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Essentials

 COVID-19 patients with severe infection suffer from inflammatory and thrombotic 

complications

 Contact activation supports inflammation and thrombin generation

 Inhibiting contact activation in infection models reduces inflammation and death

 Contact activation inhibitors in clinical development could be tested in COVID-19 patients
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Abstract:
COVID-19 is predicted to overwhelm healthcare capacity in the US and worldwide and as such 

interventions that could prevent clinical decompensation and respiratory compromise in infected 

patients are desperately needed. Excessive cytokine release and activation of coagulation appear to 

be key drivers of COVID-19 pneumonia and associated mortality. Contact activation has been linked 

to pathologic upregulation of both inflammatory mediators and coagulation and accumulating 

preclinical and clinical data suggest it to be a rational therapeutic target in COVID-19 patients. 

Pharmacological inhibition of the interaction between coagulation factors XI and XII has been shown 

to prevent consumptive coagulopathy, pathologic systemic inflammatory response, and mortality in at 

least 2 types of experimental sepsis. Importantly, inhibition of contact activation also prevented death 

from S. aureus-induced lethal systemic inflammatory response syndrome in nonhuman primates. 

The contact system is likely dispensable for hemostasis, and may not be needed for host immunity, 

suggesting it to be a reasonably safe target that will not result in immunosuppression or bleeding. As 

a few drugs targeting contact activation are already in clinical development, immediate clinical trials 

for their use in COVID-19 patients are potentially feasible for the prevention or treatment of 

respiratory distress.

Introduction:

Patients with coronavirus disease 2019 (COVID-19) may succumb to a systemic cytokine release 

syndrome, which has prompted therapeutic trials of biologic agents targeting interlukin-6 (IL-6) 

(tocilizumab, sarilumab) and other inflammatory mediators. A single arm study of tocilizumab in 20 

patients with severe or critical COVID-19-related pneumonia undertaken during the outbreak in 

China reported a reduction in oxygen requirements and improvement in pulmonary imaging in 75% 

and 90% of patients, respectively.[1] The FDA has since approved a Phase 3 clinical trial of 

tocilizumab (Actemra®, Genentech) in COVID-19 patients with pneumonia.[2] 

Dysregulated coagulation with hypercoagulability is common with severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) infection and can progress to disseminated intravascular coagulation 

(DIC). A retrospective analysis of patients admitted with severe SARS-CoV-2 infection found that 

71.4% of patients who ultimately died from COVID-19 developed overt DIC compared with only 0.6% 

of survivors. On admission, non-surviving patients presented with higher D-dimer levels and 

prolonged prothrombin times (PT) and activated partial thromboplastin times (aPTT) compared with 

surviving patients.[3] Furthermore, recent retrospective analyses have suggested that A
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anticoagulation with heparin may improve clinical outcomes in patients with critical COVID-19, [4] 

and autopsy reports from patients who died from severe COVID-19-related respiratory failure note 

intra-alveolar fibrin accumulation suggesting a loss of vascular integrity.[5] 

Pathologic upregulation of inflammation and coagulation in response to SARS-CoV-2 infection has 

led to significant enthusiasm for mobilizing clinical trials targeting either pathway.[6] In this 

manuscript we propose that targeting contact activation is a rational target for clinical trials in COVID-

19 patients at risk for respiratory compromise based on: 1) animal models showing that inhibiting 

contact activation prevents pathologic host inflammatory responses to certain infections or bacterial 

challenge; 2) clinical rationale that inhibiting contact activation may be safe in critically ill patients and 

is unlikely to provoke significant bleeding or compromise the immune system; and 3) several contact 

activation inhibitors are in clinical development and are potentially available for rapid clinical trial 

implementation. 

The Contact Pathways of Coagulation and Inflammation:

The molecular complex of contact activation composed of factor XII (FXII), factor XI (FXI), 

prekallikrein and high-molecular-weight kininogen, serves as a central node linking the coagulation 

and inflammation pathways (Figure 1). Contact activation not only leads to thrombin generation but 

also upregulation of the kallikrein-kinin system (KKS). Thrombin generation may also upregulate the 

KKS through feedback activation of FXII via thrombin-induced FXI activation. Kallikrein induces the 

generation of bradykinin, which interacts with the renin-angiotensin system and induces the release 

of inflammatory cytokines, leading to complement activation and enhanced fibrinolysis. As outlined 

below, knock-out or selective inhibition of components of the contact activation system inhibits both 

fibrin generation and systemic inflammation in animal models. Recent clinical trials suggest that 

inhibition of FXI attenuates thrombosis with little effect on hemostasis, although the effect of inhibiting 

FXI in humans with infection is unknown.[7] 

Animal Models Targeting the Contact System in Infection:

Several studies have evaluated the effects of FXI knock-out in murine models of bacterial challenge. 
FXI knock-out mice develop a less severe coagulopathy and lower serum cytokine levels than wild-

type mice when challenged with Listeria monocytogenes. Plasma inflammatory markers, including IL-
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6 and hepatic mRNA encoding IL‐6 and IL‐10, were significantly attenuated, correlating with 

improved survival (30% vs 67%).[8]

Likewise, in a cecal ligation and puncture model designed to mimic polymicrobial peritoneal sepsis, 

FXI‐knock-out mice experienced less consumptive coagulopathy than wild-type mice.[9] Prothrombin 

times increased significantly in wild-type mice but remained unchanged in FXI‐deficient animals. 

Mice that lacked FXI clearly developed a less pronounced coagulopathy and relatively attenuated 

inflammatory response compared with wild-type controls, and this translated directly to a significant 

survival advantage (46% vs 13%). This experimental model was later replicated to further define the 

changes in inflammatory cytokine levels and coagulation profiles in FXI knock-out mice. Compared 

with wild-type mice, FXI‐deficient mice demonstrated significantly lower plasma levels of IL‐1β, IL‐6, 

IL‐10 and tumor necrosis factor‐α (TNF‐α) during the infection. Survival at 7 days was also 

significantly higher in the FXI knock-out mice (39% vs 6%).[10]

However, pharmacological inhibition of FXIa or deficiency of FXI has the potential to impair 

hemostasis, which may already be compromised during some infections. Therefore, inhibition of 

other components of the contact activation complex have been evaluated. The murine monoclonal 

antibody 14E11, which binds to the A2 domain of FXI and selectively disrupts reciprocal activation of 

FXI and FXII without affecting activation of FXI by thrombin or FIX activation by FXIa, had beneficial 

effects in the cecal ligation and puncture model described above, including significantly improved 

survival (80% vs 45%). On postmortem organ evaluation, only 40% of 14E11‐treated mice had 

evidence of hepatic vascular microthrombi as compared with 75% of the control group. Levels of 

inflammatory cytokines, including TNF‐α and IL‐6, were significantly lower in the 14E11-treated 

mice.[11] Administration of 14E11 to Listeria monocytogenes-infected mice also improved survival.[8] 

Similarly, preclinical studies have evaluated the role of FXII in health and disease. FXII knock-out 

mice are protected from experimentally induced thrombosis in numerous models while displaying 

normal hemostatic capacity.[12] Upregulated FXII activation is the cause of certain forms of 

hereditary angioedema and leads to excess bradykinin generation, complement activation, increased 

vascular permeability, and edema. The monoclonal antibody 3F7 that inhibits the activity of FXIIa has 

been shown to be protective against bradykinin generation and edema in mouse models of 

hereditary angioedema and to prevent bradykinin generation in plasma from humans with hereditary 

angioedema.[13] The recombinant version of the antibody, CSL312, is currently under clinical A
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development for treatment or prevention of hereditary angioedema.[14] Lastly, Ir-CPI, a dual inhibitor 

of FXIa and FXIIa isolated  from the saliva of Ixodes ricinus ticks, has been shown to be attenuate 

thrombosis  in animal models without apparent detriment to hemostasis.[15] The effect of 

simultaneous inhibition of FXIa and FXIIa in humans remains unknown.  

Animal Models Targeting the Contact System in Systemic Inflammatory Response Syndrome 
(SIRS):

SIRS can emerge after a variety of serious insults, including trauma, blood loss, amniotic fluid or fat 

embolism, and severe viral or bacterial infections, and can lead to organ failure and death. Inhibition 

of contact activation may attenuate development of SIRS and reduce mortality. Antibody-mediated 

inhibition of FXIIa improved outcomes in a baboon model of lethal E. coli challenge.[16] Rapidly 

developing fatal hypotension after infusion of cultured E. coli was attenuated, with 1 in 5 (20%) 

survival in the group that received a FXIIa inhibitory antibody (C6B7). A later study demonstrated that 

baboons pretreated with C6B7 before E. coli exposure also exhibited reduced complement 

activation, neutrophil degranulation, and levels of tissue plasminogen activator (tPA) and IL‐6  

compared with untreated controls.[17] 

More recent non-human primate work by Silasi et al.[18] investigated the effects of the recombinant 

monoclonal anti‐FXI antibody 3G3 (AB023), a humanized variant of the mouse anti‐FXI antibody 

14E11, discussed above, in baboons that received an intravenous lethal dose of inactivated S. 

aureus. All animals given prophylactic 3G3 survived to 7 days as compared with none in the 

untreated control arm. Administration of 3G3 reduced the consumptive coagulopathy as reflected by 

shorter partial thromboplastin times and resulted in fewer respiratory complications, less tachypnea 

and reduced fever as compared with untreated controls. Serum biomarkers of end‐organ dysfunction 

were also significantly decreased. Upon postmortem analysis, no microvascular thrombi were 

detected in the lungs, kidneys, and livers of the 3G3‐treated baboons and organs appeared normal 

on histopathologic evaluation. In contrast, extensive microvascular thrombosis and organ damage 

were detected in untreated animals.[18] 

Inhibition of reciprocal FXI and FXII activation with 3G3 resulted in a marked blunting of the cytokine 

storm usually associated with bacteremia and sepsis. Plasma levels of IL‐6, IL‐8, monocyte 

chemoattractant protein‐1, granulocyte‐macrophage colony‐stimulating factor, and IL‐1β were lower A
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in FXI-inhibited non-human primates. Treated animals also displayed decreased contact 

(prekallikrein), fibrinolytic (tPA), and complement cascade activation, reflected by lower levels of 

circulating C3b and C5b‐9 terminal complement complex.[18] A more recent preliminary study with 

5C12, an antibody that directly inhibits FXIIa, in the same baboon model of lethal SIRS yielded 

results similar to those observed with 3G3.[19] 

Human and Animal Data Suggesting the Potential Safety of Contact System Inhibition: 

While the contact activation system of coagulation leads to thrombin generation and appears to 

contribute to the development of thrombosis, it seems to be mostly dispensable for hemostasis. 

Epidemiologic data suggests that individuals with congenital FXI deficiency are largely protected 

against venous and arterial thrombosis while usually having only a mild bleeding diathesis with little 

or no spontaneous bleeding and the bleeding with hemostatic challenge (trauma, major surgery) 

often does not require treatment. Importantly, congenital  FXII deficiency, while rare, is not 

associated with abnormal bleeding.[20] The relative safety of reducing FXI activity in humans was 

demonstrated in a prospective clinical trial of an antisense oligonucleotide that reduced plasma FXI 

levels in surgical patients. Partial reduction in FXI levels was an effective method for prevention of 

postoperative venous thromboembolism in patients undergoing elective knee arthroplasty and was 

associated with a trend for less bleeding than traditional anticoagulation.[21] Similarly, antibody-

mediated inhibition of FXIa was associated with a trend for less bleeding than that observed with low 

molecular weight heparin in a large prospective trial of thromboprophylaxis in patients undergoing 

elective knee arthroplasty.[22] In a Phase 1 trial, AB023 appeared to be safe without any notable 

drug-related adverse effects in healthy volunteers.[23] While recent retrospective analyses have 

suggested anticoagulation with heparin products may improve clinical outcomes in patients with 

COVID-19, [4], selective targeting of contact activation may offer a more refined approach with no 

impact on hemostasis, and would likely be associated with fewer bleeding complications. However, 

the safety of inhibiting the contact activation system in patients with bacterial or viral infections has 

not been assessed. 

Innate immunity does not appear to be compromised in humans with congenital FXI or FXII 

deficiency, although FXI deficiency has been associated with nasal infections in Holstein cattle.[24] 

Epidemiologic studies of humans with FXI deficiency reported identical rates of hospitalization for 

pneumonia and pneumonia-related outcomes as controls with normal FXI levels. To our knowledge, A
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there are no reports linking human FXI deficiency with an immunocompromised phenotype.[25] 

Thus, while contact activation appears to contribute to proinflammatory and procoagulant pathways 

in humans, the absence of FXI does not seem to significantly compromise host defense or 

hemostasis. It should be noted that results from a study of a mouse model of pneumonia conflict with 

this premise. Thus, Stroo and colleagues showed that administering Streptococcus pneumoniae or 

Klebsiella into the lungs resulted in more inflammation and higher mortality in FXI-deficient mice than 

in wild-type mice.[26,27] While raising a cautionary note, these findings may represent a species-

specific effect, like that observed in Holstein cattle. It is reassuring that the aforementioned 

epidemiologic study found no increase in the frequency of pneumonia in FXI deficient humans 

compared with those with normal FXI levels. Furthermore, in those with pneumonia, there was no 

significant difference in severity or short-term mortality.[25] We posit that a strategy directly targeting 

FXII or targeting the link between FXII and FXI will not produce the same effect as complete 

deficiency of FXI and, importantly, leave the hemostatic function of FXI intact. However, it will be 

important to monitor the response when directly targeting or eliminating the function of the KKS in 

patients with pneumonia.

Contact System Inhibitors Currently in Human Trials: 

Multiple agents targeting FXI, and one targeting FXII, have been evaluated in early phase clinical 

trials. Inhibitors of FXI under evaluation include IONIS-FXI Rx, a FXI antisense oligonucleotide that 

inhibits hepatic synthesis of FXI; MAA868 (abelacimab), a monoclonal antibody that binds the 

catalytic domain of both FXI and FXIa; Osocimab (BAY1213790), a monoclonal antibody that only 

binds the catalytic domain of FXIa; BAY1831865, a monoclonal antibody that binds the A3 domain of 

FXI and prevents FXIa-mediated activation of FIX; and JNJ-70033093 and BAY2433334, which are 

small molecules inhibitors of FXIa. More selective inhibitors of contact activation upstream of FXIa 

include AB023 (3G3), a monoclonal antibody that binds FXI and inhibits its activation by FXIIa and 

FXII activation by FXIa; and CSL312, a monoclonal antibody that inhibits FXIIa.[14,28] 

Preclinical data and rationale exist for preventing the activation of FXI and FXII while preserving 

some of the hemostatic FXI activity in patients with COVID-19. To our knowledge, of these drugs, 

only AB023 (3G3) has been tested in infection models, and has shown promise in preventing the 

systemic inflammatory response, clinical decompensation and death in a non-human primate model 

of lethal bacterial challenge. By targeting the reciprocal activation of FXI and FXII, AB023 breaks the A
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connection between activation of FXII by foreign surfaces that may get exposed during bacterial and 

viral infections, thereby down regulating activation of FXI and the KKS. Moreover, selectively 

inhibiting the pathologic interaction between FXII and FXI to prevent deleterious thrombin and 

kallikrein generation would still preserve the hemostatic function of FIX activation by thrombin 

induced FXI activation. Therefore, FXI activation by FXIIa, by virtue of its position as an interface 

between contact activation and thrombin generation, may represent a unique target to safely prevent 

or treat COVID-19-related inflammatory complications including the cytokine response and the 

coagulopathy, and to reduce associated mortality.

Conclusion:

The world is in the midst of a pandemic, the time course and resolution of which is unclear. In such 

times it is the responsibility of the scientific and medical community to quickly develop well-designed 

clinical trials rationally based on preclinical and clinical data. We propose the FXIIFXI axis as a 

rational therapeutic target. A potential clinical trial could include prophylaxis against decompensation 

in COVID-19 patients with severe disease as evidenced by a reduction in the need for ventilator 

treatment, shorter time to ventilator weaning or reduced progression to extracorporeal membrane 

oxygenation. The hemostatic safety and potential effects on the innate immune response will need to 

be monitored as part of this novel approach. In addition to these clinically relevant endpoints, which 

may free up vital resources, the available preclinical data suggest that inhibition of contact activation 

has the potential to improve survival in patients with SARS-CoV-2 infection-induced severe COVID-

19. 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

References:
1 Xu X, Han M, Li T, Sun W, Wang D, Fu B, Zhou Y, Zheng X, Yang Y, Li X, Zhang X, Pan A, 

Wei H. Effective Treatment of Severe COVID-19 Patients with Tocilizumab. 

ChinaXiv:20200300026 2020; in Press. 

2 Genentech: Press Releases | Monday, Mar 23, 2020. 

3 Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated with poor 

prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost; 2020; in Press. 

4 Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated with 

decreased mortality in severe coronavirus disease 2019 patients with coagulopathy. J Thromb 

Haemost 2020; in Press. 

5 Tian S, Hu W, Niu L, Liu H, Xu H, Xiao S-Y. Pulmonary Pathology of Early-Phase 2019 Novel 

Coronavirus (COVID-19) Pneumonia in Two Patients With Lung Cancer. J Thorac Oncol; 

2020; in Press. 

6 Moore HB, Barrett CD, Moore EE, McIntyre RC, Moore PK, Talmor DS, Moore FA, Yaffe MB. 

Is There a Role for Tissue Plasminogen Activator (tPA) as a Novel Treatment for Refractory 

COVID-19 Associated Acute Respiratory Distress Syndrome (ARDS)? J Trauma Acute Care 

Surg 2020; in Press. 

7 Raghunathan V, Zilberman-Rudenko J, Olson SR, Lupu F, McCarty OJT, Shatzel JJ. The 

contact pathway and sepsis. Res Pract Thromb Haemost; 2019; 3: 331–9. 

8 Luo D, Szaba FM, Kummer LW, Johnson LL, Tucker EI, Gruber A, Gailani D, Smiley ST. 

Factor XI-deficient mice display reduced inflammation, coagulopathy, and bacterial growth 

during listeriosis. Infect Immun 2012; 80: 91–9. 

9 Berny MA, White TC, Tucker EI, Bush-Pelc LA, Di Cera E, Gruber A, McCarty OJ. Thrombin 

mutant W215A/E217A acts as a platelet GPIb antagonist. Arterioscler Thromb Vasc Biol 2008; 

28: 329–34. 

10 Bane CE, Ivanov I, Matafonov A, Boyd KL, Cheng Q, Sherwood ER, Tucker EI, Smiley ST, 

McCarty OJ, Gruber A, Gailani D. Factor XI Deficiency Alters the Cytokine Response and 

Activation of Contact Proteases during Polymicrobial Sepsis in Mice. Fu J, editor. PLoS One 

2016; 11: e0152968. 

11 Tucker EI, Verbout NG, Leung PY, Hurst S, McCarty OJ, Gailani D, Gruber A. Inhibition of 

factor XI activation attenuates inflammation and coagulopathy while improving the survival of 

mouse polymicrobial sepsis. Blood 2012; 119: 4762–8. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

12 Renné T, Schmaier AH, Nickel KF, Blombäck M, Maas C. In vivo roles of factor XII. Blood; 

2012; 120(22): 4296–303. 

13 Björkqvist J, de Maat S, Lewandrowski U, Di Gennaro A, Oschatz C, Schönig K, Nöthen MM, 

Drouet C, Braley H, Nolte MW, Sickmann A, Panousis C, Maas C, Renné T. Defective 

glycosylation of coagulation factor XII underlies hereditary angioedema type III. J Clin Invest; 

2015; 125: 3132–46. 

14 DeLoughery EP, Olson SR, Puy C, McCarty OJ, Shatzel JJ. The Safety and Efficacy of Novel 

Agents Targeting Factors XI and XII in Early Phase Human Trials. Semin Thromb Hemost; 

2019; 45: 502–8. 

15 Pireaux V, Tassignon J, Demoulin S, Derochette S, Borenstein N, Ente A, Fiette L, Douxfils J, 

Lancellotti P, Guyaux M, Godfroid E. Anticoagulation With an Inhibitor of Factors XIa and XIIa 

During Cardiopulmonary Bypass. J Am Coll Cardiol; 2019; 74: 2178–89. 

16 Pixley RA, De La Cadena R, Page JD, Kaufman N, Wyshock EG, Chang A, Taylor FB, 

Colman RW. The contact system contributes to hypotension but not disseminated 

intravascular coagulation in lethal bacteremia. In vivo use of a monoclonal anti-factor XII 

antibody to block contact activation in baboons. J Clin Invest; 1993; 91: 61–8. 

17 Jansen PM, Pixley RA, Brouwer M, De Jong IW, Chang ACK, Hack CE, Taylor FB, Colman 

RW. Inhibition of factor XII in septic baboons attenuates the activation of complement and 

fibrinolytic systems and reduces the release of interleukin-6 and neutrophil elastase. Blood; 

1996; 87: 2337–44. 

18 Silasi R, Keshari RS, Lupu C, Van Rensburg WJ, Chaaban H, Regmi G, Shamanaev A, 

Shatzel JJ, Puy C, Lorentz CU, Tucker EI, Gailani D, Gruber A, McCarty OJ, Lupu F. Inhibition 

of contact-mediated activation of factor XI protects baboons against S aureus-induced organ 

damage and death. Blood Adv; 2019; 3: 658–69. 

19 Lupu F, Keshari R, Silasi R, Regmi G, Lupu C, Lorentz CU, Wallisch M, Tucker EI, Gailani D, 

Gruber A, McCarty OJ. Blocking activated factor XII with a monoclonal antibody prevents 

organ failure and saves baboons challenged with heat-inactivated S. aureus. Res Pr Thromb 

Haemost 3(Suppl 1) 2019; 3: 127–8. 

20 Renné T, Schmaier AH, Nickel KF, Blombäck M, Maas C. In vivo roles of factor XII. Blood 

2012; 120: 4296–303. 

21 Büller HR, Bethune C, Bhanot S, Gailani D, Monia BP, Raskob GE, Segers A, Verhamme P, 

Weitz JI, FXI-ASO TKA Investigators. Factor XI antisense oligonucleotide for prevention of A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

venous thrombosis. N Engl J Med 2015; 372: 232–40. 

22 Weitz JI, Bauersachs R, Becker B, Berkowitz SD, Freitas MCS, Lassen MR, Metzig C, Raskob 

GE. Effect of Osocimab in Preventing Venous Thromboembolism Among Patients Undergoing 

Knee Arthroplasty: The FOXTROT Randomized Clinical Trial. JAMA; 2020; 323: 130–9. 

23 Lorentz CU, Verbout NG, Wallisch M, Hagen MW, Shatzel JJ, Olson SR, Puy C, Hinds MT, 

McCarty OJ, Gailani D, Gruber A, Tucker EI. Contact Activation Inhibitor and Factor XI 

Antibody, AB023, Produces Safe, Dose-Dependent Anticoagulation in a Phase 1 First-In-

Human Trial. Arterioscler Thromb Vasc Biol; 2019; 39: 799–809. 

24 Marron BM, Robinson JL, Gentry PA, Beever JE. Identification of a mutation associated with 

factor XI deficiency in Holstein cattle. Anim Genet 2004; 35: 454–6. 

25 Salomon O, Preis M, Abu Shtaya A, Kotler A, Stein N, Saliba W. Factor XI deficiency is not 

associated with an increased risk of pneumonia and pneumonia-related mortality. 

Haemophilia; 2018; 24: 634–40. 

26 Stroo I, Yang J, de Boer JD, Roelofs JJTH, van ’t Veer C, Castellino FJ, Zeerleder S, van der 

Poll T. Factor XI deficiency enhances the pulmonary allergic response to house dust mite in 

mice independent of factor XII. Am J Physiol Lung Cell Mol Physiol; 2017; 312: L163–71. 

27 Stroo I, Zeerleder S, Ding C, Luken BM, Roelofs JJTH, de Boer OJ, Meijers JCM, Castellino 

FJ, van ’t Veer C, van der Poll T. Coagulation factor XI improves host defence during murine 

pneumonia-derived sepsis independent of factor XII activation. Thromb Haemost; 2017; 117: 

1601–14.

28 Weitz JI, Chan NC. MAA868 locks factor XIa in a zymogen-like state. Blood; 2019; 133: 1393–

4. 

A
cc

ep
te

d 
A

rt
ic

le



rth2_12349_f1.png

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le

Figure 1. Schematic of pathologic thrombin and bradykinin generation in the absence (A) or presence (B) of 
a contact activation inhibitor 




