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Chikungunya and dengue are re-emerging diseases which are 

transmitted by Aedes spp. mosquitoes. Although originated from a 

different location, as the human mobility increases a concurrent 

outbreak may happen in other places. A mathematical model of 

chikungunya and dengue transmission with a control is constructed 

in the framework of SEIR-SEI model. The model is expressed in 

the form of a 13-dimensional system of ordinary differential 

equations to describe the dynamics of compartments within human 

and mosquito populations. We find three equilibrium points and 

discuss its stability. By using the next generation matrix, we obtain 

two thresholds represent the basic reproduction number that related 

to chikungunya and dengue. We show that although there is no 

coexistence equilibrium, the two diseases could coexist for a 

relatively long period of time. In terms of control, we investigate the 

effect of fumigation treatment as a constant parameter in the 

model. Our analysis and simulation results show that with a proper 

selection of treatment we can reduce the intensity of transmission of 

both diseases 
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I.  Introduction 

Until now, dengue fever is still a serious vector-born disease 

that become threat for global public health. From year to year 

the number of infection cases grow rapidly. Currently more 

than 3.5 billion people are living in tropical and subtropical 

region that high risk to the disease. It is estimated that 

annually 50 to 200 million people get infected, 500 thousand 

are in severe situation and then 20 thousand died related the 

disease [1]. 

Dengue fever is caused by virus DEN-V and usually 

transmitted by mosquito of Aedes Aegypti as primary vector 

and Aedes Albopictus as secondary vector [23]. This virus is 

the Flaviviridae family and genus Flavivirus that has four 

serotype such as DEN-1, DEN-2, DEN-3, and DEN-4. A 

person infected by one of them will have long term immunity 

to this serotype but will loss immunity to another serotype 

after recovering around 12 weeks [2]. Secondary infection is 

potential to cause Dengue Hemorrhagic Fever (DHF) [3]. 

One other similar disease which is caused by virus and spread 

by the same mosquitoes is chikungunya. Nowadays, it is also 

become serious problem for global public health. The outbreak 

of chikungunya disease has been hit several countries in 

Africa, Asia, around Indian Ocean and Europe [9, 10]. 

Although rarely causing death, many patients who are 

recovering still experienced pain joints for weeks even years 

[11] that reduced productivity and disturb activity of their 

lives so that it is become problem in social and economic. 

Chikungunya is caused by virus CHIK-V that transmitted to 

human via bites of infected mosquito. This virus is family of 

Togaviridae and genus of Alphavirus. The vectors are Aedes 

Aegypti and Aedes Albopictus [23, 25]. The vectors of this 

virus is the same with vectors of DEN-V virus. Therefore both 

mosquitoes are responsible for chikungunya and dengue fever. 

In recent years there were several cases that chikungunya and 

dengue has simultaneously occurred in the same location and 

at the same times. Some researchers have reported such 

incidents in India [4, 5, 6], in Gabon [7], and in Yamen [8].   

The problem of dengue fever has attracted attention of 

mathematicians. Since 1990s, research activities in modelling 

of dengue fever is increasing. Many papers in literature about 

model of dengue fever from simple model to more complex 

model that include factors such as control, mobility 

population, immigration, age structure, climate change [12, 13, 

14, 15, 16, 17, 18, 22] and so on, while  modelling of 

chikungunya is only several papers founded in literature [19, 

20, 21]. 

In this paper we propose and develop a model of chikungunya 

and dengue that describe dynamics within human and 

mosquito populations. The model is expressed in the form of 

system of ordinary differential equations. We will explore the 

model to study the case where chikungunya and dengue fever 

coexist at the same time and in the location. The paper is 

organized as follows. Second section formulation model, third 

section is analysis model, fourth section is numerical 

simulation and the last section is discussion. 

II. Model Formulation 
 

Model Description 

The model consists two populations, human as host and 

mosquito as vector, respectively.  Each population is identified 

into two parts which is infected by dengue or chikungunya. 

The human populations is divided into four compartments 

such as susceptible, exposed, infectious, and recovery. 

Especially, we add a chronic state to the chikungunya 

compartment in order to check its effect to the dynamic. The 

mosquito population is divided into three compartments i.e. 

susceptible, exposed, and infectious.  

  

Susceptible human will be infected after bitten by an 

infectious mosquito. The virus will enter incubation period 

and the human will be in exposed state. After this period, then 

the human enter infectious state where the symptoms of the 
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Figure 1. Transition diagram of the model. The solid lines indicate the 

change in state. The dashed lines indicate interaction between 

populations. 

 

disease appear and is capable to infect mosquito.  Then the 

human moves to the recovered state. Especially, for the case of 

chikungunya, after recovered from infectious state, humans 

will enter to chronic state where the human undergoes a long 

pain persist due to infection. The susceptible mosquitoes will 

be infected after biting an infectious human. Then the 

mosquito will enter to the exposed state and after incubation 

period of the virus, the mosquito will be in infectious 

compartment for the rest if their life. All processes of flow 

between state is shown in   Figure 1 

 

Our model will be restricted by the following assumptions 

1. There is no human or mosquito that is infected with two 

different viruses in the same time.  

2. We assume there only one type of mosquito as a vector ad 

each disease has only one serotype. 

3. A total cross-immunity, therefore either host or vector is 

infected by one of viruses, then they will be immune to 

both viruses. 

4. There is no death of population caused by disease, except 

natural death.  

5. Recruitment of each populations enters susceptible 

compartment. 

6. Each populations is perfectly mixed so interaction 

between host and vector occurs randomly. 

7. We assume that population is in relatively stable 

condition, so the total population remains constant. 

 

The model is expressed in the following 13-dimensional 

system of differential equations 
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The model is biologically and mathematically well posed in 
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which is a positively invariant for system (2.1). 

The description of state variables are presented in Table 1 and 

description of parameters in Table 2. 

 

The rate of average infection from mosquito to human is 

product of average of mosquito bites, probability of infectious 

mosquito bit susceptible human and probability of success 

transmission for every single bite. Meanwhile, the rate of 

average infection from human to mosquito product of average 

of mosquito bites, probability of susceptible mosquito bit 

infectious human and probability of success transmission for 

every single bite. 

 

In this paper, we also involve the model with a simple 

fumigation control. The aim of the control is to increase the 

death rate of mosquitoes. The control parameters is denoted by 

. 

 

Stability Analysis of Equilibria 

From our model, we get three equilibrium points, which is 

belong to boundary of   : 
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 ,0,0,0,0,0,0,0, ,0,0,0,0 ,vdfe hX N N  

 , , , ,0,0,0,0, , , ,0,0 ,h h h h v v vdeeX S Ed Ind Rd S Ed Ind      

 ,0,0,0, , , , , ,0,0, , .h h h h h v v vceeX S Ec Inc Cc Rc S Ec Inc         

 

Thus, 
dfe

X  is disease-free equilibrium where there are no 

viruses inside both human and mosquito populations. 
dee

X  

and ceeX  are endemic equilibriums for dengue and 

chikungunya, respectively, where only one of them can exist.  
 

 

In order to analyze the stability of equilibrium points, we 

introduce two basic reproduction numbers: 

 

 

    

2

20
4 ,c c vc v h c hc

v c v h c h c h

b p A p
R

A

  

      


  
 

(2.2) 
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which are obtained by using the next generation matrix 

method [24] and take  = 0 .The basic reproduction number 

which is usually denoted by 
0R , is biologically defined as the 

effective number of secondary infections caused by an 

infected individual during his entire period of infectiousness. 

[24]. 
0
cR and

0
dR  related to the basic reproduction number of 

chikungunya and dengue, respectively.  

 

The general form of the equilibrium points is too complicated 

to be fully expressed. However we have shown that 
dfe

X  

always in  , and conditional for existence in   of ceeX  and 

dee
X  points are 

0
1cR   and 

0 1dR  , respectively. 

 

Stability of disease-free equilibrium 

Stability properties of 
dfe

X can be determined from its eigen 

values from the following polynomial  

 

    
3

dfe h v c h dcP P P            

 

where cP  and 
d

P are fourth-ordered polynomial that has form  

4 3 21 2 3 4 5K K K K K        

for K1 > 0, K2 > 0, K3 > 0, K4 > 0,  

    2 25 1 v v vih h h h h vi i i i i iK K A b A p p             

with i = c for cP and i =d for 
d

P . 

 

The positive real roots values of dfeP  may be given by 

polynomial of cP  and dP . In order to get all negative real 

roots of cP  and dP , according to  the Routh–Hurwitz criteria, 

the criteria is K5 > 0 (we have shown that other criteria is 

 
Figure 2. Bifurcation diagram of equilibrium points. Stability of 

equilibrium points change as both 
0R value change. 

 

TABLE I.  VARIABLES DESCRIPTION 

State variables of model 

h
S  Number of susceptible humans 

h
Ed (

h
Ec ) 

Number of exposed humans with dengue (or 

chikungunya) 

h
Ind (

h
Inc ) 

Number of infectious humans with dengue virus (or 

chikungunya) 

h
Rd (

h
Rc ) 

Number of fully recovered humans from dengue virus (or 
chikungunya) 

h
Cc  

Number of chronic humans after recovered from 

chikungunya virus 

v
S  Number of susceptible mosquitoes 

v
Ed (

v
Ec ) 

Number of exposed mosquitoes with dengue virus (or 

chikungunya) 

v
Ind (

v
Inc ) 

Number of infectious mosquitoes with dengue virus (or 

chikungunya) 

h
N  Total human population size 

v
N  Total mosquito population size 

 

TABLE II. PARAMETERS DESCRIPTION 

Parameters for model with their values for dengue (or chikungunya) 

Parameter Meaning 

b  bites per mosquito per day 

hdp ( hcp ) 
Success probability of virus transmission from mosquito 

to human 

vdp ( vcp ) 
Success probability of virus transmission from  human to 

mosquito 

1
h

 Human life span 

1
v

 Mosquito life span 

1
d

( 1
c

) Human latent duration 

1
d

( 1
c

) Human Infectious duration 

1
c

 Chronic period of human 

1
d

( 1
c

) Mosquito latent duration 

 Constant control parameter 
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satisfied) . With a little manipulation we get the dfeX  is locally 

asymptotically stable if and only if  
0

1cR   and 
0 1dR  . 

 

Stability of endemic equilibrium 

The stability properties of 
dee

X  dan ceeX  are too complicated 

to be determined analytically. Therefore, we numerically 

check their stability with change in 
0R values. The stability 

region of these points is shown in Figure 2. 

 

III. Numerical Results 
In this paper we simulate the dynamic of both infections 

for several variations of parameters.. 

Figure 3 shows the number of infectious humans with 
different values of parameters It can be seen from the figure, 

the disease with larger value of
0R  is dominant in infecting 

more population than the smaller one.  

We also show the effect of fumigation control to the 
intensity of infection. The form of basic reproduction number 
with a control (i.e. 0< <1) is expressed as following  
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    
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b p A p
R

A

  

        
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    
 

It can be seen from Figure 4 the number of infectious humans 
is reduced as higher values of control parameter. When 

properly selected, it can reduce the value of both 
0R  to be less 

than one and eradicate both disease.  

IV. Discussion and Conclusion 
We have shown a mathematical model for the spread of 

dengue and chikungunya virus within human and mosquito 

population. The simulation results show the spread of a 

disease with larger
0R is much faster than the smaller one. Due 

to the assumption of total cross-immunity, the slower disease 

will lose compete in infecting the susceptible population 

because more humans is getting immune to both disease. 

Simulations show that after an outbreak occurred and there is a 

lack of susceptible humans, the number of infections of both 

diseases are decreasing and tend to zero. There is also no 

coexistence equilibrium from the model. However, for a 

relatively long time period both diseases still exist in 

population. This situation we called near endemic coexistence 

of both disease. If there is another susceptible humans get into 

population, another outbreaks may occur. 

Yet, the model in this paper is strict to the given 

assumptions. In the real world the spread would be more 

complex because more factors must be involved. This model 

can be elaborated by removing the total cross-immunity 

assumption which will having different analysis and results. 

 
Figure 3. Dynamics of infectious human. Simulation run with initial condition 

hN  = 100.000 and 
vN  = 110.000 and the values of needed parameter is taken 

from [23] for different type of mosquito. Left figure shows when
0 0

c d
R R chikungunya dominates the infection while the right figure shows when 

0 0

d c
R R dengue is dominant. 

 

 
Figure 4. The intensity of infection is reduced when a constant  parameter 

is given. 
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We also have shown several effects of control with fumigation 

treatment. The control is much effective to reduce the intensity 

of transmission and with a proper selection can eradicate both 

disease. 
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