Mathematical Epidemiology with Applications: The Case of Influenza

In a highly interconnected world, epidemic outbreaks become instant potential health and/or
economic global threats with increasing segments of the population playing active roles on the
transmission patterns of infectious diseases like influenza. Individual and/or group actions and/or
decisions and/or activities can enhance or reduce the effectiveness of intervention/control
measures in the Information Era. Travel, social distancing, the availability of medical supplies
(antiviral drugs and vaccine) and timely diagnostic tools, and the access to quality medical care
are but some of the factors that have been identified as significant during this ongoing influenza
pandemic. Varying levels of participation in the implementation of policies aimed at reducing a
population’s risk of infection are important components not only of disease dynamics but also of
their evolutionary potential. Hence, the role of changes in the levels of antiviral drug resistance,
the impact on transmission patterns, cross-immunity, and the intrinsic ability of diseases like
H1NZ1 that circle the globe to evolve in response to a multitude of selective pressures must be
studied and assessed. Policy makers have been asked to assess some of these issues during a
pandemic that has fortunately not live up to its "expected" potential. Demand for timely access for
every individual to the HIN1 vaccine combined high levels of refusal to get vaccinated,
particularly among emergency medical personnel, are but some of the challenges that officials
have had to deal with. What can mathematics do to help understand disease dynamics and
develop effective control measures? What can mathematics do to help develop resilient
approaches for the management of complex adaptive systems of this type? Despite the myriad of
complexities associated with disease transmission dynamics, macroscopic epidemic patterns
emerge and ways of making use of this knowledge in real time can be critically important. In this
lecture some of the challenges in the study of the dynamics and evolution of infectious diseases
will be addressed. We start with the work of physicians-theoreticians-mathematicians like
Bernoulli*,?, Ross®, Kermack and McKendrick* who developed key aspects of the mathematical
theory of infectious diseases showing that mathematics can be a significant player in

epidemiology and public health. A review of some of the mathematical and modeling approaches
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common in mathematical epidemiology can be found in the work of Hethcote. This presentation

provides an overview of mathematical epidemiology in the context of influenza (including the

ongoing pandemic influenza) in order to highlight key questions and approaches and the

fundamental role of mathematics in biology.
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The recent work with Marco Herrera-Valdez and Maytee Cruz-Aponte on influenza in Mexico —

manuscript—is an important source as well.
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