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Controlling urban arboviruses
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Replacing wild population

Wolbachia dengue control method
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A complete model
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Uninfected Equilibrium
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Wolbachia Infected Equilibrium
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The coexistence equilibrium
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The coexistence equilibrium |
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Stability
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Lemma

Let M be a Metzler matrix, which is block decomposed :

A B
M= {c D} :
Where A and D are square matrices.
Then M is Hurwitz if and only if A and D — CA~'B are Metzler
stable.



Stability Il
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Summary

» The trajectories of system are forward bounded.

» When R oftsp,u > 1 there exists an equilibrium without
infection (WFE) which is asymptotically stable.

1 : ,
» When Ry w < ——— only the WFE exists and is
0,offsp,U
globally asymptotically stable on the nonnegative orthant

minus the manifold My, = 0.

» When Ro,w Ro offsp,u = Ro,offsp,w > 1 three equilibria exist.
The WFE, an equilibrium with the total population infected
(CWIE) and a coexistence equilibrium in the positive
orthant. The WFE and CWIE are asymptotically stable, the
coexistence equilibrium is unstable.



Asymptotic interlude
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Wolbachia and dengue

. Sh
Sh = A= [Bwvn (Fwur + Fowwr) + Buva (Fuur + Fuw)] N, Sh
h
. Sh
Ep = [Bwwn (Fwur + Fuwi) + Buvn (Fuur + Fuwi)l N (vh + 1h) En
h

I =hEn — (8n + 1n) In
Ry =6plp — pn Ry
. In
Fwur - = Bwnv (Fwu — Fwur) N T HEw Fwui

h
. I
Faowr = Bwav (Fww — Fywwi) N, T HEw Foawi

h
. Iy
Fuur = Bunv (Fuu — Fuur) N, T HFU Fuur
h

. In
Fuwi = Bunv (Fuw — Fuw) N, T HFU Fuur

h



Theorem (Vidyasagar)

Consider the following triangular system, C' on a neighborhood
of (x*,y*) :

x = f(x) xeR" yeRM
y=9(xy)

with an equilibrium point, (x*, y*), i.e.,

f(x*) = 0 and g(x*,y*) = 0.

If x* is LAS, if y* is asymptotically stable for y = g(x*,y) then
(x*, y*) is asymptotically stable for the complete system.

If x* is unstable then (x*, y*) is unstable for the complete
system.
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Proposition

If Ro,dengue,w < 1 then (N}, 0,0,0) the DFE is globally
asymptotically stable.

Proof

The set

K = {(Sh. En. In. Fwwr) € RS x [0, Fw+] | No < N; Fywy < Fyy}
is a positively invariant absorbing compact set for the system
considered. We consider the following function

V((En, In, Fwwi) = vn En + (vn + 1) In + Bwwn u’/y:ihw Fwwi.
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Checking

Newton and Reiter [NR92] 1.9
Koopman et al. [KPVMT91] 1.3
Marques et al. [MFM94] 1.6 — —-2.5
Favier et al.[DFBT05] 8 — —22.8
Ferguson [FDA99] 1.38 — —8.47
Chowell [CDDM*07] 2.0 — —-2.4
Massad et al. [MCBLO1] 3.6 — —12.9

In the worst case, we have Rg gengue,u = 22.8, and hence we
obtain Rg gengue,w < 0.95 after the introduction of wMel.
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Simulating dengue with Wolbachia
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