
  
Short Abstract — Motivated by recent experimental data, we 
investigate mathematical models regarding the evolutionary 
outcomes of viral infections, specifically human 
immunodeficiency virus (HIV), in humans. We analyze how the 
interplay between multiplicity of infection, synaptic cell-to-cell 
transmission of the virus, and free virus transfer can affect the 
dynamics of an infection taking place. Finally, we will discuss 
how recombination between virus strains can change the 
evolutionary outcomes of infection and influence the course of 
disease. The overall goal of the project is to better understand 
the dynamics of viral infections, specifically HIV, and to help 
design more effective healthcare and vaccination approaches. 
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I. EXTENDED ABSTRACT 
otivated by recent experimental data [1,2,4], we 
investigate mathematical models regarding the 

evolutionary outcomes of viral infections, specifically 
human immunodeficiency virus (HIV), in humans [5]. We 
will analyze how the interplay between synaptic cell-to-cell 
transmission of the virus and free virus transfer can affect 
the dynamics of an infection taking place.  
 

We consider models that take into account multiplicity of 
infection, where a cell can be infected multiple times by 
different strains of the virus. Further, we also consider 
models with competition between virus strains, characterized 
by different mutations, to see how each strain’s infection 
strategy can affect outcome.  

 
Finally, we will discuss how recombination between virus 

strains can change the evolutionary outcomes of infection 
and influence the course of disease. Multiple mathematical 
models for HIV including synaptic cell-to-cell transmission 
have been put forth [3], however we now make use of an 
agent based model to study recombination and the dynamics 
of recombinant strains of the virus in the presence of both 
transmission modes. We show that a combination of both 
free virus transmission and synaptic cell-to-cell transmission 
minimizes the time to recombinant virus formation. This is 
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because non-spatial free virus transmission ensures different 
strains will meet in the same cell and spatial synaptic cell-to-
cell transmission then repeatedly transmits the different 
strains together, resulting in more opportunities for 
recombination to occur.  

 
The overall goal of the project is to better understand the 

dynamics of viral infections, specifically HIV, and to help 
design more effective healthcare and vaccination 
approaches. 
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