February 10, 2007
Graduate School Letter of Recommendation for Lily Davidoff

It is with pleasure and enthusiasm that I write this letter of recommendation for Lily Davidoff, who has applied to the US-Africa Advanced Studies Institute on Mathematical Modeling of Infectious Diseases in Africa.  I will also serve as her faculty mentor after the conclusion of the summer program, if she is selected to participate.
I first became acquainted with Lily during the summer of 2005, when both of us were at Los Alamos National Laboratory.  Lily was a participant in the Mathematical and Theoretical Biology Institute’s (MTBI) summer REU program at Los Alamos.  I had many discussions with her about her research project, and served in an informal capacity as a faculty mentor for the project.  I was impressed with Lily’s motivation, resourcefulness and work ethic.  She and her group defined their own research topic and carried out a substantial theoretical and numerical analysis of the model they formulated on the effects of life-style choices on Atherosclerosis.  The model consisted of a system of nonlinear ODEs (generalizing the standard SEIR-type model) describing the flow of individuals between various risk classes (based on lifestyle choices and genetic predisposition) for developing cardiovascular disease.  The group carried out a thorough stability analysis on the model, performed numerical simulations of the dynamics, and investigated the sensitivity of model behavior to changes in key parameters.  From talking with faculty mentors at MTBI, it is clear that Lily played a major role in all aspects of her group’s research.  In addition, she and her group members have presented their research results at several national conferences. 

During her senior year (2005-2006), Lily and another senior mathematics major at Mount Holyoke College did an independent study with me on the modeling, analysis and numerical simulation of the spatiotemporal spread and control of epidemics.  What follows is a synopsis of the project, which I hope emphasizes that this was not the run-of-the-mill senior thesis material.  It was original research, and I must say that Lily played a major role in the modeling and analysis, as well as in the development of the numerical code.

************************************************************************

Mathematical Modeling of Epidemics with Spatial Dynamics: Description of Project  

The students have developed a mathematical model for the spatial and temporal spread of an infectious disease.  Individuals can be in one of four compartments: susceptible, latent (infected but not yet infectious), infectious, or recovered.  In addition, individuals, once recovered, can again become susceptible.  This models, for example, influenza.  In this approach, space is partitioned into patches.  On each patch, the temporal dynamics of the disease follows a classical nonlinear system of ODEs (a generalization of the well-known Kermack—McKendrick model).  The disease spreads spatially via the travel of individuals between patches.  Unlike previous patch models for disease dynamics, the rate of movement of individuals is not taken to be independent of disease status.  For example, the model allows for the (realistic) possibility that infectious individuals travel at a lower rate than healthy or latent individuals. The result is a large (4n equations, where n is the number of spatial patches) system of nonlinear differential equations that must be investigated either analytically or numerically for a range of parameter values.

From an analytical point of view, the basic reproductive ratio, R0, is of particular interest.

This is a stability parameter that depends upon the natural epidemiological and demographic parameters in the model (birth and death rates, contact rates, infectious and latent periods, and travel rates between the patches).  When R0 < 1, the disease will die out.  When R0 > 1, on the other hand, the disease free equilibrium is unstable, and in most cases, and endemic level of infection is reached over time. The students and I have proven that R0 for the general model is the spectral radius of a so-called next generation matrix.  When there are 3 or more spatial patches, one must resort to numerical methods to approximate R0, but for the case of two patches, some rigorous analysis can be done.

The students have been tackling the analysis in this case, and have derived, via linearization and Taylor approximation, expressions for R0 in the case when infectious individuals move at a much lower rate than susceptible and latent individuals.  This situation is relevant for diseases with severe symptoms.  It can also be thought of as a model of quarantine with “cheating”: i.e., most infectious individuals are isolated and prevented from traveling, but a few are missed and continue to travel.  With this analysis, we have been able to draw some important conclusions:  an imperfect quarantine can actually lead to more infections over time than no quarantine at all.  On the other hand, movement of infectious individuals from a patch, which in isolation would have R0 > 1, to a patch with R0 < 1, can lead to the stabilization of a global disease-free equilibrium.

The students have also written a numerical code, with my help, to simulate the system for any number of spatial patches.  This will enable us to investigate the dynamics and draw conclusions for a larger number of patches, when theoretical analysis is difficult.

************************************************************************

Based on Lily’s achievements at MTBI and in the independent study she took with me, I am confident that she would be a valuable participant in the AIMS program.  She has already shown an aptitude for mathematical research, especially involving mathematical modeling of epidemics and disease dynamics.  In addition, she is currently pursuing a Ph.D. in applied mathematics at New Jersey Institute of Technology, and she plans to specialize in mathematical biology.  After a year of graduate studies, she must be even more prepared for the AIMS program.  Thus, without reservation, I endorse her application.
                                                                              Sincerely,

                                                                              Richard Jordan







     Associate Professor
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