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Table 1. Model variables and their biological meanings.

Variable Biological Meaning
Sy Susceptible humans

L Latent humans

I Infectious humans

R Recovered humans
S

Uninfected mosquitoes

4

L Latent mosquitoes

4l

I Infectious mosquitoes

¥

S Uninfected eggs (imm. Stages)

] Infected aquatic forms
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Table 2. Model’s parameters and their biological significance
Parameter Biological Meaning
a Average daily rate of biting
b Fraction of bites actually infective to humans
O Loss of immunity rate

=

On Latency rate in humans
Our Loss of infectiousness in humans
e Human natural mortality rate

I Birth rate of humans
Carrying capacity of humans
Dengue mortality in humans

Human recovery rate
Hatching rate of susceptible eggs
Latency rate in mosquitoes
Natural mortality rate of mosquitoes

Oviposition rate

Proportion of infected eggs

Carrying capacity of eggs

Natural mortality rate of eggs
Fraction of bites actually infective to mosquitoes

Climatic factor
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Table 3. Model’s structure as a function of the parameters
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Figure 1. Plot of equation (2) as a function of the biting rate, ¢, calculated in two ways: in the
dotted line the number of infected vectors is calculated with the host prevalence / ;;, / N; directly

derived from the dynamics of system (1); in the continuous line / ;, / j\f’;is calculated from

equation (3) and for dsuch that Rocan be less than one and, therefore J ;_1, / N;< 0.

dn Disciplina de! Infermaticar Medica
EMUSP




Iy

+~3%
! |II

“'H
.\ Syl +0y) =

(':gH T Hy :){;“H T)g TOy T0y )

E}H

dn Disciplina de! Infermaticar Medica
EMUSP




Syt +0,)

'l

(g +ou Npty + 7y +aty +8, +60, )+ yy6,

j\r

H / M4x

dn Disciplina de! Infermaticar Medica
EMUSP




Frevalence upper bound

-
-
1
8
)
a
[
=
g
=
&l
i}
a
e
[
e
0
i7)
i)
fu}
4

0.05 0.1 0.15
Humans recovery rate, v, (days ")

m‘ Disciplina de! Infermaticar Medica
EMUSP




Some Important Pitfalls in Modelling
Vector-Borne Infections

dn Disciplina de! Infermaticar Medica
EMUSP




Main Variables

Variable Biological description

density of susceptible humans
density of latent humans
density of infected humans
density of recovered humans
density of susceptible mosquitoes
density of latent mosquitoes
density of infected mosquitoes
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Usual Equations: Wrong!

S
—ab(Iys + nMLM)N—Z — uy Sy +ogRy +05lg + Ag
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One particular point is raised by the term:

T
s.(J H

ab(Inr +nar L)
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Let us explain the meaning of this term. The parameter a is a composed quan-
tity. Let A be the area explored by a mosquito by the joint movement of the
humans and the mosquitoes. Let & be the number of bites a mosquito inflicts
per unit time and per unit area in the humans. Then, £AI, is the number of

bites that A, infected mosquitoes inflict on Ng A people. Hence. the fraction

SH e Y oy
X, where a =¢A

of bites given on susceptible humans is EAIy, {: j = alyss

Why is this important?
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The Correct Equations in 1 dimension

—Ag(z,t)Sy(x,t) — pySu(x,t) + Ag(z,t)

)‘H(‘T?t)gﬂ(mﬁt) o (JUH + TH]LH(‘T?t)

YaLlu(z.t) — (g +ox +om)Iu(z,t)

orlH(z,t) — pgRu(z,1)

_)“M('r* t)84M($1 t] Ot Hﬂ{S;M(H:*I t) * AM(H:*I t)

Aar(z, €)Sar(z,t) — (far + Vs ) Lo (2, 2)

YvLar(z,t) — parIn(z, t),
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where
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The Correct Equations in 2 dimensions

D 2 .
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A comment on the estimation of the Basic
Reproduction Number for vector-borne infections:

Another Pitfall
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Anderson and May (1991)

Marques et al. (1994)

Massad et al. (2001)

Favier et al. (2006)
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In a paper published in this journal, Pinho et al. (2010) conclude that "The value of R, is greater

than 1 for the epidemic in 1995-1996 for any chosen value of the vector-control parameter, indicating that
other strategies would be necessary besides the adult vector-control, as such as the control of the
mosquito's aquatic phase, to reduce its force of infection and therefore to control the epidemic".

Pinho's et al. equation (3.8) assumes, as mentioned above, A >0 and to get Ro < lanother
method must be used, as described in Massad et al. (2010).

R = (e + 1) G+ 1) e+ ) 5 + 1)

aptUp
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