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            Abstract
The inflammatory bowel diseases (IBDs), which include Crohnâ€™s disease (CD) and ulcerative colitis (UC), are multifactorial chronic conditions of the gastrointestinal tract. While IBD has been associated with dramatic changes in the gut microbiota, changes in the gut metabolomeâ€”the molecular interface between host and microbiotaâ€”are less well understood. To address this gap, we performed untargeted metabolomic and shotgun metagenomic profiling of cross-sectional stool samples from discovery (nâ€‰=â€‰155) and validation (nâ€‰=â€‰65) cohorts of CD, UC and non-IBD control patients. Metabolomic and metagenomic profiles were broadly correlated with faecal calprotectin levels (a measure of gut inflammation). Acrossâ€‰>8,000 measured metabolite features, we identified chemicals and chemical classes that were differentially abundant in IBD, including enrichments for sphingolipids and bile acids, and depletions for triacylglycerols and tetrapyrroles. Whileâ€‰>â€‰50% of differentially abundant metabolite features were uncharacterized, many could be assigned putative roles through metabolomic â€˜guilt by associationâ€™ (covariation with known metabolites). Differentially abundant species and functions from the metagenomic profiles reflected adaptation to oxidative stress in the IBD gut, and were individually consistent with previous findings. Integrating these data, however, we identified 122 robust associations between differentially abundant species and well-characterized differentially abundant metabolites, indicating possible mechanistic relationships that are perturbed in IBD. Finally, we found that metabolome- and metagenome-based classifiers of IBD status were highly accurate and, like the vast majority of individual trends, generalized well to the independent validation cohort. Our findings thus provide an improved understanding of perturbations of the microbiomeâ€“metabolome interface in IBD, including identification of many potential diagnostic and therapeutic targets.
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                    Fig. 1: IBD is associated with broad changes in the gut multi-omic profiles of individuals.[image: ]


Fig. 2: Metabolic enrichments in IBD versus control phenotypes.[image: ]


Fig. 3: Clusters of chemically related, IBD-perturbed metabolites revealed by abundance covariation.[image: ]


Fig. 4: Potentially mechanistic associations between IBD-linked microbes and metabolites.[image: ]


Fig. 5: IBD-associated changes in microbial function and their metabolic associations.[image: ]


Fig. 6: Predicting IBD status and subtype from gut microbiome multi-omic features.[image: ]
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Change history
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In the Supplementary Tables 2, 4 and 6 originally published with this Article, the authors mistakenly included sample identifiers in the form of UMCGs rather than UMCG IBDs in the validation cohort; this has now been amended.
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