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INTRODUCTION

2 DEI,

Highly active antiretroviral therapies (HAARTs) provide a rapid drop in plasma viral load with a large reduction of
infected cells in patients with HIV infection. Even though long periods of HAART are provided, latently infected cells are
still detectable. Therefore, cellular reservoirs may contribute to HIV persistence promoting the emergence of resistant
mutants.
Using simplified switched linear system models of HIV mutation and treatment with certain class of symmetry and finite
horizon cost functions, we demonstrate that the optimal state and co-state trajectories lie on a sliding surface where
infinitely fast switching may occur. Results suggest that in the absence of other practical constraints, switching rapidly
between therapies is relevant. Simulations show the potential benefits of a proactive switching strategy to minimize
viral load and delay the emergence of resistant mutant viruses

Politecnico di Milano, Piazza Leonardo da
Vinci 32, 20133, Milano, Italy

3) University

of Newcastle, Callaghan, New South
Wales, 2308, Australia.

OPTIMAL CONTROL

HIV TREATMENT
The process of reverse transcription is extremely error-prone
and it is during this step that mutations can occur. In the
absence of ongoing viral replication, the generation of new
variants is also arrested. Therefore, the authors of [1] noted
that stronger suppression of viral replication reduces the
chance that a resistant mutant will emerge. Therefore, a strong
suppression of the total viral load (VT ) increases the
probability of viral extinction.
(1)
where c is a strictly positive vector. Note that this final time
penalty is motivated by the observation that frequently the
final viral escape is at an exponential rate that is largely
independent of the treatment selection.

Theorem 1. Assume that there exists a unique Pontryagin
solution (uo, xo, πo) for the optimal control defined by system
(2) and cost (1). Then uo(t) is an optimal control signal relative
to x0 and the value of the optimal cost functional is πo′(0)x0.

Figure 2: Plane x2 − x3, π2 − π3.

SIMULATION RESULTS

Figure 1: Mutation Graph

Simulations and clinical data suggest that once the patient is
using HAART and until virological failure, macrophage and
CD4+T cell counts are approximately constant. Under this
assumption, most nonlinear HIV models are rendered linear.
We use the linear model that includes n different viral
genotypes (i), with viral populations, xi. N is the different
possible drug therapies that can be administered, represented
by σ(t) ∈ {1, . . . , N}. The viral dynamics are represented by
the following simplified equation:

Figure 3: Optimal trajectories. (a) genotype dynamics (b)
adjoint state variables (c) switching rules.

(2)
where σ (t) is the therapy combination for viral genotype (i), μ
represents the mutation rate, and the matrix A can be written
as follows:

(3)
Figure 4: Different treatment strategies.

CONCLUSIONS
For the proposed models of treatment in HIV and simplifying assumptions
in the proliferation rate and the mutation graph, we show that the optimal
control for a class of positive switched systems is given by the trajectory
along the plane v'x(t)=0.
Such behaviour suggests that in the absence of other practical
constraints, switching rapidly between therapies may be desirable. This
work provides the speculative possibility that therapy alternation may
sustain viral suppression to very low levels inhibiting the emergence of
resistant mutant viruses. Further research will include more realistic
models and cost functions that penalise the switching.
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