Additional File 1 — Backwards Bifurcation

To determine if bistability can occur, we analyze our modeha bifurcation pointRy = 1, to deter-

mine the size of the ratip = XXX must be in order for a backwards bifurcation to occur.

Reo

To analyze our model, we can disregé%{i because the population remains constant. So we re-write
dn 98¢ and e in terms of Iy, Sc, Ic andT. We defineY” to be the vecto(Iy, Sc, Ic). We take
the Jacobian oY, H(Y).
We then find the eigenvectors of the matfiY") at equilibrium (when Y=0. The eigenvectors de-
termine whether or not a backwards bifurcation will occurRat = 1. This is determined by the
sign of the dominant eigenvectors of the Jacobian matrikx [#he dominant right eigenvector, which
gives the direction of the initial spread of the diseasé/ is- [1, TN_WLNW, 0] and the dominant
left eigenvector which gives the contribution of each iméelcgroup to the overall spread is given by
W =[1,0, ———< ].

TN—YNN—YNC+YC . . .
To determine the criteriop®, which gives the amour® o« heeds to be larger thaRy» in order for a
backward bifurcation to occur, we look at the Jacobian mgaltfiperturbed just a little from 0. Dushoff

[41] showed that a backward bifurcation will occur if and il

px =W -H(0)V >0 (1)
For our model, we calculateg to be:
pr=1+21H )
INC
We takeﬁ to be the length of immunityI(), m to be the duration of infectionZ¥), and
—INe __ \We find that wherRy = 1, bistability will occur when:
YNN+YNC
D
prx =1+ — 3)
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