
A virtual laboratory for decision support in viral disease treatment

This work has been made possible through the support of the European Commission ViroLab Project IST-027446

[1] www.ViroLab.orgwww.ViroLab.org
[2]  Sloot, P.M.A., Chen F. and Boucher, C.A. 

October 2002. in series Lecture Notes in Computer Science, vol. 2493, pp. 282-293. 
[3]  Sloot, P.M.A., Tirado-Ramos, A., Altintas, I., Bubak, M.T. and Boucher 

November 2006. C.A. IEEE Computer, vol. 39, nr 11 pp. 40-46.
[4] Tersmette, M., Gruters, R.A., de Wolf, F., de Goede, R.E., Lange, J.M., Schellekens, P.T., Goudsmit, J., Huisman, H.G., 

Miedema, F., 1989. J. Virol. 63 (5), pp. 2118– 2125.
[5] Koot, M., Keet, I.P., Vos, A.H., de Goede, R.E., Roos, M.T., Coutinho, R.A., Miedema, F., Schellekens, P.T., 

Tersmette, M., 1993.  Ann. Intern. Med. 118 (9), 681– 688.
[6] Pastore C., Ramos A., Moiser D.E., 2004. J. Virol. July   7565–7574.
[7] Mansky, L.M., Pearl, D.K., Gajary, L.C. 2002. J.Virol. 76, 9253-9259
[8] Wilensky, U. (1999). NetLogo. http://ccl.northwestern.edu/netlogo/. 

Center for Connected Learning and Computer-Based Modeling, Northwestern University, Evanston, IL.

Introduction

The Complex Automata Model of HIV-1 Co-receptor Tropism:The Complex Automata Model of HIV-1 Co-receptor Tropism:
Mutation Rate VerifiedMutation Rate Verified

G. Ertaylan (G.Ertaylan@uva.nl) and P.M.A. Sloot (P.M.A.Sloot@uva.nl) 
Section Computational Science, Faculty of Science, University of Amsterdam, Kruislaan 403, 1098SJ 

Amsterdam, The Netherlands

Early infection with human immunodeficiency virus (HIV) is 
characterized by the predominance of CCR5-tropic  (R5) virus. 
However, over the course of infection CXCR4-tropic (X4) virus 
appears in the later stage of the infection in approximately 50% of 
the infected individuals and usually precedes an accelerated 
CD4+ T cell depletion with rapid disease progression [4], [5]. 

To investigate the interaction between HIV-1 quasispecies 
population and the changes in the target cell co-receptor 
designation in the disease course. Seek if “the longitudinal niche 
change” can be an answer to the co-receptor switch?

Objective

Conclusion

Bottlenecks in the available target cell population, are important for 
reinforcing inter-viral competition. As a result, the chance of successive 
viral clones to be selected against the less favourable ones is increased. 

Our results show that the error threshold for HIV-1 mutation rate is 
about 30 fold the actual mutation rate which is in accordance with in vitro 
studies by Mansky et al. 2002.

In addition the results of the simulation indicates that the diversity in 
the virus population, accumulated during the  disease course was 
sufficient to overcome the challenges in co-receptor designation of target 
cells. Therefore the changes in the environment and target cell 
range/conformation seem to be the main candidates for being the driving 
factor of the co-receptor switch in HIV disease course.

ModelReferences

In the simulations we 
observed the viral 
quasispecies population 
evolving over time, 
accumulating  mutations and 
converging to R5 or X4 tropic 
strain as dominant co-
variants when it is favourable 
by the  environment.

Another experiment was 
conducted for investigating 
the effects of mutation rate 
on the viral population. It has 
been observed that slow 
mutation rate weakens the 
virus population's ability to 
cope up with the co-receptor 
designation change and 
results in a smaller viral 
population whereas high 
mutation rate has a 
devastating effect on the viral 
quasispecies.
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Results

To answer whether “the longitudinal niche change” can be an 
answer to the co-receptor switch dilemma, we have hypothesized 
a sterile model in-silico which consists of identically configured, 
stationary T helper cells and mobile, freely mutating virus 
population forming new quasispecies in terms of co-receptor 
tropism for R5, R5X4 or X4, where R5X4 population was defined 
as the intermediate phenotype.

Materials & Methods

The model has been programmed in the Java based 
environment of NetLogo 4.0 [8] on 41x41 automata with Cartesian 
coordinates and discrete time step of six hours. Two kinds of 
agents are defined: 

CD4+ T cell agents  are stationary with CCR5 and CXCR4 
coreceptor designation which is modified throughout the 
simulation. They have two states healthy or infected. 
Virus agents  are mobile (random walk), able to bind to an 
uninfected CD4+ T cell agent and have preference for R5, R5X4 or 
X4 co-receptor for entry. 

The total simulation time has been chosen as thirty months 
(3600 steps) in which the co-receptor designation of the CD4+ T 
cell agents have been modified at two different points for 
investigating the viral response and testing whether the switch can 
be observed. First is at time step fifty in favor of R5 tropic strain 
and the next one is at step two thousand in favor of X4 tropic 
strain.
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