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BACKGROUND: The global emergence of multidrug-resistant Gram-negative bacteria, such as Escherichia coli, is a growing threat to antibiotic therapy. Clinically-relevant drug efflux mechanisms in individual E.coli cells greatly contribute to antibiotic resistance and present a major challenge for antibiotic development, but their spatiotemporal effects on whole bacterial colonies remain elusive while key parameters for modeling these effects are unknown. We present an agent-based model of antibiotic efflux by E.coli that utilizes Approximate Bayesian Computation (ABC) to estimate key parameters for volume exclusion, growth, and efflux in individual cells. 

[image: ]METHODS: Our agent-based model simulates tens of thousands of E.coli cells acting as individual ‘agents’ in an in vitro colony-forming environment. The model is compatible with both Netlogo 6+ and Repast Simphony 2.5. Parameters for baseline and antibiotic-limited growth in glucose-rich media and antibiotic diffusion are set from literature data and previously-published models [1-2]. Previously unreported parameters for energy utilization and efficient space-packing are estimated using an Approximate Bayesian Computation (ABC) workflow that utilizes the abc R package. ABC utilizes a derivation of the Bayes theorem relating the conditional probability of a particular parameter value θ given experimental data D to the probability of data D given θ, as: , where denotes the posterior probability distribution, the likelihood function,  the prior distribution, and  the marginal likelihood (i.e. the predictive probability of the data). For ABC, we assume an inability to calculate , so we replace it with  where the distance parameter  determines the error metric between a simulated dataset D̂ and experimental data D compared to a tolerance measure ε. The result of performing the ABC algorithm on a sample of parameter values is the calculation of a posterior distribution of model parameter θ, which are then utilized as a parameter in the agent-based model. Figure 1: Approximate Bayesian Computation (ABC) is used to estimate probability distributions for key parameters in the agent-based model.

[bookmark: _GoBack]RESULTS: Parameter estimation for the agent-based model was quantified on a univariate basis, as the global effects of each parameter can be lost in the full multivariate model. Inferring previously-unreported parameters allowed the agent-based model to become representative of published in vitro data. Prior to ABC estimation of efficient space packing, the agent-based model utilized all previously reported in vitro growth parameters for E.coli in glucose-rich and glucose-free media, but the predicted average growth rate for individual cells was 0.0018 min-1, much lower than the previously-reported 0.01 min-1. ABC estimation for efficient space-packing predicted a baseline E.coli growth rate of 0.0121 min-1. Including ABC estimation for energy usage for efflux pumps and efflux pump ‘floor’ (the time, in minutes, required to turn off pump expression after initial translation event) bring baseline E.coli growth rate to 0.0114 min-1. 
CONCLUSIONS: We have shown that Approximate Bayesian Computation (ABC) is a promising method to leverage Bayes Theorem to address the critical issue of unreported parameter estimation in computational modeling. Looking forward, we are integrating this statistically-derived agent-based model as part of a greater Random Forest (RF) machine learning network workflow to study the impact of these individual agent parameters on growth rates and spatial arrangements of cells expressing efflux pumps during antibiotic treatment. 
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