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BACKGROUND: Tuberculosis (TB) remains a global health crisis, with complex 
molecular mechanisms that are not fully understood. Traditional pathway analysis 
methods fail to capture the intricate non-linear relationships within biological 
networks.
METHODS: We developed a novel artificial intelligence framework integrating 
graph neural networks (GNNs), transformer architectures, and multimodal deep 
learning to decipher TB pathway mechanisms. Our approach constructs a 
comprehensive pathway-gene interaction network from three critical pathways 
(Tuberculosis hsa05152, Antigen processing hsa04612, and NF-κB signaling 
hsa04064) and employs three interconnected models: (1) a Graph Convolutional 
Network for learning pathway-gene relationships, (2) a Transformer encoder for 
pathway activity prediction, and (3) a multimodal fusion model with attention 
mechanisms integrating transcriptomic, pathway, and clinical data. The framework 
was trained and validated on 467 clinical samples and 529 transcriptomic samples 
from five GEO datasets.
RESULTS: The Transformer model achieved strong performance in pathway activity 
prediction (R 2 = 0.97, MSE = 0.014), demonstrating high accuracy in capturing 
pathway activation patterns. The multimodal fusion model achieved strong 
predictive performance (accuracy 88.2%, AUC-ROC 0.90) in clinical outcome 
prediction, with attention analysis revealing adaptive weighting of different 
data modalities. Network analysis identified 27 shared genes between 
Tuberculosis and Antigen processing pathways, and 18 shared genes between 
Tuberculosis and NF-κB pathways, indicating coordinated immune regulation. Key 
pathway-gene interactions were identified, including critical roles of IFNG, 
TNF, IL1B, and NF-κB signaling components.
CONCLUSION: This study represents the first comprehensive application of GNNs 
and multimodal deep learning to TB pathway analysis. Our framework provides 
novel insights into TB pathogenesis, identifies potential therapeutic targets, 
and demonstrates the power of AI-driven approaches for understanding complex 
disease mechanisms. The interpretability of our models through attention 
mechanisms enables translation of computational findings into actionable 
biological insights, with significant implications for precision medicine and 
personalized TB treatment strategies.

Copyright © 2026 Yang, Liu, Lei and Li.

DOI: 10.3389/fphar.2026.1753893
PMCID: PMC13395602
PMID: 42499499

2. Front Immunol. 2026 Jul 9;17:1873405. doi: 10.3389/fimmu.2026.1873405. 
eCollection 2026.

Immunotherapy for tuberculosis: emerging modalities, cross-disciplinary 
innovations, and roadmaps for drug-resistant disease.

Xu J(#)(1)(2), Shen J(#)(3), Chen S(#)(1)(2), Chen J(4), Liu X(5), Gao F(6)(7), 
Zhang J(1)(2).

Junchi Xu*, JunHeng Shen, Sufang Chen, Jie Chen, Xuanmiao Liu, Fei Gao*, Jianping Zhang*
*CORRESPONDENCE Junchi Xu，xujunchi19850504@126.com ；Fei Gao， coffee_201314@126.com ；Jianping Zhang，zhangjianping_yb@suda.edu.cn

Author information:
(1)Department of clinical laboratory, The Affiliated Infectious Diseases 
Hospital, Suzhou Medical College of Soochow University, Suzhou, Jiangsu, China.
(2)Department of clinical laboratory, The Fifth People's Hospital of Suzhou, 
Suzhou, Jiangsu, China.
(3)Department of clinical laboratory, Suzhou Hospital of Traditional Chinese 
Medicinel, Suzhou, Jiangsu, China.
(4)Department of clinical Laboratory, Children's Hospital of Soochow University, 
Suzhou, Jiangsu, China.
(5)Department of clinical Laboratory, Xi'an Daxing Hospital, Xi'an, 
Shaanxi, China.
(6)Department of clinical Laboratory, The Affiliated Suzhou Hospital of Nanjing 
Medical University, Suzhou Municipal Hospital, Gusu School, Nanjing Medical 
University, Suzhou, Jiangsu, China.
(7)Suzhou Key Laboratory of Intelligent Critical Illness Biomarkers 
Translational Research, Suzhou, Jiangsu, China.
(#)Contributed equally

RATIONALE: The emergence of multidrug-resistant tuberculosis (MDR-TB) and 
limitations of current antibiotic therapies highlight the urgent need for novel 
treatment strategies. While immunotherapy has revolutionized cancer treatment, 
its potential in TB remains underexplored, with existing reviews focusing 
narrowly on vaccines and phage therapy. A comprehensive synthesis of TB 
immunotherapy advancements is critical to guide clinical translation.
CONTENT: Tuberculosis (TB) has been recognized as one of the earliest diseases 
treated with immunotherapy. The BCG vaccine played a crucial role in controlling 
TB epidemics for a long period. However, progress in TB immunotherapy stagnated 
due to the attenuation of BCG strains and the long-standing neglect in TB 
immunology research. In recent years, advances in TB and immunology research, 
including novel immunological theories such as trained immunity, alongside 
breakthroughs in various immunotherapies for cancer treatment, have provided new 
perspectives for TB treatment. This review summarizes the immune response to TB, 
including roles of macrophages, T cells, and nonclassical immune cells. It 
evaluates progress in cell therapy, antibody therapy, microbial therapy, 
vaccines, and cytokine therapy. Clinical trials, mechanisms, and challenges 
(e.g., immune exhaustion, antigen heterogeneity) of TB immunotherapy are 
analyzed, drawing parallels with cancer immunotherapy.
CONCLUSIONS: Immunotherapy offers multifaceted strategies to overcome Mtb drug 
resistance and reduce side effects. Key directions include identifying novel 
antigens, optimizing immune checkpoint modulation, and combining therapies. 
Advances in single-cell sequencing and bioengineering will accelerate 
development, making immunotherapy a promising adjunct to conventional TB 
treatment.
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OBJECTIVE: This study aimed to characterize fluoroquinolone (FQs) resistance and 
associated gene mutations in Mycobacterium tuberculosis (MTB) isolates from 
Fujian Province, with the goal of providing evidence to support precise 
prevention and control strategies for drug-resistant tuberculosis (TB).
METHODS: A retrospective analysis was performed on 150 clinical MTB isolates 
collected from drug resistance surveillance sites. Phenotypic drug 
susceptibility testing (pDST) for FQs was conducted using the proportion method 
on solid Löwenstein-Jensen (L-J) media. In parallel, whole-genome sequencing 
(WGS) was applied to identify resistance-associated gene mutations.
RESULTS: The overall phenotypic resistance rate to FQs was 12.7%, increasing 
markedly to 26.7% among multidrug-resistant (MDR) strains. The isolates were 
mainly classified into lineage L2 (60.0%) and L4 (38.7%), with no statistically 
significant association observed between lineage distribution and drug 
resistance profiles. Mutations linked to FQs resistance were predominantly 
identified in the gyrA gene (81.8%), primarily occurring at codons 90, 91, and 
94. Notably, mutations were also detected in seven phenotypically susceptible 
isolates.
CONCLUSION: FQs resistance among MTB isolates in this study is considerable, 
with a particularly high burden in MDR strains. Resistance is mainly driven by 
single-point mutations in the gyrA gene. Importantly, WGS demonstrates potential 
for identifying resistance-associated mutations even in phenotypically 
susceptible isolates, offering valuable insights for early warning of emerging 
drug resistance and optimization of treatment strategies for MDR/RR-TB.
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BACKGROUND: Early recognition of pediatric tuberculosis (TB) depends on 
frontline healthcare workers' ability to identify suspected cases. In China, 
pediatric TB is often under-recognized, and little is known about how physicians 
from different specialties and healthcare settings understand the disease. 
Understanding these gaps is important in improving continuing medical education 
(CME) and strengthening pediatric TB services.
METHODS: We conducted a national, multicenter, cross-sectional survey from 2021 
to 2022 using a 20-item questionnaire based on the WHO Module 5 to assess 
knowledge and attitudes toward pediatric TB among physicians across different 
regions and hospital levels. Adequate knowledge was defined as a score of 
≥ 6/10. Subgroup comparisons and multivariable logistic regression were used to 
examine associated factors.
RESULTS: Overall, 35.6% of the 2202 participants had adequate knowledge. Gaps 
were found in areas relevant to routine clinical practice, including the timing 
of repeat tuberculin skin testing (41.3%), selection of the standard six-month 
treatment regimen (56.6%), and recognition of symptom-based screening triggers 
(32.0%). Knowledge levels varied according to years of practice, region, prior 
exposure to pediatric TB cases, and attitudes toward invasive diagnostic 
procedures. Physicians in central China had higher odds of adequate knowledge 
than those in eastern China (OR 1.24; 95% CI, 1.01-1.54). No significant 
differences were found by department or professional title, although variation 
across specialties was noted.
CONCLUSIONS: Practical knowledge gaps remain among physicians in pediatric TB 
care. These gaps may require moving beyond traditional lecture-based CME toward 
more practical, case-based activities that better reflect clinical practice. 
Enhancing training in diagnostic procedures, contact investigation, and 
case-based management may help improve early detection and consistency of care 
in China and may also be relevant to other high-burden settings.
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Growing evidence links the gut microbiota to host immune regulation and 
tuberculosis (TB) progression; however, its specific impact on the formation and 
necrosis of TB granulomas remains poorly defined. In this study, we established 
an adult zebrafish model of antibiotic-induced gut microbiota dysbiosis followed 
by Mycobacterium marinum (M.m) infection to investigate how gut microbiota 
perturbation influences host resistance to mycobacterial infection. Our results 
demonstrated that antibiotic-induced gut microbiota dysbiosis significantly 
increased the mycobacterial burden in zebrafish, thereby compromising host 
resistance to mycobacterial infection. Dysbiosis also intensified 
infection-associated inflammatory responses, as reflected by the elevated 
expression of the pro-inflammatory cytokines tnf-α and il-1β, resulting in more 
severe systemic pathology characterized by enhanced granuloma formation and 
necrosis, together with remodeling of the immune cell composition within 
granulomatous lesions. Importantly, fecal microbiota transplantation (FMT) from 
healthy donors effectively reduced the bacterial burden and alleviated 
granuloma-associated pathological changes in infected zebrafish. These findings 
demonstrate that the gut microbiota critically modulates the granuloma immune 
microenvironment, providing a robust platform and mechanistic support for gut 
microecological interventions as a host-directed therapy for TB.
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AIMS/BACKGROUND: Tuberculosis (TB) is a highly prevalent opportunistic infection 
and a leading cause of mortality worldwide, particularly among those living with 
human immunodeficiency virus (HIV). Among these patients, the diagnostic 
accuracy of conventional TB testing is generally limited by atypical clinical 
manifestations, the frequent occurrence of extrapulmonary TB, challenges in 
obtaining sputum samples, and consistently low bacterial loads in clinical 
specimens. Therefore, this study assesses the diagnostic performance of a novel 
chemiluminescence immunoassay (CLIA) for detecting urinary lipoarabinomannan 
(LAM) in individuals coinfected with HIV and TB.
METHODS: A prospective cohort study was conducted involving 297 people living 
with HIV (PLWH) recruited from Beijing Youan Hospital, Capital Medical 
University, China, between May 2021 and December 2024. By September 2025, when 
this analysis was finalized, all patients had received at least 6 months of 
follow-up. Of these, 76 patients had TB (34 definite cases and 42 probable 
cases), while 221 non-TB patients with confirmed alternative diagnoses were 
included as a control group. A novel double-antibody sandwich CLIA was 
specifically designed to detect the Mycobacterium tuberculosis LAM antigen in 
urine specimens. For comparative evaluation, all samples were concurrently 
analyzed using the commercially available Determine™ TB LAM Ag test (AlereLAM, 
Abbott Laboratories, USA). Investigators were blinded to the laboratory test 
results until the completion of enrollment, and laboratory technicians were 
blinded to patients' diagnoses throughout the study duration.
RESULTS: Receiver operating characteristic (ROC) analysis showed an area under 
the curve (AUC) of 0.925 at the optimal cutoff of 1.46. Median CLIA values 
increased in a graded manner across groups: 0.98 in the non-TB group, 1.96 in 
the probable TB group, and 4.46 in the definite-TB group (p < 0.001). Compared 
with AlereLAM, CLIA demonstrated significantly higher sensitivity (85.3% vs. 
58.8%) but lower specificity (89.6% vs. 98.2%). Neither LAM-CLIA nor AlereLAM 
exhibited a significant association with patient cluster of differentiation (CD) 
4+ T cell counts (p > 0.05).
CONCLUSION: CLIA-based urinary LAM detection demonstrates superior sensitivity 
compared with conventional lateral flow assays, providing a rapid and 
quantitative approach for detecting HIV-associated TB. This method has 
significant potential to improve early TB detection in high-risk populations, 
particularly where culture-based methods are unavailable.
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BACKGROUND: Tuberculosis (TB) is among the top 10 causes of global death, and 
patient delay is a key factor causing higher mortality. This study intends to 
analyze the associated factors with TB patient delay.
METHODS: Embase, Cochrane Library, PubMed, and Web of Science were 
systematically searched for online available studies and unpublished sources 
from inception to 2025. STATA15.1 was adopted for data analyses, heterogeneity 
by inverse variance (I 2) and Cochran's Q-tests, and publication bias by Egger's 
tests. The Newcastle-Ottawa Scale was utilized for assessing the quality of 
cohort and case-control studies, and the Agency for Healthcare Research and 
Quality criteria for cross-sectional studies.
RESULTS: Forty-two studies were included, involving 492,448 patients. The 
meta-analysis showed that occupation (OR 1.20, 95% CI 1.10-1.30, p < 0.001), 
educational level (OR 1.37, 95% CI 1.007-1.76, p = 0.012), place of residence 
(OR 1.66, 95% CI 1.44-1.92, p < 0.001), TB classification (OR 1.31, 95% CI 
1.15-1.49, p < 0.001), diabetes (OR 0.62, 95% CI 0.47-0.81, p < 0.001), HIV 
infection (OR 0.80, 95% CI 0.72-0.89, p = 0.032), drinking (OR 1.43, 95% CI 
1.29-1.59, p < 0.001), TB knowledge (OR 2.09, 95% CI 1.61-2.71, p < 0.001), 
stigma (OR 1.87, 95% CI 1.48-2.36, p < 0.001), and time of arrival at health 
services (OR 1.34, 95% CI 1.03-1.74, p = 0.03) were closely associated with 
patient delay. Age, sex, marital status, BMI, insurance, smoking, knowing 
someone with TB, and distance to health services had no associations with 
patient delay.
CONCLUSION: Patient delay not only affects the treatment and prognosis but also 
worsens the burden on the family and society. The rate of patient delay can be 
reduced by strengthening health education, establishing a perfect service 
system, and implementing early screening.
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Metagenomic next-generation sequencing (mNGS) is a promising tool for diagnosing 
challenging infections like tuberculosis (TB). However, previous studies largely 
focused on case-specific application of mNGS in TB diagnosis. Thus, we conducted 
a retrospective observational study to first systematically evaluate the 
diagnostic performance and cost-effectiveness of mNGS for TB diagnosis. We 
retrieved a total of 16,776 results of the seven TB diagnostic assays, including 
mNGS, tuberculosis IgG antibody, TB interferon-γ release assay (TB-IGRA), 
TB-DNA, Xpert MTB/RIF (Xpert), culture, and acid-fast bacilli staining (AFS) 
from 3,757 participants with suspected TB infection at Sichuan Provincial 
People's Hospital from September 2021 to July 2024. Diagnostic metrics were 
compared against a composite reference standard. Microbial composition and a 
cost-utility analysis were performed. Among seven TB assays studied, the World 
Health Organization (WHO)-recommended assays AFS, culture, and Xpert, as well as 
TB-IGRA, were requested most frequently for TB diagnosis, whereas mNGS ranked 
last. mNGS demonstrated the highest specificity (100%), accuracy (72.3%), and 
area under the curve (AUC) (0.795). Its sensitivity in bronchoalveolar lavage 
fluid and tissue was 71.0% and 72.7%, respectively. Sequential use of mNGS after 
initial WHO-recommended tests (Xpert/Culture/AFS) significantly improved 
diagnostic performance (sensitivity, 70.4%; AUC, 0.823). Microbial analysis 
associated Candida albicans with TB. Cost-utility analysis showed sequential 
mNGS became cost-effective at higher willingness-to-pay thresholds (>200,000 RMB 
per correct diagnosis). mNGS offers superior specificity for TB diagnosis. A 
sequential strategy applying mNGS to conventional-test-negative cases provides 
enhanced diagnostic performance and is cost-effective at higher healthcare 
investment values, supporting its utility for diagnostically challenging TB.
IMPORTANCE: This study systematically assesses the diagnostic performance and 
cost utility of metagenomic next-generation sequencing (mNGS) for tuberculosis 
(TB) in a large real-world cohort of 3,757 suspected patients, comparing it 
against six conventional assays (tuberculosis IgG antibody, TB interferon-γ 
release assay, TB-DNA, Xpert, culture, and acid-fast bacilli staining). mNGS 
demonstrated the highest specificity (100%), accuracy (72.3%), and area under 
the curve (AUC) (0.795), with sensitivities of 71.0% in bronchoalveolar lavage 
fluid and 72.7% in tissue. Notably, sequential use of mNGS after the World 
Health Organization-recommended tests significantly improved sensitivity to 
70.4% and AUC to 0.823. Candida albicans showed significant differences among 
the three groups. The sequential mNGS strategy was cost-effective compared with 
no mNGS, and its cost-effectiveness increased with a rising willingness-to-pay 
threshold. Overall, these results highlight mNGS as a valuable supplementary 
tool for challenging TB cases, especially when conventional tests are 
inconclusive, and provide strong evidence for integrating it into diagnostic 
algorithms to optimize clinical decision-making and resource allocation.
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Tuberculosis, triggered by the bacterium Mycobacterium tuberculosis (Mtb), 
continues to pose a major global health challenge, further intensified by the 
rise in drug resistance. The enzyme (2E,6E)-farnesyl diphosphate synthase (FPPS) 
in Mtb catalyzes the synthesis of farnesyl diphosphate (FPP), which is crucial 
for processes such as arabinogalactan biosynthesis in the cell wall. However, 
the functional characterization of Mtb FPPS is not well understood. Here, a 
hydrodynamic radius of 5.4 ± 0.3 nm was obtained for monomeric FPPS. The 
molecular docking relied on a structure predicted using AlphaFold2, and 
site-specific mutagenesis was subsequently executed. Mutants K201A or K266A 
showed significantly reduced activity, while D112A, D116A, or R121A mutations 
completely abolished activity. Deletion of specific segments (Δ58-74, Δ117-126, 
or Δ249-268) also resulted in complete loss of activity. This work lays a 
crucial foundation for advancing innovative tuberculosis therapies that function 
via an alternative mechanistic pathway.

© 2026 The Authors. Published by American Chemical Society.
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BACKGROUND: Nontuberculous mycobacteria (NTM) can disseminate and infect various 
organs throughout the body. However, whether NTM can infect tracheobronchial 
tissue is rarely reported. This study aimed to address the knowledge gap 
regarding the epidemiological, demographic, and clinical characteristics of 
patients with tracheobronchial NTM infection.
METHODS: In this multicenter retrospective cohort study, clinical, demographic, 
microbiological, and radiological data from hospitalized patients with 
tracheobronchial NTM infections from January 2015 to May 2025 were collected and 
analyzed descriptively.
RESULTS: Twenty-nine patients (2.3%) were included, and all the patients 
presented with disseminated NTM infection. Seventeen patients had comorbidities, 
including 5 with acquired immunodeficiency syndrome and 1 with anti-interferon-γ autoantibody syndrome. Median diagnostic delay was 130 days, and 89.7% of the 
patients were initially misdiagnosed with tuberculosis or malignancy. The most 
common symptoms were cough, expectoration, anemia, fever, weight loss, skin 
lesions, and bone pain. Chest CT revealed nodules, patchy opacities, mass-like 
shadows, and bronchial stenosis, with or without hilar/mediastinal 
lymphadenopathy, whereas osteolytic bone destruction was evident in 11 patients. 
The most common features of bronchoscopy were intraluminal 
masses/neoplasms/nodules. Metagenomic next-generation sequencing (mNGS) of BALF 
(n=12) demonstrated 100% positivity, outperforming BALF culture (46.2%, 12/26) 
and sputum culture (39.3%, 11/28). Mycobacterium colombiense accounted for 24.1% 
of cases. With respect to therapeutic management, 27 patients received systemic 
antimicrobial therapy, while 2 did not receive specific anti-N™ treatment. One 
patient underwent combined endoscopic resection. Overall, 23 patients (79.3%) 
achieved improvement or cure, 5 showed disease progression, 1 experienced 
relapse, and 1 died.
CONCLUSIONS: Tracheobronchial NTM infection is rare but clinically significant, 
often occurring in the context of disseminated disease with pulmonary 
involvement. Immunocompromised hosts, particularly those with AIDS or anti-IFN-γ autoantibody syndrome, are highly susceptible. Bronchoscopy typically reveals 
mass lesions causing luminal stenosis or occlusion. In this cohort, M. 
colombiense was the most frequently isolated NTM species. Early bronchoscopy, 
mNGS-based pathogen detection, and timely systemic or endoscopic intervention 
should be considered to prevent irreversible airway stenosis. Further studies 
are needed to validate optimal treatment strategies.
CLINICAL TRIAL REGISTRATION: https://www.ClinicalTrials.gov, identifier 
NCT07377864.
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Cutaneous co-infection with Mycobacterium tuberculosis (MTB) and Mycobacterium 
avium complex (MAC) is extremely rare and easily missed due to overlapping 
histopathological features. We report a previously healthy, HIV-negative 
middle-aged woman who presented with a progressive destructive mass in the left 
inguinal-perineal region. Imaging revealed sinus tract formation, osteolytic 
bone lesions, and chronic inflammation in the right middle lobe of the lung. 
Initial metagenomic next-generation sequencing (mNGS) detected 3756 reads of the 
Mycobacterium tuberculosis complex (MTBC) and 111 reads of Mycobacterium 
intracellulare (M. intracellulare); the latter was interpreted as possible 
colonization or contamination because of its low abundance. Empirical 
anti-tuberculosis therapy produced only transient partial improvement, followed 
by paradoxical worsening, local recurrence, and new bone destruction. After a 
high suspicion of mixed infection, a MAC-directed combination regimen (including 
azithromycin and a short course of amikacin) was added, leading to complete 
clinical cure; subsequent repeat cultures confirmed the presence of MAC. This is 
the first report of cutaneous MTB-MAC co-infection in the inguinal-perineal 
region of an adult without overt immune abnormalities, accompanied by 
disseminated bone lesions. This case highlights that in regions where 
nontuberculous mycobacteria (NTM) are co-endemic, atypical destructive skin 
lesions with paradoxical worsening despite initial response to anti-tuberculosis 
therapy should raise suspicion of MAC co-infection. The combination of mNGS and 
conventional culture facilitates identification of mixed infections and guides 
precision therapy, but mNGS results must be interpreted cautiously in the 
clinical context.
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Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), remains a major 
global health burden. Host genetic factors play a critical role in TB 
susceptibility, but the underlying mechanisms are not fully understood. 
Genome-wide association studies have identified DUSP14 as a TB susceptibility 
gene, and the single nucleotide polymorphism (SNP) rs1051838 in DUSP14 seems to 
be associated with TB risk. Using in vitro models including THP-1-derived 
macrophages, A549 cells, and HEK293T cells, we investigated how rs1051838 
regulates DUSP14 expression and modulates macrophage responses to Mtb infection. 
We found that the G allele of rs1051838 exhibits higher transcriptional activity 
than the A allele in reporter assays. The G allele creates a CpG dinucleotide 
that is subject to methylation-mediated repression. Mtb infection reduced CpG 
methylation across this region to upregulate DUSP14, leading to suppressed JNK 
phosphorylation via its phosphatase activity, reduced pro-inflammatory cytokine 
production, and promoted intracellular bacterial survival. Knockdown of DUSP14 
decreases bacterial burden and increases cytokine secretion. These findings 
reveal a functional link between genetic variation and immune response in TB and 
point to DUSP14 as a potential target for host directed therapy, although 
further validation in primary cells or using virulent strains and in vivo models 
is needed.

DOI: 10.3390/microorganisms14071588
PMCID: PMC13413459
PMID: 42514092

14. Microorganisms. 2026 Jul 3;14(7):1467. doi: 10.3390/microorganisms14071467.

Divergent Trajectories of Pediatric All-Form Tuberculosis and 
Multidrug-Resistant Tuberculosis from 1990 to 2021.

Zhang Q(1)(2)(3), Chang D(1)(2)(3).

Qing Zhang, De Chang*
*Correspondence: De Chang，changde@301hospital.com.cn

Author information:
(1)Department of Pulmonary and Critical Care Medicine at the Seventh Medical 
Center, Chinese PLA General Hospital, Beijing 100700, China.
(2)College of Pulmonary and Critical Care Medicine at the Eighth Medical Center, 
Chinese PLA General Hospital, Beijing 100091, China.
(3)Department of Pulmonary and Critical Care Medicine, Medical School of Chinese 
People's Liberation Army, Beijing 100853, China.

Using Global Burden of Disease 2021 modeled estimates, we assessed the burden, 
temporal trends, and inequalities of pediatric all-form tuberculosis (TB) and 
multidrug-resistant TB (MDR-TB) from 1990 to 2021 across 204 countries and 
territories. Compared with all-form TB, pediatric MDR-TB showed a distinct and 
less favorable estimated trajectory. Although GBD-based estimates suggested 
overall declines in pediatric all-form TB incidence and mortality, the 
MDR-to-all-form ratio increased worldwide for both incidence and mortality, 
suggesting a growing proportional contribution of MDR-TB within the estimated 
pediatric TB burden. In 2021, pediatric MDR-TB remained concentrated in low- and 
low-middle-SDI settings, where modeled socioeconomic inequalities appeared to 
become more pronounced over time. Mortality relative to incidence was highest 
among children aged under 5 years, with particularly elevated and imprecise 
mortality-to-incidence ratios for MDR-TB. Sex disparities also evolved 
differently by disease type: they generally narrowed for all-form TB but were 
more heterogeneous and in some settings widened for MDR-TB. These GBD-based 
findings suggest that progress in overall pediatric TB control may not have 
translated evenly to drug-resistant disease and highlight the need for pediatric 
TB strategies that explicitly address drug resistance, early childhood 
vulnerability, and inequitable access to diagnosis and treatment. Due to the 
sparsity of global pediatric data, no independent external validation was 
performed; findings are based on internal sensitivity analyses of GBD estimates.
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Mammalian cell entry (Mce) systems are now recognized as central determinants of 
lipid uptake, cell-envelope homeostasis, and host adaptation in Mycobacterium 
tuberculosis (Mtb). Although the term "mammalian cell entry" originated from 
early studies linking the Mce loci to host-cell invasion phenotypes, subsequent 
genetic, biochemical, and structural work has substantially reframed their 
biological significance. Current evidence supports a model in which Mce1 and 
Mce4 function as multiprotein lipid-import systems specialized primarily for 
fatty-acid and cholesterol uptake, respectively, whereas shared and accessory 
factors, including MceG, LucA, Mam/Omam proteins, and the negative regulator 
Mce1N, govern transporter assembly, stability, and activity. At the same time, 
several individual Mce proteins have been implicated in host signaling and 
immunomodulation, although the physiological relevance of these observations 
remains unevenly established. In this review, we synthesize current knowledge of 
Mtb Mce systems with an emphasis on transporter organization, regulatory 
mechanisms, functional specialization, and biological significance during 
infection. We further discuss evolutionary relationships with other Mce-domain 
proteins, assess the strength of evidence supporting reported host-interaction 
phenotypes, and evaluate the translational potential of Mce biology for 
diagnostics, vaccines, and drug discovery. By emphasizing recent structural and 
regulatory breakthroughs, this review repositions Mce biology from a 
historically entry-centered narrative toward a transporter-centered, 
evidence-graded framework and highlights the key unresolved questions that 
should guide the next phase of the field, including substrate-level specificity, 
native structural validation, and the mechanistic integration of lipid transport 
with metabolism and virulence.
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Tuberculosis remains one of the leading causes of death from a single infectious 
pathogen worldwide, despite the availability of antituberculosis chemotherapy 
and Bacillus Calmette-Guérin vaccination. Tuberculosis pathogenesis is driven by 
a dynamic and prolonged interplay between host protective immunity and the 
immune evasion strategies of Mycobacterium tuberculosis (M. tuberculosis). 
During infection, bidirectional host-M. tuberculosis interactions, together with 
immunometabolic and epigenetic reprogramming, shape granuloma formation and 
organization, fibrotic encapsulation, liquefactive necrosis, and ultimately 
determine disease progression and transmission. However, a systematic framework 
linking host protective immunity, M. tuberculosis immune evasion, and granuloma 
evolution across distinct stages of infection remains incomplete. In this 
review, we summarize the host-M. tuberculosis interactions that shape early 
innate immune recruitment, adaptive immune activation, granuloma formation and 
remodeling, persistent infection, granuloma breakdown, and progression to active 
tuberculosis. We further integrate emerging concepts of metabolic reprogramming, 
epigenetic reprogramming, trained immunity, tissue-resident immunity, and 
myeloid-derived immunosuppressive networks. Finally, we discuss how these 
mechanistic insights may inform the design of next-generation tuberculosis 
vaccines and adjunctive therapies. This review establishes a comprehensive 
conceptual framework for understanding tuberculosis immunopathogenesis and 
provides guidance for the development of antituberculosis vaccines and 
therapeutic strategies.
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INTRODUCTION: Smoking is a well-established modifiable risk factor for 
tuberculosis (TB). However, the evolving smoking-attributable TB burden in China 
remains to be fully characterized. The objective was to examine temporal trends 
in the smoking-attributable TB burden in China from 1990 to 2021.
METHODS: A secondary analysis was conducted on the 2021 Global Burden of Disease 
Study data. Data on the number of deaths and disability adjusted life years 
(DALYs) due to smoking-attributable TB, as well as age-standardized rates, were 
extracted for the overall Chinese population, males, and females from 1990 to 
2021. Joinpoint regression and age-period-cohort analyses described 32-year 
trends. A Bayesian age-period-cohort (BAPC) model was used to forecast the TB 
burden from 2022 to 2040. Drivers behind the burden trends were investigated 
through a decomposition analysis.
RESULTS: Between 1990 and 2021, TB deaths, DALYs, age-standardized mortality 
rate (ASMR) and age-standardized DALY rate (ASDR) showed significant reductions, 
with the ASMR and ASDR declining from 5.10/100000 (95% UI: 3.64-6.73) and 
158.48/100000 (95% UI: 114.49-203.94) in 1990 to 0.52/100000 (95% UI: 0.37-0.76) 
and 19.15/100000 (95% UI: 13.85-26.70) in 2021, respectively. Declines in ASMR 
(-95.26% vs -89.35%) and ASDR (-93.69% vs -87.35%) were larger in females than 
in males. Age-period-cohort analyses revealed that mortality and DALY rates 
peaked at ages 30-34 years and then declined. Male mortality increased slightly 
at ages 65-69 years. Both period and cohort effects demonstrated consistent 
downward trends. BAPC projections indicated that after 2022, deaths and DALYs 
would decline initially but rise again, whereas ASMR and ASDR would continue to 
fall.
CONCLUSIONS: The smoking-attributable TB burden in China exhibits significant 
age- and sex-specific patterns. Despite overall attenuation, projected rebounds 
in deaths by 2040 call for sustained public health interventions.
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Interferons (IFNs) are potent antimicrobial cytokines. However, effector 
mechanisms mediating their function in humans are poorly understood, partly 
because IFNs can induce numerous effector molecules. While guanylate-binding 
proteins (GBPs) are IFN-inducible, their role in cell-autonomous resistance to 
intracellular pathogens is incompletely understood. We demonstrate that human 
GBP1-5 significantly inhibits intracellular Mycobacterium tuberculosis (Mtb) 
survival, but only GBP4 mediates autophagy. GBP4 facilitates Mtb containment by 
promoting lysosomal acidification and autophagy via type Ⅰ IFN-dependent TFEB 
and FOXO3a activation. Mechanistically, GBP4 binds progranulin (GRN), reducing 
SORT1-mediated GRN lysosomal degradation. Moreover, GBP4 facilitates the 
GBP4-GRN-BIP-AKT complex assembly while inhibiting the GBP4-BIP-TRIM21 complex 
formation, thereby enhancing GRN-mediated BIP accumulation and AKT degradation. 
This leads to AKT inhibition, and concomitant TFEB and FOXO3a activation. GRN, 
BIP, AKT, and TRIM21 are essential for GBP4-mediated mycobactericidal activity. 
Our study uncovers a key role for GBP4 in regulating cell-autonomous resistance 
in human macrophages and may facilitate the development of host-directed 
therapies against tuberculosis (TB).
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The causal relationship between chronic obstructive pulmonary disease (COPD) and 
respiratory tuberculosis (TB) remains unclear due to limited evidence from 
prospective studies. Therefore, this study aimed to assess the causal 
relationship between COPD and respiratory TB using a two-sample Bayesian 
weighted Mendelian randomization (BWMR) study. The genetic instrumental variants 
(IVs) for COPD and respiratory TB were obtained from the IEU Open GWAS project 
in 2021. The inverse variance weighted (IVW) method was used as the main 
statistical analysis method, and the results supplemented with weighted median 
and BWMR methods. Pleiotropy was tested using the MR-PRESSO global test and 
MR-Egger regression. Heterogeneity was analyzed using Cochran's Q statistics. 
The robustness of the results was tested using the leave-one-out sensitivity 
analysis method. In our two-sample BWMR analysis, we found that patients with 
COPD had a higher risk of respiratory TB based on IVW (OR = 1.259, 95% CI: 
1.011-1.568; p = 0.040), weighted median (OR = 1.287, 95% CI: 0.981-1.688; p = 0 
0.069), and BWMR (OR = 1.240, 95% CI: 1.013-1.518; p = 0.037). Reverse BWMR 
analysis showed that respiratory TB has no causal effect on COPD. We found no 
significant pleiotropy or heterogeneity in all selected IVs. The results were 
stable when removing the SNPs individually. This two-sample BWMR study provided 
strong evidence that individuals with COPD are at a higher risk of respiratory 
TB at the genetic level, while respiratory TB has no causal effect on COPD.
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BACKGROUND: Drug-induced liver injury (DILI) is a common complication of 
anti-tuberculosis therapy and frequently leads to treatment interruption or 
modification. In routine clinical practice, liver function abnormalities during 
tuberculosis treatment are often attributed to DILI. However, isolated indirect 
hyperbilirubinemia in the presence of persistently normal transaminase levels 
represents an atypical biochemical pattern that is inconsistent with classical 
hepatocellular injury and may indicate alternative underlying conditions, posing 
a diagnostic challenge in tuberculosis management.
CASE PRESENTATION: We report the case of a 22-year-old Han Chinese woman treated 
for smear-negative pulmonary tuberculosis who developed recurrent elevations in 
total and indirect bilirubin while alanine aminotransferase and aspartate 
aminotransferase levels remained persistently within normal ranges. These 
abnormalities were repeatedly misinterpreted as suspected DILI, resulting in 
multiple interruptions and modifications of anti-tuberculosis regimens. 
Bilirubin levels continued to fluctuate despite drug withdrawal, suggesting a 
non-hepatocellular etiology. Repeated treatment interruption contributed to a 
delay in effective tuberculosis management exceeding 1 year and was associated 
with radiological disease progression and cavity formation.
MANAGEMENT AND OUTCOME: Further evaluation, including UGT1A1 genetic testing, 
identified heterozygous promoter (c.-41_-40dupTA) and coding (c.211G>A, 
p.Gly71Arg) variants, confirming a diagnosis of Gilbert syndrome. Recognition of 
this underlying condition prevented further unnecessary cessation of 
anti-tuberculosis therapy. The patient subsequently resumed an individualized 
regimen guided by drug susceptibility testing and demonstrated radiological 
improvement during follow-up.
CONCLUSION: This case highlights an important diagnostic pitfall during 
tuberculosis treatment. Persistent indirect hyperbilirubinemia with normal 
transaminases should prompt consideration of Gilbert syndrome rather than DILI. 
Early recognition and appropriate genetic testing may prevent unwarranted 
treatment interruption, reduce the risk of disease progression, and improve 
treatment continuity. To our knowledge, reports describing Gilbert syndrome 
masquerading as recurrent suspected DILI during tuberculosis treatment remain 
exceedingly rare.
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BACKGROUND: Tuberculous meningitis (TBM) remains the most lethal manifestation 
of extrapulmonary tuberculosis, with persistently high in-hospital mortality 
despite advances in antimicrobial therapy. Hydrocephalus is a frequent and 
devastating complication of TBM. However, whether its prognostic impact on 
mortality is consistent across age groups-and whether age modifies this 
association-remains unresolved due to the lack of lifespan-spanning evidence.
METHODS: We conducted a single-center retrospective cohort study including 
non-HIV TBM patients hospitalized between October 2013 and January 2024. To 
address potential multicollinearity and reduce dimensionality, least absolute 
shrinkage and selection operator regression was applied for variable selection. 
This was followed by Firth's penalized logistic regression to estimate the 
adjusted associations with in-hospital mortality, ensuring robust statistical 
adjustment for confounding variables. We examined age-related effect 
modification by incorporating categorical and continuous interaction terms, 
performing stratified analyses, and applying restricted cubic splines modeling. 
Model performance was evaluated using discrimination, calibration, and decision 
curve analysis, with internal validation by bootstrap resampling.
RESULTS: Among 1,574 patients, the in-hospital mortality rate was 11.9%. 
Hydrocephalus was independently associated with increased mortality risk in the 
overall cohort, and this effect was broadly similar in children and adults. No 
statistically significant interaction between hydrocephalus and age was detected 
in categorical, continuous, or spline-based analyses. Predicted mortality 
increased with older age in both hydrocephalus groups, particularly in older 
patients, but the relative adverse effect of hydrocephalus remained broadly 
parallel across age. The prediction model showed excellent discrimination and 
good calibration, with stable net clinical benefit across a wide range of risk 
thresholds.
CONCLUSIONS: Hydrocephalus is a strong predictor of in-hospital mortality in 
TBM. We found no statistically clear evidence of effect modification by age 
across the lifespan; however, this finding should be interpreted cautiously 
because the pediatric subgroup was relatively small and its confidence intervals 
were wider. These findings support early detection and timely management of 
hydrocephalus in patients of all ages.
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