
The SBM consists of states and transitions 

between these states that resemble the 

biological system. Fitting the SBM to the 

experimental data allowed quantification 

of immune reaction rates, such as 

phagocytosis and killing rates.

Sandra Timme1,2, Teresa Lehnert1,3, Maria T. E. Prauße1,2, Kerstin Hünniger4,5, Ines Leonhardt3,4, Oliver Kurzai3,4,5 and Marc Thilo Figge1,2,3

Motivation

Funding:
Hünniger, K., Lehnert, T., Bieber, K., Martin, R., Figge, M. T., and Kurzai, O. (2014). A Virtual Infection Model Quantifies Innate 

Effector Mechanisms and Candida albicans Immune Escape in Human Blood. PLoS Computational Biology 10, e1003479. 

doi:10.1371/journal.pcbi.1003479

Lehnert, T., Timme, S., Pollmächer, J., Hünniger, K., Kurzai, O., and Figge, M. T. (2015). Bottom‐up modeling approach for the 

quantitative estimation of parameters in pathogen‐host interactions. Frontiers in Microbiology 6, 1–15. doi:10.3389/

fmicb.2015.00608

Timme S, Lehnert T, Prauße MTE, Hünniger K, Leonhardt I, Kurzai O, Figge MT (2018) Quantitative simulations predict 

treatment strategies against fungal infections in virtual neutropenic patients.  Frontiers in Immunology 9, 667. 

State‐based model
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With over 70 %, neutrophils represent the highest fraction of blood leukocytes. Since they 

can migrate to sites of infection and clear the organism from pathogens they constitute 

an important part of the immune system.

However, diseases or medical treatments can result in a reduction in the absolute 

neutrophil count (ANC) in blood called neutropenia. Neutropenia can be due to a 

disturbed development of neutrophils in the bone marrow, a disturbed migration to the 

blood stream or a rapid consumption due to an infection.

The severity and the duration of neutropenia directly correlates with a higher risk for 

infections. Such infections can be caused by bacteria but also fungal pathogens, such as  

Candida spp. that reside as human commensals on the skin and mucosae .
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Quantitative Simulations Predict Treatment Strategies Against

Fungal Infections in Virtual Neutropenic Patients
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In the current study we use a prevously established bottom‐up approach to simulate virtual neutropenic 

patients. Thereby, we investigate whole‐blood infections with the two opportunistic fungal pathogens  

C. albicans and C. glabrata and test possible treatment strategies in silico.
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We performed whole blood infection 

assays, where  blood from healthy donors 

is infected with C. albicans or C. glabrata  

cells.  With phagocytosis assays and survival 

plates we determined pathogen populations of 

alive, killed, extracellular and phagocytosed  cells 

by monocytes and neutrophils.

‐ Minimum:

‐ Infection outcome:

    ‐ neutrophils play major role in the immune response

    ‐ sensitive to variations in the diffusion of neutrophils

    ‐ insensitive in the diffusion of monocytes

‐ Minimum:

‐ Infection outcome:

    ‐ monoctes are more important than for C. albicans

    ‐ higher diffuision coefficients than for C. albicans
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Outlook:
‐  in silico supplementation of donor 

   neutrophils

‐ clarify the mechanism for 

  pathogen  immune 

  evasion
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Pattern at transitions between the different  degrees of 

severity:  

consideres killed cells  and alive immune evaded cells

To investigate also spatial  

aspects of the  biological 

system we build an ABM,   

where  single cells are  

simulated in a continous  

three‐dimensional 

environment.  

Based on the  experimental data  

and the previously  fitted rates  we 

could determine  diffusion  

coefficients of immune cells.
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5 Virtual Neutropenic Patients (VNP):
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Pattern for Classification:

C. albicans

C. glabrata ‐ either the diffusion coefficient or the  phagocytosis rate was fixed:

           ‐ we found that

           ‐ changing only the diffusion coefficient was more effective 

             for C. glabrata infection

           ‐ changing inly the phagocytosis rate was more effective for 

             C. albicans infection

‐ combined impact of both parameters yield a pair of optimal 

   values                   with minimal distance from 

   with 

‐                    was lower for C. glabrata in all VNP
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 Summary:

‐  experimental data can be fitted with the SBM and ABM 

‐  immune reaction rates and migration parameters can be

   estimated

‐  VNP can be simulated:     

    ‐  strong decrease of killed C. albicans cells in severe

       neutropenia                 

    ‐  for C. glabrata monocytes can partially compensate

       the low number of neutrophils 

   ‐  VNP can be 'treated' by increasing

       phagocytosis rata and/or

       diffusion coefficients ‐ 4 × 104 simulations

‐ all VNP do reach the infection outcome of

                  non‐neutropenic patients by increasing

                                 neutrophil activation  

‐ required increase in neutrophil activation depends on the severity degree of 

  neutropenia in VNP


