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Abstract

This paper formulates a simulation model for the integrated control
of Aedes aegypti mosquito, transmitter of dengue fever, with non-lineal
ordinary differential equations. The infection caused by the Wolbachia
Bacterium and adulticid traps are included for the vector control. It is
also made simulations with values of the parameters from the literature
for different control strategies.
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1 Introduction

Dengue fever is caused by a virus that is transmitted to humans, mainly in a
vector way. In other words, it is transmitted when a healthy person is stung
by a genre Aedes’s female mosquito, more frequently from the aegypti specie,
which has gotten the virus previously by biting an infected human [9].

Although there are 5 serotypes for dengue virus (DENV 1, DENV 2, DENV3,
DENV 4 y DENV 5) that are transmitted to humans, serotype 2 and serotype
3 are the ones that have caused more grave cases of dengue, and while the
infection with one of the serotypes gives permanent homologue immunity, the
heterologous immunity (against other serotypes) is only temporary [9]. In
2013, DENV 5 serotype was reported when there was confirmed the existence
of a different phylogenetically serotype from the other 4 ones. This new virus
was diagnosed to a farmer from Sarawak (Malaysia) in 2007, and it is thought
it comes from primates. However, some reports have just created mild dengue
in contagious patients [11].

Even though dengue virus is transmitted by female mosquitoes from genre
Aedes, they are Aedes aegypti and Aedes albopictus the most frequent trans-
mitters [15]. Specifically, for the American continent, Aedes aegypti is the
one which most contagions are attributed [4]. Aedes aegypti is a highly an-
thropophilic mosquito (it lives close to humans) It comes from Africa [4] and
survives under 2000 meters above sea level, but it has been observed in 2200
meters zones [13].

As a result of the not existence of a vaccine for the 5 serotypes of dengue,
the control applied for decreasing the number of infected people is currently
focused on the reduction of the vector population. In this way, there are three
specific techniques for controlling the expansion of this mosquito population:
mechanic control, chemical control, and biological control. In the last type of
control, there is found the Wolbachia bacterium group which produces series
of alterations in the reproduction of its hosts with the purpose of taking ad-
vantage and stay inside the population [17]. The already mentioned type of
bacteria are not only found in the tissue cytoplasm of the ovaries and testi-
cles in a great range of anthropods, but also in isopods and nematodes [17].
This bacterium is transmitted vertically from mother to son, and some of the
strategies used for staying in the population is the cytoplasmic incompatibility
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or IC (death of the embryo when an infected male mosquito impregnates a
non-infected female mosquito eggs), parthogenesis or PI (Asexual reproduc-
tion that generates females mostly) and the genetic feminization of males [14],
[17]. In the chemical control, it is found larvicides and adulticides, however,
their application has great damaging effects for the environment, they gen-
erate high prices, and there is evidence that mosquitoes produce resistance
[8]. In the mechanic control, there is found some barriers like mosquito nets
and traps that aim at catching and killing the Aedes aegypti or its entomo-
logical vigilance such as ovitraps and larvitraps. Currently, there are different
types of traps, among them: the ovitrap which consists of a pan that imitates
the oviposition places of the female mosquitoes and it is made of materials
that adhere themselves to the eggs, or a variant, that have as goal to capture
the female mosquito with a net at the moment of the ovoposition. The light
trap CDC that attracts mosquitos with light and suction for catching them.
Also, the adultrap which uses water, carbon dioxide and light for drawing
mosquito’s attention and capturing female mosquito [2]; the mosquitrap that
avoids egg hatching, and in general those that use carbon dioxide for attracting
the mosquito like the zumba trap and the mosquito magnet [6].

Several factors can influence the dynamic of transition of the dengue virus,
including environmental and weather factors, host interactions and pathogens,
and immunological factors of the population, [12], [10], [7], [1], [16], [5].

It is relevant to mention some verges such as the vector capacity to integrate
entomological parameters and describe the vector ability for proliferating the
disease among people, integrating some interactions between the host, the
virus, and the vector [1], [16], and the epidemic verge basic number of re-
production R0, that determines the average number of secondary cases that
an infected person can generate during the infectious period of this pathology
inside a susceptible population [3].

2 The model

In the construction of the model, it is considered the next hypothesis:

• The transmission case of a serotype for dengue fever is required, therefore,
the infection is not taken into account.

• There are three types of mosquito controls: a biological control with
infection caused by Wolbachia bacterium, a chemical control by means
of insecticides, and precautionary control by the use of traps.
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• It is considered two states in the human population: the susceptible
population in risk of contracting dengue virus and the infected ones.

• Inside the transmitter mosquito population, it is considered four states:
adult mosquitoes which are dengue virus carriers with or without Wol-
bachia and adults with or without the bacteria that do not have the
virus.

• The serotype used for Wolbachia bacterium reduces the infected mosquito’s
life time and the transmission probability of the virus to humans.

Under these assumptions, the variables and parameters used in the model
approach are: I fraction of infected people in a time t (I = I(t)), 1−I fraction
of susceptible people in a time t, M fraction of carrier female mosquitoes of
dengue virus that are not infected with Wolbachia in a time t (M = M(t)),
1−M fraction of non-carrier female mosquitoes of dengue virus that are not
infected with Wolbachia in a time t, W fraction of carrier female mosquitos of
dengue virus that are infected with Wolbachia in a time t (W = W (t)), 1−W
fraction of non-carrier female mosquitoes of dengue virus that are infected
with Wolbachia in a time t, µ death rate in human population, θ recuperation
rate in humans, β transmission probability to humans of a mosquito virus
without Wolbachia, α daily sting rate of non-infected carrier mosquitoes by
Wolbachia, p daily sting rate of infected carrier mosquitoes by Wolbachia, m
reason of female mosquitoes by person, ϑ virus transmission probability from
a mosquito with Wolbachia to a human, ψ virus transmission probability from
human to mosquito, ε natural death rate of the mosquito without Wolbachia,
ν natural death rate of the mosquito with Wolbachia, u1 death rate of the
mosquito by chemical dispersions, u2 capture rate of the mosquito with traps,
and u3 infection rate by the bacterium. It is observable that the variation
in the fraction of infected humans rises by the terms of βαm(1 − I)M and
ϑpm(1− I)W , representing the fraction of susceptible people that get infected
with the virus by the mosquito sting with or without Wolbachia, respectively.
Moreover, it decreases by the terms µI y θI representing the fraction of people
who die in a natural way being infected and the ones who recover, respectively,
where:

dI

dt
= βαm(1− I)M + ϑpm(1− I)W − (µ+ θ)I

Meanwhile, the variation in the fraction of female mosquitoes without Wol-
bachia, carriers of the dengue virus, increases by the term ψα(1−M)I, repre-
senting the fraction of non-carrier female mosquitoes without Wolbachia that
are infected with the virus at the moment of stinging an infected person. Fur-
thermore, it decreases by the terms εM , u1M , u2M and u3M that represent
the fraction of mosquitoes from this population which die in a natural way,
with chemical dispersions (insecticides) or traps, and the fraction of mosquitos
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Figure 1: Flowchart model of integrated controls.

that are captured and infected with the bacteria, respectively, where:

dM

dt
= ψα(1−M)I − (ε+ u1 + u2 + u3)M

Finally, the variation in the fraction of female mosquitoes, carriers of the virus,
infected with Wolbachia increases by the terms u3M and ψp(1 −W )I which
represent the fraction of non-carrier female mosquitos with Wolbachia that get
infected with the virus at the moment of stinging an infected person. Besides,
it decreases by the terms νW , u1W and u2W , representing the fraction of this
population who dies by natural death, insecticides, and traps, respectively,
where:

dW

dt
= ψp(1−W )I + u3M − (ν + u1 + u2)W

Therefore, the model that represents the dynamic of transmission of dengue
fever with integrated controls is given by the system (1)..

dI

dt
= βαm(1− I)M + ϑpm(1− I)W − (µ+ θ)I

dM

dt
= ψα(1−M)I − (ε+ u1 + u2 + u3)M

dW

dt
= ψp(1−W )I + u3M − (ν + u1 + u2)W

(1)
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3 Results and conclusions

The basic number of reproduction R0 is determined by using the next gener-
ation matrix and the free solution of infection E0 = (0, 0, 0) of the system (1)
[3]. The system (1) can be writen in the next way:

dX

dt
= Γ(X)−Ψ(X)

Where X = (I,M,W )t and

Γ(X) =
(

βαm(1 − I)M + ϑpm(1 − I)W
ψα(1 −M)I
ψp(1 −W )I

)
, Ψ(X) =

(
(µ + θ)I

(ε + u1 + u2 + u3)M
−u3M + (ν + u1 + u2)W

)
Be F =

(
∂Γ
∂X

)
(E0) and V =

(
∂Ψ
∂X

)
(E0), then

F =
(

0 βαm ϑpm
αψ 0 0
ψp 0 0

)
, V =

(
µ + θ 0 0

0 ε + u1 + u2 + u3 0
0 −u3 ν + u1 + u2

)
Soon, the next generation matrix

K = FV −1 =

 0 βαm(ν+u1+u2)+ϑpmu3
(ε+u1+u2+u3)(ν+u1+u2)

ϑpm
ν+u1+u2

ψα
µ+θ

0 0
ψp
µ+θ

0 0


The eigenvalues of this matrix are: λ1 = 0, λ2 = −λ3, where

λ3 =
√

βψα2m
(µ+θ)(ε+u1+u2+u3)

+
ψp2ϑm

(µ+θ)(ν+u1+u2)
+

ψαϑpmu3
(µ+θ)(ν+u1+u2)(ε+u1+u2+u3)

(2)

That is to say that R0, defined as the spectral radio of the next generation
matrix, is:

R0 = ρ(K) = max(λi) = λ3 , i = 1, 2, 3 (3)

It is estimated the entomological parameters following the dependent-temperature
parameters written in Polwiang (2015) and Helmersson (2012) [5], considering
26oC (average temperature in Tumaco, Nariño, Colombia) and varying the re-
spective controls. Thus, β = 0.94621, α = 0.2061, m = 4, ϑ = 0.042, p =0.12,
µ = 0.00003, θ = 0.3, ψ = 0.9917, ε = 0.03008, ν = 0.07. With this data,
it was calculated the epidemic verge, R0, using the equations (2) and (3) for
different strategies (u3 6= 0). When u3 = 0 was considered results are shown in
Table 1. The simulation models were made with the estimated values shown
previously and for each strategies. In Figure 3, it is observable that when there
is not any kind of control applied, the infected human population reaches an
equilibrium point over 65%, while the population of mosquitoes carrying the
virus without bacterium would resist in the environment increasing their num-
ber until reaching an equilibrium point over 80%.
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Table 1: R0 dependen strategy.

R0 Strategy Infection

4.2031 u1 = u2 = u3 = 0 Epidemic
1.4787 u1 = u2 = 0, u3 = 25% Epidemic
1.1353 u1 = 0,u2 = 20%, u3 = 20% Epidemic
0.9766 u1 = 5%, u2 = 25%, u3 = 25% Extinction
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Figure 2: R0 dependen strategy u1 + u2 and u3.
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Figure 3: Behavior of the human infected population I(t) and non-infected
carrier mosquitoes M(t) without any kind of control.

Meanwhile, in Figure 4, it is seen that if controls by insecticides and cap-
ture of mosquitoes with traps are not made, there is an epidemic outbreak
that infects approximately the 38% of the human population. Furthermore,
although infection cases decrease, the virus stays in the environment like in-
fected mosquitoes do until reaching an equilibrium point. In Figure 5, it is ob-
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Figure 4: Behavior of the human infected population I(t), non-infected carrier
mosquitoes M(t), and population of infected carrier mosquitoes W (t) with
u1 =0, u2 =0, u3 =0.25, I(0) =0.1; M(0) =0.1; W (0) =0.05.

servable that applying some controls of about 20% by insecticide and infection
with the bacterium, the registered epidemic outbreak decreases approximately
16% of infected people, also the equilibrium point in almost 12% and 7% in
infected or not with the bacterium mosquitoes, respectively. It indicates that
this percentage of virus carrier mosquitoes will persist in the environment.
Finally, in Figure 6 in which is taken into account the three types of control, it
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Figure 5: Behavior of the infected human population I(t), non-infected carrier
mosquitoes M(t), and population of infected carrier mosquitoes W (t) with
u1 =0, u2 =0.2, u3 =0.2, I(0) =0.1; M(0) =0.1; W (0) =0.05.

is seen how the population of infected people disappears from the environment
just like the transmitter mosquitoes do too.
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Figure 6: Behavior of the human infected population I(t), population of non-
infected carrier mosquitoesM(t), and population of infected carrier mosquitoes
W (t) with u1 =0.05, u2 =0.25, u3 =0.25, I(0) =0.1; M(0) =0.1; W (0) =0.05.
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184 Ana Maŕıa Pulecio Montoya et al.

[5] J. Helmersson, Mathematical Modeling of Dengue-Temperature Effect on
Vectorial Capacity, Universitet UMEA, 2012.

[6] M. Laguna, Diseño y Evaluación de Una Trampa Dirigida a la Vigilancia
Entomológica de Hembras de Aedes aegypti (DIPTERA: CULICIDAE)
Utilizando Cebos de Origen Microbiano, Tesis doctoral, Facultad de Cien-
cia Biológicas, Universidad Autónoma de Nuevo León, México, 2012.
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Dengue, Diagnóstico de Dengue Tercera Edición, Buenos Aires, 2013.

[10] C. Morin, A. Comrie, K. Ernst, Climate and dengue transmission: ev-
idence and implications, Environ Health Perspective, 121 (2013), 1264-
1272. http://dx.doi.org/10.1289/ehp.1306556

[11] M. Mustafa, et al., Discovery of fifth serotype of dengue virus (DENV-5):
A new public health dilemma in dengue control, Medical Journal Armed
Forces India, 71 (2015), 67-70.
http://dx.doi.org/10.1016/j.mjafi.2014.09.011

[12] S. Polwiang, The Seasonal Reproduction Number of Dengue Fever: im-
pacts of Climate to Transmission, Peerj, 3 (2015), e1069.
http://dx.doi.org/10.7717/peerj.1069

[13] D. Quintero, et al., Competencia vectorial: consideraciones entomológicas
y su influencia sobre la epidemioloǵıa del Dengue, IATREIA, 23, 2010.
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