
Complex Bifurcation Structures in the SIRWS
Model with an Asymmetric Partition of

Immunity Period

Richmond Opoku-Sarkodie, Ferenc A. Bartha, Mónika Polner,
Gergely Röst

University of Szeged, Szeged, Hungary

SIRS models capture transmission dynamics of infectious diseases for which immu-
nity is not lifelong. Extending these models by a W compartment for individuals with
waning immunity, the boosting of the immune system upon repeated exposure may be
incorporated. This work considers the SIRWS model where a proportion of individuals
experience boosting of immunity via secondary infections. Previous analyses assumed
identical waning rates from R to W and from W to S. This implicitly assumes equal
length for the period of full immunity and of waned immunity. We relax this restriction
and allow an asymmetric partitioning of the total immune period. Stability switches of
the endemic equilibrium are investigated with a combination of analytic and numerical
tools. Then, continuation methods are applied to track bifurcations along the equilib-
rium branch. We find rich dynamics: Hopf bifurcations, endemic double bubbles, and
regions of bistability. Our results highlight that the length of the period in which wan-
ing immunity can be boosted is a crucial parameter significantly influencing long-term
epidemiological dynamics.

[1] M.V. Barbarossa and G. Röst, Immuno-epidemiology of a population structured
by immune status: a mathematical study of waning immunity and immune system
boosting, J. Math. Biol. 71:(6) (2015), pp. 1737–1770.

[2] M.V. Barbarossa, M. Polner, and G. Röst, Stability switches induced by immune
system boosting in an SIRS model with discrete and distributed delays, SIAM J.
Appl. Math. 77:(3) (2017), pp. 905–923.

[3] J. Carr, Center manifold, Scholarpedia 1 (2006), pp. 1826.

[4] C. Castillo-Chavez and B. Song, Dynamical models of tuberculosis and their appli-
cations, Mathematical Biosciences and Engineering 1(2) (2004), pp. 361–404.

[5] M.P. Dafilis, F. Frascoli, J.G. Wood, J.M. McCaw, The influence of increasing life
expectancy on the dynamics of SIRS systems with immune boosting, The ANZIAM
Journal 54(1–2) (2012), pp. 50–63.

[6] Strube, Laura F and Walton, Maya and Childs, Lauren M, Role of repeat infection
in the dynamics of a simple model of waning and boosting immunity, Journal of
Biological Systems 29(2) (2021), pp. 303–324.


