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Abstract

Background: HIV/AIDS continues to pose a significant global public health challenge, particularly in low-
and middle-income countries where access to effective treatment is limited. Despite advancements in
antiretroviral therapy (ART), challenges such as drug resistance, adverse effects, and the need for lifelong
adherence underscore the necessity for alternative therapeutic strategies.

Methods: This review synthesizes contemporary research on innovative HIV/AIDS treatment and
prevention strategies. A comprehensive literature search was conducted using databases such as PubMed,
Google Scholar, and Scopus, focusing on studies published from 2015 to 2023. The review evaluates
emerging therapies, including gene therapy, immunotherapy, latency-reversing agents (LRAs), and
therapeutic vaccines.

Results: Findings indicate that alternative strategies show promise in enhancing HIV management. Gene
therapy has demonstrated potential for targeting and eliminating HIV reservoirs. Immunotherapy,
including therapeutic vaccines and broadly neutralizing antibodies, aims to boost the immune response
against the virus. Additionally, LRAs may activate latent reservoirs, making the virus susceptible to
treatment. These approaches could reduce reliance on ART and potentially lead to a functional cure.

Conclusion: While ART has significantly improved the quality of life for individuals living with HIV,
alternative therapeutic strategies are essential for addressing the limitations of current treatments.
Continued investment in research and collaboration is crucial to advance these innovative approaches and
ultimately aim for an HIV cure. A holistic understanding of these emerging modalities will be vital in
combating the ongoing HIV/AIDS epidemic.
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Introduction

HIV/AIDS is a significant hazard to global public health. HIV/AIDS remains a significant concern despite
substantial progress in our understanding of the virus and the development of effective treatment
protocols. This is particularly applicable in low-income and middle-income nations where access to
healthcare may be limited. Antiretroviral treatment (ART), which has revolutionized patient care and
significantly improved results, is crucial for the management of HIV/AIDS. Although ART has transformed
HIV from a terminal condition to a tolerable chronic illness, it remains uncured. Antiretroviral therapy
(ART) is not devoid of limitations, such as the emergence of drug-resistant strains, adverse effects, and
barriers to access in resource-constrained settings [1]. Likewise, viral reservoirs, drug resistance, and the
necessity for lifelong medication adherence are cited as compelling reasons for the urgent exploration of
alternative treatment strategies. In light of these challenges, it is imperative to investigate novel therapeutic
modalities that could facilitate long-term viral suppression, reduce reliance on continuous medication, and
ultimately achieve a cure for HIV [2].

This study aims to examine the current frontiers of HIV/AIDS research and identify potential avenues
that may lead to a cure. A comprehensive review of the literature was conducted, focusing on reputable
databases like PubMed, Google Scholar, Scopus, and Web of Science, among others. The results suggest that
stem cell transplantation, gene therapy, immunotherapy, latency reversal agents (LRAs), and
pharmaceutical vaccines represent promising alternative therapeutic strategies. This article aims to
elucidate the evolving landscape of HIV/AIDS management by synthesizing contemporary research
findings and addressing the complexities associated with HIV/AIDS treatment. By acquiring a
comprehensive awareness of existing challenges and opportunities, we can avoid them and adopt a more
effective and sustainable strategy to address this ongoing global health crisis.

Methods and search strategy

The research conducted a comprehensive search of many electronic databases, including
PubMed/MEDLINE, Embase, Web of Science, Scopus, Google Scholar, and Cochrane Library, to discover
alternative treatments for HIV/AIDS beyond antiretroviral medication. The investigation included studies
published in English-language peer-reviewed journals, excluding those that only addressed antiretroviral
therapy without regard to other drugs or treatments. We evaluated the titles and abstracts of the selected
papers and gathered data using a predefined form. We used publications published from 2015 to 2023.

HIV/AIDS

HIV impacts the immune system, especially targeting CD4 cells, which are crucial for combating
infections [3,4]. The advanced phase of HIV infection, termed acquired immunodeficiency syndrome (AIDS),
leads to considerable impairment of the immune system and heightened susceptibility to cancers and
opportunistic infections. HIV is primarily transmitted from mother to child during parturition or lactation,
via the sharing of contaminated needles, and through unprotected sexual intercourse. Furthermore,
transfusions of infected blood can facilitate transmission, although contemporary screening protocols have
rendered this occurrence infrequent. The manifestations of HIV vary depending on the stage of infection.
Individuals may exhibit flu-like symptoms in the first phases, such as fever, fatigue, and swollen lymph
nodes. However, HIV may remain asymptomatic for years. Without medication, HIV progresses to AIDS,
marked by a significant immune deficiency and the onset of cancers or opportunistic infections [5].

The primary treatment for HIV is antiretroviral therapy (ART), including a combination of medications
that inhibit viral replication and facilitate the restoration and normal functioning of the immune system.
Antiretroviral therapy (ART) can effectively manage HIV, enabling infected individuals to lead prolonged
and healthy lives, despite the absence of a cure for the virus [6,7]. Preventive measures include promoting
safe sexual practices, facilitating routine HIV testing, providing sterile needles to injecting drug users, and
mitigating mother-to-child transmission through interventions during pregnancy, childbirth, and
breastfeeding. Although significant progress has been made in HIV/AIDS management and prevention, the
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disease continues to threaten global public health, particularly in low- and middle-income countries where
access to preventive and treatment services may be limited. Ongoing efforts are essential to reduce new
infections, improve care accessibility, and ultimately achieve the goal of eradicating the HIV/AIDS pandemic
[8,9].

Antiretroviral treatment (ART): limitations and challenges

Antiretroviral treatment (ART) has significantly enhanced the quality of life and longevity for millions
globally, fundamentally transforming the management of HIV/AIDS. ART is efficacious; nonetheless, it
presents certain disadvantages and challenges [10,11]. The identified restrictions and challenges
underscore the need for ongoing research, innovation, and comprehensive medical approaches to optimize
therapy outcomes and enhance the quality of life for HIV/AIDS patients. HIV/AIDS patients have obstacles
such as medication resistance, adverse effects, treatment adherence, accessibility and cost, long-term
consequences, viral reservoirs, and stigma. Drug-resistant strains may develop owing to rapid mutations,
while adverse effects including tiredness, nausea, and metabolic issues may affect health and adherence to
treatment [12,13]. Access to antiretroviral therapy (ART) is challenging, particularly in resource-limited
settings. Chronic consequences such as osteoporosis, renal dysfunction, and cardiovascular diseases need
thorough healthcare interventions. Eradicating viral reservoirs and tackling stigma is crucial for attaining
a cure. Confronting these issues is vital for enhancing HIV testing, treatment, and sustained adherence to
antiretroviral therapy [14,15].

Intrinsic need for alternate HIV therapeutic strategies

Alternative therapeutic approaches are urgently required, notwithstanding the significant
improvement in prognosis and quality of life for those with HIV afforded by antiretroviral therapy (ART).
Antiretroviral treatment (ART) effectively halts HIV replication but entails a perpetual risk of medicine
resistance, adverse effects, and long-term health complications [16]. Additionally, access to ART remains
limited in several areas globally due to infrastructural challenges, stigma, and financial considerations.
Instead of requiring lifelong antiretroviral therapy, alternative HIV cure options seek to achieve prolonged
viral remission or elimination.[17] Vaccines are intended to enhance the immune system’s defense against
HIV, either by preventing infection or by limiting the virus’s ability to replicate in those who have already
contracted it.[18] Gene therapy involves targeting HIV reservoirs or immune cells with gene-editing tools
such as CRISPR-Cas9 in order to alter them and maybe make them resistant to viral replication or make it
possible for the immune system to identify and destroy infected cells.[19] Immunotherapy are treatments
that boost the body’s defenses against HIV, include immune checkpoint inhibitors and adoptive cell transfer,
in which patients receive infusions of immune cells that have been genetically modified to recognize and
eradicate HIV-infected cells.[20] Furthermore, Latency-Reversing Agents (LRAs) are substances that try to
revive dormant HIV reservoirs, exposing infected cells to immune-mediated clearance or rendering them
apparent to the immune system.[21] Combination therapies involve combining many strategies, such as
gene therapy and immunotherapy, to target various components of the HIV lifecycle and reservoirs at the
same time. Immune-based treatments include the neutralization of HIV or the enhancement of immune
responses against the virus by the use of antibodies or other immunological agents [22].

Immunotherapeutic approaches for the treatment of HIV

Despite ART's proven effectiveness in curbing viral replication in cells, its use has been hindered by
toxicity, resistance, and insufficient penetration into immune-privileged regions, including the central
nervous system (CNS) [23,24]. The primary limitations of antiretroviral therapy (ART) in the central
nervous system (CNS) are neurotoxic consequences, variable CNS penetration, and viral evasion inside the
CNS. Immunotherapy, a promising avenue in HIV treatment, aims to enhance and alter the body's immune
response against HIV. Unlike the main objective of conventional ART, immunotherapy seeks to enhance the
immune system's capacity to fight HIV [25]. Therapeutic vaccinations function to stimulate the immune
system to recognize and eliminate HIV-infected cells. These vaccines often use DNA or viral proteins to
provoke an immune response. Further study is necessary to enhance the efficacy of initial treatment trials,
despite their shown potential in reducing viral load and decelerating illness progression [26].
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Endogenously produced antibodies termed “broadly neutralizing antibodies” (bNAbs) has the capacity
to neutralize several strains of HIV. They may be used for the treatment and prevention of HIV infections.
Monoclonal antibodies derived from broadly neutralizing antibodies (bNAbs) are being developed for
passive immunization to provide temporary protection against HIV [27]. Additionally, vaccines are used to
stimulate the production of bNAbs. Checkpoint inhibitors function by blocking inhibitory pathways that
suppress immune responses, so seeking to enhance the efficacy of the immune system. Checkpoint
inhibitors are intended to assist HIV-positive individuals in restoring their immune function by targeting
molecules such as PD-1 or CTLA-4. Current clinical studies are investigating the safety and efficacy of
checkpoint inhibitors in HIV [28].

Gene therapy

Gene therapy involves modifying a patient's immune cells to enhance their ability to recognize and
eliminate HIV-positive cells. The modification of immune cells' genetic coding to confer resistance to HIV
infection is under investigation, using techniques such as CRISPR/Cas9. Gene therapy may potentially
include the introduction of modified immune cells designed to identify and eradicate HIV-infected cells.
Immune modulators regulate the immune response by enhancing activation or mitigating inflammation.
Research is underway to evaluate the efficacy of agents such as interleukins, interferons, and toll-like
receptor agonists in augmenting antiviral immunity in individuals with HIV. Clutton et al. [29] assert that
interleukin-10 augments the generation of CD8+ T lymphocytes. These techniques aim to enhance the
immune system's ability to inhibit HIV replication and prevent the transmission of the disease.

Gene therapy, with its innovative strategies for battling the virus, has the potential to fundamentally
alter the management of HIV. A primary gene therapy strategy involves gene-editing immune cells, such as
T cells, to produce receptors that effectively recognize and eliminate HIV-infected cells [30]. Moreover, HIV
DNA inside infected cells may be directly addressed by gene-editing techniques such as CRISPR-Cas9,
potentially inhibiting or obstructing the virus's replication. Gene therapy is a potential avenue in the
ongoing pursuit of effective HIV treatment, despite existing challenges, including safety concerns and the
need for more research. Gene therapy may ultimately provide a viable solution for the virus [31].

Latency reversal drugs in the treatment of HIV

A notable advancement in the continuous battle against HIV/AIDS is the use of latency reversal drugs
(LRAs). The virus responsible for AIDS, HIV, has the unique ability to reside among immune cells in the
body, evading detection and treatment. The clandestine phenomenon known as latency presents a
considerable obstacle to identifying an effective therapy for HIV infection. Nonetheless, the concept of
latency reversal offers a potential solution to this challenge [32].

Latency reversal involves activating dormant HIV-positive cells, displacing them from their concealed
sites, and exposing them to the immune system's attack or antiretroviral therapy. Agents termed LRAs are
designed to initiate this awakening process, effectively flushing the virus from its reservoirs and rendering
it susceptible to eradication [33-36]. The understanding that current ART effectively diminishes HIV
replication but does not cure the infection underpins the rationale for employing LRAs. Quiescent CD4+ T
cells are enduring immune cells capable of maintaining HIV in a latent condition. The presence of latent
reservoirs considerably obstructs a functional cure for HIV/AIDS, serving as a persistent source of viral
resurgence if therapy ceases. By targeting and depleting latent reservoirs, LRAs provide a prospective
enhancement to existing treatment strategies. Latent Reservoir Activators (LRAs) expose dormant HIV-
infected cells to immune surveillance and facilitate the eradication of the virus by antiretroviral therapies
[37-40]. Identifying latency-reversing agents (LRAs) that can selectively reactivate latent HIV without
excessively stimulating the immune system or inducing toxicity presents a significant challenge [41-43].
Wang et al. have examined various pharmacological agents, including protein kinase C agonists, histone
deacetylase inhibitors (HDACis), Toll-like receptor agonists, and bromodomain and extraterminal domain
inhibitors (BETis), as potential LRAs. Each class of LRAs employs distinct tactics to disrupt the molecular
mechanisms that maintain HIV latency. Transforming the potential of LRAs into clinical success has been
challenging, despite notable progress in preclinical research.
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Pitman et al. [45] identified barriers to LRA clinical trials, including limited effectiveness, off-target
consequences, and the inability to attain sustained viral suppression without concomitant antiretroviral
medication. Considerations about viral reservoirs reestablishing and the potential resurgence of the virus
after the cessation of LRA therapy are significant aspects to consider. Ait-Ammar et al. [46] said that the
establishment of LRAs for HIV care requires a holistic approach addressing critical clinical, scientific, and
practical concerns. This involves optimizing treatment protocols, identifying safer and more efficacious
latency-reversing agents (LRAs), advancing our understanding of HIV latency and reservoir dynamics, and
exploring combination tactics that synergize with existing antiretroviral therapies. Long-acting
therapeutics has significant promise as a crucial component of future HIV therapy regimens,
notwithstanding the challenges they present. Although a permanent cure for HIV/AIDS remains distant, the
scientific community's commitment to discovering innovative treatments, such as latency reversal, is
apparent in their efforts to tackle one of the most significant public health challenges of our day [47].

Therapeutic vaccinations for HIV management

Therapeutic vaccines represent a potential area of research focused on treating HIV infection and
reducing the need for ongoing antiretroviral therapy (ART). The objective of these vaccinations is to contain
the virus and halt disease transmission by stimulating the immune system to recognize and attack HIV-
infected cells. Therapeutic HIV vaccines seek to alter the immune response in infected individuals,
improving their capacity to manage the virus, reduce viral load, and postpone the spread of infection. These
vaccines may target T cells, which trigger immunological responses, and antibodies, which promote the
production of broadly neutralizing antibodies. Certain vaccines integrate T cell and antibody-based
methodologies. Clinical studies evaluate the immunogenicity, safety, and efficacy of these vaccinations;
nonetheless, maintaining viral suppression without antiretroviral medication continues to pose a difficulty
[48].

Therapeutic HIV vaccines encounter obstacles stemming from the genetic variability of HIV, its immune
evasion tactics, and the need for optimum design. Notwithstanding these challenges, research continues in
enhancing vaccine design, identifying novel targets, and augmenting immune responses. Innovations in
delivery mechanisms, including nanoparticles and viral vectors, may enhance immunization effectiveness
[49].

Stem cell donation for the treatment of HIV

Timothy Ray Brown, referred to as the “Berlin Patient,” was the inaugural individual cured of HIV
following a stem cell transplant from a donor possessing the rare CCR5 delta 32 genetic mutation, which
confers resistance to HIV infection. Consequently, stem cell transplantation (SCT) has garnered interest in
the management of HIV. However, SCT is not broadly endorsed for HIV treatment due to its significant risks,
complexity, and the scarcity of compatible donors. Finding a suitable donor with the CCR5 delta 32
mutation, like Timothy Ray Brown did, is rather rare. A minuscule fraction of the population has this
mutation. It is also costly, making it difficult for many HIV-positive patients to purchase. Furthermore, stem
cell transplantation engenders ethical dilemmas, particularly when using hazardous experimental methods
in the presence of safer alternatives. Despite these challenges, stem cell transplantation continues to be
explored as a potential therapy strategy for HIV. Research is being conducted in current studies on
alternative stem cell sources, including induced pluripotent stem cells (iPSCs), and gene-editing techniques
to confer HIV resistance to transplanted cells [50].

Summary

HIV/AIDS treatment should be addressed holistically, including both traditional and alternative ways
of care. Antiretroviral therapy (ART) has significantly contributed to diminishing viral replication and
improving patient outcomes; yet its limitations underscore the need for further research and evaluation of
alternative strategies. The advancement of stem cell transplantation, immunotherapy, gene therapy,
latency-reversing agents, and pharmaceutical vaccines offers innovative strategies for achieving sustained
viral control and even a cure for HIV/AIDS. These promising strategies may address the issues of medicine
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resistance, adverse effects, and access challenges associated with ART. However, it is crucial to acknowledge
the obstacles and complexities associated with developing and implementing these new therapies. It is
essential to address concerns such as safety, effectiveness, price, ethical considerations, and disparities in
access to treatment. To properly use these novel therapeutic modalities, sustained investment in research,
innovation, and collaboration will be essential. In conjunction with a commitment to addressing
institutional, social, and economic barriers, scientific and technical innovations may facilitate progress
toward our shared goal of eradicating the HIV/AIDS epidemic.
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