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Abstract
Objectives: To investigate the levels of each of von Willebrand Factor, ADAMTS-13, and vitamin K in sera of Iraqi patients infected with 
Covid-19 and study the association between them to explore the mechanism roles of micro thrombosis in Covid-19 progression.
Materials and Methods: In this case-control study, a total of (60) COVID-19 patients (min-max) aged (35–65years) who presented within 
7–12 days of displaying COVID-19 symptoms were recruited. (30) apparently healthy persons of the same ages and gender were included 
in this study as a control group. patients were divided into three groups: mild patients group (n = 33), sever patients group (n = 15), and 
deceased group (n = 12). In this study, the levels of vWF, ADAMTS-13, and vitamin K were measured through enzyme-linked immunosorbent 
assays (ELISA) in sera from healthy volunteers as a control group, and patients with moderate COVID-19, patients with severe COVID-19, and 
patients who had deceased from COVID-19. Anthropometric, biochemical data were analyzed.
Results: The levels of vWF, ADAMTS-13, and vitamin K were did differ significantly among groups. However, the level of vWF was significantly 
higher in moderate COVID-19 and severe cases of COVID-19 groups compared to control indicating it to be an independent predictor in the 
coronavirus disease. The levels of vitamin K were significantly lower in the patients group than the control group especially in severe case 
of the COVID-19 group. In contrast, the level of vWF in deceased COVID-19 patients was significantly higher compared to severe cases. The 
vWF/ADAMTS13 ratio was higher at presentation in COVID-19 patients who died (26.14 vs 12.34; P < .0001). Linear regression analysis for 
vWF levels revealed significant negative correlations with ADAMTS-13, and vit. K, and positive correlations with d-dimer and ferritin levels. 
However ADAMTS-13 demonstrated significant positive correlations with vit. K levels in patients group. 
Conclusion: The correlations of vWF-ADAMTS-l3 and vitamin K levels in Covid-19 patients could help better define the pathophysiology, 
clarify the pathogenesis, improve prediction of clinical prognosis, and better guide thromboprophylaxis and treatment Covid-19 patients, 
which could be uses as hall mark of severe Covid-19 and provide a rational for combined therapeutic approaches for medical staff. A ratio 
of vWF/ADAMTS-13 prompt higher in the ratio in thrombolysed patients was associated with increased mortality and morbidity. 
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Introduction 
The severe acute respiratory syndrome-coronavirus type 2 
causes Coronavirus Disease 19 (Covid-19), a global pandemic 
threat (SARS-CoV-2). The spike protein of SARS-CoV-2 inter-
acts to angiotensin-converting enzyme 2 (ACE2) receptors, 
which play a role in viral entrance.1 Covid-19 has a wide range 
of clinical presentations, from minor symptoms like fever and 
cough to severe types of pneumonia, which can result in acute 
respiratory distress, multiorgan failure, and death.2 The iden-
tification of biomarkers linked with varying disease severity 
is critical for stratifying patients’ risk and devising the most 
effective medicines, in addition to offering vital insights into 
the disease mechanisms in play. The characteristics of Cov-
id-disease include severe hypercoagulability and endothelial 
disturbance, with a high rate of venous thromboembolism 
routinely recorded, particularly in patients with critical illness 
requiring intensive care. More recently, pulmonary micro-
vascular thrombosis has been proposed as a cause of illness 
progression. The lungs were discovered to have indications of 
thrombotic microangiopathy, although the pulmonary arteries 
at the hilum of each lung were clear of thromboemboli. CD61 
and von Willebrand factor (vWF) immunostaining revealed 
tiny platelet-rich thrombi inside small arteries of the periph-
eral parenchyma and alveolar capillaries in all instances.3 

vWF plays a critical function in initial hemostasis, medi-
ating platelet adhesion and aggregation at vascular injury sites.4 

VWF is also a sign of endothelium activation, as it is generated 
in large amounts after vascular injury caused by inflammation. 
A Disintegrin And Metalloprotease with ThromboSpondin 1 
Repeats, Number 13 (ADAMTS-13) regulates the size of vWF 
multimers, and a severe deficiency of ADAMTS-13 activity 
below 10 IU/dL is diagnostic for thrombotic thrombocyto-
penic purpura (TTP), a severe and life-threatening thrombotic 
microangiopathy caused by an accumulation of hyperactive 
ultra-large vWF multi.5 In individuals with ischemic stroke and 
myocardial infarction, low levels of this metalloprotease have 
been linked to an increased risk of thrombosis. TTP survivors 
who have lower ADAMTS13 activity during disease remission 
have a higher risk of TTP-unrelated stroke, while congenital 
TTP patients who get prophylactic ADAMTS13 replacement 
therapy had a lower risk of ischemic stroke. Furthermore, as 
seen in sepsis and overt disseminated intravascular coagula-
tion, an imbalance between high molecular weight VWF mul-
timers and ADAMTS13 may generate a prothrombotic state in 
inflammatory-induced circumstance.6

Vitamin K plays a well-known function in coagulation, 
which is a delicate balance between clot-promoting and 
clot-dissolving processes. To perform its principal function, 
procoagulant factor II (FII; i.e. prothrombin) requires vitamin 
K-dependent carboxylation. Anticoagulant protein S requires  
vitamin K as a cofactor. In contrast to FII, a major percentage 
of protein S is generated outside of the liver in endothelial 
cells, where it has a local anti-thrombotic effect. Vitamin K 
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insufficiency impairs carboxylation of extrahepatic vitamin K- 
dependent proteins more than hepatic vitamin K-dependent 
proteins. In a state of low vitaminK, this can contribute to 
increased thrombogenicity.7

The goal of this work was to better understand the patho-
genesis of microthrombosis in Covid-19 by focusing on the 
vWF-ADAMTS13 axis. In order to do so, we measured the 
VWF multimeric pattern, vWF propeptide, and ADAMTS-13 
levels, as well as vitamin K levels, in individuals with varying 
degrees of illness severity.

Materials and Methods
This case control study, a total of 60 patients with COVID-19 
with ages ranging from 36–60 years (40 males and 20 females) 
who collected within 7–12 days of showing COVID-19 symp-
toms were confirmed clinically with COVID-19 according 
tested positive for SARS-CoV-2 by quantitative RT-PCR and 
chest x-ray or CT scan. The diagnosis of COVID-19 was done 
according to the COVID-19 diagnostic criteria reported by 
Ma et al.8 Patients were recruited from Al-Amal Hospital/
Najaf-Iraq and Al-Hussein teaching hospital, Al-Hussein 
medical city, Kerbala health directorate/Kerbala – Iraq, within 
the period from Dec., 2020 and mid-July, 2021 and compared 
to 60 matched healthy groups as a control. To avoid the influ-
ence of other comorbidities, this study excluded subjects with 
chronic diseases, Alcoholics, liver disease, obese, and smokers. 
the patients were categorized into subgroups according to 
Murray score into three groups: Group I (mild group n = 
33), Group II (Sevre group n = 15), and group III (deceased 
group n = 12).9 All study procedures were done according 
to the Helsinki Declaration. Recruited patients and healthy 
controls gave informed consent for their contribution to this 
study. This study was done in the Department of chemistry 
and Biochemistry, College of Medicine, University of Kerbala,  
Kerbala, Iraq and Department of Laboratory, in Al-Sader 
Medical City, Najef, Iraq and was approved by the Clinical 
Research and Ethical Committee Board, College of Medicine, 
University of Kerbala, Iraq.

Venous Blood samples were collected from patients and 
control groups. Blood samples were separated in to two tubes 
.3ml allowed to clot for 10–15 minutes at room temperature 
before centrifugation for 10 minutes at (3000X g) in order pro-
vide serum. Then serum samples were separated in to tubes 
and stored at −80°C until time of analysis. Remaining blood 
(2 ml) was prepared to measure complete blood count. The 
concentrations of serum ferritin, and D-dimer levels were 
measured by fluorescence immunoassay (ichromaTM). Levels 
of vWF, ADAMTS-13, and vitamin K were measured through 
enzyme-linked immunosorbent assays (ELISA) BT LAB-
China ELISA Kits. Complete blood count was measured by 
using auto hematology analyzer (linear, Spain).

 Statistical Analysis
The observed data represented as mean ± SD were analyzed 
by using the Statistical Package for the Social Sciences (SPSS). 
Independent t- test was used to evaluate significant differences 
between healthy and patients’ groups. Pearson correlation 
coefficient test was applied to mention the statistical relation-
ship (association) between any two variables in present study. 
The levels of significance of 5% (P ≤ 0.05) and 1% (P ≤0.01) 

were obtained to represent the strength of evidence in support 
of significant differences between variables.

Results and Discussions
This study involved 60 patients with verified COVID-19 and 
60 healthy participants in total. The average age was 56.89 6.32 
years, while the median age was 56.48 5.41 years. As indicated 
in table, there were no significant differences in age or gender 
between COVID-19 patients and healthy volunteers (Table 1).

The data analysis revealed a significantly higher presence 
of serum D-dimer, ferritin levels, and a significant decrease 
in vitamin K levels in COVID-19 patients compared to the 
control group. The data analysis also revealed a significantly 
higher presence of serum vWF and a significantly lower level 
of serum ADAMTS13 in COVID-19 patients compared to the 
healthy group.

In this investigation, a total of COVID-19 patients were 
included, with 33 mild, 15 severe, and 12 death cases listed 
in Table 2. The age and BMI of deceased (death) cases were 
significantly higher than the other cases, the values of neu-
trophil, D-dimer, and Ferritin levels in deceased and severe 
cases were significantly higher than the mild case, categories 
of COVID-19 patients found low levels of ADAMTS-13 in 
non-survived and severe cases compared to the mild case, the 
values of vWF levels in deceased and severe cases were signifi-
cantly higher than the mild case, and the values of vWF levels.

The biochemical parameters tested were linked to the 
levels of vWF and ADAMTS-13, as well as vitamin K, in the 
COVID-19 patients group, as shown in Table 3. Age, BMI, 
D-dimer, and ferritin levels were all found to have a strong 
positive connection with vWF levels. In the COVID-19 
patients group, however, there were substantial negative rela-
tionships between ADAMTS-13 and vitamin K levels.

The best our knowledge, this is the first study in Iraqi 
patients group infected with COVID-19 that shows a statis-
tically strong significant relationship between serum levels of 
vWF and ADAMTS-13 in Covid-19 patients.

Table 1. General characteristics of the patients and control groups

Parameters
COVID-19  

Patients Group  
Mean ± SD N = 60

Apparently  
Healthy Group  

Mean ± SD N = 60
P-value

Age, (years)
Gender, (F/M)

56.89 ± 6. 32
20/40

56.48 ± 5.41
20/40 N.S

BMI, (kg/m2) 28.62 ± 4.31 24.46 ± 3.11 0.001

D-Dimer, (ng/mL) 3450.20 ± 1800.17 269.69 ± 88.96 0.0001

Ferritin, (ng/mL) 1081.93 ± 471.46 106.7 ± 47.81 0.0001

Vit K, (pg/mL) 614.32 ± 106.76 1198.9 ± 151.59 0.0001

vWF, (ng/mL) 355.30 ± 44.45 205.07 ± 20.98 0.001

ADMTS13, (ng/mL) 19.92 ± 9.44 37.10 ± 7.48 0.0001

vWF/ADAMTS13 17.83 ± 5.63 5.52 ± 2.96 0.0001

Data represented as Mean ± SD, SD, Standar deviation, N.: Number of subject.  
BMI, Body mass index, Vit. K: vitamin K; F: female, M: male, NS: Non-Significant,  
independent t-test, df = 88.
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The endothelial cell (EC) monolayerlining vascular chan-
nels prevents pathological thrombosis in normal blood ves-
sels. The pulmonary microvasculature of COVID-19 showed 
severe EC apoptosis and loss of EC tight junction integrity, 
according to data from an autopsy research.10

 There are various other aspects associated to aging that 
could be reasons for higher mortality and morbidity in the elderly, 
including declining immunity. The average number of comorbid 
conditions grew with age, and senior Covid-19 patients scored 
considerably higher than young and middle-aged patients on the 
performance scale.11 Chronic subclinical systemic inflammation, 

often called as inflammation, is another well-known character-
istic of aged immunity. Inflammation is a critical pathogenic 
mechanism in Covid-19; thus, inflammation is thought to have 
a role in the inferior prognosis in senior COVID-19 patients.12

Endothelial cells express levels of vWF and ADAMTS13. 
Excess vWF is secreted by endothelial cells when the vascular 
endothelium is dysregulated in an acute hyperinflammatory 
environment. The activity of ADAMTS13 reduces in direct 
proportion to the inflammatory response.13 According to this, 
the difference in vWF and ADAMTS13 activity could be due 
to ADAMTS13 inhibition and/or deficiency.14

Table 2. Demographic characteristics of COVID-19 patient’s groups

Parameters
COVID-19 patients groups

P-value
Deceased N = 12 Severe N = 15 Mild N = 33

Age, (years) 61.91 ± 3.42 60.82 ± 3.11 46.21 ± 7.50
a = 0.09
b = 0.00
c = 0.00

BMI, (kg/m2) 33.19 ± 3.35 30.07 ± 2.18 23.71 ± 5.01
a = 0.01
b = 0.00
c = 0.00

D-Dimer, (ng/mL) 5602.6 ± 2348.30 4065.1 ± 2220.15 683.4 ± 301.81
a = 0.000
b = 0.000
c = 0.000

Ferritin, (ng/mL) 1409.71 ± 700.29 1187.34 ± 692.50 648.79 ± 399.94
a = 0.000
b = 0.000
c = 0.000

Vit. K, (pg/mL) 608.46 ± 103.32 611.40 ± 118.13 623.84 ± 112.79
a = 0.4 

b = 0.05
c = 0.04

vWF, (ng/mL) 392.01 ± 35.22 354.11 ± 21.54 320.01 ± 24
a = 0.01
b = 0.01
c = 0.03

ADAMTS13 (ng/mL) 15.09 ± 2.49 17.98 ± 4.35 23.78 ± 10.71
a = 0.01

b = 0.001
c = 0.001

vWF/ADMTS13 26.14 ± 7.91 18.43 ± 7.56 12.34 ± 4.02
a = 0.001

b = 0.0001
c = 0.01

Data represented as Mean ± SD, SD: Standar deviation, N.: Number of subject,  
BMI: Body mass index, a = Deceased × Severe, b = Deceased × Mild, c = Severe × Mild.

Table 3. The correlations between serum vWF, ADAMTS-13,vitamin K levels with clinical parameters in COVID-19 patients group

Parameters
vWF (ng/mL) ADAMTS-13 (ng/mL) Vit.K, (pg/mL)

r P-value r P-value r P-value

Age, (years) 0.379 0.05 –0.391 0.02 –0.341 0.064

BMI, (kg/m²) 0.386 0.04 –0.486 0.003 –0.372 0.050

D-dimer, (ng/mL) 0.473 0.001 –0.546 0.000 –0.487 0.001

Ferritin, (ng/mL) 0.466 0.001 –0.452 0.001 –0.467 0.001

ADAMTS13, (ng/Ml) –0.575 0.000 1 – 0.397 0.01

vWF, (ng/mL) 1 – –0.575 0.000 –0.367 0.041

Vit. K, (mg/mL) –0.367 0.041 0.394 0.01 1 –

vWF/ADAMTS13 0.454 0.001 –0.412 0.001 –0.388 0.01

BMI: Body mass index; r = Pearson correlation coefficient.
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In COVID-19, the interaction between vWF and 
ADAMT13 Despite their importance in maintaining 
hemostasis and preventing unwanted thrombosis, vWF- 
ADAMTS13 interactions have gotten little attention in the 
study of Covid-19 pathophysiology, particularly VTE. Impor-
tantly, decreased ADAMTS13 activity has been linked to 
increased inflammation in a variety of systems.15,16

Coronavirus disease, also known as COVID-19, is a mul-
tifaceted illness caused by infection with the severe acute res-
piratory syndrome coronavirus 2 (SARS-COV-2). Interstitial 
pneumonia is the most common symptom, which can lead 
to poor gas exchange, severe respiratory failure, and mor-
tality.17 The pathophysiology is complex, and in critically 
ill patients, a variety of hyper-inflammatory responses and 
abnormalities in the coagulation system have been described. 
Understanding the immune-inflammatory mechanisms 
behind Covid-19’s clinical symptoms will help researchers 
find possible pharmaceutical targets and stroke.18 as well as 
metabolic syndrome.19 Coagulation proteins and platelets 
are involved in the formation of thrombus. Platelet-medi-
ated thrombogenesis is the most common type of throm-
bogenesis in arterial circulation. When extracellular vWF 
attaches to exposed collagen via its A3 domain, while the free 
vWF A1 domain binds to platelet glycoprotein Ib, platelet 
thrombogenesis occurs (GPIb).20 During the severe phase of 
COVID-19, the systemic production of pro-inflammatory 
mediators inhibits the cleavage of high molecular weight vWF 
or interferes with the proteolytic interaction with ADAMTS-
13, resulting in thrombosis.21 Covid-19 patients’ D-dimer 
levels were similarly raised. Only a portion of the reasons 
for the high D-dimer levels have been elucidated. D-dimers 
are formed during the breakdown of fibrin and are used as a 
marker of fibrinolytic activity. In critical patients or patients 
with sepsis, a link between pro-inflammatory cytokines and 
markers of coagulation cascade activation, such as D-dimer, 
has been discovered.22 There is additional evidence that in 
inflammatory conditions, the alveolar haemostatic balance 
shifts toward a prothrombotic activity majority.23 In individ-
uals with severe sepsis, pro-inflammatory cytokines may also 
have a role in endothelial damage, as well as activating coag-
ulation and inhibiting fibrinolysis. Covid-19’s spike protein 
interacts to the angiotensin-converting enzyme 2 receptor on 
endothelial cells, causing death and thrombosis.24 Apoptosis 
of endothelial cells also results in inflammatory cell infiltra-
tion, which increases the risk of thrombosis.25 As a result of 

the meta-analysis, ferritin levels in COVID-19 patients with 
thrombotic problems were higher than those in individuals 
without, implying that patients with thrombosis are in a state 
of hyper-inflammation. High blood ferritin levels have been 
linked to hypertension in several investigations.

COVID-19 has a high rate of thromboembolism. Vitamin 
K is vital for coagulation and may also play a function in lung 
disorders. Vitamin K is an important component in preventing 
blood clotting and is a crucial role in the coagulation system, 
with a link recently discovered between vitamin K shortage 
and the worst COVID-19 results.7

The respiratory symptoms of COVID-19 are varied and 
can sometimes lead to significant consequences. Severe forms 
of Covid-19, like other severe respiratory disorders, include 
pneumonia, acute lung injury (ALI), ARDS, and sepsis, which 
can lead to multiple organ failure and death.2 According to 
studies, the respiratory symptoms might deteriorate as quickly 
as 9 days after the onset of ARDS.26 Even in asymptomatic 
patients, computed tomography (CT) scans revealed damage 
to the lungs, defined by pulmonary ground glass opacification, 
demonstrating that the multitude of Covid-19-related prob-
lems is still far from being fully recognized.1

Conclusion
In conclusion  presentation a strong association between the 
levels of VWF, ADAMTS13,and vitamin K on admission with 
respect to the severity, functional outcome, mortality and 
better guide thromboprophylaxis and consequential clinical 
recovery and may be used for future prognostication and guid-
ance of therapy. A ratio of vWF/ADAMTS-13 was associated 
with increased mortality and morbidity. However, additional 
investigations are needed to be performed to understand the 
exact cellular mechanism of this disease.
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