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ABSTRACT

In this paper we present amulti-strain model for flu including an immune
response term. The model is presented and discussed. Also we argue that
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there aretwo worrying aspectsthat may indicate the possibility of appear-

ance of new strainsin Egypt.

INTRODUCTION

Multi-strain diseasesaregaining importance. This
isexemplified by therecent review in Lancet™ about
multi-strain diseases. It can be summarized by thefol-
lowing points:

Thereisnoforma definition for multi-strain dis-
€ases.

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

Multi-strain diseasescan Significantly affect the dy-
namics, trestment and control Strategiesof thedisease.

In some casesmulti-gtrain phenomenacan behe pful
for the patient through the competition between differ-
entstrains.

Mathematical modelsfor multi-strain virusescan
bequiteussful. Infact tryingto anticipatethenew strains
experimentaly isquitedifficult(.

Spatid effectsof epidemicscan beimportant. Typi-
cdly they aredifficult to quantify. Mathematicad models
canhelpinthisproblem.

In sec.2 the single strain modél is presented and
discussed. Also we argue that the added immunere-
sponse term represents some basi ¢ properties of the
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Immune system and that it should beincluded to study
longer term behavior of the disease. The mathematics
issimilar tomulti-strain hepatitis C virus® but thecon-
clusonsarequitedifferent. In sec. 3themulti-strain
model isinvestigated. Conclusionsare presented.

THE SINGLE STRAIN MODEL

Thefractiond order multi-strain model isgiven by
DT=s—-dT-(1-n)BVT,
D =(1-n)BVT-81(1-1/c,),
DV =(1-g,)pl —-cV,

1)

Where0< a <1, T representsuninfected cells, 1 rep-
resentsinfected cdlsand V representsvirus. Themode
assumesthat uninfected cellsare produced at acon-
stantrate s, dieat rate, d, per cell and areinfected at
constant rate . Infected cellsarelost at arate o per
cell. Vira particles(virions) are produced at rate p per
infected cellsand cleared a ratec per virion. Typicaly,
infectionistreated using Tami flu. Theefficacy of treat-
ment in blocking virion production and reducing new
infections are described by two parameters, g, and 7,
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respectively. For example, atreatment efficacy in block-
ing virion production of 95% correspondsto £70.95.
Setting V to be proportional to | onegetsthe reduced

Sysem:
DT =s-dT-alT,

@

Wherea,b,c,d,sarepositiveconstants. Therearethree
equilibrium pointsof thesystem (2). Thefirgtisthedis-

DI =aIT-bI(1-IE).

S

ease free (T=E' I =0) and two endemic states
(Tl'll*) a‘j (TZ'IZ*) Wme

b Ny
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Thelocally asymptotic stability condition for thedis-
easefreedtateis
s b

F @

Thelocally asymptotic stability conditionsfor thetwo
endemic Satesare:

. d

O0<I; <(b/c-a) (5)
d, .

2(%-o|)>(a-z)|j L j=12 ©)

THE MULTI-STRAIN MODEL

Themodd isgivenby:
DT =s-dT -a41,T-a,l ,T
DI, =ayl,T-byl (1-1,/c;)+g4l, 0
DI, =a,l ,T-b,l,(1-1,/c,)+0,l4,
whereal,a2,bl,b2,cl,c2,sgl,g2 arepostiveconstants
and |1, 12 arethetwo straininfectives.
Thereareseverd equilibrium solutions: Thedisease
freestate (T =s/d, |, =1, = 0) . Fouronestrainen-
demic states given by (le,llj,O) and (sz,O,Izj), =12
where

Ty = (by/ag)(1-1y/cy),
I, ={(1-dla,c;) +[(1-dla,c,)? - (4/c,)(slb; - dia; )] M@}, /2, 8)
12 ={(L-dlayc;) -[(1-dlase;)? - (4c;)(slby - dfay )] YP}ey/2,

Ty = (ba/ay)(1-14/c,),

| 21 = {(1-dlaC,) + [(1-dlayc,)? - (4c,) (s, -d/a,)| ), /2, ©)

| 22 ={(1-dlayC,) -[(1-d/aC,)? - (4lc,)(slb, - d/ay)P}cyl2.
Themulti-strain equilibrium solutionsare given by the
System:

s-dT -a1,T-a,l,T =0,
al,T-byl,(1-1,/c;)+09,1,=0,
asl ,T-byl5(1-1,/c5)+g,l, =0.
Thelocd asymptotic sability of thesinglehedthy state
isgivenby

(10)

s by s b,
S <2 ()
d a; d a,
a;s a,s
(by —Tl)(bz —TZ) >0,0,>0 (12

Thelocd asymptotic stability of theonestrain endemic
datesare:

hy;>0, hy>0, hh,>h, (13)
For the state (T 1,,0) we have:
hl=d+bl+b2+(a1—2b1/c1)|1]- —(a1+a2)T1j (14)
h, =—a,dTy; - 9,9, + b, (1- 21 /¢y )(d+ayl ) +
(-a,Ty +b,)[d-a,Ty +by +(ay - 2b,/cy)l 5 1 (15
ad
hs = (-a,Ty +by {-a,dTy + b, (1- 2l y/c,)
(d+ gl )1+ Go0-9 (0 + 2yl )+ agagl y Ty . (16)
For thestate (T 2l'0'|2]) wehave:
hy =d+by +b; +(az-2b,/C5)l 5 - (8 +35) T (17)
h, =-a,dT; - 919, +b,(1-21 5/c,)(d +a,l 5)

(18)

+(-ay Ty +by)[d-a,T, +b, +(a, - 20,/C,)1 4],
and
hs = (-a,Ty +b; ){-a,dT +by(1- 21 5/c,)
(d+ayl 5)]+0a[-gx(d+ayl 5) + 313,51 5Ty ] (19)
Wehavethefollowing condusions:

Theterm added in equation (1) representsthewel
known high andlow zonetol erance of theimmunere-

sponse(Thereisnoimmuneresponseif theantigen num-
ber iseither too high or too lowt?) sinceit vanishesfor
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bothlimits1—»0and 1— c,. Immuneresponseissig-
nificant for longtimevirusdynamics.

Since multi-drugs are strongly recommended to
avoid drug resistanceit isproposed that afurther drug
should be used.

Multi-gtrain phenomenaisquiteimportant. It exists
inmany diseasese.g. Flu, HCV Tbetc... It may cause
thefailureof treatment and /or vaccination protocols.

Therearetwo worrying aspects about the possibil-
ity of theappearance of new strainsof fluin Egypt. The
firgtisthetypica useof Tami flufor thepast threeyears
or more. Multi drugs are strongly recommended for
multi-strain diseeses.

The second isthat the European vaccinefor HIN1
required two shots. Some peopledid not take the sec-
ond shot. Weak vaccinationisastandard stimulusfor
virusmutation.
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