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We propose an immersed boundary approach to simulate the spread of bac-
terial biofilms on interfaces including bacterial metabolism and the action of
antibiotics [2]. We represent bacterial membranes by boundaries immersed in a
fluid matrix, subject to interaction forces. We implement dynamic energy bud-
get rules to describe the metabolism of each bacterium (growth, division and
death) informed by environmental concentrations of nutrients, toxicants and
substances released by the cells. The interaction between cells, and their inter-
action with the environment is represented by appropriate forces. Numerical
simulations illustrate the behavior of small aggregates of spherical and rod-like
bacteria. The immersed boundary approach allows us to investigate geomet-
rical arrangements as bacteria divide and die, competition of different shapes
and the formation of porous structures [1, 3, 4]. The dynamic energy budget
framework allows us to incorcoporate antibiotic effects on the biofilm and re-
sistance mechanisms. We show that cocktails of antibiotics targeting dormant
and active bacteria can entirely eradicate a biofilm [1, 2].

References

[1] B. Birnir, A. Carpio, G. Duro, Driving biofilms to finite time extinction
by antibiotic cocktails, Communications in Nonlinear Science and Numerical
Simulation, 152, 109362, 2026

[2] Carpio, A., Gonziez—Albaladejo7 R. (2021). Immersed Boundary Approach
to Biofilm Spread on Surfaces. Communications in Computational Physics,
31(1), 257-292. https://doi.org/10.4208/cicp.OA-2021-0039

[3] Carpio, A., Cebrian, E., Vidal, P. (2018). Biofilms as poroelastic
materials. International Journal of Non- Linear Mechanics, 109, 1-8.
https://doi.org/10.1016/j.ijnonlinmec.2018.10.012



[4] Espeso, D. R., Carpio, A., Einarsson, B. (2015). Differential
growth of wrinkled biofilms. Physical Review E, 91(2). https:/
/doi.org/10.1103/PhysRevE.91.022710



