SIR Model of Swine Flu in Shimla
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Abstract In this work, an attempt has been made to study the SIR model on swine
flu, which produced by viral infection agent in Himachal Pradesh. The SIR model is
analyzed on the numerical data obtained from IGMC, Shimla, H.P. This
Mathematical model is based on ordinary differential equations for communicable
disease. The concept of basic reproduction number Ry is used to analyze the stages
of the disease. The result is helpful for health policy makers and reducing the
number of deaths spread from the Swine flu.
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1 Introduction

Swine Flu is highly contagious respiratory disease which “refers to any strain of the
influenza of infectious virus, called the swine influenza virus that is epidemic
infection in pigs”. The signs and symptoms of swine flu are fever with a body
temperature over 100 °F, body weakness, cold and runny nose, cough or sore
throat, body aches, chills; fatigue, diarrhea and vomiting sometimes, but more
commonly seen with seasonal flu. The subtypes of influenza A disease are also
known as HIN1, HIN2, H2N3, H3N1 and H3N2. This work is representing that,
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how changes in human behaviour and social mixing influence the epidemic by the
study of basic reproduction number, equilibrium points and stability condition [1, 2]
(Figs. 1, 2 and 3).

Symptoms of
Swine flu

Psychological
- Lethargy
- Lack of appelite

- Runny nose
- Sore throat

Fig. 1 Symptoms of swine flu

Fig. 2 Structure of SIR
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Fig. 3 In this graph, S represents the susceptible to the infectious stage with the blue color,
1 represent the total number of infected individuals with green color and R represents the recovery
rate with respect to time with red color
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In the past few months, the number of diagnosed swine flu and influenza A (HIN1)
cases has raised, in area of Himachal Pradesh. In this region, the number of confirmed
infections has increased, but this only covers a small proportion of the cases which
have occurred in that region [3]. The world health organization defined the situation
for pandemic from infectious flu and describing an optimal control policy to protect
[2]. The application of mathematical modeling on chronic disease through SEIR, SIR
and many other models providing the concept of secondary infection and analyzing
various stages of epidemic disease with their mathematical ecology in the population
[4, 5]. The mechanism of swine flu infection spreading and procedure of providing the
treatment is given by a new algorithm [6]. The compartment model SIR discussed by
Kermack and Mckendrick in 1927 and many mathematical models are used by many
mathematicians to discussed various stages of endemic, epidemic and pandemic
diseases with their serious effects on living things [7].

2 Mathematical Model

The SIR model for mathematical epidemiology was proposed by Kermack and
Mckendrick. The governing equations on swine flu are given below:

das
i —BSI (1)
g = BSI — ol (2)
dR

2.1 Diagram of the Model

2.1.1 Variables and Parameter Description

S = Susceptible class, I = infective class, R = Total recovered, B = rate of trans-
mission, o = rate of recovery.
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3 Analysis of the Disease Free Equilibrium

If the individual contains no symptoms of swine flu in the susceptible class. Then
the numbers of infective will be zero. i.e. I = 0. This state of the condition in the
absence of the infection is said to be as disease free equilibrium in the population.
Therefore, we have

ﬁsz—od:o:»soz% (4)

Thus, the disease free equilibrium point is given as (Sy, 0, 0, 0, 0).

3.1 The Basic Reproduction Number

The basic reproduction number is defined for an epidemic SIR compartmental
model for the Swine flu. If Ry < 1, then the disease free equilibrium is stable;
otherwise, it is unstable for Ry > 1. Mathematically defined as,

The transmission rate
Ry = (5)
The rate of recovery

This basic reproduction ratio has important role in determining the rate of
infection. Hence, the epidemic outbreak of the disease is stable or unstable and the
host will recover or not recover from the disease.

3.2 Equilibrium Analysis of the Disease

At equilibrium,

dS dl dR
@ da @ (©6)
das dI
Casel: = =%
B T
k
= St (7)
Ro
Where k *1
)

Therefore, the susceptibility increases as the basic reproduction ratio decreases
and vice versa.
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Where k, = 2

Therefore, the susceptibility increases as the basic reproduction ratio decreases
and vice versa.

dS dR
Case3:— = —
ase dr dt

ks 9)
=S x Ry’
Wherek; = —1

Therefore, the susceptibility increases as the basic reproduction ratio decreases
and vice versa.

3.3 Stability Analysis of the SIR Model

Jacobian matrix of the governing equation of the system is given as,

—BI  —Bs 0] [S

J=1| Bl BS—oa Of.|1 (10)
0 o 0 R
—pI — 7 —pS 0
Now, Det(J) = pI pS—oa—2 0 |=0 (11)
0 o 0—-4

= (=2) |4 =—

(BI — S+ ) £ \/(Zﬁl— BS+ ) — 4fal 0w

iie. 71<0, o <0and fa <03 if — (B — fS+a) > \/(BI — B+ )’ — 4pad

Since, all the eigen values are negative then given model is stable, otherwise the
model is unstable.
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Table 1 Numerical values of the parameters

Parameters B o S(0) 1(0) Ry
Values 0.012531 per 2.46269 per 399 per 23 per 0.00125 per
year year year year year

J1<0,/,<0and A3 > 0; if — (BI — ﬁS+oc)<\/(,BI — BS+0)* — 4pal.

It is observed that the stability condition of disease free equilibrium exists i.e. the
value of Ry <1 i.e. basic reproduction number is less than 1, which shows that the
total number of susceptible decreases.

4 Numerical and Graphical Analysis of the Model

Data for the influenza cases from January 2013 to December 2013, is collected from
IGMC Shimla, HP. Numerical analysis for the disease on the population is given
below with the help of the basic reproduction number.

k
T;); forallk; > 0.Considerk; = 1/2, then Ry

=0.00125 >0

From the Eq. 7, we have Ry =

(13)

Therefore, the disease free equilibrium is unstable and the infected class will not
recover completely from the infection (Table 1).

The graph shows that susceptible class is decreasing with respect to time and
removal class is increasing with respect to time due to treatment on time. The infected
class is increasing initially but it is approaching to zero after getting treatment.

5 Conclusion

In this study, we conclude that the recovery rate from the epidemic disease is high
due to the strong immunity in the population. The SIR model helps to explain and
understand the various stages of the disease, which are given graphically through
MATLAB analysis. The SIR model has used the basic reproduction number to the
study of stability of the disease. We found the basic reproduction number R, < 1,
this value shows that epidemic will not spread. This model approaches that if the
social awareness about the diseases among the susceptible, it may help to decrease
the infection rate of epidemic disease.
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