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Mycobacterium tuberculosis-derived linoleic acid increases regulatory T cell 
function to promote bacterial survival within macrophages.

Cheng H(#)(1)(2), Li S(#)(1)(2), Liu H(#)(1), Yan M(#)(3), Wang J(#)(2), Huang 
J(2), Liu S(2), Yang Y(2), Cao X(2), Cui P(2), Cheng Y(2), Liu Z(1), Wang J(1), 
Huang X(1), Wang L(1), Qin L(1), Zheng R(1), Feng CG(4)(5), Zou Q(6), Sun Y(7), 
Ji Z(8)(9), Yang H(10)(11), Ge B(12)(13)(14).

Hongyu Cheng, Shenzhi Li, Hongjie Liu, Meiyi Yan, Jingxiang Wang, Jingping Huang, Shanshan Liu, Yifan Yang, Xinyu Cao, Pengfei Cui, Yuanna Cheng, Zhonghua Liu, Jie Wang, Xiaochen Huang, Lin Wang, Lianhua Qin, Ruijuan Zheng, Carl G. Feng, Qiang Zou, Yicheng Sun*, Zhe Ji*, Hua Yang* & Baoxue Ge*
*sunyc@ipbcams.ac.cnyang（Yicheng Sun）；jizhe@tongji.edu.cn（Zhe Ji）；yanghua97065@tongji.edu.cn（Hua Yang）；gebaoxue@sibs.ac.cn（Baoxue Ge）.

Author information:
(1)Shanghai Key Laboratory of Tuberculosis, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine, Shanghai, People's Republic of China.
(2)Key Laboratory of Pathogen-Host Interaction, Ministry of Education, 
Department of Microbiology and Immunology, Tongji University School of Medicine, 
Shanghai, People's Republic of China.
(3)NHC Key Laboratory of Systems Biology of Pathogens, State Key Laboratory of 
Respiratory Health and Multimorbidity, National Institute of Pathogen Biology 
and Center for Tuberculosis Research, Chinese Academy of Medical Sciences & 
Peking Union Medical College, Beijing, People's Republic of China.
(4)Immunology and Host Defense Group, Faculty of Medicine and Health, The 
University of Sydney, Sydney, New South Wales, Australia.
(5)Tuberculosis Research Program, Centenary Institute, The University of Sydney, 
Sydney, New South Wales, Australia.
(6)Hongqiao International Institute of Medicine, Tongren Hospital & Shanghai 
Institute of Immunology, State Key Laboratory of Systems Medicine for Cancer, 
Shanghai Jiao Tong University School of Medicine, Shanghai, People's Republic of 
China.
(7)NHC Key Laboratory of Systems Biology of Pathogens, State Key Laboratory of 
Respiratory Health and Multimorbidity, National Institute of Pathogen Biology 
and Center for Tuberculosis Research, Chinese Academy of Medical Sciences & 
Peking Union Medical College, Beijing, People's Republic of China. 
sunyc@ipbcams.ac.cnyang.
(8)Shanghai Key Laboratory of Tuberculosis, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine, Shanghai, People's Republic of China. 
jizhe@tongji.edu.cn.
(9)Key Laboratory of Pathogen-Host Interaction, Ministry of Education, 
Department of Microbiology and Immunology, Tongji University School of Medicine, 
Shanghai, People's Republic of China. jizhe@tongji.edu.cn.
(10)Shanghai Key Laboratory of Tuberculosis, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine, Shanghai, People's Republic of China. 
yanghua97065@tongji.edu.cn.
(11)Key Laboratory of Pathogen-Host Interaction, Ministry of Education, 
Department of Microbiology and Immunology, Tongji University School of Medicine, 
Shanghai, People's Republic of China. yanghua97065@tongji.edu.cn.
(12)Shanghai Key Laboratory of Tuberculosis, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine, Shanghai, People's Republic of China. 
gebaoxue@sibs.ac.cn.
(13)Key Laboratory of Pathogen-Host Interaction, Ministry of Education, 
Department of Microbiology and Immunology, Tongji University School of Medicine, 
Shanghai, People's Republic of China. gebaoxue@sibs.ac.cn.
(14)Clinical Translation Research Center, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine, Shanghai, People's Republic of China. 
gebaoxue@sibs.ac.cn.
(#)Contributed equally

Regulatory T (Treg) cells expand during Mycobacterium tuberculosis (Mtb) 
infection and suppress T cell-mediated control. Whether Mtb actively contributes 
to this process is unclear. Here, using a genome-wide mutant library, we show 
that the expression of Mtb Rv1272c, an ATP-binding cassette transporter, 
increased under hypoxic conditions and promotes Mtb survival in vivo by 
increasing lecithin import, followed by the production and release of linoleic 
acid. Linoleic acid released by infected macrophages promoted surface 
trafficking of the immune checkpoint molecule cytotoxic T lymphocyte antigen 4 
(CTLA-4) in Treg cells via the Ca²⁺ transporter ATP2a3. This in turn inhibited 
macrophage reactive oxygen species production and promoted Mtb survival inside 
macrophages. Rv1272c-induced linoleic acid further promoted Mtb immune evasion 
by increasing CTLA-4 surface trafficking on Treg cells in vivo. Mechanistically, 
linoleic acid interacts with ATP2a3 in Treg cells and promotes 
mitochondria-associated endoplasmic reticulum (ER) membrane formation. This 
facilitates ER-to-mitochondria Ca2+ transfer and depletion of Ca2+ in the ER, 
and triggers store-operated calcium entry, thus elevating cytosolic Ca2+ levels 
to increase Ca2+-dependent CTLA-4 surface trafficking in Treg cells. These 
findings reveal that Mtb can use a metabolite to manipulate host responses and 
promote its intracellular survival.
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Tuberculosis (TB) is the leading cause of death in global infectious diseases, 
and precise diagnosis and preventive intervention of latent tuberculosis 
infection (LTBI) are important to end the TB epidemic. In this study, we 
explored the diagnostic value of five Mycobacterium tuberculosis (MTB) dormant 
highly expressed antigens (Rv0470c, Rv2026c, Rv2466c, Rv3334, and Rv3406) in 
LTBI and evaluated the immunologic efficacy of a novel subunit vaccine, PB2-DIMQ 
(antigen PB2:Rv0470c-Rv1846c; adjuvant DIMQ: liposome dimethyl 
dioctadecylammonium bromide [DDA] + imiquimod [IMQ]). It was found that all five antigens were generally capable of eliciting immune responses among patients 
with LTBI and those with active tuberculosis (ATB). Although differences in the 
intensity of responses were present for some antigens between the two groups, 
their discriminatory power in differentiating LTBI from ATB was limited 
(AUC = 0.6622-0.7473). Nevertheless, these antigens still hold promising 
potential for application in the diagnosis of MTB infection 
(AUC = 0.7415-0.9556). On the other hand, under the prime-boost strategy, the 
PB2-DIMQ vaccine induced a significantly stronger Th1-type immune response than 
BCG in a mouse model, promoting the expansion of multifunctional T cells 
(CD4+/CD8+ IFN-γ+ IL-2+), and enhanced in vitro bacterial inhibition. This study 
provides new targets and strategies (fusion antigen PB2 + adjuvant DIMQ) for the development of novel TB diagnostic tools and next-generation TB vaccines with 
important clinical translational prospects.
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Rapid discrimination of Mycobacterium tuberculosis and non-tuberculous 
mycobacteria disease via interpretive machine learning analysis of routine 
laboratory tests.
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OBJECTIVES: Rapid discrimination of infections caused by Mycobacterium 
tuberculosis (MTB) and non-tuberculous mycobacteria (NTM) is crucial in clinical 
settings. Despite overlapping clinical and radiological features, the two 
require markedly different therapeutic approaches and public health responses. 
Current laboratory methods are time-consuming and complex, underscoring the 
urgent need for a simple and efficient diagnostic tool to inform public health 
decision-making.
METHODS: Demographic, haematological and biochemical data were collected from 
two hospitals in Jiangsu province, China, between December 2018 and October 
2024. A total of 400 patients were included in the training cohort, with 66 
patients used for external validation. Six machine learning models were 
developed using routine laboratory features, and their performance was evaluated 
using multiple metrics.
RESULTS: The random forest (RF) model outperformed others using 49 routine lab 
features, achieving 82.71% accuracy in the internal cohort and 87.69% in 
external validation. SHapley Additive exPlanations (SHAP) model identified the 
top 10 critical features influencing model decisions, namely, chloride, sodium, 
gender, prealbumin, high-density lipoprotein, procalcitonin, albumin, globulin, 
total protein and creatine. Based on these indicators, an interactive web-based 
tool was developed (https://mtb-ntm.streamlit.app).
DISCUSSION: The features identified by the model align with established clinical 
parameters and existing studies. Certain previously underestimated variables, 
such as Cl and Na, exhibited substantial importance in distinguishing between 
MTB and NTM, offering valuable insights for the development of decision-support 
tools.
CONCLUSION: Routine laboratory indicators coupled with the RF model demonstrated 
potential capacity as an auxiliary diagnostic tool for discriminating MTB and 
NTM disease, offering effective medical support in resource-limited and remote 
settings.
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Arabinogalactans (AG) from the Mycobacterium tuberculosis (Mtb) cell wall 
represent potential therapeutic agents against the notorious disease 
tuberculosis (TB). However, the synthetic access to these long, highly branched, 
and complex arabinogalactans remains a challenging task, hindering 
structure-activity relationship studies. Here, we report the chemical synthesis 
of arabinogalactan 92-mer 1 and shorter sequences 14-mer 2, 30-mer 3, and 50-mer 
4 from M. tuberculosis cell envelope via an orthogonal one-pot glycosylation 
strategy based on glycosyl ortho-(1-phenylvinyl)benzoates, which avoids such 
issues as aglycone transfer inherent to one-pot assemblies based on 
thioglycosides. The synthetic route also features the following characteristics: 
1) highly stereoselective construction of eight 1,2-cis-Araf-(1→2) linkages via 
hydrogen-bond-mediated aglycone delivery strategy; 2) effective one-pot assembly 
of several linear and branched glycans by strategic utilizations of glycosyl 
N-phenyltrifluoroacetimidates, ortho-alkynylbenzoates, and 
ortho-(1-phenylvinyl)benzoates; 3) a one-pot and convergent 
[(7 × 2 + 7) × 2 + 50] assembly of arabinogalactan 92-mer with the simultaneous formations of six furanosidic bonds. Conformational analysis using molecular dynamics simulations and NMR spectroscopy, as well as immunological studies of synthetic arabinogalactans 1-4 in human cell models, revealed that the 
surface-exposed 30-mer 3 epitope induced only a modest NF-κB activation while 
preserving cell viability.
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BACKGROUND: Drug-resistant tuberculosis (DR-TB) is associated with alterations 
in drug pharmacokinetics (PK), aberrant expression of efflux pump transporters, 
and genetic mutations. Polymorphisms in host genes encoding efflux pumps may 
affect drug concentrations, potentially contributing to the emergence of drug 
resistance. This study aims to investigate the association between single 
nucleotide polymorphisms (SNPs) in host efflux pump transporter genes and the 
development of drug resistance in tuberculosis.
METHODS: This study enrolled 117 DR-TB patients, 193 patients with 
drug-sensitive tuberculosis (DS-TB) and 398 healthy control subjects (HCS). SNPs 
associated with drug resistance were selected based a comprehensive literature 
review and publicly available databases. A total of 12 SNPs within four ABC 
transporter genes were selected and genotyped: ABCB1 (rs1128503, rs2032582, 
rs3842, rs1045642); ABCC1 (rs212091, rs3743527); ABCC2 (rs717620, rs2273697, 
rs3740066, rs8187710); and ABCG2 (rs2231142, rs2231137). The relationship 
between SNPs and phenotype was evaluated using logistic regression analysis, 
with adjustments for potential confounding factors including sex, age and 
ethnicity.
RESULTS: All 12 SNPs were in Hardy-Weinberg genetic equilibrium (P > 0.5). 
Genetic analysis revealed statistically significant associations between efflux 
pump gene polymorphisms and distinct drug-resistant tuberculosis profiles. 
Specifically, the ABCC1 rs212091 CC genotype was significantly associated with 
an increased risk of both overall drug-resistant TB (OR = 4.84, 95 % CI: 
1.24-18.92) and multidrug-resistant TB (OR = 8.45, 95 % CI: 1.50-47.65). In 
contrast, the ABCB1 rs3842 CC genotype demonstrated a protective effect against 
MDR-TB (OR = 0.37, 95 % CI: 0.14-0.99), whereas the ABCG2 rs2231142 TT genotype 
was linked to a decreased risk of pre-extensively drug-resistant TB (OR = 0.41, 
95 % CI: 0.17-0.97).
CONCLUSION: Our findings suggest that polymorphisms in host efflux pump genes 
may affect susceptibility to different DR-TB phenotypes. The identified risk 
(ABCC1 rs212091) and protective variants (ABCB1 rs3842, ABCG2 rs2231142) reveal 
genetic mechanisms underlying drug resistance. Further validation in larger, 
more diverse populations is needed.
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Accurate detection of drug-resistant Mycobacterium tuberculosis (MTB) is 
essential for tuberculosis control, particularly with increasing 
multidrug-resistant strains. Whole-genome sequencing (WGS), as a supplement to 
phenotypic drug susceptibility testing (DST), holds great potential for 
resistance detection, but comparative analyses of multiple WGS tools remain 
limited. This study assessed four WGS-based tools-SAM-TB, TB-Profiler, Mykrobe 
predictor, and PhyResSE-for predicting resistance to four first-line drugs 
(isoniazid, rifampicin, ethambutol, and streptomycin) using 113 clinical MTB 
isolates from Ganzhou, China, with phenotypic DST as reference. All tools showed 
similar sensitivity (85.04-88.19%) and high specificity (95.69-96.31%). Several 
known resistance-associated mutations were identified, along with seven novel 
mutations absent from the WHO catalogue and thirteen of uncertain clinical 
significance. Discrepancies between WGS and DST occurred across all drugs, 
potentially due to disputed mutations, outdated databases, or limitations of 
phenotypic methods. These results highlight the complementary roles of WGS and 
phenotypic DST in drug resistance surveillance and emphasize the need for 
continuously updated mutation databases, including the WHO catalogue, and 
standardized interpretation criteria to enhance the clinical utility of WGS.
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BACKGROUND: Tuberculosis (TB) remains a global health crisis, with 
drug-resistant strains posing significant diagnostic challenges due to the high 
cost and performance limitations of current methods. Rifampicin-resistant TB 
(RR-TB), approximately 97% of which are associated with rpoB 531T 
single-nucleotide mutation, presents a critical target for TB control. Padlock 
probe ligation-based rolling circle amplification (RCA) enables discrimination 
of single-nucleotide variants, rendering it a promising approach for detecting 
TB drug-resistance mutations. However, padlock probe ligation-based RCA achieves 
only sub-picomolar limits of detection, limiting its application.
RESULTS: Herein, we present a multifunctional DNA nanomachine designed for the 
rapid detection of the Mycobacterium tuberculosis (MTB) rpoB 531 (TCG to TTG) 
mutation. This nanomachine integrates a DNAzyme-mediated cleavage reaction and 
RCA within a spatially confined architecture. Specifically, by co-assembling a 
DNAzyme substrate strand, a DNAzyme catalytic strand, a preformed circular 
template, and an RCA primer into a single nanostructure, we established a 
confined reaction microenvironment that minimizes diffusion distances, enabling 
accelerated reaction kinetics while effectively reducing cross-talk between 
cascade steps. Leveraging the programmability of DNA nanomachines with detection 
probe-functionalized magnetic nanoparticles for real-time optomagnetic sensing, 
our biosensor achieved a detection limit of 0.3 fM with a total assay time of 
100 min and exhibited a dynamic detection range spanning 6 orders of magnitude. 
The biosensor performance was validated using synthetic wild-type sequences, 
spiked serum samples, and clinical sputum DNA extracts.
SIGNIFICANCE AND NOVELTY: By spatially confining cascade DNA reactions within a 
single nanostructure, we overcame intrinsic limitations of homogeneous cascade 
reactions in complex matrices, enabling autocatalytic signal recycling, RCA, 
nanoparticle clustering, and real-time quantification. This approach offers a 
robust and cost-effective solution for point-of-care RR-TB diagnosis and 
demonstrates the potential for detecting other single-nucleotide mutations.
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OBJECTIVE: This study aimed to analyze the differences in lymphocyte subsets and 
immune function between tuberculosis (TB) and nontuberculous mycobacterial 
pulmonary disease (NTM-PD), thereby deepening the understanding of the 
pathogenesis of these diseases and providing important insights for clinical 
diagnosis, treatment, and prognosis evaluation.
METHODS: Patients with pulmonary imaging abnormalities admitted to the 
Tuberculosis Department of Shanghai Pulmonary Hospital from January 2023 to 
December 2023 were included. Based on diagnostic assessments, they were 
categorized into active tuberculosis (ATB), NTM-PD, and other pulmonary diseases 
(including inflammatory and neoplastic lung diseases). Flow cytometry was used 
to detect lymphocyte subset counts.
RESULTS: (1) There were no significant differences in lymphocyte subset counts 
between the ATB and NTM groups; however, both groups showed marked differences 
when compared with the group of patients with other respiratory diseases. 
Specifically, the percentages and absolute counts of CD3+ T cells, CD4+ T cells, 
CD8+ T cells, and CD19+ B cells were significantly lower in the ATB and NTM 
groups, whereas the levels of CD16+56+ natural killer (NK) cells were higher 
compared to those with other respiratory diseases.(2) Patients in the non-severe 
ATB (nSATB) group exhibited higher levels of CD3+ T cells and CD19+ B cells 
compared to those in the severe ATB (SATB) group.(3) Among patients with ATB, 
those with concomitant diabetes had lower CD8+ T cell counts and percentages, as 
well as a higher CD4/CD8 ratio, compared to those without diabetes.(4) In 
patients with NTM-PD, those with severe disease had lower percentages of 
CD16+56+ NK cells than those with non-severe NTM-PD.(5) No significant 
differences in lymphocyte subset parameters were observed between drug-resistant 
and drug-sensitive ATB patients, or between patients with rapidly growing and 
slowly growing NTM species.
CONCLUSION: This study revealed the lymphocyte subset characteristics of 
patients with TB and NTM infections and identified potential associations 
between disease severity, diabetes comorbidities, and immune cell subsets with 
disease status. These findings provide a basis for further research on the 
immune mechanisms of infectious pulmonary diseases and contribute to the 
development of precision medicine strategies.
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This study aims to investigate the potential active ingredients, targets, and 
signaling pathways of Yangyin Quyu decoction (YYQYD) for the treatment of 
pulmonary tuberculosis (PTB), utilizing network pharmacology and molecular 
docking technology. In this study, we constructed an "ingredient-disease" target 
library utilizing TCMSP, UniProt, GeneCards, OMIM, and SangerBox. We developed a 
protein interaction network for YYQYD in the treatment of PTB using Cytoscape 
3.10.2 software. Additionally, we employed SangerBox and Wei Sheng Xin to 
conduct Gene Ontology/Kyoto Encyclopedia of Genes and Genomes enrichment 
analysis and to build the "component-pathway-target" network. Furthermore, we 
utilized molecular docking technology to visualize the active ingredients of 
YYQYD alongside the core targets of PTB. In this study, we screened quercetin, 
γ-aminobutyric acid, luteolin, kaempferol, and formononetin, identifying TP53, 
STAT3, AKT1, JUN, and ESR1 as the key targets of the decoction. Enrichment 
analysis of Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathways 
showed the mechanisms mainly involved multiple signaling pathways (e.g., 
pathways in cancer, P = 4.90 × 10-29; metabolic pathways, P = 1.15 × 10-5). 
Furthermore, molecular docking results indicated that the active components 
exhibited significant binding affinities with the core targets of PTB. Quercetin 
and kaempferol, both with a binding affinity of -8.5 kcal/mol for STAT3 and ESR1 
respectively, demonstrated excellent binding capabilities. Luteolin also showed 
strong binding to STAT3 with a binding affinity of -8.2 kcal/mol. Formononetin 
exhibited certain binding capabilities across various targets, while 
γ-aminobutyric acid displayed moderate binding affinities, suggesting potential 
synergistic roles within the biological context. This study proposed that the 
intricate network pharmacological mechanisms underlying the efficacy of YYQYD in 
the treatment of PTB. This research provides a molecular foundation for the 
development of novel antimicrobial therapies and proposes a targeted 
intervention strategy that aligns with the modernization of traditional Chinese 
medicine.
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CwlM, identified as an N-acetylmuramoyl-l-alanine amidase, plays crucial roles 
in the synthesis and remodeling of peptidoglycan in mycobacteria. This protein 
also appears to participate in both drug susceptibility and tolerance mechanisms 
within these organisms. In our study, we employed CRISPR interference (CRISPRi) 
to deplete CwlM in Mycobacterium smegmatis (M. smegmatis) and examined the 
resulting effects on the susceptibility of mycobacteria to first-line 
anti-tuberculosis drugs, including isoniazid (INH), rifampicin (RIF), 
pyrazinamide (PZA), and ethambutol (EMB), as well as the β-lactams cefoxitin and 
imipenem. Our findings revealed that CwlM depletion increased the susceptibility 
of the bacterium to RIF, EMB, cefoxitin, and imipenem, while tolerance was 
heightened against INH and PZA. The enhanced antibiotic susceptibility can 
primarily be attributed to increased permeability of the bacterial cell wall. 
Conversely, the observed tolerance to INH might be ascribed to elevated 
expression of the amidase known as hydrazidase along with its LuxR-type 
regulator. Furthermore, several genes associated with peptidoglycan synthesis 
appeared to correlate with increased expression levels of either hydrazidase or 
its LuxR-type regulator. Collectively, these findings indicate that CwlM 
depletion significantly influences the susceptibility of M. smegmatis towards 
certain anti-tuberculosis drugs and may be implicated in drug susceptibility and 
tolerance mechanisms in M. smegmatis.

Copyright: © 2025 Yang et al. This is an open access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
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BACKGROUND: Patients with pulmonary tuberculosis (TB) achieve microbiological 
cures following anti-TB treatment; however, post-tuberculosis lung disease 
(PTLD) persists in some. This study aimed to evaluate whether pre-treatment 
blood cell count indicators and inflammatory markers could predict the 
radiologic severity of PTLD.
METHODS: Overall, 169 patients with pulmonary TB diagnosed at Beijing Chest 
Hospital were prospectively enrolled. Baseline data were recorded and chest 
computed tomography (CT) images after the completion of anti-TB treatment were 
scored from 0 to 24 using a validated system. Patients were classified into mild 
and severe lung damage groups according to the median value of post-treatment 
chest CT score. Linear regression and logistic regression analyses were 
performed to assess the association between baseline inflammatory markers and 
post-treatment radiologic severity.
RESULTS: The overall mean age was 39.34 ± 15.37 years; 72.8% were men and 49.7% 
had a smoking history. The median CT score at the treatment end was 9 
(interquartile range: 6–15). Significant positive correlations were observed 
between post-treatment CT scores and baseline erythrocyte sedimentation rate 
(ESR) (β = 0.040), high-sensitivity C-reactive protein (hs-CRP) (β = 0.030), 
white blood cell (WBC) count (β = 0.269), neutrophil percentage (β = 0.121) and 
count (β = 0.330), monocyte count (β = 4.169), and neutrophil-to-lymphocyte 
ratio (NLR) (β = 0.272). Negative correlations were identified with hemoglobin 
(Hb) (β = -0.070) and lymphocyte percentage (β = -0.138). Multivariable logistic regression confirmed the predictors.
CONCLUSION: Pre-treatment ESR, hs-CRP, WBC count, Hb, neutrophil percentage and 
count, lymphocyte percentage, monocyte count and NLR are predictive of 
post-treatment radiologic severity. These findings highlight the potential for 
using readily available clinical markers to identify high-risk patients and 
guide personalized management strategies.
SUPPLEMENTARY INFORMATION: The online version contains supplementary material 
available at 10.1186/s12879-025-11782-w.
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The case fatality of tuberculosis (TB) has progressively decreased since the use 
of antibiotics in anti-TB treatment, leaving 155 million TB survivors alive in 
2020. Of the 122 million disability-adjusted life years (DALYs) due to TB in 
2019, 58 million DALYs were attributed to the post-TB phase. TB causes massive 
lung structure damage, declined lung function and excessive inflammation, which 
persist even after microbiological cure and predispose to multiple lung diseases 
(e.g. COPD, chronic pulmonary aspergillosis, bronchiectasis and COVID-19). TB 
survivors also face a higher risk of cancers and cardiovascular diseases. These 
post-TB morbidities together with worse psychological and socioeconomic status 
lead to poor quality of life and a three- to four-fold higher mortality rate 
than the general population. Understanding the epidemiology of post-TB 
morbidities can help to set intervention and research priorities to lower public 
health burdens associated with post-TB morbidities. In this narrative review, we 
summarise what we know and do not know about the prevalence, risk factors and 
management of post-TB morbidities and their associated mortality. We identify 
the major post-TB morbidities based on current evidence. Delayed or incomplete 
TB treatment, residual lung structure damage and prolonged inflammation after TB 
treatment are important risk factors. Developing host-directed therapies to 
reduce lung structure damage, smoking cessation, implementing pulmonary 
rehabilitation to improve lung function and adopting well-tailored preventive 
strategies and screening protocols may improve the management of these post-TB 
morbidities and mortality and warrant future research.
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BACKGROUND: Osteoarticular tuberculosis (OATB) in children may lead to bone and 
joint deformities, which seriously affect the growth and development of 
children. However, the epidemiological data on pediatric OATB are relatively 
scarce. The goal of this study is to understand the epidemiological 
characteristics and economic burden of OATB in hospitalized children in China.
METHODS: We conducted a retrospective, multicenter cross-sectional study 
covering hospitalized children with OATB in 24 hospitals in six regions of China 
from 2016 to 2021. Sociodemographic and geographic variables, admission and 
discharge information were extracted from face sheets of discharge medical 
records to describe the epidemiological characteristics. Length of hospital stay 
(LOS) and hospitalization expenses were used to assess economic burden.
RESULTS: Pediatric OATB inpatients accounted for 5.25% of pediatric TB 
hospitalizations (322/6138). Among different regions, Southwest China had the 
highest prevalence of OATB among TB patients (9.72%). The prevalence of OATB 
among ethnic minority children was higher than that among Han children (7.12% 
vs. 4.79%). Among all the children with OATB, 75.47% (243/322) were solo OATB, 
while OATB combined with pulmonary tuberculosis accounted for only 14.91% 
(48/322). In terms of anatomical distribution, spinal tuberculosis was the most 
common, accounting for 38.83% (125/322). In terms of economic burden, the median 
length of stay (LOS) for OATB patients was 12 days (IQR 7–17), with a median 
total hospitalization expense of $1319.61 (IQR 700.53-2788.25). Notably, 
Northwest China recorded the longest median LOS(14 days). Additionally, ethnic 
minority children had a longer median LOS than Han children (14 days vs. 11 
days).
CONCLUSIONS: This study contained the largest number of pediatric inpatients 
with OATB, which is the first multi-center study of pediatric OATB in China. The 
burden of hospitalized children with OATB in the western region of China and 
ethnic minorities is serious. It is recommended to take region - targeted 
prevention and treatment measures for children with OATB to reduce the risk of 
disease transmission and protect children’s health.
SUPPLEMENTARY INFORMATION: The online version contains supplementary material 
available at 10.1186/s12879-025-11571-5.
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OBJECTIVE: Despite advances in understanding systemic immune responses to 
Mycobacterium tuberculosis (Mtb), the localized immune dynamics within infected 
lymph nodes, particularly cell-type-specific transcriptional reprogramming and 
intercellular crosstalk, remain poorly defined, impeding targeted therapy 
development. By means of single-cell transcriptomics, the objective was to 
dissect the immune microenvironment and map intercellular crosstalk in 
Mtb-infected cervical lymph nodes, with the purpose of uncovering the mechanisms 
of localized immunity and immunopathology.
METHODS: Paired Mtb-positive cervical swollen lymph nodes (SLN) and adjacent 
Mtb-negative normal-appearing lymph nodes (NLN) from five cervical LNTB patients 
were analyzed using single-cell RNA sequencing (scRNA-seq). Computational 
network modeling (CellChat) and flow cytometry validation were employed to map 
immune cell heterogeneity and cell–cell communication.
RESULTS: ScRNA-seq identified ten T cell subsets, ten B cell subsets, and six 
myeloid subsets, revealing conserved frequencies but substantial transcriptional 
reprogramming in SLN. The SLN exhibited extensive upregulation of 
pro-inflammatory pathways across T, B, and myeloid cells, accompanied by minimal 
alterations in subset frequencies. IL1B + macrophages in SLN showed an 
enrichment of genes associated with oxidative phosphorylation, antigen 
presentation, and inflammasome-related genes. The SLN demonstrated an increased 
cell–cell communication driven by the crosstalk between macrophage and 
CD8 + T/NKT cells. Validation through flow cytometry confirmed comparable 
proportions of immune subsets between the SLN and the NLN, which was consistent 
with the findings of scRNA-seq.
CONCLUSIONS: This study delineates a spatially coordinated immune strategy in 
cervical LNTB. In this context, Mtb infection induces transcriptional and 
metabolic reprogramming rather than subset redistribution. The strengthened 
interaction between macrophages and T cells emphasizes that cellular immunity 
serves as the main impetus for bacterial containment. Nevertheless, there are 
trade-offs between inflammation and tissue integrity. These insights provide a 
framework for developing therapies that target intercellular networks to achieve 
a balance between immunity and pathology in LNTB.
SUPPLEMENTARY INFORMATION: The online version contains supplementary material 
available at 10.1186/s12865-025-00763-y.
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A label-free, orthogonal dual-channel CRISPR-Cas platform is developed for the 
simultaneous detection of diverse pathogens. Cas12a is reported by a G4-PPIX 
complex, and Cas13 by a split Broccoli-DFHBI aptamer, which ensure exclusive 
channel specificity and eliminate optical cross-talk. Clinical tests on 50 
samples show 100% concordance with PCR.
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The worldwide dissemination of drug-resistant tuberculosis (TB) presents 
significant obstacles to conventional anti-TB treatment and prevention methods 
based on bactericidal antimicrobial drugs, greatly impeding advancements in 
combating this most lethal disease. With growing insights into the 
immunopathogenesis of TB, we are increasingly recognizing the potential of 
immunotherapeutic strategies aimed at targeting the host. After invading the 
host, Mycobacterium tuberculosis (M. tuberculosis) induces host cell exhaustion 
through its own molecules, such as early secretory antigen target-6 (ESAT-6) and 
di-O-acyl-trehalose, manifested as suppressed proliferative capacity, cytokine 
production, and cytotoxicity, thereby triggering the onset of TB. In response to 
this pathogenic mechanism, immunotherapeutic strategies, including cell therapy 
and immune checkpoint inhibitors, have been developed to promote cytokine 
production, activate immune cells to exhibit anti-TB activities such as 
autophagy, and restore immune homeostasis, including the balance between T 
helper 1 (Th1) and Th2 responses. These approaches have shown promise in 
restoring host immunity and demonstrating therapeutic effects against TB. 
However, a comprehensive evaluation of factors such as drug safety, optimal 
treatment duration, and others, is essential before these strategies can be 
integrated into routine clinical TB management. The advancement of immunotherapy 
has the potential to revolutionize current TB management and provide further 
benefits to patients. This review aims to comprehensively explore the 
advancements in diverse TB immunotherapeutic strategies, including efficacy, 
safety, and administration methods, and to explore the challenges and prospects 
of TB immunotherapy.
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PURPOSE: This study aimed to investigate the role of MPO in regulating the NLRP3 
signaling pathway and its impact on lung injury in a Mycobacterium 
tuberculosis-induced chronic obstructive pulmonary disease (T-COPD) model.
METHODS: T-COPD was induced in mice by stimulating with Mycobacterium 
tuberculosis, and lung tissues were collected for histological analysis. ELISA, 
qPCR, and western blot assays were performed to assess the expression of 
pro-inflammatory cytokines and markers of lung injury, including Myeloperoxidase 
(MPO) and NOD-like receptor protein 3 (NLRP3). MPO-IN-5, an MPO inhibitor, was 
used to treat T-COPD mice, and its effects on inflammation and lung damage were 
evaluated. In vitro, murine lung epithelial MLE-12 cells were treated with LPS, 
CSE, and Mycobacterium tuberculosis with or without MPO treatment, followed by 
assessments of cell viability, apoptosis, ROS levels, and NLRP3 pathway 
activity.
RESULTS: Histological analysis of the M. tuberculosis/COPD group revealed 
significant pulmonary edema, inflammatory cell infiltration, and granuloma 
formation in the liver and spleen, compared with the COPD group. 
Pro-inflammatory cytokines TNF-α, IL-18, and IL-6 were elevated in the blood of 
the M. tuberculosis/COPD group. In the lungs, MPO expression and NLRP3 pathway 
activation were significantly increased. Treatment with MPO-IN-5 reduced the 
levels of LDH, CRP, and PCT, and reversed the morphological and inflammatory 
changes in lung tissue. Furthermore, MPO-IN-5 treatment also significantly 
decreased ROS production and the expression of inflammatory cytokines. In vitro, 
MPO treatment exacerbated NLRP3 activation in murine lung epithelial MLE-12 
cells, while MPO inhibition (with MPO-IN-5) or NLRP3 knockdown mitigated these 
effects, enhancing cell proliferation and reducing apoptosis.
CONCLUSION: Our results suggest that MPO plays a critical role in regulating the 
NLRP3 signaling pathway, contributing to lung injury in the T-COPD model. 
Inhibition of MPO with MPO-IN-5 effectively alleviates inflammation, reduces 
oxidative stress, and suppresses NLRP3 pathway activation, highlighting its 
potential as a therapeutic target for T-COPD.

©The Author(s) 2025. Open Access. This article is licensed under a Creative 
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This study aimed to establish a novel diagnostic approach based on a circulating 
microRNA (miRNA) panel to reliably distinguish pulmonary tuberculosis (PTB) from 
lung cancer (LC), particularly in patients presenting with overlapping 
radiographic features. A total of 592 participants were enrolled. In the 
discovery phase, miRNA expression profiles from 284 individuals, including PTB 
patients, LC patients, and healthy controls (HC), were analyzed to screen 
potential biomarkers. Candidate miRNAs were subsequently validated in an 
independent cohort of 308 plasma samples. The analysis revealed significant 
upregulation of hsa-miR-342-3p, hsa-miR-199a-3p, and hsa-miR-199b-3p in PTB 
compared with LC. A diagnostic panel incorporating these three miRNAs 
demonstrated robust performance, achieving an area under the receiver operating 
characteristic curve (AUC) of 0.911 (95% confidence interval [CI]: 0.852-0.952) 
in the training set and 0.886 (95% CI: 0.780-0.953) in the validation set, with 
a sensitivity of 0.879. This miRNA panel outperformed the World Health 
Organization -endorsed Xpert MTB/RIF assay, effectively identifying early-stage 
PTB cases without cavity formation. These findings underscore the potential of 
miRNA-based diagnostics as a non-invasive and highly accurate tool for 
differentiating PTB from LC in patients with comparable imaging presentations, 
addressing a critical gap in pulmonary disease management.
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BACKGROUND: Tuberculosis-associated obstructive pulmonary disease (TOPD), 
recognized as a high-morbidity respiratory condition in most countries, presents 
significant clinical challenges in differential diagnosis and comorbidity 
management, while substantially elevating all-cause mortality risk. Preclinical 
investigations of Yiqi Gubiao Pill (National Patent ZL201410536529.5) have 
demonstrated multi-target therapeutic efficacy, including cough suppression, 
bronchospasm alleviation, sputum expectoration facilitation, and disease 
progression retardation. This randomized controlled trial aims to systematically 
assess Yiqi Gubiao's therapeutic and evaluate its safety.
METHODS: We will implement a prospective double-blind randomized controlled 
trial utilizing 1:1 allocation ratio, randomly assigned to either the Yiqi 
Gubiao pill treatment group or placebo-controlled group. Following 
randomization, a standardized 12-week therapeutic protocol will be administered, 
during which serial pulmonary function assessments and quality of life 
evaluations will be conducted. Concurrently, validated Traditional Chinese 
Medicine (TCM) symptom scoring scales will be applied for score. Systematic 
safety surveillance will be performed through weekly monitoring of adverse 
events.
DISCUSSION: This prospective, double-blind, randomized clinical trial will 
provide valuable data on the efficacy and safety of Yiqi Gubiao pill in treating 
TOPD. Positive results will offer a new treatment option for patients with TOPD.
CLINICAL TRIAL REGISTRATION: [ClinicalTrials.gov], identifier [NCT06676800]. 
Registered 30 October 2024, https://ClinicalTrials.gov.
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INTRODUCTION: Drug-resistant tuberculosis (DR-TB) constitutes a global public 
health crisis, which endangers patients' health, poses a significant 
transmission risk, and imposes a substantial strain on the healthcare system. 
Medication adherence is essential for enhancing treatment outcomes and 
mitigating the proliferation of DR-TB.
PURPOSE: This study aims to explore the real-life dilemmas and facilitators 
affecting medication adherence in DR-TB patients and provide a reference for 
improving medication compliance in DR-TB patients.
PATIENTS AND METHODS: A descriptive qualitative study was conducted. 26 patients 
with DR-TB who were treated with oral medication regimen in a tertiary hospital 
in Luzhou City, Sichuan Province from March to May 2025 were selected through 
purposive sampling method for semi-structured interviews, and thematic analysis 
was used to analyze the data.
RESULTS: Five themes and fourteen sub-themes affecting medication adherence of 
DR-TB patients were identified, encompassing: Individual physiological traits 
(age-related variations in the perception of future time, polypharmacy in 
patients with comorbidities), intricate psychology and behaviors (misconceptions 
of medication effects, psychological distress resulting from stigma, 
misunderstanding of disease conditions, downward social comparison, divergences 
in medicine administration practices), synergy in social networks 
(multi-dimensional support of family members, support and communication from 
health providers), differences in family finances and living situations 
(significant family financial strain, influence of family roles), and 
constraints on medical insurance services (disparities in health insurance 
coverage, intricacy of the reimbursement procedure, constraints on reimbursement 
amounts and coverage).
CONCLUSION: Adherence to medication among DR-TB patients is influenced by 
intricate factors. Health professionals should intervene on the basis of a 
comprehensive and dynamic assessment of medication adherence to address these 
influencing factors at various levels, thereby enhancing adherence and 
therapeutic outcomes.
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Differential expression (DE) analysis based on transcriptomic data provides a 
genome-wide assessment of gene responsiveness. We recently characterized 
transcriptional plasticity (TP)-the variability of gene expression in response 
to environmental changes-but its impact on DE analysis remained unexplored. In 
this work, we examined how TP affects DE analysis and introduced a TP-aware 
framework to improve the interpretation of DE results. We revealed correlations 
between fold change of gene expression and TP in 238 experiments with 
Mycobacterium tuberculosis (Mtb) and Escherichia coli (E. coli), which carried 
inherent biases, favoring genes with high TP while overlooking those with low 
TP. Therefore, we employed Locally Estimated Scatterplot Smoothing on TP to 
adjust the fold change of gene expression. Adjusted DE analyses identified new 
responsive pathways and yielded higher overall statistical significance and 
enrichment scores, especially for pathways with low-TP genes. Specifically, 
adjusted DE results revealed that bedaquiline treatment of Mtb induced 
cholesterol degradation, linezolid repressed acetate metabolism, and infection 
of macrophages upregulated fatty acid metabolism while downregulating cofactor 
biosynthesis. We also demonstrate that the adjustment strategy can be applied to 
other bacterial species and is compatible with various RNA-seq quantification 
approaches. In summary, we introduce a TP-aware approach that normalizes DE 
analysis by correcting for inherent transcriptional variability.
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OBJECTIVE: This study aims to evaluate the diagnostic performance of nucleotide 
MALDI-TOF-MS in the rapid diagnosis of pulmonary tuberculosis and the detection 
of drug resistance.
METHODS: A retrospective study was conducted on suspected pulmonary tuberculosis 
patients (total of 110) admitted to Affiliated Hospital of Hangzhou Normal 
University between November 2020 to April 2024. The age of all patients range of 
the patients was 19 to 90 years, and the mean age was 55.1±20.9 years. Of the 
enrolled participants, 59 (53.6%) were males and 51 (46.4%) were females. The 
study involved calculating and comparing the sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) of nucleotide 
MALDI-TOF-MS, MGIT960 culture, and Xpert MTB/RIF.
RESULTS: According to the clinical diagnosis reference standard, the 
sensitivity, specificity, PPV, and NPV of nucleotide MALDI-TOF-MS for detecting 
Mycobacterium tuberculosis (MTB) were 84.2% (95% CI: 74.4-94.0%), 92.5% 
(85.1-99.8%), 92.3% (84.8-99.8%), and 84.5% (74.9-94.4%). The MGIT960 culture 
method served as the reference standard, and the nucleotide MALDI-TOF-MS 
demonstrated a sensitivity of 100.0% (95% CI: 88.3-100%), specificity of 71.6% 
(61.6-81.6%), PPV of 55.8% (41.8-69.7%), and NPV of 100.0% (93.8-100.0%) in 
identifying MTB. Regarding drug resistance, the nucleic acid MALDI-TOF-MS 
technique shows a high level of agreement with conventional culture methods in 
identifying resistance to isoniazid, rifampicin, streptomycin and ethambutol.
CONCLUSION: Nucleotide MALDI-TOF-MS demonstrates good diagnostic efficacy in the 
rapid diagnosis of pulmonary tuberculosis and the assessment of drug resistance, 
positioning it as a promising technique for the diagnosis of Mycobacterium 
tuberculosis.
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Mutations in the drug-resistant gene ofMycobacterium tuberculosiscan make it 
challenging to use drugs in clinical practice. Traditional genetic testing for 
resistance requires cell culture and susceptibility testing, which take 1-2 
weeks. In this study, a DNA-sensitive hydrogel (pHEAA/pMA-DNA) has been 
developed with nucleic acid binding ability, water retention capacity, and 
high-temperature resistance, allowing it to work normally at 105 °C. Molecular 
dynamics simulations have been used to obtain the necessary physicochemical 
parameters. The DNA-sensitive hydrogel acts as a novel biosensor for detecting 
rifampicin- and isoniazid-resistant gene mutations in Mycobacterium 
tuberculosis. The microarray sensor's detection range is between 109 copies/ml 
and 101 copies/mL, and its stability coefficient of variation (CV) is 2.424%. 
The study demonstrates that there is no mutual interference in the gel lattice. 
In addition, experiments on actual nucleic acid samples reveal accurate 
detection of bacterial strains and drug-resistant gene mutations. The regression 
curve conforms to the kinetic characteristics of nucleic acid amplification, 
exhibiting a sigmoidal shape. The Four-Parameter Logistic Regression (4PL) 
equation was employed for fitting, achieving an excellent coefficient of 
determination (R2 = 0.99791 > 0.99). The method enables parallel detection of 
microarray biosensors in multidrug-resistant Mycobacterium tuberculosis. The 
sensors show high efficiency in detecting resistance mutation sites of 
Mycobacterium tuberculosis to rifampicin and isoniazid, paving the way for 
researchers to design different probes in in vitro detection fields.
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BACKGROUND: People who use drugs (PWUD) are at a higher risk of developing 
tuberculosis (TB); however, there is no clear evidence to determine the 
prevalence of TB in this group accurately. This study aimed to systematically 
review the prevalence of tuberculosis (TB) among PWUD across studies conducted 
in different countries.
METHODS: An electronic search for original articles on the prevalence of TB 
among People Who Use Drugs (PWUD) was conducted in PubMed, Web of Science, and 
Science Direct. The reference lists of included studies were manually screened 
to identify omitted eligible studies. Extracted data were imported into a 
Microsoft Excel sheet. The random-effects model was employed to estimate the 
pooled prevalence of TB among People Who Use Drugs (PWUD), with effect size (ES) 
reported as point estimates and 95% confidence interval (CI). Subgroup analysis 
and sensitivity tests were also performed. All analyses were performed in STATA 
version 18.
RESULTS: A total of 2,085 articles were retrieved from the search. After 
removing duplicates, screening titles and abstracts, and excluding non-eligible 
articles, 23 studies involving 164,121 patients met the inclusion criteria for 
the analysis. The average estimated prevalence of tuberculosis among People Who 
Use Drugs (PWUD) was 25% (95% CI: 0.21, 0.35). The prevalence of tuberculosis 
among PWUD was higher in Asia (32%) and North America (28%) compared to South 
America (10%) and Africa (5%). Additionally, the average prevalence of 
tuberculosis among PWUD was 36% in case-control studies, 26% in cohort studies, 
and 23% in cross-sectional studies.
CONCLUSION: This review highlighted a high pooled prevalence of tuberculosis 
among People Who Use Drugs (PWUD), which varies across continents, study types, 
drug categories, and assessment tools. This emphasizes the need to integrate 
screening and prevention strategies into programs for PWUDs, address systemic 
inequities to reduce transmission, improve data reporting, and conduct more 
research in under-reported regions such as Africa and South Asia.
SYSTEMATIC REVIEW REGISTRATION: identifier CRD42024564181.
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Tuberculosis in pregnancy is a series of diseases caused by Mycobacterium 
tuberculosis (Mtb). Exact global incidence rates are difficult to obtain and are 
expected to be similar to those in the general population, with potentially 
higher rates in developing countries. Tuberculosis in pregnancy is associated 
with adverse reactions in both mother and fetus, but the mechanism is not fully 
understood. Although many studies have explored the impact of tuberculosis on 
pregnancy outcomes and complications, there are still relatively few summary 
articles on it. This review aims to briefly summarize the adverse pregnancy 
outcomes and related complications of pregnant women with tuberculosis. Studies 
have shown that the risk of death for mothers with tuberculosis increases, and 
these mothers are more likely to have complications such as gestational 
hypertension, rupture of pulmonary bullae, postpartum hemorrhage, sepsis, 
anemia, placental chorioamnionitis, and gestational diabetes. In addition, 
tuberculosis infection during pregnancy also increases the risk of vertical 
transmission of Human Immunodeficiency Virus (HIV), leading to an increased 
chance of fetal infection with Mtb and an increased possibility of congenital 
tuberculosis in newborns. Besides, fetuses born to mothers with tuberculosis are 
at an increased risk of congenital malformations, intrauterine growth 
restriction, low birth weight, premature birth, miscarriage, and stillbirth.
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BACKGROUND: tuberculosis (tb)-health problems caused by chronic obstructive 
pulmonary disease (copd), as one of the important problems facing global public 
health, highlight its far-reaching effects. The pi3k/akt signaling pathway is 
implicated in inflammatory responses and cellular survival, suggesting its 
potential role in tb-copd pathogenesis.
OBJECTIVE: This study integrated computational and experimental biotechnology 
approaches to identify key molecular mechanisms linking tb and copd, with a 
focus on the pi3k/akt signaling pathway.
MATERIALS AND METHODS: By analyzing two publicly available gene expression 
datasets (gse42057, gse83456), weighted network gene coexpression analysis 
technology was applied to identify differently expressed genes and key 
coexpression modules to explore their potential biological relevance and 
functional associations in more depth. Functional enrichment analysis (go/kegg) 
was performed to assess pathway involvement. Experimentally, a mycobacterium 
tuberculosis-infected bronchial epithelial cell model (16hbe) was established, 
and the pi3k/akt inhibitor ly294002 was utilized to evaluate its effects on 
apoptosis, proliferation, and epithelial-mesenchymal transition (emt) markers.
RESULTS: Weighted correlation network analysis (Wgcna) identified a key module 
significantly enriched in pi3k/akt signaling. Experimental validation 
demonstrated that ly294002 treatment significantly improved cell survival (p < 
0.05), reduced apoptosis, and restored epithelial integrity. It was found that 
an increase in epithelial cadherin expression levels was accompanied by a 
decrease in neuronal cadherin expression levels. This dynamic change shows that 
the characteristics and patterns of cell adhesion can significantly adapt to 
certain physiological or pathological processes. Furthermore, ly294002 
suppressed pi3k/akt mrna expression and phosphorylation (p < 0.05), confirming 
pathway inhibition.
CONCLUSION: This study provides a novel biotechnological perspective on the role 
of pi3k/akt signaling in tb-COPD, highlighting its potential as a therapeutic 
target. The integrative use of bioinformatics and experimental validation 
strengthens our understanding of molecular pathogenesis，opens the way to 
precision medicine strategies in the treatment of respiratory diseases.
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