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Low levels of antibiotic residues present in wastewater can lead to the 

increased development of resistant bacterial populations

• The rate of global AMR development and spread has increased recently while the 

antibiotic pipeline is drying up. 

• Contributing factors to AMR in human medicine (i.e., prescription patterns, poor 

patient treatment adherence etc.) have been well documented

• Environmental and animal health have received less attention in addressing refugee 

health challenges despite their importance

• One Health offers potential systematic-level approaches for the health of forcibly 

displaced communities

• Wastewater and sewage systems are a major environmental reservoir of resistant 

bacterial populations due to the collection of antibiotic waste from humans and 

animals including effluent from drug manufacturers, hospitals and 

agricultural/veterinary settings

• AMR is of particular concern in low- and middle- income countries where there is a 

higher presence of substandard antibiotics and less regulation on wastewater 

treatment

• Much of the work done in modelling AMR has only accounted for one mechanism of 

resistance or has been focused on fitting data in the absence of antibiotic exposure

• Experimental validation of such models has been a challenge because mimicking 

wastewater environments is difficult through standard batch growth techniques

• Need for continuous flow system which can better model these environmental 

conditions

BACKGROUND

• We constructed a mathematical model of AMR development in 

wastewater to increase quantitative understanding of the effect of the 

many biological and environmental mechanisms at work (Figure 1)

• Experimental validation of the model was done using the eVOLVER 

system recently developed by the Khalil Lab 

• Experiment was initialized with inoculation of 20 mL LB media with E. 

coli MG1655 in static conditions at 37°C 

• At OD600 of 0.5, inflow and outflow of Rifampicin-containing LB media 

were started at a flow rate of 16 mL/hr. 

• Each culture condition was sampled daily, and the concentration of total 

and resistant bacteria was calculated through plating on drug-free LB 

agar and selective LB agar containing 8XMIC Rifampicin respectively

METHODS

• eVOLVER experiments showed that at 6 mg/L and 8 mg/L Rifampicin 

(where the MIC of Rifampicin is 25 mg/L), the resistant population 

developed to a steady state around the same order of magnitude of the 

steady state population of susceptible bacteria (Figure 2)

• At 12 mg/L, the experiments showed that the resistant bacteria 

dominated the population and the susceptible population dropped to 

zero. 

• After the conclusion of the experiment, model equations and parameter 

values were adjusted to match the experimental behavior 

• Notably, the mutation rates were increased by several orders of 

magnitude to match the rapid in vitro development of resistance

• After adjustments, the resulting model outputs matched the general 

behavior of the resistant and susceptible bacterial populations in 

response to the selected concentrations of Rifampicin (Figure 3). 

• This established the ability of the model to match in vitro behavior 

allowing for the development of a model with predictive capabilities.

RESULTS

• Model simulations have found that antibiotic 

residues at low concentrations can increase the 

rate of resistance development in continuous flow 

conditions 

• Experiments on eVOLVER system have validated 

these findings

• AMR policy is incomplete as environmental factors 

are often overlooked

• By looking at the environmental factors in AMR 

development we are helping fill the gap in the One 

Health approach and developing a holistic 

understanding that is lacking

• Potential interventions in reducing the risk of 

resistant population development may include:

• Specific recommendations for surveillance 

measures

• Wastewater treatment strategies 

• Antibiotic stewardship plans

CONCLUSIONS
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Figure 1. Inputs and outputs for preliminary model of antibiotic resistance 

development in a single bacterial species in a wastewater setting

Rif=6 mg/L (0.24 X MIC) Rif=8 mg/L (0.32 X MIC) Rif=12 mg/L (0.48 X 
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Figure 2. Measured susceptible and resistant populations from 

eVOLVER experiments of E. coli grown in continuous culture in media 

containing varying concentrations of the antibiotic Rifampicin

Rif=3 mg/L (0.24 X MIC) Rif=10 mg/L (0.32 X MIC)
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Figure 3. Post-adjustment model predictions for susceptible and resistant 

populations of E. coli grown in media containing varying concentrations 

of the antibiotic Rifampicin
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