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Abstract
Among COVID-19 hospitalized patients, high incidence of alterations in inflammatory and coagulation biomarkers correlates
with a poor prognosis. Comorbidities such as chronic degenerative diseases are frequently associated with complications in
COVID-19 patients. The aim of this study was to evaluate inflammatory and procoagulant biomarkers in COVID-19 patients
from a public hospital in Mexico. Blood was sampled within the first 48 h after admission in 119 confirmed COVID-19 patients
that were classified in 3 groups according to oxygen demand, evolution and the severity of the disease as follows: 1) Non severe:
nasal cannula or oxygen mask; 2) Severe: high flow nasal cannula and 3) Death: mechanical ventilation eventually leading to fatal
outcome. Blood samples from 20 healthy donors were included as a Control Group. Analysis of inflammatory and coagulation
biomarkers including D-dimer, interleukin 6, interleukin 8, PAI-1, P-selectin and VWF was performed in plasma. Routine
laboratory and clinical biomarkers were also included and compared among groups. Concentrations of D-dimer (14.5 + 13.8
mg/ml) and PAI-1 (1223 + 889.6 ng/ml) were significantly elevated in severe COVID-19 patients (P < 0.0001). A significant
difference was found in interleukin-6, PAI-1 and P-selectin in non-severe and healthy donors when compared to Severe COVID-
19 and deceased patients (P < 0.001). VWF levels were also significantly different between severe patients (153.5 + 24.3 UI/dl)
and non-severe ones (133.9 + 20.2 UI/dl) (P < 0.0001). WBC and glucose levels were also significantly elevated in patients with
Severe COVID-19. Plasma concentrations of all prothrombotic biomarkers were significantly higher in patients with a fatal
outcome.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by SARS-

CoV-2 and declared pandemic by the World Health Organiza-

tion in March 2020, has affected tens of millions of people.1

Complications of this disease have been correlated with an

exacerbated state of inflammation, characterized by the eleva-

tion of certain cytokines such as interleukin 1 (IL-1), interleu-

kin 6 (IL-6), interleukin 8 (IL-8), tumor necrosis factor a
(TNF-a) and gamma interferon (INF-g), in a process called

“cytokine storm”.2-4 Also, an elevation in coagulation-related

biomarkers levels has been reported, highlighting increased

1 Laboratory of Hemostasis and Vascular Biology, Faculty of Medical and Bio-
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fibrinogen concentrations, D-dimer, von Willebrand factor

(vWF) and prolongation in prothrombin time,5,6,7 as well as

an increase in plasma concentrations of some coagulation reg-

ulators such as type 1 plasminogen activator inhibitor 1 (PAI-1)

and tissue-activating plasminogen (tPA),8 in hospitalized

patients with COVID-19. This close relationship between cyto-

kines and procoagulant mediators results in a hypercoagulable

state that has been associated with an enhanced risk for throm-

botic events and mortality.9 The International Society of

Thrombosis and Hemostasis has issued recommendations for

the management of the coagulopathy present in COVID-19

based on some of these prothrombotic markers.10

It has been described that patients with chronic degenerative

diseases, such as metabolic syndrome, obesity and/or diabetes

mellitus (DM), when affected with COVID-19, trend to be

associated with a poorer prognosis.11,12 These diseases share

a chronic inflammatory state that, coupled with the severe

inflammation of COVID-19, may promote an immunothrom-

botic status,12-14 nevertheless, the mechanism of the viral infec-

tion disrupting the coagulation system has not been described.

Mexico has shown one of the highest rates of mortality in

the world, reaching 1.9 million COVID-19 cases and 165 000

deaths in February 2021. Mexico also shows one of the highest

rates of obesity and diabetes, which could partially explain

these high numbers. Information on the immunothrombotic

status in Mexican patients is very scarce.

This article aims to describe the behavior of inflammatory

and procoagulant biomarkers in hospitalised COVID-19

patients and its association with the severity of the disease in

a public community hospital in Mexico.

Patients and Methods

Patients

A total of 150 patients who were admitted with a clinical diag-

nosis of COVID-19 in the months of July to September 2020 at

the General Hospital “Dr. Miguel Silva” in Morelia, Mexico

were included. From the initial cohort, 119 patients had a pos-

itive diagnosis of SARS-CoV-2 infection, which was con-

firmed by reverse transcription polymerase chain reaction

(RT-PCR) by the State Public Health Laboratory. Samples

from 20 healthy donors were included as a Control Group,

samples of this group were obtained from August to December

2019 as control group for other studies and stored in our bio-

bank, before the COVID-19 pandemic so no SARS-CoV2

infection is possible in them. All patients were older than 18

years. The study was approved by the Ethics and Research

Committee of the General Hospital “Dr. Miguel Silva” with

the registration number 530/01/20. Blood samples from all

patients were obtained upon admission to the emergency

department and at the most within the first 48 hours after their

admission to the hospital; only those samples from confirmed

SARS-CoV-2 infection were included in the study and were

classified according to their evolution into 3 groups: Non-

Severe COVID-19, Severe COVID-19 and Death Group.

Samples

Whole human blood was obtained from all patients by clean

venipuncture after signing the informed consent form. Blood

for plasma samples was collected in vacutainer tubes contain-

ing 3.2% sodium citrate (Becton Dickinson, Franklin Lakes,

NJ, USA) and processed within 2 h after collection. Blood

samples for Complete blood cell count, ABO group, glucose

and other routine chemical tests were also obtained. Serum and

plasma were obtained by centrifugation at 3500 rpm for 10

minutes at room temperature and preserved at -70�C until its

use for biomarker assessment.

Assessment of Immunothrombotic Biomarkers

The following immunothrombotic biomarkers were analized:

Platelet count, D dimer, Interleukin 6 (IL-6), P-selectin (P. Sel),

type 1 plasminogen activator inhibitor (PAI-1). Plasma assess-

ment of biomarkers was performed by flow cytometry using the

LEGENDplex Kit™ Human Thrombosis Panel Standard from

BioLegend® following the instructions suggested by the sup-

plier. The samples were read on a CytoFLEX equipment,

BECKMAN COULTER®. Briefly, plasma was incubated with

beads that are differentiated by size and internal fluorescence

intensities. Each bead set is conjugated with a specific antibody

on its surface and acts as the capture bead for that particular

analyte, so each analyte will bind to its specific capture bead.

After washing, a biotinylated detection antibody cocktail is

added, and each detection antibody in the cocktail will bind

to its specific analyte bound on the capture beads, forming a

capture bead-analyte-detection antibody sandwich. Streptavidin-

phycoerythrin (SA-PE) is subsequently added and after

30 minutes of incubation, samples were taken to the CytoFLEX

equipment for analysis.

D-Dimer

D-Dimer was evaluated by 2 independent methods: an auto-

mated coagulometric method using STA Compact Max2,

Stago® using STA-Liatest D-Di PLUS as reagent and by flow

cytometry with antibody beads alongside the rest of the immu-

nothrombotic biomarkers.

Von Willebrand Factor

Von Willebrand Factor was assessed in plasma samples using

the BIOMEDICA DIAGNOSTICS IMUBIND® vWF ELISA

kit. This is a “sandwich” ELISA that uses a goat polyclonal

antibody as capture antibody. Samples are incubated in the

precoated micro-test wells and a polyclonal antibody conju-

gated with horseradish peroxidase (HRP) is used to detect the

bound vWF antigen. The addittion of perborate/3,3́,5.5́-tetra-

methylbenzidine (TMB) substrate and its subsequent reaction

with the HRP, creates a blue stained solution; finally, the assay

is stopped by a pH change. All assays were performed follow-

ing specifications and recommendations issued by the supplier.
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ELISA plates were read using a Thermo Scientific Multiskan

FC reader® at a wavelength of 450 nm.

Statistical Analysis

Sociodemographic and categorical variables are expressed in

frequencies and percentages. Continuous variables are

expressed using mean, standard deviation, median, minimum

and maximum values. The results obtained were expressed in

standard means and deviations. Shapiro Wilk test was used for

normality test. A variance analysis was used to assess differ-

ences between groups and multiple comparisons were evalu-

ated using the Kruskal-Wallis test. A p value <0.05 was

considered to be statistically significant. GraphPad 6.0 soft-

ware was used for the analysis (San Diego, CA).

Ethics. The study was approved by an appropriate Institutional

Review Board: the Ethics and Research Committee of the Gen-

eral Hospital “Dr. Miguel Silva” with the registration number

530/01/20. Written informed consent was obtained from all

patient(s) or from a legally authorized representative for their

anonymized information to be published in this article.

Results

One hundred and fifty hospitalized patients with clinical suspi-

cion of COVID-19 were enrolled in the study, all of them

admitted in the General Hospital “Dr Miguel Silva” in the city

of Morelia Michoacan, Mexico. Main criterion for admission to

hospital was hypoxemia. Diagnosis of SARS-CoV2 infection

was confirmed in 119 patients by means of a positive real-time

reverse transcriptase (RT-PCR) test. Confirmed positive

SARS-CoV2 patients were classified into 3 groups according

to the severity of the disease, a total of 37 (31.0%) patients had

mild and moderate disease, these patients required oxygen sup-

port with nasal cannula or oxygen mask and were classified

into the Non-Severe COVID-19 group, 64 (53.7%) patients

who had severe disease, required support with high flow nasal

cannula and were part of the Severe COVID-19 group, and

18 (15.1%) patients who had critically severe disease requiring

assisted mechanical ventilation, were admitted in the Intensive

Care COVID Unit (ICU) and finally had a fatal outcome, were

part of the Death Group. The Control Group was composed by

20 volunteers who were healthy at the moment of the study,

samples of this group were obtained as a control group for other

studies and stored in our bank before the COVID-19 pandemic

so no SARS-CoV2 infection is possible in them. The clinical

and demographic characteristics of the study population are

shown in Table 1.

The mean ages of the patients were not significantly differ-

ent among the patients groups (non severe COVID-19, severe

COVID-19, and Death Group) (p ¼ 0.063), however the group

of critical patients with fatal outcome had a mean age of

63.7 + 13.8 and an age range of 31 to 85 years, which upper

limit is higher than the rest of the groups. The presence of

hypertension, diabetes mellitus, obesity and COPD were found

as the most frequent comorbidities associated with COVID and

they were compared according to the evolution of the disease

without finding significant differences among the 3 groups.

The main differences that were observed were found in the

complete blood cell count; particularly the white blood cell

count (WBC) was significantly higher in the Severe COVID-19

group (12.2 + 5.9 x 109/L) and the Death Group (14.9 + 6.1 x

109/L) when compared to the Non-Severe COVID-19 group

(8.1 + 3.0 x 109/L, p¼ 0.0001). If we analyze the lymphocyte

count (%), it was significantly reduced in the Death Group

Table 1. Clinical and Demographic Characteristics of the Study Population.

Variable
Healthy donors

(n ¼ 20)
Non severe covid

(n ¼ 37)
Severe covid-19

(n ¼ 64)
Death by covid-19

(n ¼ 18) P value

Age (years, mean + SD) 41.40 + 14.9 44.52 + 12.7 55.53 + 12.3 63.77 + 13.8 0.063
Male n (%) 8 (40%) 26 (62.16%) 39 (60.9%) 9 (50) 0.604
Diabetes mellitus n (%) N/A 15 (40.54%) 21 (32.8%) 10 (55.6%) 0.085
Hypertension n (%) N/A 10 (27.02%) 14 (21.9%) 9 (5%) 0.495
Obesity n (%) N/A 4 (10.81%) 9 (14.1%) 4 (22.2%) 0.851
COPD n (%) N/A 0 (0.0%) 4 (6.3%) 1 (5.5%) 0.092
WBC (x109/L, mean + SD) 6.14 + 1.1 8.12 + 3.1 12.27 + 5.9 14.99 + 6.2 0.0001
Hb (g/dL mean + SD) 14.52 + 2.1 14.25 + 1.6 13.79 + 2.5 13.25 + 2.0 0.312
Lymphocyte (x109/L mean + SD) 5.67 + 0.9 18.03 + 8.2 15.48 + 12.6 7.05 + 4.96 0.003
Platelets ( x109/L mean + SD) 245.3 + 66.8 287.88 + 104.8 294.07 + 117.5 262.11 + 117.0 0.590
MPV (fL mean + SD) 8.30 + 1.3 10.45 + 1.0 10.65 + 0.99 10.60 + 1.1 0.637
D-dimer (mg/ml mean + SD) N/A 0.8221 + 0.6 2.84 + 3.9 2.61 + 3.7 0.013
Fibrinogen (mg/dL mean + SD) N/A 630.34 + 143.8 625.84 + 215.0 780.54 + 356.3 0.039
Glucose (mg/dL mean + SD) 88.75 + 6.7 113.75 + 64.5 151.64 + 100.2 219.82 + 200.3 0.008
Tryglicerides (mg/dL mean + SD) 114.5 + 48.6 171.15 + 55.4 202.43 + 97.9 261.42 + 197.6 0.028
Cholesterol (mg/dL mean + SD) 173.6 + 37.7 150.26 + 40.9 147.26 + 41.9 137.29 + 32.9 0.558

* ANOVA test was used to evaluate the comparison between groups.
* COPD: Chronic Obstructive Pulmonary Disease.
* D-dimer results by coagulometric method.
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(7.0 + 4.9 x 109/L) compared to patients in the Severe

COVID-19 group (15.4 + 12.5 x 109/L) and patients of

the Non-Severe COVID-19 group (18.0 + 8.1 x 109/L).

Glucose and triglycerides were significantly higher in the

Severe COVID-19 group and in the Death Group vs non

severe COVID-19 group. Demographic data and results from

routine laboratory tests are shown in Table 1.

One of the most common complications in COVID-19

patients is the excessive inflammatory response that leads to

a cytokine storm that triggers tissue damage, platelet activa-

tion, and thrombosis in critically ill patients. For this reason,

circulating cytokine concentrations of several immune

response: IL-6 and IL-8 and prothrombotic biomarkers:

D-dimer, vWF, PAI-1 and P-selectin were evaluated in plasma

samples from patients infected with COVID-19 and a group of

healthy donors.

D-Dimer

D-dimer has been linked to a notable increase in mortality in

COVID-19 patients. We evaluated the plasma concentrations

of D-dimer by 2 independent methods: the traditional coagulo-

metric method and a flow cytometry method based in antibody

coated beads. Evaluation of D-dimer by the coagulometric

method was performed in the hospital laboratory to patients

with a positive diagnosis for COVID-19. Results were (mean

+ SD) 0.8221 + 0.6 mg/ml in the NonSevere COVID-19

group; 2.84 + 3.8 mg/ml in Severe COVID-19 group and

2.61 + 3.66 mg/ml in the Death group, the difference among

groups was significant (p¼ 0.013) (Table1). We also evaluated

the D-dimer concentrations by flow cytometry alongside other

prothrombotic biomarkers in the 3 study groups of patients and

in the group of healthy donors. Very high D-dimer concen-

trations were observed in the Severe COVID-19 (14.7 +
11.2 mg/ml) and Death group (14.5 + 13.8 mg/ml) when com-

pared with the Non-Severe COVID-19 group (1.9 + 4.3 mg/ml)

and healthy donors (0.4 + 0.2 mg/ml) with a significant dif-

ference p ¼ 0.0001. (Figure 1). We performed a correlation

test between both methodologies obtaining an r value of 0.7

(p � 0.0001). (Figure 2)

Interleukins

Our results showed similar IL-6 concentrations in the Non-

Severe COVID-19 group (430.3 + 122.9 pg/ml) and Control

group (419.5 + 112.8 pg/ml), however the concentrations of

IL-6 in Severe COVID-19 (1463 + 2501 pg/ml) and the

Death Group (2200 + 1994 pg/ml), were significantly higher

(p ¼ 0.001). (Figure 3). IL-8 levels were higher in the Severe

group (4420 + 7977 pg/mL) and the Death group (6000 +
9618 pg/mL) when compared to Non-Severe COVID-19

(2270 + 4626 pg/mL) and control group (3285 + 2233 pg/mL),

although differences were not significant (p ¼ 0.2953).

(Figure 4)

Prothrombotic Biomarkers von Willebrand Factor

VWF plasma concentration was significantly higher in patients

with Severe COVID-19 group (153.5 + 24.3 UI/dL) and Death

group (149.8 + 17 UI/dL) when compared to patients with

non-severe COVID-19 (133.9 + 20.18 UI/dL) and with

healthy donors (98.9 + 20.7 UI/dL) p � 0.0001, with concen-

trations increasing according to the severity of the disease

(Figure 5).

Figure 1. Comparison of plasma concentrations of D-dimer in
patients with COVID-19 according to the severity of the disease.
An increase in plasma D-dimer concentrations is observed in patients
infected with COVID-19. The severe COVID-19 and death groups
showed concentrations above 20 ug/ml, while the group with non-
severe COVID-19 showed a mean non greater than 2 ug/ml (ANOVA
p < 0.0001). 131 � 110 mm (300 � 300 DPI).

Figure 2. Correlation between plasmatic concentration of D-dimer
measured by flow cytometry vs coagulometric method. D-Dimer
concentrations measured by flow cytometry correlated positively
with D-Dimer concentrations evaluated by a coagulometric method
(r ¼ 0.7649, p < 0.0001). 152 � 103mm (220 � 220 DPI).
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PAI-1

Significantly increased plasma concentrations of PAI -1 were

detected in patients in the Severe COVID-19 group (713.3 +
702.5 ng / ml) and the Death group (1223.5 + 889.6 ng / ml)

when compared to patients in the Non-Severe COVID-19

group (465.2 + 282.1 ng / ml) and healthy donors (183.7 +
129.1 ng / ml) p � 0.0001. (Figure 6).

P-Selectin

We observed higher P-Selectin concentrations in the Severe

and Death COVID-19 groups (2430 + 2434 pg/mL) (1795

+ 794.4 pg/mL) compared with patients in the Non-Severe

Figure 3. Comparison of plasma concentrations of IL-6 in patients
with COVID-19 according to the degree of severity. The group of
healthy donors and the non-severe covid-19 group showed similar
IL-6 concentrations. Plasmatic levels of IL-6 increased in the severe
covid-19 group and the death group (ANOVA p ¼ 0.001). 144 � 117
mm (300 � 300 DPI).

Figure 4. Comparison of plasma concentrations of IL-8 in patients
with COVID-19 according to the severity of the disease. Non-severe
COVID-19 and healthy subjects in the control group. Concentrations
of IL-8 showed lower levels when compared to complicated
COVID-19 patients. No statistical difference was found among
groups. (ANOVA p ¼ 0.2953). 134 � 112 mm (300 � 300 DPI).

Figure 5. Comparison of plasma concentrations of vWF in patients
with COVID-19 according to the severity of the disease. vWF plasma
concentrations from all 3 groups of patients showed a significant dif-
ference when compared with the group of healthy donors. The figure
shows how as the severity of the disease increases, vWF levels also
significantly increase. The groups with severe COVID-19 and the
death group showed the highest concentrations (ANOVA p < 0.0001).
130 � 114mm (300 � 300 DPI).

Figure 6. Plasmatic concentrations of PAI-1 in patients with covid-19.
Plasma concentrations of PAI-1 increased significantly in patients
infected with Covid-19 as the degree of severity of the groups pro-
gressed. The results were compared with a group of healthy donors
(ANOVA p < 0.0001). 128 � 111 mm (300 � 300 DPI).

Lopez-Castaneda et al 5



COVID-19 group (1553 + 1180 pg/mL) and healthy donors

(496.2 + 204 pg/mL) (p < 0.0005). It can be observed that

severity of the disease increases significantly P-selectin levels

(Figure 7).

Discussion

The ongoing COVID-19 pandemic has rushed medical doctors

and researchers in order to find effective disease severity pre-

dictors that can help palliate the disease and to clarify its patho-

physiological mechanisms. The aim of this research was to

identify inflammatory and prothrombotic biomarkers associ-

ated with the severity of the disease that could be helpful for

clinicians to establish risk stratification and clinical manage-

ment of patients. In this study, we provide evidence that

inflammatory biomarkers such as IL-6 and IL-8 and even

more, prothrombotic biomarkers including D-Dimer, vWF,

PAI-1, and P-Selectin are associated with the severity of

COVID-19 and could predict a higher risk of death irrespec-

tive of age, sex or chronical comorbidities. Additional studies

are needed to determine whether any of the observed changes

in inflammatory and/or prothrombotic biomarkers are, in fact,

predictive of death.

The proinflammatory cytokine IL-6 is critical in the pro-

gression of acute inflammatory diseases such as sepsis and

ARDS. Hyperinflammation in ARDS is characterized by an

excessive increase in cytokines, the so called “cytokine storm”.

Consistent with previous reports, our study shows concentra-

tions of IL-6 were increased in Severe COVID-19 patients and

deceased patients but not in non-severe patients. It has been

proposed that IL-6 signaling plays a central role in the

production of cytokines and PAI-1 during COVID-19. IL-8 is

also produced in vascular endothelial cells, nevertheless we did

not found a significant difference in IL-8 among our study

groups. These results are consistent with those found by McEl-

vany et al15 who also found unlike IL-6, the IL-8 response to

infection was not more pronounced in severe COVID-19. In the

first months of the COVID-19 pandemic, these data provided

some insight regarding potential therapeutic options using IL-6

and other specific cytokine inhibitors such as tocilizumab, ana-

kinra or infliximab, nevertheless clinical trials such as the COV-

ACTA study16 have recently proved these inhibitors do not offer

broad spectrum anti-inflammatory protection and have proved

not to be useful in the treatment of COVID-19 patients.

The situation with anti-inflammatory medication is still evolving

and further research and clinical trials are needed until a defini-

tive therapy and vaccines are developed.

It has already been described that several biomarkers are

associated with severity and poor outcome, among them is

elevated CRP, ferritin, fibrinogen and D-Dimer.17 Among

these, Fibrinogen and D-Dimer are associated with a hypercoa-

gulable state and thrombotic risk in COVID-19.6 D-dimer is a

measure of the coagulation and fibrinolytic system and is often

used to assess the severity of the host response in infectious

diseases, playing an important role in the risk stratification of

patients with sepsis to improve clinical management. Several

studies showed that the higher the D-dimer levels, the greater

the risk of sepsis and septic shock for patients.18 Increased

concentrations of D dimer have been associated with adverse

outcomes in COVID-19.19 In the present study, we evaluated

concentrations of D-Dimer by 2 independent methods: the coa-

gulometric method and flow cytometry method using antibody

coated beads. Our results concur with those previously

described, finding significantly higher D-dimer levels in

patients from the Severe-COVID and Death groups when com-

pared with Non-Severe patients.

A hallmark of Acute Respiratory Distress Syndrome

(ARDS) is the increased alveolar-capillary permeability trig-

gered by exudation of fluid rich in cell and plasma proteins,

including albumin, fibrinogen, proinflammatory cytokines and

coagulation factors.20 This leads to recruiting of inflammatory

cells including neutrophils, macrophages, monocytes and pla-

telets. During sepsis, there is an upregulation of tissue factor

resulting in a downregulation of anti-thrombin leading to

increase in plasma thrombin. At the same time, endothelial

damage increases the release of anti-fibrinolytic mediators

such as PAI-1 and further inhibition of fibrinolysis, leading

to deposition of fibrin in the intra-alveolar space. Collectively,

all these changes induce a hypercoagulable state that is also

found in COVID-19.21 On the other hand, the vascular endothe-

lium is emerging as a leading player in COVID-19. SARS-

CoV-2 enters the human body via the angiotensin converting

enzyme 2 (ACE2) receptor, which is widely expressed in sev-

eral organs including the lung (alveolar epithelial cells), heart,

kidney and intestine, but also in vascular endothelial cells,

COVID-19 patients exhibit severe endotheliopathy in the

lungs, including the presence of microthrombi.22 COVID-19

Figure 7. Comparison of plasma concentrations of P-selectin in
patients with COVID-19 according to the degree of severity. Plasma
concentrations of P-selectin showed significant difference in
COVID-19 patients when compared to healthy donors. It is observed
that severity of the disease increases significantly P-selectin levels.
(ANOVA p < 0.0005) 128 � 109mm (300 � 300 DPI).
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endothelitis could explain the systemic impaired microcircula-

tory function in different vascular beds, their clinical sequelae

and the increased severity of the disease found in patients with

pre-existing endothelial dysfunction, which is associated with

male sex, hypertension, diabetes, obesity and previous cardio-

vascular disease, all of them associated with poor prognosis in

COVID-19.23 In this study, we studied inflammatory and pro-

thrombotic biomarkers that are widely recognized biomarkers

of endothelial dysfunction and showed increasing concentra-

tions associated with the severity of the disease.

Prothrombotic Biomarkers

The entry of the virus to the endothelial cell could contribute to

inflammation and damage causing release of prothrombotic

mediators such as vWF which is stored in the Weibel-Palade

storage bodies and exposing underlying collagen to which vWF

binds.24 High circulating vWF levels have been reported in

patients with severe COVID-19 infection and suggest vWF

might be playing a significant role in the progression and prog-

nosis of COVID-19. In this study we found significantly higher

concentrations of vWF both in the Severe COVID group that

included patients that required support with high flow nasal

cannula and the Death groups. Our results concur with those

found by Rauch et al, who found that high plasma concentra-

tions of vWF are independent predictors of increased oxygen

requirements and poor outcomes in COVID-1925 and with

those from Ladikou et al, who found median vWF levels were

significantly higher in patients that died compared to the ones

that remained alive24 Under high shear stress conditions, vWF

plays a key role in mediating platelet adhesion and aggregation,

but in the presence of high concentrations of vWF these inter-

actions with platelets can occur even in the absence of high

shear stress conditions. The high levels of vWF in COVID-19

patient enhance its spontaneous interaction with circulating

platelets and damaged endothelium leading to a prothrombotic

state. Accumulation of neutrophils in the lung vasculature also

contributes to the damage; neutrophils release their nuclear

content including chromatin, DNA and histones forming web

like traps called NETs: neutrophil extracellular traps in a pro-

cess known as NETosis. NETs play an important role in the

fight against invading pathogens including bacteria and

viruses. However, uncontrolled NETs can contribute to the

pathogenesis of diseases exacerbating coagulation and inflam-

mation. vWF and Fibrin interactions with NETs are key

mechanisms in the intricate relation between the coagulation

system and the innate immune system called immunothrombo-

sis with vWF directly participating alongside NETs in provid-

ing a scaffold for procoagulant effectors that leads to the direct

activation of the contact pathway of coagulation, further enhan-

cing the hypercoagulation state.26

Endothelial damage also promotes release of PAI-1, addi-

tionally, infiltration of platelets may result in local release.

Elevated levels of PAI-1 are associated with platelet activation

and depression of urokinase Plasminogen Activator activity in

bronchoalveolar fluid.27 Importantly, a hypofibrinolytic state

and increased PAI-1 was observed in the SARS-CoV epidemic

in 2002 in a study performed by Gralinski et al28 they found

fibrin persistence was mediated by overexpression of PAI-1

which overcomes local uPA and tissue-type plasminogen acti-

vator (tPA). These studies point at a relevant role of PAI-1 in

the etiology of COVID-19 and suggest it is a key protein con-

tributing to abnormal deposition of fibrin in the alveolar

space.29 Additionally, plasma concentrations of PAI-1 have

been reported as a potential biomarker for predicting disease

progression in ARDS and a positive predictor of mortality.30,31

Our results agree with these previous studies showing signi-

ficantly elevated plasma concentrations of PAI-1 even in

moderate/mild COVID-19 patients, with concentrations

increasing according to the severity of the disease and patients

of the Death Group showing the higher concentrations.

Increased levels of P selectin have been previously found in

COVID-19 patients, P selectin contributes to a prothrombotic

state by supporting platelet-leucocyte heteroaggregate forma-

tion and thrombi stabilization through the interaction of

P-selectin on the surface of platelets and leukocyte surface

P-selectin ligand (PSGL-1). Plasma P selectin may originate

also from activated platelets and not only from endothelial

cells. Platelet activation by SARS-CoV 2 has been proposed

as being associated with thrombosis or death in patients hospi-

talized with COVID-19 and may contribute to adverse

events.32

Prophylactic treatment of COVID-19 patients using indirect

anticoagulants such as heparin, particularly low molecular

weight heparin (LMWH) is important to limit the hypercoagul-

able state in this disease. Recent recommendations for the use

of LMWH in hospitalized patients with COVID-19 have been

released.33-35 Heparin treatment also reduces levels of inflam-

matory biomarkers and therefore may be beneficial in reducing

the inflammatory state in COVID-19.

Conclusions

There is increasing evidence of the importance of immuno-

thrombosis in COVID-19, not only for the development of

thrombotic complications but for its contribution to the patho-

physiology of the disease. Several prothrombotic biomarkers

have been identified as poor outcome predictors in COVID-19.

Further studies are needed to evaluate the prognostic value of

them, specially vWF as a measure to stratify not only throm-

botic risk but also severity and adverse outcomes in this pan-

demic disease.
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