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BACKGROUND: To investigate the relationship between perceived stigma and sleep 
quality among hospitalized tuberculosis patients, and to examine the indirect 
role of anxiety in this relationship.
METHODS: A cross-sectional study design was employed. A convenience sample of 
2179 tuberculosis patients was selected and assessed using the TB-Related Stigma 
Scale (TSS), the Self-Rating Anxiety Scale (SAS), and the Pittsburgh Sleep 
Quality Index (PSQI). The indirect effect of anxiety was examined using the 
PROCESS macro (Model 4; Hayes, 2018) with 5000 bootstrap resamples to generate 
95% bias-corrected confidence intervals for indirect effects.
RESULTS: Perceived stigma was positively associated with PSQI scores (r = 0.143, 
p < 0.01), indicating that higher perceived stigma was associated with poorer 
sleep quality. Perceived stigma was also positively correlated with anxiety (r = 
0.180, p < 0.01), and anxiety was positively associated with PSQI scores (r = 
0.446, p < 0.01), suggesting that higher anxiety was also associated with poorer 
sleep quality.
CONCLUSION: Perceived stigma was indirectly associated with sleep quality 
through anxiety. These findings suggest that perceived stigma and anxiety may be 
potential contributing factors related to sleep quality in this population. 
Given the cross-sectional design, they should be interpreted as 
hypotheses-generating rather than evidence of causal intervention effects; 
future intervention studies may consider combined approaches-such as cognitive 
behavioral therapy together with social support and anxiety-management 
interventions-to examine whether targeting perceived stigma and anxiety improves 
sleep outcomes.
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Mycobacterial-derived lipid-linked galactan (LLG) is an essential component of 
the Mycobacterial tuberculosis (Mtb) cell wall core arabinogalactan (AG), a 
well-established virulence factor and target of anti-tubercular drugs. 
Cross-membrane translocation of LLG is energetically unfavorable and is 
therefore catalyzed by WzmWzt, a prominent member of the polysaccharide ABC 
transporter sub-family. Here we present cryo-EM structures of WzmWztMtb to 
uncover critical steps of Mtb LLG translocation. Notably, densities suggestive 
of the mycobacterial-derived LLG substrates were observed in the structure of 
WzmWztMtb, indicating that the substrate may bind through two Wzm and two Wzt 
subunits. This proposed LLG binding is fulfilled by a fully upward extension of 
the Wzt gate helix, which serves as a critical step to prime Wzt for 
dimerization. The ATP-bound structure revealed a remarkable downward movement of 
the gate helix, together with the Wzt dimerization. The third, DDM/ATP-bound 
structure captured WztWzmMtb in an intermediate state with two DDM molecules in 
the Wzm central cavity. Using two conditional mycobacterial mutants for 
functional analyses, we have identified residues on the Wzm N-terminal interface 
helix (IFN) and on the Wzt helical domain are essential for LLG recognition and 
translocation in vivo. These data provide a clear structural basis for the 
development of Mtb cell wall targeted therapeutics for global tuberculosis 
treatment.
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BACKGROUND: Environmental factors, particularly temperature-related exposures, 
are increasingly recognized as important determinants of tuberculosis (TB) 
disease progression and symptom manifestation. However, the evidence regarding 
the associations of heat exposure, cold exposure, and diurnal temperature range 
(DTR) with newly diagnosed TB remains limited and inconsistent.
METHODS: Data from Anhui Province between 1 January 2015 and 31 December 2024 
were analyzed using a two-stage analytical framework based on a time-stratified 
case-crossover study design. City-specific associations between temperature and 
TB were pooled using a random-effects meta-analysis. Effect estimates were 
presented as relative risks (RRs) with corresponding confidence intervals (CIs).
RESULTS: A total of 243,577 newly diagnosed TB cases were reported during the 
study period. Compared with the median daily mean temperature, extreme heat 
exposure (95th percentile of daily mean temperature) was positively associated 
with newly diagnosed TB (RR = 1.218, 95% CI = 1.171, 1.267). In contrast, 
extreme cold exposure (fifth percentile of daily mean temperature) was 
negatively associated with newly diagnosed TB (RR = 0.837, 95% CI = 0.784, 
0.893). Additionally, a greater DTR (95th percentile) was positively associated 
with newly diagnosed TB compared with the median DTR (RR = 1.320, 95% CI = 
1.153, 1.512). These associations remained robust across multiple sensitivity 
analyses.
CONCLUSION: Environmental temperature conditions are significantly associated 
with TB diagnosis. These findings suggest that temperature variability may 
influence the timing of TB diagnosis and highlight the importance of 
incorporating meteorological information into climate-sensitive TB surveillance 
and public health preparedness.

Copyright © 2026 The Authors. Published by Wolters Kluwer Health, LLC. on behalf 
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OBJECTIVES: Non-sputum-based diagnostic tests are a priority for tuberculosis 
(TB) control. However, studies regarding urine lipoarabinomannan (LAM) tests in 
HIV-negative population remain limited. This study aimed to evaluate the 
accuracy of FujiLAM II for pulmonary TB among HIV-negative outpatients in 
primary-level healthcare settings.
METHODS: A prospective cohort study was conducted among outpatients with 
presumptive pulmonary TB and healthy controls in rural China. Urine samples from 
all participants were tested by FujiLAM II. Diagnostic accuracy was assessed 
against liquid culture, molecular test, microbiological reference standard (MRS) 
and composite reference standard (CRS).
RESULTS: 408 presumptive pulmonary TB patients and 144 healthy controls were 
included, which were entirely HIV-negative. Among presumptive patients, 125 
(30.6%) were MRS-positive and 149 (36.5%) were CRS-positive. All healthy 
controls were LAM-negative. Using liquid culture as the reference standard, 
FujiLAM II had a sensitivity of 35.8% (95% CI 26.4-46.3) and a specificity of 
94.2% (95% CI 90.9-96.5). Against molecular assay, the sensitivity and 
specificity were 30.3% (95% CI 22.3-39.5) and 94.5% (95% CI 91.0-96.7). The 
sensitivities were 29.6% (95% CI 21.9-38.5) and 29.5% (95% CI 22.5-37.6) against 
MRS and CRS, respectively, with the corresponding specificities of 94.7% (95% CI 
91.2-96.9) and 96.9% (95% CI 93.8-98.6). LAM-positive cases had a significantly 
shorter median liquid-culture time to positivity (9.5 vs 14.8 days, P = 0.002) 
and were more frequently smear-positive (35.3% vs 13.3%, P = 0.018) than 
LAM-negative cases, suggesting that bacillary burden may influenced FujiLAM II 
results.
CONCLUSIONS: FujiLAM II could serve as a complementary tool with high 
specificity but limited sensitivity for pulmonary TB diagnosis among 
HIV-negative outpatients in primary healthcare settings.
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BACKGROUND: The neutrophil CD64 (nCD64) index has emerged as a promising 
biomarker for infection detection, but its evaluation within the mycobacterial 
infection spectrum remains limited. Here, we evaluated the diagnostic and 
treatment response performance of the nCD64 index in the active tuberculosis 
(ATB)-including pulmonary tuberculosis (PTB) and extrapulmonary tuberculosis 
(ePTB), and non-tuberculous mycobacterial (NTM) disease, and determined whether 
it adds value beyond standard inflammatory indicators.
METHODS: We measured the nCD64 index in a cross-sectional cohort comprising 248 
participants across five groups: ATB, latent tuberculosis infection (LTBI), NTM, 
bacterial pulmonary infection (PI) and healthy donors (HD). Patients with ATB 
and NTM had not received anti-mycobacterial treatment at the time of enrollment. 
Diagnostic performance was assessed by receiver operating characteristic (ROC) 
curve analysis, and incremental value beyond white blood cell (WBC) count and 
C-reactive protein (CRP) was evaluated by comparing an area under the curve 
(AUC) with and without nCD64 index. In a separate longitudinal cohort of 244 
participants, nCD64 index was measured at baseline and months 1-3 of 
anti-mycobacterial therapy, and longitudinal trajectories were compared between 
treatment-naive and retreatment patients using a linear mixed-effects (LME) 
model.
RESULTS: nCD64 index was markedly elevated in ATB compared to all other groups 
(all p < 0.001). It discriminated ATB from LTBI with an AUC of 0.739 and PTB 
from NTM with an AUC of 0.744. Addition of nCD64 index to WBC count 
significantly improved AUC in four diagnostic comparisons with gains of 0.12 to 
0.34, most markedly for PTB versus PI. nCD64 index was significantly higher in 
PTB than NTM (p < 0.001) with limited stratification by clinical features. In 
the longitudinal cohort, nCD64 index declined progressively from month 1 in both 
PTB and NTM patients and remained lower through month 3. Treatment-naive 
patients exhibited significantly steeper decline trajectories than retreatment 
patients (PTB p < 0.001, NTM p = 0.004).
CONCLUSION: The nCD64 index discriminates ATB from LTBI and NTM, adds diagnostic 
value beyond routine inflammatory markers, and tracks serial changes during 
treatment in both ATB and NTM. Treatment-naive patients showed more pronounced 
decline trajectories, supporting particular utility of the nCD64 index for 
tracking initial treatment response. It warrants further evaluation as a 
complementary biomarker in the clinical management of mycobacterial infections.
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BACKGROUND: DNA damage repair-related genes (DDR-RGs) may shape tuberculosis 
(TB) pathogenesis, but their molecular characteristics, diagnostic utility, and 
cellular context remain insufficiently defined.
METHODS: We integrated multiple GEO transcriptome datasets, identified 
differentially expressed genes, constructed weighted gene co-expression network 
analysis modules, and intersected these results with curated DDR-RGs to obtain 
candidate genes. An ensemble framework of 110 machine-learning model 
combinations was used to select diagnostic markers, followed by external 
validation, consensus clustering, immune infiltration analysis, single-cell 
RNA-seq evaluation, and Comparative Toxicogenomics Database-based 
compound-association analysis.
RESULTS: The integrated training cohort included 134 samples; 94 differentially 
expressed genes and a 392-gene key module were identified, yielding 25 candidate 
DDR-RGs. The Ridge + SVM model performed best and selected ETV7, STAT1, FBXO6, 
and TAP1 as core DDR-RGs, achieving AUCs of 0.991, 0.925, 0.939, and 0.981 in 
the training and three validation cohorts. Consensus clustering separated TB 
patients into two DDR-related subtypes, with Cluster 1 enriched in 
immune-related pathways and characterized by distinct immune-cell infiltration. 
Single-cell analysis revealed cell-type-specific expression of core DDR-RGs in 
pulmonary TB, and compound-association analysis identified 35 candidate 
compounds, including six associated with multiple core genes.
CONCLUSION: These findings characterize DDR-related molecular heterogeneity in 
TB and support ETV7, STAT1, FBXO6, and TAP1 as candidate diagnostic biomarkers 
and exploratory candidates for host-directed studies.
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This study aims to analyze the temporal trends, interprovincial differences, and 
key predictors of Tuberculosis Outpatient Visits (TOV) in China. It provides 
empirical evidence for understanding regional differences in 
tuberculosis-related outpatient service uti- lization. Panel data from 30 
Chinese provinces from 2012 to 2024 were used. The study included variables 
related to economic development, health resources, education resources, 
environmental governance, pollutant emissions, and technological innovation. 
Correlation analysis, model comparison, and XGBoost-SHAP analysis were applied. 
From 2012 to 2024, TOV showed a gradual upward trend and clear interprovincial 
differences. Shanghai, Fujian, Guangdong, and Zhejiang had relatively higher 
total recorded outpatient volumes. XGBoost showed the best predictive 
performance among all candidate models (R2 = 0.8154). SHAP results identified 
Disposable Income Per Capita (DIPC), University Staff (USTF), Domestic Patent 
Applications (DPA), Hospital Beds (HBED), and Technology Market Turnover (TMT) 
as the main predictors. Environmental governance and pollutant emission vari- 
ables had lower overall contributions, but they still showed nonlinear 
predictive contributions in some value ranges. The findings suggest that 
interprovincial differences in TOV are jointly associated with economic 
development, health resources, education resources, environmental governance, 
and technological innovation. TOV mainly reflects outpatient service utilization 
and case detection capacity. It should not be interpreted as a direct measure of 
tuberculosis incidence risk.
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Drug-resistant tuberculosis(TB) presents a significant challenge to global 
efforts to control the disease. Addressing this issue requires a comprehensive 
understanding of drug resistance in Mycobacterium tuberculosis (M.tb). The 
clustered regularly interspaced short palindromic repeat (CRISPR) and 
CRISPR-associated protein (Cas) system are efficient genome-editing tools for 
various organisms and have facilitated new research directions regarding drug 
resistance in M.tb. This review summarizes recent progress in applying 
CRISPR/Cas technology to investigate drug resistance mechanisms in 
M.tuberculosis and discusses the potential of the CRISPR/Cas system as an 
integrated platform to transform research paradigms and enhance understanding of 
M.tuberculosis drug resistance mechanisms.
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Tuberculosis (TB) remains a leading cause of infectious disease mortality 
worldwide. However, underdiagnosis and delayed diagnosis continue to facilitate 
disease transmission. Tongue swab sampling has emerged as a promising 
non-invasive alternative for the diagnosis of pulmonary TB. This study evaluated 
the diagnostic performance of the Eiken TB-LAMP assay when utilizing tongue swab 
specimens and refined the processing protocols following tongue swab collection. 
In this prospective study, consecutive outpatients with suspected pulmonary 
tuberculosis who were able to provide sputum specimens were enrolled. Tongue 
swab specimens were tested using the WHO-endorsed Eiken TB-LAMP platform (EIKEN 
CHEMICAL CO., LTD., Tokyo, Japan). Sputum samples were analyzed by Xpert MTB/RIF 
and culture tests. The microbiological reference standard (MRS) was defined as 
positivity by either sputum culture or Xpert MTB/RIF. Diagnostic performance was 
compared to both MRS and Xpert MTB/RIF assay. Among the 243 enrolled 
participants, 136 (56.0%) were MRS-positive, and 107 (44.0%) were MRS-negative. 
The tongue swab Eiken TB-LAMP assay achieved a sensitivity of 80.2% (95% CI: 
72.5%-86.1%) and a specificity of 94.6% (95% CI: 88.8%-97.5%) compared to sputum 
Xpert MTB/RIF, and 80.1% sensitivity (95% CI: 72.7%-86.0%) and 98.1% specificity 
(95% CI: 93.4%-99.7%) compared to the MRS. Sensitivity varied by bacterial load, 
ranging from 100% (95% CI: 77.2%-100.0%) in high-load cases to 62.5% (95% CI: 
45.3%-77.1%) in very-low-load cases. The Eiken TB-LAMP assay using tongue swabs 
offers a rapid, reliable, and non-invasive diagnostic alternative for TB 
diagnosis with high specificity and favorable sensitivity. It could 
significantly reduce the current diagnostic gap, facilitating earlier 
intervention and helping to curb the ongoing transmission of tuberculosis in 
high-burden regions.
IMPORTANCE: Effective control of the disease caused by the bacterium 
Mycobacterium tuberculosis is often hindered by the challenges of collecting 
sputum samples and the high costs associated with specialized laboratory 
equipment. This study examines a new diagnostic approach using tongue swabs 
combined with loop-mediated isothermal amplification (LAMP). Unlike traditional 
methods that can be difficult for patients to perform and risky for healthcare 
workers to manage, tongue swabs are non-invasive, safe, and easy to collect. 
Because LAMP amplifies DNA under isothermal conditions without requiring thermal 
cycling, it is more affordable and requires minimal infrastructure, making it 
particularly suitable for clinics in remote or resource-limited areas. By 
demonstrating that this approach is effective, the research provides a 
foundation for faster and more accessible diagnosis. This shift could 
significantly improve patient care and help bridge the global gap in detecting 
this infectious disease.
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BACKGROUND: While the pulmonary microbiota may influence TB pathogenesis, direct 
comparisons between drug-sensitive (DS-TB) and multidrug-resistant (MDR-TB) 
patients remain scarce. This study explored microbiome differences between these 
groups.
METHODS: Bronchoalveolar lavage fluid (BALF) from 30 prospective patients (11 
DS-TB, 19 MDR-TB) was analysed via metagenomic sequencing.
RESULTS: Patients with MDR-TB showed lower α-diversity and distinct β-diversity 
compared with patients with DS-TB. Streptococcus and Prevotella were relatively 
enriched in DS-TB, whereas Staphylococcus, Cutibacterium, and Mycobacterium were 
more abundant in MDR-TB. DS-TB showed enrichment of 45 carbohydrate-active 
enzyme families and core metabolic annotations, whereas MDR-TB showed enrichment 
of infection- and immunity-related functional annotations and a less connected 
taxonomic network. An exploratory random forest analysis identified six 
candidate genera and yielded an internally cross-validated AUC of 0.957.
CONCLUSIONS: MDR-TB was associated with lower pulmonary microbial diversity, 
altered community composition, and shifts in predicted microbial functions. 
These findings characterise lower-airway microbiome differences between DS-TB 
and MDR-TB and provide a basis for further validation.
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BACKGROUND: Multidrug-resistant tuberculosis (MDR-TB) is a critical global 
health challenge. Whether environmental, nutritional, and socioeconomic factors 
are associated with MDR-TB remains insufficiently investigated.
METHODS: We analyzed outcome and exposure data from the Global Burden of Disease 
(GBD) Study and four additional databases covering 201 countries and territories 
from 1990 to 2021. Sex ratio, diabetes prevalence, and HIV/AIDS burden were 
regressed out of each outcome before analysis. Every candidate exposure was then 
both regressed against the confounder-adjusted outcome and correlated with it. 
Benjamini-Hochberg adjusted P values, together with correlation strength, 
determined which factors were retained for display. Effects are expressed as the 
absolute change per interquartile range (IQR) increase in exposure. 
Drug-susceptible tuberculosis served as a control outcome.
RESULTS: Per IQR of exposure, unsafe sanitation was associated with 13.9 more 
prevalent cases per 100,000 (95% CI 13.0-14.7) and 2.87 more deaths per 100,000 
(2.72-3.03); unsafe water source with 11.2 (10.5-12.0) and 2.64 (2.49-2.78); and 
polluting fuels for cooking with 10.7 (9.8-11.6) and 2.74 (2.58-2.89). After 
further adjustment for GDP per capita and health expenditure, six associations 
remained significant, including unsafe sanitation, unsafe water source, absence 
of handwashing facilities and underweight (e.g., unsafe sanitation 2.8 per 
100,000 per IQR, P < 0.001). Most of these associations were stronger for 
drug-susceptible disease than for MDR-TB, with the exception of diet low in 
fruits.
CONCLUSIONS: Unsafe sanitation, unsafe water source, and polluting fuels for 
cooking are the population-level factors most strongly associated with MDR-TB 
burden. These associations are largely shared with drug-susceptible 
tuberculosis, supporting their integration into tuberculosis control efforts as 
a whole.
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Tuberculosis (TB) remains the leading global cause of death from a single 
infectious agent and a major fatal infectious disease worldwide. However, the 
Bacillus Calmette-Guérin (BCG) vaccine-currently the only licensed TB vaccine in 
clinical practice-has critical limitations in preventing latent infection and 
disease reactivation, failing to deliver comprehensive protective immunity. 
Given these gaps, targeting Mycobacterium tuberculosis (M.tb) antigens with 
strong immunogenic potential is a key strategy for next-generation TB vaccine 
development. The pathogenic M.tb harbors the Pro-Glu (PE) and Pro-Pro-Glu (PPE) 
motif gene families, named for their N-terminal conserved proline (P) and 
glutamic acid (E) residues, which are increasingly recognized as promising 
vaccine targets due to their roles in host-pathogen interaction and immune 
modulation. To address BCG's limitations, this study selected the PE/PPE family 
members Rv0832 and Rv3653 for full-length gene synthesis to construct a fusion 
antigen designated ZMM6, which was expressed using the pET-28a vector. The 
immunogenicity of the ZMM6 subunit vaccine was then evaluated in M.tb-infected 
human cohorts and animal models. The results showed that the fusion protein ZMM6 
induced peripheral blood mononuclear cells (PBMCs) from M. tb-infected 
individuals to secrete high levels of IFN-γ, IL-2, and IL-6 cytokines. Moreover, 
the levels of cytokine secretion induced by the fusion protein were higher than 
those induced by the individual subunit proteins, suggesting that the fusion 
protein possesses higher immunogenicity. In mice immunized with the protein 
vaccine (adjuvant formulation) ZMM6/MnJ, high titers of various IgG subclass 
antibodies were elicited, with the immune response skewed toward a Th1-type 
profile, accompanied by robust induction of multiple Th1-type cytokines. Flow 
cytometry (FCM) analysis further revealed a significant increase in CD4+IFN-γ+ 
single-positive T cells in ZMM6/MnJ-immunized mice. Collectively, these findings 
demonstrate that the protein vaccine (adjuvant formulation) ZMM6/MnJ exhibits 
strong immunogenicity.
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RATIONALE: Outdoor PM2.5 has been increasingly implicated in tuberculosis, yet 
evidence has largely focused on total PM2.5 mass and has usually considered 
Mycobacterium tuberculosis (M. tuberculosis) infection and active tuberculosis 
separately. Whether specific PM2.5 chemical constituents differ in their 
associations with infection and subsequent progression to active disease remains 
unclear.
OBJECTIVES: To assess the associations of PM2.5 and five major constituents with 
M. tuberculosis infection and subsequent progression to active tuberculosis 
within the same high-risk population.
METHODS: We conducted two complementary analyses among student close contacts of 
tuberculosis patients from 458 schools in 12 cities in eastern China during 
2020-2024. Daily residential outdoor exposures were assigned from daily modeled 
estimates of PM2.5 and five major constituents (sulfate, nitrate, ammonium, 
organic matter, and black carbon) on an approximately 10-km grid, which were 
interpolated to geocoded addresses. We first assessed associations between 
exposure averaged over the five years preceding contact screening and M. 
tuberculosis infection identified by the ESAT6-CFP10 skin test during the 
contact investigation. We then followed infected students identified at the 
contact screening to examine associations between time-varying annual exposure 
and progression to active tuberculosis.
RESULTS: Among 40,379 students, 1,269 had M. tuberculosis infection, and 70 
infected students progressed to active tuberculosis during follow-up. Each 
1-µg/m3 increase in PM2.5 was associated with higher infection risk (OR: 1.043; 
95% CI: 1.018, 1.068) and progression risk (HR: 1.094; 95% CI: 1.010, 1.185). 
All five constituents were positively associated with infection (ORs: 
1.156-5.390). Sulfate, nitrate, and ammonium were also positively associated 
with progression to active tuberculosis (HRs: 1.462-2.680). The findings 
remained generally consistent in sensitivity analyses.
CONCLUSIONS: In this large multi-city close-contact study, PM2.5 was associated 
with both M. tuberculosis infection and subsequent progression to active 
tuberculosis. Three secondary inorganic aerosol (SIA) constituents, namely 
sulfate, nitrate, and ammonium, showed the most consistent association patterns 
across the two outcomes. These findings reinforce the importance of overall 
PM2.5 control and support further evaluation of coordinated reductions in SIA 
precursor emissions.
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Despite recent advances, tuberculosis (TB) remains a complex global health 
challenge, with its causative bacterium, Mtb, actively manipulating host 
cellular metabolism to survive. Therefore, studying mitochondrial 
metabolism-related genes is crucial, as they offer a promising avenue for 
identifying diagnostic biomarkers and developing new host-directed therapies to 
combat the disease. This study integrated transcriptomic datasets from three TB 
cohorts in the Gene Expression Omnibus (GEO) database (training set: GSE83456; 
validation sets: GSE42826 and GSE19444). Differential analysis was performed 
using the "limma" package (with |logFC| > 1 and adjusted p-value < 0.05) to 
identify mitochondrial metabolism-related differentially expressed genes. 
Diagnostic biomarkers were determined by combining weighted gene co-expression 
network analysis (WGCNA), and the effectiveness of the model was evaluated using 
receiver operating characteristic (ROC) curve analysis. Immune infiltration 
characteristics were assessed via single-sample gene set enrichment analysis 
(ssGSEA) and Cell-type Identification by Estimating Relative Subsets of RNA 
Transcripts (CIBERSORT), pathway enrichment analysis was conducted through GSEA, 
molecular subtypes were classified using the non-negative matrix factorization 
(NMF) algorithm, and MicroRNA (miRNA) and transcription factor (TF) regulatory 
networks were predicted using "miRNet" and "NetworkAnalyst". We identified 3 
mitochondrial metabolism-related biomarkers (TYMP, SCO2, GK) with remarkable 
diagnostic performance (area under the curve [AUC] = 0.973 across cohorts). 
These genes were closely associated with altered immune infiltration patterns, 
characterized by enhanced inflammatory responses in macrophages and monocytes, 
along with a reduction in T-cell subsets. These genes are associated with 
ribosome and innate immune pathways. Furthermore, tuberculosis patients were 
stratified into two distinct molecular subtypes exhibiting specific immune 
microenvironment features. Regulatory network analysis revealed hsa-miR-10b-5p 
and transcription factor hubs (SP3/SP1) as potential master regulators. This 
study identifies a mitochondrial metabolism-based gene signature for TB 
diagnosis, revealing novel host-pathogen mechanisms and enabling potential 
targeted therapies for precision medicine.
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BACKGROUND: Spinal epidural abscess caused by tuberculosis is a rare but serious 
complication of spinal tuberculosis. Its atypical presentation predisposes to 
diagnostic delay and a poor prognosis. This case not only documents the clinical 
and radiologic evolution of tuberculous spinal epidural abscess but also 
suggests that delays in diagnosis and treatment may jointly contribute to 
serious neurological outcomes.
CASE PRESENTATION: A 39-year-old man initially underwent acupotomy for recurrent 
low back pain with recent exacerbation. Subsequent imaging revealed a paraspinal 
abscess within the erector spinae muscle. Ten days later, the abscess was 
drained. However, the patient experienced rapidly progressive neurological 
deficits, including bilateral lower limb weakness. Magnetic resonance imaging 
revealed long-segment epidural granulation tissue compressing the spinal cord, 
and etiological testing confirmed tuberculosis infection. Due to prolonged 
delays in diagnosis and surgical decision, the patient remained paraplegic for 
five days before being transferred to our hospital, where he underwent spinal 
canal decompression and debridement. Nevertheless, permanent paraplegia 
persisted after the intervention.
CONCLUSIONS: For patients with intractable back pain of suspected spinal origin, 
early Magnetic resonance imaging is recommended to rule out spinal epidural 
abscess and to assess the necessity of surgical intervention. Once neurological 
deficits develop, early diagnosis, timely surgery, and appropriate 
anti-tuberculosis therapy are key to improving outcomes in patients with 
tuberculous spinal epidural abscess. The prognosis for patients with rapidly 
progressive, complete paraplegia is generally poor.
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BACKGROUND: Host genetic background plays a crucial role in Mycobacterium 
tuberculosis infection and the development of pulmonary tuberculosis. This study 
aims to investigate the association between the polymorphisms of the CCL5, 
P2RX7, and SP110 genes and the pathogenesis of inactive pulmonary tuberculosis.
METHODS: Identify hub genes based on GEO transcriptome data. A case-control 
study was conducted, enrolling 154 patients with inactive Pulmonary Tuberculosis 
(comprising 84 untreated and 70 treated cases) and 87 controls. Peripheral blood 
DNA was extracted, and six polymorphic loci within the SP110, CCL5, and P2RX7 
genes were genotyped using PCR and DNA sequencing. Univariate and multivariate 
logistic regression analyses were performed to evaluate genotypic and allelic 
distributions.
RESULTS: Two hub genes, SP110 and CCL5, were identified from the transcriptome 
data. At the SP110 rs9061 locus, the frequency of the A allele was lower in the 
untreated group compared to the control group, showing nominal significance 
(P = 0.015); however, this association did not remain significant after FDR 
correction (PFDR  = 0.09). After adjusting for multiple factors, the A allele 
showed a nominally significant association with reduced IPTB risk (P = 0.042). 
Furthermore, although interaction (P = 0.682) and homogeneity tests (P = 0.584) 
were not statistically significant, limited subgroup sample sizes preclude 
claiming true homogeneity across subgroups. CMH stratified analysis revealed a 
nominally significant association (P = 0.034). Importantly, these adjusted 
results do not overcome the multiple-testing issue.
CONCLUSIONS: The A allele at the SP110 rs9061 locus may show a suggestive and 
exploratory association with decreased susceptibility to inactive pulmonary 
tuberculosis.
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BACKGROUND: Differentiating pulmonary tuberculosis (PTB) from community-acquired 
pneumonia (CAP) in children remains a significant diagnostic challenge. This 
study aimed to evaluate the diagnostic value of serum S100A8/A9 in pediatric 
populations.
METHODS: This multicenter prospective study enrolled 1,629 children aged 0∼≤ 18 years with definitive diagnostic classifications, including a discovery cohort 
(n = 1,092) and a validation cohort (n = 537). Participants were stratified into 
three groups: PTB (Confirmed, Unconfirmed), CAP (Viral, Bacterial, Mycoplasma 
pneumoniae, Mixed), and healthy controls (HC). Serum S100A8/A9 levels were 
quantified by enzyme-linked immunosorbent assay, and diagnostic performance was 
assessed using ROC analysis.
RESULTS: In both cohorts, S100A8/A9 levels were markedly lower in PTB than in 
CAP but higher than in healthy controls. (both p < 0.001). For distinguishing 
PTB from CAP, S100A8/A9 achieved AUC values of 0.916 (95% CI: 0.895-0.937, 
sensitivity 87.1%, specificity 81.8%) in the discovery cohort and 0.932 (95% CI: 
0.906-0.958, sensitivity 87.5%, specificity 86.4%) in the validation cohort. 
Compared with all CAP etiological subgroups, PTB children had the lowest 
S100A8/A9 levels, with the highest AUC of 0.954 for PTB vs. Mycoplasma 
pneumoniae CAP. Age-stratified analysis revealed excellent discriminatory 
performance in children aged 5-18 years (AUC = 0.955 for PTB versus overall 
CAP). but impaired in children under 5 years (AUC = 0.838 for PTB versus overall 
CAP), with lower sensitivity (57.4%) for discriminating PTB from Viral-CAP. 
Furthermore, a concentration-dependent distribution was observed, with higher 
S100A8/A9 levels associated with a decreasing proportion of PTB and an 
increasing proportion of CAP. In children aged 5-18 years, levels < 1,000 ng/mL 
were predominantly PTB (92.1%), and levels > 1,900 ng/mL were highly predictive 
of CAP (96.8%).
CONCLUSIONS: Serum S100A8/A9 is a promising potential biomarker for 
distinguishing pediatric PTB from CAP, characterized by age-related distribution 
and concentration-dependent diagnostic pattern.
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Bedaquiline has transformed the treatment of multidrug- and rifampicin-resistant 
tuberculosis (MDR/RR-TB) and is now a core component of contemporary all-oral 
regimens. However, translating its distinctive pharmacokinetic properties into 
individualized clinical management remains challenging. Bedaquiline exhibits 
food-enhanced absorption, extensive plasma protein binding, broad but 
heterogeneous tissue distribution, cytochrome P450 3A4-mediated metabolism to 
the N-monodesmethyl metabolite M2, and prolonged persistence caused by tissue 
sequestration and slow redistribution. These features contribute to substantial 
interindividual variability, clinically important drug-drug interactions, 
delayed accumulation, and residual exposure long after treatment 
discontinuation. This narrative review synthesizes current evidence on the 
absorption, distribution, metabolism, and elimination of bedaquiline; population 
pharmacokinetic models and determinants of exposure variability; target-site 
penetration; pharmacokinetics in children, pregnancy, organ dysfunction, and HIV 
coinfection; and clinically relevant interactions with antituberculosis and 
antiretroviral drugs. We also critically evaluate exposure-efficacy and 
exposure-toxicity relationships, including evidence from bedaquiline-containing 
multidrug regimens, and examine the potential roles of therapeutic drug 
monitoring, minimum inhibitory concentration-normalized exposure indices, and 
model-informed precision dosing. Current evidence supports administration with 
food, avoidance of potent CYP3A inducers, caution during prolonged CYP3A 
inhibition, and intensified electrocardiographic and electrolyte monitoring when 
QT-prolonging agents are combined. Nevertheless, no plasma, M2, 
area-under-the-curve, or susceptibility-normalized exposure target has been 
prospectively validated for routine dose adjustment. Covariate effects 
identified by population models are inconsistent across cohorts, and 
pharmacokinetic evidence remains limited in several special populations. 
Individualized assessment may therefore be appropriate when clinically 
meaningful uncertainty exists, but empirical departure from standard dosing is 
not currently justified. Progress toward precision dosing will require 
standardized sampling and susceptibility testing, measurement of unbound and 
target-site exposure, externally validated pharmacokinetic-pharmacodynamic 
models, and prospective demonstration that exposure-guided interventions improve 
clinical outcomes.
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BACKGROUND: Pulmonary tuberculosis (PTB) is characterized by prolonged 
host-pathogen interaction, chronic granulomatous inflammation, and sustained 
exposure to Mycobacterium tuberculosis (Mtb) antigens. How Mtb antigen-specific 
CD8+ T cell differentiation states relate to clinical disease activity and 
severity remains incompletely defined. This study investigated the clinical 
relevance of a terminal differentiation-associated phenotype within 
Ag85A-specific CD8+ T cells across clinically defined states of Mtb infection 
and disease.
METHODS: A total of 124 participants were enrolled, including 55 patients with 
PTB, 33 individuals with latent tuberculosis infection (LTBI), and 36 healthy 
controls (HCs). Peripheral blood mononuclear cells were analyzed by flow 
cytometry to quantify KLRG1+CD28⁻CD57+ cells among HLA-A*02:01-restricted 
Ag85A48-56 tetramer+CD8+ T cells. Associations with active disease, sputum smear 
status, clinical severity, selected host-status parameters, and exploratory 
treatment-related outcomes were assessed.
RESULTS: Patients with PTB showed a significantly higher proportion of 
KLRG1+CD28⁻CD57+ Ag85A-specific CD8+ T cells than HCs. This phenotype was 
enriched in active PTB and was associated with clinically relevant features of 
disease burden, including sputum smear positivity, higher smear grade, 
lymphocyte imbalance, and severe pulmonary involvement. Patients with severe PTB 
had higher proportions of this subset than patients with non-severe PTB. In 
receiver operating characteristic analysis, this phenotype showed exploratory 
in-cohort discriminative potential for distinguishing severe from non-severe 
PTB, with an apparent area under the curve of 0.8333 (95% CI, 0.7268-0.9398; 
P<0.0001); patient-level bootstrap resampling yielded a bias-corrected AUC of 
0.8333.
CONCLUSIONS: The accumulation of KLRG1+CD28⁻CD57+ Ag85A-specific CD8+ T cells is closely associated with active and clinically severe PTB. Rather than 
establishing a causal mechanism, these findings identify an antigen-specific, 
terminal differentiation-associated CD8+ T-cell phenotype as a potential 
translational immune correlate of disease severity in human Mtb infection. Its 
discriminative ability should be regarded as preliminary and requires external 
validation in larger, prospective, and independently recruited cohorts.
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Tuberculosis (TB), caused by the Mycobacterium tuberculosis complex (MTBC), is a 
persistent global health crisis, remaining the world's leading infectious 
killer. There were abundant outer membrane proteins (OMPs) distributed in the 
bacterial cell wall, while fewer proteins were identified and characterized as 
antigens that could induce protective antibodies against TB. The OMPs of BCG 
were extracted with the detergent N-octyl-β-D-glucopyranoside, and the extracted 
proteins were used to immunize mice to generate an antibody library. 
Subsequently, the library underwent HAT/HT screening, and five specific 
monoclonal antibodies (mAbs) targeting OMPs with higher titers named 9C5, 14E9, 
9F6, 7B10, and 6F4 were obtained. Among the five mAbs, 9C5, 14E9, and 9F6 could 
increase macrophage phagocytosis, inhibit the mycobacteria growth in peripheral 
blood mononuclear cells (PBMCs), and enhance the fusion of phagosomes and 
lysosomes in macrophages. Mice were immunized with the three antibodies before 
being challenged with M. bovis, among which two antibodies, 14E9 and 9C5, 
exhibited a preventive effect against TB infection. Furthermore, antibody 9C5 
also showed a therapeutic effect, characterized by significant decreases in lung 
burden and ameliorated lung lesions. The antigens targeted by the two antibodies 
9C5 and 14E9 were identified by coimmunoprecipitation (co-IP) combined with mass 
spectrometry (MS), and the results demonstrated that antibodies 9C5 and 14E9 
recognize BCG_2760c and MPB83, respectively. This research promotes a better 
understanding of host protective humoral immunity by BCG vaccination and the 
roles of antibodies in TB vaccine design and development.
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INTRODUCTION: Mycobacterium tuberculosis (Mtb) infects approximately one-quarter 
of the global population, of whom 5%-10% develop active tuberculosis (TB). 
Although Bacillus Calmette-Guérin (BCG) remains the cornerstone vaccine against 
severe infant TB, its efficacy in adults is limited, underscoring the need for 
novel TB vaccines. This study aimed to design a multi-epitope vaccine, tMEV, and 
validate its protective potential through bioinformatic prediction and in vivo 
experiments.
METHODS: tMEV was constructed from dominant T- and B-cell epitopes derived from 
Mtb ESAT-6, PE35, PPE38, and PE4 proteins, fused with an adjuvant. Its vaccine 
candidacy was assessed via physicochemical and solubility profiling, secondary 
and tertiary structure modeling, TLR-4 molecular docking, molecular dynamics 
simulation, and immune simulation. The tMEV coding sequence was cloned into 
pMV361 and transformed into BCG to generate recombinant BCG (rBCG-tMEV). 
Immunogenicity, antigenicity, and protective efficacy were evaluated in mouse 
immunization and Mtb challenge models.
RESULTS: tMEV exhibited favorable vaccine-like properties in silico. In mice, 
both tMEV and rBCG-tMEV induced Mtb-specific immune responses. Compared with 
PBS, tMEV significantly enhanced cellular and humoral immunity with a Th2-biased 
profile. Relative to conventional BCG, rBCG-tMEV elicited a superior mixed 
Th1-Th2 response and higher antigen-specific immunity, accompanied by increased 
secretion of IFN-γ, IL-2, TNF-α, granzyme B, and perforin. Moreover, rBCG-tMEV 
markedly reduced bacterial loads in the lungs and spleens of Mtb-infected mice, 
conferring partial protection.
DISCUSSION: These findings demonstrate that tMEV and rBCG-tMEV possess robust 
immunogenicity and protective potential against Mtb, representing promising 
novel TB vaccine candidates and providing a rationale for future vaccine 
development and optimization.
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Invasive infection is a significant complication following renal 
transplantation. Due to long-term immunosuppressive therapy, renal transplant 
recipients are at high risk for fungal infections and tuberculosis, which are 
also major causes of mortality in this population. Triazole drugs, as first-line 
agents for invasive fungal infections, can cause fluctuations in the blood 
levels of immunosuppressants due to drug-drug interactions. Furthermore, the 
concomitant use of antituberculosis drugs further complicates the balance 
between maintaining immunosuppression and anti-infective therapy, often 
presenting a challenge to clinical decision-making. This article discusses the 
role of the clinical pharmacist in the treatment of a renal transplant recipient 
who developed concurrent pulmonary tuberculosis and aspergillus infection. By 
recommending initial regimens, adjusting doses during outpatient follow-ups, and 
assessing adverse drug reactions, the clinical pharmacist provided systematic 
pharmaceutical services. This collaboration assisted physicians in developing a 
personalized treatment plan, ultimately achieving favorable therapeutic outcomes 
for the patient.
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CRISPR-based nucleic acid detection is challenged by protospacer adjacent motif 
(PAM) dependency, amplicon consumption and single-tube multiplexing barriers, 
and poor discrimination of single-nucleotide variations (SNVs). These 
limitations are particularly acute in detecting Mycobacterium tuberculosis (MTB) 
and rifampicin (RIF) resistance mutations for tuberculosis (TB) diagnostics. 
Herein, we devised TB-SCANER, a broad-spectrum, one-pot CRISPR-Cas12a diagnostic 
platform for MTB detection and RIF resistance profiling. The assay employs two 
unlocking single-stranded RNAs (uLsRNAs) transcribed from RPA products to unlock 
four cis-cleavage-locked CRISPR-Cas12a systems via distinct locking 
single-stranded RNAs (LsRNAs), establishing a two-to-four hybrid logic: one 
uLsRNA carries a single unlocking module for the M channel (targeting mpb64 
gene), whereas the other contains three tandem modules engaging LsRNAs for 
subregions R1, R2, R3 within rpoB gene. With genomic DNA, detection limits are 
50 fg/reaction (∼10 copies) for mpb64 and 500 fg/reaction (∼100 copies) for 
rpoB. The assay reliably identified clinically dominant rpoB mutations 
(Leu511Pro, Asp516Gly, His526Tyr, Ser531Leu) and low-prevalence variants 
(Ser522Met, His526Arg, Leu533Pro). For cultured isolates, TB-SCANER was 100% 
concordant with Sanger sequencing for RIF resistance mutation profiling; in 
clinical samples, it matched Xpert for MTB detection (100%), outperformed 
culture sensitivity (100% vs. 93.8%), and was fully concordant with Sanger 
sequencing for RIF resistance, eliminating Xpert's false-positive while 
identifying all resistant strains. Collectively, TB-SCANER is a rapid, accurate, 
low-cost, one-pot CRISPR diagnostic that overcomes multiplexing barriers, 
enabling concurrent MTB detection and RIF resistance profiling particularly in 
resource-limited settings, and features built-in adaptability to other 
pathogens.
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Mycobacterium tuberculosis remains a major global public health threat, imposing 
significant socioeconomic burdens. Current molecular diagnostics rely heavily on 
nucleic acid extraction and specialized equipment, which limits their use in 
resource-limited settings. We developed a rapid, sensitive platform suitable for 
point-of-care detection by integrating FTA cards with ERA/RT-ERA amplification 
and CRISPR/Cas12a, enabling direct analysis of samples without conventional 
nucleic acid purification. Leveraging FTA cards for efficient nucleic acid 
release and stable preservation, we established assays targeting IS6110, esxB, 
gyrB, and the RNA target ASdes. Integration of FTA-based sample processing, 
ERA/RT-ERA amplification, and Cas12a detection enables fast and reliable 
identification of nucleic acid markers. The detection limits were 12.5 pM for 
IS6110, 6.25 pM for esxB, 25 pM for gyrB, and 12.5 pM for ASdes. Our results 
showed strong concordance between endpoint fluorescence and qPCR results, 
demonstrating robust quantitative performance for both DNA and RNA targets. In 
clinical serum samples, the fluorescence readouts and lateral flow strip outputs 
showed strong concordance with quantitative PCR results across all four targets. 
Collectively, the FTA-ERA-CRISPR/Cas12a platform serves as a practical and 
offers a reliable approach for rapid tuberculosis diagnosis at the point of 
need. This integrated multiple distinct targets strategy provides a versatile 
framework for portable molecular diagnostics and holds promise for improving TB 
case detection in resource-limited settings.
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BACKGROUND: Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb) and 
remains a major global health challenge. Although host immunity is critical for 
controlling infection, the role of upper respiratory tract commensal microbiota 
in anti-mycobacterial defense remains unclear. This study investigated whether 
commensal bacteria from close contacts of patients with TB, who remained 
persistently tuberculin skin test- (TST) and QuantiFERON-TB (QFT) Gold-negative 
after long-term exposure, produce factors capable of inhibiting mycobacterial 
growth.
METHODS: Throat swabs were collected from close contacts of patients with TB and 
subjected to ex vivo enrichment culture. Cell-free microbial culture 
supernatants were tested for activity against Bacillus Calmette-Guérin (BCG), 
H37Rv, and Mycobacterium smegmatis (M. smegmatis) in cell-free culture and 
THP-1-derived macrophage infection models. Microbiota composition was analyzed 
by 16S ribosomal ribonucleic acid (rRNA) gene amplicon sequencing, and 
functional strains were isolated and identified by whole-genome sequencing. The 
physicochemical properties of active components were examined using ethanol 
precipitation and proteinase K digestion. Autophagy-related proteins were 
assessed by Western blotting, and in vivo activity was evaluated in mouse models 
of M. smegmatis and BCG infection.
RESULTS: Supernatants from selected throat swab cultures significantly inhibited 
mycobacterial growth and reduced intracellular bacterial burdens in macrophages. 
Microbiota analysis and functional screening identified Streptococcus oralis (S. 
oralis) as a candidate anti-mycobacterial commensal. The culture supernatant of 
an isolated S. oralis strain inhibited BCG, H37Rv, and M. smegmatis, and 
decreased intracellular mycobacterial survival. Its activity was enriched in 
ethanol-precipitated fractions and was markedly reduced after proteinase K 
digestion, suggesting proteinaceous or peptide-like active components. Treatment 
with S. oralis supernatant reduced mTOR and p62 expression and increased LC3B-II 
abundance, consistent with activation of autophagy-related pathways. Oral 
administration of the supernatant reduced bacterial loads in mouse infection 
models.
CONCLUSIONS: Upper respiratory tract-derived S. oralis may contribute to 
anti-mycobacterial defense by producing protease-sensitive bioactive molecules 
and modulating macrophage autophagy-related pathways. These findings support 
further investigation of respiratory commensal-derived products as potential 
host-directed anti-TB strategies.
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BACKGROUND: Latent tuberculosis infection (LTBI) affects nearly a quarter of the 
world's population, yet current diagnostic tools are suboptimal. 
Interferon-γ-inducible protein 10 (IP-10) has been proposed as a candidate 
biomarker, but its diagnostic value for LTBI among high-risk groups is unclear. 
To address this, we performed a systematic review and meta-analysis to assess 
the accuracy of Mycobacterium tuberculosis (Mtb) antigen-induced IP-10 for 
detecting LTBI among high-risk groups.
METHODS: PubMed, Web of Science, Embase, Scopus, and the Cochrane Library were 
searched up to April 2026. Cohort and cross-sectional studies evaluating Mtb 
antigen-induced IP-10 for LTBI diagnosis in high-risk groups were included. A 
bivariate random-effects model and a hierarchical summary receiver operating 
characteristic model were used to estimate and summarize the overall diagnostic 
performance.
RESULTS: Nineteen articles comprising 24 studies (2,014 participants) were 
included. The pooled sensitivity, specificity, positive and negative likelihood 
ratios, diagnostic odds ratio, and area under the curve of Mtb antigen-induced 
IP-10 were 0.81, 0.88, 6.93, 0.21, 32.56, and 0.91, respectively, indicating 
good diagnostic performance of Mtb antigen-induced IP-10 for detecting LTBI 
among high-risk groups. The bivariate boxplot, meta-regression and subgroup 
analysis identified no significant source of heterogeneity.
CONCLUSION: Mtb antigen-induced IP-10 is a promising biomarker for detecting 
LTBI among high-risk groups. It may serve as a useful adjunct to IGRAs and TST, 
although its clinical utility requires further validation.
SYSTEMATIC REVIEW REGISTRATION: https://www.crd.york.ac.uk/prospero/, identifier 
CRD420261388089.
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