Virtual Phagocytosis Assays —

From Observations via Quantifications to Mechanisms
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Phagocytosis Assays Example: Aspergillus fumigatus Lung Infections

« Commonlyusedininfectionresearch

 Comparisonof various conditions like:
« Capability of immune cells to phagocytose
different strains/mutants
« Efficiency of vaccines
* Various factors that activate immune cells

* Characterizationvia phagocytosis measures

Sporulation

Phagocytosis Measures: Relative Endpoint Measures
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Analysis of endpoint images [1,2]

« Segmentation using CellPose [3]

e Cluster splitting: Watershed algorithm

» Classificationbasedon morphology and color
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Limitations: Analysis of live cell imaging Quantify searched area

* No process measures

* Population-based measures
* Cangive contradictory results
* Arenotunique

Virtual Phagocytosis Assays (VPA): Absolute Process Measures

Input

binary macrophage images

with searched area Quantifications

C++ simulation framework CellRain:
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 Monte-Carlosimulations on endpoint images
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* Parameter estimationvia grid-based approach
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* Generalizedframework adaptable to other systems
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Simulation & Parameter Estimation

Uniform random
distribution of cells

Monte-Carlo simulations:
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* |ndividual-based model

e Events modelledin arule-basedfashion —
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 Eventrates =absolute process measures
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Simulation framework allows to: Output
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* Estimate absolute process measures
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Microscopic parameters

* Perform /nsilicoexperiments
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* Generate artificialimages

Results: Comparison of ATCC with /n sifico twin
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* VPA can identify significant differences in
the absolute process measures
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PHOTONICS in

Inhalation of airborne conidia

Microscopy & Image Analysis

Fluorescence microscopy:
* Co-incubation: AM and A. fumigatusfor1h

 Two A. fumigatusstrains: ATCC, CEA10
» Differential staining

« Segmentation using CellPose [3]
* Trackingusing AMIT [4]
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« Ubiquitous human-pathogenic fungus
« Small spores (conidia) distributed via the air:
* Inhalation of several hundred per day
« Phagocytosis by alveolar macrophages (AM)
* Immunocompromised patients:
* Severeinfections like aspergillosis
 Mortality rates: 30 - 90%

non-phagocytosed conidia
after incubation: calcofluor white staining

Macrophage number per image
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Aims of the study:

1. Estimate microscopic parameters (e.g. phagocytosis probability)
2. Resolve ambiguities of phagocytosis measures

3. Assistin experimental design (e.g. number of images required)

Results: Estimation of absolute process measures
Comparison of ATCC & CEA10
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* Absolute process measures canbe obtained from VPA
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