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Abstract Metagenomic next-generation sequencing (mNGS) has emerged as a powerful, unbiased diagnostic tool that
overcomes the limitations of conventional culture and targeted assays. Its broad pathogen coverage enables rapid identifi-
cation of rare, novel, and mixed infections, particularly benefiting critically ill and immunocompromised patients. mNGS
also supports antimicrobial-resistance profiling, host—pathogen interaction analysis, and epidemiological surveillance. De-
spite these advantages, several challenges hinder routine clinical adoption, including high host-background interference,
limited quantitative accuracy, and lack of standardized workflows across laboratories. Additionally, database errors, con-
tamination control, and the balance between sequencing depth, sensitivity, and cost remain key constraints. Advances in
host-depletion methods, long-read sequencing, automation, and Al-driven bioinformatics are expected to improve sensi-
tivity, interpretability, and turnaround time. With expanding evidence from real-world studies, mNGS is poised to evolve
from an innovative diagnostic approach into a comprehensive platform for pathogen detection, resistance assessment, and
public-health monitoring.
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