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ABSTRACT

Chronic inflammation and immune dysfunction persist in people living with HIV (PLWH) despite effective
antiretroviral therapy (ART), contributing to an increased risk of non-AIDS-defining comorbidities. Emerging
evidence highlights the role of gut microbiome dysbiosis in driving these complications, characterized by reduced
microbial diversity, microbial translocation, and systemic inflammation. Fecal microbiota transplantation (FMT), a
therapeutic intervention that restores gut microbial balance, has shown promise in mitigating HIV-associated
inflammation and immune dysfunction. This narrative review synthesized preclinical and clinical evidence on the
impact of FMT in PLWH, exploring its mechanisms, efficacy, and challenges. Early-phase clinical trials in PLWH
have reported improvements in gut microbial diversity, reductions in inflammatory markers, and modest immune
recovery, though long-term efficacy and safety remain under investigation. Challenges include the heterogeneity of
gut microbiome composition, the need for standardized FMT protocols, and potential risks such as infectious
transmission and immune reactions. Future directions emphasize personalized FMT approaches, integration with
probiotics and immune-based therapies, and advances in microbiome sequencing to optimize outcomes. This review
employed a narrative methodology, drawing on a comprehensive analysis of preclinical and clinical studies to
evaluate the potential of FMT as a therapeutic strategy for HIV-associated inflammation and immune dysfunction.
By addressing these challenges, FMT and microbiome-based therapies offer hope for improving the health and
quality of life of PLWH, bringing us closer to managing the residual effects of HIV infection.
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INTRODUCTION

The human immunodeficiency virus (HIV) remains a significant global health burden, with approximately 38 million
people living with the virus worldwide [1-87. While antiretroviral therapy (ART) has dramatically improved the
prognosis of HIV-infected individuals by suppressing viral replication and restoring immune function, it does not
fully resolve chronic inflammation and immune dysfunction. These persistent abnormalities contribute to an
increased risk of non-AIDS-defining comorbidities, such as cardiovascular disease, metabolic syndrome, and
neurocognitive disorders, which are now the leading causes of morbidity and mortality in people living with HIV
(PLWH) [47]. The underlying mechanisms driving these complications are multifactorial, but emerging evidence
highlights the critical role of the gut microbiome in shaping systemic immune responses and inflammation.

The gut microbiome, a complex ecosystem of trillions of microorganisms, plays a pivotal role in maintaining
immune homeostasis and barrier integrity [5, 6. In HIV infection, the gut-associated lymphoid tissue (GALT) is
an early site of viral replication and immune depletion, leading to microbial translocation, dysbiosis, and chronic
inflammation. Dysbiosis, characterized by a loss of microbial diversity and an overrepresentation of pathogenic
species, exacerbates immune activation and contributes to the persistence of HIV-associated inflammation [77].
Restoring gut microbiome balance has thus emerged as a promising therapeutic strategy to mitigate these effects.
Fecal microbiota transplantation (FMT), the transfer of fecal material from a healthy donor to a recipient, has gained
recognition for its ability to restore microbial diversity and function in conditions such as recurrent Clostridioides
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difficile infection. Its potential to modulate gut microbiome and reduce systemic inflammation has sparked interest
in its application for HIV-associated immune dysfunction. This narrative review explores the impact of FMT on
HIV-associated inflammation and immune dysfunction, synthesizing preclinical and clinical evidence, and discussing
the challenges and future directions of this innovative approach.
The Gut Microbiome in HIV Pathogenesis
The gut microbiome is a dynamic and intricate community of bacteria, viruses, fungi, and archaea that coexists with
the host in a mutually beneficial relationship [87. In healthy individuals, the microbiome contributes to nutrient
metabolism, pathogen resistance, and immune regulation. However, in HIV infection, the delicate balance of this
ecosystem is disrupted. Early HIV infection is marked by the rapid depletion of CD4+ T cells in the GALT, leading
to compromised mucosal integrity and increased permeability [9—117. This "leaky gut" facilitates the translocation
of microbial products, such as lipopolysaccharide (LPS), into systemic circulation, triggering chronic immune
activation and inflammation.
Dysbiosis in PLWH is characterized by reduced microbial diversity, a decline in beneficial bacteria (e.g., Bacteroides
and Lactobacillus), and an overgrowth of potentially pathogenic species (e.g., Enterobacteriaceae and Proteobacteria).
These alterations are associated with elevated levels of inflammatory markers, such as C-reactive protein (CRP) and
interleukin-6 (IL-6), and contribute to the persistence of immune dysfunction despite ART. The gut microbiome
also influences the metabolism of antiretroviral drugs, potentially affecting their efficacy and toxicity. Thus,
targeting the gut microbiome represents a novel therapeutic avenue to address the residual inflammation and
immune dysfunction in PLWH.
Fecal Microbiota Transplantation: Mechanisms and Applications
FMT involves the transfer of processed fecal material from a healthy donor to a recipient, with the aim of restoring
a balanced and functional gut microbiome [127]. The procedure has been most extensively studied and utilized for
the treatment of recurrent Clostridioides difficile infection, where it has demonstrated remarkable efficacy. The
success of FMT in this context has prompted investigations into its potential for other conditions characterized by
dysbiosis, including inflammatory bowel disease, metabolic syndrome, and HIV-associated immune dysfunction.
The mechanisms by which FMT exerts its effects are multifaceted. By introducing a diverse and stable microbial
community, FMT can outcompete pathogenic species, restore barrier integrity, and modulate immune responses.
The transplanted microbiota produces metabolites, such as short-chain fatty acids (SCFAs), which have anti-
inflammatory and immunomodulatory properties. SCFAs, including acetate, propionate, butyrate, enhance
regulatory T cell (Treg) function, suppress pro-inflammatory cytokines, and promote epithelial repair. These effects
collectively contribute to the resolution of inflammation and the restoration of immune homeostasis. In the context
of HIV, FMT holds promise for addressing the dual challenges of dysbiosis and chronic inflammation. Preclinical
studies in animal models have demonstrated that FMT can reduce microbial translocation, lower systemic
inflammation, and improve immune reconstitution. These findings have laid the groundwork for clinical trials
exploring the safety and efficacy of FMT in PLWH.
Preclinical Evidence: Insights from Animal Models
Animal models have provided valuable insights into the potential of FMT to modulate HIV-associated inflammation
and immune dysfunction. Studies in simian immunodeficiency virus (SIV)-infected non-human primates, which
closely mimic HIV infection in humans, have demonstrated that FMT can restore gut microbial diversity and reduce
markers of microbial translocation and inflammation [137. For example, FMT has been shown to decrease plasma
levels of LPS and soluble CD 14 (sCD14), a marker of monocyte activation, in SIV-infected macaques. These changes
were associated with improved mucosal integrity and enhanced immune reconstitution. In addition to its effects on
microbial translocation and inflammation, FMT has been shown to modulate the gut-immune axis in animal models
[147. The transplanted microbiota promotes the expansion of Tregs and the production of anti-inflammatory
cytokines, such as IL-10, while suppressing pro-inflammatory responses. These immunomodulatory effects are
mediated, in part, by the production of SCFAs, which serve as critical signaling molecules between the gut
microbiota and the immune system. Despite these promising findings, challenges remain in translating preclinical
results to human applications. Animal models do not fully recapitulate the complexity of human HIV infection,
particularly the long-term effects of ART and the heterogeneity of gut microbiome composition. Nevertheless,
these studies provide a strong rationale for investigating FMT in clinical trials.
Clinical Evidence: Early-Phase Trials and Safety Considerations
The clinical application of FMT in PLWH is still in its infancy, with a limited number of early-phase trials conducted
to date. These studies have primarily focused on assessing the safety and feasibility of FMT, with secondary
outcomes including changes in gut microbiome composition, microbial translocation, and systemic inflammation.
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One of the pioneering clinical trials evaluated the safety and efficacy of FMT in ART-treated PLWH with
incomplete immune reconstitution [15]. Participants received FMT from healthy donors, and the procedure was
well-tolerated, with no serious adverse events reported. The study observed significant improvements in gut
microbial diversity and reductions in markers of microbial translocation and inflammation. However, the effects on
CD4+ T cell counts were modest, highlighting the need for further optimization of FMT protocols.
Another clinical trial explored the impact of FMT on metabolic parameters in PLWH with metabolic syndrome, a
common comorbidity associated with chronic inflammation. The results indicated that FMT could improve insulin
sensitivity and reduce systemic inflammation, as evidenced by decreases in CRP and IL-6 levels. These findings
suggest that FMT may have broader applications in addressing HIV-associated comorbidities.
Safety remains a critical consideration in the clinical application of FMT. Potential risks include the transmission
of infectious agents, the induction of immune reactions, and the long-term stability of the transplanted microbiota.
Rigorous donor screening, standardized processing protocols, and close monitoring of recipients are essential to
mitigate these risks. Additionally, the optimal timing, frequency, and route of FMT administration in PLWH require
further investigation.
Challenges and Future Directions
While preclinical and early clinical evidence is promising, several challenges must be addressed to fully realize the
potential of FMT in HIV-associated inflammation and immune dysfunction. One of the primary challenges is the
heterogeneity of gut microbiome composition among PLWH, which may influence the response to FMT [16, 177.
Personalized approaches, tailored to the unique microbial and immunological profiles of individual patients, may
enhance the efficacy of FMT.
Another challenge is the development of standardized protocols for FMT administration, including donor selection,
fecal processing, and delivery methods. The use of encapsulated fecal microbiota or synthetic microbial consortia
may offer more controlled and scalable alternatives to traditional FMT. Additionally, the integration of FMT with
other therapeutic modalities, such as probiotics, prebiotics, and immune-based therapies, may enhance its effects.
Long-term safety and durability of FMT in PLWH also require further investigation. Longitudinal studies are
needed to assess the stability of the transplanted microbiota, the persistence of its beneficial effects, and the potential
for adverse outcomes. Advances in microbiome sequencing and metabolomics will provide deeper insights into the
mechanisms underlying FMT and guide the development of next-generation microbiome-based therapies.
CONCLUSION
Fecal microbiota transplantation represents a promising therapeutic strategy for addressing HIV-associated
inflammation and immune dysfunction. By restoring gut microbial diversity and function, FMT has the potential to
reduce microbial translocation, lower systemic inflammation, and improve immune reconstitution. Preclinical studies
in animal models have provided compelling evidence of their efficacy, and early-phase clinical trials have
demonstrated its safety and feasibility in PLWH. However, significant challenges remain, including the
heterogeneity of gut microbiome composition, the need for standardized protocols, and the long-term safety of
FMT. Future research should focus on optimizing FMT protocols, developing personalized approaches, and
integrating FMT with other therapeutic modalities. As our understanding of the gut-immune axis in HIV infection
continues to evolve, FMT and other microbiome-based therapies hold great promises for improving the health and
quality of life of PLWH. The convergence of scientific innovation and clinical research offers hope for a future
where the residual effects of HIV infection can be effectively managed, bringing us closer to the goal of a functional
cure.
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