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Abstract—This work is describing the role of dynamic compartmental modelling and their conceptual aspects in epidemiology. The work

emphasizes an understanding of different mathematical models applied to the population dynamics of infectious diseases. Also, we are mainly
discussing the future aspects of governing equations for different infectious diseases.

Index Terms— Mathematical Modelling, Compartmental Model, Epidemiology.

1 INTRODUCTION AND BRIEF HISTORY
OF MATHEMATICAL MODELLING IN
EPIDEMIOLOGY

In India, the drastic effects of epidemic disease were
remarkable in the field of epidemiology, for example,
the “Bubonic Plague” is one of them, which caused by
the bacterium Yersinia pestis, devastated population in
Europe from the 14%-16™ centuries, killing between
one-half to one-third of the entire population (Langer
1970) and according to WHO reports 1000-3000 cases of
bubonic plague every year [1]. The history of
mathematical modelling on communicable and non-
communicable diseases has been shown a great
concern of human kind. The dynamic models for
infectious diseases are mostly based on their
compartmental  structure.  The  compartmental
structures for well-recognized SIR (Susceptible (5)-
Infective (I)-Recovered (R)) on infectious diseases for
example influenza, swine flu, plague, HIV/AIDS,
malaria etc. are firstly given by Kermack and Mc
Kendrick in 1927 and are developed by many other bio-
mathematicians in 1932 [2, 8, 13, 16, 17]. Analysis of
numerical simulation of swine flu in mathematical
transmission model and explain the approach of
controlling form such infectious diseases [3, 4, 11].
Mathematical models for the infectious diseases in
populations have been analysed and applied to
infectious diseases for developing vaccination policies.
Threshold theorems involving the basic reproduction
number Ro and these numbers are reviewed for define
the epidemic models [7, 9, 14]. Dynamic of
compartmental model for epidemic is an important
method of analysing the effect of infectious disease. It is
based on the specific property of population growth
with structure, to define spread rule of infection
disease, and the related factors etc. To construct
mathematical models which analysis these factors
numerically and define the behaviour of various
parameters. This research is helpful to predict the

growth of infectious disease, to determine the key
factors of the spread of infectious disease and to seek
the optimum strategies of preventing and controlling
the spread of infection diseases [5, 10,12].

The dynamic models on epidemic diseases play the
important role of studying the spread of infection
disease. These are based on compartmental structures
of population growth, spread rule of infectious disease,
and the related social factors etc. and which are given
by Kermack and Mc Kendrick and many others
mathematicians. A various types of mathematical
models have been used in mathematical epidemiology.
By modifying the basic SIR model, we have obtained
proposed infectious diseases compartmental ODE-
models for further development in the future
epidemiology.

2 MATHEMATICAL MODELS

In this work we define the differential equations based
models and using parameters as follows:

Susceptible Class (S), Infective Class (I),
Recovered Class (R), infected with influenza (I1),
recovered from influenza (T), infected with secondary
pneumonia (I2), transmission rate of influenza (1),
recovery rate of influenza (yi), rate at which an
individual loses susceptibility (o), rate of re-susceptible
(), transmission rate of infection (3), excess death rate
due to infection (d)transmission rate of bacterial
infection((32), recovery rate of bacterial infection (y2),
excess death rate due to bacterial infection(d2),
vaccination rate(v).

2.1 Basic forms of compartmental models for
various type of disease

(1) SIR Model:

The base model, when the infective gain permanent
immunity to the disease after recovering from
infection. It is given by following diagram:
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The governing equations are as follows:

ds

dl

i BSI — I
dR
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(2) SITR Model:

The compartment model (SITR) is a system of
differential equations, which are designed for the
susceptible to infection (S), infection (I), Treatment (T),
completely recovered from infection(R).

Compartment model for epidemic disease is given by
following diagram:

===

Susceptible Class, S: Susceptible to infection, 3

transmission rate,

s ”

dt B

Infective Class, I: Infection I, y rate of selection

treatment, d death rate due to infection,

dr_ SI — yI —dI
dt—ﬁ 14

Treatment Class, T: Treatment for infection, o removal
rate from infection due to treatment,

daT

P yl—oT

Removed Class, R: Completely removal from infection,
dR

E =0T

(3) SIi TI2RS Model:

In these models the infected individuals becomes
infectious immediately. It is given by following
diagram:

=W=O==)=()

The governing equations of the model are as follows:
s

P — B,S;I, + 6R

d11

dt = BiSih—vihh

daT

dt =yii— (6+B.1L)T
dl,

dt =Bl S td) L
dR

P Yo, I+ cT— 6R

(4) SIi TI2RVModel:It is given by following diagram:

==O==(D=)

The governing equations of the model are as follows:

as

dt = —B;S5:l; —«

dl,

= P1oali =Vl

i BiSi i —v,1

daT

dat = yili—(0+ B )T
dl,

d_ =Bl S—(tdy) L
dR

I = v+ 0T
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(5) Mathematical Model on Influenza: It is given by
following diagram:

O=O=O=®=

The governing equations of the model are a follow: -

@ _ SI+6R
ar - PSTH
U psi—vi
a= Pl
dT—YI )T
FTin —(o+d)
d—R— T— 6R

P =g

3 DISCUSSION

The result of this research will be helpful to
predict the growth of infectious disease, to determine the
key factors of the spread of infectious disease and to seek
the optimum strategies of preventing and controlling the
spread of infectious diseases. This modified SIR model
can possibly allow decision makers to make a better
informed decision on the impact of future epidemic,
endemic or pandemic stage and to determine the
appropriate interventions for limiting these deadly
complications [6]. Our investigation is focusing on future
work of epidemiology survey and analysis numerically
with the help of MATLAB. This study also provides the
considerable role of correlation of mathematical
modelling and dynamical aspects of some specific
epidemic diseases.
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