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Abstract

A stochastic switching Susceptible-Exposed-Infective-Removed (SEIR) epidemic model with
continuous and impulsive control schemes is proposed and investigated, in which a general
incidence function is considered. The existence and uniqueness of the global positive solution
is achieved. By using the Lyapunov-Razumikhin approach, sufficient conditions are developed
which guarantee the hybrid system is stochastically stable. The results of simulating our new
SEIR model indicate that the hybrid control schemes could be an effective strategy to eradicate
the disease.
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1. Introduction

Deterministic and stochastic models are two basic kinds of models to describe the spread
and control of infectious diseases. As far as we know, a number of infectious diseases are
inevitably influenced by many factors such as temperature, the immunological state of the
host, incubation periods, and mode of transmission. Stochastic differential equation models
provide some additional degree of realism compared to their deterministic counterpart as they
can more accurately represent such influencing factors [1]. The stochastic epidemic models have
received increasing attention in the field of epidemiological dynamics [2, 3]. In earlier work,
model coefficients are assumed to be unchanged during the epidemic spreading. However, in
reality, these coefficients may be time-varying. For example, the climate changes may lead to
the variation of the disease spreading, seasonal migration of the birds, and so on. To address
the time-varying nature of the coefficients more realistically, switching has been introduced
into stochastic epidemic models [4]. Recent work in this direction has led to the study of
stochastic differential equations with regime switching [5, 6]. Differently from the traditional
continuous control scheme, impulsive strategy has been successfully applied to control the spread
of infectious diseases, such as pulse vaccination, regular injection, periodic culling. Due to
switching states and the abrupt changes that result at these switching instants, switched systems
exhibit impulsive effects, which can be well described by using a combination of continuous
and discontinuous switched systems. To the best of our knowledge, studies on the stochastic
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