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Tuberculous meningitis (TBM) is the most severe form of tuberculosis (TB) with 
high mortality. This study evaluated the cerebrospinal fluid (CSF) concentration 
and safety of the novel oxazolidinone contezolid compared to linezolid in TBM 
patients. In this randomized prospective study, 10 TBM patients received either 
a linezolid-containing (n = 5) or contezolid-containing (n = 5) anti-TB regimen. 
CSF and blood concentrations were measured at 2 and 6 h post-dose. Peak (2 h) 
and trough (6 h) concentrations, area under the concentration-time curve (AUC), 
and safety were assessed. Contezolid CSF concentrations exceeded the 
Mycobacterium tuberculosis (Mtb) MIC (0.5 μg/mL) at 2 h (median: 1.0806 μg/mL, 
range: 0.9295-1.3165 μg/mL) but declined by 6 h (median: 0.7920 μg/mL, range: 
0.1867-1.0194 μg/mL). Linezolid CSF concentrations were significantly higher 
than contezolid at both 2 h (median: 3.251 μg/mL, range: 1.9545-4.9636 μg/mL; P = 0.008) and 6 h (median: 1.623 μg/mL, range: 0.941-1.765 μg/mL; P = 0.016), 
remaining above MIC in all samples at 6 h. The mean CSF AUC for contezolid 
(4.637 μg·h/mL, 95% CI: 3.599-5.675) was significantly lower than that for 
linezolid (12.537 μg·h/mL, 95% CI: 7.8797-17.277; P = 0.008). Blood 
concentrations were higher than CSF for both drugs at all time points. No 
serious drug-related adverse events occurred. Contezolid effectively penetrates 
the blood-CSF barrier in TBM patients, achieving CSF concentrations above the 
MIC for Mtb. Although its CSF exposure was significantly lower than linezolid, 
its demonstrated penetration and safety profile suggest contezolid warrants 
further investigation as a potential treatment option for drug-resistant 
TBM.
IMPORTANCE Tuberculous meningitis (TBM) is the deadliest form of 
tuberculosis, especially difficult-to-treat drug-resistant TBM. Finding new, 
effective, and safe medicines is critical. This study provides evidence in TBM 
patients that a newer antibiotic, contezolid, successfully reaches the infection 
site in cerebrospinal fluid (CSF) at levels expected to kill Mycobacterium 
tuberculosis. While linezolid achieved higher levels in CSF, contezolid still 
reached concentrations predicted to be effective and caused no serious side 
effects in our study. This is important because contezolid might offer a safer 
alternative to linezolid, which can have significant long-term toxicity. These 
promising results suggest contezolid could become a valuable new weapon against 
refractory drug-resistant TBM, potentially saving lives where current options 
are limited or too toxic.
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Mycobacterium tuberculosis (Mtb) is the primary pathogen that causes 
tuberculosis in humans. As the primary target cells, macrophages employ reactive 
oxygen species (ROS) as a crucial defense against Mtb. However, the dynamic and 
reciprocal interplay between Mtb, macrophages, and ROS-where each component 
actively influences the others-forms a complex network that remains 
underexplored. This review aims to synthesize recent advances and proposes a 
novel conceptual framework centered on this tripartite interaction. Cytoplasmic 
NADPH oxidase (NOX) and mitochondria in macrophages act as major sources of ROS. 
Their production could activate multiple signaling pathways, including NF-κB, 
the MAPK family, and Nrf2. The increasing ROS levels play crucial roles in 
maintaining the activation of macrophages and their M1 polarization through 
driving metabolic reprogramming. ROS also play a vital role in activating the 
autophagy and apoptosis pathways in macrophages. To maintain the long-term 
survival, Mtb could evade the immune system by manipulating host oxidative 
stress pathways, as well as the death patterns of infected macrophages. It 
employs the antioxidant enzymes, such as KatG, to resist ROS-mediated killing. 
Virulent Mtb strains suppress apoptosis in macrophages, enabling the survival 
and replication within host cells. By elucidating this multifaceted interplay, 
our review highlights new insights into tuberculosis pathogenesis and suggests 
that future therapeutic strategies could involve precisely modulating this 
tripartite network to reactivate anti-Mtb immunity. However, significant 
challenges remain, as clinical trials on antioxidants in the TB field are still 
limited, and strategies for therapeutically applying ROS in anti-TB treatment 
are largely exploratory.
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Background: Tuberculosis (TB) remains a major global health threat. Understanding the determinants of willingness to accept TB preventive treatment (TPT) among close contacts is essential for improving prevention coverage and achieving the "End TB Strategy" targets. 
Methods: A cross-sectional survey using a consecutive sampling strategy was conducted in 2024 among close contacts of TB patients across four districts/cities in Yantai (Mouping, Penglai, Haiyang, and Longkou). The questionnaire collected data on sociodemographic, exposure history, lifestyle habits, health status, and TB-related knowledge. Multivariate logistic regression analysis was used to identify factors associated with willingness to accept TPT.
Results: A total of 565 close contacts were surveyed. The overall willingness to receive TPT was high at 86.40% (n=488), though the core TB knowledge awareness rate was 62.30%. Multivariate analysis revealed that willingness was significantly higher among those in the 25–44 age group (OR = 11.641; 95% CI: 2.1–64.541; P = 0.005) and the 45–64 age group (OR = 7.258; 95% CI: 1.379–38.214; P = 0.019). Significant positive associations were found with the frequency of fruit intake (e.g., daily consumption: OR = 17.708; 95% CI: 3.871–81.014; P < 0.001) and, most ARTICLE IN PRESS strongly, with better knowledge of latent TB infection and TPT (all correct answers: OR = 30.159; 95% CI: 11.24–80.919; P < 0.001). Conversely, various occupational groups (e.g.,farmers, self-employed, retired individuals) and certain residential relationships (different rooms in the same dwelling) were negatively associated with willingness. 
Conclusions: Close contacts demonstrated generally high acceptance of TPT. Age, occupation, living arrangements, lifestyle behaviors, and TB-related knowledge were identified as significant factors associated with willingness to accept treatment. Strengthening targeted education and improving awareness of latent TB infection may enhance uptake of TPT and support TB control strategies.
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Asymptomatic tuberculosis (TB) poses a major challenge to global TB control. 
Quantifying its contribution to transmission remains a critical question. 
Although modelling studies have attempted to address this issue, empirical 
evidence from real-world settings is scarce. In this study, we estimated the 
contribution of asymptomatic TB to transmission in China using genomic 
epidemiology data from five population-based studies, encompassing 6,387 TB 
patients and 1,626 genomic-clustered patients. Transmission were classified as 
originating from either asymptomatic or symptomatic TB by comparing reported 
symptom onset dates with phybreak-inferred transmission timings. Across the 
study regions, 25.0%-51.3% of transmission was attributed to asymptomatic TB, 
indicating its substantial role in sustaining transmission. However, accurate 
estimation is hindered by the subjectivity of symptom reporting and reliance on 
passive case-finding. While this study likely underestimates the true 
contribution, it establishes a genomic epidemiology-based framework for future 
refinement. From a public health perspective, the priority should not be precise 
quantification but rather a shift toward active case-finding to detect both 
asymptomatic patients and symptomatic patients who have not sought care, thereby 
disrupting hidden transmission chains and advancing the End TB goals.
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The global challenge of tuberculosis (TB), particularly in the context of rising 
drug resistance and intracellular bacterial persistence, highlights the need for 
innovative therapeutic strategies. In this study, we develop a multifunctional 
nanoplatform (CuS-Ag@FA) that integrates near-infrared (NIR)-responsive 
photothermal CuS, antimicrobial Ag nanoparticles (Ag NPs), and 
folate-receptor-mediated macrophage targeting for enhanced intracellular 
Mycobacterium tuberculosis (M.tb) clearance. Our work represents the first 
FA-functionalized CuS-Ag nanoplatform designed for dual-targeting of 
M.tb-infected macrophages and the first evaluation of this nanoplatform in an 
M.tb-infected animal model. FA functionalization markedly improves macrophage 
uptake, enabling precise intracellular delivery. Upon 808 nm irradiation, 
CuS-Ag@FA generates localized hyperthermia that synergizes with Ag NPs-induced 
oxidative and membrane-disruptive effects, resulting in potent intracellular 
bactericidal efficacy. Transcriptomic analysis reveals simultaneous inhibition 
of M.tb DNA replication, redox homeostasis, and metabolic pathways, supporting a 
multidimensional mechanism of action. In vivo studies confirm potent therapeutic 
efficacy, pulmonary accumulation, and favorable biosafety, establishing 
CuS-Ag@FA as a promising next-generation nanotherapeutic for combating 
drug-resistant and intracellular M.tb.
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OBJECTIVES: This study aims to evaluate the clinical application value of 
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) in the verification and identification of difficult-to-classify 
nontuberculous mycobacterial (NTM) strains.
METHODS: From December 2024 to June 2025, 106 suspected NTM isolates were 
collected from 10 districts in Shenzhen, China. Initial identification was 
performed using HRM and REBA commercial kits, with targeted nanopore sequencing 
and mNGS as the composite reference standard. MALDI-TOF MS was used to verify 
strains unresolved by the kits, and its diagnostic performance was evaluated.
RESULTS: The HRM kit demonstrated concordance with the reference standard in 98 
of 106 samples (concordance rate: 89.1%), whereas the REBA kit concorded in 88 
samples (concordance rate: 80.0%). The REBA kit exhibited a tendency toward 
misidentification of NTM species as Mycobacterium tuberculosis. When the 
reference results were used as a baseline with tNanopore providing parallel 
validation (achieving ≥95% concordance with reference results), MALDI-TOF MS 
demonstrated poor performance in identifying difficult-to-classify NTM strains. 
Specifically, MALDI-TOF MS showed poor concordance in detecting M. abscessus 
(Kappa = 0.244), while Mycobacterium intracellulare, Mycobacterium kansasii, and 
Mycobacterium gordonae demonstrated kappa values of 0.543, 0.477, and 0.483, 
respectively, indicating low concordance overall. Furthermore, 13 species 
exceeded the detection range of MALDI-TOF MS, resulting in false-positive 
identifications or detection failures, with Mycobacterium abscessus exhibiting 
the highest rate of misidentification.
CONCLUSION: The limitations of MALDI-TOF MS in verifying difficult-to-classify 
NTM strains have been demonstrated. The findings emphasize that PCR-based 
molecular detection combined with gene sequence analysis remains the most 
reliable methodological approach for accurately identifying challenging NTM 
species in clinical practice.
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Background Anti-tuberculosis drug-induced liver injury (ATB-DILI) severely compromises tuberculosis (TB) treatment. We aimed to identify pretreatment predictors via integrated proteomic, metabolomic, and gut microbiome profiling. Methods This prospective multicenter study enrolled 72 adults who were receiving HRZ therapy. Serum, urine, and stool samples were collected before pretreatment. Serum proteins (RBP-4, CHGA, CPB2, ANT3, APOD) were quantified via ELISA. Nontargeted metabolomics (LC-MS) was used to analyze serum/urine, and 16S rRNA sequencing was used to characterize the fecal microbiota. Liver injury (ALT/TBIL ≥2×ULN; RUCAM≥3) was monitored biweekly/monthly. The ATB-DILI (n=35) and non-ATB-DILI (n=37) groups were compared statistically. A random forest model was used to integrate significant features (100-fold cross-validation).
Results ATB-DILI developed at a median of 29 days (IQR:14-30) and was predominantly hepatocellular (54.3%). The pretreatment levels of all five proteins were elevated in ATB-DILI patients (p<0.0001). Serum metabolomics revealed 163 differentially abundant metabolites (137↑/26↓; OPLS-DA R²Y=0.692, Q²=0.351), and urine metabolomics revealed 106 (42↑/64↓; R²Y=0.972, Q²=0.364). Beta diversity differed significantly between groups (Adonis P=0.004), with Catenibacterium/Lactococcus enriched in ATB-DILI. Strong correlations linked the microbiota, metabolites, and liver enzymes. The integrated multiomics model (serum/urine metabolites, microbiome, proteins) achieved superior prediction (AUC=0.880), outperforming single-platform models (serum metabolites:0.859; urine:0.803; microbiome:0.691; proteins:0.671).
Conclusion Pretreatment alterations in serum proteins, host metabolism, and the gut microbiota predict ATB DILI risk. An integrated multiomics model enables early intervention for personalized TB therapy.
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Background: This study aimed to investigate the epidemiological characteristics, clinical features, bronchoscopic manifestations, and imaging findings of lymph node fistula-type tracheobronchial tuberculosis (TBTB) in Hunan Province, China, from 2019 to 2023, to provide insights for improved diagnosis and management.
Methods: A retrospective analysis was conducted on 933 hospitalized cases of lymph node fistula-type TBTB in the rupture stage, identified from the bronchoscopy electronic medical record system at Hunan Chest Hospital. Patients were stratified into elderly and non-elderly groups. Comparative analyses were performed on demographics, clinical symptoms, laboratory parameters, bronchoscopic subtypes, pathogen detection, and imaging findings. 
Results: Patients were stratified into elderly (≥60 years, n=424) and non-elderly 
(<60 years, n=509) groups. The mean patient age was 53.30 ± 18.42 years, with males slightly outnumbering females (52.09% vs. 47.91%). Elderly patients exhibited a male predominance (male-to-female ratio of 1.62:1), whereas the non-elderly group had a female predominance (male-to-female ratio of 0.57:1). Laboratory findings revealed lower hemoglobin and albumin levels but higher erythrocyte sedimentation rates (ESR) in elderly patients (P<0.05 for all comparisons). Bronchoscopic examination identified ulcerative-perforative (47.91%) and granulomatous-proliferative (43.84%) as the most common fistula subtypes, with the former predominating in elderly patients (80.66%) and the latter in non-elderly patients (70.14%). Pathogen detection rates were higher in BALF samples (67.52%) than in sputum samples (57.88%), with elderly patients exhibiting higher 
positivity rates (P<0.05). Chest CT showed mediastinal or hilar lymphadenopathy in 72.78% of cases, with partial calcification more common in elderly patients. Correlation analysis revealed that ulcerative-perforative subtypes were associated with older age, female sex, longer symptom duration, and higher ESR, while granulomatous-proliferative subtypes were linked to younger age, male sex, and better nutritional status.
Conclusions: Lymph node fistula-type tracheobronchial tuberculosis (TBTB) is prevalent in elderly females, who are susceptible to severe ulcerative-perforative lesions closely associated with caseous necrosis and prolonged inflammation. Conversely, younger males mostly present with granulomatous-proliferative subtypes, suggestive of milder inflammation. Bronchoscopy and BALF testing are critical for subtype-specific diagnosis, and tailored management strategies are
key to improving patient outcomes.
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Tuberculosis (TB) continues to pose a significant threat to global public 
health, necessitating rapid and precise diagnostic methods and comprehensive 
detection of antimicrobial resistance (AMR) to facilitate timely clinical 
management. Traditional diagnostic techniques suffer from extended turnaround 
times and limited ability to comprehensively profile AMR, often resulting in 
delayed therapeutic interventions. High-throughput sequencing (HTS) technologies 
have revolutionized pathogen research by significantly improving diagnostic 
speed and accuracy. In the context of TB, diverse sequencing strategies and 
platforms are being employed to fulfill specific research goals, ranging from 
elucidating the molecular mechanisms underlying AMR to characterizing the 
genomic diversity among clinical isolates. This review systematically examines 
current progress in the application of HTS for rapid pathogen identification, 
comprehensive AMR profiling, epidemiological studies, advances in novel drugs, 
and vaccine development. Furthermore, we address existing technological 
limitations and bioinformatics challenges and explore the future directions 
necessary for effectively integrating HTS-based methodologies into global TB 
control efforts.

Copyright © 2026 The Editorial Board of Biomedical and Environmental Sciences. 
Published by China CDC. All rights reserved.
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OBJECTIVE: Post tuberculosis lung disease (PTLD) manifests in various forms, 
including tuberculosis-associated chronic obstructive pulmonary disease 
(TB-COPD), yet the clinical features of PTLD remain undercharacterized. This 
study aimed to assess longitudinal changes in lung function over a 5-year period 
and to identify predictors of airflow obstruction in a cohort of patients 
treated for active pulmonary TB.
METHODS: Patients with active pulmonary TB were enrolled in this study and were 
followed during treatment, at treatment completion and five years 
post-treatment. Assessments included lung function and chest CT, analyzing 
longitudinal trends and airflow obstruction risk factors.
RESULTS: Among 53 patients (mean age 36.9 ± 13.9 years; 64.2% male), 7 patients 
(13.2%) exhibited airflow obstruction. At the 5-year follow-up, the mean FEV 
1/FVC declined significantly (76.27% ± 12.04% vs. 80.23% ± 11.02%, P < 0.001) 
and 9 patients (17.0%) exhibited airflow obstruction. Seven of these patients 
predominantly showed air trapping consistent with small airway disease on chest 
CT, aligning with TB-COPD phenotype. Notably, four young-to-middle-aged patients 
(< 60 years old) had persistent obstruction over the five years.
CONCLUSION: The initial test revealed that 13.2% of patients presented with 
airflow obstruction. By the 5-year follow-up, this proportion had increased to 
17.0%, with most cases demonstrating imaging findings aligning with TB-COPD, 
even among younger, non-smoking individuals. These findings emphasize the 
importance of long-term follow-up and routine lung function assessments in TB 
survivors.
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OBJECTIVE: To determine the proportions of drug-resistant tuberculosis (TB), its 
trends, and the drug resistance-conferring mutations among patients with 
pulmonary TB aged 10-24 years in China.
METHODS: The data of patients with pulmonary TB were retrieved from a national 
drug-resistant TB survey for analysis. Joinpoint regression software was used to 
analyze time trends. We also used whole genome sequencing to analyze the 
lineages and drug resistance-conferring mutations of 621 isolates.
RESULTS: Among 4,235 patients with pulmonary TB, the proportion of new cases of 
multidrug-resistant tuberculosis (MDR-TB) was 3.18% (95% confidence interval [ 
CI]: 2.37-4.15) for adolescents and 3.76% (95% CI: 3.03-4.60) for young adults; 
for previously treated patients, MDR-TB accounted for 11.25% (95% CI: 
5.28-20.28) of adolescents and 11.05% (95% CI: 6.88-16.55) of young adults. The 
proportion of patients with MDR-TB remained stable among both new and previously 
treated patients aged 10-24 years during the study period. Through whole genome 
sequencing, we found that the most common mutations in the MDR-TB strains were 
Ser315Thr in the katG gene (71.74%) and Ser450Leu in the rpoB gene (50.00%).
CONCLUSION: This study revealed a high proportion of MDR-TB among adolescents 
and young adults, indicating that urgent and comprehensive measures are needed 
to reduce the emergence and transmission of drug-resistant TB among this 
population in China.
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BACKGROUND: Treatment of multidrug-resistant/rifampicin-resistant tuberculosis 
(MDR/RR-TB) faces severe challenges, including prolonged courses, marked drug 
toxicity, and poor patient compliance. While regimens containing new drugs 
(bedaquiline, delamanid) have substantially improved MDR/RR-TB outcomes, 
systematic research on the epidemiological characteristics and risk control of 
adverse drug reactions (ADRs) remains insufficient. This study, based on a 
national multi-center clinical cohort, retrospectively analyzed data from 2,151 
patients, aiming to explore the characteristics and risk factors related to ADR 
and provide a basis for individualized treatment.
METHODS: This study retrospectively included 2,151 patients with MDR/RR-TB from 
two national multicenter clinical cohorts in China (including the bedaquiline 
cohort and the delamanid cohort) from 2017 to 2022. Clinical data were extracted 
using a standardized process, and patients with missing key data that could not 
be traced were excluded from the study. Adverse reactions were defined and 
graded. Potential risk factors were screened through univariate analysis 
(Chi-squared test), and independent risk factors for ADRs were identified using 
a multivariate logistic regression model. The association between different 
types of ADRs and treatment drugs was also analyzed.
RESULTS: Overall ADR incidence was 56.2% (62.2% in bedaquiline cohort vs. 45.7% 
in delamanid cohort). The most common ADRs were cardiovascular [29.1%, mainly 
corrected QT interval (QTc) prolongation], hepatic (20.9%), and hematological 
(12.6%). Independent risk factors included female sex [odds ratio (OR) =1.26], 
age ≥35 years (OR =1.31), body mass index <18.5 kg/m2 (OR =1.22), diabetes (OR 
=1.28), retreatment (OR =1.28), extrapulmonary TB (OR =1.62), cavitation (OR 
=1.24), and pre-extensively drug-resistant (XDR)/XDR-TB (OR =1.14/1.29). Both 
drugs were linked to QTc prolongation.
CONCLUSIONS: New MDR/RR-TB regimens are effective but carry a high ADR burden. 
Enhanced monitoring of high-risk groups and QTc/liver function is essential.
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BACKGROUND: According to estimates from the World Health Organization (WHO), 25% 
of people worldwide are infected with Mycobacterium tuberculosis (MTB). The 
ability to identify tuberculosis infection (TBI) and then give pretreatment is 
an effective way to end tuberculosis (TB). The systemic immune-inflammation 
index (SII) is an inflammatory biomarker that reflects the relationship between 
immune response and systemic inflammation status in the host. However, its 
association with TBI remains unclear. This study aimed to assess the association 
between the SII and tuberculosis outcomes, including disease morbidity and 
in-hospital mortality.
METHODS: This observational study used public data from the National Health and 
Nutrition Examination Survey (NHANES) between 2011 and 2012. We used multiple 
imputations for missing values. Next, Least Absolute Shrinkage and Selection 
Operator (LASSO) regression combined with multiple regression analyses were 
utilized to identify the risk factors correlated with the morbidity of TB 
infection and to construct a prediction model visualized by a nomogram. 
Subsequently, receiver operating characteristic (ROC) and decision curve 
analysis (DCA) curves were used to determine the clinical value of the 
constructed predictive model. We included 97 intensive care unit (ICU) TB 
patients from July 2021 to December 2023 and then used Cox regression to verify 
the prognostic value of the SII in severe TB.
RESULTS: The SII was lower in patients with TB infection compared to those 
without TB infection (P<0.05). LASSO regression and multiple regression analysis 
identified five significant variables-SII [odds ratio (OR) 0.84, P<0.05], age, 
race, education level, and exposure to a household TB case-which were 
incorporated into a predictive model visualized as a nomogram. The area under 
curve (AUC) of the ROC curves for this model in both the training and validation 
sets were 0.746 and 0.734, respectively. Finally, in our clinical data of ICU 
patients with TB, higher SII levels were significantly associated with increased 
mortality (P<0.05), with an optimal predictive value of 1,460.25 (1,000 
cells/µL).
CONCLUSIONS: These findings suggest that the SII level has strong predictive 
value for the morbidity of TB infection and a close relationship with the 
mortality of ICU TB patients.
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BACKGROUND: Pulmonary cavities (PC) are known to be more prevalent among 
multidrug-resistant pulmonary tuberculosis (MDR)/extensively drug-resistant 
tuberculosis (XDR) patients than among drug-sensitive tuberculosis (DS) 
patients. This study aims to clarify how the interaction between Mycobacterium 
tuberculosis aggressiveness and tuberculosis history causes the PC prevalence 
and pattern differences between DS patients and MDR/XDR patients.
METHODS: Eastern European patient data were from the NIAID TB (National 
Institute of Allergy & Infectious Diseases Tuberculosis) Portals Program 
registered before January 2019. Chinese patients were from Shenzhen, China, 
treated between April 2017 and February 2019. There were in total 244 DS cases 
(222 new patients and 22 previously treated patients), 344 MDR cases (188 new 
patients and 156 previously treated patients), and 155 XDR cases (36 new 
patients and 119 previously treated patients). The first chest computed 
tomography (CT) images were analysed. PC were counted only for those with a 
lumen diameter >5 mm. Multiple cavities in a single consolidation were counted 
as one cavity. Calcified lesions in the lungs, as a sign of chronicity, were 
also recorded.
RESULTS: In new patients, there was no difference in lung lesion calcification 
prevalence among DS (13.5%), MDR (14.4%), and XDR (13.9%). In previously treated 
patients, lung calcification prevalence was 36.4% for DS, 44.9% for MDR, and 
45.4% for XDR. For new patients, the PC prevalence was higher for MDR cases than 
for DS cases (41% vs. around 25%). For treated patients, PC prevalence increased 
to 36.4% for DS cases, to 57% for MDX cases, and to 71.4% for XDR cases. For new 
patients, the mean PC number for positive cases was DS: 1.66, MDR: 2.79, XDR: 
2.69. For treated cases, the mean PC number for positive cases was DS: 2.13, 
MDR: 2.58, XDR: 2.47. For new patients, the mean PC diameter (in mm) for 
positive cases was DS: 15.4, MDR: 16.9, XDR: 17.5. For treated cases, the mean 
PC diameter (in mm) for positive cases was DS: 19.0, MDR: 20.8, XDR: 25.6. The 
number of lung fields with PC lesion was higher for MDR cases than for DS cases. 
PC number ≥2 had a specificity of around 92.3% for new patients, and around 
81.0% for previously treated patients, suggesting the diagnosis of MDR/XDR.
CONCLUSIONS: MDR/XDR patients exhibit significantly higher PC prevalence and 
more extensive pulmonary involvement compared to DS patients, which are not 
totally determined by the length of disease history. Compared with literature 
reports, the prevalence of PC and the PC number per positive case were 
comparatively low in this study. Taking all results together, PC number ≥3 
offers reasonable specificity for suggesting the diagnosis of MDR, though the 
sensitivity would be low.
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BACKGROUND: Drug-resistant tuberculosis (DR-TB) remains a major public health 
challenge in China, yet long-term epidemiological data from key regions such as 
Hunan Province in South-Central China are still limited.
OBJECTIVE: This study aimed to characterize the epidemiological trends, spatial 
distribution, and risk factors of Single drug-resistant tuberculosis (SDR-TB), 
poly-drug-resistant tuberculosis (PDR-TB), multidrug-resistant tuberculosis 
(MDR-TB), rifampicin-resistant tuberculosis (RR-TB), and isoniazid-resistant 
tuberculosis (INH-R TB) in Hunan Province between 2014 and 2023, to inform 
region-specific control strategies.
METHODS: It was a retrospective analysis that was conducted on 6,597 
laboratory-confirmed DR-TB cases. Data were obtained from the Provincial 
Tuberculosis Control Institute. All patients underwent phenotypic drug 
susceptibility testing. Independent risk factors for DR-TB subtypes were 
identified through multivariable logistic regression, with adjusted odds ratios 
(ORs) and corresponding 95% confidence intervals (CIs) calculated.
RESULTS: A total of 6,597 patients with DR-TB were included in this 10-year 
analysis. Among them, 74.97% were male and 64.44% were farmers. The highest case 
burden was observed in the 50-59 age group (24.78%). Spatially, cases clustered 
mainly in the Changsha (16.39%), Shaoyang (13.78%), and Loudi (9.05%). The most 
common resistance subtypes were INH-R TB (56.27%) and MDR-TB (52.37%). The 
distribution of all DR-TB subtypes varied significantly across age groups 
(p < 0.05), with peaks in middle-aged and older adults. Over time, the detection 
rate of MDR-TB was highest in 2018, while RR-TB remained the most frequently 
detected resistance type. Multivariable analysis identified significant regional 
and demographic disparities. The eastern region of Hunan was associated with an 
increased risk of SDR-TB (OR = 1.334) and PDR-TB (OR = 1.208), whereas the 
western region carried the highest risk for MDR-TB (OR = 1.734). Female patients 
consistently showed lower risks of MDR-TB (OR = 0.819) and RR-TB (OR = 0.784) 
compared with males.
CONCLUSION: This study presents a 10-year epidemiological assessment of DR-TB in 
Hunan Province, China, covering 2014-2023. A disproportionately high burden was 
observed among middle-aged and older male farmers. The predominance of INH-R TB 
and MDR-TB, together with distinct regional and demographic risk profiles, 
underscores an urgent need to strengthen TB control measures. These results 
support the implementation of targeted interventions, including intensified 
screening in high-risk populations and in high-incidence areas, along with 
optimized treatment regimens, to curb the ongoing DR-TB epidemic in 
South-Central China.

Copyright © 2026 Liu, Wang, Wan, Peng, Guo, Yang, Zhou, Li, Duan, Zeng, Bai, 
Chen, Luo and Tan.

DOI: 10.3389/fpubh.2026.1771140
PMCID: PMC12968256
PMID: 41810308 [Indexed for MEDLINE]

17. Infect Dis Model. 2026 Feb 26;11(3):930-946. doi: 10.1016/j.idm.2026.02.002. 
eCollection 2026 Sep.

Data-driven model analysis of the impact of environmental and socioeconomic 
factors on tuberculosis incidence.

Tao Y(1), Zhao J(1)(2), Cui H(3), Liang Z(4), Li J(3), Ren J(1), Zhu H(5).

Yiwen Tao, Jiaxin Zhao, Hao Cui, Zhanlue Liang, Jian Li, Jingli Ren*, Huaiping Zhu*
* Corresponding author. E-mail addresses: renjl@zzu.edu.cn (Jingli Ren), huaiping@yorku.ca (Huaiping Zhu).

Author information:
(1)School of Mathematics and Statistics, Zhengzhou University, Zhengzhou, 
450001, China.
(2)UQ Centre for Clinical Research, Faculty of Health, Medicine and Behavioural 
Sciences, The University of Queensland, Herston, Queensland (QLD), 4029, 
Australia.
(3)School of the Geoscience and Technology, Zhengzhou University, Zhengzhou, 
450001, China.
(4)Department of Respiratory and Critical Care Medicine, Institute of 
Respiratory Health, Frontiers Science Center for Disease-related Molecular 
Network, West China Hospital, Sichuan University, Chengdu, 610041, China.
(5)LAMPS and CDM, Department of Mathematics and Statistics, York University, 
4700 Keele Street, Toronto, ON, M3J 1P3, Canada.

Tuberculosis (TB), a global infectious disease, poses a formidable challenge to 
Taiwan, China, exacerbated by its aging demographic and the incursion of 
pathogens from Southeast Asia's high-risk districts. In this study, we analyzed 
data across 19 cities and counties in Taiwan, China from 2014 to 2022, deploying 
four machine learning (ML) and four deep learning (DL) models to forecast TB's 
monthly incidence, leveraging 12 drivers. The CatBoost, random forest, and 
gradient boosting models emerged as the top-performing models. By amalgamating 
these models with post-hoc explainable ML techniques, we consistently identified 
population size, sulfur dioxide levels, physician count, normalized difference 
vegetation index, wind velocity, and precipitation level the paramount 
influences on TB incidence. Additionally, we disclosed the nonlinear 
interactions and threshold effects between these determinants and TB incidence. 
W e further employed stepwise regression and statistical assessments to identify 
a model configuration that minimizes the necessary drivers while maintaining a 
high predictive accuracy. The framework and findings of this study offer a 
robust data support and decision-making basis for TB mitigation initiatives on a 
global scale.

© 2026 Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. 
Ltd.

DOI: 10.1016/j.idm.2026.02.002
PMCID: PMC12969114
PMID: 41810135

18. Nucleic Acids Res. 2026 Feb 24;54(5):gkag214. doi: 10.1093/nar/gkag214.

Orn-mediated c-di-GMP regulates the CRISPR-Cas system to confer stress response 
in Mycobacterium tuberculosis.

Yu W(1)(2), Yuan L(1), Zhou W(1), He L(1), Huang X(1), Yu J(1), Deng J(1), Zhang 
T(2)(3), Hu Y(1), Zhang Y(1), Chen S(1).

Wenjing Yu, Lisha Yuan, Wei Zhou, Lina He, Xindi Huang, Jifang Yu, Jiaoyu Deng, Tianyu Zhang, Yangbo Hu*, Yong Zhang*, Shiyun Chen*
∗ correspondence Shiyun Chen，Email: sychen@wh.iov.cn ； Yong Zhang. Email: yzhang@wh.iov.cn ；Yangbo Hu. Email: ybhu@wh.iov.cn

Author information:
(1)State Key Laboratory of Virology and Biosafety, Wuhan Institute of Virology, 
Chinese Academy of Sciences, Wuhan 430071, China.
(2)University of Chinese Academy of Sciences, Beijing 100049, China.
(3)State Key Laboratory of Respiratory Disease, Guangzhou Institutes of 
Biomedicine and Health, Chinese Academy of Sciences, Guangzhou 510120, China.

Mycobacterium tuberculosis (Mtb) possesses a type III-A CRISPR-Cas system and 
has anti-plasmid immune activity. However, whether this system exerts other 
additional functions remains to be characterized. Here, we investigated the in 
vivo roles of the Mtb CRISPR-Cas system. We show that this system is 
transcriptionally dependent and exhibits limited ability to counteract exogenous 
nucleic acids, primarily through the Csm6 protein rather than the Cas10 HD 
domain. We further demonstrate that this system plays a role in mitigating 
oxidative stress and antibiotic treatment, a function mainly mediated by the 
Cas10 HD domain. Importantly, through transposon library screening, we 
identified oligoribonuclease (Orn) as a regulatory protein of the Mtb CRISPR-Cas 
system. Deletion of the orn gene resulted in elevated c-di-GMP levels. A 
subsequent biotin-labeled c-di-GMP pull-down assay identified the 
transcriptional regulator Rv3058. Knockdown of rv3058 significantly increased 
cas6 promoter activity, and its transcriptional repressor function was directly 
modulated by c-di-GMP. This regulatory pathway enhances stress defense by 
activating multiple protective pathways, including DNA repair, cell envelope 
maintenance, and iron homeostasis regulation. Together, we conclude that the 
regulation of the CRISPR-Cas system by Orn-mediated c-di-GMP contributes to 
oxidative and antibiotic stress responses in Mtb.
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PURPOSE: To investigate the relationship between diabetes mellitus (DM) and the 
risk of central nervous system tuberculosis (CNS-TB), to analyze the 
age-dependent characteristics of this association, and to assess the combined 
effects of DM and neutrophil-to-lymphocyte ratio (NLR).
PATIENTS AND METHODS: We retrospectively analyzed clinical data of 862 
extrapulmonary tuberculosis patients admitted to Fuzhou Pulmonary Hospital from 
April 2018 to April 2024, including 685 non-CNS extrapulmonary tuberculosis 
(non-CNS EPTB) patients and 177 CNS-TB patients. Baseline demographic and 
laboratory characteristics were compared between groups. Age-stratified analysis 
(≤40 years, 41-60 years, >60 years) was performed to evaluate the age-dependent 
nature of the association between diabetes and CNS-TB risk. Multivariate 
logistic regression analysis was used to identify independent risk factors for 
CNS-TB, and to assess the combined effects and interaction between diabetes and 
NLR.
RESULTS: The prevalence of DM was significantly higher in the CNS-TB group than 
in the non-CNS EPTB group (24.29% vs 12.26%, P<0.001), with significantly 
elevated NLR (P<0.001). Age-stratified analysis revealed that the association 
between diabetes and CNS-TB risk exhibited significant age dependence, with no 
significant correlation in the ≤40 years group (OR=1.52, 95% CI: 0.47-4.94, 
P=0.506), but significant associations in the 41-60 years group (OR=2.80, 95% 
CI: 1.40-5.63, P=0.003) and >60 years group (OR=2.22, 95% CI: 1.20-4.13, 
P=0.010). Multivariate analysis confirmed DM (adjusted OR=2.116, 95% CI: 
1.382-3.241, P<0.001) and NLR (adjusted OR=1.051, 95% CI: 1.022-1.080, P<0.001) 
as independent risk factors for CNS-TB. Combined effects analysis demonstrated 
that patients with both diabetes and high NLR (>4.194) had the highest risk of 
CNS-TB (adjusted OR=4.833, 95% CI: 2.737-8.535, P<0.001), with a proportion of 
38.4%. However, formal interaction analysis indicated no evidence of a 
statistically significant additive interaction (RERI=0.198, 95% CI: 
-2.772-3.169, P=0.896).
CONCLUSION: DM is an independent risk factor for CNS-TB, significantly 
increasing risk in individuals aged >40 years. DM and NLR independently 
contribute to CNS-TB risk, supporting clinical risk assessment and prevention 
strategies incorporating metabolic and inflammatory biomarkers.
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Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium 
tuberculosis that poses major global health challenges. The Bacillus 
Calmette-Guérin (BCG) vaccine provides only limited protection against TB in 
adults and the current therapeutic regimens for TB are constrained by prolonged 
treatment cycles and the emergence of drug-resistant strains. Consequently, the 
role of Vγ9Vδ2 T cells in anti-TB immunity has increasingly garnered attention. 
These nonconventional T lymphocytes rapidly recognize Mtb-infected cells and 
exert effector functions through a unique T-cell receptor that directly 
recognizes phosphorylated antigens independent of the major histocompatibility 
complex. Vγ9Vδ2 T cells mediate direct cytotoxicity against infected cells and 
coordinate with other immune components to strengthen the host defense against 
TB. These distinctive attributes highlight the potential of Vγ9Vδ2 T cells as 
targets in novel TB vaccine strategies. The current understanding of Vγ9Vδ2 T 
cell-mediated immunity to Mtb, recent advances in TB vaccine research, and 
prospective directions for future investigation are synthesized in this review.
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BACKGROUND: Tuberculosis (TB) remains a leading global cause of infectious 
mortality. Accelerating vaccine development requires validated immune correlates 
of protection (CoPs). Mechanistic studies have long highlighted Th1 cytokines 
(IFN-γ, IL-2, TNF-α) as crucial for anti-mycobacterial immunity, leading to the 
hypothesis that antigen-specific Th1 responses, particularly polyfunctional T 
cells, may serve as a CoP. However, clinical evidence linking these responses to 
protection has been inconsistent.
METHODS: We conducted a systematic review and meta-analysis to evaluate 
antigen-specific IFN-γ, IL-2, and TNF-α as correlates of protection or risk. We 
searched PubMed/MEDLINE, Embase, Web of Science, and Cochrane Central up to June 
30, 2025. We included human studies with longitudinal follow-up that measured 
these cytokines and reported progression to active TB disease (primary analysis) 
or sustained IGRA conversion (secondary analysis). Study selection, data 
extraction, and risk-of-bias assessment were performed in duplicate. 
Random-effects meta-analyses were conducted where feasible, pooling across 
different antigen classes (e.g., PPD, BCG, ESAT-6/CFP-10, vaccine antigens) and 
assay platforms (e.g., ICS, ELISpot, whole-blood). Although these assays and 
antigens differ in their ability to activate distinct immune responses, the 
pooled estimates reflect general trends in immune markers across various 
immunological contexts. This pooling approach was taken to maximize available 
data and evaluate broad immune responses. Where possible, we conducted subgroup 
and sensitivity analyses to explore the robustness of the findings across 
antigen and assay categories.
RESULTS: From 1, 268 records, 10 studies were included. In the primary analysis 
of active TB disease (n=6 studies), pooled odds ratios for IFN-γ, IL-2, TNF-α, 
and polyfunctional responses were all close to 1.0 (range: 0.97-1.11) with 
confidence intervals spanning the null and low heterogeneity (I² = 0%). In the 
secondary analysis of sustained IGRA conversion (n=5 studies), continuous 
measures of IFN-γ and IL-2 were marginally higher in converters (pooled MDs: 
0.07 and 0.06, respectively). Binary analyses showed a consistent but modest 
trend toward positive association (pooled ORs: 1.13 for IFN-γ, 1.07 for IL-2), 
though confidence intervals included 1.0. Sensitivity and subgroup analyses were 
conducted, including stratification by antigen type (e.g., PPD, BCG, 
ESAT-6/CFP-10, vaccine antigens) and assay platform (e.g., ICS, ELISpot, 
whole-blood). While no significant effect modification was observed, this 
stratification underscores the importance of considering heterogeneity across 
different antigenic stimuli and assay methodologies when interpreting the pooled 
results. A Baujat plot identified specific studies (e.g., Kagina et al., Nemes 
et al.) as primary contributors to heterogeneity.
CONCLUSION: Available prospective evidence does not support antigen-specific Th1 
cytokine magnitudes-individually or as polyfunctional profiles-as reliable, 
standalone correlates of protection against progression to active TB disease. 
These responses appear more strongly associated with immune activation states 
linked to recent antigen exposure or infection risk. The findings underscore the 
need to look beyond peripheral Th1 cytokine levels, recognizing that the pooled 
estimates across different antigen types and assay platforms reflect general 
directional trends rather than directly comparable quantitative effects. This 
highlights the need for a more nuanced approach, considering the diversity of 
immune responses induced by varying antigens and assay techniques. Future 
studies should aim for standardized, harmonized assays and endpoint definitions 
to allow for more accurate comparisons across different study designs and 
populations.
SYSTEMATIC REVIEW REGISTRATION: https://www.crd.york.ac.uk/prospero/, identifier 
INPLASY202610094.

Copyright © 2026 Lin, Liu and Pan.

DOI: 10.3389/fcimb.2026.1780600
PMCID: PMC12963246
PMID: 41798754 [Indexed for MEDLINE]

22. Front Cardiovasc Med. 2026 Feb 19;13:1762499. doi: 10.3389/fcvm.2026.1762499. 
eCollection 2026.

Perioperative management of a patient with tuberculous destroyed lung and 
ascending aortic aneurysm undergoing a Bentall procedure: a case report.

Liu H(1), Li Q(1)(2), Wang S(1), Fu W(1), Huang Z(1), Zheng M(1), Luo L(1), Tang 
L(1).

Huimin Liu, Qing Li, Sijia Wang, Weidong Fu, Zhujun Huang, Mingzhi Zheng, Liu Luo, Lin Tang*
*CORRESPONDENCE Lin Tang，tanglin742919085@163.com

Author information:
(1)Department of Anesthesiology, Zhuzhou Hospital Affiliated to Xiangya School 
of Medicine, Central South University, Zhuzhou, Hunan, China.
(2)Department of Anesthesiology, Zhuzhou Clinical College, Jishou University, 
Zhuzhou, Hunan, China.

BACKGROUND: The coexistence of tuberculous destroyed lung (TDL) and ascending 
aortic aneurysm represents a rare multimorbidity, posing significant challenges 
for perioperative management in patients requiring cardiopulmonary bypass 
(CPB)-assisted major vascular surgery. The clinical manifestations of this 
polycoexisting disease may be asymptomatic or present as symptoms of one of the 
diseases or both. Currently, there is no universally accepted diagnostic 
protocol available for the definitive diagnosis of complex conditions such as 
tuberculosis and its comorbidities.
CASE PRESENTATION: A 58-year-old woman presented with a 1-month history of 
cough, expectoration, chest tightness, and dyspnea, which had exacerbated over 
the preceding week. Pulmonary computed tomography revealed left lung fibrosis 
with architectural destruction, along with aneurysmal dilation of the ascending 
aorta. Her medical history included tuberculosis (diagnosed 20 years earlier and 
treated with anti-tuberculosis therapy for 6 months), hypertension (managed with 
levamlodipine besylate 5 mg daily), and recurrent pulmonary infections. After 
multidisciplinary evaluation, she underwent an elective Bentall procedure under 
CPB. Postoperatively, there was no evidence of tuberculosis reactivation or 
major complications, and she was discharged after 23 days of hospitalization.
CONCLUSIONS: Successful surgical intervention for TDL combined with thoracic 
aortic aneurysm is rarely reported. Early diagnosis and timely surgery are 
critical for improving patient outcomes. This case highlights the importance of 
multidisciplinary collaboration and customized perioperative strategies in 
managing such complex multimorbidities.
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Tuberculosis (TB) remains a leading global health threat, with the rise of 
drug-resistant (DR-TB) strains posing a significant impediment to disease 
control. An increasingly recognized and complex challenge is heteroresistance, 
the coexistence of drug-susceptible and drug-resistant Mycobacterium 
tuberculosis subpopulations within a single host. This phenomenon acts as a 
crucial intermediate in the evolution toward fixed resistance and has been 
strongly associated with poor clinical prognoses, including treatment failure 
and the amplification of resistance. This review synthesizes the current state 
of knowledge regarding the screening methodologies for and the adverse outcomes 
associated with TB heteroresistance. The diagnostic gap creates a substantial 
risk of misclassifying patients and prescribing functionally inadequate 
therapeutic regimens. Further, the presence of heteroresistance significantly 
correlates with diminished treatment efficacy and an increased likelihood of 
unfavorable outcomes. Importantly, the precise clinical significance of 
low-frequency resistant variants remains a critical area of investigation, with 
an urgent need to establish evidence-based thresholds to guide therapy. Future 
research must focus on defining clinically relevant heteroresistance thresholds, 
standardizing advanced diagnostic platforms, and further elucidating the 
biological mechanisms that govern the emergence and persistence of these 
heteroresistance bacterial populations to ultimately improve patient outcomes 
and curb the spread of drug-resistant tuberculosis.
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BACKGROUND: Tuberculosis (TB) remains a major public health challenge in China 
and worldwide, with smoking being a key modifiable risk factor. Given China's 
large population and rising smoking rates, this paper aims to examine the link 
between smoking and TB incidence.
METHODS: We systematically searched six databases from inception for studies 
reporting smoking exposure, TB outcomes, and smoker-non-smoker comparisons. Two 
reviewers independently screened records, extracted data, and assessed bias. We 
analysed smoking-TB associations using random-effects meta-analysis of odds 
ratios (ORs) and hazard ratios (HRs).
RESULTS: We included 17 studies reporting ORs and 7 studies reporting HRs in the 
quantitative synthesis. The pooled OR for TB incidence among smokers compared 
with non-smokers was 1.77 (95% confidence interval (CI) = 1.29-2.43), indicating 
a statistically significant increase in risk of TB. For studies reporting hazard 
ratios, the pooled estimate was 2.39 (95% CI = 1.28-4.45), showing a significant 
association between smoking and increased TB incidence.
CONCLUSIONS: Both active and passive smoking significantly elevate the risk of 
TB and worsen its outcomes in China. Our result indicate that COVID-19 pandemic 
may have indirectly exacerbated smoking-related risks through disruptions to TB 
services, heightened psychosocial stress, and shifts in smoking behaviours, with 
potential implications for TB risk and outcomes. Thus, integrating smoking 
cessation strategies into TB programmes, focusing on heavy smokers in especially 
high-prevalence areas, and raising public awareness could enhance efforts to 
prevent and control TB worldwide.
REGISTRATION: PROSPERO: CRD420251070123.
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BACKGROUND: Hepatic hilar tuberculosis lymphadenitis is a rare condition that 
often mimics other diseases, leading to diagnostic challenges due to its 
nonspecific clinical presentation. It can be easily mistaken for a malignant 
tumor, complicating the diagnostic process.
CASE PRESENTATION: A 34-year-old woman was incidentally found to have a 
space-occupying lesion in the porta hepatis during a routine physical 
examination. Imaging revealed an irregular mass located posterior to the portal 
vein and in the head of the pancreas. Endoscopic ultrasonography-guided 
fine-needle aspiration (EUS-FNA) was performed, yielding necrotic material, 
multinucleated giant cells, and epithelioid cells, suggestive of tuberculosis. 
Acid-fast bacilli were detected on smear, confirming the diagnosis of porta 
hepatis tuberculosis.
MANAGEMENT AND OUTCOME: After the initiation of anti-tuberculosis therapy, 
follow-up CT scans demonstrated a reduction in lesion size with partial 
calcification. EUS-FNA played a crucial role in providing a timely cytological 
and histopathological diagnosis, enabling early treatment and avoiding 
unnecessary surgical interventions such as exploratory laparotomy.
CONCLUSION: This case underscores the utility of EUS-FNA in diagnosing rare 
conditions like hepatic hilar tuberculosis lymphadenitis, highlighting its value 
in differentiating tuberculosis from malignancy and guiding appropriate clinical 
management.
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