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Introduction

“ COVID-19 patients experience hypercoagulability and increased risk of venous
thromboembolism. Severe cases of COVID-19, i.e., patients who require
ventilators, are associated with hyper-coagulability and disseminated
Intravascular coagulation (DIC). Moreover, several reports indicate that
hypercoagulability, as measured by the D-Dimer level, is present mostly in
critically ill and deceased patients. In addition to blood clots of all sizes
throughout the body, doctors who treat coronavirus patients report a range of
other odd and frightening syndromes, such as kidney failure, cardiac
iInflammation, and immune complications. Most severely ill COVID-19 patients
manifest a hyperactivated immune response, led by interleukin 6 (IL6) that
triggers a so called “cytokine storm” and hyper coagulopathy. Hypoxia is also
associated with COVID-109.

*» Deficiency of the anticoagulant protein, Protein S, is associated with DIC and
thrombosis. Protein S limits thrombin generation by directly inhibiting Factor 1Xa.
Thus, the high thrombotic risk associated with PS deficiency is due to failure to
regulate thrombin formation.

“*D Dimer levels, age, and race, can affect the severity of COVID-19 and the
degree of mortality. Clinicians measure the D dimer levels as an indicator of
hypercoagulability and DIC. A positive D-dimer result indicates the presence of an
abnormally high level of fibrin degradation products; thus, high D dimer suggests
substantial blood clot (thrombus) formation and consequent degradation. The
elderly are more susceptible to contracting COVID-19, and they have a higher
risk of mortality compared with younger individuals. In addition, people of African
and Hispanic origin are also at higher risk of infection.

Methods

The purpose of this research was to identify factors that can predict the risk of
severe COVID-19 and its prognosis. We found that age, race, and the plasma level
of anticoagulant Protein S comprise a list of risk factors that lead to severity and
mortality of COVID-19. However, experimental data are required to directly correlate
Protein S level with severity of COVID-19 disease.

In order to collect data, we examined previously published research papers in order
0 compile statistics that determine parameters for establishing specific values of
how age, race, and D dimer levels can predict specific COVID-19 outcomes.
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Results

Y We speculate that hypoxia plus IL6-driven cytokine explosion
causes a severe drop in Protein S level and exacerbates the
thrombotic risk in COVID-19 patients.

YeHere we highlight a mechanism by which the IL6-hypoxia curse
causes a deadly hypercoagulable state in COVID-19 patients,
and we suggest a potential therapeutic path to treatment
(Figure 1).

Place Time and Date No of Mortality
patient

Male Female
Netherlands[l] 7t March - 5™ April, Average : 64
2020
Lombardy region of 20t February -18t 1591 1304 287 Median : 63 405
Italy[2] March, 2020
Italy[3] Until 15" March, 2020 22512 13462 9050 Median : 64 1625
Zhongnan Hospital 1st January to 13t 449 268 181 Average : 65.1 134
of Wuhan University March, 2020
in Wuhan, China[4]
Fatal Cases of oth January-15t 85 62 23 Median: 65.8 All
COVID-19 from February, 2020
Wuhan
China[5]
Wuhan Jin Yin-tan Late December, 2019- 52 36 17 Average: 59.7 32

Hospital, Wuhan, 26t January, 2020

China[6]

Table 2: Studies which indicate that h ulabilit

levels of D-dimer), Is almost always associated with disease severity and

mortality in COVID-19.

Mean D-dimer
(<0.5 pg/ml)

Sample size RVEVETS

Tang et al, Feb 2020,[7] Survivors (162) 0.6 <0.001 Disseminated intravascular coagulation
Non-survivors (21) 212 (DIC) was found in most deaths

Han et al, Mar 2020, [8] Ordinary patient 2.14 +2.88 <0.001 Huge increase in D-dimer in critically ill

(49) COVID patients

Critical (10) 20.04 £32.39 <0.05

Wang et al, Mar 2020, [9] ICU (36) 4.14 In the non-survivors, D-dimer increased

<0.001 continuously

Non-ICU (102) 1.66

Zhang et al, April 2020, [10] Ordinary (276) 0.41 12 non-survivors had D-dimer values
Severe (67) 4.76 <0.001 greater than 2.0

Spiezia et al, April 2020, [11] ICU (22) 5.343 £2.099 <0.0001 All ICU patients with acute respiratory

failure showed severe hypercoagulability,
one patient with the most hypercoagulable
state died.

Seven patients died of hypoxia and multi-
organ failure

Ranucci et al, April 2020, [12] Total (16) 3.5 0.017

Tang et al, May 2020, [13] Survivors (315) 1.47 <0.001
Non-survivors (134) 4.7

30 of the non survivors died even after
treated with low molecular weight heparin
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Figure 1: In the presence of the SAR-COV?2 virus, early response proinflammatory cytokines (IL-6, TNFa,
IL-1[3 etc.) are induced and activate the coagulation cascade by stimulating tissue factor (TF) expression
from monocytes. The presentation of tissue factor leads to the formation of thrombin by the TF-Vlla
pathway. Thrombin produces clots, and clots get wedged into arteries in the lungs and cause thrombotic
complications and hypoxia. Hypoxia also induces IL-6. Simultaneously, thrombin augments

inflammation and accelerates the production of proinflammatory cytokines, termed ‘cytokine storm’.

Both cytokine storm and hypoxia downregulate Protein S, leading to coagulopathy.

DiIScussion

%therature search showed that mortality rate is higher in older population (Table 1) and
hypercoagulability is associated with disease severity and mortality in COVID-19 (Table 2).

It was shown before in a population of stroke patients, IL6 was upregulated, and it caused
downregulation of Protein S that resulted in venous thrombosis(14). Our work demonstrated
that hypoxia downregulates Protein S synthesis in HepG2 cells (15) . Further, we showed that
Protein S supplementation in thrombotic mice (mimicking hypoxic niche) plasma was able to
alleviate the thrombotic risk (15). Thus, we propose that Protein S supplementation could be
useful in treating thrombotic complications. A substantial number of severe COVID-19 patients
manifest both hypoxia and prothrombotic complications and we speculate that reduced Protein
S level might play a key role in the disease progression of these patients.
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