Environmental Sampling and Modeling (include metagenomics and metabolomics)
Abstract: (India AMR mapping)
India AMR mapping plan includes collecting environmental samples across all states, screening bacterial load, antibiotic-resistant profiling, and identifying the AMR stressors. This study includes microbiological analysis, advanced chromatography-based mass spectrometry, and metagenomics of all samples collected from 25 distinct geolocations across India. Total culturable bacterial load, metabolites related to antibiotic biosynthesis, as well as antibiotics and their biosynthetic genes, were examined in samples. We identified antibiotic-producing bacterial populations and performed functional gene analyses to reveal genes responsible for antibiotic biosynthesis and resistance. The linkage between compounds and genes was established to delineate the biosynthetic pathways of glycopeptides, tetracyclines, carbapenems, aminocoumarins, monobactams, aminoglycosides, clavulanic acid, penicillins, and cephalosporins. Understanding these antibiotic biosynthesis pathways in environmental samples sheds light on potential sources of diverse resistance genes. This research provides One Health insights into the complex interplay between biosynthesis of antibiotics and occurrence of antibiotic resistance in the environment, laying a foundation for addressing future antibiotic resistance challenges.
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Abstract: (Watershed AMR monitoring)
People are increasingly recognising antimicrobial resistance (AMR) as an environmental problem. Riverine systems connect humans, farms, and ecosystems by acting as dynamic reservoirs and transmission corridors. We studied the Song River basin in Uttarakhand, India, as a model to show how an integrated One Health–driven experimental and mathematical modeling approach can be used to figure out how AMR emergence and spreads in a mixed-use Indian watershed. This study includes river channels, tributaries, urban drains, sewage treatment plant (STP) outlets, and runoff interfaces to assess bacterial abundance, antibiotic resistance, antibiotic residues, heavy metals, and physicochemical parameters. The mathematical model framework was designed and developed to encompass first-order exponential antibiotic decay kinetics, logistic growth of resistant populations, heavy metal-mediated co-selection functions, and nutrients-driven microbial proliferation. The findings of this study demonstrated that sub-inhibitory drug concentrations, horizontal gene transfer, and co-selection via heavy metals are the primary factors influencing environmental resistomes.  Integrated methods were applied to find important transmission nodes, mostly urban effluents and tributary inflows, that help spread AMR and make it worse in bigger river systems like the Ganga. The outcome of this study helps to define interventional approaches to reduce pollution and improve river health. In general, this work highlights a scalable, data-driven riverine health model paradigm, utilizing environmental monitoring and physicochemical analytics together. It also provides policymakers with useful guidance on using research findings in national and global One Health efforts.
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