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Abstract:  
 
A balanced microbiome is necessary to retain a healthy state of the human organs and prevent from 
diseases. On the other hand, the dysbalance in gut and lung microbiomes was shown to promote 
autoimmune and infectious diseases. Aspergillus fumigatus, a saprotrophic fungus, is responsible for 
one of the most devastating lung infections. Due to its prevalence and substantial treatment costs, 
invasive aspergillosis (IA) is currently the most costly fungal disease in the clinical setting. Antifungal 
agents are shown to be imperfect in both treatment and prevention of IA. Therefore, to reduce the 
global occurrence and mortality, new microbiome-based prophylactic and therapeutic solutions are 
necessary. 
 
The challenge of complexity in the dynamic interactions between the host immune response and A. 
fumigatus has forced scientists to apply simplified experimental designs. A critical next step to 
overcome this challenge is to apply a systems microbiome approach. Gut microbes and their 
metabolites are utilized to “train” immune cells that are migrating to serve in the lungs in so called gut-
lung axis. Understanding the properties of dysbalanced microbiome by the A. fumigatus infection is a 
crucial step to help IA patients by the supportive therapies such as probiotic treatment or by finding 
new active antifungal metabolites. By integrating the knowledge and tools from the fields of 
microbiology and infection biology together with novel machine learning and metabolic modelling 
methods, the complex and dynamic interactions between the host including its microbiome and the 
fungal pathogen may be more efficiently captured. Therefore, the collaboration between infectious 
disease specialists and computer scientists, as we implement here, is essential for progress in tackling 
IA. Such an interdisciplinary network of scientists can improve and explore novel microbiota-driven risk 
assessment, prophylactics and therapeutics for Aspergillus-related diseases in a collaborative effort 
that reflects the scientific and collaborative vision of the Balance of the Microverse.  
By using our multi-center clinical trial the research objectives (ROs) of my PhD project are: (i) 
Investigate the dysbalance in gut and lung microbiota associated with the immunosuppression and 
pathogenesis of A. fumigatus; (ii) Identify microbiome-related metabolic dependencies of A. fumigatus 
pathogenesis that can be used to explore novel drugs; (iii) Evaluate the dysbiotic gut microbiota 
signature as a potential non-invasive diagnostic test; (iv) Interrogate whether the therapeutic benefit of 
antifungal treatment is in part mediated by the gut and lung microbiota or whether antifungal treatment 
help to rebalance the distorted microbiome; (v) Validate the efficacy and clinical performance of the 
gut microbes as risk assessment, prophylactic and therapeutic approaches in humans, mice models 
and cell assays. 
 
  


