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DESCRIPTION 
Spatio-temporal modeling of host-pathogen interactions is 
crucial for understanding the dynamics of infectious diseases. 
The level set method, a powerful tool for capturing evolving 
interfaces, has emerged as an effective approach in this 
domain. This method represents the evolving boundary of an 
interface using a level set function, typically a signed distance 
function. In the context of host-pathogen interactions, the 
interface could be the boundary between infected and non-
infected regions within a host or the edge of a pathogen’s 
spread. In such models, the host’s internal environment and 
the pathogen’s spread are continuously evolving. Traditional 
modeling techniques may struggle with these dynamic 
boundaries due to their reliance on fixed grids or meshes. 
The level set method, however, offers a flexible and adaptive 
framework that can capture these changes with high precision. 
By representing the interface implicitly, the level set method 
allows for natural handling of topological changes such as 
merging or splitting of regions, which are common in the 
progression of infections. To implement this approach, one 
starts with an initial level set function that defines the initial 
condition of the host-pathogen interface. As time progresses, 
the level set function evolves according to a Partial Differential 
Equation (PDE) that models the dynamics of the system. This 
PDE typically involves terms that represent the growth of 
the pathogen, immune response of the host, and diffusion 
processes. By solving this PDE, one can track the evolution of 
the interface and hence understand how the infection spreads 
and interacts with the host environment. In the case of an 
infectious disease, the model may include several components: 
the pathogen’s population density, the host’s immune 
response, and the interaction between these components. The 
pathogen’s spread could be modeled using reaction-diffusion 
equations, where the diffusion term captures the spatial spread 
of the pathogen and the reaction term represents its growth 

or decay. The host’s immune response can be included as an 
additional layer, which might affect the pathogen’s growth rate 
or its ability to spread. The level set method can also be used 
to simulate more complex scenarios, such as heterogeneous 
host environments where the pathogen’s spread is influenced 
by varying host properties. For instance, different tissues or 
organs may have different susceptibilities or responses to the 
pathogen, and these variations can be incorporated into the 
model using different level set functions for different regions. 
This allows for a detailed and nuanced understanding of how 
the infection progresses through different parts of the host. One 
of the ultimate advantages of using the level set method in this 
context is its ability to handle evolving geometries and complex 
boundaries without requiring remeshing or grid adjustments. 
This feature is particularly beneficial when modeling diseases 
with irregular or changing infection fronts. Moreover, the level 
set method’s flexibility allows it to be combined with other 
numerical techniques, such as finite element methods or finite 
difference methods, to solve the underlying PDEs efficiently. 
In addition to its applications in modeling infections, the level 
set method can be employed to explore various therapeutic 
strategies, such as targeting specific regions of infection or 
evaluating the impact of different treatments on the pathogen’s 
spread. By adjusting the model parameters or introducing 
additional terms to represent treatment effects, researchers 
can simulate different scenarios and predict the outcomes of 
various interventions.
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