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Abstract

We propose and analyze a new compartmental model of dengue transmission with memory between
human-to-mosquito and mosquito-to-human. The memory is incorporated in the model by using a
fractional differential operator. A threshold quantity Ry, similar to the basic reproduction number,
is worked out. We determine the stability condition of the disease-free equilibrium (DFE) Ey with
respect to the order of the fractional derivative aviand Ry. We determine o dependent threshold
values for Ry, below which DFE (Ey) is always stable, above which DFE is always unstable, and
at which the system exhibits a Hopf-type bifurcation. It is shown that even though Ry is less
than unity, the DFE may not be always stable, and the system exhibits a Hopf-type bifurcation.
Thus, making Ry < 1 for controlling the disease is no longer a sufficient condition. This result is
synergistic with the concept of backward bifurcation in dengue ODE models. It is also shown that
Ry > 1 may not be a sufficient condition for the persistence of the disease. For a special case, when
o= %, we analytically verify our findings and determine the critical value of Ry in terms of some
important model parameters. Finally, we discuss about some dengue control strategies in light of
the threshold quantity Rjy.
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1. Introduction

Dengue is a viral disease transmitted by the bite of an Aedes mosquito infected with one of
the four dengue virus serotypes (DEN-1, DEN-2, DEN-3 and DEN-4) (World Health Organization,
2013a,b). Dengue can affect almost all age groups (infant to adult), and symptoms appear 3-14 days

after the infected mosquito bite (World Health Organization, 2013b). A person recovers from one
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