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INTRODUCTION

Multi-strain diseases are gaining importance. This
is exemplified by the recent review in Lancet[1] about
multi-strain diseases. It can be summarized by the fol-
lowing points:

There is no formal definition for multi-strain dis-
eases.

Multi-strain diseases are the norm not the excep-
tion.

Multi-strain diseases can significantly affect the dy-
namics, treatment and control strategies of the disease.

In some cases multi-strain phenomena can be helpful
for the patient through the competition between differ-
ent strains.

Mathematical models for multi-strain viruses can
be quite useful. In fact trying to anticipate the new strains
experimentally is quite difficult[2].

Spatial effects of epidemics can be important. Typi-
cally they are difficult to quantify. Mathematical models
can help in this problem.

In sec.2 the single strain model is presented and
discussed. Also we argue that the added immune re-
sponse term represents some basic properties of the

immune system and that it should be included to study
longer term behavior of the disease. The mathematics
is similar to multi-strain hepatitis C virus[3] but the con-
clusions are quite different. In sec. 3 the multi-strain
model is investigated. Conclusions are presented.

THE SINGLE STRAIN MODEL

The fractional order multi-strain model is given by
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Where 0 <   1, T represents uninfected cells, 1 rep-
resents infected cells and V represents virus. The model
assumes that uninfected cells are produced at a con-
stant rate s, die at rate, d, per cell and are infected at
constant rate . Infected cells are lost at a rate  per
cell. Viral particles (virions) are produced at rate p per
infected cells and cleared at rate c per virion. Typically,
infection is treated using Tami flu. The efficacy of treat-
ment in blocking virion production and reducing new
infections are described by two parameters, 

p
 and ,
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respectively. For example, a treatment efficacy in block-
ing virion production of 95% corresponds to 

p
=0.95.

Setting V to be proportional to I one gets the reduced
system:
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Where a,b,c,d,s are positive constants. There are three
equilibrium points of the system (2). The first is the dis-
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The locally asymptotic stability condition for the dis-
ease free state is
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The locally asymptotic stability conditions for the two
endemic states are:
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THE MULTI-STRAIN MODEL

The model is given by:
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where a1,a2,b1,b2,c1,c2,s,g1,g2 are positive constants
and I1, I2 are the two strain infectives.

There are several equilibrium solutions: The disease

free state 0)II ,/(T 21  ds . Four one strain en-

demic states given by (T
lj
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The multi-strain equilibrium solutions are given by the
system:
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The local asymptotic stability of the single healthy state
is given by
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The local asymptotic stability of the one strain endemic
states are:
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For the state (T
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For the state (T
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) we have:
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We have the following conclusions:
The term added in equation (1) represents the well

known high and low zone tolerance of the immune re-
sponse (There is no immune response if the antigen num-
ber is either too high or too low[4]) since it vanishes for



E.Ahmed and H.A.El-Saka 43

Short Communication

RRBS, 7(2) 2013

both limits 1 0 and 1 c
2
. Immune response is sig-

nificant for long time virus dynamics.
Since multi-drugs are strongly recommended to

avoid drug resistance it is proposed that a further drug
should be used.

Multi-strain phenomena is quite important. It exists
in many diseases e.g. Flu, HCV Tb etc� It may cause
the failure of treatment and /or vaccination protocols.

There are two worrying aspects about the possibil-
ity of the appearance of new strains of flu in Egypt. The
first is the typical use of Tami flu for the past three years
or more. Multi drugs are strongly recommended for
multi-strain diseases.

The second is that the European vaccine for H1N1
required two shots. Some people did not take the sec-
ond shot. Weak vaccination is a standard stimulus for
virus mutation.
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