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FO RUM

The protective rather than prothrombotic fibrinogen in 
COVID-19 and other inflammatory states

Jecko Thachil

1  | INTRODUC TION

COVID-19 continues to cause significant mortality around the world. 

One of the key pathogenic features observed in COVID-19 is the in-

tense inflammation induced by the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) with the development of a cytokine 

storm in the most severe cases. From the coagulation perspective, 

colleagues from different parts of the world have noted several-fold 

increase in fibrinogen levels in many patients who require critical care 

support.1-3 Why might the fibrinogen levels increase so much?

Fibrinogen is a glycoprotein produced in the body's major syn-

thetic machinery, the liver, which is also an overlooked anti-infective 

organ. This is clearly evidenced in sepsis being one of the most com-

mon causes of death in patients with liver cirrhosis.4 The liver, in its 

anti-infective role, releases several acute phase reactants including 

fibrinogen, ferritin, C-reactive protein (CRP), and a plethora of cy-

tokines. Several reports have confirmed marked elevation of these 

acute phase proteins in patients requiring hospitalization for COVID-

19, suggesting the liver function is in overdrive.2,3,5 These different 

molecules including ferritin, CRP, and fibrinogen play key roles in the 

body's defense against invading pathogens.

2  | THE PROTEC TIVE ACUTE PHA SE 
RE AC TANTS

Ferritin and the regulatory molecule hepcidin are crucial in the iron-in-

fection axis.6 Every micro-organism needs iron for their survival. In in-

fectious states, iron is sequestered from the circulation inside ferritin; 

a process regulated by hepcidin, thus limiting the supply to the patho-

gens.6 Clinically, this important role of ferritin was observed in nega-

tive trials in which routine iron supplementation for preschool children 

in a malaria-endemic population resulted in increased risk of severe 

illness and death.7,8 Another acute phase reactant, CRP, also plays a 

protective role in pro-inflammatory states with high likelihood of adult 

respiratory distress syndrome (ARDS). In patients with trauma, CRP 

was shown to defend the human body from histone-induced endothe-

lial cell damage.9 Mouse experiments by this group showed CRP forms 
a complex with histones and protects the host from endothelial leak-

age/damage which would have resulted in lung edema, and pulmonary 

thrombosis (both commonly noted in COVID-19).9 A third member of 
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Abstract
Hypercoagulability has been recognized as a common complication of COVID-19. 

Exact mechanisms for this extreme coagulation activation have not yet been eluci-

dated. However, one of the consistent laboratory finding is the increase in fibrino-

gen, in some cases, marked elevation. High circulating levels of fibrinogen have been 

linked to thrombosis for years and for this reason, hyperfibrinogenemia is considered 

one of the mechanisms for COVID-19 coagulopathy. In this forum article, instead of 

the prothrombotic role, a protective function for fibrinogen is discussed. Fibrinogen, 

like the other well-known acute phase reactants, is increased in COVID-19 possibly 

to protect the host.
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this beneficial group of proteins, haptoglobin, works as an antioxidant, 

binds circulating extracellular hemoglobin in inflammatory states, and 

can stimulate the monocyte/macrophage system.10

3  | THE PROTEC TIVE ACUTE PHA SE 
FIBRINOGEN

Fibrinogen's role among these protective warriors is likely to be two-

fold—regulating the antimicrobial function of the immune cells and 

clot formation, thus limiting spread of the pathogen. Flick et al showed 

fibrinogen to be a physiologically relevant ligand for the leukocyte 

integrin Mac-1 and thus important in regulating the inflammatory 
response independent of the clotting function.11 In relation to viral in-

fections, Mac-1 is a surface receptor for extracellular double stranded 
RNA (SARS Co-V 2 is an RNA virus).12 It is possible that high levels of 

fibrinogen saturate Mac-1 and therefore reduce the harmful effects 
from the virus.13,14 As an acute phase protein, increased concentra-

tions of soluble fibrinogen antagonize leukocyte recruitment, and can 

contribute to inflammation resolution.15 The several host defense 

roles of fibrinogen are summarized in a review in which two main 

mechanisms are detailed, assisting host protective immune function 

and forming fibrin matrices that serve as a protective barrier.16

4  | THE PROTEC TIVE FIBRINOGEN AND 
THROMBOSIS

Thrombus formation limiting the spread of the invading pathogen 

has long been known to be a host defense mechanism. Different 

components of the coagulation pathway are highly relevant in the 

anti-infective process. These include the central figure, throm-

bin; anticoagulant proteins like protein C and thrombomodulin; 

the contact pathway constituents like factor XII; and of, course, 

fibrinogen.17 The Flick lab attempted to distinguish between fi-

brinogen- and fibrin-dependent antimicrobial function in vivo by 

creating FibAEK mice, which lacked the capacity for fibrin poly-

mer formation.18 These animal models retained the functional 

capacity for platelet interactions but were unable to form poly-

mers and clear intraperitoneal Staphylococcus aureus inoculum 

suggesting thrombus formation is also important in the antimi-

crobial process.18 The localized thrombus formation in the lungs 

is most likely an attempt by the coagulation system to limit the 

spread of the SARS Co-V 2. Recent autopsy reports of patients 

with COVID-19 demonstrated localized micro-thrombi in the lung 

specimens.19

5  | HYPERFIBRINOGENEMIA AND 
THROMBOTIC RISK

Elevated plasma fibrinogen in inflammatory states like trauma and 

pregnancy has been linked to an increased thrombotic risk, but 

without evidence for definite causation. In these clinical scenarios, 

increased coagulation activation including higher levels of fibrino-

gen is necessary for various physiological reasons, but primarily 

to limit ongoing (trauma) or impending (pregnancy) hemorrhage. 

However, despite the high levels of fibrinogen, all pregnant females 

do not develop thrombosis suggesting the hyperfibrinogenemia is 

unlikely to be prothrombotic. Similarly, not all trauma or postopera-

tive cases are associated with thrombosis. Indeed, fibrinogen has 

never been shown to play a direct, causative role in causing throm-

bosis in these conditions.20 The Wolberg lab conducted animal ex-

periments to demonstrate a link between high levels of fibrinogen 

and thrombosis and observed that hyperfibrinogenemia did not 

cause spontaneous thrombosis in vivo.20 They also quoted past ob-

servations in which injecting human fibrinogen into mice did not 

cause spontaneous fibrin deposition. The conclusion from the study 

was that multiple hits were required to cause thrombosis in addi-

tion to elevated fibrinogen levels.20 Certainly, in trauma patients, 

there can be several hits that can contribute to thrombosis, while 

in pregnant females, additional complications like pre-eclampsia or 

hyperemesis-induced dehydration could act as additional hits to 

trigger thrombosis.

6  | PL ATELET AND CIRCUL ATING 
FIBRINOGEN

If fibrinogen behaves as a protective acute phase reactant and as 

a prothrombotic molecule, could it be coming from two different 

sites to serve the two different roles? The “two-layer thrombus” 

model demonstrated by Stalker et al may provide clues to this 

duality.21 Their experiments demonstrated a hierarchical organi-

zation for thrombus with an inner core of tight thrombus from 

activated platelets and an outer loose, plasma-permeable shell, 

less dependent on activated platelets.21 Interestingly, in the inner 

core, the activated platelets are packed together by the integ-

rin αIIbβ3, which is the platelet receptor for fibrinogen. The fi-

brinogen for the inner core of thrombus comes from the platelet 

α–granules, which also store several coagulation proteins (factor 

V, XI, and XIII) involved in secondary hemostasis.22 At the same 

time, the circulating fibrinogen is possibly executing its efforts 

as an acute phase protein. Although this dual role of fibrinogen 

has not been examined in detail, that of platelet and circulating 

von Willebrand factor (VWF), another acute phase reactant, has 

been studied. Platelet α-granules contain 20% of the total VWF 

protein and are the high molecular weight multimeric forms.22,23 

Using pig bone marrow transplantation model, it was shown 
that platelet VWF markedly ameliorates bleeding in severe von 

Willebrand disease and in its presence, much lower levels of 

plasma VWF were required for hemostasis.24 This suggests that 

the platelet VWF is the predominant form involved in thrombus 

formation; while the circulating VWF similar to fibrinogen may be 

more of a participant in the host defense function in inflamma-

tory conditions.



     |  1851THACHIL

7  | PUT TING E VERY THING TOGETHER 
AND RELE VANCE TO COVID -19

How can all of the above information be put together? In a patient 

with COVID-19, the fibrinogen (and VWF) level increases as part of 

the host defense. In the initial stages, the main role is to regulate the 

body's intense inflammatory response and the exceedingly high fi-

brinogen level may not be a disadvantage. At this stage, fibrinogen's 

acute phase function is predominant to its role in thrombi formation, 

which is occurring at a low-grade level (reflected by the mild increase 

in D-dimers). This scenario is similar to many other clinical situations 

in which an acute phase response is seen, such as pregnancy, trauma, 

and postoperative states, in which the rise in fibrinogen is physiolog-

ical and an increase in D-dimers is noted without clinical evidence 

of thrombi. However, if the underlying inflammatory condition or 

the host's inflammatory response progresses unabated, the hemo-

static system answers by causing widespread thrombi to limit dis-

semination of the harmful microbes or damage-associated proteins. 

Marked thrombi formation results in significant increase in D-dimers 
but also leads to exhaustion of platelet granules. Because fibrinogen 

is no longer released from the platelets, its level starts to decrease 

in tandem with increasing D-dimers. This has clearly been shown 

in one of the most quoted papers in COVID-19 hypercoagulability 

literature from Tang et al.1 In this report, a clear distinction between 

survivors and non-survivors was identified by the significantly el-

evated D-dimer and lower fibrinogen but not high fibrinogen lev-

els.1 The D-dimer/fibrinogen ratio has been explored in the past as a 

thrombotic marker. Kucher et al showed higher D-dimer values and 
lower fibrinogen levels in patients with pulmonary embolism and 

even suggested the use of D-dimer/fibrinogen ratio of >103 as being 

highly specific for pulmonary clots.25 The authors also commented 

on the possibility of decreasing fibrinogen levels correlating with in-

creasing pulmonary occlusion rate.25

8  | CLINIC AL RELE VANCE OF THE 
HYPOTHESIS

What is the clinical relevance of the protective fibrinogen hypoth-

esis? Monitoring fibrinogen levels along with D-dimers in critically 
ill patients with (and without) COVID-19 is clearly important. If the 

D-dimers do not increase in tandem with the fibrinogen, it may be 

hypothesized that the protective role of fibrinogen is dominating 

(acute phase response >>> thrombosis). However, if the D-dimers 

begin increasing and the fibrinogen levels begin decreasing, this is 

the time when marked coagulation activation and thrombi forma-

tion is occurring (Figure 1). Unfortunately, clinicians only notice the 
fibrinogen levels when they are markedly reduced and the patient 

F I G U R E  1   Fibrinogen and the balance between acute phase reaction and thrombus formation
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may have begun bleeding, which may sometimes be an unsalvage-

able scenario. An interesting dilemma here is whether fibrinogen re-

placement should be given to maintain the higher levels rather than 

considering it when the levels have started decreasing, when such 

transfusions can be harmful. Unfortunately, most of the clinical stud-

ies on fibrinogen have focused on bleeding outcomes with limited 

considerations looking at benefits outside hemostasis.

9  | SUMMARY

So far, the protective role of fibrinogen as an acute phase reactant 

remains a hypothesis. Some basic science research suggests this role 

although clinical studies overlooked any function outside thrombo-

sis causation, that too without definitive proof. It is unusual for an 

evolutionary mechanism like an acute phase reaction to prove harm-

ful to the host, especially when it occurs in scenarios such as sepsis 

and trauma, which have affected humans from the early ages. We 

must begin examining the non-hemostatic functions of fibrinogen 

in future research studies. In a similar way, it may be useful to study 

other coagulation proteins such as VWF for a possible protective 

role in the acute phase.
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