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Description
A hallmark of Coronavirus disease 2019 (COVID-19) is 
abnormalities in coagulation associated with upregulations in 
procoagulants that are indicators of high mortality [1]. Critical 
illness is the main contributor to death due to COVID-19. 
COVID-19 has a multitude of comorbidities that vary among 
patients and with the severity at which they experience the 
virus. However, a common COVID-19 comorbidity is respiratory 
insufficiency resulting in hypoxemia [2]. Hypoxemia increases the 
risk of thrombosis because of interference in regulation of blood 
coagulation [3].

Coagulation is quite common in severely ill COVID-19 patients 
[4]. Coagulation is tightly regulated by the clotting factors, co-
factors, and inhibitors that are associated with the control of 
the crucial enzyme thrombin [5]. Hemostasias is a physiological 
state that aids to maintain and promote blood flow and prevents 
coagulation under normal circumstances. Conversely, in the event 
of an injury to a blood vessel, to minimize blood loss, a cascade 
of coagulation events takes place to maintain normal blood flow 
through the lumen of the damaged vessel [6].

Protein S (PS) has a key anticoagulation function in hemostasis. 
Protein S is a 70-kDa vitamin K dependent plasma glycoprotein 
that circulates at a concentration of approximately 25 mg/L (0.30 
g) in human plasma [6]. Hepatocytes are the major producer of
PS, but megakaryocytes, endothelial cells, Leydig cells of testis,
osteoblasts, and vascular smooth muscle cells also synthesize PS
[7,8]. Protein S inhibits factor IXa of the coagulation pathway; this
inhibition limits the production of factor Xa and, in turn, limits
thrombin formation.

Protein S levels in COVID-19 patients have been overlooked 
in diagnosis and prognosis. Protein S levels are an important 
indicator of thrombotic risk and other disease complications. 
Decreased PS level are associated with hypoxic conditions. 
Hypoxia causes hypoxia inducible factor 1 alpha to downregulate 
PS expression, which results in an increased risk of thrombosis in 
hypoxic individuals [3]. Acute hypoxia is associated with severe 
COVID-19 disease because of lung injury and respiratory failure, 
which is the most common cause of death from COVID-19 [2].

In addition to hypoxia, the cytokine storm induced by interleukin 
6 (IL-6) also downregulates PS levels in COVID-19 patients. 
Interleukin-6 is a proinflammatory cytokine that induces tissue 
factor (TF) gene expression in endothelial cells, which, in turn, 

increases thrombin generation. Because COVID-19 patients have 
elevated IL-6 levels they experience a higher thrombotic risk [2].

Chatterjee et al. demonstrated clearly that early immune 
response proinflammatory cytokines are induced and activate 
blood coagulation in COVID-19. This early immune response 
occurs by stimulation of TF expression in monocytes. Increased TF 
leads to the formation of thrombin through the TF-VIIa pathway 
of blood coagulation. The clot that is produced by this pathway 
becomes wedged in arteries in the lungs and leads to thrombotic 
complications and hypoxia. In COVID-19 disease, hypoxia induces 
IL-6 while thrombin leads to inflammation and accelerates the 
cytokine storm. The cytokine storm induced by IL-6 and hypoxia 
simultaneously downregulate PS, further inducing a severe risk 
of thrombosis [9]. Chatterjee et al. speculated that the IL6-driven 
cytokine explosion plus hypoxemia caused a severe drop in PS 
level to exacerbate the thrombotic risk in COVID-19 patients. 
Thus, clinicians should monitor PS levels in COVID-19 patients 
to prevent severe thrombotic complications and protect lung 
health. The inflammatory response of COVID-19 patients is 
a significant threat that increases the severity of the virus and 
further complicates the disease. To prevent these additional 
complications, research is urgently needed to identify therapies 
that would combat the duo of the cytokine storm inflammatory 

response and hypoxia and upregulate PS.
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