. Following the 
administration of standardised anti-tuberculosis therapy, a substantial 
reduction in the size of the lesion was observed, thereby validating the 
accuracy of the diagnosis. This case underscores the importance of considering 
extrapulmonary tuberculosis in the differential diagnosis of bone-destructive 
lesions and demonstrates the critical value of mNGS technology in confirming 
challenging infectious diseases.
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BACKGROUND: N6-methyladenosine (m6A), the most prevalent and reversible 
post-transcriptional RNA modification, is involved in the progression of various 
diseases. Nonetheless, the role of m6A modification in Tuberculosis (TB) 
pathogenesis remains unknown. Here, we investigated the general expression 
patterns and potential functions of m6A regulators in TB.
METHODS: The differentially expressed m6A genes between the healthy and TB 
groups were evaluated using the public Gene Expression Omnibus (GEO) database, 
and quantitative real-time PCR (qRT-PCR) was used to test the expression of key 
m6A regulators in our collected human TB and healthy samples. Random forest and 
LASSO regression analysis were performed to determine the prognostic performance 
of m6A regulators in TB patients. The relationship between m6A regulators and 
immune cells and immune reaction activity was analyzed through single-sample 
gene set enrichment analysis (ssGSEA). Unsupervised clustering was used to 
confirm that m6A regulators induced m6A modification patterns. The relationship 
between m6A modification patterns and the immune microenvironment, biological 
function, and TB subtype construction was evaluated by using Gene Set Enrichment 
Analysis (GSEA), Gene Ontology (GO) analysis and KEGG pathway analysis.
RESULTS: Our data revealed seven differentially expressed m6A -related 
genes-METTL3, VIRMA, YTHDF1, YTHDC1, YTHDC2, ELAVL1and LRPPRC mRNA-confirmed as 
critical m6A regulators in TB. The excellent diagnostic significance of these 
genes was further supported by the random forest, LASSO regression and clinical 
samples, which achieved a high area under the ROC (0.97). Unsupervised 
clustering classified patients into two m6A patterns with different immune 
microenvironment and biological feature.
CONCLUSIONS: Our study provides an overview of the expression patterns and 
potential roles of key m6A regulatory genes as diagnostic biomarkers and 
immunotherapy targets for TB, revealing their functions in TB pathogenesis. Our 
data may offer a valuable resource to guide both mechanistic and therapeutic 
analyses of key m6A regulators in TB.
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Tuberculosis (TB) is a serious disease that poses a significant threat to the 
health of children and adolescents, with pulmonary tuberculosis (PTB) being the 
most common type. Due to the lack of specificity in clinical manifestations and 
symptoms, early screening and diagnosis of pediatric pulmonary tuberculosis 
present significant challenges. In recent years, the artificial intelligence 
(AI) healthcare industry has emerged as a major driving force for transformation 
in the global healthcare sector. Through technologies such as deep learning, 
natural language processing, computer vision and multimodal fusion, intelligent 
solutions are brought to medical links such as clinical auxiliary diagnosis. The 
combination mode of AI with medical imaging, laboratory diagnosis, pathology 
examination and other data has also been gradually applied to tuberculosis 
screening and diagnosis. However, its development is constrained by bottlenecks 
such as the scarcity of high-quality data on children, insufficient 
interpretability of models, lack of external validation, and unclear clinical 
translation paths. Moreover, most of the existing related studies focus on adult 
pulmonary tuberculosis, and there is a lack of sufficient research and reporting 
on pediatric pulmonary tuberculosis. This article aims to systematically review 
the research and application status of AI in the auxiliary diagnosis of 
pediatric pulmonary tuberculosis in recent years, critically analyze the current 
limitations, and explore that in the future, efforts should be made to build 
cross-institutional and multi-center collaborative datasets and carry out 
explainable AI verification centered on clinical efficacy. Explore the 
development path of the application of AI in the full-chain management of 
"prevention-diagnosis-treatment-management" of pediatric pulmonary tuberculosis.
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Mycobacterium tuberculosis (Mtb) protein tyrosine phosphatase A (PtpA) is a 
crucial tyrosine phosphatase involved in the pathogenesis of tuberculosis. 
Structural analyses reveal that the W-loop and conserved cysteine residues are 
essential for the catalytic activity of PtpA, with modifications induced by 
reactive oxygen species playing a significant role in its function. PtpA 
suppresses key cellular processes, including phagosome-lysosome fusion and host 
cell apoptosis, while promoting ferroptosis and disrupting cytokine production 
to evade host immune responses. Its activity is enhanced by various 
post-translational modifications, including ubiquitination and phosphorylation, 
which facilitate its interactions with key cellular pathways. Recent research 
has identified several selective inhibitors that present promising therapeutic 
avenues against drug-resistant tuberculosis. This review synthesizes current 
knowledge on the characteristics, functions, and potential inhibitors of PtpA, 
underscoring its significance as a therapeutic target in the ongoing battle 
against tuberculosis and its associated challenges.
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Background: The development of effective tuberculosis (TB) vaccines beyond BCG 
remains an urgent global health priority, especially for prevention of pulmonary 
TB in adults. While most current strategies focus on enhancing T-cell immunity, 
the potential of trained immunity to broadly augment both innate and adaptive 
responses remains underexplored in TB vaccinology. Given the central role of 
dendritic cells (DCs) as bridges between innate and adaptive immunity, we 
hypothesized that inducing trained immunity in DCs could optimize subsequent 
T-cell responses. Previous studies have identified Rv2299c as a promising 
adjuvant of other antigens by promoting DC maturation; however, whether it could 
be used as a standalone protective antigen of TB vaccine remains unclear. 
Methods: We constructed a chimpanzee adenovirus-vectored TB vaccine candidate 
expressing Rv2299c (rAd-Rv2299c), and evaluated its immunogenicity and 
protective efficacy in murine models. Results: rAd-Rv2299c vaccine effectively 
induced a trained immunity phenotype in DCs, as evidenced by upregulated MHC-II 
and CD86 expression and increased pro-inflammatory cytokine (TNF-α, IL-6, IL-1β 
and IL-12p70) secretion. Moreover, its immunization promoted the generation of 
antigen-specific polyfunctional T cells, and robustly enhanced both Th1 and 
Th17-type immune responses. In a murine challenge model, vaccination 
significantly reduced bacterial loads in the lung and spleen and attenuated 
pulmonary inflammation, which was associated with robust recall T-cell immune 
responses. Conclusions: rAd-Rv2299c confers anti-TB protection by inducing 
trained immunity in DCs and promoting polyfunctional T-cell responses, thereby 
offering valuable experimental evidence and conceptual insights for the 
development of next-generation TB vaccines.
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Tuberculosis is a severe infectious disease caused by Mycobacterium tuberculosis 
(MTB) infection and poses a serious public health challenge globally. The 
prevalence of multidrug-resistant MTB in countries with a high burden of 
tuberculosis has further increased the challenges of tuberculosis prevention and 
control. The rapid and accurate diagnosis of MTB and multidrug-resistant MTB 
serves as the prerequisite and key to controlling tuberculosis transmission and 
prevalence. However, the insufficient laboratory diagnosis capacity of 
tuberculosis seriously constrains the detection of tuberculosis cases, leading 
to delayed treatment and interpersonal transmission. Although multiple 
laboratory diagnostic techniques for tuberculosis have emerged, their diagnostic 
efficacy varies significantly. This review conducts a detailed analysis of the 
principles, characteristics, and clinical applications of various laboratory 
diagnostic techniques across three major categories: bacteriological morphology, 
molecular biology, and immunology. It elucidates the advantages and 
disadvantages of each technique and explores future development directions for 
tuberculosis laboratory diagnostics, aiming to provide valuable methodological 
references for the clinical diagnosis and treatment of tuberculosis.
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Mycolic acids (MAs) are unique and essential components of the Mycobacterium 
cell envelope, pivotal for its structural integrity, impermeability, and 
intrinsic antibiotic resistance. These properties that underpin mycobacterial 
pathogenicity also render the MA biosynthetic pathway a rich resource of targets 
for anti-tuberculosis drug discovery. Concurrently, in the realm of industrial 
biotechnology, engineered non-pathogenic mycobacteria are being optimized for 
steroid drug bioproduction through strategic modulation of the MA pathway to 
enhance cell permeability and boost the yield of desired products. This review 
systematically delineates the MA biosynthetic pathway and its critical enzymes. 
It further summarizes recent progress in developing anti-tuberculosis 
therapeutics that inhibit these enzymes and discusses innovative engineering 
strategies that harness the same pathway of non-pathogenic mycobacteria for 
green steroid drug manufacturing. By bridging these two distinct fields, the 
review provides a holistic perspective and novel insights for advancing both 
infectious disease control and sustainable pharmaceutical production.
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Background: Tuberculous meningitis (TBM) is a severe central nervous system 
infection that can lead to cerebral vasculitis and infarction. This study aimed 
to evaluate changes in cerebral perfusion and vasculitis on magnetic resonance 
imaging (MRI) before and after anti-tuberculosis treatment, focusing on both 
infarcted and non-infarcted brain regions and comparing them with age-matched 
controls. Methods: Quantitative arterial spin labeling (ASL) perfusion and 
black-blood vessel wall MRI were performed at diagnosis and after 3-6 months of 
treatment in TBM patients and healthy controls. Regions of interest included 
infarcted areas, the contralateral normal brain, and TBM-affected regions 
without infarction. Cerebral blood flow (CBF), perfusion grading, and vasculitis 
were assessed and correlated with clinical stage and disease severity. Results: 
In total, 73 TBM patients and 26 controls were included. Among the patients, 26 
(35.6%) had acute infarctions, mainly in the basal ganglia and corona radiata, 
and 65 (89.0%) exhibited vasculitis predominantly involving anterior 
circulation. Pretreatment MRI showed significantly reduced CBF in infarcted 
regions compared with contralateral brain and controls (p < 0.05), and both 
contralateral and non-infarcted TBM regions also showed lower CBF than controls 
(p < 0.05). After treatment, CBF increased significantly in non-infarcted 
regions (p < 0.05), and post-treatment perfusion grade correlated with TBM stage 
and vasculitis severity. Conclusions: TBM-related infarcts demonstrated marked 
hypoperfusion, while non-infarcted regions exhibited reversible ischemic 
changes. ASL and vessel wall imaging can quantitatively monitor treatment 
response and vascular inflammation, as well as predict late infarction in TBM 
patients.
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Background: The global incidence of multidrug-resistant and extensively 
drug-resistant tuberculosis continues to rise. The ribosome serves as a target 
for multiple antimicrobials, making functional research on it hold great 
significance. Methods: Using homologous recombination combined with a multiple 
serine integrase-mediated site-specific recombination system, we replaced the 
two endogenous rRNA operons in Mycobacterium smegmatis MC2 155 with a single 
copy of the single rRNA operon from Mycobacterium tuberculosis H37Rv, 
constructing the M. smegmatis BRkoA strain. We assessed growth kinetics at 37 
°C, cold sensitivity at lower temperatures, transcriptional levels by RT-qPCR, 
70S ribosome integrity through cryo-EM, and antimicrobial susceptibility by 
microdilution assays. Results: The BRkoA strain was successfully constructed. It 
exhibited markedly slower growth compared to the wild-type strain. 
Cold-sensitivity assays indicated potential ribosome assembly defects, while 
transcriptional analysis suggested altered rRNA processing and modification. 
Cryo-EM analysis further demonstrated the absence of specific ribosomal proteins 
in the BRkoA 70S ribosome. Moreover, BRkoA displayed reduced susceptibility 
tendency to several ribosome-targeting antibiotics, including kanamycin, 
amikacin, paromomycin, gentamicin, and linezolid. Conclusions: Replacement of 
the two endogenous rrn operons in M. smegmatis with a single copy of the single 
M. tuberculosis rrn operon using a serine integrase-mediated recombination 
system caused growth impairment and decreased sensitivity tendency to several 
ribosome-targeting antimicrobials. These findings suggest that ribosome 
structural variation contributes to intrinsic drug resistance mechanisms.
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BACKGROUND: Tuberculous otitis media (TOM) is an exceptionally rare form of 
extrapulmonary tuberculosis that was usually diagnosed only after long-standing 
ear discharge or profound hearing loss. This case reported a young man in whom 
deafness was the sentinel event leading to the discovery of pulmonary 
tuberculosis and molecular confirmation of concurrent TOM.
CASE PRESENTATION: A 23-year-old male presented with bilateral, progressive 
hearing loss that had been labeled "chronic suppurative otitis media" by local 
clinics. Persistent constitutional symptoms prompted chest imaging that revealed 
bilateral cavitary infiltrates. Broncho-alveolar lavage metagenomic 
next-generation sequencing identified Mycobacterium tuberculosis complex (MTBC). 
After transfer to our tuberculosis center, targeted NGS of serous middle-ear 
fluid detected MTBC; the isolate carried an rpsL K43R mutation conferring 
streptomycin resistance, identical to the pulmonary strain. Standard four-drug 
anti-tuberculosis therapy was initiated; within 4 weeks, cough and fever 
resolved, inflammatory markers normalized, and the pulmonary cavity showed 
reduction in size compared to baseline.
CONCLUSION: This case highlights that unexplained hearing loss may serve as an 
early indicator of disseminated tuberculosis. High-throughput sequencing of 
aural discharge enables rapid diagnosis of TOM, facilitates resistance-guided 
treatment, and helps trace the pathways of pathogen transmission.
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PURPOSE: To evaluate the diagnostic value of a combined strategy using the urine 
lipoarabinomannan (LAM) antigen assay and interferon-gamma release assay (IGRA) 
for active tuberculosis (TB), and to explore its potential as a non-invasive, 
sputum-independent diagnostic method for clinical application.
PATIENTS AND METHODS: A cross-sectional study design was adopted. Initially, 313 
valid cases were selected for LAM performance evaluation, subsequently, 142 
cases with both valid LAM and IGRA results were further selected from this group 
for combined test performance analysis. Using comprehensive clinical diagnosis 
as the reference standard, the diagnostic performance of LAM, IGRA, and two 
combination strategies (parallel: positive if either LAM or IGRA is positive; 
serial: positive only if both are positive) was evaluated, and their 
distribution characteristics in differentiating between tuberculosis and 
nontuberculous mycobacterial (NTM) infection were preliminarily explored.
RESULTS: The urine LAM assay demonstrated a sensitivity of 72% and a specificity 
of 79% for active TB. Its sensitivity was higher than that of smear microscopy 
(33%) and culture (56%), and slightly superior to Xpert MTB/RIF (69%) and TB-DNA 
(65%), although its specificity was lower. IGRA showed high sensitivity (92%) 
but moderate specificity (59%). The combination of LAM and IGRA significantly 
improved diagnostic performance: parallel testing achieved a sensitivity of 98%, 
making it suitable for TB screening and rule-out purposes, while serial testing 
increased specificity to 91%, supporting the confirmatory diagnosis of active 
TB. Among patients with NTM infection, the LAM+/IGRA- pattern accounted for 50% 
of cases, suggesting its potential utility in discriminating between TB and NTM 
infection.
CONCLUSION: The combination of urine LAM antigen testing and blood-based IGRA 
optimizes TB diagnosis by simultaneously targeting two distinct dimensions: 
pathogen-derived antigens and host immune response. The parallel testing 
improves sensitivity for screening, while the serial testing enhances 
specificity for confirmatory diagnosis. This strategy offers a non-invasive 
approach with ease of sample collection, demonstrating particular value in 
diagnosing challenging cases such as sputum smear-negative pulmonary TB, 
extrapulmonary TB, and TB in immunocompromised patients.
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Diagnostic performance of nanopore-targeted sequencing for pulmonary infections 
in a tuberculosis-endemic setting: A prospective observational study.

Fan Q(1), Chen J(2), Wang Y(3), Liao R(3), Gong S(2), Guo J(2), Rao Y(2), Fang 
T(3), Hu S(3), Chen L(2), Zhou J(2), Zhang Z(2), Ren Y(2), Chen S(4).

Qijing Fan, Jun Chen, Ying Wang, Rui Liao, Shiwei Gong, Jianjian Guo, Youyi Rao, Tao Fang, Shaohua Hu, Lifeng Chen, Jing Zhou, Zhengbin Zhang, Yi Ren, Shi Chen*
*Address correspondence to: Shi Chen，E-mail: shichen_2021@163.com.

Author information:
(1)Department of Gastroenterology, Ministry of Education Key Laboratory of 
Combinatorial Biosynthesis and Drug Discovery, Hubei Clinical Center and Key 
Laboratory of Intestinal and Colorectal Disease, Zhongnan Hospital of Wuhan 
University, School of Pharmaceutical Sciences, Wuhan University, Wuhan 430071, 
China.
(2)Department of Laboratory Medicine, Wuhan Pulmonary Hospital, Wuhan 430030, 
China.
(3)Wuhan EasyDiagnosis Biomedicine Co., Ltd., Wuhan 430206, China.
(4)Department of Gastroenterology, Ministry of Education Key Laboratory of 
Combinatorial Biosynthesis and Drug Discovery, Hubei Clinical Center and Key 
Laboratory of Intestinal and Colorectal Disease, Zhongnan Hospital of Wuhan 
University, School of Pharmaceutical Sciences, Wuhan University, Wuhan 430071, 
China; Department of Burn and Plastic Surgery, Shenzhen Key Laboratory of 
Microbiology in Genomic Modification & Editing and Application, Shenzhen 
Institute of Translational Medicine, Shenzhen University Medical School, The 
First Affiliated Hospital of Shenzhen University, Shenzhen 518035, China. 
Electronic address: shichen_2021@163.com.

BACKGROUND: Pulmonary infections in tuberculosis (TB)-endemic settings are 
heterogeneous and commonly polymicrobial. Nanopore-targeted sequencing (NTS) 
enables detection of mycobacteria, bacteria, and fungi in a single targeted 
assay. However, performance across pathogen classes in TB-endemic cohorts 
remains limited.
METHODS: We conducted a prospective study at a specialized TB hospital, 
enrolling adults with suspected pulmonary infections across five predefined 
diagnostic categories: pulmonary TB, nontuberculous mycobacterial pulmonary 
disease, bacterial, fungal, and polymicrobial infection. Respiratory specimens 
(n=312) from 305 patients were tested in parallel by conventional 
microbiological testing (CMT) and NTS. Blinded clinical diagnoses served as the 
reference standard.
RESULTS: Among 283 paired cases, NTS identified the adjudicated pathogens in 263 
cases, whereas culture identified them in 185 cases. NTS showed a 
sensitivity/specificity of 83.0%/99.4% for Mycobacterium tuberculosis, 
89.8%/98.2% for nontuberculous mycobacteria, 92.9%/91.1% for fungi, and 
97.4%/57.8% for bacteria. In 72 polymicrobial infections, NTS detected all 
adjudicated pathogens in 77.8% versus 62.5% for CMT, a non-significant 
difference (P=0.06). Overall, NTS provided a 12.2% incremental diagnostic yield.
CONCLUSIONS: NTS offers sensitive, single-assay detection of diverse pulmonary 
pathogens in TB-endemic settings. By streamlining workflows and improving 
detection of fastidious or co-infecting organisms, it may complement 
conventional methods. However, bacterial NTS findings in non-sterile respiratory 
specimens require clinical correlation.
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Tuberculosis (TB) remains one of the most fatal infectious diseases worldwide, 
successful treatment is often limited by insufficient diagnostic capabilities. 
It creates a pressing need for diagnostic methods that combine high sensitivity, 
specificity, and operational robustness. In this work, we developed a 
DNAzyme-CRISPR cascade strategy (Dz-CRISPR) for the specific identification of 
the IS6110 sequence of Mycobacterium tuberculosis (MTB). This system integrated 
a thermodynamically stabilized hairpin probe, an Arch-shaped signal transduction 
switch, and an allosterically activated CRISPR-Cas12a cascade. The design 
enabled direct target recognition and subsequent signal amplification without a 
preamplification step, offering a simplified workflow with enhanced stability. 
The assay demonstrated a detection limit of 211.3 fM and exhibited high 
specificity by accurately discriminating the IS6110 from specific DNA sequence 
of non-tuberculous mycobacteria and other common respiratory pathogens. 
Validation using clinical bronchoalveolar lavage fluid samples further confirmed 
the method's reliable performance, reproducibility, and satisfactory recovery 
rates. Current Dz-CRISPR detection strategy provides a reliable and practical 
solution for tuberculosis diagnosis with high sensitivity, high specificity, and 
operational robustness, thus demonstrating potential for practical use in 
resource-constrained areas.
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OBJECTIVE: The cGAS-STING pathway is a critical sensor in the innate immune 
response to intracellular pathogens, yet its therapeutic potential for 
augmenting macrophage-mediated control of Mycobacterium tuberculosis (Mtb) 
remains incompletely understood. This study investigated whether pharmacological 
activation of the STING pathway could enhance autophagy to promote Mtb clearance 
in human macrophages.
METHODS: Human THP-1 monocytes were differentiated into macrophages and infected 
with Mtb. The effects of the STING agonist MIW815 (ADU-S100) on Mtb 
phagocytosis, intracellular bacterial survival, and autophagic flux were 
assessed using a combination of molecular and cellular techniques, including 
qRT-PCR, western blotting, colony-forming unit (CFU) assays, and confocal 
immunofluorescence microscopy. The dependency on the cGAS-STING pathway was 
confirmed using siRNA-mediated gene silencing.
RESULTS: Pharmacological activation of STING with ADU-S100 significantly 
enhanced Mtb phagocytosis and subsequent intracellular clearance. This enhanced 
bactericidal activity was mechanistically linked to an increase in autophagic 
flux, as evidenced by elevated LC3-II protein levels and significantly increased 
colocalization of Mtb with lysosomal compartments. Importantly, treatment with 
the autophagy inhibitor hydroxychloroquine or silencing of cGAS significantly 
reversed these phenotypes, confirming the pivotal role of the STING-autophagy 
axis.
CONCLUSION: Activating the STING pathway with ADU-S100 is a potent host-directed 
strategy to bolster macrophage autophagy and enhance the elimination of 
intracellular Mtb. This provides a strong rationale for exploring STING agonists 
as a novel therapeutic intervention for tuberculosis, addressing a significant 
and clinically relevant challenge in infectious disease.
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