Using a Math Model to Study the Effects of Bacteriophages

Abstract

Antibiotic resistance remains a major challenge in infection
control. This study uses a Python-based deterministic and

on the Spread of Antibiotic Resistance
Richard Yan

Advisor: Kevin Crowthers, PhD

Research Question

How do bacteriophages influence

bacterial populations under

Hypothesis

Phages will reduce the overall bacterial

concentration but may increase the proportion
of resistant bacteria by spreading antibiotic
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Introduction

Antibiotic resistance is a primary global health threat, directly

linked to 1.27 million deaths in 2019 (WHQO, 2023).

Resistance is driven mainly by antibiotic misuse, but many

other factors can contribute to its spread.

Bacteriophages can Kill resistant bacteria, but they can

inadvertently transfer antibiotic resistance genes (ARGSs)

between bacterial hosts (Calero-Caceres et al., 2019).

Math Modeling: Math models are vital for predicting these

interactions over time. There are two major types of models

used to study antibiotic resistance.

* Deterministic Models: Assumes no randomness and ideal

conditions. They are used if a system doesn’t have any
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Conclusions

Without treatment, bacterial populations grow and stabilize,
with resistant bacteria remaining present at low levels.
Phages reduce bacterial populations more effectively than
antibiotics alone, and completely eliminate bacteria (likely
due to a lack of phage resistance).

Antibiotics strongly select for resistant bacteria, leading to
bacterial rebound as the drug concentration decreases.
Combining phages and antibiotics suppresses bacterial
populations more than using just antibiotics, but oscillations
In bacteria populations still occur.

Resistant bacteria persist in all treatment scenarios,
Indicating that reducing bacterial load does not necessarily
eliminate resistance.

Model simulations suggest that moderate phage levels
provide the best balance between lowering total bacteria and

noise or unwanted outside factors. A B limiting resistant bacteria.
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Methods

Math Modeling: Biological assumptions were defined to
construct a system of five ordinary differential equations
modeling susceptible, resistant, and infected bacteria, phages,
and antibiotics. The system was simulated in Python, with in-
vitro data used for model validation and refinement.
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experiments

Expand the model to include spatial dynamics, immune
system interactions, periodic antibiotic dosing, or
bacteriophage immunity

Simulate multiple antibiotic or phage types in the same
system

Use this model to recommend optimal dosing for
combination therapy

References

Calero-Caceres, W., Ye, M., & Balcazar, J. L. (2019). Bacteriophages as Environmental
Reservoirs of Antibiotic Resistance. Trends in Microbiology,27(7), 570-577.
https://doi.org/10.1016/j.tim.2019.02.008

Merdan, M., Bekiryazici, Z., Kesemen, T., & Khaniyev, T. (2017). Comparison of stochastic and
random models for bacterial resistance. Advances in Differential Equations, 2017(1), 133.
https://doi.org/10.1186/s13662-017-1191-5

World Health Organization. (2023). Antimicrobial resistance. World Health Organization.
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance

@ Figure 1: A: Control simulation of bacteria alone. Bacterial concentrations initially increases, then plateaus as the growth rate approaches

_ _ L zero near the carrying capacity. B: Simulation of bacteria and phage dynamics. Bacteriophages wipe out bacterial populations, then decay
Fit model to the In vitro validation . e : : sy : . : : : ,

in vitro data <: (experimental data) due to the absence of bacterial hosts. C: Simulation of bacteria and antibiotic dynamics. Susceptible populations decline while resistant
populations rise initially, then both stabilize as antibiotic concentration decreases. D: Simulation with bacteria, phages, and antibiotic. Bacteria
populations initially decrease, but as antibiotics decay, phage and bacteria concentrations oscillate.
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