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Immune Defense against Candida albicans in Human Whole-blood

The opportunistic human fungal pathogen Candida albicans causes severe systemic
infections such as bloodstream infections and is becoming an increasing clinical
problem associated with a high mortality rate.

We quantified the different routes of immune response to C. albicans in human
vlood by developing a state-based virtual infection model that simulates the host-
nathogen interaction using time resolved data of whole-blood infection assays.
-urthermore, we generated a spatial agent-based model that enables to investigate
the migration behaviour of the host immune cells that respond to C. albicans in
human whole-blood. This close-to-reality model yield predictions on currently not
experimental accessible spatial motility parameter and enables further investigation
of spatial dependent C. albicans killing mechanisms in human blood.

State-based Virtual Infection Model

States and transitions Transition rates:
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Agent-based Virtual Infection Model
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Emergent system behaviour
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Movement:

e.g. Random Walk
Investigation of cell dynamics
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Whole-blood infection experiments with C. albicans:
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Simulation algorithm Estimation of transition rate values
[ Startwitht=0 | Simulated annealing based on Metropolis Monte-Carlo:
l’ ‘ e explore parameter space — simuaedane
Perform steps in random order ) e compare simulated and experimental :
1) Update individuals of immune cell (IC) data
>| | states for monocytes (M) and PMNs (G) | e always accept parameter values that im-
- 3 prove fitting
\ 2) Update individuals of C state e accept parameter values that impair fit- 1\,
N l, ) ting based on Boltzmann distribution gl N
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[ 3) Update individuals of C ¢ state ] _ .
Resulting transition rates:
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BT rate SD [%)] rate SD [%]
b 2.69 102 min~!t 124 | k) 6.08-1072 min~t 6.64
tst,,? G 3.58 102 min™t 524 | kg 4.26-107° min~! 476
Yes

érr 0.63-1072 min~t  5.25 p  041-102min~!t 3.25
v 316102 min~! 6.8 |kgpx 29.13 1072 min~! 4.93

End of simulation
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Predictions on Dynamics of Host-pathogens Interaction
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Transformation of transition rates

Uniform Rates: Space-dependent Rates:

e rates of space-independent events e rates of space-dependent events

® 0, Ka, KM, KEK o Oy, O, oy — phagocytosis depends on cell contacts

e space-independent events should occur with e space-dependent event should occur with
equal rate in SBM and ABM equal probability in SBM and ABM
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Estimation of movement rates
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e sparse approaches for parameter estimation
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e Grid search approach with refinement levels

Results
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In the future, we will investigate the spatial diffusion of antimicrobial factors in t

agent-based model, by implementation of diffusing molecules that are released
immune cells. Furthermore, we are very interested in the identification of the esca
mechanism of C. albicans in human as well as murine blood.




