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Abstract

Ulcerative colitis (UC) is a chronic inflammatory disease that involves the rectum and colon and is one of
the two main disease types of inflammatory bowel disease. Despite the identification of several genetic and
environmental risk factors the cause remains unknown. The interplay between the immune system and the
gut microbiome seems to play an important role, as both immune defects and microbiome dysbiosis are
associated with the disease. Patients have a very diverse disease course, with fluctuations between relapse
and remission, and paediatric patients often have a more severe disease course with higher need for
surgery, but the cause for a more severe disease phenotype in children remains unknown.

For this study, stool samples were collected longitudinally from 53 patients and subjected to microbiome
profiling using whole metagenome sequencing. Up to five samples were collected across 1 year from each
patient. The dataset also includes information on disease scores, age, BMI, gender, and treatment up to
sampling.

The aim of this project is twofold; I) to investigate microbiome features that might explain the difference in
disease severity between paediatric and adult patients. This includes investigation of diversity measures,
microbiome stability, abundance of single species and abundance of microbiome metabolic pathways and
enzymes, and Il) determine implied causality and detect microbiome species and functions that are
important for the patients’ relapse/remission status in the future. This is to find microbiome features that
precedes a change in disease score and thereby infer a possible casual association.

The associations are investigated using mixed effects models, designed specifically for each aim. Both
linear, logistic, and negative binomial mixed effects models are used in this project, where some also
include zero-inflation. The overall microbiome composition is investigated using PERMANOVA.

Two different transformation methods are often used in microbiome studies, which are the relative
abundance and the central log ratio transformation. In this project | have evaluated both methods and
decided to go further with the relative abundance of various reasons.

| discovered that the alpha diversity measure richness is significantly reduced with a higher disease score,
and that the microbiome composition changes with disease score. Further, the stability of the microbiome
is decreased in paediatric compared to adult patients and in patients with a former diagnosis compared to
newly diagnosed patients.

| detected 13 bacterial species, that associates differently with the disease score in children and adults. |
additionally detected 24 species robustly associated with disease score in children and adults. In the
functional analyses, | found the folate pathway to be significantly negatively associated with disease score.
This result is interesting considering that UC patients have decreased levels of folate in serum.

In implied causality analysis, | detected one pathway and two enzymes that associated differently with the
remission/relapse status three months later. These should be investigated further to evaluate their
importance for the disease course and their potential protective or harmful effects.

More research is needed to determine the effect and the direction of the association of the significant
features. They could in the future potentially be used to improve the disease course.

This study shows that features of the microbiome associate differently with disease score between adults
and children with UC, and thereby highlights the importance of age in such studies and the potential role of
the microbiome for the severe phenotype in children. It also shows that the choice of statistical method
and disease score measure greatly influence the results and must be considered carefully.
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