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Research Overview
This work presents a comprehensive suite of AI-driven methodologies for analyzing human microbiome data to predict disease
states. Leveraging over 13,800+ metagenomic samples from 84 studies spanning 23 disease types and 34 geographical
locations, we developed multiple complementary approaches including hierarchical Bayesian models, metadata integration
techniques, and deep learning vision models.
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Goncalves, A.R., et al. Front. Microbiol. 16:1695501 (2026). doi: 10.3389/fmicb.2025.1695501
Host and protocol metadata integration significantly improves disease prediction accuracy.
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Key Findings & Methods
• Unified processing: 13,534 metagenomes uniformly processed using NCBI nucleotide database across all kingdoms of life
• Multi-scale analysis: Taxonomic profiling of 31,756 microbial species and 200,000+ strains
• Bayesian inference: Hierarchical sparse models with variational inference for uncertainty quantification and biomarker

discovery
• Metadata integration: Host demographics and protocols improve predictions, especially at higher taxonomic ranks
• Visual embeddings: Transformer models encoding taxonomic structure and abundance as images for multi-label classification
• Cross-study robustness: Reliable performance despite heterogeneity (labs, platforms, populations)
• Disease coverage: GI infections, diabetes, cancer, neurological disorders, and 20+ other conditions
• Geographic scope: 35 countries enabling geolocation prediction (88% accuracy)
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