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Abstract 
Currently, there is no cure or vaccine for HIV/AIDS. Antiretroviral drugs 
have improved treatment but have drawbacks such as lifelong usage, side 
effects, and ineffectiveness against drug-resistant strains. However, 
nanotechnology shows promise in revolutionizing HIV/AIDS treatment. 
It can enhance antiretroviral therapy, gene therapy, immunotherapy, 
microbicides, and vaccines. Nanoparticles can be delivered through 
inhalation, injection, or ingestion, and have shown effectiveness against 
the virus in laboratory tests. This technology has the potential to 
significantly improve prevention and therapy for HIV/AIDS. 
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Introduction 
The use of antiretroviral drugs has increased the 
lifespan of HIV/AIDS patients, but there is still no 
cure or vaccine for the virus. Nanoparticles (NPs) 
are a promising technology for preventing and 
treating HIV/AIDS. NPs are solid particles with 
sizes less than 200 nm, and certain types have 
therapeutic capabilities. NPs can enter the body 
through oral intake, direct injection, or inhalation, 
and have shown potential in advancing prevention 
and treatment. Nanotechnology can also improve 
current therapy and develop new approaches like 
immunotherapy and gene therapy. In a clinical 
trial, gene transfer using cell-delivered ribozyme 
showed promising results in reducing viral load 
and preserving the immune system in HIV-
infected individuals.                    
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Approaches of nanotechnology in treatment of 
HIV/AIDS 
Nanotechnology-based platforms can distribute 
antiviral drugs in the body, extending their half-
lives and improving drug adherence. Nanoscale 
delivery systems can control the distribution of 
drugs in diverse tissues due to their small size, 
making them promise for HIV treatment. A recent 
study tested nanosuspensions of Rilpivirine on 
mice and dogs, showing sustained release for 3 
months in dogs and 3 weeks in mice, compared to 
a 38-hour half-life for free medication. This 
demonstrates the potential of nanoscale medicine 
delivery to increase adherence and decrease 
dosing frequency. 
 
Current treatment for HIV / AIDS 
 

HAART, the most advanced HIV/AIDS 
treatment, involves giving patients multiple 
antiretroviral medications at once. Despite its 
success, challenges remain, such as therapy failure 
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due to low patient compliance. Resistance to 
certain treatment combinations can also occur. 
Genetic diversity and mutation of HIV-1 
contribute to drug resistance. Individualized 
therapy and resistance testing are being used to 
address this. Adverse effects, such as heart disease 
and cancer, can be caused by both HIV infection 
and the medications used in HAART. Removing 
the virus completely from the body is currently 
impossible because it resides in latent reservoirs. 
Macrophages, in addition to being reservoirs, 
contribute to the creation of mutant viral 
genotypes. These reservoirs are found in various 
areas of the body, and removing the virus from 
these areas is essential for effective long-term 
treatment. Developing new strategies for non-
toxic and consistent dosing coverage is crucial. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nanotechnology for HIV / AIDS treatment 
Nanotechnology is revolutionizing drug delivery, 
particularly benefiting cancer patients. It enables 
more effective administration of drugs that are not 
water-soluble, targeted delivery to specific cells or 
tissues, and distribution of macromolecules within 
cells. Similar advantages can be applied to 
antiviral drugs using nanotechnology-based 
platforms. Controlled-release methods can extend 
drug half-lives and improve medication 
adherence. Nanoscale techniques enhance drug 
distribution in different tissues. Nanocarriers like 
liposomes and dendrimers enhance cellular uptake 
and release in tissues. Active targeting using 

macrophage receptors improves uptake and 
localization of antiretroviral drugs. These 
advancements show the potential of 
nanotechnology in delivering antiretroviral drugs 
to target cells and HIV reservoirs. Further clinical 
studies are needed to explore these technologies. 
 

Nanotechnology as therapeutic agents 
Nanomaterials, including dendrimers and 
nanoparticles like gold and silver, have healing 
qualities and can hinder HIV replication by 
interfering with viral assembly. In vitro studies 
show their potential to stop HIV replication, using 
drugs based on the structure of the HIV capsid. 
[56,57,58,59] 
 

Gene therapy for HIV/AIDS 
 

Efforts to find new HIV/AIDS treatment options 
are being complemented by the enhancement of 
existing antiretroviral medications. Gene therapy, 
a potential alternative, involves inserting a gene 
into a cell to prevent viral infection or replication. 
Various nucleic acid and protein-based 
compounds, including DNA, siRNA, RNA 
decoys, ribozymes, fusion inhibitors, and zinc-
finger nucleases, can be used to inhibit viral 
proliferation. Clinical trials using viral vectors as 
delivery methods for gene therapy are currently 
underway, such as a collaboration between 
Benitec Ltd. and City of Hope. UCLA researchers 
have also demonstrated the safety and benefits of 
cell-derived gene transfer in HIV-infected 
individuals. However, challenges with viral 
vectors have prompted research into nonviral 
vectors, particularly nanotechnology platforms. 
RNA interference (RNAi), a Nobel Prize-winning 
discovery, has gained attention for its potential 
therapeutic applications in age-related macular 
degeneration, respiratory syncytial virus, and 
HIV/AIDS. Specifically, siRNA can silence genes 
involved in viral entry and replication. 
 
Immunotherapy for HIV/AIDS 
Various therapy approaches for HIV/AIDS either 
target the virus itself or the host cell. 
Immunotherapy aims to alter the immune system's 
response to HIV, focusing on normalizing CD8+ 
cytotoxic T-cell responses and restoring 
immunological function. The reduction of CD4+ 
T cells in HIV infection leads to severe 
immunosuppression. The use of immune 
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responses to regulate HIV and restore the immune 
system's regular operation is gaining attention for 
effective treatment. Immunotherapy involves the 
administration of immunologic formulations, such 
as cytokines or antigens, to treat HIV-positive 
individuals. Delivery of these formulations to 
dendritic cells can generate cellular and humoral 
immunity. Clinical trials using immunotherapeutic 
techniques have shown limited therapeutic 
benefits, partly due to the challenges of ex vivo 
generation of autologous dendritic cells. 
Nanotechnology-based immunotherapy offers 
opportunities for precise delivery of 
immunomodulatory factors to dendritic cells in 
vivo. Polymeric systems and nanoparticles have 
been studied for the targeting and delivery of 
substances with immunotherapeutic potential to 
dendritic cells. The Derma Vir patch, a 
nanotechnology-based immunotherapy, has shown 
promise in Phase II clinical trials for HIV/AIDS 
treatment. Further research in nanotechnology-
based immunotherapy is encouraged 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nanotechnology for HIV / AIDS prevention 
 
The search for a safe and effective HIV/AIDS 
vaccine has been difficult due to the diversity of 
viral strains and the ability of the virus to evade 
the immune system. Protein antigens must be 
broken down and loaded into MHC molecules for 
presentation to T cells, but it is challenging to 
deliver exogenous antigens to antigen-presenting 

cells (APCs). Nanoparticles have the potential to 
act as adjuvants and delivery systems for 
vaccines, as they can be targeted to APCs and 
provide controlled release of antigens. They can 
also be administered orally or topically, targeting 
mucosal immunity. Liposomes and polymers have 
been investigated for the delivery of HIV/AIDS 
vaccines and have shown promising results in 
generating immune responses. Cationic lipids, oil-
in-water emulsions, and nanoparticles have been 
used to enhance the immune response to HIV 
antigens. The use of CpG oligonucleotides and 
dendritic cells as vaccine targets has also been 
explored. Overall, while the development of 
nanoparticle-based HIV/AIDS vaccines is still in 
its early stages, progress has been made and these 
delivery systems show potential for improving 
immune responses. 
 
Implication of nanoparticles in HIV/AIDS 
therapy 
Advancements in treating diseases have led to a 
decrease in the number of medications patients 
need to take daily. Nanoparticles with polymers 
have been developed to deliver ART therapies 
effectively and long-term to the body and brain 
cells. Antiretroviral drug administration has 
greatly improved with the use of nanotechnology, 
increasing compliance rates. Nanoparticles loaded 
with ART drugs target HIV-loving infection sites, 
providing targeted and long-lasting drug delivery. 
Nanoparticles can also bypass the blood-brain 
barrier and successfully administer anti-HIV 
medications. Developing vaccines and utilizing 
nanotechnology, such as genetic treatment and 
immunotherapy, are promising methods to combat 
illnesses. 
 
Future aspects of nanoparticle-based 
HIV/AIDS therapy 
 
Nanoparticles have shown promise in the 
treatment of viral agents, particularly in 
HIV/AIDS prevention and treatment. By 
modifying nanoparticles, they can be enhanced to 
improve traditional antiviral properties. This has 
great potential for biological and biomedical 
studies in clinical settings. Nanotechnology 
advancements offer therapeutic potential for 
universal technologies, overcoming barriers and 
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reducing toxicity. Further research is needed on 
multi-functionalization for simultaneous drug 
delivery and imaging, as well as multiplexing for 
a wider range of diseases. Understanding the 
interaction between nanoparticles and the immune 
system is crucial for the development of nano 
vaccines and immunostimulatory drugs. 
Additionally, studying the potential deleterious 
effects and toxicity of nanoparticles is important. 
Addressing viral evolution and understanding the 
versatility of nanoparticles is important for 
effective treatment of infectious diseases. 
 
Conclusions 
Recent advancements in nanotechnology have 
shown potential for improving HIV/AIDS 
treatment and prevention. Nanoparticles (NPs) are 
being used to transport antiretroviral drugs to 
target locations, such as macrophages and brain 
tissues, where traditional medicine is ineffective. 
Different types of NPs, including fullerenes, 
inorganic nanoparticles, and dendrimers, have 
demonstrated anti-HIV activity. Nanotechnology 
platforms can enhance treatment choices and 
improve patient adherence through regulated and 
extended drug release. Targeted nanoparticles 
have been used to attack macrophages, a key HIV 
viral reservoir. Additionally, nanotechnology is 
being explored for gene therapy, immunotherapy, 
and vaccine development. While nanotherapeutics 
may increase treatment costs, the benefits of 
improved patient adherence and viral reservoir 
eradication could outweigh the higher expense. 
Nanotechnology-enabled vaccines and 
microbicides could be cost-effective solutions for 
combating the global HIV/AIDS pandemic. 
Ongoing investment in nanotechnology research 
will likely continue to have a positive impact on 
medicine and the fight against HIV/AIDS. 
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