
Open Journal of Modelling and Simulation, 2015, 3, 111-119 
Published Online July 2015 in SciRes. http://www.scirp.org/journal/ojmsi 
http://dx.doi.org/10.4236/ojmsi.2015.33012  

How to cite this paper: Hossain, S., Nayeem, J. and Podder, C. (2015) Effective Control Strategies on the Transmission Dy-
namics of a Vector-Borne Disease. Open Journal of Modelling and Simulation, 3, 111-119.  
http://dx.doi.org/10.4236/ojmsi.2015.33012  

 
 

Effective Control Strategies on the  
Transmission Dynamics of a  
Vector-Borne Disease 
Saddam Hossain1, Jannatum Nayeem2, Chandranath Podder3 
1BRAC University, Dhaka, Bangladesh 
2Ahsanullah Universities of Science and Technology, Dhaka, Bangladesh 
3Department of Mathematics, University of Dhaka, Dhaka, Bangladesh 
Email: saddam8089@gmail.com, acm.math@gmail.com, cnath_007@yahoo.com  
 
Received 12 June 2015; accepted 11 July 2015; published 16 July 2015 

 
Copyright © 2015 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
In this paper, we have rigorously analyzed a model to find the effective control strategies on the 
transmission dynamics of a vector-borne disease. It is proved that the global dynamics of the dis-
ease are completely determined by the basic reproduction number. The numerical simulations 
(using MatLab and Maple) of the model reveal that the precautionary measures at the aquatic and 
adult stage decrease the number of new cases of dengue virus. Numerical simulation indicates that 
if we take the precautionary measures seriously then it would be more effective than even giving 
the treatment to the infected individuals. 
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1. Introduction 
Vector-borne diseases rely upon organisms, named vectors, such as mosquitoes, ticks or sandflies that have an 
active role in the transmission of a pathogen from one host to the other. Every year there are more than 1 billion 
cases and over 1 million deaths from vector-borne diseases such as malaria, dengue, schistosomiasis, human 
African try-panosomiasis, leishmaniasis, Chagas disease, yellow fever, Japanese encephalitis and onchocerciasis, 
globally. Since dengue is related with our previous work, so over here we consider the Dengue transmission 
model. Dengue is endemic in more than 110 countries [1]-[4]. It infects 50 to 390 million people worldwide a 
year, leading to half a million hospitalizations [3] [5] [6], and approximately 25,000 deaths [4] [7]. For the dec-
ade of the 2000s, 12 countries in Southeast Asia were estimated to have about 3,000,000 infections and 6000 
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deaths annually [7]. In the United States, the rate of dengue infection among those who return from an endemic 
are with a fever is 3% - 8% [3] [4].  

Dengue fever is an infectious tropical disease caused by the dengue virus. Dengue is transmitted by several 
species of mosquito within the genus Aedes, principally Aedes aegypti. The virus has four different types [1] 
[8]-[10], but only short-term immunity to the others. Subsequent infection with a different type increases the risk 
of severe complications. It is hoped that the first products will be commercially available by 2015 [1] [3]. The 
incidence of dengue fever has increased dramatically since the 1960s. Dengue has become a global problem 
since Second World War. The incubation period (time between exposure and onset of symptoms) ranges from 3 - 
14 days, but most often it is 4 - 7 days [3] [4] [11]. Therefore, travelers returning from endemic area are unlikely 
to have dengue if fever or other symptoms start more than 14 days after arriving home [4] [12]. According to the 
World Tourism Organization, in 2004, 125.4 million international tourists visited countries where they might be 
at risk for acquiring infection 7% - 45% travelers. As approximately two billion people live in tropical and sub-
tropical regions of the world, and an additional roughly 12 million people each year travel to these regions, a 
large share of the world’s population is at risk of contracting dengue. 

According to the World Tourism Organization, 2,012,077 USA tourists visited Thailand during 1 January 
2001 and 31 December 2004, giving a rate of 3.5 dengue infection per 1 million visitors to Thailand. Personnel 
deployed in dengue-endemic areas during humanitarian emergencies then are regular travelers, since they 
usually live in areas without vector control activities or air conditioning, and usually stay in those areas longer 
than do tourists. During a 5-month deployment as a part of the United Nations Mission in Haiti, 32% of 249 
personal with febrile illness had dengue [3] [12]. Travelers can also introduce new serotypes in endemic areas, 
or dengue virus in non-endemic areas infected by vector-mosquitoes, and play an important role in dengue 
spread [6] [13]-[16]. 

Several mathematical models have been developed in the literature to gain-insights into the transmission dy-
namics of dengue in a community [1] [10] [11] [17]-[26]. In our previous paper, we have extended some of the 
earlier models by considering the migrated individuals. To control the dengue virus effectively and to find the 
effects of migratory population, we should understand the dynamics of the disease transmission and take into 
account all of the relevant details, such as the dynamics of the human population and vector. For a realistic 
model, we consider some special classes like migratory class, treatment class and vector aquatic class. We also 
present and analyze some control rate parameters that will help to find the effective control strategies of the dis-
eases. 

2. Model 
The dengue virus follows two main modes of transmission: human to mosquito and mosquito to human [5] [8]. 
The model assumes a homogeneous mixing of the human and vector (mosquito) populations, so that each mos-
quito bite has equal chance of transmitting the virus to susceptible human in the population (or acquiring Infec- 
tion from an infected human). The total human population at time t, denoted by ( )HN t , is sub-divided into six  
mutually-exclusive sub-populations of susceptible humans ( )HS t , exposed humans ( )HE t , infectious humans 

( )HI t , migrated population ( )HM t , treatment class ( )HT t  and recovered humans ( )HR t , so that  

( ) ( ) ( ) ( ) ( ) ( ) ( ).H H H H H H H HN N t S t E t I t M t T t R t= = + + + + +   
Similarly, the total vector population at time t, denoted by ( )VN t , is split into aquatic Class ( )VA t , sus-

ceptible mosquitoes ( )VS t , exposed mosquitoes ( )VE t , infectious mesquites ( )VI t , so that  
( ) ( ) ( ) ( ) ( )V V V V V VN N t A t S t E t I t= = + + + . The susceptible human population is generated via recruitment of 

humans (by birth) into the community (at a constant rate, Hπ ). This population is decreased following infection, 
which can be acquired via effective contact with an exposed or infectious vector at a rate Hλ ; the force of in-
fection of humans given by 

( )
; 0 1HV V V V

H V
H

C E I
N

η
λ η

+
= ≤ ≤                                     (1) 

where the modification parameter 0 1Vη≤ ≤  accounts for the assumed reduction in transmissibility of exposed 
mosquitoes relative to infectious mosquitoes [1]. The model for the transmission dynamics of dengue in a popu-
lation is given by the following system of non-linear differential equation (description of variables of the dengue 
mode is given in the Table 1). 
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Table 1. Description of variables of the dengue model (2).                                                       

Variables Description 

( )HS t  Susceptible humans 

( )HE t  Exposed humans 

( )HI t  Infected humans 

( )HM t  Migrated class of individuals comes from different parts of the world to  
the host country and contains the virus of dengue 

( )HT t  Treated humans 

( )HR t  Recovered individuals 

( )VA t  Aquatic class 

( )VS t  Susceptible mosquitoes 

( )VE t  Exposed mosquitoes 

( )VI t  Infected mosquitoes 
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( ) ( )V V V V m VE C Iσ δ µ+ − + + ，

                              (2)

 

The associated basic reproduction number, denoted by 0R , is given by 

( )1
0R FVρ −=  

where ρ is the spectral radius of 1FV − . It follows that 

{ }
1

* * 2
2 1 5 6 1 2 2 6 2 2 6

0 *
1 2 5 6

H V H V H V H C H V V H H C

H

K K K K C S S C K K K K K
R

K K K K N

η η η σ η θ σ η σ σ σ θ + + + + + =  

where, 1 HVC C=  and 2 VHC C=  and 1 H Hk µ σ= + , 2 H H Hk τ µ δ= + + , 3 1 2 Hk µ µ µ= + + , 4 1Hk µ γ= + , 

5 V c V mk Cσ θ µ= + + + , 6 V V mk Cµ δ= + + . 
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The square root in the expression for R0 arises from the two generations required for an infectious vector or 
host to reproduce itself. 

3. Numerical Simulations and Discussions 
The model (2) is simulated, using the parameter values given in Table 2 and Table 3 (unless otherwise stated). 

Figure 1 presents the simulations of the dengue transmission model (2), showing a contour plot of the repro-
duction threshold 0R  which indicates that if the rate σV at which the vector individuals transfer from exposed 
class to infected class increases and at the same time if we have the effective precautionary measures the we 
would be able to control the disease spread and no endemic will occur, otherwise the disease burden will in-
creases. Figure 2 depicts the simulations of the dengue transmission model (2), showing the total number of in-
fected human population in time. It monitors that if the reproduction threshold is less than unity then the disease 
burden will decrease and there will be no disease in the community. Figures 3-7 monitor the effect of the ef- 

 

 
Figure 1. Simulations of the model (2) showing a contour plot of R0 as a function of control effect at the adult 
stage (Cm) and treatment rate of human population (τH). Parameter values used are as given in Table 2 and Table 
3, with ΠH = 20, C1 = 0.075, C2 = 0.0375, σV = 0.0130, σH = 0.01250, γ1 = 0.001428, γm = 0.003575, Ca = 0.350, 
π1 = 7, ηH = 0.02902, ηV = 0.0129, θc = 0.075, πV = 5000, µH = 0.01492537, µV = 0.363.                        

 

 
Figure 2. Simulations of the model (2) showing the total number of infected human population (EH + IH + MH + 
TH) as a function of time(for increasing value of σH), using the parameter values in Table 2 and Table 3 with ΠH = 
20, C1 = 0.75, C2 = 0.275, σV = 0.0130, σH = 0.1250, δH = 0.0001, δV = 0.01, γ1 = 0.01428, γm = 0.03575, Ca = 0.0, 
Cm = 0.0, π1 = 7, τH = 0.0, ηH = 0.02902, ηV = 0.037103, θc = 0.075, πV = 5000, µH = 0.01492537, µV = 0.363333, 
R0 = 1.8737.                                                                                   
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Figure 3. Simulations of the model (2) (without precautionary measures Ca = Cm = 0) showing the total number 
of vector population (AV + SV + EV + IV) as a function of time, using the parameter values in Table 2 and Table 3 
with ΠH = 20, C1 = 0.75, C2 = 0.375, σV = 0.135, σH = 0.125, δH = 0.0001, δV = 0.01, γ1 = 0.1428, γm = 0.035, Ca = 
0.0, Cm = 0.0, π1 = 7, τH = 0.0, ηH = 0.02902, ηV = 0.037103, θc = 0.75, µ1 = 0.0, µ2 = 0.0, πV = 5000, µH = 
0.01492537, µV = 0.363333, R0 = 2.1326.                                                              

 

 
Figure 4. Simulations of the model (2) (with precautionary measures at the adult stage Cm = 0 and aquatic stage 
Ca = 0) showing the total number of infected vector individuals (EV + IV) as a function of time, using the parame-
ter values in Table 2 and Table 3 with ΠH = 20, C1 = 0.75, C2 = 0.375, σV = 0.135, σH = 0.125, δH = 0.0001, δV = 
0.01, γ1 = 0.01428, γm = 0.03575, Ca = 0.0, Cm = 0.89, π1 = 7, τH = 0.0, ηH = 0.129, ηV = 0.171, θc = 0.0075, µ1 = 
0.0, µ2 = 0.0, πV = 5000, µH = 0.01492537, µV = 0.363333, R0 = 0.7455.                                     
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Figure 5. Simulations of the model (2) (with precautionary measures at the aquatic stage Ca = 0 and Cm = 0) 
showing the total number of infected vector individuals (EV + IV) as a function of time, using the parameter values 
in Table 2 and Table 3 with ΠH = 20, C1 = 0.75, C2 = 0.375, σV = 0.135, σH = 0.125, δH = 0.0001, δV = 0.01, γ1 = 
0.01428, γm = 0.03575, Ca = 0.89, Cm = 0.0, π1 = 7, τH = 0.0, ηH = 0.12902, ηV = 0.17, θc = 0.01175, µ1 = 0.0, µ2 = 
0.0, πV = 5000, µH = 0.01492537, µV = 0.363333, R0 = 0.6637.                                             

 

 
Figure 6. Simulations of the model (2) (with precautionary measures at the aquatic stage Ca = 0 and both adult 
stage Cm = 0) showing the total number of infected vector individuals (EV + IV) as a function of time, using the 
parameter values in Table 2 and Table 3 with ΠH = 20, C1 = 0.75, C2 = 0.375, σV = 0.0135, σH = 0.125, δH = 
0.0001, δV = 0.01, γ1 = 0.01428, γm = 0.013575, Ca = 0.89, Cm = 0.89, π1 = 7, τH = 0.42, ηH = 0.129, ηV = 0.173, 
θc = 0.01175, µ1 = 0.0, µ2 = 0.0, πV = 5000, µH = 0.01492537, µV = 0.363333, R0 = 0.6304.                        
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Figure 7. Simulations of the model (2) (with precautionary measures at the aquatic stage Ca = 0 and both adult 
stage Cm = 0) showing the total number of vector individuals (AV + SV + EV + IV) as a function of time, using the 
parameter values in Table 2 and Table 3 with ΠH = 20, C1 = 0.75, C2 = 0.375, σV = 0.01130, σH = 0.01125, δH = 
0.0001, δV = 0.01, γ1 = 0.01428, γm = 0.013575, Ca = 0.889, Cm = 0.89, π1 = 7, τH = 0.42, ηH = 0.02902, ηV = 
0.01137103, θc = 0.01175, µ1 = 0.0, µ2 = 0.0, πV = 5000, µH = 0.01492537, µV = 0.363333, R0 = 0.3093.           

 
Table 2. The values for variables for the Figures 1-7.                                                           

HS  HE  HI  HM  HT  HR  VA  VS  VE  VI  

6000 500 300 50 290 280 1,000,000 10,000 5000 3000 
 

Table 3. The value of the parameters of the dengue model 2.                                                      

Parameter Description Baseline values 

πH Recruitment rate of humans 20 day−1 [1] 
πV Recruitment rate of vectors 5000 day−1 [23] 

1

Hµ
 Natural death rate of humans 67 years [23] 

1

Vµ
 CHV Natural death rate of vectors 

Contact rate from host to vector 
[4] [12] days [17] [23] 

0.75 day−1 [25] 

CVH Contact rate from vector to host 0.375 day−1 [25] 
σH Exposed individuals with develop clinical symptoms  
 of dengue disease move to infectious class at that rate (0, 1) day−1 
σV Exposed vectors develop symptom of disease and  
 move to infections class at this rate (0, 1) assumed 
τH Rate of treatment Variable 
δH Disease induced death 10−1 day−1 [19] 
π2 Migrated population Variable 

µ1, µ2 Transition rates between EH and IH classes Variable 
γ1 Transfer rate from treatment class to recovery class 0.1428 day−1 [19] [25] 
δV Disease induced death rate for infectious negligible 
γm is the mean aquatic transition rate Variable 
Ca Control effect rate Variable 
ηH, ηV Modification parameters [0, 1] [1] 

Cm Control effect rate Variable 
θc Extrinsic incubation rate of vector Variable 



S. Hossain et al. 
 

 
118 

fective vector control rate mC  and aC . If we do not have any necessary precautionary measures, then the total 
number of vector population increases rapidly (Figure 3) and persists in the community ultimately. If we take 
the precautionary measures in the aquatic stage (i.e., if the control rate aC  increases), the number of total in-
fected vector VI  decreases rapidly as like Figure 6. However if we take the necessary precautionary measures 
in the adult stage (i.e., if the control rate mC  increases), the total infected vector VI  also decreases, (Figure 4). 
Additionally if we take the precautionary step in the aquatic and adult both stage, then the total number of in-
fected vector decreases drastically (Figure 6). To see the total changes in the vector population after some ne-
cessary precautionary measures, we have, from Figure 6, that the total vector population VN  decreases rapidly. 
Figure 3 and Figure 6, present the comparative situation before and after the precautionary measures have tak-
en. 

4. Conclusion 
Mosquitoes are the carriers that can cause a virus infection to human. Aim of our current study is to make people 
conscious about vector-bone disease cause. Numerical simulation depicts that if we take the precautionary 
measures more seriously it would be more effective than even giving the treatment to the infected individuals. 
Numerical simulations reveal that the spread of dengue virus can be controlled more effectively, if we take the 
precautionary measures at the aquatic and adult stages. 
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