AuadiSall 4y il
RIR

<l € gl la sl de Caaa by
il il
ﬁl‘; RPC W ..\.A;i /.J

Al el ) o

ki)

(AIDS) J3Y) sl caneadl) (HIV) caniSall 2yl Aelidl it o 8 Al 53 calin) o pumlall s S
Shen pales 4 ol Vigs Yl 55 5ha (a5 nby s Rl Bl o ) 8 (LAY e
Laa ut.uu:}” L@J ua‘):_\.\ ‘f” LS}A’J‘J L)a“};y\ LU\AA ‘_AQ (‘.u.u;j\ 3‘)33 LSL’_\J (_JL\JL.‘J ub.n:l}” (.u.u;j @l.bd‘

o el slns (5258 Al gAY Sl g il 5 il pud) o LESH 8 sy

e (e sh g HIVGe s delii Caa sl daulial) Al ) zaladl) Gamy BELE) 0 Alla )1 038 (e ngll ()
dalaill Aul 53 5 a5 . (Macrophages 4 sl LWIAN 5 CDA4+T 4lialll LA celid) jleall LA
o5l AR Al 48 jaios 3 gl Camy 35 Ll ey Slie W1 8 3AY) g 3kl a3gd I padl
CTL) immune Aac Liall UBIA) ‘).441.1 Adlialy Liad elld ) ddlia) saas Gl g pdl dabiaall 44da) ) < g
Gas Aladl LAY o3a (e SN e il LSl 4l Gua (s g uily Ll LA e (response
e J)ga e ke (o g Leiad yo o3 Al IR g il g il e pabiall) Jaxal ) g &G Leale eliall &

kel a3gd o) 33V Lalaal el )l S8l G 2 dsiall (Lyapunov) Als sl Gask e Ak



Mathematical analysis of a class of
HIV infection models
By:
Roba Mosab Abukwaik
Supervised By:
Dr. Ahmed Mohamed Elaiw
Dr. Ebrahim AlZahrani

Abstract

Modeling, analysis and control of human immunodeficiency virus (HIV) infection
have attracted the interests of mathematicians during the recent years. Several
mathematical models exist and adequately explain the HIV dynamics as well as the
effect of antiviral treatment. However, none of these models can completely exhibit all
that is observed clinically and account the full cause of infection. In this thesis, we
propose three HIV dynamics models and study their basic and global properties.
Studying such properties is important for understanding the associated characteristics
of the HIV dynamics and guide for developing efficient antiviral drug therapies. These
models are 6-dimensional that describe the interaction of the HIV with two classes of
target cells, CD4*T cells and macrophages and take into consideration the cytotoxic T
lymphocytes (CTL) immune response. Two types of distributed time delays are
incorporated into the models to describe the time needed for infection of target cell and
virus replication. The incidence rate of infection has been given in three forms, bilinear
incidence rate, saturation functional response and Crowley-Martin functional response.

By constructing Lyapunov functionals and using Lasalle's invariance principle, we have



established that the global stability of the models is determined by two threshold
numbers, the basic reproduction number R, and the immune response reproduction
number R;. We have proven that, if Ry < 1, then the uninfected steady state is globally
asymptotically stable (GAS), if R; < 1 < R, then the infected steady state without CTL
immune response is GAS, and if R; > 1, then the infected steady state with CTL
immune response is GAS. Some numerical simulations are performed to illustrate the
main theoretical results. We have shown that, the simulation results are consistent with

the theoretical ones.



