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Summary

HIV remains a significant global public health
challenge, with vulnerable populations in
regions such as Sub-Saharan Africa, Asia,
Eastern Europe, and Latin America bearing a
disproportionate burden. This paper explores the
latest research on HIV-1's immune evasion
strategies, its impact on disease progression, and
emerging therapies aimed at finding a cure.
Despite advancements in treatment, including
antiretroviral therapy (ART) and fixed-dose
combination therapies that have made HIV a
manageable chronic condition, the virus persists,
especially in macrophages, which serve as key
reservoirs of infection. HIV-1’s pathogenesis is
further complicated by its ability to evade the
immune system through immune activation,
viral evolution, and coreceptor usage, with
distinct strains (R5 and X4) influencing disease
progression. Macrophages play a critical role in
viral replication, contributing to HIV
persistence, particularly in the brain and lymph
nodes, which can lead to complications such as
AIDS-related dementia. Recent research has
provided valuable insights into the role of
chemokine receptors like CCRS and CXCR4 in
HIV infection, as well as the CCRS5 delta32
mutation, which has helped to enhance our
understanding of HIV resistance and
progression. The virus’s rapid mutation and
immune evasion mechanisms continue to pose
significant challenges in developing vaccines or
achieving a cure. Additionally, the COVID-19
pandemic has disrupted HIV care, delaying
testing, and treatment initiation, and
complicating ART adherence, particularly for
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vulnerable populations. However, the
integration of HIV and COVID-19 responses,
along with innovations in telehealth and digital
interventions, offers opportunities for new
healthcare models.
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Introduction:

Human Immunodeficiency Virus (HIV) remains
one of the most significant global public health
challenges, continuing to affect millions of lives
worldwide since its emergence in the 1980s. As of
recent estimates, approximately 38.6 million
people living with HIV-1 globally, and over 25
million people have died due to HIV-related
illnesses (Haacker, 2024). The epidemiclls
dynamic nature, characterized by shifting
transmission patterns, evolving geographic
distributions, and increasing viral diversity, poses
complex challenges to controlling and ultimately
eradicating the virus. In this context, it is crucial to
reflect on the current state of HIV research and
emerging therapeutic approaches to understand
where we stand and what the future may hold.

The prevalence and incidence of HIV vary
significantly across different regions, with sub-
Saharan Africa remaining the epicenter of the
pandemic, though other regions, including parts of
Asia, Eastern Europe, and Latin America, are also
facing substantial burdens (Kaur & Vaccari, 2024).
Vulnerable populations, such as men who have sex
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with men, transgender individuals, sex workers,
people who inject drugs, and young people,
continue to be disproportionately affected (Rogers
et al., 2021). These groups experience heightened
risks due to factors like stigma, discrimination, and
limited access to healthcare services. In these
regions, efforts to reduce transmission, such as
promoting safer sex practices, the implementation
of pre-exposure prophylaxis (PrEP), harm reduction
programs, and the widespread availability of
antiretroviral therapy (ART), have significantly
improved health outcomes (Obeagu & Obeagu,
2024). However, emerging issues such as drug-
resistant HIV strains, coinfection with other
diseases, and access to care remain critical
challenges (Singh et al.,2020).

The predominant mode of HIV transmission
remains heterosexual contact, accounting for
around 85% of global infections, particularly in
high-burden regions like Southern Africa (Bekker,
et al., 2023). This region continues to experience
the highest rates of new infections, though other
parts of the world, especially Eastern Europe and
Asia, are increasingly affected by the spread of
HIV through injecting drug use (Jolley et al.,
2012). Additionally, the burden of HIV infection
among women has increased, with women now
accounting for over 70% of those living with HIV
in sub-Saharan Africa (Ramjee & Daniels, 2013).
This shift highlights the significant implications
for mother-to-child transmission and the
heightened vulnerability of young women,
particularly those under 25 years of age, due to
socioeconomic factors and patterns of sexual
behavior (Toska, et al.,2020).

Another critical aspect of the HIV epidemic is
the virus's genetic diversity. HIV-1 has evolved
into multiple subtypes, with subtype C being the
most prevalent globally (Hemelaar, 2013). The
existence of circulating recombinant forms,
which combine genetic material from different
subtypes, further complicates the efforts to
develop a comprehensive vaccine or therapeutic
intervention (Tse et al., 2020,). This ongoing
evolution poses a major challenge for
researchers, as the virus adapts rapidly, evading
both the immune system and antiviral therapies,
thus making long-term control difficult (Lucas et
al.,2021).
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The HIV pandemic's complexity is also reflected
in its disease progression. After primary
infection, individuals may remain asymptomatic
for several years, while the virus actively
replicates and progressively weakens the
immune system, leading to the eventual
development of acquired immunodeficiency
syndrome (AIDS). The emergence of X4 HIV
strains, typically associated with advanced
disease stages, alongside the persistence of RS
strains, highlights the intricacies of HIV's
interaction with the immune system (Nazziwa,
2022). Despite the progress made with ART,
which has transformed HIV from a fatal disease
to a manageable condition, the goal of complete
eradication remains elusive. The complexities of
HIV's pathogenesis and its capacity for rapid
mutation necessitate novel therapeutic strategies
aimed not only at controlling the infection but
also at finding a cure.

The continuous evolution of HIV and the diverse
subtypes present a moving target for researchers
aiming to develop effective vaccines and
therapies. Emerging therapies focus on multiple
aspects of HIV's lifecycle, from inhibiting viral
entry to targeting reservoirs where the virus
persists despite treatment (Sengupta & Siliciano,
2018). The development of gene-editing
technologies and the exploration of "shock and
kill" strategies that target latent viral reservoirs
offer hope for the future (Borrajo, 2025).
However, overcoming the virus's capacity for
immune evasion and the challenges posed by co-
infections and drug resistance requires further
innovation in research and treatment paradigms.

This paper explores the latest developments in
HIV research, with a particular focus on
emerging therapies and novel approaches aimed
at finding a cure. As our understanding of HIV-
I's complex mechanisms deepens, and as new
treatment strategies emerge, there is hope that
transformative breakthroughs will eventually
lead to the eradication of the virus. Global
initiatives, combined with ongoing research and
a sustained commitment to universal access to
prevention, care, and treatment, are critical in the
fight against HIV. Achieving the goal of ending
the HIV epidemic by 2030 is within reach, but
this will require collaborative efforts from
governments, international organizations, civil
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society, and the scientific community. By
leveraging knowledge and advances in HIV
research, we can move closer to a future where
HIV no longer represents a threat to global health
and well-being.

Material and methods

This systematic review gathered insights from
recent research on HIV-1 immune evasion,
disease progression, and emerging therapies by
conducting a comprehensive search across
multiple reputable scientific databases such as
PubMed, Scopus, and Web of Science, spanning
from 2005 to December 2025. The inclusion
criteria were peer-reviewed studies focused on
HIV-1's immune evasion, macrophage infection,
chemokine receptor usage, and therapeutic
strategies, while studies on HIV-2 or SIV and
non-peer-reviewed sources were excluded. Data
was extracted on various variables, including
HIV strain, immune evasion mechanisms,
macrophage tropism, disease progression, and
therapeutic interventions.

The data synthesis categorized studies into five
main themes: immune evasion mechanisms
(viral evolution and immune activation),
macrophage tropism and HIV reservoirs, HIV
disease progression, emerging therapies (e.g.,
ART and gene-editing), and the impact of co-
infections, including tuberculosis and COVID-
19. A narrative synthesis was employed due to
the heterogeneous nature of the studies,
identifying emerging trends, inconsistencies,
and gaps in the research. The quality of studies
was assessed using the Cochrane Risk of Bias
Tool, Newcastle-Ottawa Scale, CASP checklist,
and GRADE approach, rating studies on
methodological rigor and relevance.

This review adhered to ethical guidelines using
secondary data from published literature, with no
direct patient data collection. While limitations
included language restrictions, the variability of study
designs, and the use of animal models, the review
aimed to provide a comprehensive and accurate
overview of HIV-1’s immune evasion mechanisms
and the progress in therapeutic strategies. The findings
contribute to understanding how HIV-1 escapes
immune surveillance, its progression, and the
promising new treatments on the horizon.

Mechanism of HIV Infection

HIV infection involves a series of complex steps
that specifically target immune cells, particularly
CD4+ T lymphocytes and macrophages. The
virus begins by attaching to the CD4 receptors on
the surface of these cells using its envelope
glycoprotein, gpl120 (Kwong et al, 1998).
Subsequently, it binds to co-receptors, either
CCRS5 or CXCR4, which allows the virus to enter
the target cell (Dumas et al.,2014). The fusion of
HIV with the host cell membrane permits the
virus to enter the cell's cytoplasm.

Once inside the host cell, the viral RNA is
reverse-transcribed into double-stranded DNA by
the viral enzyme reverse transcriptase (Liu ef al.,
2008). This newly formed viral DNA integrates
into the host cell's DNA with the help of the
enzyme integrase, becoming a permanent part of
the host cell's genetic material. Under specific
conditions, the provirus becomes active and
directs the synthesis of viral RN A and proteins.

Afterward, the viral RNA and proteins assemble
at the cell surface, forming new viral particles
that bud off from the host cell, acquiring their
outer envelope from the host cell's membrane.
During maturation, the viral proteins are cleaved
into their functional forms by the viral enzyme
protease, rendering the virus infectious.

These newly produced viral particles can then
infect other CD4 cells and immune cells,
perpetuating the cycle of infection and leading to
a gradual decline in the immune system's
function (Perelson,1989). Understanding these
intricate mechanisms has been vital in
developing antiretroviral therapies that target
different stages of the HIV life cycle, aiding in
controlling viral replication and improving the
quality oflife for people living with HIV.

HIV-1 Immune Evasion and Disease
Progression

HIV-1's global spread highlights its ability to
evade and counteract various components of the
immune system. Despite its small genome and
limited number of genes, HIV-1 effectively
manipulates cellular pathways and remains
undetected by the immune response (Armani-
Tourret et al., 2024). The majority of
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pathogenesis understanding comes from studies
on subtype B viruses and non-human primate
models (Pandreaetal.,2015).

HIV-1's life cycle is intricate, and its course
depends on factors like the type of target cell and
its activation. The virus enters host cells through
interactions between the envelope glycoprotein
(gp120) and the CD4+ receptor, followed by co-
receptor interactions (CCRS or CXCR4) that
lead to viral fusion (Yandrapally et al., 2021).
The viral genome is then reverse-transcribed into
DNA, with the viral integrase enzyme
facilitating its integration into the host's
chromosomal DNA (Lewinski et al., 2005). This
results in the transformation of the host cell into a
virus-producing factory. Viral replication
involves both host-driven and virus-driven
transcription, and viral proteins assemble near
the cell membrane, ultimately resulting in the
production of mature virions (Kalamvoki, 2025).

The virus utilizes the cell’s vesicular sorting
machinery for egress, incorporating host
components that may affect its phenotype and
immune responses. In early infection, after HIV-1
breaches the mucosal barrier, a window of
opportunity exists where the host's defenses might
limit viral expansion (Keele & Estes, 2011). Most
new infections are CCR5-tropic, with CXCR4-
tropic variants emerging in advanced stages of
infection, associated with increased disease
progression (Baderetal.,2017)

Research in non-human primate models,
particularly simian immunodeficiency virus (SIV)
in rhesus macaques, suggests that vaginal
transmission initially infects a small number of
CDA4+ T cells, macrophages, and dendritic cells in
the lamina propria (Hadzic, 2012). The virus
amplifies in regional lymph organs, and after
entering the bloodstream, it spreads to the
gastrointestinal tract, spleen, and bone marrow,
infecting susceptible cells (Brisse & Hickman,
2025). The peak of viral replication is accompanied
by clinical symptoms during primary infection. As
the infection becomes chronic, viral load decreases,
partly due to CDS8+ cytotoxic T lymphocyte
responses, though a diverse viral population
evolves, potentially resistant to immune responses
ortreatment (McLaneezal.,2019).
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A distinctive feature of HIV-1 infection is the
depletion of activated and memory CD4+ T cells,
particularly in the gut-associated lymphoid tissues
(GALT), which persist with antiretroviral therapy
(Moretti et al., 2023). This immune depletion,
driven by general immune activation, contributes
to disease progression, with AIDS being the final
stage (Sodora & Silvestri, 2008). Though
symptoms may not be apparent in early or chronic
stages, viral replication remains dynamic, and the
virus turnover is rapid, with millions of virions
produced daily. Host immune activation is a key
predictor of disease progression.

Natural resistance to HIV-1 infection is rare but
has been observed in individuals with specific
genetic factors, such as HLA haplotypes,
mutations in CCR5 and CCR2, and variations in
CCL3L1 gene copy number (Kumar et al.,
2006). Some individuals, including long-term
non-progressors and persistently seronegative
individuals, exhibit immune responses that can
limit viral replication or confer resistance
(Poropatich & Sullivan 2011). The role of
cytotoxic T lymphocytes and helper T cells in
these individuals highlights the complexity of
host immunity in HIV-1 control.

HIV-1 also faces intrinsic host defense factors,
such as APOBEC3G/3F and TRIMS5a, which
provide an antiviral response by limiting viral
replication (Gers-Huber, 2015). However, HIV-1
has evolved mechanisms to evade these defenses,
particularly by expressing the Vif protein, which
degrades APOBEC3G/3F (Ran et al, 2016).
Despite these challenges, research continues to
explore how these intrinsic factors can be
leveraged to develop novel therapeutic strategies,
including vaccine and antiviral treatments, to
combat HIV-1 (Weerarathna et al., 2024).

The Impactof The COVID-19 Pandemic on HIV
The COVID-19 pandemic has had a profound
impact on the HIV response, with widespread
disruptions in healthcare services, leading to
delayed testing, diagnosis, and treatment initiation
(Rick et al.,2022). Lockdown measures and fear of
contracting COVID-19 deterred people from
seeking HIV testing, raising concerns about
undiagnosed cases. Additionally, HIV prevention
efforts faced challenges due to social distancing



measures, impacting condom distribution and harm
reduction initiatives among vulnerable populations.

Individuals living with HIV encountered
obstacles in adhering to their treatment
regimens, as access to medications became
limited during the pandemic. Vulnerable
populations, including marginalized
communities and those with limited healthcare
access, faced heightened risks of both HIV and
COVID-19 due to existing health disparities.
The pandemic also took a toll on the mental
health of individuals living with HIV, leading to
increased feelings of social isolation, anxiety,
and depression (Roy ez al., 2021).

Healthcare providers adapted by using telehealth
and digital interventions to provide HIV care
remotely, ensuring continuity of services.
Integration of HIV and COVID-19 responses
presented opportunities for optimizing
healthcare systems and resource utilization.
However, the pandemic also posed challenges
for HIV research and funding, potentially
impacting progress in prevention and treatment
efforts (Sanchez et al.,2020).

Addressing the impact of the COVID-19
pandemic on HIV requires targeted strategies,
such as innovative testing approaches,
continuous medication access, scaled-up
telehealth services, and addressing mental health
needs. It necessitates sustained efforts to ensure
equitable healthcare access, continued funding
for HIV programs, and a focus on the well-being
of individuals living with HIV. Despite the
challenges, the pandemic has underscored the
importance of resilience, innovation, and
collaboration in maintaining and advancing HIV
services during extraordinary circumstances.

Role of Inflammation and Immune Activation
in HIV Infection

Inflammation and immune activation play a
significant role in the susceptibility of
mononuclear phagocytes and other cells to HIV
infection, particularly in the advanced stages of
the disease. Various environmental factors,
including cytokines and chemokines, influence
disease progression and HIV pathogenesis
(Cribbs et al., 2020). Viral replication can be

stimulated by factors such as vaccination,
cytokine induction, beta chemokines,
endotoxins, and opportunistic infections from
different pathogens (Manna et al., 2020).

Cytokines, particularly Th1l and Th2 cytokines,
are crucial in HIV infection and the development
of AIDS (Gorenec et al., 2016). In HIV-infected
individuals, the normal Thl response, typically
involved in viral defense, is shifted towards a
Th2 response, which may enhance HIV
replication. Several cytokines, including TNF-
alpha, IL-1, IL-2, IL-3, IL-12, MCSF, GMCSF,
and IL-6, have been shown to promote HIV
replication and play a role in AIDS-related
malignancies (Tayal ef al, 2008). In contrast,
some cytokines like IFN-alpha and -beta inhibit
HIV replication (Muema et al., 2020). Cytokines
such as TGF-beta, IL-4, IL-10, IL-13, and IFN-
gamma have dual effects on HIV replication,
either stimulating or inhibiting viral replication
depending on the cell type and experimental
conditions (Alfano & Poli, 2012). For example,
IL-16 inhibits HIV replication, a finding
consistent across several studies (Kornfeld, &
Cruikshank, 2001). In another research, IL-16
inhibited both R5 and X4 strains of HIV-1
replication in macrophages, independently of its
effect on the chemokine receptors CCRS,
CXCR4, and CD4 (Herbein & Varin, 2010)

Chemokine receptors, chemokines, and their
interactions with HIV are critical in the
progression of HIV disease. CCRS5 ligands (such
as RANTES, MIP-1alpha, and MIP-1beta) and
CXC chemokine receptor 4 (SDF1) have been
shown to block HIV entry into CD4+ T cells,
PBMCs, and monocytic cells (Schools, 2004).
Due to their inhibitory effects on HIV entry,
increased production of these chemokines is
suggested as a protective immune response
against HIV infection and disease progression.
Research has shown that beta-chemokines when
exposed to monocytes and macrophages, can
have varying effects on HIV replication
depending on the timing of exposure
(Kedzierska et al., 2003). These effects are
particularly important in understanding the
resistance of primary SI strains to beta-
chemokines and their sensitivity to SDFI.
Furthermore, beta-chemokines can promote T-
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tropic strains in CD4 T-cells, highlighting the
complexity of the chemokine-mediated response
in HIV infection.

Finally, dysregulation of cytokine and
chemokine expression has been observed in HIV,
underlining the importance of these molecules in
the virus's ability to manipulate the immune
system and influence disease progression
(Emilie & Galanaud, 2001).

Advancements in HIV Treatment
Advancements in HIV treatment have
transformed the management of the virus,
turning it into a manageable chronic condition.
The introduction of antiretroviral therapy (ART)
in the mid-1990s marked a pivotal moment in
HIV treatment. ART, a combination of different
antiretroviral drugs targeting various stages of
the HIV life cycle, effectively controls viral
replication, reduces virus levels in the body, and
slows the progression of HIV to AIDS (Deeks et
al., 2015). Highly Active Antiretroviral Therapy
(HAART) takes this approach further by
combining multiple antiretroviral drugs from
different classes, preventing drug resistance and
improving treatment efficacy.

Fixed-dose combination (FDC) therapy has
simplified treatment regimens by combining
multiple antiretroviral drugs into a single pill
(Desai et al., 2013). This innovation has reduced
pill burden and improved medication adherence,
leading to better treatment outcomes.
International organizations like the WHO and
UNAIDS have developed treatment guidelines
promoting early initiation of ART for all people
living with HIV, irrespective of their CD4 cell
count, through the "Test and Treat" approach
(Nash et al.,2018). This strategy ensures timely
access to treatment, improving health outcomes,
and reducing transmission rates.

Advancements also extend to prevention efforts.
Long-acting antiretroviral therapy options, such
as injectables or implants, are being researched
to reduce the frequency of daily dosing,
enhancing treatment adherence (Cobb et al,
2020). Prevention of Mother-to-Child
Transmission (PMTCT) interventions, which
involve administering antiretroviral drugs to
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pregnant women and infants, significantly
reduce transmission risks (World Health
Organization, 2010). Moreover, the concept of
Treatment as Prevention (TasP) has been
established, showing that individuals with
undetectable viral loads from effective ART are
highly unlikely to transmit HIV to their sexual
partners (Boretal.,2021).

Impact of RS and X4 HIV-1 Variants on
Disease Progression and Evolution

HIV-1 exists as a highly heterogeneous virus,
with distinct strains differing in their biological,
serological, and molecular characteristics, which
significantly impact the virus's behavior during
infection. R5 M-tropic strains are the
predominant variants in the early stages of
infection and continue to persist through the
progression of the disease (Zhou et al.,2023).
These strains primarily infect monocytes and
macrophages, with their persistence contributing
to ongoing viral replication. Research has shown
that RS strains derived from the advanced stages
of infection are more infectious and exhibit
enhanced cytopathic effects compared to those
from earlier stages (Locher ef, al,2005).
Additionally, RS strains are often limited in
replication in undifferentiated monocytes, but
over time, they evolve to become biologically fit
and able to infect more efficiently in later stages
of disease, particularly in the presence of specific
immune system pressures and viral evolution.

The emergence of X4-tropic strains occurs later
in infection, with approximately 40% of
individuals developing these variants after years
of chronic HIV-1 infection (Zhou et, al.,2023).
X4 strains are associated with accelerated
disease progression, largely due to their
enhanced ability to infect CD4+ T cells, leading
to greater immune depletion. These strains use
the CXCRA4 receptor for entry, which is typically
expressed on a broader range of precursor cells in
the late stages of infection (Zirafi et, al.,2015).
This broadened target cell range allows X4
variants to maintain high levels of replication
even as the CD4+ T cell population becomes
severely depleted. Despite the substantial loss of
CD4+ T cells, X4 strains can thrive in other cell
types, such as macrophages, which remain
susceptible to infection by these variants



(Wickham, 2019). This ability to infect
alternative target cells complicates the
understanding of their role in disease
progression and the mechanisms by which X4
strains persist and replicate.

The precise mechanisms behind the emergence
and persistence of X4 strains remain unclear,
despite their recognized role in disease
progression. It is postulated that X4 variants
emerge from a relatively homogeneous RS viral
population through viral evolution, but the
factors that drive this transition are still under
investigation (Abisi, 2023). Host factors, such as
immune system pressure, cell maturation, and
sensitivity to chemokines, likely play a role in
this shift (Bonecchi ez, al.,2009). The evolution
of X4 strains is particularly concerning as it
represents a shift toward more aggressive viral
replication and contributes to the rapid
progression toward AIDS. Understanding the
dynamics between R5 and X4 variants, including
the factors that drive their emergence and
persistence, is crucial in the search for effective
therapies and ultimately a cure for HIV-1.

Macrophage Tropism, Coreceptor Usage, and
HIV-1 Disease Progression

Macrophages play a crucial role as reservoirs and
facilitators of HIV-1 infection in various tissues,
including the brain, lungs, lymph nodes, skin, and
bone marrow. Infected macrophages serve as
sources of viral replication, contributing to the
persistence of HIV-1 even during highly active
antiretroviral therapy (HAART) (Kruize &
Kootstra,2019). Notably, HIV-infected
macrophages in the brain and lymph nodes
produce large quantities of viral particles, which
can be critical in the development of AIDS-related
complications such as dementia. The persistence
of infection in macrophages is a significant factor
in the regulation and progression of the disease,
with their secretory products playing a role in
AIDS dementia complex and immune
dysregulation (Borrajo et, al.,2021). The
susceptibility of macrophages to HIV infection is
influenced by factors such as chemokine receptor
expression, including CCR5, CXCR4, and CCR3,
which vary between neonatal and adult cells,
potentially affecting vertical transmission and
disease dynamics (Nazziwa, 2022).

The progression from acute HIV-1 infection to
AIDS is characterized by immune system
dysregulation and a shift in HIV dynamics,
including an increase in infected macrophages in
addition to CD4+ T cells (Hendricks et al.,2021).
While HAART can minimize opportunistic
infections (OlIs) and induce immune
reconstitution, it does not fully eradicate the virus,
especially in macrophages, which continue to
harbor persistent infection (Kruize et al.,2019).
The activation of viral coreceptors, such as CCR5
and CXCR4, as well as the production of
cytokines like TNF-alpha, can further stimulate
viral replication in infected macrophages
(Pasquereau et al.,2017). Despite antiviral
mechanisms like apoptosis targeting infected T
cells, macrophages remain a crucial sanctuary for
the virus, contributing to the ongoing challenge of
HIV treatment. Understanding the interplay
between macrophage susceptibility, coreceptor
usage, and immune activation is essential to
addressing HIV persistence and developing
effective therapies.

CCRS polymorphism is another important factor
influencing HIV susceptibility and disease
progression (Lama & Planelles, 2007). The
CCRS5 delta32 mutation, which leads to the
absence of functional CCRS receptors on CD4+
T cells and macrophages, confers partial
resistance to HIV-1 infection (Barmania &
Pepper, 2013). Individuals homozygous for this
mutation (CCR5delta32/delta32) are largely
resistantto RS HIV-1 strains, while heterozygous
individuals tend to progress more slowly to
AIDS (Mohamed et al.,2022). Interestingly,
viruses isolated from these individuals tend to be
T-tropic and utilize CXCR4 as their coreceptor,
replicating well in T cells but not in macrophages
(Duri, 2012). This shift in coreceptor usage
underlines the complexity of HIV-1 tropism,
where coreceptor preferences influence viral
entry and replication in different cell types,
impacting disease progression. The discovery of
chemokine receptors as coreceptors has greatly
enhanced our understanding of HIV entry and
cellular tropism, offering new insights into
potential therapeutic strategies targeting these
pathways (Panos et al.,2015).
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Challenges in HIV Treatment

Despite significant progress, challenges persist.
Lifelong adherence to medication, potential side
effects, ensuring access to treatment in resource-
limited areas, and addressing disparities in HIV
care among different populations remain
pressing concerns. However, continuous
research and efforts aim to improve HIV
treatment further, with the ultimate aspiration of
finding a cure for HIV. As advancements
continue, the global effort to combat the HIV
epidemic remains steadfast in providing
comprehensive and effective care for individuals
living with HIV.

Prevention Efforts Against HIV

Prevention efforts against HIV encompass a
range of strategies and interventions to combat
the spread of the virus and raise awareness. Safer
sex education emphasizes consistent and correct
condom use and the risks of unprotected sex
(Fisher, et, al., 199). Voluntary counseling and
testing (VCT) encourage HIV testing and
counseling to facilitate early detection and
access to treatment. Pre-exposure prophylaxis
(PrEP) is an effective preventive approach for
individuals at high risk, involving regular use of
antiretroviral drugs to reduce infection risk
(Alistaretal.,2014).

Emerging Therapies for HIV

Ongoing research is focused on exploring
emerging therapies for HIV to enhance treatment
options and address challenges in HIV
management. Long-acting antiretroviral drugs,
administered through injections or implants, aim
to simplify treatment regimens and improve
adherence (Cobb et al., 2020). Researchers are
also investigating novel drug classes and
optimizing existing ones, such as integrase
inhibitors and non-nucleoside reverse
transcriptase inhibitors, to target HIV more
effectively (Himmel & Arnold, 2020).

Broadly, neutralizing antibodies (bNAbs) are
promising for both treatment and prevention, as
they can neutralize various HIV strains (Awan e,
al.,2022). Gene therapies, like CRISPR-Cas9,
are being explored as potential cures to modify
immune cells and combat latent HIV reservoirs
in the body (Deng et al.,2018). Immune-based
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therapies, including immune checkpoint
inhibitors and therapeutic vaccines, seek to
enhance the body's immune response to control
viral replication (Bailon et al., 2020).

Latency-reversing agents (LRAs) are being
studied to activate dormant HIV in reservoir
cells, making them vulnerable to the immune
system and antiretroviral drugs, potentially
contributing to an HIV cure (Ait-Ammar et al.,
2020). Microbicides, such as gels or creams, are
being researched to prevent HIV transmission
during sexual activity (Garget al., 2010).

Multi-targeted therapy combinations,
addressing different stages of the HIV life cycle,
are being investigated to improve treatment
efficacy and reduce drug resistance risks
(Ananworanich et al., 2012). As the field of HIV
research is dynamic, ongoing efforts in clinical
trials are crucial to assess the safety and
effectiveness of these emerging therapies.
Collaborative endeavors among researchers,
healthcare professionals, and scientific
communities are vital to advancing these
therapies and working toward the goal of ending
the HIV epidemic. For the latest information on
HIV research, it is recommended to refer to
current scientific literature and reputable
research organizations.

Prevention of mother-to-child transmission
(PMTCT) involves administering antiretroviral
drugs to pregnant women and infants to reduce
transmission risks during pregnancy, childbirth,
and breastfeeding (Ton & Frenkel, 2013).). Harm
reduction programs target people who inject
drugs, offering clean needles, syringe exchange,
and substance abuse treatment to reduce HIV
transmission. Behavior change interventions
through educational campaigns and community
outreach address misconceptions, and stigma, and
promote positive behaviors related to sexual
activity and druguse.

HIV education and awareness campaigns reach
communities, schools, and workplaces,
dispelling myths and encouraging regular HIV
testing. Community-based interventions
empower individuals through peer education and
support groups tailored to different populations'



needs. Empowering women and girls through
gender equality, education, and reproductive
health services reduces their vulnerability to
HIV. Finally, treatment as prevention (TasP)
promotes early HIV testing and treatment to
reduce transmission risks when viral loads are
undetectable. By combining these
comprehensive prevention efforts, the global
burden of HIV can be reduced, leading to
progress in combating the epidemic and moving
toward ending HIV.

Global Efforts to Combat HIV

Global efforts to combat HIV have been marked
by the collaboration and involvement of various
organizations, governments, civil society
groups, and individuals worldwide. The Joint
United Nations Programme on HIV/AIDS
(UNAIDS) takes a leading role in coordinating
global HIV responses, uniting ten UN agencies
to provide leadership, advocate for effective
policies, mobilize resources, and support
countries in their efforts to address HIV (NAIDS,
1995). UNAIDS set ambitious 90-90-90 targets
to ensure that 90% of people living with HIV
know their status, 90% of those diagnosed
receive antiretroviral treatment, and 90% of
those on treatment achieve viral suppression by
2020 (Bainetal., 2017).

Financial support for HIV initiatives is crucial,
and The Global Fund to Fight AIDS,
Tuberculosis, and Malaria plays a significant
role in this aspect. This partnership between
governments, civil society, the private sector,
and affected communities provides financial
resources to support HIV prevention, treatment,
and care programs in countries with high disease
burdens. PEPFAR, initiated by the United States
government in 2003, is a bilateral program
offering financial and technical assistance to
combat HIV in over 50 countries, with a focus on
sub-Saharan Africa (El-Sadretal., 2012).

International collaboration is a key aspect of
global HIV efforts. The World Health
Organization (WHO) sets global guidelines on
HIV treatment and prevention, supporting
countries in implementing evidence-based
interventions and promoting access to quality
healthcare services. Research organizations,

such as the International AIDS Vaccine Initiative
(IAVI), are driving efforts to develop an effective
HIV vaccine (WHO ,2016).

Additionally, global prevention campaigns, like
World AIDS Day, raise awareness, combat
stigma, and advocate for increased funding and
support for HIV prevention and treatment
programs. The Global HIV Prevention Coalition
brings together governments, civil society, and
international organizations to accelerate HIV
prevention efforts, especially among key
populations. Adopting the Treat All approach,
many countries initiate antiretroviral treatment
for all people living with HIV, irrespective of
CD4 cell count, to reduce transmission and
improve health outcomes.

By leveraging these collaborative global efforts,
significant progress has been made in reducing
new HIV infections, expanding access to
treatment, and improving the quality of life for
people living with HIV. However, continued
commitment, funding, and cooperation are
essential to sustain these achievements and work
towards ending the HI'V epidemic by 2030.

Awareness and Education on HIV

Awareness and education on HIV are vital in the
global fight against the virus. Governments,
NGOs, and international organizations run public
awareness campaigns through various media
channels to inform the general population about
HIV, its transmission, prevention, and treatment
(World Health Organization, 2022). School-based
education empowers students to make informed
decisions about their sexual health, while
community outreach and workshops address
cultural norms and engage communities in
discussions about HIV-related issues (Obeagu et
al., 2024). These efforts aim to reduce stigma and
discrimination associated with HIV, promote HIV
testing and counseling services, and provide
tailored prevention and treatment options for key
populations at higher risk.

Capacity building for healthcare providers ensures
accurate information, counseling, and quality care
for individuals living with HIV (Dawson-Rose et
al., 2016). World AIDS Day is an annual
awareness event that brings people together to
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show support for those affected by HIV and raise
awareness about prevention and treatment (Irwin
et al., 2003,). Peer-led education programs foster
trust and behavior change, and online platforms
provide access to information, testing locations,
and support networks.

By promoting widespread awareness and
education on HIV, we can create a more
compassionate and informed society, reduce new
infections, and improve the overall well-being of
people living with HIV. These efforts play a
crucial role in combatting stigma, dispelling
misconceptions, and encouraging early testing
and treatment for better health outcomes.

Vulnerable Populations of HIV Infection
Vulnerable populations are groups facing higher
risk of HIV infection and barriers to accessing
essential HIV prevention, testing, treatment, and
care services. These include men who have sex with
men (MSM), transgender individuals, sex workers,
people who inject drugs (PWID), incarcerated
individuals, adolescents and youth, migrant
populations, people experiencing homelessness,
Indigenous communities, and those with limited
healthcare access (Onwuliri & Jolayemi, 2006).
Each group faces distinct challenges that contribute
to their vulnerability to HIV.

Addressing HIV among vulnerable populations
requires a comprehensive and tailored approach.
Efforts should encompass community engagement,
advocacy for equal rights and access to healthcare,
and targeted interventions designed to meet the
unique needs of each group. Reducing stigma,
discrimination, and legal barriers is crucial in
promoting access to HIV prevention and healthcare
services (Obeagu, 2024). Moreover, providing
culturally competent healthcare and comprehensive
sexual education is essential to empowering these
populations to protect themselves from HIV and
improve their overall health and well-being.
Collaborative global efforts should focus on
mitigating the impact of HIV on vulnerable
populations and working towards a more inclusive
and equitable HIV response (WHO,2009).

Novel Approaches to HIV Treatment
HIV research remains an active field with a focus
on various areas to combat the virus. Research on

SIMLS Volume 10, Number 1 March, 2025 Page 262

HIV vaccines is ongoing, exploring different
candidates and novel approaches to stimulate an
effective immune response. Long-acting
antiretroviral therapies (ART) are being studied to
improve treatment adherence, and efforts to find
an HIV cure continue, with investigations into
gene therapies, latency-reversing agents, and
immune-based approaches (Kerrigan et al., 2020).

Prevention technologies are being developed,
including multipurpose prevention technologies,
and tailored interventions for specific populations
such as women and key populations are under
exploration. Treatment strategies are being refined,
considering the optimal timing of ART initiation and
personalized regimens based on viral resistance
patterns. The impact of the COVID-19 pandemic on
HIV services is being examined to ensure the
continuity of care (Jiang et al., 2020).

HIV research also encompasses social and
behavioral studies to understand factors
influencing HIV transmission and engagement
with healthcare services. Implementation
science is crucial in identifying effective
strategies for delivering HIV prevention and
treatment interventions in real-world settings.
Additionally, studies on co-infections and
comorbidities are exploring interactions with
diseases like tuberculosis, hepatitis C, and non-
communicable diseases (Righetto et al., 2014).

Research on pre-exposure prophylaxis (PrEP)
seeks to optimize drug formulations, dosing
regimens, and implementation strategies to
enhance PrEP uptake and effectiveness in
preventing HIV transmission (Sidebottom ef al.,
2018) Collaboration between scientists,
healthcare providers, communities, and
policymakers remains vital in translating
research findings into impactful interventions.
Up-to-date information can be found in the latest
scientific literature, as the field continues to
evolve and progress in the fight against HIV.

Cutting-Edge Discoveries in HIV Research

One of the most notable cutting-edge discoveries
in HIV research was the identification of the
HIV-1 mosaic vaccine candidate (Haynes et al.,
2014). This innovative vaccine aims to address
the genetic diversity of the virus, which poses



challenges to developing a single vaccine
capable of protecting against all HIV strains.
Mosaic vaccines are designed to incorporate
components from different HIV strains, creating
a synthetic representation of global viral
diversity. In a preclinical study involving non-
human primates, the mosaic vaccine
demonstrated promising results by eliciting
strong and broad immune responses, indicating
its potential effectiveness against a wide range of
HIV variants (Safritetal,, 2016).

Despite these encouraging findings, it is
essential to recognize that the mosaic vaccine
candidate was still in the early stages of
development. Further research and clinical trials
in humans were necessary to determine its safety
and efficacy in preventing HIV infection. This
discovery represents a significant step forward in
the quest for an effective HIV vaccine, but
ongoing research and collaboration across the
scientific community remain crucial to
advancing HIV prevention strategies.

Targeted Therapies of HIV Using Medicinal
Plants

Targeted therapies for HIV using medicinal plants
have gained interest in complementary and
alternative medicine. Certain medicinal plants,
such as aloe vera, echinacea, curcumin (from
turmeric), and ginkgo biloba, have shown
potential antiviral properties against HIV in
laboratory studies (Katsa & Yakubu, 2022).). Aloe
vera gel and its compounds have demonstrated
inhibition of HIV replication and reduction in viral
load in vitro (Dong et al., 2022). Echinacea's
compounds also exhibit antiviral activity, possibly
inhibiting viral replication (Mandal et al., 2020).
Curcumin has been found to suppress HIV
replication and reduce viral production in infected
cells, while certain components in ginkgo biloba
may inhibit HIV replication and reduce viral
infectivity (Prasad & Tyagi, 2015). However,
these findings are preliminary, and further
research, including clinical trials, is needed to
validate their efficacy and understand their
mechanisms of action fully.

Despite the potential shown in these medicinal
plants, it is essential to emphasize that they should
not replace conventional antiretroviral therapy

(ART) for managing HIV effectively. ART
remains the standard of care for HIV treatment,
improving patient outcomes and suppressing viral
replication (Foka et al., 2023). Medicinal plant-
based therapies should be considered as
complementary approaches and should be
discussed with qualified healthcare professionals
to ensure safety and appropriate usage.

Most Common Opportunistic Infection in
Individuals Living With HIV

The most common opportunistic infection in
individuals living with HIV is Pneumocystis
jirovecii pneumonia (PJP), caused by the fungus
Pneumocystis jirovecii (Avino et al., 2016).
Before effective antiretroviral therapy, PJP was a
leading cause of morbidity and mortality in
people with advanced HIV, particularly those
with low CD4 cell counts (Hull ez al., 2008). The
weakened immune system in HIV-positive
individuals allows the fungus to multiply in the
lungs, leading to pneumonia. However, with the
widespread use of antiretroviral therapy, the
incidence of PJP has significantly decreased in
those with access to effective treatment, as it
helps restore the immune system's function.

In addition to PJP, other opportunistic infections
can affect people with advanced HIV and
compromised immune systems. These infections
may be caused by bacteria, viruses, fungi, and
parasites, including tuberculosis, candidiasis,
cytomegalovirus (CMV) infections, and
toxoplasmosis, among others (Huang &
Crothers, 2009). Preventing opportunistic
infections in people with HIV involves regular
medical care, adherence to antiretroviral therapy,
and timely use of prophylactic medications,
particularly when CD4 cell counts are low. Close
monitoring of immune status and timely
preventive measures and treatments are vital to
reducing the risk of opportunistic infections.

Overall, advances in HIV treatment have
significantly improved the prognosis of
individuals living with HIV, allowing them to
lead longer and healthier lives. Nevertheless,
vigilance in managing opportunistic infections
and ensuring continued access to comprehensive
care and antiretroviral therapy remain crucial in
optimizing health outcomes for people with HIV.
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Challenges of HIV

Challenges of HIV remain significant, with
stigma and discrimination posing barriers to
prevention, testing, and treatment efforts.
Limited access to quality healthcare, especially
for marginalized populations, hinders the
management of HIV. Drug resistance is a
concern, necessitating improved medication
adherence and access to newer drugs (Brown et
al., 2016). Health disparities persist, with racial
and ethnic minorities facing higher HIV rates
and worse outcomes. Adolescents and young
adults remain at risk due to limited education and
prevention resources, while comorbidities
among those living with HIV require specialized
management (Dahourou ef al., 2017). Adequate
funding and resources are crucial to sustaining
the fight against HIV.

However, the prospects of HIV response show
promise. Advances in treatment, especially with
newer antiretroviral therapies, have improved
the well-being of individuals living with HIV
(Oguntibeju, 2012). Prevention strategies like
PrEP and TasP have proven effective in reducing
HIV transmission rates (Bernays et al., 2021).
Ongoing research in vaccine development offers
hope for an effective preventive measure (Excler
et al, 2021). Combining multiple prevention
methods can have a synergistic effect in reducing
HIV incidence. Public awareness campaigns can
promote increased testing and timely treatment
(Kurth et al, 2011) Supportive policies
protecting the rights of those living with HIV and
fostering access to healthcare enhance the
overall response. Global collaborations and
partnerships continue to drive progress in HIV
research, prevention, and treatment efforts.

While challenges persist, the strides made in the
global response to HIV underscore the
importance of continued commitment,
innovation, and collaboration to ultimately end
the HIV epidemic.

Conclusion.

HIV remains a significant global public health
challenge, with varying prevalence across regions,
disproportionately affecting vulnerable
populations due to stigma and limited healthcare
access. Despite progress in HIV prevention efforts
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through safer sex practices, PrEP implementation,
and harm reduction programs, challenges such as
limited healthcare access and drug-resistant
strains persist. Ongoing research on emerging
therapies, including vaccines, long-acting ART,
gene therapies, and immune-based approaches,
offers promising potential for the future.
Comprehensive awareness campaigns, global
collaborative efforts, and tailored approaches for
vulnerable populations are crucial in combatting
stigma, encouraging testing, and promoting early
treatment. The COVID-19 pandemic brought
unique challenges to the HIV response, but
adaptability through telehealth and digital
interventions ensured continuity of care.
Addressing the pandemic's impact on HIV
requires targeted strategies, continuous
medication access, and collaboration to advance
HIV services. The journey towards an HIV cure
continues, with sustained commitment,
innovation, and collaboration aiming to ultimately
end the HIV epidemic and empower individuals
living with HIV to lead fulfilling lives with
optimal health and well-being.
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