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Aedes aegypti mosquitoes and dengue infections
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What is Wolbachia?

» Wolbachia is a symbiotic bacterium naturally found = “‘Q? =N
. . . ! A\
in up to 60-70% of insect species. //'/\ YN \

» Wolbachia is not found in Ae. aegypti mosquitoes. o .
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» Wolbachia is transmitted maternally
(female --» eggs) SO S

» Wolbachia induces cytoplasmic incompatibility (CI- - ) \\ = /I.\L\
phenotype)

Mosquito with Wolbachia

> Wolbachia suppresses replication of different
viruses inside Ae. aegypti females.
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Image sources: Ross et al., 2020; DOI: 10.1002/ece3.6012 & https://wwwinea.gov:sg/
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Major Wolbachia strains for the prevention of Aedes-borne diseases

Wolbachia strains

wMelPop | wMel wAlbB wAu
Key features

Virus inhibition or blockage (VI) High Medium | Medium High
Fitness cost (FC) High Low Medium Low
Imperfect maternal transmission (IMT) High High High High
Cytoplasmic incompatibility (CI) High High High None
Wolbachia infection retention under thermal stress (WIR) Low Low Medium High

Sources: 77?7
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Effect of high temperatures

Imperfect maternal transmission and cytoplasmic incompatibility
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Wild population:  females (Q) and males ()
Wolbachia-carrying population:  females (Q) and males (O")
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Extension of the model attributed to ?

Wolbachia-free Males M (t)

Pn(t)

F les Fp(t
Total mosquito emales Fp(t)
population P(t)

Wolbachia-carriers Males M (t)

Pu(t) Females F,(t)

Key assumptions for simplification
» Wild and Wolbachia-carrying mosquitoes exhibit (1 + 1) adult sex ratio [?].
» Wild and Wolbachia-carrying male mosquitoes are equally capable to mate [?7?].

» Wild female and male mosquitoes are often evenly distributed and have a similar lifespan

Kk

» Let us also suppose that Wolbachia-carrying males and females bear similar longevity.

Under these assumptions and in the line of other studies [??], we can then assume that

X(t) := Mp(t) = Fa(t) and Y(t):= My(t) = Fu(t) Vt>0
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The modeling framework

% = {an% +pw(l—V)Y] e "X LY —§,X < wild mosquitoes
% =pwrYe ? sX*tY) _ Y —6,Y <« Wolbachia-carriers
Parameters of the model:
Pn > pw — average fecundity rate of X, Y
0n < 6w — death rates of X, Y
oc>0 — competition parameter
€ (0,1] - probability of imperfect maternal transmission (IMT);
n€[0,1] - strength of Cl due to Wolbachia infection;
w >0 — loss of Wolbachia infection due to thermal stress.

NOTE: pw,d and v,n,w are strain-dependent.
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Basic offspring numbers and possible equilibria

Q= % No. of wild mosquitoes produced by 1 wild mosquito
n
Q= w”f:”(; No. of Wolbachia-carriers produced by 1 Wolbachia-carrier
Qyx = (l—l/),fs—w—l—wa No. of wild mosquitoes produced by 1 Wolbachia-carrier

Equilibria of no interest

» Extinction equilibrium Eo = (0, 0) always exists; it is GAS if Q. <1 and Q, <1, and
is repulsive otherwise.

» Fully non-infected equilibrium E, = (Xﬂ,O) is a boundary equilibrium with

x’izlmQX
o

that exists if Q« > 1. It is LAS if Q, > 1 and is GAS if Q, < 1.
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Coexistence equilibria

When Q. > Q, > 1, two coexistence equilibria arise under this condition:

Qy,x + Qy +77Qx >1

Q= Q.

> Unstable coexistence E, = (Xu, Y)

ST PR i e o M TN

X

> Stable coexistence E; = (X, Y)

_InQy 1y _ 2 Qrx _1 —
-2 [(oc 1) \/(QC 1) - } o= Q- X

NOTE: stable coexistence Es = (X;, Ys) becomes a boundary equilibrium (Xs — 0) if

v=1 and w=0 thatis, when Q,.=0.
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wMel Wolbachia strain: dynamics
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Stable coexistence (bistability)
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wMelPop Wolbachia strain: dynamics

Ideal case: 2 boundary LAS equilibria Stable coexistence (bistability)
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v =0.99, 1 = 0.95, w = 0.083% v =0.99,n = 0.95 w = 0.5%
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Genetic algotirhm to solve optimization problem

Genetic algorithm

» » Extinction equilibrium Eq = (0,0) always exists; it is GAS if Q« <1 and
Qy < 1, and is repulsive otherwise.

>
» Fully non-infected equilibrium E, = (Xﬂ,O) is a boundary equilibrium with

xﬁzlmox
g

that exists if Q. > 1. Itis LAS if Q, > 1 and is GAS if Q, < 1.
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SUMMARY: existence of the non-trivial equilibria

Existence of non-trivial equilibria
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Conclusions

» The proposed 2-dim model retains the key properties of higher-
dimensional models of Wolbachia invasion.

» The proposed 2-dim system has rich dynamics and exhibits
numerous bifurcations w.r.t. parameters v (maternal trans-
mission), 7 (cytoplasmic incompatibility), and w (infection loss
due to thermal stress).

» The proposed 2-dim model allows to visualize its phase portrait
for further identification of the attraction basins of possible LAS
equilibria (bistability).

» The proposed 2-dim model is applicable to different Wol-
bachia strains (wMel, wMelPop, and wAu) that are currently
tested for Wolbachia-based biocontrol of Aedes-borne diseases.
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