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Why can genetically susceptible Mycobacterium tuberculosis (Mtb) survive months 
of otherwise effective chemotherapy? The persister concept gave this problem a 
powerful name, but its expanding use has increasingly blurred distinct causes of 
residual survival. Slow killing, stress-adapted physiology, residence in 
protective host niches, inadequate local drug exposure, and the capacity to 
recover after treatment can all leave viable bacilli behind, yet they do not 
represent the same therapeutic problem. The central challenge is therefore not 
simply to detect survivors, but to connect these observations across treatment 
and determine where irreversible killing fails. We use State-Niche-Exposure-Fate 
(SNEF) to make this causal chain explicit, not to replace established assays or 
definitions. Pyrazinamide serves as a worked model because its sterilizing 
activity reflects the interaction of bacterial State, lesion context, and 
effective Exposure rather than conventional susceptibility alone. This shifts 
the experimental question from whether Mtb is a "persister" to which step from 
susceptibility to irreversible death remains open. Closing that step may offer a 
more direct route to durable sterilization and shorter tuberculosis therapy.

© 2026 Published by Elsevier B.V. on behalf of Wuhan University.

DOI: 10.1016/j.cellin.2026.100358
PMCID: PMC13629190
PMID: 42825073

2. mLife. 2026 Oct 1:10.1002/mlf2.70101. doi: 10.1002/mlf2.70101. Online ahead of print.

z-VAD-FMK triggers macrophage necroptosis during mycobacterial infection via a 
non-canonical off-target mechanism.

Hu R(1), Li P(1), Han J(1), Huang J(2), Huang G(2), Jiang X(3), Pfau D(3), Li 
G(2), Gong YN(4)(5)(6), Nathan CF(3), Zhang L(1)(7).

Rong Hu, Pei Li, Jie Han, Jiamin Huang, Guoyi Huang, Xiuju Jiang, Daniel Pfau, Guobao Li, Yi-Nan Gong, Carl F Nathan, Li Zhang*
*Correspondence: Li Zhang, zhangl3@sustech.edu.cn

Author information:
(1)Department of Immunology and Microbiology, School of Life Sciences Southern 
University of Science and Technology Shenzhen China.
(2)Shenzhen Third People's Hospital The Second Affiliated Hospital of Southern 
University of Science and Technology Shenzhen China.
(3)Department of Microbiology and Immunology Weill Cornell Medicine New York New 
York USA.
(4)Department of Immunology University of Pittsburgh School of Medicine 
Pittsburgh Pennsylvania USA.
(5)Tumor Microenvironment Center, UPMC Hillman Cancer Center University of 
Pittsburgh Pittsburgh Pennsylvania USA.
(6)Cancer Immunology and Immunotherapy Program UPMC Hillman Cancer Center 
Pittsburgh Pennsylvania USA.
(7)National Clinical Research Center for Infectious Diseases (SHENZHEN) Shenzhen 
China.

Macrophages are the predominant cell type infected by Mycobacterium tuberculosis 
(Mtb) in tuberculosis (TB). Death of Mtb-infected macrophages promotes tissue 
pathology and releases Mtb to infect other cells, suggesting that inhibiting the 
death of Mtb-infected macrophages could be an adjunctive treatment of TB. 
Prospects for such an intervention depend on identifying the molecular pathways 
leading to cell death. We previously reported that the death of Mtb-infected 
mouse macrophages in vitro depends on type I interferons (IFNs) and lysosomal 
membrane permeabilization contributes to cell death. Here, we report that the 
death of Mtb-infected primary mouse macrophages in vitro became necroptotic in 
the presence of a pan-caspase inhibitor, benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone (z-VAD-FMK, hereafter called z-VAD) acting on a target other than caspase-8. Macrophages infected with Mycobacterium kansasii or Rhodococcus equi likewise underwent z-VAD-dependent necroptosis. In TB-resistant C57BL/6 mice, the deficiency of the key necroptosis executioner, mixed lineage kinase domain-like (MLKL), did not affect bacterial burden or pulmonary pathology. In contrast, in mice lacking the IFN repressor SP140, which express high levels of type I IFNs after Mtb infection and develop necrotic pulmonary lesions, MLKL-deficiency reduced bacterial burden and pathology after high-dose infection. This report illustrates that off-target action(s) of a caspase-8 inhibitor can switch the cell death pathway to necroptosis in macrophages infected with several Gram-positive pathogens and highlights that necroptosis can exacerbate TB. Identifying the target of z-VAD may help to delineate how necrotic lesions form in TB.
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Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB), has regained its 
position as the world's leading killer among infectious diseases. Despite 
extensive research progress across epidemiology, diagnosis, drug development, 
treatment regimens, vaccines, drug resistance, virulence factors, and immune 
mechanisms, MTB-related knowledge remains fragmented across thousands of 
publications, limiting its application in research and clinical practice. To 
address this gap, we present MTB-KB, a literature-curated knowledgebase that 
systematically integrates high-impact findings from eight major sections of TB 
research. The current release contains 75,170 associations from 1246 
publications, covering 18,439 entities standardized using authoritative 
databases and WHO-endorsed classifications. A central feature is the interactive 
knowledge graph, which links cross-section associations to reveal and visualize 
MTB-host interactions, treatment strategies, and vaccine development 
opportunities. MTB-KB also provides a user-friendly interface with browsing, 
advanced search, and statistical visualization. Overall, by consolidating 
dispersed MTB knowledge into a structured and accessible platform, MTB-KB 
provides a valuable resource for researchers, clinicians, and policymakers, 
supporting both basic and clinical TB research, enabling evidence-based TB 
prevention, diagnosis, and treatment, and contributing to global elimination 
efforts. MTB-KB is accessible at https://ngdc.cncb.ac.cn/mtbkb/.
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OBJECTIVES: para-Aminosalicylic acid is an antifolate prodrug activated in the 
folate biosynthesis pathway of Mycobacterium tuberculosis (Mtb), ultimately 
inhibiting dihydrofolate reductase encoded by dfrA. Mutations in dfrA coding and 
upstream regions have not been thoroughly investigated. This study aimed to 
assess mutations in dfrA and its upstream regulatory region in clinical Mtb 
isolates.
METHODS: We retrieved and analysed 6547 whole-genome sequences of Mtb clinical 
isolates. We identified 29 SNPs in the dfrA coding region and eight mutations in 
the thyA-dfrA upstream region. The most prevalent coding mutations and upstream 
mutations were selected for functional evaluation using thermal stability 
analysis, GFP reporter assays and para-aminosalicylic acid drug susceptibility 
test (DST).
RESULTS: The coding mutations Trp142→Gly, Gln28→Leu and Arg32→Pro were analysed 
for protein thermal stability and para-aminosalicylic acid susceptibility. 
Gln28→Leu showed increased thermal stability relative to the WT, whereas 
Trp142→Gly and Arg32→Pro exhibited reduced stability. Consistently, 
para-aminosalicylic acid DST demonstrated that Gln28→Leu conferred an 8-fold 
increase in para-aminosalicylic acid resistance, while Trp142→Gly and Arg32→Pro remained phenotypically susceptible. Moreover, GFP reporter assays revealed that G70T, G59T and C48A increased promoter activity by 13-fold, 4-fold and 3-fold, respectively, whereas the remaining mutations showed no significant effect. 
Findings were verified by para-aminosalicylic acid DST, where G70T, G59T and 
C48A showed para-aminosalicylic acid resistance compared with WT.
CONCLUSIONS: By integrating genomic analysis with functional assays of thermal 
stability, promoter activity and drug susceptibility, this study demonstrated 
that mutations in dfrA coding and upstream regulatory regions contribute to 
para-aminosalicylic acid resistance in Mtb clinical isolates.
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OBJECTIVES: The Beijing Lineage of Mycobacterium tuberculosis is a globally 
widespread family of strains, notable for its high transmissibility and 
association with multidrug resistance. Its ongoing expansion threatens global 
tuberculosis control, necessitating an updated understanding of its prevalence 
and distribution to guide public health interventions.
METHODS: We conducted a systematic review and meta-analysis following PRISMA 
guidelines, searching PubMed, Embase, Web of Science, and Scopus for 
genotyping-based studies on Beijing Lineage prevalence published before December 
31, 2024. Pooled prevalence was calculated using a random-effects model. 
Subgroup analyses were performed by Molecular typing method, WHO region, and 
time period. Heterogeneity (I²) and publication bias were assessed.
RESULTS: Analysis of 356 studies yielded a global pooled Beijing Lineage 
prevalence of 41% (95% CI 38%-43%), but this estimate should be interpreted with 
caution given substantial heterogeneity (I² = 99.8%) and publication 
bias.Prevalence varied significantly by WHO region, being highest in the Western 
Pacific (63%) and lowest in the Eastern Mediterranean (6%). High-resolution 
genotyping (whole-genome sequencing) reported a higher prevalence (47%) compared 
to low-resolution methods (31%), suggesting that WGS should be considered the 
gold standard for accurate detection. A temporal peak of 48% was observed in 
2014-2018, declining to 42% in 2019-2024, potentially linked to COVID-19 
disruptions. WHO region was the primary source of heterogeneity. Publication 
bias was present.
CONCLUSIONS: This systematic evaluation demonstrated a 41% global prevalence of 
the Beijing lineage of M.tuberculosis with substantial geographical variation 
and the critical impact of genotyping methodology on prevalence estimates, 
providing essential evidence for targeted tuberculosis control strategies.
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STUDY DESIGN: A multicenter retrospective study.
OBJECTIVE: This study aims to propose a novel classification for single-segment 
thoracolumbar tuberculosis (TLTB) and test its reliability for clinical 
application.
SUMMARY OF BACKGROUND DATA: The classifications of spinal tuberculosis reported 
by studies exhibit certain limitations with low utilization.
METHODS: The proposed classification included 3 types of single-segment TLTB 
based on lesion extent, vertebral and/or intervertebral disc height loss, 
sagittal index, spinal instability, and neurological deficit: type I, involves 
an intervertebral disc or a single vertebral body or an intervertebral disc 
along with its adjacent superior and inferior vertebrae, without spinal 
instability, subdivided into 3 subtypes according to lesion extent; type II 
involves the affected segment with concomitant spinal instability, divided into 
4 subtypes according to lesion extent and bone defects; type III involves an 
intervertebral disc and its adjacent superior and inferior vertebrae, with 
spinal instability and kyphosis, divided into 3 subtypes according to bone 
defects. The reliability of the classification was assessed by 10 observers 
twice from different institutions at a 1-month interval. The Fleiss Kappa 
coefficient and Spearman correlation analysis were performed.
RESULTS: A total of 210 patients were included in study, with type Ia (16 cases, 
7.6%), type Ib (19 cases, 9.0%), type Ic (24 cases, 11.4%), type IIa (20 cases, 
9.5%), type IIb (23 cases, 11.0%), type IIc (19 cases, 9.0%), type IId (28 
cases, 13.3%), type IIIa (19 cases, 9.0%), type IIIb (24 cases, 11.4%), and type 
IIIc (18 cases, 8.6%). Interobserver reliability was "nearly perfect," with a 
mean Fleiss Kappa coefficient of 0.85, and all Spearman correlation coefficients 
exceeded 0.9. Intraobserver reliability was also "nearly perfect," with a mean 
Fleiss Kappa coefficient of 0.88 and a mean Spearman correlation coefficient of 
0.97.
CONCLUSIONS: The proposed classification demonstrates excellent reliability and 
provides a standardized framework for single-segment TLTB.
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PURPOSE: Anti-tuberculosis drug-induced liver injury (AT-DILI) is a common and 
clinically significant adverse event during tuberculosis treatment. Previous 
studies have frequently reported an increased risk of AT-DILI among patients 
coinfected with hepatitis B virus (HBV) and/or hepatitis C virus (HCV). This 
review aims to explore potential mechanisms underlying this heightened 
susceptibility and to discuss prevention considerations for patients with 
tuberculosis and HBV/HCV coinfection.
METHODS: We conducted a comprehensive literature search across PubMed, Web of 
Science, and Google Scholar, supplemented by clinical guidelines and 
authoritative reports, to identify relevant studies published through August 
2026. Relevant articles were screened and thematically organized to synthesize 
evidence on risk estimation, underlying mechanisms, and prevention 
considerations.
RESULTS: Available evidence indicates that HBV/HCV coinfection is associated 
with increased AT-DILI risk, with the magnitude varying by viral activity, 
baseline liver disease, and virological indicator selection. Higher viral loads 
appear more closely associated with AT-DILI risk. Potential mechanisms include 
immune-inflammatory changes, altered drug metabolism, reduced hepatic reserve, 
and virus-specific liver injury, including HBV reactivation. These observations 
inform preventive strategies targeting these risks and potential mechanisms, 
including baseline hepatic and virological assessment, dynamic monitoring, 
antiviral therapy, individualized anti-tuberculosis regimen optimization, and 
selective use of hepatoprotective agents.
CONCLUSION: HBV/HCV coinfection increases the risk of AT-DILI and warrants 
active clinical attention. Future efforts should focus on individualizing 
prevention based on virological and hepatic status, while validating emerging 
biomarkers and artificial intelligence-based predictive tools to refine risk 
identification.
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Sarcoidosis is a systemic granulomatous disorder, and chylothorax is a rare but 
severe pleural complication of this disease and exhibits a prominent diagnostic 
overlap with tuberculosis. The present study reported the case of a 48-year-old 
woman who was admitted in May 2018 with chronic cough and chest tightness. After 
hospitalization for 17 days, comprehensive examinations excluded tuberculosis 
and malignancy, and the patient was finally diagnosed with sarcoidosis 
complicated with pleural effusion. Treatment with prednisone combined with 
therapeutic thoracentesis was initiated to relieve symptoms. Chylothorax 
developed on hospital day 22, and a low-fat diet was added to the treatment 
regimen; however, 20 days after therapy initiation, the persistent chylothorax 
showed no notable improvement. Following multidisciplinary consultation, 
methotrexate was added as adjuvant therapy to control sarcoidosis activity. The 
patient's symptoms then improved, and the patient was discharged on hospital day 
49 with oral medications. Clinical remission was achieved at the 3-month 
follow-up; however, new tuberculous lesions were identified in the left lung at 
the 6-month follow-up. Methotrexate was discontinued immediately, prednisone was 
gradually tapered to a maintenance dose, and standardized anti-tuberculosis 
therapy was initiated. At the 12-month follow-up, pulmonary tuberculosis had 
achieved clinical cure following a 6-month course of treatment. 
Anti-tuberculosis therapy was continued for an additional 3 months as 
consolidation treatment before discontinuation, whereas maintenance-dose 
prednisone was continued to control the underlying sarcoidosis. No evidence of 
sarcoidosis or tuberculosis recurrence was identified at the 25- or 39-month 
follow-up. Prednisone was gradually tapered and ultimately withdrawn, and the 
patient achieved a favorable long-term outcome. The present case report 
describes a patient with sarcoidosis-associated chylothorax who developed 
new-onset pulmonary tuberculosis during immunosuppressive treatment, 
highlighting the challenges associated with the differential diagnosis and 
clinical management of complicated sarcoidosis. Although combination therapy 
with prednisone and methotrexate was temporally associated with improvement of 
the chylothorax, clinicians should remain aware regarding the risk of 
opportunistic infections.
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Gastrointestinal adverse reactions occur in up to 71.8% of patients receiving 
anti-tuberculosis drugs (ATDs), and acid-suppressing agents are frequently 
co-prescribed to alleviate these symptoms. Direct evidence from human studies 
demonstrates that ATDs alone reduce gut microbial diversity, deplete short-chain 
fatty acid (SCFA)-producing bacteria, and promote opportunistic pathogen 
overgrowth. Concurrently, acid suppressants, particularly proton pump inhibitors 
(PPIs), raise intragastric pH and facilitate oral-to-gut translocation of 
bacteria, independently disrupting microbiota composition and metabolic 
pathways. In this review, we systematically examine the distinct effects of ATDs 
and acid suppressants on the gut microbiota, the role of the gut-lung axis in 
tuberculosis immunity, and, on the basis of mechanistic evidence, propose a 
theoretical cascade under dual exposure: synergistic microbiota depletion, dual 
metabolic pathway inhibition, immune homeostasis imbalance, and potentially 
worsened clinical outcomes. This cascade represents a hypothesis-generating 
framework derived from preclinical and mechanistic studies, rather than an 
established clinical pathway, and the critical links from dysbiosis to delayed 
sputum conversion, poor lesion resolution, or increased drug-induced liver 
injury currently lack direct human confirmation. On the basis of the available 
evidence, we recommend that clinicians strictly follow indications for acid 
suppressants, prefer H₂ receptor antagonists(H2RAs) over PPIs, and limit 
treatment to the shortest effective duration. Probiotics and other 
microbiota-targeted interventions show promise as adjunctive strategies, but 
their long-term efficacy remains to be validated. Large-scale prospective 
studies are urgently needed to test the hypothesized cascade, confirm the direct 
impact of combined therapy on treatment outcomes, and establish microbiota-based 
biomarkers for predicting therapeutic response.
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Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), remains the 
leading infectious cause of mortality worldwide, with an estimated 1.25 million 
deaths in 2023. Despite therapeutic advances, the lack of precise early 
screening tools continues to impede epidemic control. Long non-coding RNAs 
(lncRNAs) have emerged as essential modulators of host anti-Mtb immunity, and 
elucidating their functional mechanisms is pivotal for developing effective 
interventions. This review systematically synthesizes lncRNA-mediated immune 
regulation during Mtb infection, with emphasis on their roles in modulating 
immune cell death, extending beyond apoptosis to encompass necrosis and 
pyroptosis. Importantly, we provide a comprehensive analysis of lncRNAs and 
related gene polymorphisms as predictive biomarkers for anti-TB drug-induced 
adverse reactions. Current research gaps and future priorities are also 
discussed. Together, the dual potential of lncRNAs as molecular diagnostics and 
candidate targets for host-directed therapy represents a promising frontier in 
TB management.
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BACKGROUND: Climate variability may influence tuberculosis (TB) burden, but 
associations between the El Niño-Southern Oscillation (ENSO) and TB incidence 
remain poorly characterized across China.
OBJECTIVE: To quantify associations of ENSO and meteorological factors with TB 
notification incidence and assess regional and age-specific heterogeneity.
METHODS: Monthly TB surveillance data from 31 provincial-level administrative 
divisions in mainland China during 2005-2020 were analyzed using quasi-Poisson 
regression with distributed lag nonlinear models. Meteorological variables were 
examined alongside ENSO, with adjustment for relevant environmental and 
socioeconomic covariates. Subgroup analyses were conducted by geographic region 
and age group.
RESULTS: ENSO-related associations emerged at approximately 9 months, peaked at 
10 months, and persisted for about 3 months. At lag 9 months, strong El Niño and strong La Niña conditions were associated with higher TB notification incidence than neutral conditions, with relative risks (RRs) of 1.048 (95% CI, 
1.007-1.091) and 1.058 (95% CI, 1.032-1.085), respectively. Temperature showed a 
U-shaped association with TB notification incidence. Relative humidity of 67-87% 
was associated with higher TB notification incidence, peaking at 81% (RR, 1.101; 
95% CI, 1.063-1.140). Regional and age-stratified analyses indicated 
heterogeneous exposure-response patterns.
CONCLUSIONS: ENSO and local meteorological factors were associated with TB 
notification incidence through nonlinear and delayed exposure-response patterns. 
Climate forecasts may provide supplementary information for climate-sensitive TB 
surveillance within the environmental dimension of One Health.
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INTRODUCTION/OBJECTIVE: This study aimed to characterize the distributions of 
Th17 and regulatory T (Treg) cells and the associated interleukin-21 (IL-21) 
signaling in patients with human immunodeficiency virus (HIV) and Mycobacterium 
tuberculosis (Mtb) coinfection.
METHODS: This cross-sectional study included 54 participants in each of three 
groups: HIV/Mtb coinfection, Mtb monoinfection, and healthy control. Peripheral 
blood mononuclear cells were isolated using Ficoll-Hypaque density gradient 
centrifugation. The percentages of Th17 and Treg cells, the Th17/Treg ratio, and 
the mean fluorescence intensity of IL-21 receptor (IL-21R) expression on Th17 
cells were quantified by flow cytometry. Serum IL-21 concentrations were 
measured by enzyme-linked immunosorbent assay. Group comparisons were performed 
using non-parametric Kruskal-Wallis and Mann-Whitney U tests as appropriate.
RESULTS: The Th17/Treg cell ratio was significantly lower in both patient groups 
compared to the healthy control group (HIV/Mtb coinfection: 1.40 ± 0.35; Mtb 
monoinfection: 1.34 ± 0.28; healthy control: 2.50 ± 0.60; both p<0.001). Within 
the patient cohorts, the ratio was marginally but significantly higher in the 
HIV/Mtb coinfection group (p=0.047), primarily due to a higher proportion of 
Th17 cells (9.8±2.1% vs. 8.0±1.8%; p=0.021). Treg cell proportions did not 
differ significantly among the three groups (p=0.325). IL-21R expression on Th17 
cells was higher in the HIV/Mtb coinfection group than in the Mtb monoinfection 
group (35.2±5.1% vs. 28.5±4.3%; p=0.035), while serum IL-21 levels were lower 
(105.0±20.0 pg/mL vs. 120.5±25.0 pg/mL; p=0.032). All patient values were lower 
than those in healthy controls (both p<0.001).
DISCUSSION: The concurrent findings-partial elevation of Th17/Treg ratio, 
compensatory upregulation of IL‑21R on Th17 cells, and profound systemic IL‑21 
deficiency-suggest a dysregulated immune nexus in HIV/Mtb coinfection. This 
profile may reflect an attempt to mount Th17‑mediated responses against Mtb 
within a globally compromised immune system, potentially leading to ineffective 
pathogen control and heightened immunopathology. The IL‑21 axis appears 
critically impaired, with target cells possibly hypersensitized to scarce ligand 
via receptor upregulation.
CONCLUSION: HIV/Mtb coinfection is associated with a distinct immunoprofile 
featuring a partially restored but still imbalanced Th17/Treg ratio, 
compensatory upregulation of IL-21R on Th17 cells, and systemic IL-21 
deficiency. This dysregulated Th17/Treg-IL-21 axis may underlie the unique 
immunopathology of coinfection and warrants further investigation as a source of 
biomarkers or therapeutic targets.

Copyright© Bentham Science Publishers; For any queries, please email at 
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Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB), remains a leading 
global infectious killer with a heavy disease burden in China, exacerbated by 
the spread of multidrug/rifampicin-resistant TB and critical limitations of 
conventional chemotherapy-including poor drug penetration, severe systemic 
toxicities, and low treatment compliance. Liposomal delivery systems offer 
unique advantages for anti-TB therapy, yet their development is hindered by 
inconsistent preparation processes, low drug loading efficiency, and the lack of 
a standardized quality evaluation framework. In this study, the thin-film 
hydration method, combined with ultrasonic treatment and filtration, was used to 
prepare rifampicin-loaded nanoliposomes with different 
phospholipid-to-cholesterol ratios. A validated high-performance liquid 
chromatography (HPLC) method was established to determine encapsulation 
efficiency and drug loading. Dynamic light scattering and transmission electron 
microscopy (TEM) were used to characterize particle size, zeta potential, and 
microscopic morphology, and in vitro drug release profiles were analyzed by 
dissolution testing. The optimized liposomes exhibited high encapsulation 
efficiency, ideal drug loading, uniform nanoscale particle size, good storage 
stability, and sustained in vitro drug release. This work provides standardized 
experimental methods and a comprehensive quality evaluation system for the 
development of anti-TB liposomes, supporting the clinical translation of 
liposomal delivery systems for TB treatment.
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Tuberculosis (TB), caused by Mycobacterium tuberculosis, reclaimed its status as 
the deadliest single-pathogen infectious disease globally in 2023, accounting 
for 10.8 million new cases and 1.25 million deaths in 2023. The escalating 
crisis of drug-resistant TB, suboptimal BCG vaccine efficacy in adults, and 
persistent treatment gaps for vulnerable populations collectively drive an 
urgent shift toward mechanism-driven, precision-oriented therapeutic 
strategies.This review presents a critically integrated appraisal of anti-TB 
research advances spanning 2020 to 2025, drawing on structural biology, 
multi-omics, and real-world clinical evidence. It distinguishes itself from 
conventional descriptive literature compilations through systematic 
cross-population efficacy comparisons, in-depth dissection of translational 
bottlenecks, and explicit maturity stratification of emerging biotherapies. We 
synthesize progress across six interconnected domains: mechanistic insights into 
drug targets and spatiotemporal resistance evolution, novel short-course 
therapeutic regimens, precision medicine strategies, host-directed therapies, 
targeted delivery systems for extrapulmonary TB, and next-generation vaccine 
development. Three transformative breakthroughs are particularly highlighted: 
structural biology-guided rational drug design, spatial immune profiling of 
tuberculous granulomas, and AI-assisted diagnostic pipelines.We conclude by 
delineating priority research directions aligned with the WHO End TB Strategy, 
providing a translational roadmap to advance global TB elimination efforts. This 
rigorous, multi-dimensional synthesis offers an authoritative reference for 
advancing basic and translational anti-TB research and informing global public 
health strategy.
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BACKGROUND: Tuberculosis (TB) remains a leading infectious killer, with high 
burden concentrated in China and wider Central Asia. Integrated long-term trend 
analysis and forecasting for this region are scarce. We aimed to quantify TB 
burden trends, drivers, inequalities, and 2050 projections across China and 
wider Central Asia (1990-2023).
METHODS: We used Global Burden of Disease 2023 data to estimate age-standardized 
incidence, prevalence, mortality, and disability-adjusted life years (DALYs). 
Joinpoint, age-period-cohort, decomposition, and Bayesian APC models were 
applied. Socioeconomic inequalities were assessed via Socio-demographic Index 
(SDI) and Concentration Index.
RESULTS: China achieved steep declines in age-standardized mortality (-94.2%) 
and DALYs (-92.4%), driven by epidemiological gains offsetting population growth 
and aging. Central Asia improved moderately but heterogeneously; population 
growth diluted gains, with Tajikistan showing rising absolute burden. TB burden 
correlated negatively with SDI; socioeconomic inequality fell markedly, 
especially for mortality (-69.0%), but persisted among low-SDI groups. By 2050, 
model projections suggest that mortality targets may be achievable under current 
trends, although uncertainty remains substantial.
CONCLUSIONS: China has undergone a substantial TB epidemiological transition 
characterized by marked declines in mortality and DALYs. Targeted 
interventions-latent TB treatment in China, accelerated case finding and 
cross-border collaboration in Central Asia-and strengthened regional cooperation 
are critical to advance regional TB elimination.

Copyright: © 2026 Tuohetaerbaike et al. This is an open access article 
distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided 
the original author and source are credited.

DOI: 10.1371/journal.pone.0358349
PMCID: PMC13652273
PMID: 42853791 [Indexed for MEDLINE]

17. Expert Rev Mol Diagn. 2026 Oct 10:1-12. doi: 10.1080/14737159.2026.2744694. 
Online ahead of print.

A novel serum four-biomarker biosignature and field-deployable colloidal gold 
strip for accurate identification of subclinical and active tuberculosis.

Feng J(1), Duan H(1).

Jingyuan Feng, Hongfei Duan*
*CONTACT Hongfei Duan，dhf708978@163.com

Author information:
(1)Tuberculosis Department, Beijing Chest Hospital, Capital Medical University / 
Beijing Tuberculosis and Thoracic Tumor Research Institute, Beijing, China.

BACKGROUND: Current TB diagnostics fail to detect subclinical and paucibacillary 
cases, hindering End TB Strategy goals. We validated a novel serum 
four-biomarker biosignature and developed a colloidal gold strip for accurate 
subclinical and active TB identification.
METHODS: A total of 280 participants (HC, PN, STB, ATB; n = 70 each) were 
enrolled. Serum PDGFC, CXCL9, CXCL11, and CCL1 were measured by ELISA in 
training (n = 200) and external validation (n = 80) cohorts. Six 
machine‑learning algorithms built diagnostic models. A four-plex colloidal gold 
strip with simplified visual criteria was developed and compared against smear, 
TB DNA, and IGRA.
RESULTS: All biomarkers were significantly elevated in STB/ATB versus HC/PN 
(p < 0.001), confirming Mtb-specific responses. Logistic regression achieved 
97.5% validation sensitivity. The strip using a '≥2 positive lines' criterion 
yielded 96.0% sensitivity, 95.0% specificity, 95.5% accuracy, and outperformed 
conventional tests, effectively identifying smear-negative subclinical TB.
CONCLUSIONS: This biosignature is a robust TB diagnostic tool. The companion 
strip offers a rapid, sputum-free, instrument-minimal solution for decentralized 
screening, bridging biomarker discovery and field application in 
resource-limited settings.
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Tuberculosis (TB) can progress despite substantial systemic immune activation, 
indicating that protection and immunopathology are shaped not only by the 
magnitude of host responses but also by their organization within individual 
lesions. TB granulomas are heterogeneous tissue ecosystems in which cellular 
composition, necrosis, vascular access, extracellular-matrix remodeling, 
metabolic stress, and local drug exposure vary across lesions and over time. 
Spatial and single-cell technologies now enable these features to be 
investigated at increasing resolution; however, spatial or molecular association 
alone does not establish mechanism, causality, or therapeutic relevance. Here, 
we propose the Necro-Mosaic framework as a hypothesis-generating, lesion-aware 
approach for investigating programmed cell death (PCD)-associated processes in 
TB. The framework is neither a mutually exclusive taxonomy nor a clinical 
classification system. It considers three non-exclusive, mechanistically framed 
axes: F-axis, involving ferroptosis-associated lipid-peroxidation injury and 
membrane damage; P-axis, involving coordinated inflammatory cell-death activity 
with PANoptosis-like features; and N-axis, involving neutrophil-associated 
extracellular activity, including NET-associated structures and effector 
processes. The anatomical distribution, co-occurrence, temporal sequence, and 
biological consequences of these axis-associated processes remain empirical 
questions. A single lesion may therefore exhibit one axis-associated pattern, 
several overlapping patterns, or no interpretable pattern. We distinguish 
pathway capacity, pathway engagement, and mechanism-specific execution and 
specify the measurements and controls required to support each level of 
inference in situ. The framework also defines evidence as established, emerging, 
or hypothesis-generating according to the strength, reproducibility, resolution, 
and causal support of the available data. We propose falsifiable predictions to 
determine whether F-, P-, or N-axis-associated processes act as drivers, 
amplifiers, or downstream correlates of destructive lesion evolution. Although 
lesion-resolved host-directed therapy (HDT) is an important long-term objective, 
current evidence does not support assigning lesion-level mechanistic profiles 
from blood alone or using these axes to select clinical treatment. Progress will 
require prospective longitudinal studies, lesion-anchored multimodal validation, 
perturbation and rescue experiments, spatial pharmacology, and explicit 
assessment of antimicrobial-preservation and safety risks. By prioritizing 
testable mechanisms over fixed spatial categories, Necro-Mosaic provides a 
structured framework for determining how PCD-associated processes may contribute 
to TB lesion heterogeneity and for identifying which observations are 
sufficiently validated to support future translational studies.
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BACKGROUND Tuberculosis is a chronic granulomatous infection caused by 
Mycobacterium tuberculosis, which can affect multiple organs in the human body. 
Lupus vulgaris is the most common clinical type of cutaneous tuberculosis in 
China. It typically follows a chronic course, with skin lesions that are 
difficult to heal, making it prone to misdiagnosis and missed diagnosis. This 
report presents a case of chronic lupus vulgaris that remained untreated over an 
exceptionally long duration, demonstrating that lupus vulgaris can manifest as a 
chronic inflammatory focus. CASE REPORT This article reports a case of a 
45-year-old woman with a rash on her right earlobe for more than 30 years 
without pain, with occasionally itching. The rash presents as a red, thickened 
plaque with yellow papules and pustules on the surface. She sought treatment at 
hospitals and completed a few examinations. The histopathology revealed multiple 
epithelioid cell clusters surrounded by dense lymphocytic and histiocytic 
infiltration in the dermis. The interferon gamma release assay was positive. The 
Xpert test was positive for Mycobacterium tuberculosis. Mycobacterial culture 
and acid-fast staining were positive, and the cultured organism was identified 
as Mycobacterium tuberculosis. The chest computed tomography showed a previous 
lesion in the right upper lobe. Based on these findings, the diagnosis was 
confirmed as lupus vulgaris on the right earlobe. After anti-tuberculosis 
therapy, the skin lesions improved significantly. CONCLUSIONS The case showed 
that patients with persistent skin lesions, nodules, or ulcers, particularly 
responding poorly to treatment, should undergo appropriate examinations to rule 
out cutaneous tuberculosis, including lupus vulgaris.
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Tubercular uveitis (TBU) remains difficult to diagnose and monitor because 
microbiologic confirmation is uncommon and clinical phenotypes overlap with 
other inflammatory chorioretinal disorders. This narrative review integrates 
evidence from multimodal imaging, immune testing, systemic tuberculosis 
evaluation, molecular diagnostics, biomarkers, treatment response, and 
monitoring to support a practical probability-based approach to suspected TBU. A 
targeted search of PubMed, Embase, Web of Science, the Cochrane Library, and 
Google Scholar was conducted for English-language literature through May 10, 
2026, prioritizing consensus statements, systematic reviews, multicenter 
studies, and clinically relevant imaging, biomarker, and treatment reports. 
Enhanced-depth and swept-source optical coherence tomography, optical coherence 
tomography angiography, fundus autofluorescence, indocyanine green angiography, 
and ultra-widefield fluorescein angiography provide complementary information on 
choroidal granulomas, serpiginous-like choroiditis, retinal vasculitis, 
ischemia, and paradoxical worsening. Tuberculin skin testing and 
interferon-gamma release assays support tuberculosis attribution but do not 
prove ocular causality, while polymerase chain reaction and emerging molecular 
assays increase specificity when positive. Cytokine profiles, type I interferon 
signatures, complement C1q, and cell-free DNA remain investigational. TBU should 
be managed as a clinicoradiologic and immunologic probability diagnosis that 
links phenotype, imaging, tuberculosis exposure evidence, mimic exclusion, 
antitubercular therapy decisions, anti-inflammatory timing, and longitudinal 
monitoring to reduce both missed TBU and unnecessary treatment.
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BACKGROUND: Accurate forecasting of pulmonary tuberculosis (PTB) is frequently 
impeded by surveillance artifacts, most notably health policy shifts and 
festival holidays. This study proposes a practical epidemiological forecasting 
framework to address these real-world disruptions within China's monitoring 
data.
METHODS: We utilized an 11-year historical cohort (2014-2024) from Jiulongpo 
District, Chongqing. To ensure longitudinal comparability, we first performed an 
epidemiological standardization to mitigate the artificial structural break 
caused by the 2018 diagnostic reclassification. To establish a robust 
"biological baseline" (the natural transmission trend devoid of reporting 
artifacts), a parsimonious SARIMA model was benchmarked against alternative 
statistical and modern machine learning algorithms, and validated via a 
multi-year rolling window cross-validation (2022-2024).
RESULTS: Rolling cross-validation confirmed SARIMA's temporal stability, 
effectively avoiding the overfitting tendencies observed in complex machine 
learning models. The optimal SARIMA(0,1,1) × (0,1,1)12 model demonstrated high 
predictive accuracy for the 2024 annual caseload (Relative Error: 6.17%). 
Notably, actual incidence in January and February fell significantly below the 
forecasted 95% prediction intervals (PIs), which was immediately followed by a 
reported "catch-up" spike in March. This reflects a temporary reporting 
disruption associated with the Lunar New Year holidays, acting as a 
socio-cultural filter.
CONCLUSION: Epidemiological standardization is an important prerequisite for 
accurate trend evaluation amidst policy shifts. Furthermore, by treating 
holiday-associated deviations as diagnostic indicators, this rigorously 
benchmarked framework functions as an anomaly detection tool to estimate 
potential notification delays. Although broader geographic application requires 
localized recalibration, this strategy provides crucial evidence for 
post-holiday targeted Active Case Finding (ACF).
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Associations of recorded in-hospital linezolid and fluoroquinolone exposure with 
mortality and documented drug-induced liver injury in non-HIV tuberculous 
meningitis: a propensity score-weighted real-world cohort study.
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BACKGROUND: Tuberculous meningitis (TBM) remains the most severe form of 
tuberculosis. Linezolid- and fluoroquinolone-containing regimens are used in 
clinical practice, but their associations with mortality and specific toxicities 
in non-HIV TBM remain uncertain.
METHODS: We conducted a single-center retrospective cohort study of non-HIV 
patients with TBM hospitalized between October 2013 and January 2024. The 
exposures were recorded linezolid use, fluoroquinolone-class use, and combined 
linezolid-fluoroquinolone use during the index hospitalization. Each indexed 
exposure was compared with no recorded use of that exposure; for the combined 
analysis, the comparator was not-both exposure (either agent alone or neither 
agent). Outcomes were in-hospital all-cause death and drug-induced liver injury 
(DILI) documented during the index hospitalization. Propensity score-based 
inverse probability of treatment weighting and doubly robust weighted logistic 
regression with model-robust sandwich standard errors were used. Propensity 
score matching, complete-case analysis, 20-dataset multiple imputation, a 
sensitivity analysis restricted to age, sex, diabetes mellitus, and 
immunodeficiency, and subgroup interaction analyses were performed.
RESULTS: Among 1,574 patients, 187 died in hospital and 116 had DILI documented 
during the index hospitalization. Linezolid was recorded in 996 patients, 
fluoroquinolone-class therapy in 859, and both in 556. After weighting, all 
modeled covariates had absolute standardized mean differences below 0.10. None 
of the three recorded exposures was significantly associated with in-hospital 
death or DILI documented during the index hospitalization. Complete-case, 
multiple-imputation, and temporally restricted sensitivity estimates were 
directionally consistent with the primary results. None of the prespecified 
exposure-by-subgroup interactions was statistically significant after 
outcome-specific multiplicity adjustment.
CONCLUSIONS: Recorded in-hospital linezolid, fluoroquinolone, and combined 
exposure were not significantly associated with in-hospital death or DILI 
documented during the index hospitalization in this cohort. The estimates apply 
to recorded inpatient exposure and DILI and do not establish the effects of 
treatment initiation at a defined time or the overall safety of these regimens. 
For DILI, the data do not establish that the liver event occurred after 
linezolid or fluoroquinolone initiation.
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