
SPATIAL DYNAMICS MODELING OF VIRAL INFECTION IN 
TWO-DIMENSIONAL CELL ARRAYS 
A. Yakimovich*1,2, H. Gumpert*3,C. J. Burckhardt1, V. A. Lütschg1, A. Jurgeit1, I. F. Sbalzarini3, 
U. F.Greber1 

* Authors contributed equally to the work, corresponding authors 

Affiliations: 1Institute of Molecular Life Sciences, University of Zürich, Winterthurerstrasse 190, 
CH-8057 Zürich, Switzerland. 2Life Science Zürich Graduate School, Molecular Life Science 
Program. 3MOSAIC Group, Institute of Theoretical Computer Science and Swiss Institute of 
Bioinformatics, ETH Zurich, CH-8092 Zurich, Switzerland 

e-mail: artur.yakimovich@imls.uzh.ch, hgumpert@student.ethz.ch 

Motivation and Aim 
Adenoviruses (Ads) are non-enveloped icosahedral DNA viruses infecting the respiratory, 
digestive, excretory or ocular systems. They infect human epithelial cells by receptor-
mediated endocytosis, and lytically propagate in many cell types. It is largely unknown, 
how adenoviruses exit from infected cells and transmit infection.  
 
Methods and Results 
Here, we use a 2-dimensional array of cultured human epithelial cells for analysis of the 
infection dynamics by automated high-throughput time-lapse fluorescence microscopy, 
and its corresponding computational in silico model. We measure cell-cell transmission 
kinetics of replication competent or incompetent human Ad2 or Ad5 expressing eGFP 
transgene. Preliminary experiments show that the time of cell lysis at the first round of 
infection varies significantly between cells, while the onset of gene expression in 
subsequent rounds of infection remains largely invariant.  
We measure a large number of phenotypic parameters, enabling the creation of a 
computational model of infection dynamics. The model is based on a cellular automaton. 
Cellular automata are a simple yet powerful modeling paradigm for biology. They consist 
of a set of discrete computational “cells”, each characterized by its time-dependent state 
and the state of its neighbors. In our case, the state of each cell reflects its infection status, 
virus load, or lysis probability. These states are constantly updated over time as functions 
of the states of neighboring cells and biological “rules” (prior knowledge). In addition, we 
couple the model with a continuum model of virus diffusion in the extracellular medium. 
The combined model thus exposes biologically relevant parameters, such as dynamic 
distances between neighboring nuclei, volumes of cells, infection status, and the free virus 
diffusion constants, that are fully observable and controllable.  Iterative comparisons of in 
silico simulation predictions and cell biological experimentations will establish 
probabilistic infection models, and lead towards the identification of biologically important 
parameters for viral transmissions between cells. 
 


