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Abstract. In this paper, we demonstrate the uses of some simple mathematical models for the study of
disease dynamics in a pandemic situation with a focus on influenza. These models are employed to
evaluate the effectiveness of various control programs via vaccination and antiviral treatment. We use
susceptible-, infectious-, recovered-type epidemic models consisting of ordinary differential equations.
These models allow us to derive threshold conditions that can be used to assess the effectiveness of
vaccine and drug use and to determine disease outcomes. Simulations are helpful for examining the
potential consequences of control options under different scenarios. Particularly, results from models
with constant parameters and models with time-dependent parameter functions are compared,
demonstrating the significant differences in model outcomes. Results suggest that the effectiveness of
vaccination and drug treatment can be very sensitive to factors including the time of introduction of the
pathogen into the population, the beginning time of control programs, and the levels of control measures.
More importantly, in some cases, the benefits of vaccination and antiviral use might be significantly
compromised if these control programs are not designed appropriately. Mathematical models can be very
useful for understanding the effects of various factors on the spread and control of infectious diseases.
Particularly, the models can help identify potential adverse effects of vaccination and drug treatment in
the case of pandemic influenza.
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INTRODUCTION

Mathematical models may be helpful for studying the
transmission and control of infectious diseases. This area of
study has been highlighted recently due to the advent of a new
strain of pandemic influenza, worries about the possible
reintroduction of smallpox and the emergence of new pathogens
such as the SARS coronavirus. The mathematical theory
pioneered by Ross, MacDonald, Kermack, McKendrick, and
others has played a major role in the prevention and control of
infectious diseases (see also (1)). More recently, researchers
have used mathematical models to better understand influenza
dynamics and to investigate how to effectively control influenza
via various strategies including antiviral treatment and vacci-
nation (see, for example, (2–6)).

We have previously used a simple mathematical model to
forecast the course of the 2009 influenza A (H1N1) pandemic
in the USA (see (7)). In that study, we fit the model to the
Centers for Disease Control and Prevention (CDC) influenza

data collected during early months of the year, optimizing the
model parameters associated with the time-dependent trans-
mission, and the time at which the initial case was introduced.
The optimized model was then used to forecast the timing of the
autumn wave of infection (see (8)). The most striking feature of
the model is that it accurately predicted the peak time of the
pandemic. According to the CDC 2009 H1N1 surveillance
reports (9), the peak of the fall wave was reached at the
end of October (which is between weeks 42 and 43, see the
left-hand plot in Fig. 1), which is consistent with our model
result (see the right-hand plot in Fig. 1).

In this paper, we present some simplemathematical models
that can be used to study the impact of vaccination and antiviral
drug treatment on the spread and control of infectious diseases
such as influenza. We focus on models consisting of differential
equations that are of the susceptible, infectious, recovered (SIR)
type with time-dependent functions representing vaccination
and treatment policies. A seasonally forced disease transmission
rate is also included to reflect the fact that the transmission rate
may be higher in some seasons than others.

For the case of a constant transmission rate, the
basic reproduction number <0 and the control reproduc-
tion number <c have been shown to determine the
prevalence of infection and the severity of disease
outbreaks (1). The formula <c is a function of the levels
of vaccination and antiviral use, and reveals that these
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