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Abstract 

Background: Immunothrombosis is an evolutionarily conserved host defense mechanism integrating innate 

immunity and hemostasis to limit pathogen dissemination through localized thrombus formation. While 

physiologically protective, dysregulated immunothrombosis contributes to thrombo-inflammatory diseases. 

Objective: This narrative review summarizes emerging cellular and molecular mechanisms linking innate 

immunity and coagulation, with emphasis on their pathological and therapeutic implications. Methods: A 

narrative literature review was conducted using Scopus-indexed journals retrieved from PubMed, Scopus, and 

ScienceDirect, prioritizing review articles and landmark original studies published between 2013 and 2025. 

Results: Immunothrombosis is orchestrated by neutrophils, platelets, monocytes, endothelial cells, and 

complement systems through mechanisms including neutrophil extracellular trap (NET) formation, tissue factor 

expression, inflammasome activation, and immune–coagulation crosstalk. Conclusion: Immunothrombosis 

represents a fundamental biological bridge between innate immunity and hemostasis, offering novel therapeutic 

targets in thrombo-inflammatory disorders. 
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INTRODUCTION 

Hemostasis and innate immunity are evolutionarily conserved biological systems 

designed to protect the host from bleeding and infection, respectively. Traditionally viewed as 

distinct processes, increasing evidence demonstrates extensive functional and molecular 

overlap between coagulation and immune responses (Engelmann & Massberg, 2013; Levi & 

van der Poll, 2017). This intersection has been conceptualized as immunothrombosis, a 

physiological mechanism whereby innate immune activation triggers localized thrombus 

formation to entrap and neutralize invading pathogens (Engelmann & Massberg, 2013). 

Immunothrombosis differs fundamentally from pathological thrombosis, as it is 

spatially restricted, tightly regulated, and closely linked to antimicrobial defense (Gaertner & 

Massberg, 2016). Key cellular components of innate immunity, including neutrophils, 

monocytes, and platelets, actively participate in coagulation through the expression of tissue 

factor, release of procoagulant mediators, and formation of extracellular scaffolds (Iba & Levy, 

2020; Nicolai & Massberg, 2020). These processes ensure pathogen containment while 

minimizing systemic coagulation. 

However, excessive or dysregulated immunothrombosis results in widespread 

microvascular thrombosis, impaired tissue perfusion, and organ dysfunction, as observed in 

sepsis, severe viral infections, and autoimmune diseases (Delabranche et al., 2017; Aklilu et 

al., 2025). Understanding the mechanisms underlying immunothrombosis is therefore critical 

for distinguishing protective host defense from harmful thrombo-inflammatory pathology. 

 

METHODS 

This narrative review was conducted by searching PubMed, Scopus, and ScienceDirect 

databases for English-language articles published between 2013 and 2025. Search terms 

included immunothrombosis, innate immunity, hemostasis, neutrophil extracellular traps, 

platelets, tissue factor, and thrombo-inflammation. Priority was given to review articles and 
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highly cited original studies published in Scopus-indexed journals. Articles were selected based 

on relevance to immune–coagulation interactions and emerging mechanistic insights. No 

formal quality appraisal was performed as this study was designed as a narrative review. 

 

RESULTS AND DISCUSSION 

The results of this narrative review are presented thematically to synthesize current 

evidence on the cellular and molecular mechanisms of immunothrombosis. The discussion 

integrates experimental and clinical findings to highlight the dual role of immunothrombosis 

in host defense and disease pathogenesis. 

Conceptual and Evolutionary Basis of Immunothrombosis 

The concept of immunothrombosis was formally introduced to describe intravascular 

coagulation as an effector arm of innate immunity rather than a purely pathological event 

(Engelmann & Massberg, 2013). From an evolutionary perspective, coagulation systems 

emerged not only to prevent hemorrhage but also to restrict microbial dissemination following 

vascular injury (Loof et al., 2018). Early multicellular organisms relied on clot formation as a 

primitive immune strategy, highlighting the ancient origins of immune–coagulation crosstalk 

(Doolittle, 2012). 

In mammals, immunothrombosis operates primarily within the microvasculature, 

where immune cells, platelets, and endothelial cells collaborate to generate fibrin-rich thrombi 

at sites of infection (Gaertner & Massberg, 2016). This process is regulated by endogenous 

anticoagulant pathways and fibrinolysis, ensuring balance between host defense and vascular 

patency (Esmon, 2012). 

Cellular Mechanisms of Immunothrombosis 

Neutrophils and NET Formation 

Neutrophils are central mediators of immunothrombosis through the release of 

neutrophil extracellular traps (NETs), composed of decondensed chromatin decorated with 

histones and antimicrobial proteins (Brinkmann et al., 2004). NETs provide a structural 

scaffold that promotes platelet adhesion, fibrin deposition, and red blood cell entrapment, 

thereby stabilizing immunothrombi (Fuchs et al., 2010). 

NET formation (NETosis) is triggered by microbial products, inflammatory cytokines, 

and platelet–neutrophil interactions, often mediated by PAD4-dependent histone citrullination 

(Martinod & Wagner, 2014). While NETs enhance pathogen clearance, excessive NETosis 

promotes endothelial damage and thrombosis (Thålin et al., 2019). 

Platelets as Immune Cells 

Platelets are increasingly recognized as immune effector cells that bridge hemostasis 

and innate immunity (Semple et al., 2011). Beyond their classical role in clot formation, 

platelets express pattern recognition receptors and secrete pro-inflammatory mediators that 

activate leukocytes (Koupenova et al., 2018). 

Platelet–neutrophil aggregates amplify NET release and tissue factor expression, 

reinforcing immunothrombotic responses (Clark et al., 2007). Dysregulated platelet activation 

contributes to thrombo-inflammatory conditions, including sepsis and viral infections (Zarbock 

et al., 2006). 

Monocytes and Endothelial Cells 

Monocytes contribute to immunothrombosis through upregulation of tissue factor in 

response to pathogen-associated molecular patterns (PAMPs) and damage-associated 

molecular patterns (DAMPs) (Østerud, 2012). Endothelial cells, when activated or injured, lose 

their anticoagulant phenotype and promote leukocyte adhesion, platelet aggregation, and 

coagulation (Pober & Sessa, 2007). 
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Molecular Pathways Linking Innate Immunity and Coagulation 

Tissue Factor and Coagulation Activation 

Tissue factor (TF) is a central molecular link between immunity and coagulation. TF 

expression on monocytes and endothelial cells initiates the extrinsic coagulation pathway, 

leading to thrombin generation and fibrin formation (Mackman, 2009). Inflammatory signaling 

via toll-like receptors and NF-κB enhances TF expression during infection (Pawlinski & 

Mackman, 2010). 

Inflammasomes and Thrombo-Inflammation 

Inflammasome activation, particularly NLRP3, promotes immunothrombosis by 

inducing pro-inflammatory cytokines and enhancing TF activity (Fidler et al., 2021). 

Inflammasome-mediated pyroptosis further amplifies coagulation through the release of 

intracellular procoagulant factors (Yang et al., 2022). 

Complement–Coagulation Crosstalk 

The complement system interacts extensively with coagulation pathways, enhancing 

neutrophil activation, platelet aggregation, and endothelial dysfunction (Markiewski & 

Lambris, 2007). Complement activation products promote NET formation and thrombin 

generation, reinforcing immunothrombotic loops (Conway, 2018). 

Immunothrombosis in Disease States 

Sepsis and Disseminated Intravascular Coagulation 

In sepsis, excessive activation of innate immunity leads to uncontrolled 

immunothrombosis, manifesting as sepsis-induced coagulopathy and disseminated 

intravascular coagulation (Delabranche et al., 2017; Iba et al., 2019). Microvascular thrombosis 

impairs tissue perfusion and contributes to multiorgan failure(Levi, 2018). 

Viral Infections and COVID-19 

Severe viral infections, including COVID-19, exemplify pathological 

immunothrombosis characterized by endothelial injury, NET overproduction, and platelet 

hyperreactivity (Ackermann et al., 2020; Middleton et al., 2020). These mechanisms underlie 

COVID-19-associated coagulopathy and increased thrombotic risk (Bonaventura et al., 2021). 

Autoimmune and Chronic Inflammatory Disorders 

Chronic inflammatory and autoimmune diseases are associated with persistent immune 

activation and heightened thrombotic risk mediated by immunothrombosis (Knight et al., 2021). 

NETs and immune complexes contribute to vascular inflammation and thrombosis in these 

conditions (Yalavarthi et al., 2015). 

Therapeutic Implications and Future Directions 

Targeting immunothrombosis requires strategies that balance thrombosis prevention 

with preservation of host defense (Connors & Levy, 2020). Emerging therapies focus on 

modulating NET formation, complement activation, and tissue factor signaling rather than 

indiscriminate anticoagulation (Barnes et al., 2020; Skendros et al., 2020). 

Selective inhibition of immune-driven coagulation pathways holds promise for 

reducing thrombo-inflammatory complications while minimizing bleeding risk (Flick et al., 

2014). Future research should prioritize biomarkers distinguishing physiological from 

pathological immunothrombosis to guide personalized therapy (Rauch et al., 2019). 

 

CONCLUSION 

Immunothrombosis represents a fundamental biological bridge between innate 

immunity and hemostasis. While essential for host defense, its dysregulation drives thrombo-

inflammatory disease. A deeper understanding of cellular and molecular mechanisms 

underlying immunothrombosis will facilitate the development of targeted therapies that 

mitigate pathological thrombosis without compromising immune protection. 
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