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Abstract

We modify existing mathematical models for HIV that account for
observation from hemodialysis. Of particular interest are the criteria under
which the disease infected equilibrium could be stable we indicate treatment
that is adequate to significantly lower gp 120 levelsand help T cellsto recover
to normal level.
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1.0  Introduction
11 What is Known

The hallmark of HIV disease is the gradual loss of CD4ells, which ultimately leaves
the immune system unable to defend against opportunistic infectiomte ¥We mechanism
through which HIV causes AIDS is imperfectly understood, tiwical data suggest that in
addition to the loss of infectel cells, a large number of uninfected T cells are dying and that
HIV — derived envelope proteins appear to be intimately involiée major HIV envelope
hlycoproteingp 120 has been shown to have profound biological effects in gjpr&20 causes
CD4 +T cells to undergo apoptosis. Binding of gp 120 to CD4+ cells in fiegepce of anti-
envelope antibodies and complement opsonizes the cells, targetmgfdheclearance. The
combined effect is the destruction of uninfected immune cells [1,2,3,4,5,6,7,.and 8]
1.2 Model for AIDS incorporating stem cell depletion and gp 120 biologicadffects

Table 1.1
Production

ke
ST : T- Cell production from stem cells
k,
T+V - T, :Infection ofT cell
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ks
T. - V + P : Production of Virus angp 120
Ky
P+T o PT :Reversible gp 120 binding to nornfatells

Clearance
d

1
T - : death normar cell death rate
d

2
Ti — : death clearance of infectécells
d3
V - Clearance viral clearance rate
dg
P- . Clearancep 24 clearance rate
dS
PT - Clearancegp 120-induced apostosis and clearance,

whereT denotes healthy cell; is the infected cell, v is virus,p is the concentration gf 24. We
further assume thatis the rate of recovery @f.

2.0 Mathematical model
Arising from table 1.1, the appropriate mathematical equations are

ds T
— =-K Sll——
dt ! Toj (2.1)

Z—I =k, s(l—Tloj ~k, TV - d,T-d, 1(:(':)T $AT (2.2)
%:kZTV —d, T (2:3)
‘fj_\t’ =K, T, - d,V (2.4)
% = 077N - d,P (2.5)

The present model essentially modifies [7] model by assumingstmaeT, essentially
recover and become healthy because even weakly treatmentysfisdiabuld be adequate to
significantly lowergp 120 levels and help cells recover to normal levels as long as stem cells
remain available [4]

3.0 Stability analysis
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The critical points are (0, 0, 0, 0, 0) a{cﬁb,To,

where = (/1 - d2)

dd,

_d,10T,

equilibrium. The point

[SO,TO,

is the infected equilibrium.

k,(0.777)

dld4k3-|-02

k4

d,d,T,

0.777Ta

"0.777a’

a

)= (5 Tt

Let p=S-S,, W=T-T,, x=T, —a, y=v—b, Z=p-c. Then

do _ _ ¥
dt

d_w:M
dt T,

So the relevant matrix is

The eigenvalug@ satisfies

0

0

kK Toy — Kby —dy-

dx
dt
dy _
i
dz
dt

o

+ nonlinear terms

10d.c¢y -10d, T,

K,

K,

k3 X = d3 Y)
0777y -d,z
0 0

A -k,T,
_dz szo
ks - d3
0 0.777

dld4k3TO2 d1d4TO leO
0777 ' 0777’ «

. The point (0, 0, 0, 0, 0) is the disease free

(3.1)

+ A X + nonlinear terms(3.2)

:kz Toy+k2 bw_dzx

1 (d4 + '“) ((dfﬂ) (d3+/”’) ~ K3k Ty

Hencep = 0 twice. Or
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4.0

Discussion of results
The infected equilibrium is unstable since some eigenvalags hon- negative real

values and may lead to full blown AIDS. To ensure stability ofrifexted point, it necessary to
ensure that the stem cell is not depleted. This is the subject of mpafies.
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