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Abstract 

Neutrophil extracellular traps (NETs) represent a double-edged sword in the context of HIV-

induced diarrhea, serving as both defenders and perpetrators of gut mucosal integrity. This review 

explores the intricate interplay between NETs and HIV-induced diarrhea, shedding light on their 

dual roles and potential therapeutic implications. While NETs exhibit antimicrobial properties and 

aid in pathogen containment, excessive or dysregulated NET formation can contribute to tissue 

damage, inflammation, and gut barrier dysfunction, exacerbating diarrhea severity. Targeting 

NET-mediated immune responses holds promise as a therapeutic strategy, with potential 

applications in mitigating gut mucosal damage and restoring microbial homeostasis. Furthermore, 

NETs and NET-associated molecules emerge as promising biomarkers for monitoring disease 

progression and treatment response in HIV-infected individuals with diarrhea. Understanding the 

complex dynamics of NETs in HIV-induced diarrhea is essential for devising effective therapeutic 

interventions and personalized management strategies for gastrointestinal complications in HIV-

infected individuals. 

Keywords: Neutrophil extracellular traps, NETosis, HIV, Diarrhea, Gut mucosa, Immune 

dysregulation, Inflammation, Therapeutic targets, Biomarkers 

Introduction 

HIV infection remains a significant global health challenge, with gastrointestinal complications, 

notably diarrhea, posing substantial burdens on affected individuals. Despite advancements in 

antiretroviral therapy, diarrhea remains a prevalent and distressing symptom in HIV-infected 

individuals, impacting their quality of life and treatment outcomes. The gastrointestinal tract serves 

as a major site of HIV replication and immune activation, contributing to the pathogenesis of 
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diarrhea through various mechanisms. Among the diverse array of immune cells involved in gut 

mucosal immunity, neutrophils have garnered attention for their role in orchestrating inflammatory 

responses and tissue damage, particularly through the formation of neutrophil extracellular traps 

(NETs). Neutrophil extracellular traps (NETs) represent a novel mechanism of host defense, 

characterized by the release of web-like structures composed of chromatin fibers, histones, and 

antimicrobial proteins. Originally identified as a means of entrapping and neutralizing pathogens, 

NETs have since been implicated in the pathogenesis of numerous inflammatory and autoimmune 

diseases, including HIV infection. In the context of HIV-induced diarrhea, the role of NETs is 

complex and multifaceted, with both protective and detrimental effects on gut mucosal integrity 

and immune homeostasis.1-31 

The gut mucosa serves as a battleground where intricate interactions between HIV, host immune 

cells, and commensal microbes dictate disease progression and symptomatology. Neutrophils, as 

frontline defenders, play a crucial role in maintaining gut barrier function and combating invading 

pathogens. However, dysregulated neutrophil activation and excessive NET formation can 

contribute to tissue damage, inflammation, and gut epithelial barrier dysfunction, exacerbating 

diarrhea severity in HIV-infected individuals. Understanding the nuanced interplay between NETs 

and HIV-induced diarrhea is paramount for devising effective therapeutic interventions and 

personalized management strategies. Targeting NET-mediated immune responses represents a 

promising avenue for intervention, with potential applications in mitigating gut mucosal damage 

and restoring microbial homeostasis. Furthermore, elucidating the role of NETs as biomarkers may 

offer valuable insights into disease progression and treatment response, paving the way for 

precision medicine approaches in the management of gastrointestinal complications in HIV-

infected individuals.32-46 

In this review, we aim to provide a comprehensive overview of the current understanding of NETs 

in the context of HIV-induced diarrhea, exploring their dual roles as defenders and perpetrators of 

gut mucosal integrity. We will delve into the intricate mechanisms underlying NET formation, 

their impact on gut immune responses, and their therapeutic and diagnostic potential in managing 

gastrointestinal complications in HIV-infected individuals. 

Neutrophil Extracellular Traps (NETs) 

Neutrophil Extracellular Traps (NETs) are web-like structures composed of DNA, histones, and 

antimicrobial proteins that are released by activated neutrophils as a part of the innate immune 

response. Initially discovered as a mechanism to entrap and neutralize pathogens, NETs have since 

been implicated in various physiological and pathological processes. When neutrophils encounter 

pathogens or inflammatory stimuli, they undergo a process called NETosis, during which they 

release their chromatin content along with granule-derived antimicrobial proteins into the 

extracellular space, forming NETs. NETs play a crucial role in host defense by trapping and killing 

invading microorganisms, including bacteria, fungi, parasites, and viruses. They create a physical 

barrier that immobilizes pathogens, preventing their spread and facilitating their clearance by other 

immune cells. Additionally, NETs contain antimicrobial proteins such as defensins, 
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myeloperoxidase, and lactoferrin, which exert direct antimicrobial effects, further contributing to 

pathogen elimination.47-62 

Beyond their role in host defense, NETs have been implicated in various inflammatory and 

autoimmune conditions. Excessive or dysregulated NET formation can lead to tissue damage and 

inflammation, contributing to the pathogenesis of diseases such as sepsis, rheumatoid arthritis, and 

inflammatory bowel disease. In addition to their antimicrobial properties, NETs can activate 

immune cells and promote the release of pro-inflammatory cytokines, exacerbating tissue injury 

and perpetuating inflammation. In the context of HIV infection, NETs have emerged as intriguing 

players with both protective and detrimental effects. While NETs may contribute to the 

containment of HIV and other opportunistic pathogens in the gut mucosa, excessive NET 

formation can also induce tissue damage and inflammation, exacerbating gastrointestinal 

complications such as diarrhea. Moreover, HIV infection itself can dysregulate neutrophil function 

and promote aberrant NET formation, further complicating the interplay between NETs and HIV-

induced pathology.63-72 

NETs in HIV-Induced Diarrhea 

Neutrophil Extracellular Traps (NETs) have recently emerged as intriguing components in the 

complex pathogenesis of HIV-induced diarrhea. In the context of HIV infection, diarrhea remains 

a prevalent and debilitating symptom, impacting the quality of life and treatment outcomes of 

affected individuals. While the mechanisms underlying HIV-induced diarrhea are multifactorial, 

growing evidence suggests that neutrophils and their formation of NETs play a pivotal role in gut 

mucosal inflammation and barrier dysfunction, contributing to the pathogenesis of diarrhea. NETs 

are released by activated neutrophils as a response to various stimuli, including microbial 

pathogens, inflammatory mediators, and immune complexes. These web-like structures consist of 

chromatin fibers decorated with histones, antimicrobial proteins, and proteases, serving as a means 

of trapping and neutralizing pathogens. In the gut mucosa of HIV-infected individuals, 

dysregulated NET formation can lead to excessive tissue damage, inflammation, and disruption of 

epithelial barrier integrity, exacerbating diarrhea severity. The interplay between NETs and HIV-

induced diarrhea is complex and multifaceted. On one hand, NETs may contribute to host defense 

by entrapping and restricting the dissemination of HIV and opportunistic pathogens within the gut 

mucosa. Moreover, NET-associated antimicrobial proteins exert direct bactericidal effects, 

potentially aiding in the clearance of invading pathogens. However, aberrant NET formation can 

also promote tissue damage and inflammation, exacerbating gut mucosal injury and perpetuating 

diarrhea. Furthermore, HIV infection itself can dysregulate neutrophil function and enhance NET 

formation through various mechanisms, including direct viral effects and immune activation. This 

dysregulation of NET formation may further exacerbate gut inflammation and barrier dysfunction, 

creating a vicious cycle of immune dysregulation and gastrointestinal symptoms in HIV-infected 

individuals.73-96 

Therapeutic Implications 
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The intricate involvement of Neutrophil Extracellular Traps (NETs) in the pathogenesis of HIV-

induced diarrhea offers promising therapeutic implications for managing gastrointestinal 

complications in HIV-infected individuals. Understanding the dual role of NETs as both defenders 

and perpetrators of gut mucosal integrity provides a foundation for devising targeted therapeutic 

interventions to alleviate symptoms and improve patient outcomes. One potential therapeutic 

strategy involves targeting NET formation or modulating NET-associated immune responses. 

Pharmacological inhibitors of NETosis, such as PAD4 inhibitors or DNase enzymes, could 

mitigate excessive NET formation and subsequent tissue damage in the gut mucosa. Additionally, 

agents that promote NET degradation, such as recombinant DNase I, may facilitate the clearance 

of NETs and alleviate inflammation, thereby improving diarrhea outcomes in HIV-infected 

individuals. Moreover, strategies aimed at restoring gut barrier integrity and microbial homeostasis 

may indirectly modulate NET-mediated immune responses in HIV-induced diarrhea. Probiotics 

and prebiotics have been shown to strengthen the gut epithelial barrier and promote beneficial 

microbial colonization, potentially reducing gut inflammation and NET formation in HIV-infected 

individuals. Furthermore, dietary interventions targeting gut microbiota composition and diversity 

may provide additional benefits in managing gastrointestinal symptoms associated with HIV-

induced diarrhea. In addition to pharmacological interventions, immunomodulatory therapies 

targeting NET-associated immune responses hold promise for managing gastrointestinal 

complications in HIV-infected individuals. Biologics targeting specific pro-inflammatory 

cytokines or immune cell activation pathways implicated in NET formation could help attenuate 

gut inflammation and improve diarrhea outcomes. Furthermore, therapies aimed at enhancing 

mucosal healing and tissue repair mechanisms may mitigate the detrimental effects of NET-

mediated tissue damage in the gut mucosa. Furthermore, investigating NETs as potential 

biomarkers may offer valuable insights into disease progression and treatment response in HIV-

induced diarrhea. Quantification of circulating NET markers in plasma or stool samples could 

provide clinicians with valuable diagnostic and prognostic information, guiding personalized 

treatment strategies and improving patient care.97-108 

Biomarker Potential 

The potential of Neutrophil Extracellular Traps (NETs) as biomarkers holds significant promise 

in the management of HIV-induced diarrhea, offering insights into disease progression, treatment 

response, and personalized patient care. NETs and NET-associated molecules represent dynamic 

markers of gut mucosal inflammation and immune dysregulation, providing valuable diagnostic 

and prognostic information for clinicians. Quantification of circulating NET markers in plasma or 

stool samples may serve as non-invasive diagnostic tools for assessing the severity of gut 

inflammation and mucosal damage in HIV-infected individuals with diarrhea.109 Elevated levels 

of NET-associated proteins, such as cell-free DNA, histones, and neutrophil elastase, may indicate 

ongoing neutrophil activation and NET formation in the gut mucosa, reflecting the extent of tissue 

injury and inflammation. Furthermore, longitudinal studies investigating the dynamics of NET 

formation and clearance could offer valuable prognostic information, guiding treatment decisions 

and predicting disease outcomes in HIV-induced diarrhea. Monitoring changes in circulating NET 

markers over time may help identify patients at increased risk of disease progression or treatment 

failure, allowing for timely intervention and personalized management strategies. 
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Moreover, NETs may serve as pharmacodynamic biomarkers for assessing treatment response to 

targeted therapies aimed at modulating NET formation or enhancing NET degradation. Changes 

in circulating NET markers following therapeutic interventions could provide valuable insights 

into treatment efficacy and help optimize dosing regimens for improved clinical outcomes. In 

addition to their diagnostic and prognostic utility, NETs may also have predictive value in 

identifying individuals at risk of developing complications or comorbidities associated with HIV-

induced diarrhea. Elevated levels of circulating NET markers could potentially serve as early 

indicators of gut mucosal damage and barrier dysfunction, prompting closer monitoring and 

preventive interventions to mitigate disease progression and improve long-term outcomes.109 

Conclusion 

Neutrophil Extracellular Traps (NETs) play a complex and multifaceted role in the pathogenesis 

of HIV-induced diarrhea. While serving as defenders by entrapping and neutralizing pathogens, 

excessive NET formation can lead to tissue damage, inflammation, and gut barrier dysfunction, 

exacerbating diarrhea severity. Therapeutic implications of targeting NET-mediated immune 

responses offer promising avenues for alleviating symptoms and improving outcomes in HIV-

induced diarrhea. Modulating NET formation, promoting gut barrier integrity, and targeting 

associated immune pathways represent potential strategies for personalized patient care. 

Moreover, investigating NETs as biomarkers holds significant promise for diagnosing, 

prognosticating, and predicting treatment response in HIV-infected individuals with diarrhea. 
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