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Goals of Modeling

A major goal of modeling in epidemiology and public health is to understand and provide feasible forecasts for:

· Estimating the degree to which a disease will spread;

· Understanding the early history of an outbreak;

· Assessing the impact of proposed interventions;

· Optimizing the impact of prevention strategies;

· Improving our understanding of risk factors;

· Assessing the effectiveness of partial protection.

In addition, models provide a solid mathematical framework for analysis and prediction. Moreover, they can be used to improve the design of surveillance systems.

Modeling Techniques

Modeling techniques in epidemiology can be distinguished in various ways: Are they continuum or agent-based? Are they deterministic or stochastic? What is the degree of heterogeneity (space, age, risk, susceptibility, infectivity, contact structure, …). Are they single resolution or multiresolution? 

The group emphasized the distinction between continuum and agent-based models and discussed their positive and negative features in general and in the bioterrorism context.

Agent-based models are formulated in terms of the characteristics of and interactions among individuals. The resulting emergent behavior of the system determines the course of the epidemic and the effectiveness of control strategies. 

Continuum models are formulated in terms of a dynamical system describing the distribution of a (possibly heterogeneous) population. The resulting emergent behavior of the system again determines the course of the epidemic and the effectiveness of control strategies.

Features of Continuum Models

The positive features of continuum models are:

· Analyzable (based on a rich theoretical foundation)

· Sensitivity Analysis (forward and backward) is readily performed

· Model is defined in terms of available population based parameters 

· Efficient prediction of mean behavior in the presence of low amplitude noise

The negative features are:

· Severe limitation on the dimension of the state space (age, risk, susceptibility…)

· Poor information about low probability events (tails of distributions)

· Model cannot handle individual level behavior

Features of Agent-based Models

The positive features of agent-based models are:

· Few limitations on the dimension of the state space (age, risk, susceptibility…)

· Good information about low probability events (tails of distributions)

· Model directly incorporates individual level behavior

The negative features are:

· Few analytical tools (nascent theoretical foundations)

· No backward sensitivity analysis 

· Individual level data often has to be derived from population level data

· Computationally less efficient than continuum model

In a bioterrorist context, the positive features, such as incorporating individual level behavior, could be important. But the paucity of analytical tools and the inefficiency of existing computational methods provide challenges to mathematical scientists in order to make these types of models useful in the bioterrorist context, at least in the response phase when response time is critical.

Challenges for the Mathematical Sciences

Such models are already widely used in understanding the spread of various kinds of diseases. Modification of them in a bioterrorist context will require the development of special features. However, it should not require the development of fundamentally new modeling tools. Still, there are some important specific challenges for the mathematical sciences:

· Develop improved tools for understanding geographic spread

· Find ways to mutually calibrate agent-based and continuum models

· Improve significantly the efficiency of computational methods (both software and hardware) for using these models.

· Develop new techniques to evaluate and establish confidence in simulations.

· Forward sensitivity analysis using techniques such as tangent linear methods

· Backward sensitivity analysis to answer “how come” questions.

· Develop probabilistic models to improve our capabilities of predicting epidemics where there are only a few infected people.

· Design new approaches to quantify the uncertainty and suitability of models for the transmission of infectious diseases.

In order for these types of tools to become useful in a bioterrorist context will require improved communication between the mathematical sciences community and the public health community on the role of models.
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