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ABSTRACT 

Influenza is a respiratory viral infection caused by influenza viruses. Since influenza cases are 

recorded annually around the world, it is essential to estimate the economic burden caused by this 

disease. This study estimates economic burden in an individual level which occurs due to medical 

and death expenditures. To estimate this economic burden caused by influenza, an insurance based 

actuarial model is used in this study. Data was obtained from Centers for Disease Control and 

Prevention web site and data contained weekly recorded influenza patients in United States. In the 

first stage of the study periodicity patterns of the data was analyzed using Fourier analysis and it 

was identified that there is a peak for influenza once a year. Using this result simulations were 

carried out year wise using Kermack-McKendrick model to study the behavior of the epidemic 

and to determine the values of the epidemic parameters. Finally the economic burden was 

estimated using the insurance based actuarial model and the variation of economic burden was 

analyzed with respect to removal rate and force of interest. A positive relationship was identified 

between economic burden and removal rate and the variation of economic burden with respect to 

force of interest was a function with a peak, reaching its maximum point between 0.04 and 0.05. 

Keywords: Insurance based actuarial model, Fourier analysis, Kermack-McKendrick model, 
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1. Introduction  

Influenza is known as a highly transmissible and acute viral infection. There are four types of 

Influenza viruses: type A, B, C and D. Type A and B are known as human Influenza viruses and 

cause seasonal flu epidemics each year. Current subtypes of influenza A viruses found in people 

are influenza A (H1N1) and A (H3N2) viruses. Influenza C virus cause mild illness and do not 

cause epidemics. Type D Influenza mainly affect cattle and still not recorded for virus infected in 

humans (Centers for Disease Control and Prevention, 2019). The flu varies from mild to severe 

illnesses and even cause death resulting annually three to five million severe cases  and nearly  290 

000 to 650 000 respiratory deaths around the world(World Health Organization (WHO), 2014). 

In 20th century three Influenza pandemics occurred. The 1918 influenza pandemic was the most 

severe pandemic occurred in recent history which was caused by an A(H1N1) virus. It was 

estimated that about one-third of the world’s population became infected with this virus and at 

least 50 million deaths occurred worldwide. In 1957 a new influenza A(H2N2) virus appeared in 

East Asia causing the pandemic “Asian Flu” with  globally estimated number of deaths of 1.1 

million. The 1968 pandemic was caused by an influenza A (H3N2) virus and it was first noted in 

the United States in September 1968. The estimated number of deaths from this pandemic was one 

million worldwide. Recently another influenza pandemic occurred in year 2009.This was first 

noted in the United States and was caused by A(H1N1) virus. The globally estimated deaths of the 

pandemic were 201,200 respiratory deaths and with an additional 83,300 cardiovascular deaths. 

(Centers for Disease Control and Prevention, 2018) 

Since Influenza has spread worldwide direct costs occur due to allocating money for drugs, 

vaccines, providing hospital facilities for patients and other medical costs. Further effects of the 

disease are deaths, loss of human hours and decrease in tourism arrivals. So, Influenza has resulted 

a catastrophe in health sector and as well as economic downturn. Therefore, it is very important to 

model the risk of this epidemic and to estimate the economic burden caused due to the disease.  

The economic burden caused by a disease can be defined in two ways. They are individual level 

which estimates burden due to medical and death expenditures and public level which estimates 

the burden due to loss of human hours. The insurance based actuarial model used in this study 

estimates the economic burden in an individual level due to influenza and the burden is 

conceptually defined as the cost associated with an infected person which has to be borne by any 

susceptible.(Perera, 2017). 

Many literatures can be found in modelling epidemics. (Nsoesie et al., 2012) analyzed individual 

and joint effects of parameters on the dynamics of simulated influenza epidemics using an 

individual based model. The global epidemic and mobility model was used to estimate the spread 

of 2014 west African Ebola outbreak by (Gomes et al., 2014). To determine the seasonal 

transmission potential and activity peaks of the novel influenza A(H1N1) a global structured 
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metapopulation model was used by (Balcan et al., 2009) . In the study done by (Yoshizawa,     

2016) have used Kermack-Mckendrick model, which has been used in this study. 

Economic burden of influenza has been estimated in various studies using different methods. In 

the study done by (Mao et al., 2012) direct and indirect cost of Influenza were determined for each 

United States counties using kriging and spherical models. (Akazawa et al., 2003) estimated the 

number of workdays missed and average work loss due to influenza-like illness using Multivariate 

Regression Analysis. In the study done by (Meltzer et al., 1999) estimated the cost occurs due to  

number of illnesses and deaths of influenza using Monte Carlo mathematical simulation models. 

An insurance based actuarial model was introduced by (Perera, 2017) to estimate the economic 

burden of influenza. Also in this study this insurance based actuarial model is used to estimate the 

economic burden of influenza. 

The objectives of this study are to identify the dynamics of the epidemic using Kermack-

Mckendrick model, to estimate the economic burden and to analyze the behavior of economic 

burden with respect to parameters. This study will be important to policy makers, epidemiologists 

and to disease control strategies. Also we can use this model to predict the economic burden and 

since the economic burden is proportional to risk from the estimated economic burden we can 

determine the risk of influenza. 

2. Materials and Methods 

The theories and algorithms used to examine the periodicity of the data, to model the epidemic and 

to estimate and analyze the economic burden is explained in this section. 

2.1 Data Collection 

Data was obtained from ‘Centers for Disease Control and Prevention’ web site. Data consisted 

weekly reported influenza cases in United States (US) from year 2000 to year 2017. Since the 

population data was required to get the fraction of influenza patients, the US population was 

obtained from the World Bank reports. 

2.2 Fourier Transform 

The Fourier Transform (FT) is a mathematical function that takes a time-based pattern as input 

and determines the overall cycle offset, rotation speed and strength for every possible cycle in the 

given pattern. The FT is applied to waveforms which are basically a function of time, space or 

some other variable. The FT decomposes a waveform into a sinusoid and thus provides another 

way to represent a waveform. 

FT of function 𝑓(𝑡) is defined as,  

𝐹(𝑣) =  ∫ 𝑓(𝑡)𝑒−2𝜋𝑖𝑣𝑡 𝑑𝑡
∞

−∞

 

Then inverse FT of  𝐹(𝑣) can be obtained by, 
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𝑓(𝑡) =  ∫ 𝐹(𝑣)𝑒2𝜋𝑖𝑣𝑡 𝑑𝑣
∞

−∞

 

In the above equations, 𝑡 stands for time and 𝑣 stands for frequency. 

2.3 Kermack-McKendrick Model 

Kermack-McKendrick model (Yoshizawa, 2016) is a SIR model which is used in epidemic 

modelling. Let 𝑆(𝑡), 𝐼(𝑡) and 𝑅(𝑡) denote the number of susceptible, infective and removals 

respectively at time 𝑡. Here removals are considered as dead, isolated, or immune individuals. Let 

𝑁 represents the total size of the population. Then 𝑁 = 𝑆(𝑡) + 𝐼(𝑡) + 𝑅(𝑡) is assumed to be fixed 

for all 𝑡 ≥ 0. The system of ordinary differential equations due to Kermack and Mckendrick is 

expressed as follows. 

𝑑𝑆(𝑡)

𝑑𝑡
=  −𝛽𝑆(𝑡)𝐼(𝑡)                  (1) 

𝑑𝐼(𝑡)

𝑑𝑡
=  𝛽𝑆(𝑡)𝐼(𝑡) − 𝛾𝐼(𝑡)                 (2) 

𝑑𝑅(𝑡)

𝑑𝑡
= 𝛾𝐼(𝑡)                  (3) 

These equations are analyzed under the initial conditions, 

𝑆(0) = 𝑆0 , 𝐼(0) = 𝐼0  and 𝑅(0) = 0 with 𝑆0 + 𝐼0 = 𝑁 

Here 𝛽 indicates the infection rate and  𝛾 indicates the removal rate.  

2.4 Insurance Based Actuarial/Probabilistic Model 

In this model (Perera, 2017) susceptible are considered as the persons who make investment to 

cover future medical expenses and infective are considered as who gets benefit from the 

investment. Considering 𝑆(𝑡) and 𝐼(𝑡) as the probability of an individual being susceptible and 

infective respectively at time 𝑡, 

 

Let, 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 (𝐴𝑐𝑡𝑢𝑎𝑟𝑖𝑎𝑙) 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇 𝑝𝑒𝑟𝑖𝑜𝑑 𝑢𝑛𝑖𝑡 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 = 𝐸[𝐵(𝑇)] 

Then, 

𝐸[𝐵(𝑇)] = ∫ exp (−𝛿𝑡) 𝑃(𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑏𝑒𝑖𝑛𝑔 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡) 𝑑𝑡
𝑇

0
          (4)      

𝐸[𝐵(𝑇)] = ∫ exp (−𝛿𝑡) 𝐼(𝑡) 𝑑𝑡
𝑇

0
                                                                                            (5) 

Let, 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 (𝐴𝑐𝑡𝑢𝑎𝑟𝑖𝑎𝑙) 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇 𝑝𝑒𝑟𝑖𝑜𝑑 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 = 𝐸[𝑃(𝑇)] 

Then, 

𝐸[𝑃(𝑇)] = ∫ exp (−𝛿𝑡) 𝑃(𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑏𝑒𝑖𝑛𝑔 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑖𝑏𝑙𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡) 𝑑𝑡
𝑇

0
      (6) 

𝐸[𝑃(𝑇)] = ∫ exp (−𝛿𝑡) 𝑆(𝑡) 𝑑𝑡
𝑇

0
            (7)       
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Here 𝛿 is considered as the force of interest. 

Using the equivalence principle technique, the economic burden, 𝜋 can be obtained as below. 

𝜋 𝐸 [𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑟𝑒𝑚𝑖𝑢𝑚] = 𝐸 [𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑡𝑢𝑟𝑒 𝑏𝑒𝑛𝑒𝑓𝑖𝑡]        (8) 

Therefore, 𝜋 can be expressed as, 

𝜋(𝑡) =  
𝐸[𝐵(𝑇)]

𝐸[𝑃(𝑇)]
=

∫ exp (−𝛿𝑡)𝐼(𝑡) 𝑑𝑡
𝑇

0

∫ exp (−𝛿𝑡)
𝑇

0 𝑆(𝑡)𝑑𝑡
               (9) 

2.6 Sensitivity Analysis 

Sensitivity Analysis is used to determine how independent variable values will affect a particular 

dependent variable under a given set of assumptions. Usage of the analysis will depend on one or 

more input variables within the specific boundaries. This is also called as the what – if analysis.  

3. Results and Discussion 

The results obtained from this study are illustrated in this section. Further the results are mainly 

described under the topics: time series plot, Fourier analysis, simulations on Kermack-Mckendrick 

model, insurance based actuarial model and sensitivity analysis. 

3.1 Time series plot 

In the initial stage a time series plot was constructed to analyze how weekly recorded influenza 

cases vary with the time. Figure 1 illustrates the time series plot obtained from year 2000 to year 

2017. 

 

 

Figure 1: Weekly number of influenza cases recorded 

From Figure 1 it can be observed that there is an upward trend. Further the time series plot implies 

that there is a periodic pattern in the data. 
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3.2 Fourier Analysis 

A Fourier analysis was carried out to determine the periodicity of the data. First, the Fast Fourier 

Transform (FFT) was applied to the entire data set. 

 

 

 

 

 

 

 

Figure 2: Fourier spectrum for weekly recorded Influenza cases from year 2000 to year 2017 

From Figure 2 it can be observed that the highest Fourier amplitude appears from 0.01923 point. 

Since (1/0.0193) is approximately equal to 52, periodicity of recorded Influenza cases is 52 weeks. 

Therefore, we can conclude that there is a peak for influenza once a year. 

Then FFT was applied for yearly data to observe periodic patterns for each year. Results indicated 

52 weeks periodicity except for year 2009. 

 

 

 

 

 

  

 

Figure 3: Fast Fourier transform spectrum for weekly recorded Influenza cases for year 2009 

From figure 3 it can be observed that for year 2009 the highest amplitude appeared for the value 

0.03486. Since (1/0.03486) is approximately equal to 28 weeks it was concluded that there are two 

peaks for year 2009. 
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Since the peak for recorded influenza data appeared in the beginning of the year, it was considered 

from the 30th week of one year to the 29th week of next year as an influenza year. 

3.3 Kermack-McKendrick Model 

Simulations were carried out using Kermack-McKendrick model to determine the behavior of 

susceptible, infective and removals with respect to time and epidemic parameters. The considered 

parameters were infection rate and removal rate. 

For simulations, Equation (1), (2) and (3) in Kermack-Mckendrick model was used. And the 

infection rate and removal rate (Perera, 2017) were obtained as follows. 

Infection rate for a given week was estimated from the equation, 

𝑎 × {𝑥(𝑡 − 1) + sin(2𝜋𝑡 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦⁄ )}         (10) 

Here 𝑎 is a constant and 𝑥(𝑡 − 1) denotes the fraction of infected population in the previous week. 

A sine function was used to model infection rate because data was distributed with a sinusoidal 

pattern. And 𝑡 represents the given week. When proceeding with simulations the fraction of the 

infected population was estimated by dividing number of influenza patients by the population in 

US. 

Removal rate was estimated from the equation  

1

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑢𝑠 𝑃𝑒𝑟𝑖𝑜𝑑
           (11) 

3.4 Insurance based Actuarial/Probabilistic Model 

Expected present value of premium in Equation (7) was further simplified as follows. 

𝐸[𝑃(𝑇)] =  ∫ exp(−δ𝑡)  𝑆(𝑡) 𝑑𝑡
𝑇

0
  

𝐸[𝑃(𝑇)] =  ∫  𝑆(𝑡) 
𝑑(

𝑒𝑥𝑝(−δ𝑡)

−δ
)

𝑑𝑡
 𝑑𝑡

𝑇

0
  

𝐸[𝑃(𝑇)] = −
1

δ
[𝑆(𝑡) exp(−δ𝑡)]0

𝑇 +  
1

δ
∫ exp(−δ𝑡) 

𝑑𝑆(𝑡)

𝑑𝑡
 𝑑𝑡

𝑇

0
    

𝐸[𝑃(𝑇)] =  −
1

δ
(𝑆(𝑇)exp(−δ𝑇) − 𝑆(0)) +

1

δ
∫ exp(−δ𝑡)

𝑑𝑆(𝑡)

𝑑𝑡
 𝑑𝑡

𝑇

0
  

Since  
𝑑𝑆(𝑡)

𝑑𝑡
=  −𝛽𝑆(𝑡)𝐼(𝑡)      (From Equation 1)  

By substituting the value for  
𝑑𝑆(𝑡)

𝑑𝑡
  by  −𝛽𝑆(𝑡)𝐼(𝑡)    

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) +

1

δ
∫ exp(−δ𝑡) (−𝛽𝑆(𝑡)𝐼(𝑡)) 𝑑𝑡

𝑇

0
  



© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the 
International Serial Directories. 
 Page 8 

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) −

1

δ
∫ exp(−δ𝑡) (𝛽𝑆(𝑡)𝐼(𝑡)) 𝑑𝑡

𝑇

0
  

Since  
𝑑𝐼(𝑡)

𝑑𝑡
   =  𝛽𝑆(𝑡)𝐼(𝑡) − 𝛾𝐼(𝑡)     (From equation 2)  

Substituting 𝛽𝑆(𝑡)𝐼(𝑡) =  
𝑑𝐼(𝑡)

𝑑𝑡
+  𝛾𝐼(𝑡) to the equation, 

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) −

1

δ
∫ exp(−δ𝑡) (

𝑑𝐼(𝑡)

𝑑𝑡
+  𝛾𝐼(𝑡))  𝑑𝑡

𝑇

0
  

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) −

1

δ
∫ exp(−δ𝑡)

𝑑𝐼(𝑡)

𝑑𝑡
𝑑𝑡

𝑇

0
−

𝛾

δ
∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
  

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) −

1

δ
{[exp(−δ𝑡) 𝐼(𝑡)]0

𝑇 − ∫ 𝐼(𝑡)
𝑑 exp(−δ𝑡)

𝑑𝑡
𝑑𝑡}

𝑇

0
  

                                  −
𝛾

δ
∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
                                                                                                                      

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) −

1

δ
[exp(−δ𝑇) 𝐼(𝑇) − 𝐼(0)] − ∫ 𝐼(𝑡) exp(−δ𝑡) 𝑑𝑡

𝑇

0
  

                                                                                                                           

      −
𝛾

δ
∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
 

 

𝐸[𝑃(𝑇)] =  
1

δ
(𝑆(0) − 𝑆(𝑇)exp(−δ𝑇)) +

1

δ
[𝐼(0) − exp(−δ𝑇) 𝐼(𝑇)] − ∫ 𝐼(𝑡) exp(−δ𝑡) 𝑑𝑡

𝑇

0
  

                                                                                                                           

      −
𝛾

δ
∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
 

 

𝐸[𝑃(𝑇)] =  
1

δ
(𝐼(0) + 𝑆(0) − exp(−δ𝑇)(𝑆(𝑇) + 𝐼(𝑇)) − (1 +

𝛾

δ
) ∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
 

Since 𝐼(0) + 𝑆(0) = 1 

𝐸[𝑃(𝑇)] =  
1

δ
(1 − exp(−δ𝑇)(𝑆(𝑇) + 𝐼(𝑇)) − (1 +

𝛾

δ
) ∫ exp(−δ𝑡) 𝐼(𝑡)𝑑𝑡

𝑇

0
                           

Then the obtained equation for economic burden is, 

𝜋 =
∫ exp(−δ𝑡) 𝐼(𝑡) 𝑑𝑡

𝑇
0

1

δ
(1−exp(−δ𝑇)(𝑆(𝑇)+𝐼(𝑇))−(1+

𝛾

δ
) ∫ exp(−δ𝑡)𝐼(𝑡)𝑑𝑡

𝑇
0

          (12)  

Since this equation is applied for a year 𝑇 = 52 weeks and exp (−𝛿𝑇)(𝑆(𝑇) + 𝐼(𝑇))   

closes to zero because exp(−𝛿𝑇) =  0.074 and  𝑆(𝑇) + 𝐼(𝑇) < 1 

So by removing  exp (−𝛿𝑇)(𝑆(𝑇) + 𝐼(𝑇)) , the equation simplifies as follows. 
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𝜋 ≈  
∫ exp(−δ𝑡) 𝐼(𝑡) 𝑑𝑡

𝑇
0

1

δ
 −(1+

γ

δ
) ∫ exp(−δ𝑡) 𝐼(𝑡) 𝑑𝑡

𝑇
0

           (13) 

                   

Using above equation economic burden for each year was estimated.  

Since discrete data were available for number of infected cases, a piecewise continuous 

approximation of this continuous function was obtained as follows. 

𝐼(𝑡) = {
𝐼𝑘;       𝑘 − 1 < 𝑡 ≤ 𝑘
0;         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒      

 

𝐸[𝐵(𝑇)] = ∫ exp (−𝛿𝑡) 𝐼(𝑡) 𝑑𝑡
𝑇

0
  

 𝐸[𝐵(𝑇)] ≈ ∫ exp (−𝛿𝑡) 𝐼(𝑡)  𝑑𝑡
𝑇

0
  

𝐸[𝐵(𝑇)] ≈ ∑ (
exp(−𝛿(𝑘 − 1)) − exp (−𝛿𝑘)

𝛿
) 𝐼𝑘

𝑇

𝑘=1

 

Now 𝜋 can be expressed as, 

𝜋 ≈
∑ (exp(−𝛿(𝑘−1))−exp (−𝛿𝑘))𝑇

𝑘=1 𝐼𝑘

1 −(1+
𝛾

𝛿
) ∑ (exp(−𝛿(𝑘−1))−exp (−𝛿𝑘))𝐼𝑘

𝑇
𝑘=1

       (14) 

3.5 Sensitivity Analysis 

Since the economic burden depends on force of interest and removal rate, sensitivity analysis was 

carried out to analyze the behavior of economic burden with respect to these parameters. And the 

analysis was done year wise. 

The range of force of interest was taken from 0.01 to 0.1. 

And the range of removal rate was taken from 
1

4
 to 1. 

When proceeding with simulations the system was stable when the infectious period is one week 

or more than one week. So the upper bound of removal rate was taken as one. And assuming that 

the maximum duration that an infected person can spread the disease to another person is 4 weeks 

the lower bound of removal rate was taken as 
1

4
 .  

The variation of economic burden was analyzed with respect to force of interest and removal rate 

from year 2000-2001 to year 2016-2017. Below the results are described for year 2000-2001. 
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Figure 4: Variation of Economic Burden with respect to Removal Rate for year 2000 to 2001. 

Parameters: Force of Interest = 0.05 

Figure 4 describes the variation of economic burden for year 2000 to 2001 with respect to removal 

rate with force of interest 0.05. When removal rate varies from 0.25 to 1, there can be observed a 

positive relationship between economic burden and removal rate.  

 

 

 

 

 

 

 

 

Figure 5: Variation of Economic Burden with respect to Force of Interest for year 2000 to 2001. 

Parameters: Removal rate = 0.55 

Figure 5 describes the variation of economic burden for year 2000 to 2001 with respect to force of 

interest with removal rate 0.55. When force of interest varies from 0.01 to 0.1, it can be observed 

that the economic burden with respect to force of interest is a function with a peak and achieves 

its maximum point at 0.041.  
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Figure 6: Variation of Economic Burden with respect to Force of Interest and Removal Rate for 

year 2000 to 2001 

Figure 6 describes the variation of economic burden with respect to both removal rate and force of 

interest for year 2000 to 2001. 

4. Conclusion 

Since influenza has been widely spread around the world, it is important to estimate the economic 

burden caused by this flu. The insurance based actuarial model used in this study estimates the 

economic burden in an individual level which occurs due to medical and death expenditures. 

In this study first fast Fourier transform was applied to examine the periodicity of the data. The 

results gave that the periodicity for each year is equal to 52 weeks except for year 2009. For year 

2009 the periodicity was equal to 28 weeks. Using this result next simulations were carried out to 

observe the behavior of the epidemic and as well as to determine the range of removal rate. Since 

the economic burden depended on removal rate and interest rate, the behavior of economic burden 

with respect to these parameters was analyzed. The analysis was done year wise and the range of 

the removal rate was considered from 1 4⁄  to 1, while the range of interest rate was taken from 

0.01 to 0.1. 

When considering the results from year 2000-2001 to 2016-2017, for variation of economic burden 

with respect to removal rate it was observed that there is a positive relationship. In the analysis of 

variation of economic burden with respect to force of interest the economic burden is a function 

with a peak, achieving its highest point between 0.04 and 0.05. 

Since no accurately recorded data were available in Sri Lanka, influenza data of United States has 

been used in this research. This was a main limitation in the study. Further in simulations, though 

the peak was achieved the actual shape of the real data was not achieved. The simulation model 

would be more accurate if climatological data such as rainfall and temperature are considered. In 

this study Kermack-Mckendrick model (SIR model) was used for epidemic modelling. Also the 

Insurance based Actuarial model can be developed for other epidemic models. Then variation of 

economic burden can be further analysed for other epidemic parameters. 
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