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A B S T R A C T   

The universal phenomenon of blood clotting is well known to be protective in external cellular/ tissue injury. However, the emergence of unusual thrombotic 
presentations in COVID-19 patients is the real concern. Interaction of the spike glycoprotein with ACE2 receptor present in the host cell surface mediates the entry of 
SARS-CoV-2 causing COVID-19 infection. New clinical findings of SARS-CoV-2 pathogenesis are coming out every day, and one such mystery is the formation of 
mysterious blood clots in the various tissues and organs of COVID-19 patients, which needs critical attention. To address this issue, we hypothesis that, high ACE2 
expression in the endothelium of blood vessels facilitates the high-affinity binding of SARS-CoV-2 using spike protein, causing infection and internal injury inside the 
vascular wall of blood vessels. This viral associated injury may directly/indirectly initiate activation of coagulation and clotting cascades forming internal blood clots. 
However, the presence of these clots is undesirable as they are responsible for thrombosis and need to be treated with anti-thrombotic intervention.   

Background 

Coronavirus Disease (COVID-19), since its emergence from Wuhan 
province, China in December 2019, now spreading to 213 countries 
worldwide, forcing the World health organization to declare this 
outbreak a global pandemic on 11 March 2020 [1]. COVID-19 is caused 
by highly infectious, severe acute respiratory syndrome coronavirus 
(SARS-CoV-2), infecting more than 36 million individuals, with 
1,060,563 reported deaths as of 8 October 2020 [2]. The understanding 
of this novel virus and disease evolves sequentially in the past seven 
months. Initially, thought to transmit by droplets or aerosols causing 
fever as classical clinical symptoms, mainly in old age or immunocom
promised individuals. However, the dynamics of COVID-19 keeps on 
evolving with the emergence of different SARS-CoV-2 strains. Evidence 
of airborne mode of SARS-CoV-2 transmission [3], asymptomatic clin
ical presentations along with extra-pulmonary manifestations [4] are 
the real concern. 

SARS-CoV-2 is a single-stranded, positive-sense RNA virus having 
envelope, glycoprotein, and spike protein. Being a respiratory virus, 
SARS-CoV-2 enters inside the human body and infect the lungs as a 
primary and predominant organ [5]. The entry is mediated by the 
binding of the receptor-binding domain (RBD) of the S1 subunit of the 
viral spike protein with the host angiotensin-converting enzyme 2, 
(ACE2) receptor primarily expressed in the type II pneumocytes, serving 

as a viral reservoir [6,7]. Usually, COVID-19 presented with fever, sore 
throat, dry cough, and shortness of breath as common clinical mani
festations [8], however asymptomatic cases are also being reported 
which are more critical to diagnose. ACE2 is also found to be expressed 
in the oral, nasal mucosa, epithelial cells of lungs, kidney, and heart, 
enterocytes of the small intestine, and in the endothelial cells of blood 
vessels [9]. The SARS-COV-2 associated extra-pulmonary manifestations 
are encephalitis, rashes on the skin, meningitis, conjunctivitis, acute 
hepatic, and renal injury. 

Surprisingly, autopsies of COVID-19 patients have revealed clots in 
the small vessels of the lungs, heart, liver, and kidney which are 
responsible for strokes and heart attacks [10]. More than 33% of critical 
COVID-19 patients’ are reported with critically high levels of blood 
clotting or elevated levels of D-dimer [11]. The development of these 
mysterious clots causing coagulation abnormalities and thrombosis is 
the real concern and needs to be addressed. So, we hypothesis the 
possible mechanism for the formation of the vascular blood clots in 
COVID-19 patients. 

Origin of hypothesis 

The hypothesis for the formation of blood clots in the vessels is 
retrieved from the classical concept of blood clotting. The mechanism of 
blood clotting is like a two-edged sword, wherein the case of severe 
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external injury, clotting is very crucial for preventing the blood loss, 
whereas, in the case of internal blood vessels injury, it, unfortunately, 
leads to the formation of blood clots, causing vascular blockades and 
thrombosis, expanding to every organ leading to severe and fatal 
outcomes. 

The above concept is substantiated by the following three facts:  

)a) Recognition of ACE2 receptor-expressing endothelial cells of the 
blood vessels by spike protein of SRAS-CoV-2.  

)b) Direct injury to the endothelial cell by SARS-CoV-2 infection 
resulting in vascular damage. 

)c) Indirect damage due to immune-mediated cytokine release syn
drome (CRS) causing inflammation and cell death. 

To protect the direct and/or indirect damage caused by SARS-CoV-2 
to endothelial cells lining the blood vessels, host innate defensive 
mechanism of blood clotting activates, recruiting the activated platelets 
at the injury site to form a clot which although reduce the damage but 
negatively may lead to obstruction of blood vessels and vasoconstriction 
causing more damage. 

The virus enters into the peripheral blood causing viremia and gets 
transmitted to the different organs such as the heart, kidney, gastroin
testinal tract resulting in multiple organ failure. As it is evident that 
blood clots were observed in both live and dead COVID-19 patients, so it 
is out most interesting to decode the mystery. 

Hypothesis statement 

Considering the above facts and recent unusual reports, a hypothesis 
develops for the blood clots formation in the COVID-19 patients (Fig. 1), 
states that “Due to an internal injury in the endothelium of blood vessels, 
either directly by SARS-CoV-2 infection (co-expression and binding of the 
spike protein with the ACE2) or my virus-mediated inflammatory immune 
response, may result in vasoconstriction and the activation of coagulation and 
blood clotting pathways, resulting in the formation of blood clots”. 

Theoretical evaluation and validation 

During COVID-19 infection, SARS-CoV-2 enters into the systemic 
circulation and binds with the ACE2 expressing endothelial cells 
(endothelium) lining the blood vessels. Binding facilitates the virus 
internalization, causing infection and injury in the vascular wall of 
blood vessels. The vascular injury might result in vasoconstriction, 
which may further reduce the blood flow at the site of injury. Also, 
injury to endothelial cells reduces the expression of fibrinolytic heparin 
and thrombomodulin. Conversely, high expression and secretion of the 
Von Willebrand factor enhance the aggregation of platelets at the site of 
injury in blood vessels and activate the coagulation cascade for the 
formation of blood clots. 

Immediately within a few seconds of endothelial cells injury in a 
blood vessel, platelets along with collagen, recruit at the injury site to 
swell and aggregate. Soon the coagulation is initiated and fibrin strands 
begin to intersperse among the wound to form a complete platelet plug. 
Viruses like Dengue and Herpes simplex virus (HSV) are known to infect 
endothelial and circulating blood cells, activating coagulation cascade 
by promoting tissue factor [12]. Interestingly, lysis of fibrin known as 
fibrinolysis by fibrinolytic molecule plasminogen and plasmin proved to 
induce deleterious inflammation and defective fibrin clot formation in 
Influenza A viruses (IAV) [13]. In addition to viral stimulation, binding 
of an extracellular proteolytic enzyme known as urokinase-type plas
minogen activator (uPA) with its receptor, uPAR is crucial for the acti
vation of plasminogen to plasmin as reported in various malignancies 
[14]. Detrimental inflammation in the endothelial cells may initiate the 
cascade of cytokine release and subsequently leads to the blood vessel 
injury. 

Similarly, the SARS-CoV-2 induced vascular trauma/injury, activates 
the platelets exposed endothelium or collagen following the intrinsic 
pathway. Following the injury to blood vessels, near-by platelets stick to 
the vascular proteins, get degranulated, releasing prothrombin acti
vator, serotonin, adenosine diphosphate (ADP), and thromboxane A2 for 
further activation of platelets. The mechanism for the formation of clots 
in the blood vessels may start sequentially by 12 clotting factors, i.e. 
activating the factor XII, converting prothrombin to thrombin and later 
fibrinogen to long and insoluble fibrin which may entangle with 

Fig. 1. Schematic representation showing the mechanism of clot formation in the blood vessels when the endothelial cells rich in ACE2 receptors are targeted by 
SARS-CoV-2 and resulted in the internal blood vessel injury, resulting in the cascade of blood clot formation. 
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platelets by covalent cross-linking, forming a stable interlocking fibrous 
network of a fibrin clot at the site of injury. This may slow down the 
blood flow, but platelets in the clot begin to shrink to initiate the wound 
healing process with intrinsic and extrinsic coagulation pathways. 
However, the upregulation of the expression of fibrinogen subunits FGA, 
FGB, and FGG also plays a very significant role in the formation of the 
clot. Various thrombotic complications and coagulation abnormalities 
are associated with COVID-19 like sepsis-induced coagulopathy (SIC), 
disseminated intravascular coagulation (DIC), venous thromboembo
lism (VTE), pulmonary embolism (PE), micro-thrombosis, microvascular 
thrombosis, and thrombotic micro-angiopathy. Intense endothelial 
inflammation may be the involved mechanism leading to microvascular 
thrombosis as suggested in lung pathology contributing to ARDS [15]. 
SIC is hypercoagulability, characterized by elevated fibrinogen and D- 
dimer levels causing endothelial dysfunction, micro-thrombosis, and 
stroke [16]. 

Additionally, vasoconstriction has an inverse relation with ACE2. 
During systemic infection, the ACE2 expressed blood vessels’ endothe
lial cells, might attach to the viral spike protein resulting in the un
availability of ACE2. Renin-angiotensin-aldosterone system (RAAS) may 
drive the formation of micro-thrombin in COVID-19 patients stimulating 
Angiotensin II (Ag II) to induce tissue factor (TF) and plasminogen 
activator inhibitor-1 (PAI-1) expression by endothelial cells. Ag II acts 
on the CNS to increase vasopressin production which causes vasocon
striction. Depletion of ACE2 by SARS-CoV-2, PAI-1/tPA imbalance, and 
a hyper-coagulable state may favor tissue injury and stroke [17]. This 
may explain the unresolved mystery of unresolved fibrin deposits in the 
alveoli of patients with general ARDS [18]. 

ACE2 converts Ag II to Ag (1–7), protecting endothelial cell function 
and prevent early atherosclerosis which can be caused by a clot in the 
blood vessels [19]. Profound hypoxemia in the pulmonary capillaries 
may result in the activation of hypoxia-inducible factors (HIFs) resulting 
in inducing or inhibition of TF and PAI-1 respectively, and vasocon
striction thereby promoting vascular occlusion [20–22]. 

The deposition of the C56-9 component of the complement system in 
the damaged vessel results in micro thrombosis as an anti-phospholipid 
syndrome [23]. Neutrophil extracellular traps (NET) are associated with 
elevated levels of histones, activating increased thrombin production 
[24]. In a study including 362 closed COVID-19 cases from Italy, high 
mortality attributed to pulmonary embolism (PE) and pulmonary 
thrombosis with VTE and ischemic stroke as primary and DIC as a sec
ondary outcome. Thromboembolic events occurred in 28 (7.7%) cases, 
with VTE in 16 (36%), PE in 10 (33%) and, DIC in 8 (2.2%) patients 
[25]. High-risk coagulation abnormalities are associated with an 
elevated concentration of D-dimer and a reduction in platelet count 
[11]. Thrombotic microangiopathy in the lungs autopsies showing ag
gregates of CD4 around thrombosed small vessels and are significantly 
associated with hemorrhage. [26]. VTE may develop via immunologic 
activation of intravascular and platelet-releases thrombin. Severe 
derangement of hemostasis, accompanied by reduced platelet count and 
fibrinogen, may explain the events of venous thromboembolism sup
porting hypercoagulability in COVID-19 positive patients [27]. Inci
dence of VT increase between 25% and 49% in severe COVID-19 
patients, with pulmonary embolism being the most common thrombotic 
complication [28,29]. Microvascular thrombotic complications are 
indicative of a strong interaction between the SARS-CoV-2 and coagu
lation. More than 80% of lung autopsies reported platelet–fibrin 
thrombi, especially in the small pulmonary vasculature [30]. The pres
ence of antiphospholipid antibodies is a serious complication causing 
thrombotic stroke in young patients [31]. 

SO, in COVID-19 patients, the SARS-CoV-2 mediated endothelial 
inflammation, thrombin generation, platelet, and leukocyte recruit
ment, complement activation, and the initiation of innate and adaptive 
immune responses, forming clots, culminate in immunothrombosis, ul
timately resulting in thrombotic complications, stroke, and finally 
death. 

Discussion & conclusion 

Based on the literature and clinical observation of mysterious clots 
reported in the COVID-19 patients, expression of ACE2 in the endothe
lium of blood vessels, blood clotting pathways, interaction of the SARS- 
CoV-2 spike protein with host ACE2, the pathogenesis of SARS-CoV-2, 
and the role of ACE2 in RAS, we can hypothesize and end with the 
conclusion that the mysterious clots reported in the COVID-19 patients 
may be due to the binding of the spike protein of SARS-CoV-2 with the 
ACE2 receptor expressed in the endothelial cells of blood vessels which 
may cause, vasoconstriction and activation of the intrinsic pathway of 
coagulation and eventually results in the formation of blood clots. 
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