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Effective CD4+ T cell responses are essential for controlling Mycobacterium 
tuberculosis (Mtb), but they fail to achieve sterilizing immunity in infected 
lungs. In mouse models of Mtb infection, single-cell transcriptomic profiling 
identified a dominant population of OX40+ CD4+ T cells that emerged during Mtb 
infection yet exhibited impaired effector differentiation. This dysfunction was 
linked to defective co-stimulatory signaling, corresponding to persistently low 
OX40 ligand (OX40L) expression on antigen-presenting cells. Therapeutic 
activation of OX40 restored CD4+ T cell functionality, expanded protective 
clonotypes, and reduced pulmonary bacterial burden in vivo. These effects 
required intact CD40-CD40L interactions to sustain OX40 expression and promote T 
cell differentiation, and were critically dependent on IFN-γ signaling for 
antimicrobial activity. CD40L blockade abolished the immunotherapeutic benefits 
of OX40 stimulation, revealing a cooperative CD40-OX40 axis that orchestrates 
protective immunity in tuberculosis. These findings identify impaired 
co-stimulatory signaling as a central mechanism of CD4+ T cell dysfunction 
during chronic infection and highlight this axis as a target for host-directed 
immunotherapy in tuberculosis.
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BACKGROUND: In China, the early and accurate diagnosis of multidrug-resistant or 
rifampicin-resistant tuberculosis (MDR/RR-TB) is crucial for ensuring 
appropriate treatment. There is an urgent need to develop a diagnostic method 
that simultaneously detects Mycobacterium tuberculosis (MTB) as well as 
resistance to rifampicin and isoniazid.
METHODS: We evaluated the performance of InnowaveDx MTB/RIF/INH (InnowaveDx) 
assay in diagnosing pulmonary tuberculosis and detecting rifampicin and 
isoniazid resistance at the Zhejiang Hospital of Integrated Traditional Chinese 
and Western Medicine.
RESULTS: Using the clinical final diagnosis as the standard, the sensitivity of 
InnowaveDx was 68.0%, which was higher than that of AFB smear, MGIT culture, and 
Xpert (P < 0.001). The specificity was 97.1%, higher than AFB smear (P < 0.001). 
The agreement between InnowaveDx and MGIT Phenotypic drug sensitivity (pDST), as 
well as Xpert, for detecting rifampicin resistance, had Kappa values of 0.783 
and 0.940, respectively. The agreement between InnowaveDx and MGIT pDST, as well 
as MMCA, for detecting isoniazid resistance, had Kappa values of 0.915 and 1. 
The discrepancies in rifampicin and isoniazid resistance detection were observed 
in 11 and 4 cases, respectively.
CONCLUSIONS: The InnowaveDx MTB/RIF/INH assay demonstrates good performance in 
detecting MTB as well as rifampicin and isoniazid resistance. The discrepancies 
in rifampicin resistance results and phenotypic resistance are mainly due to 
borderline resistance mutations.
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BACKGROUND: Extracorporeal membrane oxygenation (ECMO) provides life support for 
critically ill tuberculosis (TB) patients. However, during ECMO therapy, 
significant fluctuations in the plasma concentration of anti-TB drugs occur due 
to drug adsorption in the ECMO circuit, hemodilution, and metabolic 
disturbances.
MATERIALS AND METHODS: This single-case study monitored the plasma concentration 
of anti-TB drugs in a TB patient supported by ECMO.
RESULTS: The differences in peak plasma concentrations (Cmax) measured at the 
end of ECMO support vs. 7 days after ECMO withdrawal were as follows: isoniazid 
(66%), linezolid (63%), ethambutol (56%), and levofloxacin (12%).
CONCLUSION: We analyzed ECMO's impact on drug concentrations and implemented 
therapeutic drug monitoring to optimize therapy. However, this single-case study 
has inherent limitations; future multi-center studies are warranted to validate 
these findings.
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BACKGROUND: Spinal tuberculosis remains a significant clinical challenge in 
high-prevalence regions. Despite advances in medical treatment, surgical 
interventions, such as debridement, decompression, and fusion, are often 
required, but their complexity increases perioperative morbidity and prolongs 
hospitalization. Identifying preoperative predictors of extended hospital stay 
may improve patient management and resource allocation.
METHODS: In this retrospective study, 256 patients with confirmed spinal 
tuberculosis who were treated between January 2021 and December 2024 were 
included. Prolonged hospitalization was defined as a postoperative stay 
> 21 days. Univariate and multivariate logistic regression analyses were 
performed, and significant predictors were integrated into a nomogram. Model 
performance was evaluated by receiver operating characteristic (ROC) analysis, 
calibration plots with bootstrap resampling, and decision curve analysis (DCA).
RESULTS: The patients were divided into a modeling group (n = 170) and a 
validation group (n = 86). Baseline characteristics were comparable between 
groups. Multivariate analysis identified increasing age (OR 1.042, 95% CI 
1.013-1.071, P = 0.005), concomitant TB at other sites (OR 2.875, 95% CI 
1.168-7.100, P = 0.022), and a higher preoperative American Society of 
Anesthesiologists score (OR 1.537, 95% CI 1.010-2.340, P = 0.046) as independent 
predictors of prolonged hospitalization. The nomogram demonstrated good 
discriminative ability (AUC: 0.771 and 0.718) and satisfactory calibration 
(corrected C index 0.787; Hosmer-Lemeshow P = 0.895). DCA confirmed its clinical 
utility.
CONCLUSIONS: Advanced age, extra-spinal TB involvement, and elevated 
preoperative ASA score are significant predictors of prolonged hospitalization 
after spinal TB surgery. The developed nomogram is a practical tool for 
preoperative risk assessment, warranting further prospective multicenter 
validation.
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BACKGROUND: Tuberculosis (TB) remains a major public health challenge in China. 
Although meteorological factors are known to influence its transmission, their 
nonlinear and lagged impacts across regions and seasons remain unclear. We 
quantified these effects using the most detailed national data set available and 
explored how climate information can enhance TB prediction and control.
METHODS: We conducted a nationwide ecological time-series study by integrating 
weekly TB surveillance data (2005-19) with high-resolution meteorological and 
air pollution models. We assessed associations between TB incidence and 
meteorological factors using negative binomial regression and distributed lag 
nonlinear models to account for nonlinear and delayed effects.
RESULTS: From 2005 to 2019, TB cases in China decreased from 1.23 million to 
0.75 million (estimated annual percent change <0 across all regions), with the 
burden remaining highest in western and southern China. Higher weekly mean 
temperature (incidence rate ratio (IRR) = 1.33) and precipitation (IRR = 1.03) 
increased TB risk, while greater temperature differences (IRR = 0.96) and 
relative humidity (IRR = 0.92) had protective effects. Temperature effects 
peaked in summer (IRR = 1.80; P < 0.05). Lagged analyses showed that extreme 
high temperatures and high wind speeds initially suppressed, but subsequently 
elevated TB risk, while higher precipitation and humidity showed delayed risk 
effects.
CONCLUSIONS: By integrating fine-scale epidemiological and meteorological data, 
our study adds to our knowledge on TB epidemiology by more accurately 
characterising climate-disease interactions and enhancing the predictive 
capability of risk models. The findings provide empirical evidence to support 
the development of risk stratification tools and guide the implementation of 
proactive, phased intervention strategies aimed at mitigating the persistent TB 
burden in high-risk regions.
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Active case-finding (ACF) strategies for tuberculosis (TB) in high-incidence 
rural areas require cost-effective solutions. We evaluated a novel 
community-based ACF strategy integrating pooled sputum molecular testing via 
Xpert® MTB/RIF Ultra. A prospective study was conducted in three 
high-TB-incidence rural townships in Zhejiang, China (2024). Residents aged ≥65 
years underwent centralized health check-ups, including chest X-rays (CXR). 
Sputum samples from eight consecutive individuals with abnormal CXR findings 
were pooled for Xpert® MTB/RIF Ultra testing. Positive pools prompted individual 
retesting. Participants with positive individual test results were referred to 
designated hospitals for standardized treatment. Among 16,558 eligible 
residents, 6,960 (42.0%) participated. CXR abnormalities were detected in 1,912 
participants (27.5%), with 1,883 providing sputum samples. Pooled testing 
identified 32 bacteriologically confirmed TB cases among 1,883 participants with 
CXR abnormalities, yielding a detection rate of 1.7%. The number needed to 
screen (NNS) to identify one case was 218, which was 177 fewer than that 
required by the chest X-ray-based alone active case finding strategy. Screening 
yields of newly detected TB through ACF was 0.460%. The innovative strategy 
reduced per-case screening costs to US$4.37 (vs. US$54.78 for individual 
testing) and per-confirmed-case cost to US$949.49. Integrating a pooled Xpert® 
MTB/RIF Ultra testing with routine health check-ups provides a high-yield, 
cost-effective ACF strategy for detecting active TB in high-risk elderly 
populations in rural settings. This approach addresses key barriers to scalable 
community-based screening.
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Understanding the mechanisms of drug resistance in Mycobacterium tuberculosis 
(MTB) is essential for the rapid detection of resistance and for guiding 
effective treatment, ultimately contributing to reducing the global burden of 
tuberculosis (TB). Under anti-TB drugs pressure, MTB continues to accumulate 
resistance loci. The current repertoire of known resistance-associated mutations 
requires further refinement, necessitating efficient methods for the timely 
identification of potential resistance sites. Here, we introduce xAI-MTBDR, an 
explainable artificial intelligence framework designed to identify potential 
resistance-associated mutations and predict drug resistance in MTB. It 
outperforms state-of-the-art methods in predicting drug resistance for all 
first-line drugs, and scoring each mutation's contribution to resistance. By 
leveraging public whole-genome sequencing data from nearly 40,000 MTB isolates, 
the framework identified 788 candidate resistance-related mutations and revealed 
27 potential resistance markers, several of which are positioned closer to their 
respective drugs in protein structures than known resistance mutations, 
suggesting a potentially more direct role in mediating resistance. Furthermore, 
these scores enabled the framework to efficiently subgroup isolates with 
different resistance mechanisms and reflect varying levels of resistance. The 
framework serves as a valuable tool for accurate detection of drug-resistant MTB 
and offers new insights into its underlying mechanisms.

© 2025 Chinese Medical Association Publishing House Co. Ltd. Published by 
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Tuberculosis (TB) remains a major global health threat, exacerbated by the 
emergence of drug-resistant strains. The mycobacterial enzyme Pks13 has emerged 
as a promising drug target for novel anti-TB agents. We herein report the 
design, synthesis, and biological evaluation of a series of 
pyrimido[1,2-a]imidazole derivatives as potent Pks13-TE inhibitors. An 
integrated virtual and biological screening of 10.5 million commercially 
available compounds identified TJA-31 as a hit compound, which showed moderate 
Pks13-TE inhibitory activity (IC50 = 1.34 μM). The systematic optimization of 
TJA-31 based on its physicochemical properties, docking scores, and MM/GBSA 
binding free energy estimates led to the synthesis of 50 analogues, among which 
20 compounds exhibited submicromolar inhibition. The most promising derivative, 
compound 34, demonstrated significantly enhanced potency with an IC50 value of 
0.23 μM, representing a sixfold improvement over the hit. Molecular docking 
studies indicated that the high activity of compound 34 could be attributed to a 
halogen bond between its bromine substituent and the nitrogen atom of residue 
His1664, a water-mediated hydrogen bond between the Ala1564 nitrogen and the 
3-methoxy oxygen, and π-π stacking interactions with residues within the 
Pks13-TE binding pocket. These results underscore the pyrimido[1,2-a]imidazole 
scaffold as a promising lead series for the development of Pks13-TE inhibitors.
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Renal tuberculosis is one of the main reasons for nephrectomy. Early removal of 
tuberculous lesions can preserve the remaining functional renal tissue and help 
avoid nephrectomy. Robotic-assisted surgery significantly improves the success 
rate of partial nephrectomy. The present study aims to introduce a modified 
robotic surgical approach, the 'unroofing and base excision' technique, for 
treating localized renal tuberculosis. Four patients with localized renal 
tuberculosis underwent our modified robot-assisted laparoscopic partial 
nephrectomy. In traditional approaches, lesions were excised at least 0.5 cm 
from the margin, and the lesion cavity was left intact. In the current 
procedure, surgery begins with opening the lesion cavity, and the cavity wall is 
then lifted to identify the boundary between the lesions and the surrounding 
normal tissue, allowing excision of the lesions approximately 0.2 cm from the 
cavity wall. The lesion base is removed from the interior to the exterior of the 
cavity. The operative times were 130, 120, 145, and 160 minutes, with 
corresponding warm ischemia times of 27, 25, 35, and 45 minutes. The abdominal 
drainage tube remained in place for 8, 7, 9, and 5 days, respectively. None of 
the patients experienced postoperative urine leakage, bleeding, or 
intraperitoneal infection. The median follow-up was 23.5 months. The 
preoperative serum creatinine levels were 45, 88, 130, and 55 µmol/L, which 
changed to 57, 83, 161, and 64 µmol/L at the last follow-up visit. The 
preoperative glomerular filtration rates of the affected kidneys were 28.3, 
20.2, 28.1, and 29.6 mL/min, which declined to 20.5, 16.6, 26.6, and 24.9 mL/min 
at the last follow-up visit. Radiological imaging showed that the remaining 
renal tissue on the affected side retained normal morphology and structure at 
the last follow-up visit. Overall, our 'unroofing and base excision' technique 
enables the complete removal of tuberculous lesions while maximizing the 
preservation of functional renal tissue.
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BACKGROUND: Tuberculosis (TB) continues to pose a formidable global health 
threat, prompting the exploration of novel treatment strategies. The role of 
trace elements, especially iron, in TB pathogenesis is becoming increasingly 
recognized. Ferroptosis, an iron-dependent cell death process, has emerged as a 
key antimicrobial mechanism. This study aims to investigate whether exosomes 
derived from natural killer cells (NK-exo) can enhance host immune resistance to 
Mycobacterium tuberculosis (MTB) through the regulation of ferroptosis.
METHODS: We evaluated the therapeutic potential of NK-exo in both MTB-infected 
Ana-1 macrophages and a mouse model. Western blotting and RT-qPCR were employed 
to detect changes in the expression of ferroptosis proteins. Histopathological 
damage was assessed via H&E staining, and bacterial loads were quantified by CFU 
assays. To establish ferroptosis suppression as the mechanism through which 
NK-exo mitigates MTB infection, we treated cells with the ferroptosis activator 
RSL3 and examine whether this intervention consequently reversed the protective 
effects of NK-exo.
RESULTS: In both infected macrophages and mouse lung tissues, NK-exo treatment 
reduced the MTB load and effectively suppressed ROS accumulation and 
ferroptosis. Mechanistically, NK-exo exhibited dual regulation of the 
ferroptosis pathway by upregulating the expression of GPX4 while concomitantly 
downregulating the expression of SLC7A11, ACSL4, and TFRC. Crucially, the 
protective effects of NK-exo were abolished by co-treatment with RSL3, 
confirming that its mechanism hinges on the regulation of the ferroptosis 
pathway.
CONCLUSION: NK-exo mitigates MTB infection-induced lipid peroxidation and 
histopathological damage by targeting pivotal regulators of ferroptosis. These 
findings highlight the promise of NK-exo as a novel, cell-free immunotherapeutic 
strategy for Tuberculosis.
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Tuberculosis (TB) remains a leading global infectious disease that demands 
rapid, non-invasive diagnostic solutions. Here, we present a rapid urine-based 
diagnostic platform that integrates desorption separation ionization mass 
spectrometry (DSI-MS) with Amine reagents N-(2-Aminoethyl) piperidine (AED) 
carbonyl derivatization to enhance detection of urinary carbonyl metabolites. 
Minimal sample pretreatment was required: 100 μL urine samples were mixed with 
2 μL AED and an 10 μL internal standard (9-phenylacridine), heated (70 °C, 
5 min), applied to a sand-core filter and analyzed on an LTQ Orbitrap Velos Pro 
coupled to the DSI device (heater 230 °C; positive-ion acquisition m/z 50-500; 
acquisition time 3 min). Using this approach, we identified 65 metabolites (32 
derivatized and 33 underivatized) in urine samples from a cohort of 151 
tuberculosis patients and 151 healthy controls, with samples collected at the 
First Affiliated Hospital of Gannan Medical University and Beijing Hospital. 
Derivatization substantially increased ionization efficiency for 
carbonyl-containing metabolites and expanded coverage of low-abundance species. 
Pathway analysis highlighted perturbation of energy- and nitrogen-related 
metabolism, notably arginine and proline metabolism with elevated ornithine in 
TB patients. A neural-network classifier trained on the combined metabolite 
fingerprint achieved high discriminative performance (AUC = 0.927 on the 
training set and AUC = 0.922 on the test set). These results demonstrate that 
DSI-MS with AED derivatization, combined with machine learning, provides a 
rapid, non-invasive approach for TB screening and yields metabolic insights 
warranting further validation.
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BACKGROUND: The World Health Organization encourages the development of novel 
diagnostic tools based on 'non-sputum' samples to meet global goals for 
tuberculosis (TB) control. We aimed to develop a machine learning-driven model 
for TB diagnosis, using long non-coding RNAs (lncRNAs) as biomarkers.
METHODS: Peripheral blood mononuclear cells (PBMCs) from 10 TB patients, 10 
latent TB infection individuals (LTBI), and 10 healthy controls (HCs) underwent 
microarray analysis, and the TB-related lncRNA modules were identified by 
weighted gene co-expression network analysis (WGCNA). Key lncRNAs were validated 
by qPCR and selected using LASSO regression. Five machine learning algorithms 
were employed to construct a diagnostic model, with the ROC analysis assessing 
its performance.
RESULTS: Based on the differential lncRNA profile, WGCNA identified 12 key 
modules associated with TB. From the most significant modules, 45 candidate 
lncRNAs were validated by qPCR, with 14 showing differential expression among TB 
(n = 192), LTBI (n = 55), HC (n = 66), and NTB (n = 78) groups. Five lncRNAs 
demonstrating the greatest contribution to TB diagnosis were further selected by 
LASSO analysis. AdaBoost algorithm incorporating these five lncRNAs achieved 
optimal diagnostic performance, with an area under the curve (AUC) of 0.97 
(95%CI: 0.95-0.98) in the training cohort (n = 272) and 0.91 (95%CI: 0.86-0.96) 
in the validation cohort (n = 119). Independent validation of the model in 
another cohort (n = 206) showed an AUC of 0.92 (95%CI: 0.88-0.95).
CONCLUSIONS: This study established a novel, blood-based diagnostic model 
incorporating five host-derived lncRNAs with an AdaBoost algorithm, offering a 
non-sputum approach to enhance TB diagnosis.
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AIMS: This study aims to identify predictive plasma protein biomarkers for 
anti-tuberculosis drug-induced liver injury (ATB-DILI) and develop machine 
learning models for pre-treatment risk stratification.
METHODS: In this retrospective nested case-control study, proteomic profiling of 
pre-treatment plasma from 24 patients (12 ATB-DILI, 12 controls) identified 
differentially expressed proteins, which were validated by ELISA in an 
independent cohort (35 ATB-DILI, 37 controls). Multiple machine learning 
algorithms were implemented to develop clinical prediction models and evaluate 
the prognostic value of the identified protein biomarkers.
RESULTS: Proteomic analysis of pre-treatment samples from the exploratory cohort 
identified five significantly differentially expressed proteins: antithrombin 
III, apolipoprotein D, carboxypeptidase B2, Chromogranin-A, and Retinol-binding 
protein 4. These proteins are functionally implicated in inflammatory responses, 
oxidative stress, and drug metabolism pathways. Validation using baseline plasma 
from an independent cohort confirmed consistent expression patterns for all five 
proteins (p < 0.01), with directional changes matching the discovery phase 
findings. The random forest model, built on these pre-treatment biomarkers, 
demonstrated robust predictive performance in the test set (AUC = 0.94, 
sensitivity = 90.0%, specificity = 90.0%, accuracy = 0.90). Importantly, 
consensus across multiple machine learning approaches (GBDT, SVM, GBM, etc.) 
confirmed predictive stability and generalizability of this protein signature 
(inter-model AUC range: 0.85-0.96).
CONCLUSION: This study has successfully identified five pre-treatment plasma 
protein signature that, when incorporated into machine learning models, may 
enable the prediction of ATB-DILI risk, offering potential for early 
intervention in tuberculosis therapy.
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OBJECTIVES: Non-sputum based, child-friendly triage tests are urgently needed to 
achieve accurate diagnosis and monitoring of tuberculosis (TB) in children. We 
aimed to assess an Xpert MTB Host Response (MTB-HR) assay, which provides a TB 
score based on the mRNA expression level of three host genes, for diagnosis and 
differentiation TB in children and adolescents.
METHODS: The multicenter, prospective study was conducted in four provinces of 
China among children and adolescents which were admitted to hospitals for TB or 
latent tuberculosis infection (LTBI) screening. Subjects were included in the 
evaluation of Xpert-MTB-HR from February 2020 to December 2021. Baselines of TB 
scores were analyzed in healthy children and adolescents with various ages. 
Accuracy was evaluated in subjects with various TB status, including 
microbiological data, disease severity and age.
RESULTS: Based on a composite clinical reference standard, among 780 patients 
enrolled, 403, 41, 109, and 227 were diagnosed as TB, LTBI, non-TB infectious 
diseases (DC) and healthy controls (HC), respectively. The mean TB scores 
decreased from 4 (IQR, 3·54-4·46) in infants to 0·91 (IQR, -0·23-2·04) in 
adolescents aged 17-18 years old. Using the composite clinical reference 
standard, the area under curves (AUCs) of the MTB-HR assay in discriminating ATB 
from HC, LTBI, and DC were 0·786 (95% CI, 0·749-0·823), 0·652 (95% CI, 
0·559-0·744) and 0·771 (95% CI, 0·718-0·823), respectively.The optimal cutoff 
value was less than or equal to 2·675, resulting a sensitivity of 75·9% (95% CI, 67·0%-80·9%) and specificity of 70·5% (95%CI, 60·3%-76·7%) in TB diagnosis. The MTB-HR assay showed better auxiliary effect for diagnosis of ATB in children younger than five years of age (AUC, 0·885, 95% CI, 0·824-0·945, P=0·0006). The mean TB scores elevated at one month (P=0·0009) and three months (P=0·0061) after anti-TB treatment initiation.
CONCLUSIONS: The MTB-HR assay showed potential for ATB diagnosis and treatment 
monitoring in children and adolescents, especially in ages under five years old.
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