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Platelets, conventionally recognized for their pivotal roles in 

hemostasis and thrombosis, have emerged as multifunctional 

players in immune responses. In the context of Human 

Immunodeficiency Virus (HIV) infection, platelets exhibit 

intricate interactions influencing viral pathogenesis, immune 

activation, and disease progression. This review aims to 

provide an in-depth analysis of the diverse roles played by 

platelets in modulating HIV infection, shedding light on their 

impact on viral dynamics, immune responses, and associated 

pathophysiological processes. The paper addresses platelet-

driven alterations in coagulation pathways and endothelial 

function in the context of HIV, emphasizing their role in HIV-

associated coagulopathies, endothelial activation, and 

consequent vascular dysfunction. Additionally, the 

involvement of platelets in the development of HIV-

associated comorbidities such as cardiovascular 

complications, neurocognitive impairment, and systemic 

inflammation is discussed, delineating platelet-driven 

mechanisms contributing to the pathogenesis of these 

conditions and their implications for disease outcomes. In 

conclusion, the multifaceted roles of platelets in HIV 

infection underscore their significance beyond hemostasis, 

offering potential insights into therapeutic avenues and 

highlighting the need for further investigations to decode the 

complexity of platelet-driven modulation of HIV infection. 
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Introduction 

Human Immunodeficiency Virus (HIV) infection continues to pose a global health challenge, 

marked by its complex pathogenesis and diverse clinical manifestations. Amidst efforts to 

comprehend the intricate mechanisms of viral pathogenesis and host responses, emerging 

evidence has unveiled the integral role of platelets—traditionally known for their hemostatic 

functions—in influencing HIV infection dynamics and disease progression [1-11]. Historically 

perceived as blood components crucial for clotting and wound healing, platelets have now 

garnered attention for their multifaceted involvement in immune responses and inflammatory 

processes. In the context of HIV infection, platelets exhibit a spectrum of functionalities 

transcending their conventional roles, participating in a complex interplay with the virus, 

immune cells, and endothelial components, thereby shaping the course of infection and 

associated pathologies [12-27]. 

This paper aims to explore the burgeoning field of platelet-driven modulation of HIV infection, 

unraveling the diverse mechanisms underlying platelet-virus interactions and their implications 

for disease pathogenesis. By delving into the intricate interplay between platelets and HIV, this 

review endeavors to elucidate the multifunctional roles of platelets beyond hemostasis, 

emphasizing their contributions to viral dynamics, immune activation, and associated 

pathophysiological processes. 

Platelet-Virus Interactions 

Platelets, conventionally recognized for their crucial roles in hemostasis, have emerged as pivotal 

players in the interplay with Human Immunodeficiency Virus (HIV), exhibiting dynamic 

interactions that influence viral pathogenesis and disease progression. Understanding the direct 

interactions between platelets and HIV offers insights into viral dissemination, immune 

activation, and potential therapeutic avenues [28-37]. HIV exhibits a complex interaction with 

platelets upon entering the bloodstream. Several studies have demonstrated the ability of 

platelets to capture and sequester HIV particles through interactions with specific receptors 

expressed on their surface, including C-type lectin receptors and integrins. This interaction 

facilitates the binding and internalization of viral particles, potentially affecting their 

dissemination and distribution within the host [38-47]. 

Platelets, being mobile blood elements, contribute to the transport and dissemination of HIV 

within the circulation. Through the formation of platelet-virus complexes, platelets might serve 

as carriers for HIV, shielding the virus from immune surveillance and potentially aiding in viral 

dissemination to distant sites, including endothelial surfaces and immune cells [48-58]. The 

influence of platelet-virus interactions on viral infectivity remains an area of active research. 

Some evidence suggests that platelet-virus complexes might modulate viral infectivity by 
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potentially promoting viral internalization into target cells or impacting viral entry pathways, 

though the precise mechanisms require further elucidation. Additionally, these interactions might 

influence the establishment of viral reservoirs, affecting the persistence of HIV within the host 

[59-63]. 

Platelet-virus interactions extend beyond direct viral capture and dissemination, influencing 

immune responses during HIV infection. Platelets possess immunomodulatory properties, 

capable of altering immune cell function and cytokine release. This interaction might contribute 

to shaping the immune milieu, impacting the balance between viral control and immune 

activation in HIV-infected individuals [64-73]. Understanding the mechanisms governing 

platelet-virus interactions holds therapeutic potential. Targeting specific platelet receptors or 

pathways involved in viral capture and dissemination might offer novel strategies to intervene in 

viral dissemination or modulate immune responses, potentially impacting disease progression 

and outcomes. 

Platelet-Mediated Immune Responses 

In addition to their traditional role in hemostasis, platelets play an integral role in immune 

regulation and inflammatory processes, exerting multifaceted effects on immune cells and 

cytokine networks. During Human Immunodeficiency Virus (HIV) infection, platelets exhibit 

immunomodulatory functions that influence immune cell activation, cytokine release, and overall 

immune responses, thereby contributing to the dynamic host-virus interplay. Platelets possess the 

capacity to interact with various immune cells, including monocytes, macrophages, T cells, and 

dendritic cells, via direct cellular contact or by releasing bioactive molecules [74]. Upon 

activation, platelets express surface ligands, such as P-selectin and CD40L, capable of binding to 

immune cell receptors, thereby modulating their activation state and influencing immune 

responses. 

Platelets can secrete a wide array of cytokines, chemokines, and inflammatory mediators upon 

activation. During HIV infection, platelet-derived factors such as platelet factor 4 (PF4), 

RANTES, and thromboxane A2 (TXA2) contribute to the local immune milieu, influencing 

immune cell recruitment, activation, and function within HIV-infected tissues [75]. In HIV 

infection, platelets participate in the intricate crosstalk between coagulation and inflammation. 

Platelet activation triggers the release of pro-inflammatory mediators, fostering a procoagulant 

state. This platelet-driven procoagulant environment may exacerbate inflammation, contributing 

to immune dysregulation and endothelial dysfunction observed in HIV-infected individuals. 

Platelets have been implicated in modulating antiviral immune responses against HIV. Their 

interactions with immune cells and release of immune mediators can influence the balance 

between antiviral immune defense mechanisms and viral persistence, potentially impacting viral 

control and disease progression [76]. Understanding platelet-mediated immune responses in HIV 

offers potential therapeutic avenues. Targeting platelet-immune cell interactions or inhibiting 

platelet-derived inflammatory mediators may serve as strategies to modulate immune activation, 

potentially balancing immune responses and aiding in viral control without excessive 

inflammation. 
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Role of Platelets in Coagulopathy and Endothelial Dysfunction 

Platelets, beyond their traditional hemostatic functions, significantly contribute to the intricate 

balance between coagulation and inflammation. In the context of Human Immunodeficiency 

Virus (HIV) infection, platelets play a pivotal role in the development of coagulopathy and 

endothelial dysfunction, contributing to vascular complications observed in HIV-infected 

individuals. HIV infection triggers systemic immune activation and chronic inflammation, 

contributing to platelet activation. Activated platelets release procoagulant factors, such as 

thromboxane A2 (TXA2), platelet factor 4 (PF4), and von Willebrand factor (vWF), fostering a 

prothrombotic state. This hypercoagulable environment contributes to increased thrombotic 

events and microvascular complications observed in HIV-associated coagulopathies [74]. 

Platelet activation during HIV infection also contributes to endothelial dysfunction. Activated 

platelets interact with the endothelium, releasing vasoactive substances and proinflammatory 

mediators, altering endothelial integrity and function. This disruption of endothelial homeostasis 

contributes to vascular inflammation, impaired vasodilation, and heightened vascular 

permeability, exacerbating cardiovascular complications and microvascular pathologies in HIV-

infected individuals [75]. The interaction between activated platelets and the endothelium plays a 

critical role in HIV-related vascular injury. Platelets adhering to the damaged endothelium 

release factors that further perpetuate endothelial activation and dysfunction, leading to a vicious 

cycle of vascular injury, inflammation, and thrombotic events in HIV-associated vasculopathy. 

The interplay between platelets, coagulation pathways, and endothelial dysfunction contributes 

significantly to the increased risk of cardiovascular events, such as myocardial infarction and 

stroke, observed in HIV-infected individuals. Moreover, microvascular complications, including 

HIV-associated thrombotic microangiopathy, are partly attributed to platelet-mediated 

endothelial injury and prothrombotic states. 

Platelets and HIV-Associated Comorbidities 

Human Immunodeficiency Virus (HIV) infection is associated with a spectrum of comorbidities, 

where platelets, beyond their traditional hemostatic roles, contribute to the pathophysiological 

processes underlying these conditions. Platelets play diverse roles in HIV-associated 

comorbidities, including cardiovascular complications, neurocognitive impairment, and systemic 

inflammation, among others. 

Platelets contribute significantly to the development of cardiovascular complications in HIV-

infected individuals. Chronic immune activation and inflammatory responses lead to platelet 

activation and endothelial dysfunction, promoting atherosclerosis, myocardial infarction, and 

other cardiovascular events. Platelet-mediated alterations in coagulation pathways contribute to 

an increased risk of thrombotic events in HIV-related cardiovascular diseases [74]. HIV-

associated neurocognitive disorders (HAND) are prevalent in infected individuals. Platelet 

activation and subsequent release of inflammatory mediators contribute to neuroinflammation 

and neurovascular injury, potentially exacerbating cognitive impairment. Platelet-mediated 

endothelial dysfunction may also play a role in the pathogenesis of HIV-associated 

neurocognitive impairment [77]. 
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Persistent systemic inflammation characterizes HIV infection and is associated with platelet 

activation. Activated platelets release inflammatory mediators that contribute to systemic 

inflammation, fostering a proinflammatory environment that exacerbates immune dysregulation 

and contributes to the progression of HIV disease and associated comorbidities. HIV-related 

microvascular complications, such as thrombotic microangiopathy, are influenced by platelet 

activation and endothelial dysfunction. Platelet-driven alterations in coagulation pathways and 

endothelial injury contribute to microvascular pathologies observed in HIV-infected individuals, 

potentially leading to organ-specific complications. 

Clinical Implications and Therapeutic Prospects 

The intricate involvement of platelets in the pathophysiology of Human Immunodeficiency Virus 

(HIV) infection presents various clinical implications and offers promising therapeutic avenues. 

Platelet activation markers, such as platelet factor 4 (PF4) and soluble P-selectin, serve as 

potential biomarkers reflecting ongoing immune activation and endothelial dysfunction in HIV-

infected individuals. Elevated levels of these markers correlate with disease severity and may aid 

in disease monitoring and prognostication [78]. Identifying HIV-infected individuals at higher 

risk for cardiovascular complications or thrombotic events based on platelet activation status 

may facilitate targeted preventive strategies. Early identification of individuals with heightened 

platelet activation profiles could prompt interventions to mitigate cardiovascular risks, 

potentially improving patient outcomes. 

Antiplatelet agents, such as aspirin or P2Y12 receptor antagonists, traditionally used in 

cardiovascular disease management, might find a role as adjunctive therapies in HIV care. These 

agents, by inhibiting platelet activation, could potentially mitigate HIV-related thrombotic 

complications and endothelial dysfunction, warranting further investigation in clinical trials [78]. 

Therapeutic strategies focusing on preserving endothelial function could indirectly impact 

platelet activation and thrombotic risks in HIV-infected individuals. Endothelial-targeted 

therapies, including angiotensin-converting enzyme (ACE) inhibitors or statins, may ameliorate 

endothelial dysfunction, potentially influencing platelet-endothelial interactions and vascular 

complications. 

Effective antiretroviral therapy (ART) remains the cornerstone of HIV management. Achieving 

and maintaining viral suppression through adherence to ART has shown to reduce chronic 

immune activation and platelet activation, potentially mitigating HIV-related complications. 

Conclusion 

The multifaceted roles of platelets in Human Immunodeficiency Virus (HIV) infection extend far 

beyond their traditional functions in hemostasis, encompassing pivotal contributions to viral 

pathogenesis, immune modulation, coagulopathy, endothelial dysfunction, and the development 

of associated comorbidities. Understanding the intricate interplay between platelets and HIV 

sheds light on critical mechanisms influencing disease progression and complications in affected 

individuals. Platelets, activated in response to chronic immune activation and inflammation in 

HIV infection, contribute significantly to viral dissemination, potentially influencing disease 

severity and progression. Their ability to interact with immune cells, release inflammatory 
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mediators, and modulate immune responses shapes the immune milieu, impacting viral control 

and contributing to systemic inflammation observed in HIV-infected individuals. 

Moreover, platelet-mediated coagulopathy and endothelial dysfunction play a crucial role in 

HIV-associated vascular complications, including cardiovascular events, neurocognitive 

impairment, and microvascular pathologies. Their involvement in promoting thrombotic events 

and exacerbating endothelial injury underscores their significance in the pathophysiology of 

HIV-related comorbidities. The clinical implications of understanding platelet-mediated effects 

in HIV are substantial, offering avenues for risk stratification, prognostication, and the 

development of targeted therapeutic interventions. Utilizing platelet activation markers as 

diagnostic and prognostic indicators, exploring antiplatelet agents, endothelial-targeted therapies, 

and optimizing adherence to antiretroviral therapy (ART) hold promise in managing HIV-

associated complications and improving patient outcomes. The comprehensive exploration of 

platelet involvement in HIV infection unravels intricate mechanisms underlying disease 

pathogenesis and complications. Leveraging these insights for targeted therapeutic strategies and 

clinical management may pave the way for more effective approaches to mitigate the impact of 

HIV-related complications, thereby improving the quality of life and outcomes for affected 

individuals. 
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