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Abstract

Modeling infectious diseases is a tool which has been used to study the mechanisms by which diseases spread. One
of the commonly used models is the Susceptible ,Infected and Recovered (SIR) model .The objectives of this study
were to develop a model for which value of Birth and Death are known when SIR model close population and SIR
open population are equal .SIR model with closed and open population was examines and from the model we
discovered that that only birth in to the population are susceptible which implies that all people in the population
were exposed to particular disease Also the equation for the infective .indicate that there is no death and that all
people that infected are liable to recover which means the all number that infected were recovered .The new model
is given to be
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INTRODUCTION

The outbreak and spread of diseases have been studied for many years. The ability to make predictions about
diseases could enable scientists to evaluate inoculation/vaccination or isolation plans and may have a significant
effect on the mortality rate of a particular epidemic. The modeling of infectious diseases is a tool which has been
used to study the mechanisms by which diseases spread to predict the future course of an outbreak and to evaluate
strategies to control an epidemic [1,2,6]. The distribution of an infectious disease over an animal population and its
evolution through time are the results of the dynamic interactions of the host and pathogen systems. To design
successful disease-control strategies, it is important to understand what the most important processes are, and how
they combine to characterize the dynamics of the disease spread[5,7]. Mathematical models are indispensable when
infectious disease data arise from observing complex naturally occurring phenomena. Various types of epidemic
models have been formulated depending upon the characteristics of the infection. Disease dynamics are modeled at a
population level in order to create a conceptual framework to think about the spread and prevention of disease. This
research will focus on the value of birth and death for which SIR model under close population and SIR open

population are equal
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METHODOLOGY

The SIR Model Closed Population

The SIR Model is used in epidemiology to compute the numbers of susceptible, infected and recovered people in a
population.

Assumptions

This model is an appropriate one to use under the following assumptions:

1) The population is fixed.

2) The only way a person can leave the susceptible group is to become infected. The only way a person can leave the
infected group is to recover from the disease. Once a person has recovered, the person receives immunity.

3) Age, sex, social status, and race do not affect the probability of being infected.

4) There is no inherited immunity.

5) The members of the population mix homogeneously (have the same interactions with one another to the same
degree).

In 1927, W. O. Kermack and A. G. McKendrick created a model in which they considered a fixed population with
only three compartments, susceptible: S(t), infected, I(t), and recovered, R(t). The compartments used for this model
consist of three classes:

Using a fixed population, N = S(t).+ I(t) + R(t), Kermack and McKendrick derived the following equations:

Siea) =S —PASy, e O
ds

— =—/3S was used.

. LSS wasu

loay =l + PAS —7LA, . (i)
dl

= = BS—y]

pm BS—y

Riay = Ry +70A ... i)
@

dt 7

Where B is the infective rate and yis the recovery rate
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An infected individual makes contact and is able to transmit the disease to PN others per unit time and the fraction
of contacts by an infected with a susceptible is S/N. The number of new infections in unit time per infective then is
(BN)(S/N), giving the rate of new infections (or those leaving the susceptible category) as (BN)(S/N)I = BSI [3]. For
the second and third equations, consider the population leaving the susceptible class as equal to the number entering
the infected class. However, a number equal to the fraction (y) which represents the mean recovery rate, infective are
leaving this class per unit time to enter the removed class. A widely accepted idea is that the rate of contact between
two groups in a population is proportional to the size of each of the groups concerned [3,4]. Finally, it is assumed
that the rate of infection and recovery is much faster than the time scale of births and deaths and therefore, these

factors are ignored in this model.

SIR Model Open Population Model
Open Population Model

The modified model is then extended to open population where birth rate and death rate are introduced with N = S(t)

+ 1(t) + R(t) + b(t) + u(t) where b(t) is the birth rate and u(t)is the death rate.The assumptions are as follows:
1) The population is open (There is immigration and emigration).

2) The only way a person can leave the susceptible group is to become infected. The only way a person can leave the

infected group is to recover from the disease. Once a person has recovered, the person receives immunity.

3) Age, sex, social status, and race do not affect the probability of being infected.

4) There is no inherited immunity.

5) The members of the population mix homogeneously (have interactions with one another to the same degree).
6) Birth and Death can occur.

7) Entry into the population is through birth.

8).Death in the population is caused by the disease only.

Here we assume N =S + | + R+ b — u where b and u are the numbers of births and deaths respectively. The

equations used in generating the data are;
S(t+At) = S(t) _ﬂAtS(t) + bAt N[ _US'[ ceee (iV)
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I(t+At) = It +ﬂAtSt _7At| _UAtIt

dl

— =S —yl—-ul

o BS—y

R(HA’[) = I:Q(t) +7/At|t _UAth
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Stteay = Sy — BASy +hAN, —US,

Steea = Sy ~ PASq.

If we equate equation (i) and (iv)
Then bN; = US;

U = bNY/S

For Infective

I(t+At) = It +ﬂAtSt _7At| _UAtlt

I(t+A[) = It +ﬂAtSt _7/ItAt
If we equate equation (ii) and (v)

UI[ =0

Y]

eees (Vi)

For Susceptible
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For Recovery
If we equate equation (iii) and (vi)

R(HA’[) = I:Q(t) + A, It _UAth

R =Ry +71LA,

(t-+At)
If we equate equation (i) and (iv)
UR; =0

Since Ul; =0 and UR; =0

Then I,= R;

The new model can be written as;

Si U_bNt bN, b= Us,
ince U = 5, = = N,
Swupe =8¢ — S — bN, — US,
Stipt =S¢ — DSt —bDN, — UD,S,

BN, fbNe =~ DN,

St+Dt=T U t S
t
= M M _ pN,-bN,
U U
= %_@_zbl\]
U U t
1 B
= bN. [~ -2
= 21— p-20]
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With this model we come up with following assumption;

i the number recover is equal to the number infected
ii. only birth in the population are susceptible this implies that other peoples in the population are expose
to the infection

Where,

S = susceptible

| = Infection

R = Recovery

B = Contact Rate

N = Total Population
b = Birth Rate

u = Death Rate

CONCLUSION

From the result, it shows that only birth in to the population are suscestible which implies that all people in the
population were exposed to particular disease Also the equation for the infectives indicate that there is no death and

that all people that infected are liable to recover which means that all number that infected were recovered .
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