Mathematical modeling of biofilm resistance to antibiotics
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ABSTRACT

Biofilms are bacterial aggregates that grow on moist surfaces. Bacteria are encased in a self-produced
polymeric matrix (EPS) which creates a favorable environment for their development, facilitating
nutrient, oxygen and waste transport. The polymeric matrix also acts as a shield against external
aggressions by flows, disinfectants and antibiotics. Many hospital acquired infections are caused by
biofilms. Mathematical modeling can help to design therapies and interpret experimental data.

In particular, Pseudomonas aeruginosa biofilms are a source of infections in intensive care units in
hospitals. Antibiotics such as ceftazidime may act on then inhibiting their virulence. We analyze
antibiotic effects on Pseudomonas aeruginosa biofilms by means of an adapted Dynamic energy
budget (DEB) model (Ref.[1]). These models are essentially theories for different types of energies
characterizing the biofilms. We introduce spatial variations through difussion equations for the
concentrations of oxygen, antibiotics and environmental degradation because they influence the
biofilm shape and composition. These concentrations are relevant to determine the bacterial survival
rates, whose change in time is studied over each cell through an ordinary differential equation. Other
guantities that vary at the cells are the energy, the cell volume, the volume of polymer, the aging, the
acclimation, the hazard rate and the antibiotic cellular density. All these magnitudes are related
(Ref.[3]). For example, the antibiotic acts on growth, aging and hazard rates. EPS production
increases acclimation, while reducing growth hazard rates.

DEB models take into account the diversity of the mechanisms involved in biofilm resistance to
antibiotics and allow us to study their effects on bacteria. These models involve sets of unknown
parameters, which must be fitted to experimental data (Ref.[2]) in such a way that the model
predictions are consistent with experiments.
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