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Introduction 

                 

Model 

Objective 
Aim: establish a computational framework that integrates models 
         at different scales to simulate host-gut microbiota symbiosis.  

Conclusion and Perspectives Bibliography 

I coupled this enriched model with a  
pre-existing crypt model [2, 3].

Results

Enhancing the computational efficiency by developing MOR techniques. 
Enabling efficient SA, parameter estimation and biological data integration. 

The gut microbiota:

imbalance is linked to numerous diseases  
plays a vital role in physiological processes

hosts more than 500 bacterial species.

Figure 2: Taken from [3].
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Using the FEniCSx library, I have 
enriched an existing macro - 
scale model of the colon [1,4].

I incorporated a newly identified Hard Mucus layer 
into the model.

Figure 3: Adapted from [1].

Boundary conditions:

Figure 4: Taken from [2].

Understanding interactions 
between host and gut 
microbiota is crucial.

Figure 1: Taken from:  Jakobsson, Hedvig E et al. “The 
composition of the gut microbiota shapes the colon 
mucus barrier.” EMBO reports vol. 16,2 (2015)}.

Figure 9: Taken from [3]. Cell densities along the crypt.

Host digestive and 
cardiovascular 

systems

Spatial distributed 
fluid mechanics 

model of colon and 
microbiota

Crypt model + 
mucus + immune 
system response

 Evolution of host 
 macroscopic   
 biomarkers

 Microbiota  
 functional  
 composition In silico gut

Prior 
knowledge

Enhance understanding, learning feedback

Dietary   
habits
Probiotics
Medical 
treatments 

Colon dynamic  
state

 Microbiota state
Inflammation  
state
Metabolites  
state

Figure 6: Hard Mucus layer thickness ~ 0.03 cm (left) and its 
volume fraction (right). 

Figure 5: Taken from [1]. Spatial distribution of   
  the mucus in the pre-existing model of the colon. 

Figure 7: Soft Mucus layer thickness ~ 0.365 cm 
(left) and the color scale of its volume fraction.

Figure 8: Comparison between Soft and Hard Mucus layer radial section 
normalised.
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The results obtained are consistent with biological knowledge and previous models.
This framework enables the establishment of a virtual laboratory to test hypotheses.

Current efforts:

Evolution of chemical i ∈ {but, O2}: 

j = la, ac, pro, but, H2S

where                                                                                   ,   

Migration of cell type ∈ {sc, dcs, pc, gc, ent}:Time evolution of volume fraction of Hard Mucus:


