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Model’s ODEs without population stratification or vaccination:

dS/dt =
Sβ(MH +MI + FI + θ(FA +MA + PA + PI))

N

dE/dt =
Sβ(MH +MI + FI + θ(FA +MA + PA + PI))

N
− ϵ1E

dGA/dt =ϵ1(1− ps)E − ϵ2GA

dGI/dt =ϵ1psE − ϵ2GI

dPA/dt =ϵ2GA − ϵ3PA

dPI/dt =ϵ2GI − ϵ3PI

dMA/dt =ϵ3PA − γ1MA

dMI/dt =(1− ph|s)ϵ3PI − γ1MI

dMH/dt =ph|sϵ3PI − ϵHMH

dFA/dt =γ1MA − γ2FA

dFI/dt =γ1MI − γ2FI

dFH/dt =ϵHMH − γHFH

dR/dt =γ2(FA + FI) + γHFH

(1)

Matrix corresponding to transmission events:

T =



0 0 0 βθ βθ βθ β β βθ β 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0


(2)

Matrix corresponding to transitions between and out of infection stages:

Σ =



−ϵ1ps − ϵ1(1− ps) 0 0 0 0 0 0 0 0 0 0
ϵ1(1− ps) −ϵ2 0 0 0 0 0 0 0 0 0

ϵ1ps 0 −ϵ2 0 0 0 0 0 0 0 0
0 ϵ2 0 −ϵ3 0 0 0 0 0 0 0
0 0 ϵ2 0 −ϵ3phs − ϵ3(1− phs) 0 0 0 0 0 0
0 0 0 ϵ3 0 −γA1 0 0 0 0 0
0 0 0 0 ϵ3(1− phs) 0 −γI1 0 0 0 0
0 0 0 0 ϵ3phs 0 0 −ϵH 0 0 0
0 0 0 0 0 γA1 0 0 −γA2 0 0
0 0 0 0 0 0 γI1 0 0 −γI2 0
0 0 0 0 0 0 0 ϵH 0 0 −γH


(3)

R0 is the spectral radius of Next Generation Matrix with large domain:
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R0 = ρ(KL) = ρ(T (−Σ−1)) = −βphsps
γI2

+
βps
γI2

− βphsps
γI1

+
βps
γI1

− βpsθ

γA2
+

βθ

γA2
− βpsθ

γA1
+

βθ

γA1
+

βphsps
ϵH

+
βθ

ϵ3
(4)

The transmission term’s β is therefore:

β = R0ϵ3ϵHγA1γA2γI1γI2÷

 −ϵ3ϵHγA1γA2γI1phsps + ϵ3ϵHγA1γA2γI1ps − ϵ3ϵHγA1γA2γI2phsps + ϵ3ϵHγA1γA2γI2ps−
ϵ3ϵHγA1γI1γI2psθ + ϵ3ϵHγA1γI1γI2θ − ϵ3ϵHγA2γI1γI2psθ+
ϵ3ϵHγA2γI1γI2θ + ϵ3γA1γA2γI1γI2phsps + ϵHγA1γA2γI1γI2θ

 (5)
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