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Short Abstract — Antibiotic resistant bacteria (ARB) are a 

growing problem due to rapid evolution of resistance to existing 
drugs and concomitant void in drug discovery. To estimate the 
size of their threat and manage the risk, it is useful to 
understand the probability of a person falling ill from a given 
bacterial dose. Studies producing such data involve inoculating 
volunteers with ARB and raise ethical concerns. Here we 
present a stochastic modeling approach that leverages data from 
in-vitro experiments to predict the relationship between infection 
probability and number of ARB. Specifically, we discuss results 
for E. coli and its Gentamicin resistant strain. 
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I. INTRODUCTION 
HE emergence of antibiotic resistance and its subsequent 
escalation is well documented. Among reasons for this 

are the overuse/misuse of antibiotics (ABs) and the greater 
difficulty in discovering new drugs [1–3). 

A necessary step in evaluating the size of the problem and 
predicting the efficacy of risk management measures is 
understanding the probability of a person falling ill (Pi(Nd)) 
from a given dose of bacteria (Nd). Models built for this 
purpose are termed dose response models (DRMs) (4). To 
understand risk in the ARB context, existing DRMs require 
data from studies where volunteers are inoculated with ARB. 
Such studies are currently infeasible due to ethical and 
practical difficulties. This calls for DRMs that can effectively 
integrate data from in-vitro studies involving ARB to address 
the issue. 

II. METHODS 
A dose of bacteria once inoculated in a person can face one 

of two fates. Either it dies out not causing any symptoms or it 
survives, causing illness. Thus, a stochastic model of 
bacterial growth can establish a relationship between Nd and 
Pi(Nd). Such a growth model can then be extended to two 
bacterial populations, one susceptible and one resistant to 
AB. The relationship between the growth constants of the 
populations can be obtained from relevant experiments done 
in-vitro. Here we apply this concept to Escherichia coli that 
causes diarrhea. 
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A. Escherichia coli 
A stochastic birth and death process (discrete bacterial 

numbers, continuous time) was assumed to arrive at a simple 
analytical expression (5) relating Pi(Nd) to the dose (Nd), birth 
rate (O) and death rate (P). Fitting of this relationship to 4 
datasets from human volunteer studies indicates that new 
model outperforms existing DRMs in 2/4 cases. 

Exploratory analyses (with relevant parameters from (6)) 
on E.coli and Gentamicin resistant E. coli revealed the 
alarmingly small doses of the latter required to outcompete its 
susceptible counterpart in the presence of residual antibiotic 
in the body. Bayesian data fitting was performed with R(7) 
and STAN(8).  

III. CONCLUSION 
Stochastic modeling of bacterial growth dynamics appears 

to be as good as, if not better than, current DRMs. They have 
the added advantage of extending naturally to mixed doses of 
antibiotic sensitive bacteria and ARB.  
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