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Abstract; Tuberculosis is a chronic infectious disease caused by Mycobacterium tuberculosis (MTB) , and

it has become a major global public health challenge. Diagnosis coverage at the primary care level is insuffi-
cient,and drug-resistant tuberculosis is frequently underdiagnosed. Although treatment success rates have im-
proved, tuberculosis mortality remains high, mainly due to unclear pathogenesis and a lack of biomarkers.
Multi-omics approaches, including but not limited to genomics, transcriptomics, and proteomics, have been
widely applied to elucidate disease mechanisms and identify biomarkers. Here, we review recent advances in
tuberculosis multi-omics research and discuss current challenges and future directions. Multi-omics has eluci-
dated tuberculosis pathogenesis at the pathogen, host,and host-pathogen interaction levels. At the pathogen
level,genomics and genome-wide association studies have characterized MTB evolutionary lineages and drug-
resistance mutations, while integrative multi-omics analyses have revealed metabolic reprogramming and adap-
tive mechanisms under hypoxia, nutrient limitation,and drug pressure. At the host level, transcriptomic and
proteomic studies have characterized the dynamic regulation of interferon-related immune responses and the
spatial heterogeneity of pro-and anti-inflammatory signals within granuloma microenvironments. At the host-
pathogen interface, multi-omics has elucidated key mechanisms by which MTB modulates host cell function
through metabolic remodeling, immune evasion, and signaling regulation. Multi-omics studies for biomarker
discovery have addressed tuberculosis risk prediction, differential diagnosis, diagnosis in special populations,
and treatment monitoring. Integration of genetic polymorphisms,transcriptomic,and proteomic data has iden-
tified immune-regulatory and metabolic molecules that enable predictive models for progression from latent
infection to active tuberculosis, validated across multiple regional cohorts. For active pulmonary tuberculosis,
cross-cohort transcriptomic studies have defined universal gene signature panels,while additional multi-omics
analyses have expanded the diagnostic dimensions by exploring key molecules in immune cell subsets and al-
ternative splicing events. In extrapulmonary tuberculosis and special populations,plasma or cerebrospinal fluid
proteomics combined with machine learning models have demonstrated diagnostic value in tuberculous menin-
gitis and pediatric tuberculosis. Metabolomics and lipidomics have revealed dynamic changes in host metabo-
lism during therapy and identified candidate biomarker panels for therapeutic monitoring. Despite recent pro-
gress,tuberculosis multi-omics research faces several challenges. Mechanistic studies are limited by insuffi-
cient spatial resolution and difficulties in integrating diverse omics datasets, highlighting the need for multi-
level analytical frameworks that combine spatial, single-cell,and conventional omics data. In biomarker discov-
ery,population heterogeneity and cross-platform reproducibility constraints call for large, multicenter cohorts
encompassing diverse populations to systematically evaluate biomarker stability and generalizability. Artificial
intelligence can further facilitate dimensionality reduction and integration of multi-omics data, translating com-
plex datasets into clinically actionable biomarker panels for risk prediction,diagnosis,and therapeutic monito-
ring. Overall, tuberculosis multi-omics research should be driven by clinical needs,integrating mechanistic in-
sights and biomarker discovery to facilitate the translation of omics findings into precision tuberculosis pre-
vention and control.
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