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Abstract

The human immunodeficiency virus (HIV) pandemic, which causes
the syndrome of opportunistic infections that characterize the late stage
HIV disease, known as the acquired immunodeficiency syndrome (AIDS),
remains a major public health challenge to many parts of the world.
This dissertation contributes in providing deeper qualitative insights into
the transmission dynamics and control of the HIV/AIDS disease in an
MSM community. A new mathematical model (which is relatively ba-
sic), which incorporates some of the pertinent aspects of HIV epidemi-
ology and immunology and fitted using the yearly new case data of the
MSM population from the State of Arizona, was designed and used to
assess the population-level impact of awareness of HIV infection status
and condom-based intervention, on the transmission dynamics and con-
trol of HIV/AIDS in an MSM community. Conditions for the existence
and asymptotic stability of the various equilibria of the model were de-
rived. The numerical simulations showed that the prospects for the ef-
fective control and/or elimination of HIV/AIDS in the MSM community
in the United States are very promising using a condom-based interven-
tion, provided the condom efficacy is high and the compliance is moderate
enough. The model was extended in Chapter 3 to account for the effect of
risk-structure, staged-progression property of HIV disease, and the use of
pre-exposure prophylaxis (PrEP) on the spread and control of the disease.
The model was shown to undergo a PrEP-induced backward bifurcation
when the associated control reproduction number is less than one. It was
shown that when the compliance in PrEP usage is 50%(80%) then about
19.1%(34.2%) of the yearly new HIV/AIDS cases recorded at the peak
will have been prevented, in comparison to the worst-case scenario where
PrEP-based intervention is not implemented in the MSM community. It
was also shown that the HIV pandemic elimination is possible from the
MSM community even for the scenario when the effective contact rate is
increased by 5-fold from its baseline value, if low-risk individuals take at
least 15 years before they change their risky behavior and transition to
the high-risk group (regardless of the value of the transition rate from

high-risk to low-risk susceptible population).
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