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Introduction

• HIV Targets CD4+ T-Cells!





Antigenic Variation Model

{
v̇i = rvi − pxivi
ẋi = cvi − bxi

i = 1, ..., n

(1)

v: amount of ith viral strain
x: amount of specific immunity against strain i
r: replication rate of virus
p: rate at which specific immune system kills virus
c: rate at which viral stimulation promotes specific immune response
b: rate at which immune cells decay



Strain-Specific and Cross-Reactive
Immunity Model

• x: amount of specific immunity against strain i

• z: amount of innate immunity against virus

• q: rate at which innate immune system kills virus

• k: rate at which viral stimulation promotes
innate immune response

• b: rate at which immune cells decay

• u: rate virus impairs immune system

{
v̇i = rvi − pxivi
ẋi = cvi − bxi

i = 1, ..., n


v̇i = rvi − pxivi − qzvi
ẋi = cvi − bxi − uvxi
ż = kv − bz − uvz

i = 1, ..., n

(2)



Change in Total Virus Population

x∗i =
cvi

b + uv
, i = 1, ..., n (3)

z∗ =
kv

b + uv
(4)

v̇ =
v

b + uv
[rb − v(cpD + kq − ru)] (5)

D =

n∑
i=1

( vi
v

)2

(6)

• b: rate at which immune cells decay

• r: replication rate of virus

• u: rate virus impairs immune system

• c: rate viral stimulation promotes
specific immune response

• p: rate specific immune system kills
virus

• k: rate viral stimulation promotes
innate immune response

• q: rate innate immune system kills virus



Courses of Infection



The Diversity Threshold

v̇ =
v

b + uv
[rb − v(cpD + kq − ru)]

D <
ru − kq

cp
(7)

• ru: ”power” of virus

• kq: ”power” of innate immunity

• cp: ”power” of strain-specific
immunity
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