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Abstract

Recent researches show that virus-to-cell infection and cell-to-cell transmission are two HIV infection modes. In this paper,

we propose a delayed HIV infection model including both virus-to-cell infection and cell-to-cell transmission and CTL immune

response. The time delay describes the phenomenon between viral entry and viral production. We show the nonnegativity and

boundedness of solution, obtain the equilibrium points and prove local asymptotic stability of the equilibrium points. Then the

optimal control problem with antiretroviral therapy and pharmacological delay is posed. We establish and analyze two types

of objective functions, one is linear control and the other is quadratic control. Numerical simulations have been performed to

verify the stability of equilibrium points and show the optimal control strategies and the effects of control on cells concentration

by Matlab and Lingo.

Hosted file

Main Document.doc available at https://authorea.com/users/325521/articles/453514-analysis-

and-control-of-a-delayed-hiv-infection-model-with-cell-to-cell-transmission-and-ctl-

immune-response

1

https://authorea.com/users/325521/articles/453514-analysis-and-control-of-a-delayed-hiv-infection-model-with-cell-to-cell-transmission-and-ctl-immune-response
https://authorea.com/users/325521/articles/453514-analysis-and-control-of-a-delayed-hiv-infection-model-with-cell-to-cell-transmission-and-ctl-immune-response
https://authorea.com/users/325521/articles/453514-analysis-and-control-of-a-delayed-hiv-infection-model-with-cell-to-cell-transmission-and-ctl-immune-response


P
os
te
d
on

A
u
th
or
ea

23
M
ay

20
20

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
59
02
26
33
.3
50
53
43
0
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

1

Figure 1: when 0 0.2276 1R   , numerical solution of system (1)
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Figure 2: when 0 11.0078 1 0.7995R R    , numerical solution of system (1)
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Figure 3: when    2
0 1 0 1 2 13.3030, 3.2098, max , , 0, 0,TR R R D z      

and  2 1 0F z  , numerical solution of system (1)
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Figure 4: The optimal control strategies and the effects of control on cells
with objective function (14)
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Figure 5: The optimal control strategies and the effects of control on cells
with objective function (19)
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