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Abstract: In this paper, we used SEIR model to describe the transmission of dengue disease in mosquito 

due to the different dengue transmission rate in each season. Aedes aegypti and Aedes albopictus are 

primary vectors for the disease. The human population is separated into three population groups such as 

human in rainy season, human in winter season, human in summer season and vector population. We use 

standard dynamical analysis method for analyzing mathematical model. The basic reproductive number of 

disease is found. The stability conditions of the disease free equilibrium state for 10 R and the endemic 

state are determined for 10 R .  
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1. Introduction 

 

 
Fig. 1. The reports of cases rates of dengue disease in Thailand by year during 2001-2014 [1]. 

 

Dengue fever is the arbovirus infectious disease which can be found in tropical region and subtropical 
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regions of the world. It is estimated that around two – thirds of the world’s population and approximately 

50 – 100 million cases occur each year [2], [3]. It is transmitted to human beings by a mosquito belonging to 

the Genus Aedes. There are four serotypes of dengue virus, namely DEN-1, DEN-2, DEN-3 and DEN-4. 

Dengue fever is transmitted to human by biting of the female mosquitoes infected with a dengue virus. 

When the female mosquitoes bite the human with dengue virus in their blood, thus the human are exposed 

and infected. It can’t be spread directly from human to another human. In a human, the virus incubates for 3 

to 14 days before symptoms appear, with an average symptom onset at 4 to 7 days. The exactly symptoms 

depend on age. In older children, teenage and adults, the most common symptoms of dengue disease are a 

fever that comes on quickly and lasts 2 to 7 days, a headache, muscle and joint pain (dengue fever is also 

known as “breakbone fever” ), a red rash that starts on chest, pain behind eyes and feeling sick and vomiting 

[3]-[9]. Dengue fever is caused by a type of virus called a flavivirus, which is transmitted by infected female 

Aedes mosquitoes. The two known species that can transmit dengue virus are Aedes Aegypti and Aedes 

Albopictus. The former is Anthropophilic and thrives in heavily populated cities, biting primarily during the 

day; the latter, meanwhile, inhabits rural areas. 

In order to have a more comprehensive knowledge about these diseases and for the preparation of 

strategies, mathematical modeling becomes an important tool. Mathematical models were developed to 

investigate the infectious epidemiology. The moisture content, temperature, season and rainfall are 

influence to the mosquito development. Dengue infection is endemic in Thailand. From the data of Dengue 

cases rate and deaths rate in 2001-2014, we can see that most dengue patients are occurred season, as we 

can see in Fig. 1. 

Esteva and Vargas proposed their mathematical model for the transmission of dengue virus infection in a 

constant human population. They supposed that the population can be infected only one time [3]. This 

disease is occurred by biting of infected Aedes aegypti and Aedes albopictus mosquitoes. Dengue outbreak is 

found during the season [4]-[7]. Each Aedes mosquito has the different dengue outbreaks and they are 

depend on the temperature of the environment and areas [4]-[10].  

In this study, we develop the transmission of dengue disease by formulating the mathematical models. We 

used SEIR model for analyzing and finding the method to decrease the outbreak of this disease. We analyze 

dengue model of seasonality compartment (rainy season, winter season and summer season). 

2. Methodology 

The model is based on the standard SEIR model, In this study, we assume that the total human and 

mosquito population have constant sizes [3]. The human population is divided into susceptible, exposed, 

infected and recovered classes for the first model. The mosquito population is divided into susceptible and 

infected classes because the mosquito never recover from infection. The model considers transmission of 

dengue virus in human and mosquito populations: 

The dynamics of population are given human by 
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We defined variables as follows: S  is the number of susceptible human population. rE , wE and 

sE  are 

the number of exposed  human population in rainy season, winter season and summer season. 
rI , wI and 

sI  are the number of infectious human population in rainy season, winter season and summer season. R  

is the number of  recovered  human population.  

The dynamics of the mosquito population are given by: 
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We define: 

vS  is the number of susceptible mosquito is  the number of  population and 
vI  is  the 

number of infectious mosquito population  

We suppose that RIIIEEESN swrswrt   and 
vvv ISN  . 

From the above conditions, we can have 0
dt

dNt  and 0
dt

dNv .   

The total human and mosquito populations have constant sizes. Thus rates of change for human and 

mosquito populations equal to zero. Thus, the birth and death rates are equivalent for human populations.  

We introduce the new variables: 
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The reduced equations become: 
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With the conditions 1 RIIIEEES swrswr

 and 1 vv IS . 

 
Table 1. Definitions of Variables and Parameters for Our Model 

Variable/ 
parameter 

definition 

tN  Total human population 

vN  Total mosquito population 

d  The death rate of human population 

v  The death rate of mosquito population 

  The birth rate of  human population  

rP  The transmission  probability  of dengue disease from mosquito to 
human in  rainy  season 

wP  The transmission  probability of dengue disease from mosquito to 
human in winter season 

sP  The  transmission probability of dengue disease from mosquito to 
human in summer season 

vP  The transmission probability of dengue disease from mosquito to human 
in summer season 

r  The biting  rate  of  mosquito population in  rainy  season 

w  The   biting  rate  of  mosquito population in winter season 

s  The biting  rate  of  mosquito population in summer season 

s  The incubation  rate  of  human population in rainy  season 

w  The incubation  rate  of  human population in winter season 

s  The incubation  rate  of  human population in summer season 

r  The recovery rate of human population in rainy  season 

w  The recovery rate of human population in winter season 

s  The recovery rate of human population in summer season 
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2.1. Analysis of the Mathematical Model 

From the above equations, after setting (12)-(19) to zero. We find two equilibrium states: 

i) The disease free equilibrium state )0,0,0,0,0,0,0,1(0 F  

ii) The endemic disease equilibrium state 
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To determine the local stability from equations (12) – (19), we check the sign of eigenvalues. The 

eigenvalues are the solutions of characteristic equations: ;0)det(  IJ where J is the jacobian matrix, I is 

the identity matrix. If all eigenvalues have negative real parts then the equilibrium state is local stability. 

For disease free equilibrium state: Jacobian matrix is defined by  
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Jacobian matrix for endemic equilibrium state is given by 
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We check the sign of all eigenvalues for disease free equilibrium state and endemic equilibrium state, 

then we conclude that the disease free equilibrium state is local stability for 10 R  and endemic 

equilibrium state is local stability for 10 R ; where  
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3. Numerical Results 

Numerical simulation is presented for the transmission of dengue fever. Data on the number of dengue 

fever cases in Thailand, we are interested in transmission of dengue disease with the season. The values of 

the parameter used in this study are as follows: )8.76*365/(1d per day corresponds to a life expectancy 

of 76.8 years in human. The other parameters are arbitrarily chosen. We presented the numerical solutions 

of (12)-(19) for endemic equilibrium state on the follows Fig. 2 and Fig. 3. 

The solutions converge to the disease free state(1,0,0,0,0,0,0,0). We can see that the solutions converge to 

the disease free state. 
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Fig. 2. Time series solutions of  swrswr IIIEEES ,,,,,,  and vI  where the parameters are given by 

000,100tN , 76.8)*1/(365 d , 1/30 v , 25.0r , 167.0w , 125.0s , 05.0rP , 10.0wP ,

20.0sP , 143.0vP , 33.0r , 25.0w , 142.0s , 071.0r , 10.0w , 167.0s , 000,1vN and

.0.021060 0 R   

      

 

 

Fig. 3. Time series solutions of  swrswr IIIEEES ,,,,,,  and vI  where the parameters are given by 

000,150tN , 76.8)*1/(365 d , 1/7 v , 33.0r , 25.0w , 167.0s , 125.0rP , 083.0wP ,

25.0sP , 33.0vP , 33.0r , 25.0w , 142.0s , 071.0r , 10.0w , 167.0s , 000,100vN and 

1.2957  0 R The solutions converge to the endemic disease state  

(0.771898,0.000009763,0.000006508,0.0000227785,0.0000325337,0.0000325337,0.0000195202, 

0.000151802). We can see that the solutions oscillate to the endemic disease state. 
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4. Conclusion 

In this study, the resulting model can indicate the presence in an endemic area for certain parameter 

values by using standard dynamical modeling method. We obtained two equilibrium states, namely the 

disease free equilibrium state and the endemic disease equilibrium state to each model.  

Analytical results show that the number of each population human and mosquito population reaches a 

stable condition around the disease free equilibrium state with condition 10 R  and stable around the 

endemic disease equilibrium state with condition 10 R .  

Fig 2 shows that a model with oscillates towards a stable value, converge to the disease free state. 

Fig 3 shows the behaviors changes of solutions of the proportion of susceptible human population )(S , 

exposed  human population in rainy season, winter season and summer season ),,( swr EEE , infectious 

human population in rainy season, winter season and summer season ),,( swr III , infectious mosquito 

population )( vI  and the model solution oscillate to the disease endemic state[4,6,8,9]. 
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