MODELING



When a disease spreads in a populati
nonintersecting classes. In one of the simplest scenarios
e The class of individuals who are healthy but can confract the disease.
These people are called susceptible individuals or susceptibles. The size of /
this class is usually denoted by S.

e The class of individuals who have contracted the disease and are now,
sick with it, called infected individuals. In this model it is assumed that
infected individuals are also infectious. The size of the class of
infectious/infected individuals is denoted by I.

e The class of individuals who have recovered and cannot contfact the
disease again are called removed/recovered individuals. The class of
recovered individuals is usually denoted by R.




Assumptions: (1) Infected individuals are also infectious;
The total population size remains constant; (3) The
population is closed (no immigration/emigration); (4) No
births/deaths; (5)All recovered individuals have complete
Immunity

Epidemiological models consist of systems of ODEs which describe
the dynamics in each class. To derive the differential equations,
we consider how the classes change in fime.




of infective &
individuals.

The rate of change of the susceptible class is given by the incide /

S'(f) = -incidence



UDIHTU C
e S/N is the probability that ¢
e cN §/N is number of contacts with suscepfib
infectious individual makes per unit of time. Not every contact w
susceptible individual leads to transmission of the disease. Suppose p Is
the probability that a contact with susceptible individual results in
transmission. Then,
e pcS is number of susceptible individuals who become infected pe
unit of time for each one infectious individual.
e BS/is the number of individuals who become infected per unij 6t time
(incidence).
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Here we have denoted by B= pc.
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We obtain the following equation for the susceptible

§'(t) = =B S®I(t)

There are different types of incidence depending on the assumptig
made for the form of the force of infection. This one is called mas
action incidence.



Individuals who recover leave the infectious class and move to the
recovered class

R'(t) = al(t)

To be well-defined mathematically, this system is equipped with
given initial conditions S(0), 1(0) and R(0).



the dependent vc

for most models in biology and epio
solutions that start from positive (nonnegative) initia
remain positive (honnegative) for all fime.

Adding the three equations in the system, we obtain
N’ (1) = S'(t)+1" (1) +R' (t) =0

Thus, N remains a constant defined by the initial conditions:
N=S§(0)+I(0)+R(0O).



individual can reside in exa
from one compartment fo another. Compartme
schematically described by a diagram often called flow chart. Eac
compartment in a flow-chart is represented by a box indexed by the /

name of the class. Arrows indicate the direction of movement
of individuals between the classes. The movement arrows are
typically labeled by the transition rates




