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An approach to analysis of epidemics is proposed here which is 
conceptually based upon the SIR numerical solutions but which pro-
duces more easily interpreted, analytic results. This approach depends 
upon fitting, by regression, the summed count of infected individuals, 
Y, to the expression:

at

cY
b e−=

+  (1)

Where a, b and c are parameters and t is time. In the instance of 
viral sequence counts from the 2009-2010 pH1N1 pandemic, the Pe-
arson correlation coefficient (r) varied from a minimum of 0.9495 to 
a maximum of 0.9991, p< 2.22e-16 at each of 23 geographic locations 
worldwide [4]. The first derivative of Y with respect to time (dY/dt ) is:
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Y and dY/dt are assigned to compartments of the SIR system as 
follows: Y maps onto Susceptible(S) by subtraction from Total:

         (3)

Where Total equals the overall total count. dY/dt maps directly 
onto the number of infected (I):

dY/dt→ I			   (4)

and Y maps directly onto Removed (R ):

  (5)

Plots of time-dependency of the functions, calculated according to 
the relationships 1 – 5 above, with demonstration of the effects of va-
riation of parameter a are shown in Figure 1. Such SIR-type functions 
can be modified with t – t0 time-shifts to allow for incubation time, 
duration of illness and other Effects as in SEIR [2] extensions of SIR.

The method proposed here is offered as an adjunct to SIR numerical 
solutions, an adjunct in which continuous, analytic functions with de-
rivatives and anti derivatives (indefinite integrals) are produced. These 
functions, illustrated in Figure 1, calculated according to equations 1 
and 2 and relationships 3 – 5, above, may facilitate evaluation of epide-
mics and estimation of the evolutionary trajectory of infectious agents. 
Standardized curves of these functions may help development of early-
warning algorithmic systems for prediction of dangerous epidemics.
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A corner stone of the analysis of epidemics of infectious diseases 
is the SIR system [1] of Ordinary Differential Equations (ODEs). In 
SIR nomenclature, S is the number of Susceptible individuals, I is the 
number of Infected individuals and R is the number of Removed indi-
viduals, i.e., Removed either by recovery or by death. The SIR ODEs are 
solvable numerically [2,3] but they do not have closed form solutions.
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Figure 1: SIR Analysis of a Hypothetical Epidemic Approximated by Y and dY/dt. 
(top left ) Susceptible (S) approximated by Total – Y – dY/dt, (top right) Infected 
(I) approximated by dY/dt and (bottom) Removed (R) approximated by by Y – 
dY/dt. The non-linear parameter a was varied from 0.01 to 0.05.

 Total – Y -dY/dt->S 

Y→R 
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