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Infectious diseases formulate a modeling problem consisting of population dynamics,
individual’s health status, treatments, management, economics, and state/country regulations.
Being a multidisciplinary research question, infectious diseases warrant access of several
layers of information from a mathematical model. Also, parameterizing all these layers require
combined efforts from multiple disciplines: human/veterinary medicine, epidemiology, ecology,
statistics, mathematics, economics and computer science. Here, we present an agent based
model of Johne’s disease (paratuberculosis) of dairy herds where several layers of processes
are integrated, such as, individual animal life cycle, dairy management, farmer, treatments,
farm economics, state regulations, and dairy herd dynamics. Johne’s disease, caused by
Mycobacterium avium subsp. paratuberculosis (MAP) infection, results in economic losses
(estimated to be more than $200 million per year) in dairy industry. The proposed model
tracks each individual animal’s life, MAP transmission route, treatment, testing, and culling
and provides several decisions to a farmer. A farmer can take culling decisions based on the
disease status and net present value of a cow. The model is validated by the real herd
dataset from three states (New York, Pennsylvania and Vermont), epidemiologist and
veterinarian. Overall, this model presents a multidisciplinary method to investigate an
infectious disease of dairy cattle to inform the farmer about right decision making based on
management and economic constraints.
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