
Mathematical Modeling of HIV-1 Infection and
Drug Therapy

Libin Rong1, Zhilan Feng1, and Alan S. Perelson2

1 Department of Mathematics, Purdue University, West Lafayette, IN 47907, USA
rong@math.purdue.edu, zfeng@math.purdue.edu

2 Theoretical Biology and Biophysics, Theoretical Division, Los Alamos National
Laboratory, MS-K710, Los Alamos, NM 87545, USA asp@lanl.gov

Summary. Mathematical models have made significant contributions to our under-
standing of HIV-1 dynamics. Many important features of the interaction between
virus particles and cells have been determined by fitting mathematical models to
experimental data. In this chapter, we begin with a brief review of some basic models
used to study viral infection and estimate parameters that govern viral production
and viral clearance. We then discuss recent developments in the modeling of HIV-1
dynamics and antiretroviral response. We focus on the impact of various classes of
antiretroviral drugs that target different stages of the viral replication cycle. We
also discuss how drug treatment affects the emergence of drug resistance during
treatment, and how a low level of virus and latently infected cells can persist in
infected individuals for a prolonged period of time despite an apparently effective
antiretroviral therapy.
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1 Introduction

Since the discovery of the human immunodeficiency virus subtype 1 (HIV-1)
in the early 1980s, the disease has spread in successive waves to most regions
of the world. HIV has infected more than 60 million people and over a third
of them died subsequently [22]. Considerable scientific effort has been devoted
to the understanding of viral pathogenesis, host/virus interactions, immune
response to infection and antiretroviral (ARV) therapy.

Important insights into the host-pathogen interaction in HIV-1 infection
have been derived from the development of a quantitative assay for virus par-
ticles in plasma [79] and the use of mathematical models to interpret experi-
mental results [40,73,78,102]. Consistent detection of a relatively stable level
of viral RNA in plasma over a prolonged period of chronic infection indicates


