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Abstract: In this paper a system for modelling the
epidemic disease classes which present a prevalent
incidence in a given territory is described. Such a system
is organised in two different phases. The former consists
of the definition, the acquisition and the storage of
epidemiological data, and the latter consists of the
computation of the parameters by which it is possible to
simulate the dynamic of the disease in order to allocate
the health resources and to optimise the cost/benefit ratio
for a better utilisation of the available resources.

INTRODUCTION

In this paper the problem of the description and the
modelling of epidemic disease classes which present a
prevalent incidence in a given territory is described. Such a
model is proposed to be integrated into a complex system
which consists of a Decision Support System (DSS) able to
simulate future scenarios (in the sense of new health care
resource allocation starting from a given epidemiological
situation), of a mathematical model module describing the
diseases considered by the system, of a Geographic
Information System (GIS) able to store the thematic maps of
the epidemiological situation, of a database to store the
conventional data, and of an optimisation algorithm module
used by the DSS for the resource allocation [1].
The system starts from the present epidemiological situation
of the territory examined and from the real distribution on
this territory of human and material health care resources.
The health care manager gives in input the available budget,

information regarding the population living on this area,
some epidemiological parameters of the disease considered.
As result in output the system allocates human and material
health care resources, optimising the cost/benefit rate. In
order to analyse in quantitative terms all the different
possibilities, it is necessary to use laborious calculations

more and more times.

to be able to

compartmental models have been used.

The theoretical structure generally used to represent the
dynamics (trends) of the viral and bacterial infections is
based on the division of the population in the following
categories: a) X: susceptible people (i.e., those who can
catch an infection); b) Y: infected people (i.e., those who
have caught the infection and can transmit it); c) Zrecovered
and immune.

The fractions of population in these classes are denoted by
S(t), I(t), and R(t), respectively. In this paper we affirm, for
simplicity, that N remains approximately constant in a long
period of time. This means that births and deaths occur at
equal rate, and all new-borns are susceptible. Individuals are
removed by death from each class at a constant rate 1t
(l / tt which represents the life expectancy), which is called
death rate f2,31. Other important parameters considered in
the model are the following: l) B: transmission coefficient
of the infection; 2) y: rate of passage per person into the
class of immune people; 3) 0: rate of passage per person
into the class of susceptibles. Then, the dynamics of the

infections are described with the following differential
equations:

S'(t|= -pSI

+ 1r -pS + 0R

I'(t)=1tSI-yl-1t1,
R'(t) = yt

-

1tR

(1)

- 0R,

S(t)+I(t)+R(t)=1,
S(0) = So > 0,1(0) = Io > 0,

R(0)>

predict

demographic and health tendencies and to use them as a base

to decide as well as to plan the best use of the limited
resources.

In this context, it is very important to analyse the natural
trend of a disease in order to decide and to plan a control
program (for example, vaccination, sanitation and drug
prophylaxis). The study of the epidemic or endemic natural
trend of a disease begins, in the current literature, with the
study and the proposal of suitable mathematical models.
They are based themselves on the description of existing
complex systems (e.9., the epidemic systems) by means of
parameter computation. By these systems it is possible to
simulate the dynamic of the above mentioned disease along
the time.

In the proposed system the main characteristics of

the

epidemic diseases (in particular, the infective diseases) are

0,

If R is the rate-base of reproductivity of the infection,
defined by:

n= FN
0+tt)

then the disease

(z)

will remain in the population if it will

be

greater or equal to 1.
To eliminate an infection it is necessary to reduce R below
1. This can be obtained by immunising a portion p of the
population right after birth, by:

.,,|,-l-f
L RJ

EPIDEMIOLOGICAL DATA MODBL

Health care managers have

described by deterministic models. For this reason the

(3)

An important aspect of the modelling of the infective disease
dynamics consists of the estimation of the epidemiological
parameters ( B, y, etc.). These parameters form a set of
information which will help the health managers to have a
general vision of the existing situation in order to reduce the
incidence-prevalence of one or more diseases to a fixed and
'of the theoretical
wished value. An example
curve
representing the best fitting of registrated cases of cholera in
India (from march 93-march 94) is shown in Figure I while
in Figure 2 the infective fraction of the same situation is
shown. For this case the (F, T and g estimated parameters
assume respectively the values 1.59, 1.39 and 0.0043).
In this system, the user can use two different approaches to
simulate the considered diseases in a given territory. One is
based on a set of limited classes (as shown in the model
(l)Xor which is possible to compute the epidemiological
parameters by differential equations.
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But another one, depending on the specific characteristic of
the disease, is based on different categories which belong to

the appropriate epidemiological status (such as that of
susceptibility, incubation, infectivity and immunity. In the
later caso] the population can pass daily from a compartment
to another, according with a fixed frequency given by the
inverse of the permanence time (in days) within each
compartment. For each compartment we have also transition
probabilities, i.e. the probability to pass from one
compartment to another. Figure 3 represents an example of
such models.
In both cases, in order to acquire and to store information of
each compartment, we have designed a suitable data
structure which is based on an object-oriented approach (see
Figure 5) and the relative legend is shown in Figure 4.

Removed
Fraction

x l0+

generic people compartment, within a given time period (for
example, one year), by the following equation:

where

x;

tf

*ipi

i=l is the number of j-th people compartment of the i-

th day. This one is computed by the formula: x',

-

*,,-,

+ Lt:

where Axj is the daily demographic change of the j-th
compartment, that is the difference between the entering
people and the exiting people the j-th compartment.
For the compartmental model of cholera the yearly number
of confirmed cases is given by the following formula:

365t
\
Zl*'oxRt'z+xir*ns'z)*

ru

Q)

i=,1\

where

xi+ x5 is the number

of incubant of the i-th day.
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The system proposed in this paper allows both to acquire
global views of epidemiological situations existing in a
region and to store the relative epidemiological data. It uses
the powerful object-oriented methodology and this allows it
to model epidemiologic data. In such way, the user identifies
the disease and inserts the relative meaningful data, while the
system elaborates this information and presents the results.

Figure 4

CONCLUSIONS
At present the research presented is in progress and the effort
is oriented to propose a unique model, which will be able to
represent a class of diseases which have a more relevant
incidence rate in developing countries. In this meta-model of
infective diseases both the variables which describe the
dynamic of the diseases, and some characteristics of the

----/n

population (such as, age, sex, etc.) will be includes.
A system prototype has been developed on Macintosh
computer using the MPW object-oriented environment and
the Pascal-object language.
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