
MalPath DFE analysis

The simplified model for analysis is the following:




x′ = Λ− µxx− βmx− αjx,
y′ = βmx− µyy − αjy,

m′ = qrµyy − µmm− βmx,
f ′ = ay(t− τ)e−kj − µff,
j′ = bf − µjj.

(1)

Its general Jacobi matrix is

J =




−(µx + βm + αj) 0 −βx 0 −αx
βm −(µy + αj) βx 0 −αy
−βm rµy −(µm + βx) 0 0

0 ae−kj 0 −µf −akye−kj

0 0 0 b −µj




.

Theorem 1 Define

R0 =
βΛ(r − 1)

µmµx

.

Then the disease-free equilibrium (DFE), namely (Λ/µx, 0, 0, 0, 0), is locally asymptoti-
cally stable (LAS) if R0 < 1.

Proof: At the DFE,

J =




−µx 0 −βΛ
µx

0 −αΛ
µx

0 −µy
βΛ
µx

0 0

0 rµy −(µm + βΛ
µx

) 0 0

0 a 0 −µf 0
0 0 0 b −µj




.

Clearly, three eigenvalues are negative (λ3 = −µx, λ4 = −µj and λ5 = −µf ). The final
two eigenvalues are the eigenvalues of the submatrix,

J1 =

(
−µy

βΛ
µx

rµy −µm − βΛ
µx

)
.

Since all parameters are strictly positive, the trace of this matrix obviously is negative.
The remaining criterion for the system to be LAS is for det J1 > 0,

⇔ µm +
βΛ

µx

− r
βΛ

µx

> 0 ⇔ 1 >
βΛ(r − 1)

µmµx

.

This completes the proof.
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