Modeling of mixtures of two antibodies with their
advantages and disadvantages in infectious diseases:
the case of secondary dengue infection

M. Adimy °,' C. Dugourd® and C.P. Ferreira®

(b) Inria Lyon and University Lyon 1,
INRIA Lyon, Batiment CEI-2, 56, Boulevard Niels Bohr, 69603 Villeurbanne-France.
(b) Institute of Biosciences, Sao Paulo State University (UNESP),
Botucatu, SP, 18618-689, Brazil.

Abstract

The activity of a single antibody is easier to characterize than that of a mixture of antibodies whose
behavior is difficult to predict. In some infectious diseases, such as secondary infection with dengue
virus, pre-existing antibodies may cooperate to neutralize the virus (if it is the same serotype) or
pre-existing antibodies compete with new neutralizing antibodies and enhance the infection (if it
is a different serotype). Here we present a mathematical model of the activity of a mixture of two
antibodies that takes into account the fact that the competing antibody pairs bind to distinct or
overlapping epitopes of the virus. We apply this model to study the severity of secondary dengue
infection in cooperative antibody (same serotype) and competitive antibody (different serotype)
scenarios [1,2]. We then use this model to reproduce the dynamics of susceptible and infected
target cells and the virus in cooperative or competitive scenarios between the two antibodies. The
analytical study of the model (ODE) shows the existence of two equilibria: a disease-free and an
endemic equilibrium. Using the concept of the basic reproduction number Ry, we perform the
asymptotic stability analysis of the two equilibria.
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