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                    Abstract
In this article, we develop and study an optimal control in a multi-pathways in-host HIV infection model with saturated incidence, intracellular delay, and self-proliferation of the host cells. In the first phase, all three controls are assumed to be constant; in the second phase, controls are considered time-dependent. We determine the infected steady state’s local stability conditions and discuss the delay-induced bifurcation. In the time-dependent case, we define a suitable objective function to maximize the cell counts of healthy \(CD4^+T\) cells. We apply Pontryagin’s minimum principle to give the conditions for optimal control. PRCC-based sensitivity analyses are performed to identify the system’s sensitive parameters and cost function. In addition, cost-effectiveness analyses are carried out to recognize the most cost-effective strategy. We validate and compare the effect of different drug therapies for various intracellular delays through numerical simulation. It is observed that the infection can be removed by all multi-drug treatments, including cell-to-cell blockers, for any delay. The cost-effectiveness analysis suggests that protease inhibitors and cell-to-cell blockers are a comparatively better strategy for relieving HIV-1 infection using a multi-drug therapeutic scheme. The study also indicates that the treatment duration depends on delay, i.e., if the delay is shorter, the treatment period is also faster.
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